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Abstract: Earth observation stations'  data on meteorological parameters is inadequate for several technical or financial reasons as well as 

data interpretation under different circumstances. This leads to misleading and inaccuracy for their results, so it was necessary to search for an 

alternative to achieve accuracy. The digital data of space  station in climatic studies such as TIRS, NOAA, GOES, NIMBUS, ERS-1, 

METEOSAT-9 are the means to fill the shortage of data recorded by earth observation stations. The present study focused on space 

recordings with earth observations and tested its accuracy extent using the Pearson correlations coefficients, the results showed that there 

was a strong direct relationship between space and ground data (r=0.931-0.970), proving the accuracy and convergence of its records with the 

ground data.
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Researchers in the field of climate studies suffer from the 

problem of the lack of recorded data for the meteorological 

stations, both local and regional, to make their studies semi 

disabled and linked to the available data, so there was a need 

to adopt other sources to provide climate data, therefore 

there is need to adopt data provided by specialized satellite 

for climate studies (NOAA, TIRS, ERS-1, NIMBUS, GOES 

and METEOSAT-9) for climate data. But the key question 

remains whether it is possible to rely on these satellite data to 

replenish the shortage and inaccuracy of their recordings. 

The idea of current research aimed to make comparison 

between the results of a documented study that adopted the 

data of the meteorological ground stations with the results of 

the satellite data by adopting the same mechanism of work 

and the duration of the documented study. Pearson 

correlation coefficients were used to prove strength of the 

relationship between climatic data for Geo-meteorological  

stations and data provided by the global sites associated with 

satellites specialized in climate studies. 

MATERIAL AND METHODS

Area study: The spatial boundaries were confined to the 

political borders of Iraq, and between the longitudes 38° 45̍-

48° 45̍̍ east and the latitudes 29° 5̍-37̍°22̍ (Republic of Iraq, 

2001). Twelve main space observation stations 

(Sulaymaniyah, Mosul, Kirkuk, Khanaqin, Rutbah, Baghdad, 

Al-Hayy, Najaf, Amarah, Nasiriyah and Basrah) were 

selected because they represent the different topographical 

area of Iraq with different directions (Table 1 and Map 1). The 

temporal boundaries of the study were the study period 1979-

2000. The daily data were used for both temperature and 

rainfall components).

  The analytical approach with quantitative analysis 

method to description strength of the relationship between 

the accuracy of space data and its results with meteorological 

stations of the documented study, represent the results in the 

form of a cartographical statistical model (Tenget al 1993 and 

Lakshmi and Susskind 2000)

The ground meteorological stations and their problems: 

The government ground meteorological stations provide 

various climatic data for most of the climatic elements in their 

main stations, with limitation to some elements in the 

secondary stations (agricultural). These records date back to 

1940s (monthly rates only), some of which date back to the 

beginning of the 20th century, such as Baghdad, Mosul and 

Basra so considering as a source for studies of climatic 

changes. Data are available with many measurements of the 

elements (hourly, daily, monthly, yearly), especially after the 

mid-eighties of the last century where access to it are easy, 

and measured/recorded by specialists at that time with high 

accuracy than it is in present conditions. The meteorological 

organization were tabulated and organized electronically 

from the last decade of the last century  (Ji et al 2015, Tote et 

al 2015, Nash and Sutcliffe 1970. Wang et al 2011. Ahmed et 

al 2016).

The most important problems faced by researchers 

during the adoption of the data of ground stations are: the 

heterogeneity of their distribution, which does not provide 

overall coverage of all regions (Map 2), which gives a 

completeness in their recording and the increase in the 

percentage of missing observed elements so its 

recommended using of experimental criteria to replenish the 



Station Ground meteorological 
stations

Space meteorological  
stations

Latitude, 
North

Longitude, 
East

Latitude, 
North

Longitude, 
East

Sulemanea 35.438 45.3125 35.32 45.27

Mosel 36.3747 43.125 36.19 43.09

Kirkuk 35.438 44.375 35.28 44.24

Khanaqin 34.1891 45.3125 34.29 45.23

Rutba 32.9401 40.3125 33.03 40.17

Ana 34.5013 41.875 34.22 41.57

Baghdad 33.2524 44.375 33.18 44.24

Alhi 32.0035 45.9375 32.08 46.02

Najaf 32.0035 44.375 31.57 44.19

Omara 32.0035 47.1875 31.5 47.1

Nasirea 31.0668 46.25 31.01 46.14

Basra 30.4423 47.8125 30.31 47.47

Table 1. Climatic stations included by the study

Source (Iraq, Ministry of Transport,G.O.M),https://globalweather.tamu.edu 

Map 1. Location of search stations

Fig. 2. The decrease of weight with distance illustration

data deficit. The current positions of the observation stations 

are professionally ineligible for measurement due to the 

urban extension, which reduces the accuracy of the recorded 

data, as well as the personal inflection for the observers. 

Latelya problem has recently emerged, it's the high financial 

cost associated to obtain data by students and researchers.

Climatic satellite stations and their problems: The 

satellites specialized in climate studies provide data that their 

recording accuracy reaches to observation level for hourly, 

daily, monthly and annually for the climatic elements. They 

are easily obtained and not interrupted for a relatively long 

period of time, starting from 1970, to be used for climate 

studies and for pursuance of change. In addition, provides a 

wide coverage ratio compared to ground stations (Map 2) 

and with high accuracy observation, which reduces the loss 

of recording elements, not related to the privacy of the 

observers (Turab et al 2014, Barril et al 2015, Sumi et al 

2013). Capabilities and accuracy in measuring and recording 

elements, as well as its electronic availability and ease of 

obtaining solve most of the problems faced by researchers. 

The most important problems of satellite data are the 

weakness of communication between the concerned 

institutions and the research centers (universities and 

scientific centers), as well as the problem of the weakness of 

English language and the inability to use the sites provided by 

most researchers. The most important problem facing 

satellite data is measurements of climatic elements and 

connecting with the work of satellite sensors.

Statistical processing: The study was based on the 

selection of a documented scientific study that used the data 

of the government Meteorological Stations for the study of 

climate fluctuation and its effect on the limits of the climatic 

regions in Iraq. Depended on the data of the monthly 

averages of the ground stations for the period 1970-2000 

were obtained for the two elements of temperature and 

rainfall (Katsanos et al 2016). Koppen classification (Peel et 

al 2007, Kottek et al 2006) were used as a criteria for 

determining climatic regions.

It is possible to compare the data recorded with the 

satellite data by adopting the same time period of the above 

study and follow the same steps in the work to achieve the 

results of the use of satellite data as an alternative to ground 

stations data. Compared the results of the documented study 

and using the Pearson correlation (R) which were equal and 

associated with it and had a strong positive relationship either 

with the general climate classification or with the climate 

classification for years chosen from the period studied (Table 

2). 

The ArcGIS geostatistical analyst extension provides 

the capability for modeling using deterministic and 
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geostatistical methods. The idw method is adopted and uses 

the measured values surrounding the prediction location to 

predict a value for any un sampled location, based on the 

assumption that things that are close to one another are more 

alike than those that are farther apart. The points highlighted 

in the data view show the locations and the weights that will 

be used for predicting a location at the center of the ellipse 

(the location of the crosshair). The search neighborhood is 

limited to the interior of the ellipse. In the eastern sector, one 

point (brown) will be given a weight between 5 and 10 per 

cent, the rest of the points in the search neighborhood will 

receive lower weights.

The analysis of the climatic space stations data show 

similarity to the ground stations used in the study of Salman 

for different years and the application of the modified Koppen 

classification, which was based on satellite data, showed that 

there is anapproachin results in most stations (Tables 3, 4, 5 

and 6).

RESULTS AND DISCUSSION 

Through using the results of satellite data in draw maps 

Classification years 1982-
1981

1990-
1989

2000-
1999

2000-
1970

Pearson correlation coefficient 0.93 0.94 0.97 0.95

Relationship type Strong 
positive

Strong 
positive

Very 
Strong 
positive

Strong 
positive

Table 2. Pearson correlation coefficient between the results 
of the satellite data and the data recorded for all 
studied stations

Stations Satellite climate stations Ground climate stations

Region 
description

Station 
classification

Region 
description

Station 
classification

Nasirea Dry 5.03 Very dry 3.8

Najaf Very dry 4.34 Very dry 3.48

Alhi Dry 5.94 Dry 5.59

Omara Dry 7.36 dry 7.55

Rutba Dry 6.2 dry 6.37

Khanaqin Semi dry 13.87 dry 8.79

Ana Dry 7.17 dry 7.32

Sulemanea Humid 37.95 humid 45.4

Baghdad Dry 5.69 Very dry 4.8

Basra Dry 5.85 dry 5.52

Kirkuk Semi dry 16.89 Semi dry 19.07

Mosel Semi arid 18.52 humid 34.69

Table 3. Results of the general classification of the Iraq 
climate for the period 1970-2000

Source: Salman 2011; https://globalweather.tamu.edu

Table 4. Results of the general classification of the Iraq 
climate for the period 1981-1982

Stations Satellite climate stations Ground climate stations

Station 
classification

Region 
description

Station 
classification

Region 
description

Sulemanea 100.75 Humid 44.66 humid

Mosel 66.15 Humid 17.52 Semi arid

Kirkuk 34.26 Humid 15.61 Semi arid

Khanqin 11.74 Semi arid 14.34 Semi arid

Rutba 9.49 Dry 6.67 Dry

Ana 12.27 Semi arid 13.4 Semi arid

Baghdad 4.74 Very dry 3.42 Very dry

Alhi 5.01 Very dry 3.27 Very dry

Najaf 2.27 Very dry 4.77 Very dry

Omara 6.18 Dry 5.84 dry

Nasriea 2.27 Very dry 4.89 Very dry

Basra 3.74 Very dry 5.12 Dry

Source: Salman 2011; https://globalweather.tamu.edu

Stations Satellite climate stations Ground climate stations

Station 
classification

Region 
description

Station 
classification

Region 
description

Sulemanea 61.89 Humid 34.59 Humid

Mosel 33.95 Humid 16.52 Semi arid

Kirkuk 22.26 Humid 17.07 Semi arid

Khanqin 10.67 Semi arid 14.44 Semi arid

Rutba 4.03 Very dry 4.55 Very dry

Ana 2.64 Very dry 6.46 Dry

Baghdad 0.56 Very dry 6.23 Dry

Alhi 6.3 Dry 3.27 Very dry

Najaf 1.75 Very dry 1.63 Very dry

Omara 11.14 Semi arid 3.93 Very dry

Nasriea 5.54 Dry 3.89 Very dry

Basra 7.55 Dry 4.02 Very dry

Table 5. Results of the general classification of the Iraq 
climate for the period 1989-1990

Source: Salman 2011; https://globalweather.tamu.edu

Map 2. Geographical distribution of ground observation 
stations and space stations.

Source: Iraqi, Ministry of Transport and Communications, 1981-2018 
https://globalweather.tamu.edu 
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Map 3. Results of the comparative study of the general 
classification of Iraq for the period,1970-2000 

Source: Table 3

A. Results of ground station data  B Results of satellite data

Map 4. Results of the comparative study of the general 
classification of Iraq for the period,1981-1982

Source: Table 4

A. Results of ground station data  B Results of satellite data

A. Results of ground station data  B Results of satellite data

Map 5. Results of the comparative study of the general 
classification of Iraq for the period,1989-1990

Source: Table 5

Map 6. Results of the comparative study of the general 
classification of Iraq for the period,1999-2000 

Source: Table 6

A. Results of ground station data  B Results of satellite data

Map 7.  Co inc idence map of  
meteorological stations 
data with satellite data for 
the years 1981-1982; 
Source Map 4 .

Map 8.  Co inc idence map of  
meteorological stations 
data with satellite data for 
the years 1989-1990; 
Source Map 5 .

Map 9.  Co inc idence map of  
meteorological stations 
data with satellite data for 
the years 1999-2000; 
Source Map 6 .
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Stations Satellite climate stations Ground climate stations

Station
classification

Region
description

Station
classification

Region
description

Sulemanea 40.97 Humid 19.53 Semi arid

Mosel 12.72 Semi arid 8.41 Dry

Kirkuk 10.25 Semi arid 7.57 Dry

Khanqin 6.01 Dry 4.36 Dry

Rutba 2.23 Very dry 2.74 Very dry

Ana 2.64 Very dry 4.25 Very dry

Baghdad 2.77 Very dry 2.67 Very dry

Alhi 3.78 Very dry 3.11 Very dry

Najaf 3.2 Very dry 1.26 Very dry

Omara 6.43 Dry 4.68 Very dry

Nasriea 4.93 Very dry 2.7 Very dry

Basra 4.64 Very dry 6.16 Dry

Table 6. Results of the general classification of the Iraq 
climate for the period 1999-2000

Source: Salman 2011; https://globalweather.tamu.edu

Fig. 1. The relationship between the results of the satellite 
data and the ground stations (Source: Based on Table 
2)

Salman does not know any method of representation 

adopted, the fact that the researcher did not mention it in the 

context of her thesis, but the basic stations, their 

representation was coincidence with a large proportion, which 

shows that maps and tables, while the divergent stations 

made the representation process is more generalization to 

show the difference clearly by the number and distribution of 

stations. It's possible to depending on climatic satellites data 

and can be used as an substitute or support data of ground 

stations to compensate the losses for any reason.

CONCLUSIONS

The data of the ground stations (Government) despite 

their advantages, but  suffers from several problems can be 

avoided by the adoption of data from the space stations as a 

support to them. There was a strong positive relationship 

between the satellite data and ground data (r value ranged 

between 0.931 - 0.970) proved accuracy.
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Risks of Rainfall Intensity on Geomorphic Processes of Duhok 
Governorate in Northwest Iraq using RS and GIS

Indian Journal of Ecology (2020) 46 Special Issue (8): 7-14

Manuscript Number: S-243
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Abstract: The U.S. satellite data was used to obtain rainfall data for the period (2000-2018) for weather maps of the region's systems, and the 

analysis of the rainy season (2015-2016) included more than 40 measuring stations. During the rainy season, 68 rainfalls that varied in intensity 

and quantity were recorded. Geomorphic processes represent natural and chemical changes that affect the preparation of materials for 

processes and thus alter the form of the Earth through erosion, transportation and deposition. This can measure the impact of rain intensity, which 

divides the world into morphogenetic regions; type of precipitation and its effect is measured for the effect of rain drops, rills erosion ully and  g

erosion. digital processing of space data for the American satellite Landsat 8 was used for chang detection in land cover change due to rainfalls of 

rainy season, digital elevation data to determine slopes, and application of EPM coefficient to identify the direct impact of intensities on 

geomorphic operations in northwestern Iraq Governorate of Dohuk.

Keywords: Risk, Rrainfall intensity, Geomorphic, Duhok, Northwest Iraq, RS & GIS 

Ruqaya Ahmed M. Amin and Balsam Shaker Shnichal
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The region is exposed to varying intensity, frequency 

rainstorms, the importance of daily precipitation is the main 

source of water in the region, with the assertion that the 

intensity of rainstorms occurs in a sudden, uneven and 

affects human activities with the massive flooding. The 

measurement of rain intensity to identify any of the pressure 

systems is more influential, leading to risks of geomorphic 

processes in sensitive areas as a natural event. The region is 

exposed to varying intensity, frequency of rain storms, is 

reflected in the direct recognition of the tension and its impact 

on the conduct of the geomorphic processes in northwest 

Iraq (Dohuk governorate as a model). Identification of the 

direct impact of intensity on geomorphic processes in 

northwestern Iraq (Dohuk governorate model) is important to 

study.

MATERIAL AND METHODS

Duhok Governorate, located in the far northwest of Iraq, 

has a distinctive geographical location as its lies on political 

border with the Republic of Turkey, from east bordered by 

Erbil governorate and from south Ninawa governorate, 

mountains surrounded Dohuk city from three sides the White 

Mountain in north, Mount Zawa in the south and Mam seen 

from the east, while from the west open up on the Simel 
oAgricultural Plain, its astronomical position (N 15  41' 36'' – 

o o oN30  22' 37'' and E 30  22' 42''-E 45  03' 44'') in Figure 1. The 

analytical approach for tracking phenomena and revealing 

the circumstances surrounding the region to reach the 

scientific facts was used.

Tools and methods used in research: Daily rainfall data 

from US satellite stations http://chrsdata.eng.uci.edu to 

obtain rainfall data for the season (2015-2016).  Digital 

elevation data DEM 30 meters http://dwtkns.com/srtm30m/ 

to derive heights from sea level. Use ARC Map 10.5 to 

achieve research applications and derivatives and build a 

geographic information base with the use of the spatial 

analysis Tools and geospatial Wazard to analyze the digital 

matrices and design spatial maps for study area.

RESULTS AND DISUSSION

Analysis of the rainy season (2015-2016) per hour: During 

September 1, 2015 to 30 June, 2016 the rainy days were 68 

which vary in intensity and quantity. The total rainfall was 
-1315.5 mm . Rain intensity according to classification 

approved by the general authority of Iraqi Meteorological and 

the General Directorate of Meteorological and Seismic 

monitoring (Sahar S 2000), for the amount of water falling by 
-1more than (6 mm h ), and Table 1 shows rain intensity was 

recorded higher than 6 mm, according to the indicator, the 

total rainy days (7 days), and rainy hours (162 hours), the 

total rainfall (216.1 mm), (68%) of the total precipitation 

amounts for the rainy season (2015-2016).

The relationship between the pressure systems and the 

intensity of rain: Pressure system: When following the 

synoptic state of the pressure system for the two days (6-

7/11/2015), show beginning of precipitation at 13 GMT, as a 

result of the progress of the Mediterranean depression after 

the retreat of the impact of the subtropical high extension 

away the area (Baidaweed 2003), thus attracting the humid 

air mass from the Mediterranean (Form 3 1a-1b). As noted at 



Number -1Water quantity mm h Per cent -1Continuity hour Number -1Water quantity mm h Per cent -1Continuity hour

1 44.9 14.2 21 35 1.7 0.53 2

2 28.8 9.1 8 36 1.7 0.53 2

3 24.3 7.7 15 37 1.6 0.5 4

4 22.7 7.2 10 38 1.6 0.5 6

5 14.8 4.7 17 39 1.5 0.47 2

6 12 3.8 14 40 1.5 0.47 3

7 11.5 3.6 15 41 1.5 0.47 3

8 10.3 3.3 18 42 1.4 0.44 4

9 9.7 3.1 12 43 1.3 0.41 3

10 9.7 3.1 8 44 1.2 0.38 4

11 7.3 2.3 3 45 1.2 0.38 1

12 7.3 2.3 8 46 1.1 0.34 4

13 6.8 2.2 8 47 1 0.31 3

14 6 1.9 5 48 1 0.31 2

15 5.7 1.8 5 49 1 0.31 2

16 5.1 1.6 8 50 0.9 0.28 2

17 4.9 1.55 5 51 0.8 0.25 1

18 4.8 1.52 5 52 0.8 0.25 2

19 4.8 1.52 9 53 0.8 0.25 2

20 4.7 1.48 8 54 0.7 0.22 2

21 4.1 1.3 4 55 0.7 0.22 2

22 3.7 1.2 5 56 0.7 0.22 2

23 3.6 1.1 5 57 0.7 0.22 1

24 3.4 1.07 5 58 0.7 0.22 1

25 3.3 1.04 4 59 0.7 0.22 2

26 3.1 0.98 4 60 0.6 0.19 3

27 2.6 0.82 5 61 0.6 0.19 1

28 2.5 0.79 4 62 0.3 0.09 1

29 2.5 0.79 3 63 0.3 0.09 1

30 2.3 0.72 6 64 0.3 0.09 1

31 2 0.63 5 65 0.3 0.09 1

32 1.9 0.6 5 66 0.2 0.06 1

33 1.9 0.6 4 67 0.2 0.06 1

34 1.7 0.53 2 68 0.2 0.06 1

Sum 315.5 100 336

Table 1. Rainfall data for the rainy season (2015-2016)

Source: Based on http://chrsdata.eng.uci.edu/

the hour (19 GMT) The precipitation increased by the 

Sudanese depression, which increased the amount of rainfall 

and humidity and the control of the humid air mass, which 

increased its influence on the atmosphere of the study area in 

particular, so acting on the integration (Sudanese-

Mediterranean) (Al-Dazi, SAK 2010) (Fig. 3, 1C-1D). This 

merge and penetration into the study area has increased the 

rainfall and continued until the Day (7/11/2015) (Fig. 3) and 

the control of the Sudanese depression on Iraq's weather in 

general (Fig. 2, 2b), as well as effect of relief factor for 

increasing the condensation operations despite the 

existence of tropical trough extension (Al-Khatib 2001), and 

its impact on the region in general (Fig. 3, 2c).

The process of decreasing the rains began from 9 GMT 
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on (7/11/2015) and stopped at (12GMT) by the disintegration 

coalescence of the depressions and the progress of the 

Mediterranean depression towards the east and the retreat 

impact of the Sudanese depression to become an effective 

on the central and southern Iraq (Form 3, 2d).

Intensity of rain: From Table 2 and Figure 4 and to 

understand the causes of the occurrence of the rain, the 

model was taken for the strongest rain intensity and the total 

of continuous rains for the daily (6-7/11/2015) reached (44.9 

mm) and for a period of 21 hours.

Table 3 and Figure 4 show the control ends of tropical 

high pressures to replace the Mediterranean depression and 

merge during the middle hours cause intensity of the 

Sudanese depression with the Mediterranean so increasing 

the amount of precipitation strengthened by the dominance 

and duration Mediterranean depression (Al Nuaimi et al 

1993). There is a relationship between the peak rainfall 

during the hours of intensity and the movement of the frontal 

depressions over the area. Warm front lasted four hours, with 

its progress and concentration, and at 6 a.m. on the following 

day the amount of peak rainfall at a value of (4.8mm) as a 

result of the RUF's significant control over the area (Al-Saidi 

2014). The rain density began to decline after (5) hours, at 11 

o'clock in the morning, as the amount of rainfall falling at this 

hour (1, 2 mm) was reduced as a result of the warm front 

retreat over the area.

The third theme: the geopolitical impact: The rain density 

was associated with the entry of air depressions from the 

north and north-west, which are compatible with the erosion 

trend and the retreat of slopes at Highland in the north of the 

Rain 
intensity

Date Water quantity 
-1mm h

Per cent Continuity 
-1hour

1 6-7/9/2015 44.9 14.2 21

2 2-3/10/2015 28.8 9.1 8

3 28/10/2015 12 3.8 14

4 16-17/11/2015 14.8 4.7 17

5 14/12/2015 9.7 3.1 12

6  29/12/2015 6 1.9 5

7 22/2/2016 11.5 3.6 15

8 25-26/3/2016 10.3 3.3 18

9 11/4/2016 22.7 7.2 10

10   12/4/2016 9.7 3.1 8

11 16/4/2016 7.3 2.3 3

12  17/5/2016 7.3 2.3 8

13 16/6/2016 6.8 2.2 8

Sum 216.1 68.5 162

Table 2. Rain intensity of the season (2015-2016)

Source: Based on http://chrsdata.eng.uci.edu/ 

Hour Rainfall 
-1(mm h )

Hour Rainfall 
-1(mm h )

Hour Rainfall 
-1(mm h )

13 0.97 22 3.19 5 4.09

14 1.2 23 2.22 6 4.83

15 0.21 0 0.28 7 3.36

18 0.85 1 1.87 8 1.17

19 3.12 2 2.18 9 0.56

20 4.33 3 3.84 10 0.7

21 1.84 4 3.51 11 0.58

Table 3. Quantities of water falling for rain intensity (6-
7/9/2015)

Source: Based on http://chrsdata.eng.uci.edu/ 

Measurement 
of the Erosion 
index

Forniya 2  
rain 

erosion

Dogluas 3 
measuring 
the size of 

the rain erosion

Bergsem 4 measuring 
the type of nodular 
erosion

North of 
Dohuk

184.2 7.4 4700 Very severe 
erosion range

East of Dohuk 196.1 7.6 3700 Extreme 
Erosion Range

South of 
Dohuk

144.5 6.2 2700 High Erosion 
Range

West of 
Dohuk

136.8 4.8 2700 High Erosion 
Range

Table 4. Estimates of water erosion indicators

region (Kinnell and Risse 1998), which is characterized by a 

steep slope more than 30 degrees, and the superficial 

formations Varying in hardness, which makes them 

vulnerability for sever water erosion, as shown on the eroded 

mounts slopes which facing depression, which trigger creep 

and slide of thin soils to form a Geomorphic hazards of, It also 

accelerates the process of mass moving on the Earth's 

surface to form many landforms, with a long dry season 

acting to prepare ready-to-transport sediments for the 

accumulation plain unit. From the hydrological point of rain 

intensity, it supplies the aquifer with water and contributes to 

supplying the area with large quantities of water, and can 

create ground dams and water storage to benefit from its, 

especially its supply the region with quantities exceeding 

(200 mm), 42.6% of water during the rainy season (Table 4). 

The Fornier equation (Sheikh1987, Nahal 1984, Bergsma 

1982)

Where AFI represents: Rainfall erosivity.

PI2: quantities of monthly precipitation  mm .-2

P: annual average rainfall mm-1

erosion intensity factor    Intensity of erosion

Less than 50                   Weak

50-500                           Moderate

500-1000                       High

More than 1000             Very high

p2   12      
   å=-------------  AFI

P
  
t=1
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3= S=1.65(0.03937P) 2.3/1+0.0007(0.03937P)3.3  

S= Erosion volume (m  km year )3 -2 -1

P= Effective precipitation of Thornthite.

From the indicators adopted in the measurement of 

water erosion, we conclude the following: The direct 

impact on the north and east of the region due to the rainfall 

intensity and value of the indicators, and a strong correlation 

of chemical weathering throughout the research area. An 

average relationship of freezing and thawing effect in the 

north of the region represented by mounts. The strong 

relationship of rainfall and weak effect of wind can be 

observed in general. Erosion by creep, fall and hazards of 

rocks and materials to the domination of general weathering, 

which lies within the morphogenic regions (Table 5) for the 

north and east of the region in the sub glacial and cold 

territory of the rest of the parts.

Qualitative assessment of erosion: Water erosion was 

extracted on the basis of the application of the model (PAP-

CAR), which relies on several indicators, including rocky 

composition, slope, vegetation condition, soil, surface 

formations and precipitation, as well as temperature averages, 

and this model is unique in extracting erosion. Dependence on 

                                      Total length of gullies in the basin (m)
4. Degree of erosion=

                                    

 
       

basin
 

area (km2)
 

Region North of Dohuk East of Dohuk South of Dohuk West of Dohuk Climate type

The effect of natural chemical 
weathering together

General weathering Very high Very high Very high Mediterranean region

Effect of chemical weathering Strong Strong Strong Strong Mediterranean region

Effect of freezing and melting Strong Medium Medium Medium Mediterranean region

Effect of rain Strong Strong Strong Strong Mediterranean region

Wind effect Weak Weak Weak Weak Mediterranean region

Creep material Strong Strong Medium Medium Mediterranean region

Dominant processes General weathering General weathering General weathering General weathering Mediterranean region

Morphological regions Semi-icing Semi-icing Cool Cool

Table 5. Morphological analysis of the research stations and the type of prevailing climate 

Model 1. For extraction mechanisms of the hazard map of 
erosion

No. Slop type Class (%)

1 Flat 0-3

2 Simple slope 12-March

3 Average slope 20-December

4 Slope 20-35

5 Very steep 30 - More

Table 6. Slope categories

Source: Digital Space Data (DEM). (2003), p65-71 (Jack E. Ingels (Fanetti, D. 
and L. Vezzoli 2007)

Class Slope type

1 Solid hard rock

2 Rocks with moderate resistance

3 Low resistance rocks

4 Talus and gravel

5 Non-resistant soil

Table 7. Categories of rock resistance map for erosion

Source: Geological plate Data (NJ38-13Musel) (NJ38-9Zakio), Iraqi 
Geological survey and mining exploration, scale 1/250000, 1995. 
Kostadinov et al (2008)

Geological and lithological formations

1 2 3 4 5

Slope 1 1 1 1 1 2

2 1 1 2 3 3

3 2 2 3 4 4

4 3 3 4 5 5

5 4 4 5 5 5

Table 8. Values of the coefficient of land susceptibility to 
erosion by slope categories and rock categories

Source: Table (4-5) (Sha'an 2013, Brady 1984)

maps i.e., slope, geological and lithological formations, land 

uses, density of vegetation are depicted in Figure (5-8) and 

Table (4-7).  Accordingly other parameters are recorded in Fig. 

9-12 and Table 9-11. The relationship between the lithology 

and the protection of the soil (lack of vegetation density) 

recorded negative weak values. With increasing inclination of 

slope and decrease the soil protection, the greater of erosivity, 
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Fig. 2. Image Landsat8 2017Fig. 1. Study area

Fig. 3a-B-C-D1.  
  Weather maps for pressure systems

Fig. 3. A2-B2-C2-D2.
Weather maps for pressure systems

Fig. 5. Slope in degree

Fig. 6. Lithology 

Series Type of soil use

1. Pastures

2. Agricultural Land

3. Seasonal plants

4. Barren Lands

5. Cultivated land

Table 9. Categories of soil use map

Source: Digital data for the satellite Oli8 Landsat for the year 2016.

Fig. 4. Form of water quantities of rain intensity (6-7 / 9/2015)
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Fig. 7. Land use

Fig. 8. Density of vegetation (soil protection coefficient) 

Fig. 9. Soil protection coefficient Fig. 10. Coefficient of surface susceptibility to erosion

Fig. 11. Potential erosion coefficient pap-car

Fig. 12. Strength of the statistical relationship with the 
Pearson coefficient between variables

Series Density (%)

1 20 -

2 20-50

3 50-75

4 75-100

Table 10. Categories of vegetation density map

Source: NDVI = (NIR - VIS) / (NIR + VIS) 
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Cover density

1 2 3 4

Soil uses 1 5 5 4 4

2 5 5 4 4

3 3 2 1 1

4 4 3 2 1

5 5 4 3 2

Table 11. Soil protection coefficient values by soil use and 
vegetation density

Source: Table 4-8 (Sha'an 2013, Gallo et al 1993)

Surface susceptibility to erosion

1 2 3 4

Soil 
protection

1 5 5 4 4

2 5 5 4 4

3 3 2 1 1

4 4 3 2 1

5 5 4 3 2
Source: Table 4-9 (Sha'an 2013)

Table 12. Soil erosion map coefficient values 

Slope Rock Vegetation 
density

Soil uses Soil protection Soil susceptibility 
to erosion

Possible 
erosion

Slope 1 0.131 0.087 0.895 -0.327 0.807 0.398

Rocky 0.131 1 -.819- 0.269 -0.27 -0.271 -0.638

Plant density 0.087 -0.819 1 -0.269 0.039 0.621 0.727

Soil uses 0.895 0.269 -.269- 1 -0.331 0.505 0.23

Soil protection -0.327 -0.27 0.039 -0.331 1 -0.397 -0.516

Soil susceptibility to erosion 0.807 -0.271 0.621 0.505 -.397- 1 0.749

Possible erosion 0.398 -0.638 0.727 0.23 -.516- 0.749 1

Table 13. Correlation matrix between variables in the Pap-car form

Source: Table Data (4-9), using the spss.19 program

in contrast with decrease inclination of slope the greater 

intensity of the protection coefficient, decrease erosivity has 

been reported by Zorn and Komac 2008).

CONCLUSIONS

The overall erosion of the region is moderate to weak 

except for the height area facing the pressure systems, which 

increases the precipitation. There is a relationship between 

the penetration of the systems and their entry times to 

increase rainfall. The existence of a relationship between the 

duration of the systems and their types with recurrence of 

precipitation especially the north-western sides where the 

processes of effective precipitation increased by 

environmental effects. The possibility of using the 

degradation protection coefficient (pop-car) for the 

GAFRLOVEC model showed the results of the relationship 

between the increasing slope of the area and the rareness of 

vegetation density (soil protection coefficient) and weak 

lithological resistance, a strong relationship with potential 

erosion. Predict the rainfall that accompanies depressions, 

which is becoming more predictable, and develop periodical 

to protect citizens and users of land from farmers. Provide a 

program to manage the protection of the area through the use 

of the protective coefficient (vegetation) resistance erosion. 

Use of management mechanisms in the investment of slopes 

corresponds to protection and lack of degradation such as 

contour terraces.
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Digital Modelling of Geomorphic Hazards due to Lunar Gravity 
in Lake of Mosel Dam using Remote Sensing Data and GIS
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Abstract: The collapses inside the closed reservoirs frequently result in a reduction in the chronological age of the reservoirs due to several 

factors, including geological formation, topography and climate, as well as water supplies, and monitoring the records of the daily water levels 

of the Mosul Lake reservoir. To raise the level of water, with a lack of interest in the dates of releases of water and reflected on the amounts of 

sediments due to the deterioration of the banks as a result of rising water levels within the rocks increases geomorphic hazards.GIS and 

Remote Sensing techniques were used to monitor the height of the levels and their compatibility with the field measurements of the reservoir of 

the Mosul Lake daily. A sophisticated model was made based on the integration of the databases that are depended on the Hijri calendar as a 

base In the follow-up of the variation of the reservoir levels and their connection with physical variables (Geology - topography - climate - soil - 

with the movement of the moon (Tides) and by using linear equations that show the nature of the regulation of the phenomenon in the variations 

of the levels with the apparent moon motion from one side and its relationship of the  of the banks deterioration  and increase of sediments 

within the reservoir on the other hand. The results indicated that in the first and third weeks of each lunar month.
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The Environmental planning professionals, especially in 

the field of the aquatic environment, encounter many 

problems, including the problems of sedimentation within 

water reservoir and their continuous increase, which means 

the continued need for dredging operations as well as the 

associated pollution of these sediments.It is obvious that the 

movement of tides due to the apparent moon motion has an 

effective impact in the movement of water, and therefore the 

formations of waves that hit the banks on the one hand to 

affect the prevailing outcrop and therefore constitute factors 

of rocks weakness on the other, all these with the rise and 

decline of water levels inside the lake coincide with the Moon 

motion, which has been shown to have a significant impact 

on the increase of  deterioration of the lake's banks to form 

growing sediments,which will reducing the reservoir's 

temporal life and reducing its filling and quality efficiency.The 

problem of the study is that the increase of sediments due to 

the rise of the water level and the decrease due to the water 

intake of the rivers entering the water reservoir  increases the 

deterioration of the banks due to the permeate of water in the 

rock outcrop of the lake and leading up to destruction inside 

the lake so reduces the temporal age of the reservoir and 

pollution within the water lake.

The aim of the research is to identify the impact of the 

moon motion (tidal) and connect it to the time and place of 

increasing the sediments. Research methods (regional, 

historical and analytical) as well as quantitative methods and 

modern techniques in digital analysis of space data and GIS 

were used.

MATERIAL AND METHODS

The reservoir of Mosul Lake, northwest of Iraq, is located 

in the province of Nineveh, about 50 km north of the city of 

Mosul-Iraq on the Tigris River (Fig. 1) location of study area. 

dam reservoir was built in 1983 and has a length of 3.2 km 

and a height of 131 meters (Fig. 2)  Considers a largest Dam .

in Iraq and the fourth largest dam in the Middle East. It is 

located near the Asci mousl. by examine the geological map 

of northern Iraq, will find that the area falls within the 

formation of the lower fars, fatha formation (Fig. 3), which 

consists of limestone,siltstone in addition to the anhydrite 

and saline materials. Due to the flood of rain water and 

surface water on the surface of Iraq throughout the Eocene 

era (cainozoic) was composed of sediments, mostly 

limestone, anhydrite, saltstone and limestone (Kelly and 

Wakely 2007). The brown soils with different deeps  

prevailing the lake sides, which are mixed with gypsum, mud, 

sand and gravel, whose origins are mostly due to the 

formation of the dominant fatha formation in the region (Fig. 

4).

The maximum temperature in the summer months, 

where the average in July (33.8 degrees Celsius), and the 

lowest in the winter months - especially in the month of 

January (7.4 Celsius), the region receives the average 

rainfall of 365 millimeters in the cold season Of the year. The 

concentration of rain, 49.6% in the spring and 15.9% in the 

fall, and the rainfalls on the region generally varies in 

patterns, but it is mostly dominated by cyclonic, orographic 

convective inversion rainfalls, and the cyclonic rainfalls  are 



the predominant rains, mainly its mid-latitude cyclones which 

forming in the northern parts of the Atlantic ocean (Al-

Shalash1972).

Moon movement (Tides): Tides emerges by moon and sun 

gravity for water of seas and oceans, Because the moon is 

closer to the Earth, so the impact of its gravity is greater, 

despite its small size, conclude that the moon's gravity is the 

most important factor in the occurrence of tides, but another 

factor is the centrifugal force resulting from the rotation of the 

earth around itself. Tides occur twice every day "every 12 

hours" because the parts of the Earth's surface pass during 

its rotation in front of the moon and the tide occurs in the 

places facing the moon, and soon the ebb occur when these 

places move away and the rise of the tide varies according to 

the location of the moon in orbit for each of Earth and sun.

Here, it can be emphasized that the water of closed 

reservoir and lakes is not static but in constant motion, known 

as wave movement. It is a water disturbance caused by the 

movement of its molecules up and down in a regular 

harmonic movement. waves are often created by winds, 

storms and what comes from a water into the lake, thus 

forming isolated solitude waves, in shallow and confined 

water  (Le Provost 1995). subsequently, there is a close 

relationship between the tide and the phases of the moon. 

The fact of this phenomenon was understood after the 

discovery of Newton's law of gravity. Scientists attributed it to 

differences in the gravitational forces between the sun and 

the moon on land and the water bodies on Earth (Lambeck 

1977).

Various technologies have been developed for the use 

of tidal phenomena in the generation and commercial use of 

electric power. The monitoring of tidal phenomena and the 

use of arithmetic tables can help to avoid the dangerous 

caused by them.  

Techniques used: Rapid eye European satellite data were 

used with a modified spatial accuracy reach to 5 m 

30/1/2014. As well as a comparison of the changes in the 

level for temporal duration of the data of the US satellite 

Landsat TM for the years 2010-2011, 2012-2014 with an 

improved spatial accuracy of 14.25 meters. Digital elevation 

data (DEM) to derive heights and depths of the reservoir, as 

well as the recording of lake levels and matching height of the 

levels with heights in the reservoir (Dagestani 2003).

Using ArcMap 10.2 to make applications and derivatives 

concerning with the research  and to build a geographic 

information database with the use of extension spatial 

analysis tools and Geospatial Wizard to analyze digital 

matrices and design spatial maps of the region. As well as the 

use of Overlay in the preparation of weights Weighting and 

the formation of a weight matrix to detect the amount of 

Fig. 1. Location of the study area (General Survey, Iraq 
Topographic Map, 2007, Google earth)

Fig. 2. Topography of area (Digital Elevation Data 
www.uweb.ucsb.edu/~nico/comp/get_dem.htm)

Fig. 3. The prevailing geological outcrops of the region 
(Ministry of Industry and Minerals, Mineral Survey 
and Inspection Authority, Baghdad, 2009)

environmental degradation of the reservoir through the 

aggregation of weights Sum for inputs (environmental 

elements include lithology, soil, climate, topography, levels) 

(Saleh 2010).

SPSS program to build a digital matrix based on the Hijri 
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Fig. 4. The prevailing soils of the region (Buringh 1960)

date of the studied time period, and extract the linear 

equation between the variables (water intake, higher level, 

lower level) and its correlation with the regular distribution 

and timing of the movement of the moon and its impact in 

tides and its reflecting its effect on the deterioration of banks 

and increase sediment and reduce life age for reservoir 

(Saleh1992).

RESULTS AND DISCUSSION

Quantitative analysis of the incoming and levels of the 

Lake of Mosul reservoir reveals the highest rate of water 

incoming during the days of the Hijri calendar from 5-10 of 

each month and due to rise from 17-21 for the period 2010-

2014 as in (Fig. 5). The linear equation shows the amount of 

regularity and the absence of it during the movement of the 

waves daily for the studied period, and this is reflected also at 

the highest level (Fig. 6) and the lowest level (Fig. 7).

Figure 8 shows the fluctuation of the lake's difference 

between the highest and lowest levels and its decline below 

the average in the days 1-3, at the beginning of the 

appearance of the moon and the days 26-28 again, at the end 

of the month and the disappearance of the moon. Which 

means that the level is directly affected by moon depends 

upon the linear equation. Note the variation in the level during 

the first and last quadrature, which indicates the great impact 

of the moon during this period.

The temporal and spatial analysis of the reservoir levels 

of Mosel Lake: Remote sensing is one of the means used to 

detect the difference in water level. Here, a model was taken 

for the lake at the year 2013 with dates for the Gregorian year 

(6/6, 8/7, 9/8, 26/9/19/10) corresponding to the Hijri year 

1434 Jumada Al-Akhra 24, Rajab 26, Shaaban 28, Shawwal 

16, Zul-Qa'da 8), respectively. And processing them by the 

method of the supervised classification and the statistical 

processing (Maximum Likelihood Classification) and the 

extraction of results after the conversion of the file from the 

raster to the vector with an areal and the construction of a 

temporal and spatial database showing the change in the 

level and its relationship with the phases of moon in a digital 

matrix, (Table 2) show the date of the space data and the level 

of the lake are shown in the Hijri calendar and had conformity 

with the matrix in (Table 1), (Fig. 10 and Fig. 11) clarify The 

variation in the level affects the size of the sediments 

temporally and spatially its appear southern end of the lake at 

the body of the dam.

Consider the shallow areas within the lake is the basis in 

comparing the difference in the level.The gradient according 

to the levels in the shallow areas is shown to be in October 

with a low level and a low level of water income to reach an 
2area of (13.329 km ) and a rate of 4.95% of the area of  lake 

Fig. 5. Average of daily water incoming m3/s of Mousel lake 
reservoir for the period 2010-2014 (Based on Table 1)

Fig. 6. Average of maximal daily level for Al-Mosel lake 
reservoir for period 2010-2014 (Based on Table 1)

and most of its appear at the south of the lake. Table 3 shows 

the validity of the model between the levels in the matrix of the 

reservoir levels recorded during the Gregorian calendar year 

with the space data and their coincidence with the phases of 

the moon in terms of the first week increasing  in the 

attractions and its appear a real increase in the level then 

decline in the second week and so on, as explained 

previously.
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Fig. 8. Moon phases

Fig. 9. Average of daily differences level for Al-Mosel lake 
reservoir 2010-2014 (Based on Table 1)

Fig. 7. Average of minimum daily level for Al-Mosel lake 
reservoir 2010-2014 (Based on Table 1)

Fig. 10. Tides level at sourthern Mosel dam lake (Table (1) 
data  and DEM)

Fig. 11. Sedimentary deterioration inside the dam of Mosel 
dam (Landsat OLI8 for 2013)

Geomorphic hazards by differing levels (Moon 

movement): As discussed previously that the apparent 

movement of the moon acts to raise the level of water, as well 

as the irregular movement of the waves that hit the banks. It 

works on the wetness of the prevailing outcrop. The solubility 

in the soluble rocks due to the permeation of the water and its 

continuous variation in the level  on limestone's and the rocks 

of evaporators such as gypsum, salt, and anhydrite  Which 

leads to the formation of karstic phenomena (terrestrial 

cavities) known as land subsidence, on the one hand, as well 

as leakage of rain water in the streams of surface water 

networks that pour into the reservoir during the seasons of 

precipitation (Mahsoub 1991).

It is well known that rainwater is a weak acid solution, 

with a great ability to melt calcareous rocks. The acidity of the 

water increases when it leaks into the soil. practically  since a 

large part of the organic matter present in the soil melts into 

these water during leakage. landforms resulting from the 

effect of groundwater appear to form the topography of karst, 

one of the most important conditions for the formation of 

karstic landforms (Abul-Enein 1981).

Availability of soluble rock and solubility preferably of 

limestone. The rock should be dense and rich with fissures to 

facilitate the work of water permeation in the rock.The 

availability of heavy or medium rain containing different 

acids, as well as a relatively warm atmosphere.The most 
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Month June-06 July-08 August-9 Sptember-26 October-19

Type depth 318.03 318.91 318.36 314.85 312.19 Level (m)

Very deep 82.246 77.0176 105.7176 118.3518 137.1413

Deep 83.5346 84.7861 82.3122 79.929 61.6062

Moderate depth 64.1856 62.6077 42.3576 42.6996 34.5154

Low depth 27.6606 32.6295 24.9039 20.6442 22.5873

Shallow depth 11.5524 12.1383 13.8879 7.5546 13.329

Sum 269.1792 269.1792 269.1792 269.1792 269.1792

 

2 Table 2. Area depth of the lake of Mosul dam  year 2013 area km Landsat Operational Land Imager (OLI 8) 2013 (6/6, 8/7, 9/8, 
26/919/10)

June-06 July-08 August-9 Sptember-26 October-19

318.03 318.91 318.36 314.85 312.19

24 Jamadi alakhar 26 
Rajab

28 
Shaban

16 Shawwal 8 Dhu al-
Qa'da

Table 3. Level of the Lake of Mosul Dam Year 2013 (Ministry 
of Water Resources, Damas and Reservoirs 
Authority, Mosul Dam Management Authority, 
unpublished data, 2010-2014)

Level 
variance cm

Average of 
lowest level 

cm

Average of 
highest level 

cm

Average of 
incoming water 

3 -1m s

Days

-0.29268 252.95 310.8915 509.6981 1

-1.04878 252.94 310.9096 497.4528 2

0.243902 252.94 310.9315 512.566 3

0.878049 252.93 310.9245 549.1887 4

0.243902 252.97 310.9413 545.6604 5

-0.34146 253.06 310.9047 549.8113 6

0.536585 252.95 310.9019 543.434 7

0.682927 252.99 310.8908 549.7358 8

2.04878 253 310.9296 542.0943 9

1.121951 252.78 310.9417 524.283 10

2.536585 252.83 310.9283 503.3585 11

0.804878 252.91 310.927 479.434 12

0.95122 252.89 310.9017 477.2264 13

3 252.89 310.8509 509.5849 14

1.658537 252.89 310.9085 498.1698 15

1.121951 252.84 310.8885 520.1887 16

1.365854 252.89 310.89 586.0566 17

0.121951 252.88 310.8975 573.9811 18

1.902439 252.84 310.9208 563.6792 19

2.243902 252.86 310.9347 524.8679 20

1.634146 252.97 310.9355 509.1509 21

0.292683 252.91 310.9289 509.6226 22

0.780488 252.96 310.9358 510.5849 23

0.097561 252.81 310.943 509.5283 24

2.439024 252.96 310.9466 555.9811 25

1.7 252.85 310.9487 529.3208 26

-0.34146 252.81 310.9613 498.0943 27

-0.21951 252.88 310.9762 490.8491 28

0.5 252.91 310.9987 491.1698 29

2.45 252.81 311.1008 532.5556 30

Table 1. The rates of water incoming and the highest and 
lowest level in the reservoir of Mosel Lake for the 
period 2010-2014 (Ministry of Water Resources, 
Dams and Reservoirs Authority, Mosel Dam 
Management Authority, unpublished data, 2010-
2014)

important landforms characteristic of the topography of the 

karst (Al-Banna 2000) are: (sinkhole or doline- caves and 

tunnels - lost rivers - solution  valleys), and through 

laboratory tests of sandy soils and calcareous soils its have 

high permeability (Kelley and Wakeley 2007). Sandy soil also 

has large spaces Between sand grains, so high permeability 

for rocks can be easily permeate  within the dominant 

formations of Area (Lillesand and Kiefer 2004), as well as the 

availability of calcareous soils that containing fissures and 

voids due to the melting of rock by water, it can be said that 

the sandy soil is highly porosity, so the permeation of water is 

fast.  The clay soil have minute porous, has a large surface 

area, absorbs water, and the rocky structure of the soil 

becomes impermeable, so permeation is very little.The 

calcareous soils have wide cracks due to their response to 

the solution and therefore the penetration of water is 

quickly.Thus, the process of dissolving the rock of origin and 

formation of subsurface cavities is done by dissolving 

limestone, dolomite, gypsum, anhydrite, and salt rocks, the 

dominant outcrop of the reservoir  when exposed to incoming 

water which saturated with carbon dioxide and some acids, 

resulting in the permeation of water into rock Separated 

granules and dissolves the soluble part,This situation is 

observedat the southern part near the body of the dam and 

the most noticeable effect is observed in (Fig. 8), since the 

bottom of the lake is the most receiving for sediments  from 

one hand and the lowest elevation part, which increased the 

weakness of the rocks and break them and activated the 
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Fig. 12. 3D model of landsat satellite data at lake of Mosel 
dam (Landsat OLI8 for 2013)

factors of mechanical erosion (Mahsoub and Radi , but 1989)

the presence of water is the main factor in the formation of 

this phenomenon and the increase in sizes, and over time its 

may collapse and fall of these rocks when increasing the 

loads overlying it either being natural or human causes to 

forms  Sediments and destruction within the body of the 

reservoir in different sizes of soluble materials causes water 

pollution and the variation of solid sediments to make piles in 

front of the dam increase the pressure, as well as reduce the 

volume of water storage, and all this to reduce the temporally 

age and increase environmental degradation,in addition its 

an economics wasting  In all activities ranked in such like this 

vital strategic project (Allen and Allin 2005).

CONCLUSIONS

The movement of the moon (tides) has a direct effect on 

the difference in the level of the closed reservoir.There is a 

relationship between the date of the release of water incomes 

within the reservoir and the movement of the moon, which 

increases the deterioration of the banks and increase the 

contaminated sediments on the one hand by dissolving 

limestone and saltrocks, and increase the solid sediments of 

different sizes.The relationship between the type and 

porosity and composition of rocks and the quantities and type 

of sediments inside the reservoir. The variation in the level 

affects the size of the sediments temporally and spatially  and 

its appear in the south end of the lake close to the body of the 

dam.Considering  the shallow areas within the lake is the 

basis in comparing the difference in the level.Imperceptible 

pressure for the phenomenon movement of the Moon, with 

different level had active effects on the environmental 

degradation of strategic construction as closed water 

reservoirs for their correlation with  economic activities 

(electric power generation, agriculture, industry, daily water 

use by population, tourism, etc.).Preparation of temporally 

tables that calculate the quantities of releasing water 

incoming for closed reservoirs for Tigris River with the days of 

the movement of the Moon to reduce the difference levels 

and avoid the raising of water and reduce its movements 

inside  the reservoir and thus reduce pressure on the banks, 

which willincreases the efficiency of the reservoir for a longer 

period on the one hand and reduce pollution by dissolving 

limestone On the other hand. Trying to control the water 

networks which its water ends in the reservoir, especially 

during periods of rainfall in the region to avoid sediments due 

to the flash floods caused by the orographic rain that prevails 

in the region.
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Abstract: The experiment was conducted at the Poultry Research Station of the Livestock Research Department/ Agricultural research office/ 

Ministry of Agriculture (Abu Ghraib), during the period from 20 September 2017 to 31 October 2017. 300 broilers male of the Ross 308 species 

were used in this study, which were distributed randomly in 5 treatments with 3 replicates for each treatment, where each replicates consist of 20 

chicks. They were fed on diets equal in the percentage of protein and represented energy, according to the age requirements that mentioned in 

the Ross 308 manual. The treatments included a positive control treatment with nutrient requirement diets, negative control treatment (with lack 
-1of available phosphorus diet 0.16: AP),the negative control treatment with the addition of 600 FTU  kg  of the phytase enzyme, the negative 

-1 -1 control treatment with the addition of 1600 FTU  kg of the phytase enzyme and the negative control treatment with the addition of 2600 FTU  kg

of the phytase enzyme. The results of this study showed a significant increase in the body weight rate and the rate of increasing in weight of PC 

treatment compared with the NC treatment. In addition to significant increase was observed in the mentioned traits of the additional treatment of 
-1 -1600 FTU  kg compared with the NC treatment, while it reaches to approximate level to the PC treatment for the addition of 1600 FTU  kg . 

-1 Finally, the additional 2600 FTU kg treatment exceeded the other experimental treatments. The results of the study also showed a significant 

increase in the rate feed consumption ratio (FCR) for the PC treatment compared with the NC treatment. The results also showed a significant 

deterioration in the feed conversion ratio FCR for the NC treatment compared with the PC treatment. The two additional treatments 1600 and 
-1 2600 FTU kg of phytase enzyme to the negative control treatment enhanced the FCR significantly to an approximate level of the PC treatment, 

and did not differ significantly from the PC treatment. There was a significant increase regarding the phosphorus level in the blood, a significant 

decrease was noted in the NC treatment compared with the PC treatment, with a significant increase in the phosphorus level at the blood for the 
-1two additional treatments of 1600 and 2600 FTU kg  of the enzyme to an approximate level of the PC treatment, and a significant increase for the 

-1additional treatment 2600 compared to 1600 FTU kg .  Finally, there were no side effects for the adding the enzyme in the production and 

physiological broiler performance.

Keywords: Phytase enzyme, Broilers, Protein, Phosphorus 
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Phosphorus is an important nutritional element in animal 

feed, which plays an important role in the energy metabolism, 

bone development, and cell building (Tayyab and Mc Lean 

2015). Global reserves of phosphate rock are expected to be 

fully used during the 50-100 years, as a result, phosphorus 

prices have risen, causing a high cost of poultry diets 

production (Shastak et al 2012, Rodehutscord and Shastak 

2013). Approximately 60-90% of the total phosphorus found 

in feedstock's of plant origin  that used in poultry diets in the 

form of phytic acid (IP-6 Inositol Hexaphosphate), while its 

mixed salts are called phytate or phytine (Rodehutscord et al 

2016, Adeola 2018). The using of phosphoric phytate in 

monogastric animals, including poultry are low by 40% due to 

the lack of the phytase enzyme that necessary for phytite 

decomposition Phytic acid also plays an anti-nutritional role 

through chelate correlation with divalent, trivalent metal ions 

positively charged, and the formation of non-soluble 

complexes with starch, fats and proteins, and the inhibition of 

enzyme efficacy (Pirgozliev et al 2012, Lee et al 2015, Singh 

et al 2016). Therefore, the improvement in the digested 

susceptibility, phosphorus, and the following nutrients (Ca, 

Na, Mg, Cu, Fe, Zn, starch, protein and fat) absorption in 

these plant sources has been of great interest, because it is 

represent the most important and major poultry diets, in 

addition to the phosphorus importance and correlation of with 

economic and environmental conditions (Sommerfeld et al 

2018).  The aim of this study was to find out the effect of 

adding two high levels, in addition to the traditional level of 

phytase enzyme that produced from Buttiauxella bacteria to 

maize-soybean meal diets. Moreover, determine the best 

level of addition, and their impact on the productive and 

physiological performance of broiler.

MATERIAL AND METHODS

The study was conducted at the Poultry Research 

Station of the Livestock Research Department Ministry of 

Agriculture Abu-Ghraib, during September - October 2017.  

Broilers male of the Ross species were used in this study at 



-1the age of one day at an initial weight of 40 g bird . The study 

included 5 treatments with 3 replicate, where the single 

replicate contains 20 chicks that distributed randomly to the 
-1replicates after the weighing of 20 birds  group . The chicks 

were breeder in a semi-enclosed breeding halls, where the 

hall was divided into room (pen) with a dimension of 2 x 3 

meters, representing one of the experiment's replicate. The 

treatments of the experiment were: a positive control 

treatment with full nutrient requirements diets without 

enzyme addition, a negative control treatment with diet of 

0.16in available phosphorus compared to the positive control 

diet and without enzyme addition. Furthermore, the third 

fourth and fifth treatments were negative control with the 

addition of 600, 1600 and 2600 FTU of phytase enzyme 

Standard procedure was followed for conduct of experiment. 

Moreover, a continuous lighting system was used during the 

first seven days of bird life and then it was reduced to 20 
-1hours day , where the lighting was cut for 2 hours every 12 

hours using electronic hours from 8 to 39 days of age, while 

the feed and water were provided for free during the 

experimental period. The statistical analysis was carried out 

with software SAS, version (SAS 2012). The significant 

differences between the average traits were tested using the 

polynomial Duncan test). The method of enzymatic analysis 

of glucose was adopted according to (Asatoor and King 

1954). The cholesterol level was estimated according to the 

existing instructions in kit work equipment according to 

Richmond (1973) method, and the three-fat concentration in 

blood plasma was estimated according to (Toro and 

Ackerman 1975) method, using the analytical equipment kit, 

that manufactured by Biolabo-Frans company, whichis an 

enzymatic method that reads the Absorption with 

Spectrophotometer at a wave length of 546 Nano-meter. The 

concentration of total proteins in blood plasma was 

determined using the same method and technique that 

adopted in three-fat concentration in blood plasma. The 

Biuret method was used to measure the protein amount in 

blood plasma (Varley et al 1980), while the phosphorus 

concentration in blood plasma was measured by (Fisk and 

Subbarow 1925) method. The activity of the Alkaline 

Phosphatases ALP enzyme was also evaluated using the 

analytical equipment kit manufactured by Biomerieux-

France as mentioned previously, according to (King and 

Armstrong 1943) method.  The bacterial phytic enzyme E. 

coli, that named commercially as PHY @ 10000 Axtra was 

obtained from the (Danisco UK LTD) company that located in 

Amman /Irbid.

This enzyme was a product of Buttiauxella bacteria 

reflecting as Trichoderma Reesei fungi, manufactured as 

spherical fine grains and the advantages of this product was 

the temperature stability up to 95ºC. This characteristic was 

very important during the process of making pellet and this 

enzyme has relatively high efficiency in low pH (2.5-5.5), 

which allows it to operate at the beginning of the digestive 

tract.

RESULTS AND DISCUSSION

Productive Traits

Average live body weight: The body weight 3-week after 

treatment was significantly higher T (negative control NC + 5 

2600 FTU Kg , 774.02 g) than the rest of treatments (Table -1

2). However, it was at par with NC +1600 FTUKg  (T ). The -1

4

body weight was significantly higher in T  than in other 5

treatments followed by T T  T T . There was no significant 4, 1, 3, 2

differences inT and T4 1.

Average weight gain: The results of the study that  listed in 

Table 3 showed a significant increase in the average weight 

gain of PC by (638.40 g) for the period 1-3 weeks, compared 

to the negative control treatment  NC with  (474.82 g). The 

addition of  phytase at levels 1600, and 2600 FTU Kg  to NC -1

treatment has led  a significant increase  in the average 

weight gain which reached 570.40, 666.80 g, respectively, 

and at a closer level of PC treatment with a significant 

superiority of additional treatment 1600 FTU Kg Compared -1 

to 600 FTU Kg . A significant increase was observed in the -1

average weight gain of  the additional treatment 2600 FTU 

Kg by (733.85) compared to the two positive and negative -1 

control treatments with or without the addition of 600 FTU Kg-

1. Similarly, in the period from 4 to 6 weeks, the increase in the 

average weight gain of PC treatment was (1528.33 g) 

compared to NC treatment that achieved (968.22 g). The 

addition of phytase at levels 600, 1600 FTU Kg to the NC -1 

treatment has led to a significant increase, which reached 

1294.67, 1591.93 g, respectively, with a significant decrease 

in the average weight gain of additional treatment 600 FTU 

Kg compared to the PC treatment and there is no significant -1 

differences between the additional treatment 1600 FTU Kg-1 

and PC treatment. A significant increase  was observed in the 

average weight gain of additional treatment of 2600 FTU kg-1 

(1803.92) compared with the two positive and negative 

control treatments with or without addition of 600 FTU Kg . -1

For the total average weight gain, in the period from 1 to 6 

weeks, PC treatment  had the superiority by (2166.87 g) over 

the NC treatment with (1443.1 g), while the addition of  

phytase at levels 1600, 2600 FTU kg to the NC treatment  -1

has led to a significant increase in the average weight gain by 

1865.17 and 2258.87, respectively. A significant decrease in 

the average weight gain of additional treatment 600 

compared to the PC treatment and there were no significant 

differences between the additional treatments 1600 FTU Kg-1 
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Material Starter diets (1-10) day Growth diets (11-21) day Final diets (22-42) day

PC NC PC NC PC NC

Maize 58 58.5 59.4 62.1 61.4 62.1

soybeans based 35 34.9 32.57 32.4 29.75 29.65

soybean meal diets 1 1 1 1 1 1

Metal and vitamins mix 2.35 2.1 3.65 3.45 4.8 4.52

Vegetative oil 58 58.5 59.4 62.1 61.4 62.1

CaHPO4 2 1.1 1.7 0.82 1.55 0.65

Limestone 1 1.56 0.95 1.5 0.85 1.43

Methionine 0.27 0.26 0.23 0.23 0.19 0.18

Lysine 0.28 0.28 0.2 0.2 0.16 0.17

Salt 0.3 0.3 0.3 0.3 0.3 0.3

Total 100% 100% 100% 100% 100% 100%

Crude protein 21.71 21.72 20.68 20.66 19.5 19.51

ME 3002 3000 3113 3114 3215 3211

Meth + Cys 1.05 1.05 0.99 0.99 0.91 0.91

Lys 1.4 1.4 1.27 1.27 1.17 1.17

Ca 0.97 0.97 0.87 0.87 0.79 0.79

P 0.48 0.32 0.43 0.27 0.39 0.23

Table 1. Feed ingredients and chemical structure calculated for the maize diet that used in the experiment

* The minerals and vitamins mixture used in the manufacture of diets Broiler Premix 1% produced by Intraco LTD Company, the Belgian is free of calcium and 
phosphorus.
** Soybeans to use from an Argentine source of crude protein percentage of 48%, the energy represented 2440 Kcal/ kg
*** Chemical composition of the rest of the feedstock's based on (NRC 1994).

Weeks Treatments

Positive control 
(T )1

Negative control (T )2 Negative control+600 FTU  
-1 kg (T )3

Negative control+1600 
-1 FTU  kg (T )4

Negative control+2600 
-1FTU  kg (T )5

3 bc678.53 ± 32.27 514.88 d ± 14.26  c610.50 ±5.01 ab706.93 ± 31.16 a774.02 ± 29.89

6 b2206.81 ± 65.92 d1483.10 ± 23.11 c1905.17 ±  116.16 b2298.87  ±  115.57 a2577.93 ± 78.84

* Values represent the average ± standard error. 
** Samel letters d within one row indicate a non-significant difference  (P≤0.05)

Table 2. Effect of addition phytase enzyme on average live body weight (g) 

Weeks Treatments

Positive control Negative control Negative control+600 
-1FTU  kg

Negative control+1600 FTU  
-1kg

Negative control+2600 
-1FTU  kg

3-Jan bc638.40 ± 32.36 d474.82  ± 14.24 c570.40 ± 4.97 ab666.80 ± 31.24 a733.85 ± 29.90

6-Mar b1528.33 ± 40.67 d968.22 ± 16.73 c1294.67 ±  113.00 ab1591.93 ± 90.20 a1803.92 ± 56.56

6-Jan b2166.87 ± 65.92 d1443.10 ± 23.11 c1865.17 ±  116.16 b2258.87 ± 115.57 a2537.93 ± 78.84

Table 3. Effect of addition at different levels of phytase enzyme an average weight gain (g) 

* Values represent the average ± standard error.
** Small letters varied within one row indicate that there are a significant difference between treatments, at a significant level (P≤0.05).

and PC treatment. Furthermore a significant increase was 

observed in the average weight gain of additional treatment 

of 2600 FTU Kg (2537.93) compared with the two positive -1 

and negative control treatments with or without the addition of 

600, 1600 FTU Kg . The results were present a good -1

agreement with Gautier et al (2018) with  corn- soybeans 

based observed a significant increase in the PC diets 

treatment over the NC treatments (NC Ap: 0.35, and NC1 Ap : 1

0.29) with a significant improvement in weight gain by adding  

the phytase enzyme ( 1600 FTU) to the negative control NC 

and NC1.

Pieniazek et al (2017), for the duration of (1-42) days, 
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observed a significant decrease in the average body weight 

for NC treatment (- 0.17%) compared to the PC treatment 

which full phosphorus requirements. The addition of phytase 

enzyme has led to a significant increase compared to the NC 

treatment and adding of 2000 FTU to NC had led to 

significant improvement) with similar levels with a PC. Walk 

et al (2018) also observed significant linear increase (in the 

daily weight gain with the increasing of additional of phytase 

enzyme levels) to control diets. Taheri et al (2015) also 

reported similar results. The results were not Momeneh et al 

(2018) observed no significant difference in the average body 

weight and the weight gain increase of the broiler at the 

addition of phytase enzyme at level upto 2500 FTU Kg in full -1 

dietary requirements diet.

Feed consumption ratio: The results in Table 4 showed a 

significant increase in the feed consumption ratio (FI) of the 

PC treatment (879.25 g) for 1-3 weeks, compared with NC 

treatment by (739.02 g). There was no significant difference 

between the additional treatment of 600 FTU kg (811.98) -1 

and the two negative and positive control treatments, while 

the addition of phytase enzyme at levels 1600/2600 FTU kg-

1to NC treatment has led to a significant increase in feed 

consumption ratio which reached (903.66, 986.93 g) 

respectively, which did not differ significantly between them 

or in comparison with PC treatment, a significant increase for  

the additional  treatment 2600 compared to the additional 

treatment 600 FTU kg . As well as a significant increase was -1

observed in the feed consumption ratio of the PC treatment 

by (2899.79 g) for the period of 4-6 weeks compared to the 

NC treatment of 2001.27 g. The addition of phytase enzyme 

at levels 600, 1600 and 2600 FTU kg to NC treatment has led -1 

to  a significant increase   with  2594.88, 3023.05 and 

3348.12 g, respectively, and did not differ significantly from 

the PC treatment, a significant increase  in the additional 

treatment of 2600 compared to the additional treatment of 

600 FTU kg . While in the feed consumption ratio during the -1

experiment period (1-6 weeks), The PC treatment (3779.71 

g) was superiority compared to NC treatment by 2740.29 g, 

with a significant improvement with the addition of phytase 

enzyme at levels 600, 1600 and 2600 FTU kg for NC -1 

treatment by 3406.87, 3926.71, 4335.05 g, respectively, 

which did not differ significantly from PC treatment. These 

results were agreed with Pieniazek et al 2017 for the period of 

(1-42 days), which a significant increase was observed in the 

feed consumption ratio of the PC treatment compared to the 

NC diet decreasing of 0.17 ap. The addition of phytase 

enzyme at the level of 500 and 2000 FTU Kg to the NC -1 

treatment has led to a significant increase in feed 

consumption ratio compared to the NC treatment. The study 

results were also agreed with Walk et al (2014) findings, 

where a significant increase was noted in the feed 

consumption ratio of the PC treatment compared to the NC 

treatment. The addition of phytase enzyme at levels (1000, 

2000, 4000) to the NC treatment has increased significantly 

with the feed consumption ratio compared to NC treatment to 

a closer level of the PC. The results were not agreed with 

Walk et al (2018), there were no significant differences in the 

feed consumption ratio between PC, NC and NC  with the 1

addition of the enzyme at different levels. As well as, the 

results were not agreed with Momeneh et al (2018) findings 

for the period from (1 to 28 days),which noted that there no 

significant difference in the feed consumption ratio, when 

adding the phytase enzyme at level 0, 500, 2500 positive 

control diet.

Feed conversion coefficient (FCC): The results in Table 5 

showed a significant deterioration in the feed conversion 

coefficient FCC for the NC treatment by (1.56) for the period 

1-3 weeks compared to the PC treatment by (1.38). The 

addition of phytase enzyme at levels 600, 1600, 2600 FTU 
-1 Kg to NC treatment has improved significantly  the FCC, 

which reached 1.42, 1.36.1.34, the additional treatment 1600 

and 2,600 did not differ significantly from PC treatment, with 

an observation of a significant deterioration. in the FCC of the 

additional treatment 600 compared to the PC treatment. The 

results were similar for the period of 4-6 week, with a 

significant deterioration was observed in the FCC of NC 

treatment (1.90) compared to PC treatment (1.74). The 

addition of phytase at levels 600, 1600 for NC treatment has 

significantly improved the FCC which reached 1.82, 1.74 and 

1.71, respectively. The two additional treatments of 1600 and 

Weeks Treatments

Positive control Negative control Negative control+600 
FTU / Kg

Negative control+1600 
FTU / Kg

Negative control+2600 
FTU / Kg

3-Jan  ab879.25 ± 38.12  c739.02 ± 18.49  bc811.98 ± 8.15 ab903.66 ± 37.13  a986.93 ± 48.66

6-Mar  ab2899.79 ± 90.20  c2001.27 ± 17.39  b2594.88 ± 249.37  ab3023.05 ± 205.02  a3348.12 ± 101.23

6-Jan  ab3779.71 ± 117.79  c2740.29 ± 20.90  b3406.87 ± 253.86  ab3926.71 ± 230.18  a4335.05 ± 136.86

Table 4. Effect of addition at different levels of phytase enzyme in Feed consumption ratio (g)

* Values represent the average ± standard error.
** Small letters varied within one row indicate that there are a significant difference between treatments, at a significant level (P≤0.05).
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2600 did not differ significantly from the PC treatment, with an 

observation of a significant deterioration in the FCC of the 

additional treatment 600 compared to the PC treatment. The 

results present a good agreement with Pieniazek et al (2017) 

findings in a significant deterioration of the FCC in the NC 

treatment compared to the full requirements of PC treatment. 

The addition of the phytase enzyme by 500, 2000 has led to a 

significantly improved compared to the NC treatment and did 

not differ significantly from the PC treatment. Beeson et al 

(2017) also pointed a significant improvement in the FCC in 

the full requirements PC treatment compared to the NC 

treatment. The addition of the phytase enzyme by 500, 1500 
-1FTU kg  to the NC treatment resulted in a significant 

improvement in the FCC. The study findings also agreed with 

Taheri and Taherkhani (2015), where a significant 

degradation was observed in the FCC of the NC treatment 

(decrease Npp = 0.2) compared to PC treatment. The 

addition of the phytase enzyme at levels (1000, 2000, 4000) 

to the NC treatment was significantly improved of the FCC 

compared to the NC treatment without addition, and there 

was no differences between the additional and PC 

treatments. The results did not agree with Walk (2018) and 

Truong et al (2017) and Wu et al (2015).There were no 

significant differences in the FCC between experimental 

treatments when adding the enzyme.

Mortality: Table 6 shows there was no significant differences 

in the mortality between the experimental treatments. These 

results were agreed with Farhadi et al (2017), where noted 

there was no significant difference in the mortality 

percentage during the experimental period between PC and 

NC (decrease 0.15 Ap.) with the addition of different levels of 

phytase enzymes. The results were not agreed with 

Pieniazek et al (2017) where significant increase was 

Weeks Treatments

Positive control Negative control Negative control+600 
FTU / Kg

Negative control+1600 
FTU / Kg

Negative control+2600 
FTU / Kg

3-Jan  c1.38 ± 0.010  a1.56 ± 0.011  b1.42 ± 0.002  c1.36 ± 0.014  c1.34 ± 0.012

6-Mar  c1.90 ± 0.009  a2.07 ± 0.187  b2.00 ± 0.019  c1.90 ± 0.020  c1.86 ± 0.027

6-Jan  c1.74 ± 0.005  a1.90 ± 0.016  b1.82 ± 0.023  c1.74 ± 0.012  c1.71 ± 0.001

Table 5. Effect of addition at different levels of phytase enzyme in feed conversion factor (g)

* Values represent the average ± standard error.
** Small letters varied within one row indicate that there are a significant difference between treatments, at a significant level (P≤0.05).

Weeks Treatments

Positive control Negative control Negative control+600 FTU 
/ Kg

Negative control+1600 
FTU / Kg

Negative control+2600 
FTU / Kg

Mortality  a1.67 ± 1.67  a3.33 ± 1.67  a1.67 ± 1.67  a0.00 ± 0.00  a1.67 ± 1.67

Table 6. Effect of addition at different levels of phytase enzyme in mortality percentage 

* Values represent the average ± standard error

observed in mortality percentage of NC treatment (decrease 

NPP 0.17) compared to the PC treatment and the addition of 

phytase at levels 500, 2000 FTU kg with no significant -1 

differences between the addition treatments and PC 

treatment. The results were also not agreed with Liu et al 

(2016). There was a significant increase was observed in the 

mortality percentage in the NC treatment (aP, 0.18) 

compared to positive control PC (aP, 0.48).

Physiological Characters 

The results in Table 7 showed no significant differences 

in the concentration of Glucose, Cholesterol and Triglyceride 

in blood between the experimental treatments, a significant 

increase was observed at the total protein level of the PC 

treatment (3.67) compared to NC treatment (3.10), with no 

significant differences in the addition of enzyme at levels 600, 
-11600, 2600 FTU kg  to NC treatment (3.3, 3.3, 3.47, 

respectively), compared to positive and negative control 

treatments. While a significant  decrease (P <0.05) was 

observed  in the phosphorus concentration in blood serum 

for NC treatment  (4.03) compared to PC treatment (5.4), the 
-1 adding of 600, 1600, 2600 FTU kg to NC treatment has led to 

a significant increase in the blood phosphorus concentration 

by (4.53, 5.37 and 5.73) respectively, with a significant 

decrease (P <0.05) for the additional treatment  of 600 FTU 
-1 kg compared to the PC treatment, which did not differ 

significantly from the additional treatment of 1600 and 2600 
-1FTU kg , and there was a significant increase  was observed 

in serum phosphorus concentration for 2600 treatments 
-1compared to the additional treatment of 1600 FTU kg . A 

significant increase  was observed at the ALP level of the NC 

treatment (1620) compared to the PC treatment (1236), while 

the addition of enzyme at the levels of 600, 1600, 2600 FTU 
-1kg to NC treatment has led to a significant decrease  in the 
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Weeks Treatments

Positive control Negative control Negative control+600 
FTU / Kg

Negative control+1600 
FTU / Kg

Negative control+2600 
FTU / Kg

Glucose Mg /100 ml a180.00 ± 2.31 a182.67 ± 2.40 a179.33 ± 4.67 a178.33 ± 2.40 a180.33 ± 1.85

Cholesterol a201.00 ± 2.64 a202.33 ± 1.76 a200.00 ± 3.60 a201.67 ± 0.88 a203.33 ± 2.90

Triglyceride a74.33 ± 2.33 a72.33 ± 1.45 a71.67 ± 1.67 a74.33 ± 2.33 a76.67 ± 0.88

Total protein a3.67 ± 0.09 b3.10 ± 0.11 ab3.30 ± 0.15 ab3.30 ± 0.20 ab3.47 ± 0.13

phosphorus ab5.40 ± 0.10 d4.03 ± 0.12 c4.53 ± 0.09 b5.37 ± 0.12 a5.73 ± 0.12

ALP IU/L c1236.00 ± 33.31 a1620.00 ± 70.24 b1483.33 ± 40.55 c1276.67 ± 21.85 c1210.00 ± 17.32

Table 7. Effect of addition at different levels of phytase enzyme in physiological characters at 42 days

* Values represent the average ± standard error.
** Small letters varied within one row indicate that there are a significant difference between treatments, at a significant level (P≤0.05).

concentration of ALP by 1483.33, 1276.67, 1210, 

respectively, with a significant increase for the additional 
-1 treatment of 600 FTU kg compared to PC treatment, which 

was not significantly different from the two additional 
-1treatments of 1600 and 2600 FTU kg . These results were 

agreed with what Islam et al (2017) pointed out for  a diet of 

less containing from nPP without or with enzyme addition of 
-1 1500 FTU kg at 42 days with no significant differences in 

Glucose, Cholesterol and Triglyceride levels. The results 

also agreed with Amer (2014) and for the duration of 14-42 

days of birds age with no significant difference in Glucose, 

Cholesterol and Triglyceride levels between PC treatment 

and two negative control treatment NC and NC1 plus 1000, 
-12000 FTU kg . As well as, the result agreed with Farhadi et al 

(2017) findings, where  there was a significant increase   in 

the total protein level of the blood serum for the addition of 

phytase treatments at levels of 3000, 4000, 5000, 6000 FTU 
-1 kg for NC treatment (decrease 0.15 Ap) compared to NC 

treatment without addition. A significantly increased was 

observed in the blood phosphorus level of the PC treatment 

compared to the NC treatment (decrease 0.15 AP).

The following levels were added at (500, 1000, 2000, 

3000, 4000, 5000, 6000) from phytase enzyme has led to a 

significant increase in the phosphorus concentration in the 

blood serum, no significant difference was observed 

compared to the PC treatment, also an increasing in ALP 

enzyme level was observed in blood serum for phosphorus 

decreasing of NC treatment (0.15 Ap) compared with a PC 

treatment. The addition of phytase (4000, 5000, 6000) were 

significantly decreased the ALP levels at the closer levels of 

PC treatment. The results were agreed with Taheri and 

Taherkhani (2015) in the experiment for the period 22-42 

days, With a significant increase in serum phosphorus 

concentration for control treatment (0.43 AP) compared with 
-1 NC treatment (0.15: AP), When adding 4000 FTU kg to NC 

treatment has led to a significant increase (P <0.05) in serum 

phosphorus concentration and near to PC positive control. 

Also, this result was agreed with Tannay Bilal et al (2015) in 

an experiment Period from 1-42 days that there was a 

significant increase at ALP concentration in blood serum in 

the NC treatment (decrease 0.15 point) compared to PC 
-1 treatment. The addition of 600 FTU kg from phytase enzyme 

for NC treatment had significantly decreased P <0.05) ALP 

concentration in blood serum, with a significant difference 

compared with PC treatment. The results are don't agreed 

with Sommerfeld et al (2018), where there was no significant 

difference in serum phosphorus concentration when adding 

the phytase to the full phosphorus requirements diets with  
-1percentages500, 1500, 3000 FTU kg . Also not agreed with 

what Momeneh et al (2018) pointed out for a period of 1-28 

days that there was no significant differences to full dietary 

requirements, diet and the addition of phytase at 
-1percentages of 0, 500, 2500 FTU  kg .
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Abstract: The objective of this study was to evaluate the content of heavy metals in the water, plants (Ceratophyllum demersum and 

Phragmites australi) and sediment of Euphrates River in Nasiriyah city. The samples were collected from of three stations during the autumn 

and winter season. Heavy metals (Cd, Cu, Pb, Fe and Zn) were detected using an Atomic Absorption Spectrophotometer. The heavy metals 

concentrations in the water, plants and sediments were detected during the autumn and winter season. Ceratophyllum showed higher heavy 

metals concentration of Cd, Cu, Pb, Fe and Zn in station 3 than Phragmites during the autumn season. High amount of heavy metals (Fe, Cu 

and Zn) in sediment samples were also in station3 during winter season. However, Season and location play a significant role in the heavy 

metals content of water, plants and sediment. The Ceratophyllum had the highest heavy metals content while Phragmites had the lowest for 

both the seasons.
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Water is the main source of the life, is essential for all 

living organism. The most serious problem that appeared in 

the last two centuries is the water pollution due to increment 

of urbanization, population growth, industrial production 

economic evolution, and developments, which reflected on 

the quality of surface and groundwater. Heavy metals are the 

one of the most important pollutant for the aquatic 

environment and pose a great potential threat to the 

environment. Some of heavy metals are necessary for 

animals and plants due to their role as micronutrients and 

physiological consequences (Aktar et al 2010). The heavy 

metal could enter the ecosystem naturally and anthropogenic 

sources (Chanpiwat et al 2010) and have the ability to 

accumulate and persist in the environment. Furthermore, 

they are transformed from one oxidation state or organic 

complex to another therefore, they cannot be destroyed 

biologically (Gisbert et al 2003). Heavy metals could be very 

danger due to their non-degradable nature and their harmful 

effect for the biological organism by accumulation in their 

bodies. There are many activities that increase the dispersal 

of heavy metals and can cause serious damage through 

worsening of water quality and this effect human in addition to 

biodiversity of aquatic organism. The aim of this study was to 

evaluate the accumulation of some heavy metals in water, 

sediment and plant in Euphrates river water in Nassiryah city.

MATERIAL AND METHODS

The water, plants and sediment samples were obtained 

from three locations, i.e., the beginning of the entry of the 

Euphrates River in Nasiriyah city (Station 1); after thermal 

energy on Euphrates River in Nasiriyah city (Station 2) and 

sewage water with Euphrates water in Nasiriyah city (Station 

3).The samples of water plants and sediment were collected 

from three stations of Euphrates River in Nassiryah city 

during the autumn (September) and winter (December) 

season.

Preparations of plant and sediment: Plant samples were 

washed with tap water to remove soil particles followed by 

three times of washing, twice with distilled water and once 

with distilled deionized water. Samples were then dried with 

tissue paper and cut into small pieces. Finally, samples were 

oven dried at 60ºC for two days until they reach a constant 

weight (AOAC 1984). Collected sediment samples were air-

dried in the laboratory before being ground and sieved using 

a 250µm mash (Badri 1984).

Plant and soil digestion: The heavy metals extractions 

were performed by wet digestion according to the AOAC 

methods(AOAC 1984). Dried samples were weighed (1g) in 

a conical flask with HNO HClO (2:1) for 3-6hon a sand bath at 3

a temperature of 100°C. Five ml of HCl acid was added to the 

sample to digest the inorganic and oxide salts. Digested 

samples were filtered with a 0.45 µm pore size cellulose 

nitrate membrane filter paper, and the volume was made up 

to 50 ml with deionized water. Heavy metals concentrations 

were determined by Atomic Absorption Spectrophotometer.

RESULTS AND DISCUSSION

Heavy metals content in water: The concentration of heavy 

metals concentrations in water was in the following order of 

Fe > Zn>Pb> Cu > Cd. The concentration of heavy metals 

increased in winter more than autumn. The station 3 had 

more heavy metal then station 2 and 1 especially the Fe 

(Table 1). This may be due to high population density near 

this station and the municipal waste was directly discharged 



Heavy metals Season

Autumn - September Winter – December

S1 S2 S3 S1 S2 S3

Cd 0.06 e 28.06 b 14.59 d 0.08 e 16.60 c 30.60 a

Cu 0.12 d 25.03 c 28.06 b 0.14 d 27.25 b 30.70 a

Pb 30.01 c 40.30 b 69.84 a 32.03 c 42.41 b 71.95 a

Fe 1005.01 c 2400.72 b 3196.14 a 1007.60 c 2402.99 b 3198.15 a

Zn 70.36 c 73.02  b 99.03 a 72.04 c 74.10 b 101.99 a

-1Table 1. Heavy metals content of water (µg l ) from three sampling station

a–e Different letters within each raw indicate significant difference (p<0.05)

Season Station Cd Cu Pb Fe Zn

Autumn S1 3.20 e 10.21 e 32.91 b 1395.01 c 76.01 c

S2 6.40 c 14.01 d 30.10 c 1616.20 b 80.79 b

S3 8.70 a 18.16 b 35.31 a 1745.01 a 85.50 a

Winter S1 4.91 d 14.50 d 0.08 e 721.42 f 23.22 f

S2 5.36 d 16.82 c 0.26 e 7 08.31  e 26.53 e

S3 7.83 b 19.42 a 1.03 d 749.63 d 28.74 d

-1Table 2. Heavy metals content of sediment (µg g  DW)

a–fDifferent letters within each column indicate significant difference (p<0.05

Season Heavy
metals

S1 S2 S3

Ceratophyllum Phagmites Ceratophyllum Phagmites Ceratophyllum Phagmites

Autumn Cd 0.95 c 0.83 c 3.02 a 2.78 b 2.56 b 2.30 b

Cu 0.99 b 0.91 b 3.79 a 3.61 a 3.00 a 2.87 a

Pb 0.96 b 0.84 b 3.24 a 2.90 a 2.80 a 2.79 a

Fe 80.87 e 81.91 e 190.56 a 171.14 b 132.04 c 108.01 d

Zn 13.12 c 12.11 d 29.78 a 25.87 b 4.14 e 14.09 c

Winter Cd 0.60 b 0.52 b 1.79 a 0.56 a 1.00 b 0.80 b

Cu 0.54 b 0.42 b 1.99 a 1.70 a 1.02 b 1.00 b

Pb 0.44 b 0.20 b 1.26 a 1.00 a 1.01 a 0.98 a

Fe 70.03 d 62.03 e 160.01 a 140.21 b 145.02 b 132.03 c

Zn 9.01 e 7.10 f 24.12 a 18.00 c 20.00 b 14.12 d

-1Table 3. The heavy metals content of plants (µg g  DW) from three sampling stations

a–fDifferent letters within each raw indicate significant difference (p<0.05)

to the river by the main pipes without treatment. The effluents 

of municipal and industrial waste contain trace metals among 

their constituent. There were many industrials discharged 

that throughout to the river without treatment especially in 

station 2. The concentration of many trace metals was 

greater in particulate phase than dissolved phase for all 

studied stations except in Cd and Pb.

Heavy metals content in sediment: The order of 

abundance of these metals in sediments for the 

exchangeable and residual phase of the three station were in 

the order of Fe >Mn> Zn > Cu >Pb> Cd (Table 3). Our result 

revealed that the amount of heavy metal in residual phase 

more than in exchangeable phase. This is due to the ability of 

heavy metal to absorb on particular part in sediment. The 

suspend matter that has heavy metal tend to be deposited in 

bottom then absorbed by the organic matter and clay. All of 

these sources of heavy metal came from anthropogenic 

sources. Station 3 has high mean of heavy metals 

concentration and this could due to wastewater discharges of 

leather facilities, which are located nearby the river. The 

result showed that the sediment of Euphrates river contains 

from sand, silt and clay. One of the essential physical 

features was Sediment texture. The percentage for this 

contents (sand, silt and clay) were 23.06, 32.6, 45.5%; 30.6, 

34, 35.7 and 42.06, 43, 24% in three station, respectively. 

There was variation for the sediment texture between studied 

stations. Station 3 consists of high percentage of clay 

comparing to the other station. Our results were near to the 

results of Al-Hussainy (2005).

The heavy metals content in plants: The heavy metals 

concentration could change the water feature and their ability 

to accumulate could make potential harmful to the aquatic 

organism (Fernandes et al 2007). The Ceratophyllum has 

highest concentration of heavy metal than Phragmites. The 
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-1 highest mean was 190.56 µg g for Fe in autumn, while the 

lowest was 0.52 for cd in winter in Phragmites.  There were 

many factors that affect the concentration of heavy metal in 

plant like soil texture and depend on the evaluation of plant 

therefore; among these that Phragmites has the low ability to 

absorption of heavy metal (Skorbilowicz 2009). The plant in 

station 2,3 had high concentration in trace metal due to the 

huge density of the disgorge and waste and drainage 

channels (Station 3) power station disgorge.

CONCLUSION

Heavy metals may change the properties of water, 

sediment and biology of plants.  Heavy metals can uptake by 

soil and accumulate in plant tissue.  In the current study, it 

was found that the heavy metals in sediment were connected 

with fine grain size. Many of heavy metal concentration are 

acceptable, while there were minor increase of some metal. 

The increasing of concentration of some trace metals 

showed a potential accumulation of trace metals. This 

happened due to the discharge the pollutants from sewage 

water and thermal energy station runoff.
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Abstract: Green algae, especially Cladophora species are generally considered as the best bioindicator of aquatic bodies contamination by 

nutrients as well as by heavy metals such as copper. The object of this study was to investigate the effects of different concentrations of copper 

on some biochemical properties of Cladophora isolates from different areas of Al-Hilla river and cultured in a modified Chu-No.10 medium, 

which supplemented with 0.1, 0.3 and 0.5 mg. L-1 of copper for two different periods (3 and 6 days). Some biochemical properties such as the 

content of chlorophyll, antioxidant enzymes such as Catalase (CAT) and superoxide dismutase (SOD), Metallothionein and Cytochrome were 

estimated. The results of current study indicated to presence of variations in the effects of different concentrations of copper on these 

properties compared to the control, and these effects were clear through increasing concentrations with increasing exposure time.
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Chlorophyta, commonly known as green algae, are 

responsible for most of the primary productivities in some 

water bodies. They subsist on inorganic nutrient and produce 

organic matter from carbon dioxide by photosynthesis. In the 

absence of photosynthesis, the metabolic process causing 

oxygen depletion in the aquatic system (Förstner and Prosi 

1979). The role of algae in waste-water treatment and their 

affinity for heavy metals captions based on high negative 

surface charge, has been recognized for several decades 

(Rao 1986). Algae accumulate heavy metals from their 

aquatic environment. Using living algae to remove toxic 

metals from contaminated water could be advantageous. 

Since they are ubiquitous and have colonized almost all parts 

of the world. They can be grown easily have very simple 

growth requirements. Advantage of using living organisms 

over dead biomass is that they have fast growth rate and 

hence produce a regenerating supply of metal-removal 

material (Sobhan and Sternberg 1999). There is evidence 

that algae accumulate heavy metals in their tissues when 

grown in polluted water (Magdaleno et al 1997, Kim et al 

1999). Algae are generally considered as the best 

bioindicator of aquatic bodies contamination by heavy metals 

(Chmielewská and Medved 2001).The ubiquity of heavy 

metals in the biosphere results in the introduction of the high 

amount of toxic metals into the food chain from various 

sources, including municipal, agricultural and industrial 

effluents, and they modify the structure and productivity of 

aquatic ecosystem (Magdaleno et al 1997). Metals such as 

copper and zinc are released into the aquatic ecosystem by 

anthropogenic activities such as agricultural, industrial and 

mining (Yruela 2005). From a biological point of view, heavy 

metals can be divided into two categories, which are 

essential and non-essential. However, essential, which have 

been reported to be toxic at high concentration, for example 

some heavy metals, including cobalt, copper, zinc and 

manganese are essential for growth at very low 

concentration but toxic at slightly higher levels (Al-Hejuje 

1997, El-Sheekh et al 2003, Awasthiand Das 2005,Okmen et 

al 2007). Whereas, the other category has been reported to 

be toxic even at low concentration such as silver, lead, 

mercury and cadmium (Lee et al 2005, Al-Hejuje 1997). In the 

aquatic ecosystem, the primary producers play an important 

role in the structure and function of the ecosystem. Any 

negative effects on them will affect upper trophic levels (Li et 

al 2006). Copper is essential redox-active transition metals, 

which acts as a structural element in regulatory proteins and 

participates in electron transport in photosynthesis, 

mitochondrial respiration, oxidative stress responses, cell 

wall metabolism and hormone signaling (Moreno 2003, 

Srivastava et al 2006). The metals as other environmental 

factors (ultraviolet, extreme temperature, radiation, 

environmental pollution, etc.) induce Reactive Oxygen 

Species (ROS) formation inside the cell (Marshall and 

Newman 2002). These ROS are formed under physiological 

conditions in manageable proportions, while maintaining a 

balance due to the defensive cellular enzyme (Dröge 2003). 

The breakdown of this balance is known as oxidative stress, 

which results in alteration of the structure-function of organs, 

systems or specialized transport (Ames et al 1993). The 

damage caused by oxidative stress in fatty acid rich 

structures such as cell membrane, results in lose rigidity, 

integrity and permeability. This process known as 



Lipidperoxidation, produce carbonylic compounds such as 

malondialdehyde. Aerobic organisms have developed 

antioxidative defence mechanisms to prevent cell damage by 

ROS (Finkel and Holbrook 2000, Sohal et al 2002). The 

enzyme catalase has an active participation in the reaction 

that reduces the intracellular levels of H O  formed from the 2 2

superoxide radical (De Zwart et al 1999). Oxidative stress is 

characterized by the increase in ROS as a result of 

insufficient antioxidant defense (Mittler 2002). Responses of 

organisms to oxidative stress include the use of antioxidant 

enzymes, water-soluble antioxidant compounds and lipid-

soluble antioxidant molecules (Burritt et al 2002). Enzymatic 

and non-enzymatic reactions of free radical scavengers 

minimize cellular oxidation: (SOD), (CAT). Peroxidase (POD) 

and anti-compounds such as Glutathione (GSH) and 

Carotenoids (CAR) can play a key role in controlling cellular 

levels of metal-induced ROS (Weckx and Clijsters 1996). 

The importance of antioxidant enzymes in preventing 

oxidative stress by scavenging ROS is generally emphasized 

(Dawes 2000). SOD dismutase O  to H O  and this is 2 2 2

decomposed to H O by POD and CAT, so that the 2

accumulation of O  and H O is effectively prevented (Yan et 2 2 2 

al 1997 and Liu et al 2002). 

MATERIAL AND METHODS

Algae cultivation: The Cladophora collected from AL-Hilla 

River in Babylon province, Iraq, was isolated and cultivated in 

modified chu-10 medium that contained different 
-1concentrations of copper (0.1, 0.3 and 0.5 mg l ) for different 

periods (3 days and 6 days) according to Cao et al (2015). 

Metal solutions: Three concentrations of copper (0.1, 0.3 
-1and 0.5 mg l ) were prepared using the standard solution of 

+2 -1Cu  (1000 mg l ) according to Cao et al (2015).                                                                         

Biochemical analysis: Many biochemical tests were 

determined which include determine the SOD using the 

method described by Marklund and Marklund (1974), 

determine the CAT using the method described by Aebi 

(1974) Metallothionein and Cytochrome according to Burritt 

and Larkindale (2002) and total chlorophyll using the method 

described by Lichtenthaler (1987). 

Statistical analysis: SPSS 17.0 program used for least 

significance differences (LSD ≤0.05) and analysis of 

variance test (ANOVA). 

RESULTS AND DISCUSSION

Algae expose to different stressors and can develop 

tolerance to a wide range of heavy metals. Heavy metals 

have two levels of impacts; first by inhibiting the algal 

physiological and biochemical activities, second in changing 

the composition and function of the algal community in 

general. Algae are very sensitive to the metals toxicity, 

therefore, it can function as bio-indicators to indicate the 

potential toxic impacts for the heavy metals. The results of 

this study presented in tables below shown differences of the 

copper concentrations' impact compare to the control group 

on the biochemical parameters which included Chlorophyll 

determination, SOD and Catalase enzymes, Metallothionein, 

and Cytochrome measured during this study. The results in 

(Table 1) shown the impact of the different levels of the 

copper concentrations on the chlorophyll content with a 

significant difference in compare with the control group 

during the initial study period (3 days) and that might be a 

result of the copper impact on the chloroplast causing 

disorders and finally lead to a reduction of photosynthetic 

pigments content in addition to chlorophyll inhibition and 

decline in its content (Påhlsson 1989). The results also 

shown significant differences among the values of the 

studied enzymes, Metallothionein, and Cytochrome in 

compare with the control group and this is due to the osmosis 

of elements that enter the algae body on the sites for 

connecting protein with active enzymes and resulting in 

obstruct the natural way of metabolism (Arunakumara et al 

2006).

The results in (Table 2) shown that exposure time for (6 

days) affected clearly on the differences among the study 

criteria with significant difference where the highest value 

was recorded at the concentration of (0.3) ml l  in chlorophyll -1

content determination and SOD enzyme compare to control 

group, while there was a significant difference at all level of 

concentrations for the rest of parameters.

Parameters Control Con. 0.1 Con. 0.3 Con. 0.5

Chlorophyll 1.276 ± 0.03 D 0.353 ±  0.02 A 1.070 ±  0.00 c 0.50 ±   0.01 B

SOD 1.863 ±   0.11 A 1.973 ±  0.12 A 2.573 ±   0.12 b 2.433 ±  0.20 B

CAT 6.093 ±   0.02 B 4.083 ±   0.04 A 4.06 ±   0.01 a 6.056 ±   0.02 B

Metallothionin 1.08 ±  0.01 A 1.633 ±   0.02 C 1.373 ±   0.06 b 1.63 ±   0.02 C

Cytochrom 1.364 ±   0.93 B 1.422 ±   0.36 C 1.518 ±   0.11 d 1.334 ±   0.42 A

Table 1. Comparison among control group and the concentrations (0.1, 0.3, 0.5) for the biochemical parameters of the 
Chladophora during exposure period (3 days)

Similar letters for the studied parameters mean there is no significant difference, p ≥ 0.05
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Parameters G3 G6 Sig

Chlorophyll 1.276 ±   0.037 0.280 ±  0.026 0.000

SOD 1.863 ±  0.115 2.156 ±  0.200 0.110

CAT 6.093 ±  0.028 4.08 ±  0.036 0.000

Metallothionin 1.080 ±  0.017 1.213 ±  0.011 0.001

Cytochrom 1.364 ±  0.938 1.410 ±  0.10 0.013

Table 3. The biochemical parameters comparison during the 
two exposure period* for the control group

*G3: Exposure period 3 days, G6: Exposure period 6 days

Parameters G3 G6 Sig

Chlorophyll 0.353 ±   0.020 0.483 ±  0.030 0.005

SOD 1.973 ±  0.127 2.430 ±  0.207 0.041

CAT 4.083 ±  0.045 2.053 ±  0.030 0.000

Metallothionin 1.633 ±  0.023 0.953 ±  0.051 0.000

Cytochrom 1.422 ±  0.360 1.388 ±  0.850 0.011

Table 4. The biochemical parameters comparison during the 
two exposure period* for the concentration group 
(0.1)

*G3: Exposure period 3 days, G6: Exposure period 6 days

Parameters G3 G6 Sig

Chlorophyll 1.070 ±   0.000 0.903 ±  0.025 0.008

SOD 2.573 ±  0.120 2.753 ±  0.387 0.511

CAT 4.060 ±  0.017 4.04 ±  0.000 0.184

Metallothionin 1.373 ±  0.060 1.043 ±  0.020 0.006

Cytochrom 1.518 ±  0.116 1.288 ±  0.542 0.000

Table 5. The biochemical parameters comparison during the 
two exposure period* for the concentration group 
(0.3)

*G3: Exposure period 3 days, G6: Exposure period 6 days

All significant differences for all parameters compare to 

the control group in previous tables indicate that all 

physiological changes have impacted by external conditions 

including heavy metals such as copper. Decrease of 

chlorophyll content in (Table 1 and 2) indicates evident impact 

of copper as a stressor on algae as the concentrations are not 

the optimum for the metabolic activity for the cell where the 

magnesium in the chlorophyll being replaced by the elements 

ions and therefore the cells work on protoporphyrin 

accumulation and the chlorophyll synthesis stops as a result of 

inhibit the reduction process in the biosynthesis pathways of 

this pigment (El-Sheekh et al 2003). In contrast, there is a high 

activity for the antioxidant enzymes SOD and CAT which 

reduce the activity of ROS resulting from increased stresses or 

exposure to external stimuli (Converti et al 2006). It is known 

that copper is an essential element to be involved in the 

synthetic of defense enzymes, but at the excess 

concentration, the effects could cause an inhibition as it is 

evident from (Tables 1 and 2) where the activity of SOD and 

CAT increased when increase the exposure period for 

oxidative stress resulted from the activity of ROS. 

The results in (Table 3, 4, 5 and 6) showed the significant 

differences for the studied parameters for the two exposure 

periods which are 3 days (G3) and 6 days (G6). Where the 

significant difference was noticed for the activity of SOD 

enzyme, metallothionein, Cytochrome and control group 

(Table 3). 

Significant differences of SOD, CAT, Cytochrome and 

chlorophyll content at concentration of (0.1) mgl  (Table 4). -1

While all parameters except Cytochrome were showed a 

significant difference at concentration of (0.3) mg l  (Table 5). -1

Similar results were recorded at the concentrations of (0.5) 

mgl  (Table 6).-1

The above results, in addition to the heterogeneity of the 

effectiveness of the active enzymes, indicate a difference in 

Cytochrome electron transport systems. This may be due to 

might be resulted from the disruption of functional groups of 

vital bio-molecules, such as enzymes and transport systems 

for essential nutrients and ions, or replacement of basic metal 

Parameters Control Con. 0.1 Con. 0.3 Con. 0.5

Chlorophyll 0.28 ± 0.02 a 0.483 ±  0.03 B 0.903 ±  0.02 C 0.616 ±   0.01 D

SOD 2.156 ±   0.200 a 2.43 ±  0.207 a,b 2.753 ±   0.387 B 2.513 ±  0.115 a,b

CAT 4.080 ±   0.03 b 2.053 ±   0.03 A 4.040 ±   0.00 B 6.096 ±   0.04 C

Metallothionin 1.213 ±  0.011 c 0.953 ±   0.05 A 1.043 ±   0.02 B 1.666 ±   0.03 D

Cytochrom 1.41 ±   0.10 c 1.388 ±   0.85 B 1.288 ±   0.542 A 1.404 ±   0.216 C

Table 2. Comparison among control group and the concentrations (0.1, 0.3, 0.5) for the biochemical parameters for the 
Chladophora during exposure period (6 days)

Similar letters for the studied parameters mean there is no significant difference, p ≥ 0.05

ions from bio-molecules and cellular work units. This may 

lead to the modification and disruption of enzymes, disrupting 

(rupture) cellular membranes and organs membranes and 

their integrity. Thus toxic metals have the ability to interfere 

with a wide range of activities in living organisms. It may 

impact organisms metabolism, growth and differentiation 

(Awasthi and Das 2005).
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This study also showed the correlation between some of 

the studied parameters. The results (Table 7) exhibited a 

negative correlation between the impact of SOD and 

chlorophyll, as well as a negative correlation between 

chlorophyll and Metallothionein. Positive correlations were 

recorded between chlorophyll and CAT, and between 

chlorophyll and Cytochrome, and between SOD and CAT 

during exposure period (3 days). 

Positive correlation was observed among chlorophyll, 

SOD and CAT, and between SOD and CAT, and between  

CAT and Cytochrome, and between CAT and Metallothionein 

during exposure period (6 days). 

To understand the harmony and consistency among the 

studied criteria, (Table 7 and 8) proved that there are evident  

impacts of copper on the biochemical parameters of the 

Chladophora. Where the correlation between the chlorophyll 

content and the antioxidant enzymes indicates an increase in 

these enzymes activity to maintain the chlorophyll quantity (Li 

et al 2006). Also, the correlation between SOD and CAT was 

Chlorop-
hyll

SOD CAT Cytochrom Metallothionin

SOD -0.050

CAT 0.233 -0.297

Cytochrom 0.231 0.393 -0.862**

Metallothionin -0.944** 0.355 -0.331 -0.044

Table 7. Correlation relationship among the studied 
parameters during exposure period (3 days)

Significant at 1% level of significance

Parameters G3 G6 Sig

Chlorophyll 0.50 ±   0.017 0.616 ±  0.015 0.001

SOD 2.433 ±  0.206 2.513 ±  0.115 0.597

CAT 6.056 ±  0.025 6.096 ±  0.040 0.232

Metallothionin 1.630 ±  0.020 1.666 ±  0.035 0.209

Cytochrom 1.334 ±  0.428 1.404 ±  0.216 0.000

Table 6. The biochemical parameters comparison during the 
two exposure period* for the concentration group 
(0.5)

*G3: Exposure period 3 days, G6: Exposure period 6 days

Chlorop-
hyll

SOD CAT Cytochrom Metallothionin

SOD 0.692*

CAT 0.198 0.090

Cytochrom -0.864** -0.603* 0.121

Metallothionin 0.049 -0.063 0.918** 0.451

Table 8. Correlation relationship among the studied 
parameters during exposure period (6 days)

Significant at 5 and 1% level of significance

obvious, especially during the exposure period (6 days) and 

this is evident by the action of the SOD enzyme on the root of 

OH to give hydrogen peroxide, which changes the base 

material of the activity of the CAT enzyme into a water 

molecule (Liu et al 2002, Yan et al 1997). The activity of these 

two enzymes are increased by the increasing of the 

electronic transport compounds such as Cytochrome and 

Metallothionein, as the living organisms have a general 

mechanism for removing the mineral toxins inside the cells, 

which is the formation of peptides and proteins binding 

metals such as Phytochelatins and Metallothioneins (Burritt 

et al 2002).
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Ameliorative Effect of Ascorbic Acid on Hematological 
Parameters Due to Cadmium Toxicity in Cyprinus carpio
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Abstract: The present study showed the protective effects of Vitamin Cby reducing the toxicity of cadmium on the hematological parameters in 

common carp during exposure period. The results of present study showed significant differences at P≤0.05 between treatments with cadmium 

and control, ascorbic acid only and ascorbic acidic cadmium on hematological parameters. The results also showed the effect of Vitamin C 

(ascorbic acid) to reduce cadmium toxicity after 7 to 14 days after chronic exposure to CdCl increased white blood cells number, mean 2 

corpuscular volume, Mean Corpuscular Haemoglobin and decreased RBC, Hb content, PCV and the mean corpuscular hemoglobin 

concentration as compared to control were found. The exposure of cadmium with ascorbic acid the WBC, RBC decreased and Hb contents, 

RBC, the packed cell volume PCV increase values of these parameters as that in control groups when compared with cadmium exposure 

groups. 
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The Heavy metals concentration trend to increase more 

and more in the all environment spheres especially in the 

aquatic environment. Fishes have been recognized as good 

accumulators of organic and inorganic pollutants (Eneji et al 

2011). Aquatic organisms such as fish accumulate metals 

from water or sediment with concentrations higher many 

times than the concentrations of these metals in the water, 

also they can concentrate metals at different levels in 

different organs, and these heavy metals acquired by the 

chain of food as a result of pollution will be posed chemical 

hazards and threatening to human. However, low levels of 

heavy metals, such as copper, cobalt, zinc, iron and 

manganese are crucial for activity of enzyme activity and 

many other biological processes. Other heavy metals, for 

example cadmium and lead are not recognized to have 

essential role in living organisms and they are toxic even at 

low concentrations, while the essential metals also 

developed to become toxic at high level of concentrations, 

the consequences of heavy metal pollution can be hazardous 

to humans through food (Sani 2011). 

Fish is the most susceptible aquatic animals to the heavy 

metals. The physical and chemical parameters of the 

environment in which the fish resides appeared to affect the 

rate of bioaccumulation of trace elements (Cao et al 2010). 

Normally, fish may be considered as one of the healthiest and 

cheapest source of protein due to it's higher cysteine amino 

acid composition than most other sources of protein. The 

effects of exposure to any hazardous constituent depend on 

the dose, exposure time, exposure mode, and presence of 

other chemicals (Adekola et al 2007). Therefore, heavy 

metals monitoring in aquatic environment are very important, 

especially for breeding of fish. Increased loads of toxic metals 

in waste water may increase the risk of water contamination 

in the current study, the hematological parameters were 

studied to evaluate the cadmium chloride impacts on carp 

fish. 

Red blood corpuscle RBC and hemoglobin can be used 

as an indicator foranemia, f1uid volume disturbances. In 

general, heavy metals have acute effect in hematological 

parameters and cause reduction in RBC and Hb. Further, 

anemia could be happened due to plasma increasing volume 

caused by disturbed water balance and will decrease RBC 

production (Saraswathi et al 2003). In addition, as the 

haemoglobin (Hb) is the main constituents of blood, which 

transport of oxygen throughout the blood capillaries, 

decreasing the haemoglobin level might reduce the 

biological activity of fishes due to stress syndrome. 

Researchers have reported alteration in RBC and Hb level 

(Garg et al 1989, Magare and Patil 2000), and also in the 

present investigation on the protective effect of ascorbic acid 

to reduce the toxicity of cadmium on hematological 

parameters in Cyprinu scarpio. 

MATERIAL AND METHODS

Experimental fishes: The freshwater common carp Cyprinu 

scarpio with a size range of 16-20cm and, weighing 54 ±4 g 

irrespective of their sex, have been chosen as the test 

organism in the present study. Before the exposure 



experiment fishes were acclimatized to the laboratory 

conditions in large fiber glass tanks with unchlorinated 

ground water for 3 days at a room temperature of 28 ± 20Cᵒ. 

In order to avoiding the carp fishes overcrowding as its 

benthic in nature, five fishes putted in each tank. After every 

24h, water was changed completely. To prevent the escaping 

of fishes, tanks were covered with net. No feed used during 

the experiment period (14 days).

Chemicals and reagents: Cadmium chloride (CdCl ) and 2

vitamin C (L-Ascorbic acid) were obtained from the 

environmental laboratory at the Collage of Science, Babylon 
-1University, then the CdCl was dissolved in H O (1 mg l ) and  2 2

-1the L-Ascorbic acid was added with a ratio of  50 mg l  (Al 

Maamouri 2011). The other chemicals (reagent grade) were 

obtained from local scientific distributors in Iraq.

Animals and experimental design: 60 healthy adult 

individuals of common carp Cyprinu scarpio (60 ± 5 g) were 

obtained from a registered fish farm in Babylon province. 3 

days period of time was used for fish acclimation. Then it 

spread in glass aquaria with (dimensions, 90 × 30 × 50 cm) 

filled with 120 L fresh water(de-chlorinated); the carp fishes 

were kept in a laboratory, setting with a photoperiod, light (12 

hours) and dark cycle (12 hours). Furthermore, temperature 

was maintained of 28 ± 2°C and then water aquarium was 
-1aerated. Water dissolved oxygen level (6.5 mg l ), pH (6.9 ± 

-10.4), and electrical conductivity (219 ± 2 μm ho cm ) of 

aquaria water which measured using multi meter; conditions 

were closely monitored and kept stable during the 

experiments. They were subdivided into four groups with 15 

individuals for each one. Control group were given tap water 
-1only .Second group were given Vitamin C at a dose 50 mg l . 

-1Third groups were given cadmium at a dose 1 mgl  and fourth 

groups were (Vitamin C and cadmium) given Vitamin C 50 
-1 -1mg l  prior three hours of cadmium in concentration 1 mg l  

administration. Cyprinu scarpio was exposed to sub-lethal 

concentration of Cadmium for 14 days. For sub-lethal 

exposure experiment, three replicates were maintained. The 

water was changed every day, so that the concentration of 

cadmium chloride remained the same during the 

experimental period. 

Haematological studies: Blood was taken at the end of 7 

day and 14 day by catching each fish very gently using a 

small net, one by one with minimal disturbances. Each fish 

wrapped in a clean and dry towel was trapped, the posterior 

half of its body was cleaned with coarse clean paper. The 

blood samples were collected using severance of caudal 

peduncle and placed in Eppendorf tubes holding 1% (EDTA) 

(Mgbenka et al 2003). Haematological parameters were 

evaluated using the methods of Hesser (1960) and Blaxhall 

and Daisley (1973).

Red Blood Corpuscular (RBC) measurement: Counting of 

RBC was done with a Neubauer chamber, Sohn and Henry 

(1969). Red glass bead pipette was used for indicting the 

counting chamber (triplicate). 

Haemoglobin (Hb) content: Cyanmethemoglobin method 

was performed for determination of Hb (Dacie and Lewis 

1968). 0.02 ml of blood sample was pipetted into Darbkinp's 

reagent (5ml) and shaken then allowed to settle for 10 min. 

after that, absorbance was measured at 540 nm wavelength 

with spectrophotometer against a reagent blank.

Estimation of Packed Cell Volume (PCV): Evaluation of 

PVC was achieved using micro-haematocrit method 

(Snieszko 1960).Non-clotted blood specimens (Heparinized) 

were collected in even bored capillaries. It was indorsed to 

run 1/2 - 3/4 lengths of capillary tube closed with sealing wax 

on opposite sides and then assigned to a high speed micro-

haematocrit centrifuge (12000 rpm) for 5 min.

White Blood Corpuscles (WBC) measurement: WBCs 

were measure during the method described by Donald 

Hunter and Bomford (1963).

Statistical analysis: Data analysis was done using SPSS 

ver. 23, and present as mean  SD. It was considered as 

significant when P value was 0.05.

RESULTS AND DISCUSSION

 The results of presents study were to determine the 

impact of cadmium toxicity on and ameliorative C. carpio 

effect by L-ascorbic acid on the levels of hematological 

indices, the hematological indices in presents study showed 

significant differences at p≤0.05 among the treatments. 

Ascorbic acid alone has no effect on all hematological 

markers as compared with treatments of cadmium

RBCs: Red blood cells number in control was 3.5 and 3.3x 

10  mm  at 7 and 14 days respectively. While in cadmium 6 -3

exposure, its number was significantly decreased 

(2.62–1.46) 10  mm  at 7 and 14 days, respectively as 6 -3

compared with treatment groups with ascorbic acid which its 

numbers significantly increased at 7 and 14 days (3.12-3.3) 

10  mm , respectively (Fig. 1).6 -3

WBC: The number of white blood cells in cadmium exposure 

significantly increased at 7 and 14 days and reached to 

4.32–5.87x 10  mm . While it was decreased significantly in 6 -3

treatment with ascorbic acid along with cadmium exposure to 

be (3.87 – 3.11 x 10 / mm ). The WBC for the control 6 3

treatment was (3.22- 3.17x 10  mm ) (Fig. 2).6 -3

Hb: The Hb level in treatment with ascorbic acid with 

cadmium exposure reached at 7 and 14 days (9.1-8.9  g 100 
-1ml )  as compared with control groups at 7 and 14 days (9.6-

-110.8) g 100 ml  respectively. The level of hemoglobin ,

percent in cadmium exposure was significantly decreased at 
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-1 7 and 14 days to reach (8.3-7.4) g 100 ml (Fig. 3).

PCV: The packed cell volume PCV% in the control was (34.6-

33.6%) at 7 and 14 days and its percentage in cadmium 

treatment were significantly decreased from  29.4%-26% 

and vitamin C+ cadmium treatments were from 32.9-33.8%  

at 7 and 14 days, respectively (Fig. 4). 

The percent of MCV in cadmium exposure was 

significantly increased at 7 and 14 days and reached to 

112.21-178.08 µm  While its concentration in treatment with 3

ascorbic acid plus cadmium exposure was significantly 

decreased at 7 and 14 days (108.33-97.57  µm ) as 3

compared with control groups at 7 and 14 days (98.85- 

108.33 µm ), respectively (Fig. 5). 3

The MCH in cadmium exposure was 31.67-44.8 pg, 

while in treatment with vitamin C+ cadmium MCH was 

reached 29.16-31.98 pg and in control was ranged between 

3085-30.35 pg at 7 and 14 days exposure respectively (Fig. 

6). The MCHC in cadmium exposure was significantly 

increased at 7 and 14 days and reached 28.23 and 16.85%, 

respectively. While its concentration in treatment with 

ascorbic acid plus cadmium exposure decreased at 7 and 14 

days (26.92-26.23%) as compared with control groups at 7 

and 14 days (31.21-25.8%), respectively (Fig. 7).
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Abstract: The current research aimedat studying some of the geotechnical properties of soil polluted with crude oil flowing from wellsin Al-

Alam city, southwest Allas oil field.Three stations were selected to represent the study area and two samples were taken from each station. 

Onesample was polluted and the other one was non-polluted. The physical tests of the polluted and non-polluted samples of soil showed that 

they were sand soil and well-sorted. The specific gravity values of the non-polluted soil were lower for the polluted soil. The moisture content of 

the non-polluted soil was 2.14-2.91%, while it was decreased by 1.01-1.53% in the polluted soil. The Atterberg test indicated that the polluted 

and non-polluted samples of soil were non-plastic. The electrical conductivity of the non-polluted soil was 1.21-2.03 and was a little higher for 

the polluted soil.The pH values were between 8.14-8.73 for the non-polluted soil, against 7.84-8.11 for the polluted soil. The gypsum content of 

the non-polluted soil ranged between 6.9-9.3%, whereas, the polluted soil had a lower gypsum contentas 5.3-8.2%. The percent organic 

content of non-polluted soil was lower as compared polluted soil.
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The ecosystem is disturbed by some surrounding 

factorsas they affect it adversely. The most dangerous factor 

is pollution by organic material. Soil forms the upper part of 

earth surface.Soil pollution occurs due to imbalance in soil 

components. This happens when unusual materials are 

mixed with the natural components of soil,thus affectingits 

chemical and physical composition. Oil pollution causes a 

great threat to soil and a major global problem in both 

industrial and developing countries because of affecting the 

soil features (Chorom 2010). Sixteen organic-rich 

argillaceous limestone and black shale samples from three 

wellslocated at the Middle–Upper Jurassic Naokelekan 

Formation in the west Zagros Basin of northern Iraq were 

evaluated as source rocks (El Diasty et al 2018).

The study area is located within the boundaries of 

Salahaddin province between longitude (435400-445700) 

and latitude (345000-344000) to thenortheast of Tikrit city in 

the distance of almost (21) kilometers within the northern 

Himreen Anticline (Fig. 1).

Fatha (middle Miocene) is located at the core and limbs 

of northern Himreen Anticline and it is the largest outcrop in 

the Anticline.It consists of upper and lower areas separated 

by a layer of gypsum mass.The lower part consists of several 

strands of yellowish green or grayish green limestone with 

successive gypsum and limestone; whereas the upper part 

consists of red limestone layered with successive gypsum 

and calcareous rocks (Georges et al 2010). Injana formation 

is considered as the most widespread formation in 

Iraq.Itconsists of successions of sandstone, mudstone and 

siltstone with various rates. The sand deposits are often have 

high porous, forming natural groundwater aquifers besides 

its usefulness in different industrial fields.Thedeposits the 

study area cover wide spaces with different thicknesses and 

were formed due to erosion since the oldest formations that 

consisted of sandstone, silt and clay.They were formed 

during the Pleistocene and Holocene ages.Tectonically, the 

study area is located at unstable plate within foot hill zone, 

which is considered as a boundary between the range of 

lower folds and the non-trigonometric zone formed by alpine 

movements (Jassimand Goff  2006).

The study area is considered as an important area 

because it contains raw materials suitable for different 

engineering purposes (raw materials for various construction 

industries) before being polluted with crude oil flowing from 

Allas oil field that was destroyed by the terrorist. The 

significance of this study lies in raising awareness of people 

living nearby the study area in order to take all precautions to 

avoid the pollution risks and its health problems. Some 

physical and chemical properties of soil have been studied to 

understand the effect of crude oil pollution on them.

MATERIAL AND METHODS

The survey wasconductedat three stations representing 

the polluted area. Two samples were taken from each station, 

one sample is polluted, while the other one is non-polluted 

(the distance between the polluted and non-polluted samples 

is 7 meters) at depth (0-30) cm. By using GPS, the 

coordinates of each station were determined (Table 1). The 



Fig. 1. Site map of the study area

samples were kept in bags marked with the station number 

and sample location to conduct the necessary tests on these 

samples.These procedures were made during April 2017.

Physical tests: Moisture content (ASTM-D-221-698-2004), 

specific gravity and consistency (Atterberg) limits was done 

estimated according to US specification. The grain size 

analysis or Sieve Analysis test has been done according to 

US specification (ASTM-D-422-63-2004). Size analysis test 

was achieved by employing sieve analysis through using a 

number of sieves.

Chemical analysis: All chemical analyses have been done 

at Agriculture college Tikrit University.

Organic material contenttest has been done according 

to standard specification (ICRDA 2003).

Gypsum content: the standard method for determining 

the gypsum content for the soils in the study area is based on 

the study of Richards (1954) which contains sedimentation 

by acetone solution.

pH value test has been done according to International 

Standard Specifications (ICARDA-2003).

Electrical conductivity tests have been done according 

to the International standard specifications (ICARDA-2003).

 It is obvious that the oil pollution affects the physical and 

chemical properties of soil. Accordingly, a lot of grass has 

died because of this pollution which works as a physical 

effect to prevent or reduce the water and oxygen from 

reaching the grass, as shown in Figure 2.

RESULTS AND DISCUSSION

Moisture content values of polluted soil ranged between 

1.01-1.53%, but they were higher in non-polluted soil 2.14-

2.91% (Table 2). The soil has relatively high organic content, 

leading to the probability of swelling and shrinkage 

Fig. 2. Effect of oil pollution on the agriculture in the study 
area

Station no. Easting        Northing

1 343507 4433127

2 343710 4439001

3 353800 4410100

Table 1. GPS location of stations

Station no. Polluted soil Non-polluted soil

1 1.53 (2.17) 2.72 (2.64)

2 1.32 (2.19) 2.91 (2.67)

3 1.01 (2.12) 2.14 (2.68)

Table 2. Moisture content of polluted and non-polluted soils 
in the study area

occurrence as a result of a change in the moisture content 

(Scott 1974).

Theatterberg limits showed that soil in the study area is 

of non-plastic type containing high level of sand content. The 

specific gravity variedbetween 2.12-2.17 in the polluted 

soil;,while in the non-polluted soil the rangewas between 

2.64-2.68 (Table 2). Based on observing specific gravity 

results of polluted soil shown in Table 3,  they are close to 

values of organic soil suggested by Das (1982). This is 

because the polluted soil has high organic content that leads 

to decrease its value of specific gravity compared withnon-

polluted soil as the water density is higher than oil density.

Since the transit from sieve average is 200 less than 

10%, so, after calculating the grains diameters and the 

percentage of different soil weight sizes, the relation between 

grain diameter and these percentages has been illustrated in 

a figure on a half logarithmic paper, as shown in Figures (3, 4 

and 5).

Also, the size analysis results of polluted and non-

polluted soils were identical, and the percentage of small size 

(silt and clay) was less than 10% of the sample total weight. 
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Fig. 3. Grain diameter and percentage of soil weight size for 
station 1

Fig. 4. Grain diameter and percentage of soil weight size for 
station 2

Fig. 5. Grain diameter and percentage of soil weight size for 
station 3

The percentages of the polluted and non-polluted soils in 

three stations under study are shown in Table 4.

The results of organic content are shown in Table 5. The 

organic content in polluted soil ranged between 1.7-2.8, but it 

was lower in non-polluted soil represented as 0.33-0.78. It is 

noteworthythat the organic material ratio in polluted soil had 

Soil types Real values of specific gravity limits

From To

Sand 2.63 2.67

Silt 2.65 2.7

Clay and Silty clay 2.67 2.9

Organic soil Less than 2

Table 3. Real values of specific gravity of different soil (Das 
1982)

Station No. Clay, silt (%) Sand (%) Soil type according to 
unified classification

1 8 92 SW

2 9 91 SW

3 5 95 SW

Table 4. Size analysis results of soils (polluted and non-
polluted)

exceeded the value of 1%, which is high value as0.5% can be 

a sufficient rate to cause problems in soil strength (Azlan et al 

2012). The organic content increased in the polluted soil 

compared with non-polluted soil because it is saturated with 

carbohydrates. Besides, the organic contents are type of 

material that help to reduce soil strength due to many 

reasons,such as increasing soil permeability and organic soil 

degradation.Whereasdrying and shrinking occur because of 

containing very high gaps rate and high compressibility 

(Dunn et al 1980).

Results of chemical tests showed that the rate of 

gypsum content of polluted soil ranged between 5.3-

8.2;while non-polluted soil ranged between 6.9-9.3, as 

shown in table5. A decreasing rate of gypsum in polluted soil 

was observed when compared withnon-polluted soilbecause 

of low moisture content in polluted soil.Since the increase of 

moisture content will dissolve gypsum, there is an inverse 

relationship between the gypsum content and the moisture 

content. The existence of gypsum reduces soil resistance 

(Al-Dewani and Abdulla 1993).

PH value results of non-polluted soil ranged between 

7.84-8.11, but it rangedbetween 8.14-8.37 for polluted soil. 

As shown in Table 5, the pH values of non-polluted soil 

No. station Polluted soil Non-polluted soil

Organic matter 
content (%)

Gypsum 
content (%)

PH (%) EC ms Organic matter 
content (%)

Gypsum 
content (%)

PH (%) EC ms

1 1.7 2.03 8.73 9.3 0.33 2.16 8.11 8.2

2 2.8 1.39 8.27 7.2 0.78 1.47 7.84 6.4

3 2.3 1.21 8.14 6.9 0.64 1.33 7.94 5.3

Table 5. Chemical analysis tests for polluted and non-polluted soil samples
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samples were lowerthan those of polluted soil samples.The 

pH value affects the soil.Thus, when itis increased, the soil 

alkaline is increased too;whereas, the solubility of gypsum 

and calcium carbonate is reduced. The pH value is affected 

by the concentration of dissolved carbonate and carbonate in 

water (Collins 1975).

Results of electrical conductivity tests showed that 

values of polluted soil ranged between 6.9-9.3; but they were 

lower for non-polluted soil represented as 5.3-8.2, as shown 

in Table 5. The increaseinvalues of electrical conductivity in 

polluted soil was obvious compared with non-polluted soil. 

This isbecause exotic materials, such as carbohydrates, in 

soil helped to increase the electrical conductivity.

CONCLUSIONS

Content and specific gravity of the polluted soil were 

lower thanthose of non-polluted soil.However, the 

pollutanthad no effect on the results of volumetric analysis 

and Atterberg limits. Hence, their values were identical forall 

the samples of polluted and non-polluted soils.On the other 

hand, oil pollution had a clear impact on pH, organic content 

OC and electrical conductivity EC. Unlike the samples of non-

polluted soil, the values of pH, OC and EC werehigher in the 

polluted soil samples.On contrary, the values of gypsum 

content were lower in samples of polluted soilthan those of 

non-polluted soil.
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Abstract: The specimens of this plant, were collected from five different sites in the Euphrates river. The examination of these specimens 

revealed, a high percentage (25.058%) of OC compounds (Endrin Ketone), in Typha domingensis, as a compared with lowest percentage 
th th(0.385%) of  (TCMX Compound) at the 5 site, followed by  highest percentage (24.851%)  for (Endrin Ketone) compound at the 4  site, 

rd st nd24.825% in the 3  site, 24.79% in the 1 site, and the  lowest 24.557% recorded in the2 site. These results demonstrate differences between 

lowest and highest concentration  in most pesticide isolation from Typha domingensis This study revealed a significant concentration of the 

component of the residues of chlorinated hydrocarbon in the sample of water aquatic plant (typha domingenisis).
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The pesticides are important component of integrated pest 

management. The indiscriminate use resulted in the 

development of resistance to pesticides, resurgence of new 

pest and pesticide residue. Manu studies are conducted by 

earlier workers  and estimated chlorinated pesticides 

residues in living organisms, (Ali 2012) identified pesticide 

residues in some aquatic organisms Fish in the (Hammar 

Marshes), and other  studies on the affected of OC pesticides 

that studied the bio-accumulated in plants and animals which 

leads to contamination of food consumed by humans (Kaiser 

2000, Meeker et al 2007, Rusiecki et al 2008, Briz et al 2011). 

Typha domingensis has been used as a vital indicator to 

detect the accumulation of pollutants in the aquatic 

ecosystem because of their ability to accumulate pollutants in 

their tissues as well as being a good biomarker because they 

are immobile to detect pollutants in water bodies by the 

organic pesticides chlorinated in the papyrus plant in the 

Euphrates River and its use as a vital indicator of pollution of 

the river with pesticides.

MATERIAL AND METHODS

The study area on the Euphrates river included five sites 

(Fig. 1) from the Al-Musayyib to the Al-Kefal because of their 

environmental diversity, first site was located on the 

Euphrates river president in the area of Musayyib near the Al-

Musayyib bridge and features the high level of river water and 

the presence of some types of plant intensively. The second 

site was located on the Euphrates river president before 

branching at the edge of the Al-Hendia river about [2 km], 

against the cement factory of Al-Saddah, that was 

characterized by high water level of the river and the 

presence of some plant species. The third site, located on the 

Euphrates river after passing through the Al-Saddah city 

about 1 km and 15km away from the first site and the river 

water in this location, under the influence of the human 

activity, where the heavy water that directly pour to the river 

leading to deposit in the middle of river, which allow the 

growth of some aquatic plants. The fourth site was located on 

the Euphrates river within the agricultural area to the north of 

the city of Al-Hendia about 15 km with intensive agricultural 

activity of this region and the river was characterized by an 

increase in supply and the presence of few small rivulets that 

pour into river from neighboring farmland. The fifth site was 

located on the Euphrates river in the Al-Hendiacity before 

branching to the (Al-Kufa and Al-Abbasiyah) rivers(1 km), 

where the emergence of islands was noticed, which was 

composed of sediments in most seasons and the spread of 

some aquatic plants. The samples of the papyrus were 

collected from sites, placed in a sterile bags and stored in a 

box until analysis was done in the laboratory. For extraction 

and estimation of pesticides from papyrus 5 g of the sample 

was extracted and mixed with 5 g NaOSO4 and using cold 

solvents (ether: acetone) by 1:1 (Steinwandter 1992), pre-

concentration of extract, and clean-up of extract was done 

according to USEPA, (1996). The standard solution was 

prepared and stored under -4°C in the dark. The solutions are 

prepared daily and diluted with ethyl acetate for being 

perishable.Used a GC-MS device with the Varian 3800 

electron microscope with the American Ion-trap mass 

spectrometer (Varian Instruments, Sunnyvale, CA, USA).



Fig. 1. Study sites on the Euphrates river (http://maps. 
google.ca/maps )

Chlorinated organic compounds

Fig. 2. Percentage of total annual total concentrations of 
chlorinated organic pesticides in papyrus T. 
domingensis from site 1

Chlorinated organic compounds

Fig. 3. Percentage of total annual total concentrations of 
chlorinated organic pesticides in papyrus T. 
domingensis from site 2

Chlorinated organic compounds

Fig. 4. Percentage of total annual total concentrations of 
chlorinated organic pesticides in papyrus T. 
domingensis from site 3

Chlorinated organic compounds

Fig. 5. Percentage of total annual total concentrations of 
chlorinated organic pesticides in papyrus T. 
domingensis from site 4

Chlorinated organic compounds

Fig. 6. Percentage of total annual total concentrations of 
chlorinated organic pesticides in papyrus T. 
domingensis from site 5

The samples were injected into the apparatus directly 

with injection technique and automatic injector temperature 

programming. The concentration of samples was calculated 

according to the following equation:

TCMX (Tetrachloro meta xylene): The highest percentage 

of TCMX concentrations in the papyrus plant was at the 2  nd

site, compared to the lowest percentage of the 5  site. As for th

the concentration of seasons, the highest concentration 

during winter and loswetdurinf summer was recorded at all 

sites. This increased winter concentrations in the aquatic 

body was mainly due to water temperature.

Alpha-BHC, gamma-BHC, beta-BHC and delta-BHC: The 
ndpercentage of pesticides was higher in 2 siteand the lowest 

Concentration (µg/L)=
(A) – (Vt)

(Vi) (Vs)

A =Amount of material injected (ng),Vi=Volume of extract 
injected (μL),Vt= Volume of total extract (μL),Vs =Volume of 
water extracted (μL)
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thpercentage in the 5  site. The highest concentration of these 

pesticides was during  the winter  at all sites and lowest 

concentration in summer, indicating that the temperature 

increases the proportion of these two compounds as well as 

other compounds in which the strength of the correlation is 

very high.

Aldrin and dieldrin: Aldrin Alicyclic compounds are less 

oxidative than aromatics and oxidize rapidly in the 

environment to the results of the present study showing the 

presence of these two pesticides at all the study sites . The 

highest concentration of papyrus aldrin and dieldrin was the 

highest value on site 2 compared to the lowest values 
th identified at 5 site. The same is true for global studies where 

pesticide concentrations are lower than in the present study, 
-1with dildrin concentrations ranging from 0.07 to 7.22 μgl  in 

the water of the Mans River (Mansingh et al 2000). This is due 

to the spraying of agricultural land near the water with the 

pesticide, causing rain to drift into the nearby waterway 

(Mallin et al 2011). With regard to the increase of these 

compounds, there is a recent source of introduction of aldrin 

into water through fishing, agriculture or air sedimentation. 

The increase in dieldrin concentrations at the expense of 

aldrin indicates the high conversion of aldrin to dieldrin and 

Compounds Summer 2017 Autumn 2017 Winter 2017 Spring 2018 Seasonal mean ± SD

TCMX 4.334 6.865 11.991 9.747 8.234±2.893

Alpha-BHC 7.703 11.639 19.611 16.122 13.768±4.500

Gamma-BHC 5.469 8.472 14.556 11.894 10.097±3.434

Beta-BHC 48.759 69.817 112.466 93.798 81.210±24.074

Delta-BHC 39.317 56.437 91.111 75.934 65.699±19.572

Heptachlor 31.086 44.774 72.496 60.361 52.179±15.648

Aldrin 5.357 8.315 14.305 11.683 9.915±3.381

Heptachlor-epoxide 35.669 51.267 82.858 69.030 59.706±17.832

Trans-Chordane 36.519 52.471 84.781 70.639 61.102±18.238

Cis-Chordane 24.428 35.339 57.436 47.764 41.241±12.473

P,P'-DDE 25.857 37.364 60.670 50.468 43.589±13.155

Endosulfan I 27.794 40.108 65.049 54.132 46.770±14.078

Dieldrin 14.713 21.572 35.464 29.383 25.283±7.842

Endrin 54.818 78.403 126.171 105.261 91.163±26.963

P,P'-DDD 29.824 42.985 69.641 57.973 50.105±15.046

Endosulfan II 31.053 44.727 72.422 60.299 52.125±15.633

P,P'-DDT 12.733 18.767 30.988 25.638 22.031±6.898

Endrin aldehyde 256.290 363.895 581.831 486.434 422.112±123.018

Methoxychlor 78.551 112.033 179.845 150.162 130.147±38.278

Endosulfan sulfate 32.383 46.611 75.428 62.814 54.309±16.266

Endrin ketone 282.547 401.102 641.215 536.111 465.243±135.536

Decachlorobiphenyl 42.195 60.515 97.620 81.378 70.427±20.944

Mean ± SD 51.245±69.673 73.739±98.729 118.088±157.577 98.501±131.818

LSD (0.05) Seasons 13.976 = compounds= 32.776  interferences=65.551

-1Table 1. Concentrations of chlorinated organic pesticides in aquatic T. domingensis (μg kg ) from site 1 during different 
seasons, 2017-2018

therefore the pesticides are consumed by plants, fish and 

other organisms in the surrounding environment and  

accumulate in their bodies (Hilfi 2005).

Chlordane: It is a pesticide called Cyclodiene derived from 

Hexachlorocyclopentadiene. The concentrations of 

chlordane are identified in both Trans and Cis. This may be 

due to the repeated use of these pesticides in the agricultural, 

fishing and bird operations as well as the currents from other 

areas and from the nearby agricultural lands. These 

compounds (which are characterized by their resistance to 

degradation and susceptibility) gluing to molecules and even 

long-distance transport to areas where such pesticides have 

not been used (in water, sediment and organisms within that 

range).

Endrin, ketone, aldrin and aldehyde: These compounds 
th were highest at 5 site. The reason for increase in the winter is 

that they are inversely associated with temperatures. The 

flow velocity and pH that have a negative impact on them are 

increasing during the winter due to the erosion of water from 

the nearby agricultural lands due to rainfall and these results 

are higher than reported by Malik et al (2009), Xue and Xue 

(2006). The increase in the concentration of these pesticides 

in the different study sites can be attributed to the dust borne 
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Compounds Summer 2017 Autumn 2017 Winter 2017 Spring 2018 Seasonal mean±SD

TCMX 8.233 12.134 20.035 16.576 14.244±4.460

Alpha-BHC 13.426 19.492 31.780 26.402 22.775±6.936

Gamma-BHC 9.982 14.612 23.988 19.885 17.116±5.293

Beta-BHC 76.705 109.161 174.895 146.122 126.720±37.105

Delta-BHC 62.153 88.539 141.982 118.589 102.815±30.167

Heptachlor 49.466 70.563 113.290 94.587 81.976±24.118

Aldrin 9.810 14.369 23.601 19.560 16.835±5.211

Heptachlor-epoxide 56.529 80.570 129.261 107.948 93.577±27.485

Trans-Chordane 57.839 82.426 132.225 110.427 95.729±28.110

Cis-Chordane 39.204 56.021 90.079 75.171 65.118±19.225

P,P'-DDE 41.406 59.142 95.063 79.339 68.737±20.276

Endosulfan I 44.392 63.372 101.812 84.986 73.640±21.698

Dieldrin 24.229 34.802 56.214 46.841 40.521±12.087

Endrin 86.044 122.395 196.018 163.791 142.062±41.558

P,P'-DDD 47.521 67.806 108.890 90.905 78.780±23.190

Endosulfan II 49.415 70.491 113.176 94.491 81.893±24.094

P,P'-DDT 21.179 30.479 49.314 41.069 35.510±10.632

Endrin aldehyde 396.569 562.419 898.320 751.287 652.148±189.606

Methoxychlor 122.622 174.227 278.745 232.995 202.147±58.997

Endosulfan sulfate 51.464 73.394 117.809 98.368 85.258±25.071

Endrin ketone 437.039 619.766 989.848 827.853 718.626±208.900

Decachlorobiphenyl 66.587 94.825 152.014 126.980 110.101±32.282

Mean ± SD 80.537±107.386 114.591±152.170 183.561±242.871 153.371±203.169

LSD (0.05) Seasons= 21.540= compounds= 50.516  interferences=101.03

-1Table 2. Concentrations of chlorinated organic pesticides in aquatic T. domingensis (μg kg ) from site 2017-2018

Compounds Summer 2017 Autumn 2017 Winter 2017 Spring 2018 Seasonal mean±SD

TCMX 4.728 7.576 13.343 10.818 9.116±3.255

Alpha-BHC 8.518 12.947 21.916 17.989 15.342±5.063

Gamma-BHC 6.004 9.384 16.229 13.232 11.212±3.864

Beta-BHC 54.709 78.400 126.382 105.379 91.217±27.084

Delta-BHC 44.086 63.347 102.357 85.281 73.767±22.020

Heptachlor 34.826 50.225 81.413 67.762 58.556±17.605

Aldrin 5.879 9.206 15.945 12.995 11.006±3.804

Heptachlor-epoxide 39.980 57.530 93.072 77.514 67.024±20.063

Trans-Chordane 40.937 58.885 95.235 79.324 68.595±20.519

Cis-Chordane 27.335 39.609 64.471 53.588 46.250±14.033

P,P'-DDE 28.943 41.889 68.109 56.632 48.893±14.800

Endosulfan I 31.121 44.976 73.036 60.753 52.471±15.839

Dieldrin 16.405 24.122 39.751 32.910 28.297±8.822

Endrin 61.526 88.060 141.800 118.276 102.415±30.334

P,P'-DDD 33.405 48.212 78.202 65.074 56.223±16.928

Endosulfan II 34.789 50.172 81.330 67.691 58.495±17.587

P,P'-DDT 14.177 20.966 34.715 28.696 24.638±7.761

Endrin aldehyde 288.192 409.254 654.443 547.117 474.751±138.402

Methoxychlor 88.226 125.894 202.186 168.792 146.274±43.064

Endosulfan sulfate 36.284 52.292 84.712 70.521 60.952±18.300

Endrin ketone 317.733 451.113 721.253 603.006 523.276±152.485

Decachlorobiphenyl 47.324 67.935 109.679 91.407 79.086±3.255

Mean ± SD 82.363±111.076 132.708±177.283 110.670±148.302

LSD (0.05) Seasons= 15.723= compounds= 36.874  interferences=73.748

-1Table 3. Concentrations of chlorinated organic pesticides in aquatic T. domingensis (μg kg ) from site (3) during different 
seasons, 2017-2018
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Compounds Summer 2017 Autumn 2017 Winter 2017 Spring ٢٠١٨ Seasonal mean± SD

TCMX 2.159 3.847 7.267 5.770 1.930±4.760

Alpha-BHC 4.407 7.032 12.350 10.023 3.002±8.453

Gamma-BHC 2.916 4.920 8.978 7.202 2.291±6.004

Beta-BHC 31.795 45.843 74.294 61.841 16.060±53.443

Delta-BHC 25.497 36.917 60.049 49.924 13.057±43.096

Heptachlor 20.006 29.137 47.630 39.535 10.439±34.077

Aldrin 2.841 4.815 8.811 7.061 2.256±5.882

Heptachlor-epoxide 23.062 33.468 54.543 45.318 11.896±39.097

Trans-Chordane 23.630 34.272 55.825 46.391 12.166±40.029

Cis-Chordane 15.564 22.842 37.584 31.131 8.321±26.780

P,P'-DDE 16.517 24.194 39.741 32.935 8.776±28.346

Endosulfan I 17.810 26.024 42.662 35.379 9.391±30.468

Dieldrin 9.083 13.659 22.926 18.869 5.231±16.134

Endrin 35.837 51.571 83.437 69.488 17.987±60.083

P,P'-DDD 19.164 27.944 45.725 37.941 10.037±32.693

Endosulfan II 19.983 29.106 47.581 39.494 10.429±34.041

P,P'-DDT 7.762 11.788 19.940 16.371 4.602±13.965

Endrin aldehyde 170.240 242.023 387.409 323.770 82.066±280.860

Methoxychlor 51.669 74.005 119.243 99.441 25.535±86.089

Endosulfan sulfate 20.870 30.362 49.586 41.171 10.851±35.497

Endrin ketone 187.756 266.844 427.025 356.910 90.417±309.633

Decachlorobiphenyl 27.416 39.638 64.390 53.556 13.972±46.250

Mean ± SD 33.453±46.479 78.045±105.120 64.978±87.936

LSD (0.05) Seasons= 9.323 compounds= 21.865  interferences= 43..729

-1Table 5. Concentrations of chlorinated organic pesticides in aquatic T. domingensis (μg kg ) from site (5) during different  
seasons, 2017-2018

Compounds Summer 2017 Autumn 2017 Winter 2017 Spring 2018 Seasonal mean±SD

TCMX 3.282 5.312 9.423 7.623 2.321±6.410

Alpha-BHC 5.984 9.141 15.535 12.737 3.609±10.849

Gamma-BHC 4.192 6.601 11.481 9.345 2.754±7.904

Beta-BHC 38.915 55.805 90.014 75.040 19.310±64.943

Delta-BHC 31.342 45.073 72.885 60.712 15.699±52.503

Heptachlor 24.740 35.719 57.954 48.221 12.551±41.658

Aldrin 4.102 6.475 11.279 9.176 2.712±7.758

Heptachlor-epoxide 28.415 40.926 66.265 55.174 14.303±47.695

Trans-Chordane 29.097 41.892 67.808 56.464 14.628±48.815

Cis-Chordane 19.399 28.151 45.875 38.116 10.005±32.885

P,P'-DDE 20.545 29.775 48.469 40.286 10.552±34.768

Endosulfan I 22.099 31.976 51.981 43.224 11.292±37.320

Dieldrin 11.606 17.108 28.251 23.373 6.290±20.084

Endrin 43.775 62.692 101.006 84.235 21.627±72.927

P,P'-DDD 23.727 34.284 55.664 46.305 12.069±39.995

Endosulfan II 24.713 35.681 57.895 48.171 12.539±41.615

P,P'-DDT 10.019 14.858 24.660 20.370 5.533±17.476

Endrin aldehyde 205.375 291.684 466.490 389.973 98.672±338.380

Methoxychlor 62.811 89.666 144.058 120.250 30.702±104.196

Endosulfan sulfate 25.779 37.192 60.306 50.188 13.047±43.366

Endrin ketone 226.435 321.528 514.122 429.819 108.713±372.976

Decachlorobiphenyl 33.650 48.344 78.106 65.079 16.800±56.294

Mean ± SD 40.909±55.885 58.631±79.190 94.542±126.392 78.812±105.731

LSD (0.05) Seasons= 11.210= compounds= 26.289  interferences=52.578

-1Table 4. Concentrations of chlorinated organic pesticides in aquatic T. domingensis (μg kg ) from site (4) during the different 
seasons, 2017-2018
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by the residues of chlorinated organic pesticides from 

polluted areas especially during summer and autumn 

periods, where the currents settle and the precipitation 

increases. 

Heptachlor and Heptachlor-epoxide: The contents were 

higher than the recorded in 2012 in Iraq and concentration 

very near to the results reported by Turgut et al (2010) in 

Turkey. This may be due to the entry of these pesticides in 

Iraqi waters through Turkish (directly deposited in water in 

Turkey). The concentration of these pesticides differ slightly 

in the plant samples where the highest concentrations was 
ndrecorded at 2  site, where the proportion increased in the 

papyrus plant. Endosulfan compounds recorded the highest 
nd concentrations of endosulfan pesticides in 2 site  than other 

sites.

DDT (Dichlorodiphenyltrichloroethan): The DDT 
ndconcentrations increased in 2  site,the increase in 

concentrations of DDT compounds in the determinants of the 

current study can be explained by the fact that 

microorganisms, particularly phytoplankton, thrive in the 

spring and summer, producing anaerobic degradation of 

surface sediments, as a result of the movement of tidal 

currents as well as the currents that transport these 

compounds (Chen et al 2011). This explains the presence of 

high DDT compounds during winter than in the rest of the 

seasons. Results of current study agree in terms of increase 

with Doong et al (2002), Sundar et al (2010), Chen et al 

(2011), Al-Ali (2012) in different countries and locations.

Decachlorobiphenyl: The highest percentage of pesticide 
nd concentration in Decachlorobiphenyl was highest at the 2

th site compared to the lowest percentage in the 5 site. The 

results were higher than those of Salvado et al (2006), with 
-1concentrations of Decachlorobiphenyl in water of 1.05 ngl  

-1and sediment of 2.12 ng g , while the concentration of the 

pesticide was due to the introduction of the pesticide into 

plants through its use in fishing and birds (Hilfi 2005).
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Effect of Organic and Chemical Fertilizers on Growth and 
Yield of Cucumber, Cucumis sativus L.
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Abstract: An experiment was conducted at the organic fertilizers producing section, to study the effects of different treatments of organic and 

chemical fertilizers and spraying with microelements liquor on growth and yield of cucumber plants. The experiment included four organic 

fertilizer treatments (palm fronds compost, corncobs compost, faba bean remain compost, sheep manure and a chemical fertilizer treatment), 
-1 -1 -1while the microelements were sprayed at three concentration levels,0.0 ml l (distilled water only), 0.6 ml l  and 1.2 ml l . Results showed that the 

faba bean remain compost treatment had the highest rate of leaf chlorophyll content (100.26 spad) with significant difference only from palm 

fronds compost (76.79 spad). Fertilizer treatments did not differ in fruit length and diameter except the sheep manure, which recorded the highest 

fruit diameter with significant difference only from palm fronds compost. Faba bean remain compost on the other hand had the highest values of 
-1 -1number of fruits plant  (56.11) with significant difference only from chemical fertilizer  (49.91 fruits plant ). Generally, fertilizers treatments did not 

-1 -1differ among each other in case of the yieldplant . Relative to spraying concentrations, treatments of 1.2 ml l  resulted in significantly highest 
-1values of leaf content of total chlorophyll (93.16 spad), fruit length (14.9 cm) and diameter (2.87 cm), number of fruits plant  (57.47) and total yield 

-1plant  (5.52 kg). 
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Cucumber (Cucumis sativus L.) in the cucurbitaceae 

plant family is important summer vegetable crop and widely 

grown in most world countries including Iraq. It is believed to 

be globally spread from its origin from India and Africa. 

Cucumber in Iraq is grown either in open fields during the 

spring and autumn or in protected conditions (plastic houses) 

during early spring and winter. According to (FAO 2012) the 

total area occupied by cucumber cultivation was estimated to 
-1be 34850 hectare with yield average of 9599 kg ha . 

Cucumber is cultivated for its fruits to be consumed in fresh 

use as salad, cooked or pickled (Matloob et al 1989). 

Cucumber is valuable with its nutritional and medical values 

as it is rich in Carbohydrates, P, K, protein, carbs, vitamins C, 

B1, B2 and Niacin (Hassan 2001). Cultivation of cucumber in 

protected environment (plastic houses) is one of newly 

adapted agricultural forms in Iraq with increased attention. 

This because protected cultivation can produce and maintain 

high yield when a crop cannot be grown in open field during 

cold weather of early spring and winter.

The increase in agricultural production is required to 

meet the needs of the growing population through various 

types of cultivations and practices, including type and 

method of fertilization. Such increase can be made by 

focusing on improving the agricultural processes by 

increasing production per area unit. As fertilization plays a 

major role in compensating the necessary elements for plant 

growth in the field soil. Thus, an appropriate fertilization 

system to ensure the availability of nutrients at sufficient 

quantities is of significance to obtain high production with 

good quality. Moreover, not only safe/effective fertilization 

method is required but low cost and environmental friendly 

fertilizers are also necessary. 

Equilibrium of nutrients in plant roots environment plays 

vital role in plant growth and high yield crop (Saidi 2005). It is 

noted that cultivation of cucumber under protected conditions 

is usually in company with frequent use of chemical fertilizers 

added to the soil or sprayed on foliage. Beside the risk of 

environmental pollution, over application of chemical 

fertilizers to the soil negatively affect the chemical properties 

of the soil, which leads to declining in total production.

Bayoumi (2006) noted that the fertilizing cucumber with 

organic fertilizers in combination with marine seaweed 

extracts resulted in a significant increase in plant length, 

number of leaves, leaf area, total chlorophyll content, early 

and total yield. It was also found that treating cucumber 

plants with animal and plant manure led to significant 

increase in plant dry weight and fruit weight (Manmoud 

2009). Olaniyi et al (2009) reported that the addition of 
-1organic fertilizers at 4 t ha  to three varieties of cucumber 

significantly increased plant length, number of leaves and 

fruits per plant, fruit weight, total yield and fruit length and 

diameter of the three varieties compared to untreated control 

plants.

The aim of the study, therefore, is to evaluate the effect 



of organic fertilizers and spraying with micro-elements liquor 

on growth and yield of cucumber plants under plastic house 

conditions. 

MATERIAL AND METHODS

An experiment was carried out to study the effect of 

different treatments of organic and chemical fertilizers and 

foliar spraying with microelements on growth and yield of 

cucumber cultivar Sayff. The experiment was carried out 

during the spring 2016 growing season in a plastic house at 

the organic fertilizer factory-Babylon site, Department of 

Plant Protection. The experiment was conducted in a split 

plot design based on complete randomized block design 

RCBD with three replicates. Main plots were the 

microelement treatments, which were sprayed at three 

concentration levels (treatments) (B1; 0 ml l -distilled water -1

only, B2; 0.6 ml l and B3; 1.2 ml l ), while the subplots were -1 -1

four organic fertilizer treatments (T1; palm fronds compost, 

T2; corncobs compost, T3; faba bean remain compost  T4; 

sheep manure and T5; a chemical fertilizer treatment). 

Before planting, samples were taken from the plastic house 

for soil chemical and physical properties analysis (Table 1). 

The organic fertilizers under study were also subjected to 

analysis of contents (Table2). The soil of the plastic house 

was prepared and divided into five furrows of 15.5 m length 

and 0.65 m width, which included 15 experimental units per 

replicate with 1mbetween replicates. A drip line irrigation 

system was performed on the top of each furrow (line). The 

organic fertilizers of each treatment were added at a rate of 

60 kg  line  (10 m ) in tunnels along each furrow and then -1 2

pH EC 
-1(dSm )

Per cent 
organic matter

N 
-1(mg kg )

P 
-1(mg kg )

K 
-1(mm ch l )

7.53 3 1.827 0.68 0.0036 1.050

C C:N
-1Claygl -1Siltgl -1Sandgl Soil texture

1.067 1.5588 416 448 136 Sandy silt

Table 1. Physical and chemical characteristics of the 
experiment greenhouse soil 

Fertilizer 
type

Character

pH EC              
-1Dcm

N                
(%)

N                
(%)

C C:N            
(%)

OM           
(%)

Faba beans 
compost

7.59 4.67 1.69 0.0956 3.81 1:32 75.72

Palm fronds 
compost

7.46 4.73 1.29 0.099 44.42 1:38 76.6

Corncobs 
compost

7.92 3.14 1.16 0.095 42.98 1:26 74.12

Sheep 
manure

8.89 3.19 1.40 0.047 49.7 1:35 85.86

Table 2. Physical and chemical characteristics of the organic 
fertilizers used in the experiment

covered with soil. Cucumber seeds cv Sayff were planted in 

25/12/2015 in holes 45 cm apart with three seeds in each 

hole. The chemical fertilizer was added at rate of 100g 

uria+150 DAP for each line at time of planting as first 

application. The second application was added 30 days post 

planting and the applications continued every 20 days 

interval. As for microelements treatments, foliar spray liquor 

containing Fe 0.4%, Copper 0.08, Manganese  0.4%, Zinc 

0.3%, Magnesium 0.2%, Calcium 0.35%, Boron  0.45%, 

Molybdenum 0.05% was applied at three formerly mentioned 

concentration levels, the first spray was applied 30 days post 

planting and additional applications were sprayed every 15 

days interval during the experiment period.

At the end of the experiment, vegetative and yield 

parameters components were measured, including, leaf 

content of total chlorophyll which was measured for all 

experimental units of each treatment using SPAD-502 

chlorophyll meter, fruit length, fruit diameter, number of fruits 

plant  (total number of fruits in an experimental unit/number -1

of plants in that unit) and plant yield average (accumulative 

yield, kg per experimental unit/number of plants).

The experimental data were analyzed and analysis of 

variance ANOVA was performed using GenStat, 2012, 2  nd

Edition. Means were compared by the least significant 

difference at P≤0.05.

RESULTS AND DISCUSSION

It can be noticed from Table 3 that the treatment of faba 

beans compost recorded the highest rate of chlorophyll in 

leaves (100.26 SPAD) with significant difference from the 

palm fronds compost which resulted the lowest rate (76.79 

SPAD) but did not differ from other treatments. The reason 

may be due to the high nitrogen and phosphorus ratio in this 

treatment (Table 2), which play essential role in plant growth 

processes, especially nitrogen, which participate in most 

biological activities including cells division and thus reflected 

on increasing plant vegetative growth, photosynthesis 

efficiency and chlorophyll content.

Relative to foliar spray treatments with microelements, 

plants treated with the concentration of 1.2 ml l had -1 

significantly higher chlorophyll content than the two other 

concentrations. This can be attributed to the presence and 

positive effects of micro elements in the process of 

photosynthesis, especially the magnesium that is involved in 

the construction of chlorophyll molecule. Similar effect was 

also recorded in the interaction treatments, the 1.2 ml l-1 

interacted with faba bean compost resulted in the highest 

value of total chlorophyll (104.70 SPAD), which significantly 

differed from the lowest value (73.23 SPAD) from combination 

of spraying of distilled water and palm fronds compost. 
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Fertilizer type Fruit length (cm)

Distilled 
water only 

-10.6 ml l -11.2 ml l Average

Palm fronds 
compost

14.947 
(2.687)

14.693 
(2.780)

14.790 
(2.797)

14.810 
(2.754)

corncobs 
compost

14.607 
(2.793)

14.567 
(2.803)

14.823 
(2.877)

14.666 
(2.824)

Faba bean 
remain compost

14.790 
(2.847)

14.823 
(2.843)

14.893 
(2.800)

14.836 
(2.830)

Sheep manure  14.263 
(2.833)

14.750 
(2.867)

14.917 
(2.993)

14.643 
(2.898)

Conventional 
chemical fertilizer

14.677 
(2.750)

14.740 
(2.737)

15.117 
(2.913)

14.844 
(2.800)

Average 14.657 
(2.782)

14.715
 (2.806)

14.908 
(2.876)

LSD (P≤0.05) Fertilizers 0.376 (0.133)

Spraying concentrations 0.235 (0.053)

Interaction 0.539 (0.155)

Table 4. Effect of different types of fertilizer and foliar spray 
with microelements on fruit length and diameter* of 
cucumber plants under plastic house conditions

*Fruit diameter in parentheses

Fertilizer type Leaf chlorophyll content (SPAD)

Spraying with microelements concentrations

B1 B2 B3 Average

T1 73.23 74.27 82.87 76.79

T2 77.17 88.20 89.20 84.86

T3 102.93 93.13 104.70 100.26

T4 98.77 99.47 100.97 99.73

T5 85.07 86.83 88.07 86.66

Average 87.43 88.38 93.16

LSD (P≤0.05) Fertilizers 22.613

Spraying concentrations 4.247

Interaction 23.268

Table 3. Effect of different types of fertilizer and foliar spray 
with microelements and leaf content of total 
chlorophyll of cucumber plants under plastic house 
conditions 

Values are means of 3 replicates. T1; palm fronds compost, T2; corncobs 
compost, T3; faba bean remain compost, T4; sheep manure  and T5; 
conventional chemical fertilizer. Foliar spray concentrations are distilled water 
only (B1), 0.6 ml/L (B2) and 1.2 ml/L (B3)  

Both organic and microelement fertilizers increased 

nutrient availability and plant uptake and absorption 

efficiency, and thus significantly affecting vegetative growth, 

photosynthesis efficiency and chlorophyll content. This from 

one hand increases nitrogen abundance and availability to 

plant roots   and magnesium among sprayed microelements 

from another, which have a significant role as they are 

present in chlorophyll molecules (Addiscott 1974).

Although T5 recorded the highest mean of fruit length 

(14.844 cm), but did not significantly differ from other 

treatments (Table 4). This may be explained to the equilibrium 

effect of maximum limit of this character among treatments. 

However, values of the same character differed among 

treatments of microelements concentration levels, where the 

highest fruit length (14.908 cm) was in B3 treatment compared 

to the lowest (14.657 cm) resulted from B1 treatment. The 

reason is mostly due to the role of the microelements and their 

effect in increasing fruit growth and length.

Table 4 also showed similar effect in case of interaction 

treatments. The combination of T5 with B3 treatment had the 

highest fruit length rate of 15.117 cm while T4/B1 combination 

resulted in the lowest rate that of 14.26 cm. This is a common 

positive effect due tomicro-elements roles within fertilizer 

combination, especially nitrogen activities in cell.

Division and nucleic acids (RNA and DNA) synthesis (Al-

Sahaf et al 2011). These results are in line with findings of 

former studies by Muhammad (2009) Ali et al (2012).

The same behavior was observed in case of fruit 

diameter (Table 4). Fertilizers treatments did not differ among 

each other except for the treatment T4, which gave the 

highest rate of fruit diameter (2.898 cm) with only a significant 

difference from the lowest (2.754 cm) in T1. But, there were 

significant differences among spraying with microelements 

treatments. The highest fruit diameter was recorded in 

treatment of B3 while the lowest with significant difference 

was in B1 treatment. This might be related to the 

microelements effect in cells division. One of these is zinc, 

which is important element in the synthesis of tryptophan that 

essential in synthesis of IAA which increased cell division as 

reflected by the increase in fruit diameter (Ali et al 2012). The 

interaction between fertilizer and spray concentrations 

showed significant effect among different interaction 

treatments. The combination (T4 - B3) recorded the highest 

fruit diameter of 2.993 cm, while the combination (B1 - T1) 

gave the lowest rate of 2.687 cm. This may be due to the 

combined effect of the microelements when interacted with 

the components of the fertilizer which is reflected on this 

parameter.

It is clear from the results (Table 5) that the treatment T3 

was only significantly higher than the treatment T5 in case of 

number of fruitsplant . The other treatments did not differ -1

from each other. Fertilizer treatments were close to each 

other in their effect on number of fruit plant . Nutrients in -1

these fertilizers, in general, contributed in to increase plant 

enzymes activities and enhance flowering and number of 

flowers, or increase vegetative growth by increasing number 

of leaves which reflects the increase in the number of flowers 

and in turn the number of fruits.

In case of comparing the three spraying treatments, 

results showed that B3 significantly differed from the two 
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Fertilizer type -1Number of fruits plant

Distilled water 
only

-10.6 ml l -11.2 ml l Average

Palm fronds 
compost

46.83 
(4.610)

50.70 
(4.910)

56.43 
(5.503)

51.32 
(5.008)

corncobs compost 44.00
(4.280)

49.20 
(4.903)

58.90 
(5.573)

50.70
(4.919)

Faba bean remain 
compost

51.70 
(4.96)

54.60 
(5.437)

62.03
 (6.047)

56.11 
(5.481)

Sheep manure 47.70 
(4.453)

51.10 
(4.833)

56.10 
(5.393)

51.63 
(4.893)

Conventional 
chemical fertilizer

47.47 
(4.553)

48.40 
(4.790)

53.87 
(5.100)

49.91 
(4.814)

Average 47.54 
(4.571)

50.80
 (4.975)

57.47 
(5.523)

LSD (P≤0.05) Fertilizers 6.123 (0.829)

Spraying 
concentrations

2.930 (0.287)

Interaction 6.551 (0.929)

Table 5. Effect of different types of fertilizer and foliar spray 
-1with microelements on number of fruits plant  and 

plant yield (kg)* of cucumber plants under plastic 
house conditions

-1*Yield plant  (kg) in parentheses

other treatments resulting in the highest average number of 

fruits plant  of 57.47 followed by 50.80 and 47.54 from -1

treatments of B2 and B1, respectively. This may be due to the 

role of micronutrients, which lead to increase in leaf content 

of chlorophyll, beside the presence of boron with its 

importance to increases fertilization, number of flowers/plant 

and fruit formation ratio and thus increasing the number of 

fruits (Al-Rubaie et al 2011). Similar to former findings, 

interaction treatments had always significant effect on 

measured parameters. Interaction of T3 and B3 recorded the 

highest rate of 62.03 fruits plant , while T2- B1 resulted in the -1

lowest that of 44.00 fruits plant . This can be attributed to -1

combined effect of fertilizer treatments and spraying of 

microelements by increasing the total vegetation, flowering, 

number of flowers and fruit formation, and thus reflected on 

the increase in the number of fruits per plant.

The results of Table 5 showed that fertilizers treatments 

did not significantly differ in their effect on plant yield while 

microelements spraying treatment did. B3 had the highest 

rate of plant yield (5.523 kg plant ) while the lowest (4.571 kg  -1

plant ) was recorded in B1. This is logically attributed to the -1

role of nutrients in increasing the number of flowers and fruit 

formation to be, therefore, reflected on the increase of the 

plant yield. Plant yield is also associated with the number of 

fruits plant , which is affected by many factors including -1

availability of some microelements such as boron and zinc. 

On same trend, the interaction between treatments had 

significant positive effects on plant yield. 

Our findings showed the positive response of cucumber 

to organic fertilization which often exceeded the treatment of 

chemical fertilization in some of studied parameters. In 

general, organic fertilizers used in this study were similar in 

their effect in improving plant growth and yield. The spraying 

of the micro-elements had a clear effect on all the studied 

traits as a result of their association with the fertilization 

system which increased the efficiency of the plant response 

to these elements. Therefore, the study recommends the 

application of the organic fertilization practice because of its 

substantial effect on plant and crop. Reducing the use of 

chemical fertilizers and encouraging the adoption of organic 

fertilization trend are highly recommended for its importance 

for plants, soil and the environment in general.
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Effect of Application of  Pseudomonas fluorescens and Nitrogen 
Fertilizer on the Growth and Yields of Cultivars of Bread Wheat
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Abstract: This work was carried out for two Agricultural seasons from (2016 and2017) to investigate the influence of the Pseudomonas 

fluorescens and nitrogen fertilizer ratios in some growth and yield traits and components of four varieties of soft wheat (Ashur, Fateh, Abu Ghraib 

3, Research 22). The design of the complete random segments was used in the experiment of splinters with four replicates. The main panels 

represented the four wheat varieties. The secondary plates represented bacterial pollutant and nitrogen fertilizer ratios (bacterial vaccine + 50% 

nitrogen recommended, 100% nitrogen recommended, no vaccine and no nitrogen).The highest rate of grain yield was in the treatment of 
-1 -1bacterial vaccine (4.73 and 4.40 t  ha ), while the rate of production of treatment without vaccine and without fertilizer was 1.45, 1.39 t ha . The 

fertilized treatment was significantly higher than the 100% N fertilized treatment with a relative increase of 28.53 and 27.90 for the 2016 and 2017 

seasons, respectively. The results showed that the superiority of the cultivar was significantly higher than the rest of the varieties. The highest 
-1 -1yield obtained for the grain yield was about 3.68 and 3.56 ha , while the lowest yield was 2.68 and 2.63 t ha . Category Research-22.It is 

recommended that the use of bacterial pollination of seeds during the cultivation of wheat varieties referred to in the study to increase their 

production and reduce the cost of production derived from the use of high rates of chemical fertilizers.

Keywords: Pseudomonas fluorescens, Bread wheat, Nitrogen 
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Wheat Triticum aestivum is the first crop in the world in 

terms of total cultivated area and production. It also comes at 

the forefront of basic food crops (rice maize and barley) in 

terms of direct consumption by humans for the high 

nutritional value of carbohydrate and protein compounds of 

its grains Custis (1986) and Bakunovsky, Ustimenko (1988). 

However, the productivity of this crop is still below the 

required level, especially in Iraq as it does not exceed the 
-1average productivity of one dunum (650 kg dunum ). And the 

importance of economic and food for this crop has become 

attention to and increase production is very important to 

achieve self-sufficiency and that is seeking those concerned 

all their efforts to search for new ways to achieve this goal.

The varieties are one of the important factors that lead to 

the increase of production of good varieties with high ability to 

invest the primary resources lead to increase the productive 

capacity of the crop where Reynold and others (2000) found 

out the differences between the varieties of wheat in the 

qualities of growth and yield components. Other varieties in 
-2 the number of spikes m reached 615 spikes. The value of 

-2Abu Ghraib exceeded in the number of ears m  and the class 

of fathers (99) Spike and Assyria in the form of grain, which is 

no different from Abu Ghraib (3), while Adnanieh gave the 

highest percentage of protein in cereals which reached 23%. 

Siddigble et al (1999) pointed out the difference in the 
-2number of leaves, the number of ears m , the weight of 1000 

grains, the grain yield and the biological yield on the ratio of 

plant height and number of grains in spike. Also, Al-Rifai 

(2001) found that the cultivars were significantly superior to 

the cultivars (99%) and the number of grains in the spike.

The importance of stabilizing the associated nitrogen 

with the wheat plant has led to the study of the amount of the 

netting of bacteria from the mineral fertilizers in wheat plants 

has been shown how important the economic stabilization of 

nitrogen in wheat and studies conducted by Wong and 

Stenber (1985), Millet and Fieldman (1987), Khammas et al 

(1992) and Amara et al (2002) reported that bacteria 

contributes to increase the production rate of various crops, 

including wheat, rice and maize.

Okon and Hader (1991) found that the use of the 

Azospirillum bacterium with the chemical fertilizers (such as 

nitrogen, phosphorus and potassium) was highly effective in 

increasing production. In other studies by Omar et al (1995), 

Kennedy (1997), Wong and Stenberg (2002) observed large 

numbers of different types of bacteria on the roots of these 

crops. In this work, a practical study was carried out to 

determine the effect of Pseudomonas fluorescens on four 

varieties of soft wheat grown in Iraq.

MATERIAL AND METHODS 

A field experiment was conducted inShattra fields during 

the agricultural seasons from (2016 and 2017) to study the 

influence of the Pseudomonas fluorescens and the 

percentage of nitrogen fertilizer in the growth characteristics, 



yield components and the biological yield for four varieties of 

soft wheat. The experimental soil, whose characteristics are 

described in Table 1, were two orthogonal plows, and then 

the process of smoothing, settling and splitting was carried 

out. R and four replicates. The experimental unit included five 

lines of length (4) meters and a distance of (25) cm between 

line and another. The seeds were planted by hand in the lines 

after the seeds were treated with bacterial vaccine and 

according to the transactions. The isolation of bacteria was 

done in the laboratories of the Department of Plant 

Protection, Faculty of Agriculture Baghdad. They were 

multiplied to the center of liquid KB. The pollination was 

carried out at a temperature of 26-28m for six days and the 

vaccine was reduced to 1 × 10 concentration. The surface 

sterilization of the seeds was then carried out with sodium 

hypochloride solution. Then was washed with sterile distilled 

water and then left to dry on the filter paper. After that, the 

seeds of the varieties to be vaccinated for three hours were 

suspended in the bacterial suspension and then dried on the 

leaves to be prepared for planting. Phosphate fertilizer was 

added at a rate of 25 kg dunum . The addition of nitrogen -1

fertilizer was as follows: 50% of the recommended quantity 

and 100% of the nitrogen fertilizer recommended, while the 

third treatment without nitrogen fertilizer and without fertilizer. 

The seeds were planted for all the transactions on November 

15 (Ansari 1982). Then the soil of the experiment was 

irrigated and the irrigation and weeding and fighting were 

conducted as needed. Plant height, number of branches, 

number of ears  m , length of the spike, number of seeds -2

spike andgrain yield (t ha ).-1 -1

RESULTS AND DISCUSSION

Growth Characteristics

Plant height: The results of the statistical analysis shown in 

Table 2 indicate that there is a significant effect of treatment 

Treatment Ashor Fatih Abu Ghraib 3 Research 22 Average injection

2016 2017 2016 2017 2016 2017 2016 2017 2016 2017

Bacterial 
injection + 50 per 
cent nitrogen

88.32 87.23  9.48 88.48 88.49 87.38 86.23 85.49 88.13 87.15

100 per cent 
recommended 
nitrogen

82.58 83.48 84.58 84.73 81.78 83.18 81.33 81.73 82.56 82.56

Without 
ainjection and 
without nitrogen

65.38 64.48 66.88 65.78 64.28 63.38 63.18 62.58 64.93 64.93

Average items 78.76 78.39 80.31 79.66 78.18 77.94 76.91 76.59

Table 2. Effect of bacterial and nitrogen rates on plant height for four wheat varieties of agricultural dates 2016-2017

Value less significant difference below the level of 0.05
Average vaccine = 1.16 (1.56)
Average Items = 
Inflammation of the vaccine × varieties = 0.93 (1.02)

Soil characteristics 2016 2017

Soil reaction (pH) 7.8 7.6

Electrical conductivity 3.78 3.60

Organic materials 1.85 % 1.63 %

Nitrogen 0.163 1.168

Phosphorus 165.12 ppm 163.18 ppm

Potassium 1165 1145

Sand 280 275

Slime 385.4 374.6

Clay 334.6 350.4

Soil tissue Green clay mix Green clay mix

Table 1. Chemical and physical properties for soil

of the bacterial vaccine with 50% nitrogen fertilizer in the 

plant height compared to other treatments, which 

significantly exceeded the other treatments and gave the 

highest rate of plant height was 88.13 and 87.15 cm for the 

seasons 2016 -2017 and a relative increase of 35.73 and 

34.22 compared to the comparison treatment and the 

seasons 2016-2017, respectively. And the highest rate of 

plant height was 80.31 and 79.66cm for the seasons 2016-

2017, respectively, with a relative increase of 4.42 and 

3.95cm in comparison to the research class 22, which gave 

the lowest rate of plant height of 76.91 and 76.59, 

respectively. These results agree with the conclusion of 

Amara et al (1999) that the use of these bacteria works to 

stimulate the plant to produce and regulate the secretion of 

growth organizations, which have a significant role in 

increasing the growth and height of plants.

Number of Plant Branches

The results shown in Table 3 showed that the treatment 

of the bacterial vaccine and 50% nitrogen fertilizer was 

significantly higher in the number of branches of the plant and 

gave the highest rate of this characteristic was 2.73 and 2.55 
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Treatment Ashor Fatih Abu Ghraib 3 Research 22 Average injection

2016 2017 2016 2017 2016 2017 2016 2017 2016 2017

Bacterial 
injection + 50 per 
cent nitrogen

2.74 2.52 2.96 2.83 2.73 2.46 2.5 2.42 2.73 2.55

100 per cent 
recommended 
nitrogen

2.14 2.9 2.25 2.12 2.11 2.08 2.07 2.06 2.14 2.08

Without 
ainjection and 
without nitrogen

1.28 1.01 1.38 1.16 2.18 1.00 1.01 1.06 1.21 1.03

Average items 2.05 1.87 2.19 2.03 2.00 1.84 1.86 1.82

Table 3. Effect of bacterial pollination and nitrogen fertilizer ratios in number of branches / plants for four varieties of soft wheat 
for the seasons 2016 - 2017

Value less significant difference below the level of 0.05
Average vaccine = 0.52 (0.40)
Average items = 0.12 (0.10)
Inflammation of the vaccine × varieties = 0.15 (0.18)

for the seasons 2016 and 2017 and a relative increase of 

125.61, 147.57 compared to the treatment without vaccine 

without fertilization. The treatment of the bacterial vaccine 

was significantly higher than the 100% nitrogen fertilization 

recommended and a relative increase of 27.57 and 22.59 for 

the two seasons, respectively.

The results showed that the cultivar was significantly 

superior to other cultivars and gave the highest number of 
-1branches plants  at 2.19 and 2.03 for the seasons 2016-

2017, respectively. The research gave 22 the lowest number 
-1of branches plants  at 1.86 and 1.8. These results are with 

the results of both Khammas et al (1992).
-1Length of Spike cm : The results of the statistical analysis 

showed that the bacterial treatment + 50% of the nitrogen 

fertilizer significantly exceeded the other parameters in the 

length of the spike and gave the highest rate of 12.92 and 

12.68 cm for the seasons 2016 - 2017 respectively and a 

relative increase of 108, 38 and 113.46 in comparison with 

the comparison treatment (without fertilization and without 

vaccine). The results showed that the cultivar superiority 

significantly increased the other cultivars and gave the 

highest rate of spike length of 11.41 and 1082 cm for the 

seasons 2016 - 2017 respectively and a relative increase of 

108, 38 and 113.46 compared to the 22-research category, 

which gave the lowest rate of spike length and similar results. 
-2Number of ears m : The results shown in Table 5 showed 

that the treatment of the bacterial vaccine with 50% nitrogen 
-1fertilizer  ha  was significantly higher than the other 

treatments, with a relative increase of 86.65 and 93.46 for the 

years 2016 and 2017, respectively compared to the 

comparison treatment (without vaccine and without fertilizer). 

It also significantly exceeded the toxic treatment of 100% kg 

N and a relative increase of 27.68 and 20.86 for the years 

2016 and 2017. This is due to the fact that the treatment of the 

bacterial vaccine + 50% fertilizer worked to improve the 

qualities of growth and created a source of efficient work in 

Treatment Ashor Fatih Abu Ghraib 3 Research 22 Average injection

2016 2017 2016 2017 2016 2017 2016 2017 2016 2017

Bacterial 
injection + 50 per 
cent nitrogen

13.09 12.89 13.82 13.30 12.43 12.24 12.36 12.30 12.92 12.68

100 per cent 
recommended 
nitrogen

13.00 12.03 13.14 12.14 11.63 12.33 11.38 11.38 12.28 11.72

Without injection 
and without 
nitrogen

6.18 5.88 7.28 7.03 6.00 5.68 5.38 5.18 6.20 5.94

Average items 10.75 10.26 11.41 10.82 11.01 9.75 9.70 9.62

Table 4. Effect of bacterial and nitrogen fertilizer in spike length for four soft wheat varieties for the seasons 2016-2017

Value less significant difference below the level of 0.05
Average vaccine = 0.42 (0.56)
Average items = 0.33 (0.23)
Inflammation of the vaccine × varieties = 0.67 (0.99)
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Treatment Ashor Fatih Abu Ghraib 3 Research 22 Average injection

2016 2017 2016 2017 2016 2017 2016 2017 2016 2017

Bacterial 
injection + 50 per 
cent nitrogean

417.00 412.00 445.00 435.00 379.18 370.38 356.88 347.68 399.45 390.75

100 per cent 
recommended 
nitrogen

365.00 363.00 373.00 368.00 352.58 336.60 334.58 307.70 356.28 343.50

Without injection 
and without 
nitrogen

211.78 205.00 244.70 219.00 206.28 197.60 193.48 190.30 214.00 201.97

Average items 331.00 326.00 354.23 342.66 112.68 301.52 294.98 283.50

-2Table 5 . Effect of bacterial pollution and nitrogen fertilizer rate in the number of snails  m  for four soft wheat varieties for 
the seasons 2016-2017

Value less significant difference below the level of 0.05
Average vaccine = 22.24 (20.88)
Average items = 19.28 (19.21)
Inflammation of the vaccine × varieties = 22.50 (21.88)

Treatment Ashor Fatih Abu Ghraib 3 Research 22 Average injection

2016 2017 2016 2017 2016 2017 2016 2017 2016 2017

Bacterial 
injection + 50 per 
cent nitrogen

67.68 66.78 68.88 67.38 66.28 64.48 65.48 63.28 67.08 65.48

100 per cent 
recommended 
nitrogen

57.28 56.18 58.58 56.88 55.38 54.58 54.78 53.38 56.50 55.25

Without 
ainjection and 
without nitrogen

34.58 33.18 35.18 33.28 31.38 30.49 29.38 29.18 32.63 31.53

Average items 53.18 52.06 54.21 52.51 51.01 49.84 49.88 48.61

Table 6. Effect of bacterial pollen in the number of grains in spike for four varieties of soft wheat for the seasons 2016-2017

Value less significant difference below the level of 0.05
Average vaccine = 2.25 (1.65)
Average items = 0.97 (0.88)
Inflammation of the vaccine × varieties = 1.17 (0.99)

turn to the formation of an efficient mouth is the number of 
-2ears m  and some components of the outcome and similar 

results of those reached by Omar and others (1995) 

Khammas et al (1992). In the same table, there was a 

significant difference between the studied varieties in the 

research, where the superiority of the cultivar was 

significantly higher than the other varieties, achieving a 

relative increase of 20.08 and 20.86 compared to the 22-
2research class, which gave the lowest number of snails m  for 

the seasons 2016-2017. The cultivar was given with the 
2treatment of bacterial pollination + 50 N% pike m  reached 

445,00 and 435 for the seasons 2016-2017, respectively, and 

this is of course due to the nature of genetic composition of 

the varieties and these results agree with the findings of both 

Reynold et al (2000).
-1Number of grains spikes : The results indicated in Table 6 

show that the treatment of the bacterial vaccine significantly 

exceeded other treatments and gave the highest number of 

grains in the spike of 67,08 and 65,48 for the seasons 2016 

and 2017, respectively, with a relative increase of 105.57 and 

107.67 compared to the treatment comparison.

This is due to the fact that the bacterial vaccine 

contributed to the increase of nutrients and then increase the 

supply of the substances represented to the spike and the 

completion of the growth of the grain also notes from the 

same table that there are significant differences between the 

varieties where the superiority of the category open on the 

rest of the other items involved in the experiment, achieving a 

relative increase of 8 , 68 and 8.2 compared to the 

comparison coefficients for 2016 and 2017. These results 

were consistent with the results of Siddigue et al (1999) and 

Riffae (2001).
-1Weight of a thousand tablets (1000) g : The results of the 

statistical analysis shown in Table 7 showed that the bacterial 
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Treatment Ashor Fatih Abu Ghraib 3 Research 22 Average injection

2016 2017 2016 2017 2016 2017 2016 2017 2016 2017

Bacterial 
injection + 50 per 
cent nitrogen

25.58 26.79 27.38 27.89 25.48 25.78 24.48 25.93 25.73 26.60

100 per cent 
recommended 
nitrogen

23.88 25.09 25.48 26.29 24.18 24.58 23.28 24.34 24.20 25.07

Without 
ainjection and 
without nitrogen

10.58 12.49 11.18 13.18 10.88 11.38 10.10 11.18 10.68 12.06

Average items 20.01 21.63 21.34 22.45 20.18 20.58 19.28 20.49

-1Table 7. The effect of bacterial pollination and nitrogen fertilizer ratios in the weight of 1000 g  g  for four varieties of soft wheat 
for the seasons 2016 and 2017

Value less significant difference below the level of 0.05
Average vaccine = 1.14 (1.28)
Average items = 1.07 (0.80)
Inflammation of the vaccine × varieties = 1.37 (1.30)

Treatment Ashor Fatih Abu Ghraib 3 Research 22 Average injection

2016 2017 2016 2017 2016 2017 2016 2017 2016 2017

Bacterial 
injection + 50 per 
cnet nitrogen

5.02 4.82 5.26 5.10 4.30 4.05 3.88 3.65 4.73 4.40

100 per cent 
recommended 
nitrogen

3.64 3.54 4.15 4.02 3.25 3.12 2.95 3.09 3.68 3.44

Without 
ainjection and 
without nitrogen

1.52 1.47 1.63 1.58 1.45 1.36 1.22 1.15 1.45 1.39

Average items 3.39 3.27 3.68 3.56 3.00 2.84 2.68 2.63

-1Table 8. Effect of bacterial pollination and nitrogen fertilizer ratios in grain yield per ton  ha  for four soft wheat varieties for the 
seasons 2016-2017

Value less significant difference below the level of 0.05
The average vaccine = 0.58 (0.53)
Average Items = 0.32 (0.26)
Inflammation of the vaccine × Categories = 0.25 (0.22)

treatment and 50% of the nitrogen fertilizer were superior to 
-1the other treatments in the weight of 1000 grains  g . The 

highest weight of 1000 tablets were 25.73 and 26.6 g for the 

seasons 2016 and–2017, respectively and a relative 

increase of 140,91 and 120.56 in comparison with the 

comparison treatment (without vaccine without fertilizer) for 

seasons and respectively. These results are consistent with 

the results of Hader and Okon (1991).The table also showed 

significant differences between the cultivars in this class. The 

cultivar was significantly superior to the other varieties and 

gave the highest weight of 1000 grains at 21.34 and 22.45 g 

for the two seasons, respectively, with a relative increase of 

10, 68 and 9.56, (22), which gave the lowest rate of weight of 

one gram/gram. The reason for this is due to the difference in 

genotypes. These results are in line with what Khammas et al 

(1992) and Hader (1991) have shown.

-1Grain yield t ha : The results indicated in Table 8 that both 

the bacterial vaccine and the varieties significantly affected 

the grain content of the t ha . The treatment of the bacterial -1

vaccine significantly exceeded the other two treatments and 

gave the highest rate of grain yield of 4.73 and 4.40 t ha  for -1

the seasons 2016. Respectively, with a relative increase of 

226.20 and 207.58 compared to the comparison treatment 

(without vaccine and fertilizer).

The results showed that the effect of the bacterial 

vaccine was 50% with a significant increase of 100% N and a 

relative increase of 28.53 and 27.90 for the seasons 2016 

and 2017, respectively. These results were identical with 

those of Okon and Hader (1991) that the use of bacterial 

vaccine with chemical fertilizers such as nitrogen and 

phosphorus showed a high effectiveness in increasing 

production. Table 8 shows that the yield of the cultivar was 
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significantly higher than the other three varieties. The highest 
-1cereal yield was 3.68 and 3.56 t ha  and a relative increase of 

37.31 and 38.91 for 2016 and 2017, respectively. As shown in 

the table itself there is a significant overlap between the 

bacterial vaccine and varieties, given that the bacterial 

vaccine with the class opened the highest rate of grain yield 
-1of 5.26 and 5.10 t ha . While the treatment (without vaccine 

and without fertilizer) was given with research 22, the lowest 
-1rate of grain yield was 1.22 and 1.15 t ha  for the two 

seasons, respectively. 

These results are consistent with the findings of 

Reynolds (2000) and Siddigne et al (1999), who emphasized 

the different varieties among them on the investment of 

primary resources, which lead to increase the productivity of 

the crop, as some varieties outperform others in the product 

and its components and some other qualities.

CONCLUSIONS

This study concludes that the use of Pseudomonas 

fluorescens. It has a significant role in increasing the yield 

capacity of the wheat crop, in addition to the ease of 

application where the seeds can be treated with bacteria 

before planting and easily. In addition, the use of the 

bacterial vaccine reduces the cost of production of the crop 

and the use of low rates of nitrogen fertilizer up to 50% of the 

amount of fertilizer recommended. Therefore, the 

researcher recommends the use of bacterial pollen 

techniques, which in turn increases the productivity of the 

wheat crop in the unit area. Therefore, reducing the amount 

of nitrogen fertilizer used to 50% of the recommended rate is 

considered important, which can reduce the cost of 

production.
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Abstract: A study was conducted to evaluate the groundwater in Al-Barsa area, eastern of Salah al-Din Governorate, which sand dunes covers 

large areas. The water samples were taken from all the 11 wells along the path in the study area and then the physiochemical and chemical 
-1properties were analyzed. The results of physiochemical tests of water samples showed: pH 6.99 to 7.68, E.C. 2010 to 3610 µmohscm , TDS 

++ ++  + 1536 to 2267 ppm, T.H. 1232 to 1633 ppm, and SAR 0.79 to 2.12. The chemical analysis results Ca 309 to 461ppm, Mg 72 to 184ppm, Na  68 
+ - - -  to 191ppm, K 9 to 27ppm,SO =1001 to 1599ppm, Cl  97 to 514ppm, HCO  112 to 225ppm, NO 14 to 20ppm.The results showed a difference in 4 3 3

the characteristics and quality of the groundwater in the study area and after comparing them with the international standards established by the 

limits and specifications. Ground water in the area is generally suitable for irrigation uses, which requires exploitation to manage the sand dunes 

and reduce their environmental, economic and social problems. This result will be reflected in improving the living conditions in the study area 

and in neighboring villages.
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Hydrochemistry is of great importance in the process of 

estimating the quality of groundwater sources. Water quality 

reflects the geology of the study area, as well as the 

composition of source rocks and minerals, as these main 

factors control the chemical structure of the system (Zoran 

and Adrian 2008).

The quality of groundwater differs from basin to another 

according different factors that form the aquifer. The salinity 

and chemical composition of water vary depending on 

groundwater sources, type of the rocks passing by its and the 

speed of the movement of groundwater. In order to evaluate 

the groundwater sources, it is necessary to study the 

hydrochemistry of groundwater. There is need to analyzes 

quantity and quality of the salts depending on the purpose for 

which the water is to be used(Al-Manmi 2008).

The study aims at evaluation the quality of groundwater 

in Al-Barsa Area eastern Al-Dour city through chemical 

analyzes of the main ions (cations and anions), minor 

component, trace elements, saline and hardness, and 

comparing them with the international standards to 

determine their possibility use for irrigation purposes and 

thus fixing  the sand dunes, and reducing environmental, 

economic and social problems.

Location of thestudy area: The study area is located in Al-

Barsa Village\ Eastern Al-Dour City\ Salahaldin Governorate 

between longitudinal lines (43º 59 30") (44º 53 00") and two 

latitudes (34º 24 30") (34º 40 00"), and dunes cover large 

areas of this village (Fig. 1).

The study area covers the rocky outcrops of the period 

(Middle Miocene-recent), as are the formations: Fatha' 

Formation, Injana, Mukdadiya and Quaternary Deposits. 

These Formations may be the main source of sand dunes in 

the study area which may be formed by wind erosion or 

moved from other places.

MATERIAL AND METHODS

Water was pumped from the well for at least half an hour 

to ensure that the sample represents the water quality of the 

aquifer. The amount of the sample must be enough for all the 

required analysis, it was 2 liters. The temperature of the water 

in the field was recorded because it contains important 

indicators, the samples were numbered, and the day and 

hour at which the samples were recorded to identify and 

distinguish the sample without suffering in the laboratory. The 

sample was preserved so as not to change the 

hydrochemical properties of water before testing

The geological, geomorphological and hydrological 

information available of the study area was collected and 

then prepare of topographic maps.  Field work included a first 

survey tour for the study area to identify the 

geomorphological effect and the rock outcrops of the 

geological formations and determine the different field 

measurements. A second field tour was conducted to locate 

and coordinate wells by using Global Positioning System 

(GPS). More than nineteen groundwater samples were 

collected from the wells and along the sand dunes depending 



on degree of electrical conductivity (Ec), 11 wells were 

selected on the basis of differences between them.

Laboratory tests: Physical  and chemical analysis of water 

samples collected from  the wells of the study area were 

carried out in the laboratories of the Chemical Engineering 

Department, Engineering College, Water & Soil Science 

Department, Agriculture College, and the Central Automated 

Analysis Laboratory in Tikrit University (Table 1).

Accuracy: It is a statistical process which consider as a 

measure of the appropriateness and nearness of the results 

from their true values, was measured by (Ionic balance), this 

was done by measuring the relative difference, (Hem 1989). 

Ionic balance was used to verify the accuracy of the analysis 

results and showing its high accuracy (Table 2).

E% = ( r. Cat - r. Ani\ r.Cat + r. Ani)* 100.

Where Concentrations of ions in epm

A = 100 – E%

Physiochemical Measurement

Electrical conductivity (EC): The electrical conductivity 

was measured by a Conductivity Meter, type: Con, 200, 

American company (Lovibond), and at temperature of 25°C.  

Fig. 1.  Map of Iraq, explaining location of the study area

Total dissolved solid (TDS): TDS was measured using TDS 

measurement device, of Romania company (HANNA) and at 

laboratory temperature. pH was measured with Multimeter, 

total hardness (TH) was measured method  of Al-Hamdani 

(2009): TH = 2.5 Ca + 4.1 Mg, where concentrations of Ca 

and Mg in ppm. Sodium adsorption ratio (SAR): SAR was by  

the equation of Todd (2005):   

Where Concentrations of  Na, Ca and Mg in epm.

Chemical Analyses

Major components: They include finding the amount of 

main ions and major roots in water, as per standard methods 

(APHA, AWWA and WPCF 1975). The main ions include 
+2 +2 + + Mg , Ca , Na , K and were measured by Atomic Absorption 

-2 - -Spectrophotometer type, (AA-6200), and SO ,Cl , HCO , as 4 3

 

( )/2MgCar

rNa
SAR

+
=
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Well No. Easting Northing Elevation pH EC ms/cm TDS ppm

oT c TH SAR

1 407733 3838574 107 7.23 3610 2267 28 1235 1.37

2 409225 383978 113 7.29 3470 2135 27 1370 1.55

3 409048 3838388 100 7.27 2846 1984 27.5 1633 0.97

4 410713 3839248 106 7.33 2620 1986 26 1410 0.79

5 413565 3839075 112 7.35 2730 1973 26.5 1153 1.45

6 413085 3838882 127 7.4 3000 1898 26 1448 1.38

7 416425 3838317 117 7.3 2570 1776 26 1291 1.45

8 411942 3838649 111 7.56 2420 1770 25.5 1530 2.12

9 413426 3839178 112 7.45 2430 1536 25 1371 1.3

10 414563 3839498 120 6.99 2999 2001 25.5 1467 1.18

11 408925 3838767 107 7.68 2010 1889 25 1232 1.46

Table 1.Physiochemical properties for groundwater in the study area

No. of well Cations Anions Accuracy
%

++Ca ++Mg +Na +K -2SO4

-HCO3

-Cl -NO3

1 319.81 106.7 110.5 27 1001.51 179.4 150.8 16.98 96.8

2 386.79 98.2 131.6 17 998.35 265.3 135 19 93.17

3 425.7 139 90.2 12 1417.89 225.7 97.6 16.13 99.11

4 399.87 100 68.3 18 969.12 201.3 121.6 17.92 92.49

5 334 77.46 113 9 934.71 112.1 140 18.52 95.09

6 461.22 72 121 16 977.65 195.2 180.4 20 91.12

7 349 102 120 12 899.67 164 186.33 15.37 92.43

8 309.9 184.3 191 9 1331.43 152.5 214.7 18 96.57

9 402.33 89 111 15 954.12 254.9 199.53 14 95.66

10 381 125.4 104.2 13 1184 128.8 385.23 15 94.9

11 317.4 107 118 26 1004.1 209.8 166 13.9 98.01

Table 2. Chemical analysis for groundwater in the study area

anions, SO  was measured by ultraviolet spectra photo meter 4

- - (UV) at wave length of 420 nm, while Cl  , HCO by titration.3

Minor components: Nitrate was estimated by Ultraviolet 

spectra photo meter (UV) at wave length of 220nm and 

275nm.

Heavy components: This group includes many elements, 

but in this study Fe, Co, Zn, Cu, Mn, Cd, and Ni, estimated 

with the method as of cations.

RESULTS AND DISCUSSION

Physiochemical characteristics: The results of the 

physiochemical characteristics are tabulated in Table 1.

Temperature: The temperature of water directly affects 

many of its physical and chemical characteristics. The 

temperature values of water samples in the study area 

ranged between 8-25ºC. 

pH: pH is an important variable in water quality assessment 

as it influences many biological and chemical processes 

within a water body and all processes associated with water 

supply and treatment, (Baskaran et al 2009).The pH value 

was between 6.99-7.68.

Total hardness: TH depends mainly on the presence of 

dissolved calcium and magnesium salts, (Deborah 1996). TH 

values ranged from 1206-2704 ppm.

Total dissolved solid: TDS, are the total dissolved salts in 

a solution, whether ionized or non-ionized and do not 

include suspended solids, and dissolved gases in that 

solution (Todd 2005). TDS values ranged between 1536-

2267ppm.

Sodium Adsorption Ratio (SAR): It is one of the most 

important physiochemical properties of irrigation water, 

which is calculated based on the ratio of sodium to total 

concentrations of calcium and magnesium (Todd 2005). SAR 

was 0.79-2.12.

Chemical analyses

The results of the chemical analyses (Cations and 

Anions) are tabulated in Table 2.
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Well No. Fe Co Zn Cu Mn Cd Ni

1 0.01 0.001 0.04 0.008 0.001 0.02 0.01

2 0.01 Nil 0.021 0.007 0.002 0.033 0.011

3 0.01 Nil 0.029 0.002 0.002 0.03 0.001

4 0.01 0.002 0.02 Nil 0.007 0.031 0.01

5 0.021 Nil 0.01 Nil 0.001 0.03 0.01

6 0.1 Nil 0.02 0.001 0.006 0.044 0.02

7 0.01 Nil 0.01 Nil 0.009 0.03 0.02

8 0.01 Nil 0.04 0.002 0.005 0.021 0.02

9 0.01 Nil 0.03 0.001 0.003 0.01 0.01

10 0.02 Nil 0.02 Nil 0.02 0.01 0.01

11 0.02 Nil 0.01 Nil 0.01 0.022 0.02

Table 3. Heavy components for wells water in the study area

Variables Parameters 
range

Variables Parameters 
range

pH 6.99-7.68 -2SO  (ppm)4 899.67–1417.89

-1EC (µmohs cm ) 2010–3610 - Cl (ppm) 97.6–385..23

TDS (ppm) 1536–2267 -HCO  (ppm)3 112–265.3

 οT (C ) 25–28 -2 NO (ppm)3 13.9–20

TH(ppm) 1232–1633 Fe (ppm) 0.01- 0.02

SAR 0.79 - 2.12 Cu (ppm) < 0.01

++ Ca (ppm) 309 – 461 Cd (ppm) 0.03 – 0.01

++ Mg (ppm) 72 – 184 Zn (ppm) 0.01 - 0.04

+ Na (ppm) 68 – 191 Ni (ppm) 0.02– 0.01

+K  (ppm) 9 – 27 Mn (ppm) 0.001 - 0.02

Table 4. Hydrochemical variables for well water in the study 
area

Variables Symbols Unit Acceptable limit 
of irrigation water

Electrical conductivity EC Μmohs/cm 0-3000

Total dissolved solids TDS -1mg l 0-2000

pH pH 14-Jan 6-8.5

Sodium adsorption ratio SAR -1mg l 0-15

Calcium +2Ca epm 0-20

Magnesium +2Mg epm 0-15

Sodium +1Na epm 0-40

Potassium +1K epm 0-2

Bicarbonates -1HCO3 epm 0-10

Chloride -1Cl epm 0-30

Sulfate -2SO4 epm 0-20

Nitrate -1NO3 epm 0-2

Table 5. Standard specifications for Irrigation water based on 
Ayres and Westcot, 1989

Types Crops resistant to low concentrations of 
total dissolved salts in water

Crops resistant to moderate 
concentrations of total dissolved salts in 

water

Crops resistant to high concentrations 
of total dissolved salts in water

Fruits 0 – 3000 μmohs/cm
Lemon, strawberry, peach, apricot, 

orange, apple

3000 – 4000 μmohs/cm
Olives, figs, pomegranates.

4000 – 10,000 μmohs/cm
Palm trees

Vegetables 3000 – 4000 μmohs/cm
Radishes, Celery

4000 – 10,000 μmohs/cm
Cucumbers, basalt, onions, carrots, 

potatoes, tomatoes

10,000-12,000  μmohs/cm
Spinach - beets

Field crops 4000- 6000 μmohs/cm
Field Legumes

6000- 10000 μmohs/cm
Corn, rice, wheat

10,000 – 16,000 μmohs/cm
Cotton, sugar beet, barley

Table 6. Crops tolerance to concentrate salts (Todd 1980)

Cations
+2Calcium (Ca ): Calcium values in water samples of the 

study area ranged  between 309-461 ppm, The main source 

of calcium ion in groundwater is the dissolution of some 

sedimentary minerals (Helstrup and Yakubo 2007).
+2Magnesium (Mg ): It ranged between 72-184 ppm. It is a 

main source is gypsum in addition to clay minerals.
+1Sodium (Na ): It's values was 68-191 ppm. Evaporative rock 

is the most source of sodium (Al-Hasnawi 2009).
+1Potassium (K ): It's concentrations was 9-27 ppm. 

Potassium ion in ground water is usually low as it is much less 

than other cations (Helstrup and Yakubo 2007).

Anions
-1Chloride (Cl ): Its values between 97-514 ppm. The most 

important sources of groundwater are Halite and Sylvite or 

from rainwater (Al-Hasnawi 2009).
-2Sulfate (SO ): It's value ranged between1001-1599ppm, Its 4

sulfate source is caused by the dissolution of evaporates 

such as: Gypsum and anhydrite, the decomposition of 

organic materials which used in agriculture fertilizers (Al-

Zaibe 2000).
-Bicarbonate (HCO ): It's concentrations ranged between 3

112-225 ppm. This ion is found in groundwater due to the 

dissolution of limestone rocks and salt deposits of geological 

formation (Al-Zaibe 2000).
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-Nitrate (NO ): 3 Its concentrations (14-20) ppm. Its sources in 

groundwater are rainwater, wastewater, soil biological 

processes, and the result of agricultural activity (Manii 2009).

Trace elements: The concentrations of trace elements were 

found for the water samples: Iron, Cobalt, Zinc, Copper, 

Manganese, Cadmium and Nickel, Table 3. Its 

concentrations were very few and within its natural limits.

The results of Physiochemical characteristics, (TDS, 

EC, PH, T.H and SAR), and Results of Chemical analysis 

(Cations, Anions, and Trace Elements), Compared with 

standard specifications for Irrigation water(Ayers and 

Westcot  1989) Table 5 and crops tolerance to concentrate 

salts Table 6 (Todd 1980), and shown the validity these water 

for irrigation and most of the agricultural crops except three 

wells (3,8 and 10) because  to the increase of SO  ions, as 4

well as suitabil ity to irrigate plants (Jatropha, 

Eucalyptus)(Abou Kheira  2009) (Brenda et al 2015), which 

can be used in the fixed of sand dunes in the study area and 

disposal of the environmental effects resulting from them in 

addition to the advancement of agricultural reality.

CONCLUSIONS

After comparing the physiochemical characteristics for 

the water samples which are selected from the wells with 

standard specifications for irrigation water and classification 

of crops tolerance to concentrate salts, it was found to be 

within the permissible limits for irrigation. Depending on the 

results of the chemical analysis of the water wells and after 

comparing them with the specification, the concentrations of 

the main ions (Cations and anions) were within the 

permissible limits for irrigation, except three wells (3,8 and 

10) because to the increase of sulfate ions. Generally, the 

results indicated that the groundwater in the study area 

suitable for irrigation. Groundwater wells in the study area are 

suitable for irrigation of plants Jatropha, Eucalyptus that can 

be used in sand dune fixation was found in the area, and 

therefore, reduce their environmental, economic and social 

problems.

REFERENCES

Zoran S and Adrian I 2008. Ground water Management in Northern 
Iraq. Hydrogeology Journal, No .4.

Al-Manmi DA 2008. Water Resources Management in Rania Area 
Sulaimaniyau NE-Iraq. M.Sc. Thesis, University of Baghdad 
(Unpubl), 225p.

Hem JD 1989. Study and Interpretation of the Chemical Survey. 
Water Supply Paper 2254, pp. 246.

Al-Hamdani JA 2009. Hydrochemical Effect of Groundwater Due to 
Irrigation and Drainage Projects in Tawuq Sub-Basin (South of 
Kirkuk - North of Iraq). M.Sc. Thesis, University of Baghdad 
(Unpubl), 121 P.  

Todd DK 2005. Groundwater hydrology, 3 Edition. John Wiley and 
Sons, New York, USA, 650p.

APHA AWWA and Wp CF 1975. Standard methods for the 
examination of water and wastewater. American Public Health 

thAssociation, (14  ed.), Washington, 759p.

BaskaranSundaram et al 2009. Groundwater sampling and 
analyses-A field guide. Geoscience Australia, Australia, 105 p.

Deborah Chapman 1996. Water quality assessments - A guide to 
use of biota, sediments and water in environmental monitoring. 
Second Edition, Printed in Great Britain at the University Press, 
Cambridge, 651 pages.

Helstrup T, Jorgensen NO and Yakubo BB 2007. Investigation of 
hydrochemi calcharacteristics of groundwater from the 
cretaceous-eocenelime stone aquifer in Southern Ghana and 
Southern Togo using hierarchical cluster analyses. 
Hydrogeology Journal 15: 977-989.

Al-Hasnawi SS 2009. Groundwater Quality Index for Dammam 
Formation in Al- Najaf Area. M.Sc. thesis, Univ. of Baghdad 
(unpubl), 189p.

Al-Zaibe AH 2000. Geochemical and Environmental Characteristics 
of the Soil and  Groundwater Sources in the North Eastern of 
Region of Almafreq. Jordan, Unpubl. Ph.D. Thesis, Univ. of 
Baghdad, 201p.

Manii JK 2009. Hydrochemistry of Al-Hammar Marsh Environment 
Southren Iraq. M.Sc. Thesis, University of Baghdad (unpubl), 
205p.

Ayers RS and Westcot DW 1989. Water Quality for Agriculture, 
Irrigation and Drai. Paper 29, Rev.1, FAO, Rome, Italy, 174p.

ndTodd DK 1980. Ground water hydrology, 2  ed., John wiley& sons 
New York, USA, 535p.

AbouKheira AA and Atta NN 2009. Response of Jatrophacurcas L. to 
water deficit: Yield, water use efficiency and oilseed 
characteristics. Biomass and Bioenergy 33: 1343 - 1350. 

Brenda Rodrigues de Souza, Igor Alberto Silvestre Freitas, Vinicius 
de Araujo Lopes, Vanessa do Rosario Rosa and Fabio Santos 
Matos 2015. Growth of eucalyptus plants irrigated with saline 
water. African Journal of Agricultural Research 10(10): 1091-
1096.

Received 14 September, 2019; Accepted 04 November, 2019

64 Ehab Mohammad Amen, Mayada Ahmed Abdullah and K. MohannadIssa 
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Abstract: This study investigated the phytoremediation potential of two aquatic plants (Typha domingensis and Phragmitus australis), for the 

removal of three concentration of heavy metal salts;  (MnCl ),  (CoCl ), and 2 2Nickel chloride (NiCl ), Manganese chloride Cobalt  chloride Zinc 2

chloride (ZnCl ) and determine concentration of total chlorophyll and protein through exposure of two aquatic plants (Typha domingensis and 2

Phragmitus australis) for heavy metal. The experiment was terminated after 30 days and the samples of the two plants were taken each after 10 

days  to determine heavy metal, protein and  chlorophyll. The results of study demonstrated height various in concentration of heavy metal in 

tissue of the plant in the end of experiment and  the results of study show decrease concentration of total chlorophyll  and protein for the aquatic 

plant.
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Heavy metals are among industrial pollutants, in 

contrast to organic materials cannot be degraded in the 

environment. Beside the natural activities, nearly all human 

actions can also affect the production of heavy metals as side 

effects, accumulating in water, soil, sediment and living 

organisms. Migration of these pollutants into no polluted 

areas as dust or leachates through the soil and spreading of 

heavy metals include sewage sludge area few examples of 

events contributing towards contamination of the 

ecosystems (Gaur and  Abdholeya 2004). Heavy  metals are 

clarified as metallic elements that have a comparatively high 

density compared to water. Heavy  metals are defined as 

metallic elements with an atomic number > 20.Cd, Cr, Cu, 

Hg, Pb, and Zn are the most prevalent heavy metal 

contaminants. Metals are natural components in soil. Some 

of these metals are plant-growing micronutrients such as Zn, 

Cu, Mn, Ni, and Co, while others have unknown biological 

features such as Cd, Pb, and Hg. Certain of these are vital to 

plant growth and are known as micronutrients such as Zn, 

Cu, Mn, Ni, and Co, while others (Cd, Pb, and Hg) have 

unknown biological features. Biological systems are metal 

affected and do not present biodegradation but can be 

accumulated in Living organisms, causing numerous 

diseases and disorders even at comparatively low levels 

(Clark1993).  Due to various anthropogenic activities such as 

burning fossil fuels, release of municipal waste, use of 

fertilizers and pesticides, etc., the concentration of heavy 

metals in the atmosphere has risen.These surplus 

concentrations of metal in surface water can present a threat 

to human health and the environment. This increase in the 

concentration of heavy metals is a major human and 

ecosystem concern (Kabata-Pendias 2011). Due to their 

nonـbiodegradable character, remediation of such polluted 

systems requires instant and essential evaluations. 

Phytoremediation was chosen due to its cost effectiveness, 

ecofriendly nature and easy maintenance of all remediation 

techniques (Uqab et al 2016).

Phytoremediation is an innovative tool with greater 

potential for removing heavy metal pollutants in water bodies 

by using plants to clean up soil, sediments and water 

pollution. This technology is active that is environmentally 

friendly and possibly coasted. Plants with outstanding ability 

for metal accumulation are known as hypera ccumulator 

plants (Cho-Ruk et al 2006). Phytoremediation benefits from 

the distinctive and selective uptake capacities of plant root 

systems, along with the translocation, bioaccumulation and 

degradation capabilities of the entire plant body Hinchman et 

al 1995). Specific plant species can absorb and hyper-

accumulate metal contaminants and/or excess nutrients 

from growth in harvestable root and shooting tissue as they 

are capable of bioaccumulating large quantities of toxic 

metals and nutrients compared to terrestrial plants (Pratas et 

al 2012). Furthermore, these macrophysics have been 

discovered to absorb these pollutants at distinct rates and 

efficiencies depending on biochemical structure, habit, 

species, abundance and climate.



Studies have discovered that these crops generate 

metal binding cysteine rich peptides (phyto-chelatins) during 

pollutant stress, which detoxify heavy metals by making them 

complex(Kinnersely,1993). Plants are able to remove both 

water and soil contamination from metal.  Aquatic plants of all 

kinds are known to remove  heavy metals, whether free 

floating, submergedor emerging. The aim of this document is 

to address the potential of the Phytoremediation method for 

the treatment of heavy metal contaminated side to provide 

data on the processes taken by crops for heavy metal uptake 

and also to provide an effective short list of aquatic plants for 

the remediation of different metals.

This study has been conducted to provide some 

overview of the performance of  plants  to take up heavy 

metals and explain the destiny of heavy metals in plant 

tissue, particularly arsenic (As), lead (Pb) and mercury 

(Hg).

MATERIAL AND METHODS

Two aquatic plant species, which are Typha 

domingensis and Phragmitus australis were used to study 

heavy metal effects on total chlorophyll and protein. The 

experiment was conducted on a laboratory scale by taking 

250 gm wet weight of each plant and adapted in 15 L plastic 

containers. Five sets of microcosms were set in triplicates, 

which were untreated control, treated with , treated with NiCl2

MnCl , treated with CoCl , and treated with ZnCl  for both 2 2 2

Typha domingensis and Phragmitus australis. Three 
-1concentrations,  10, 20, 30 mg l , were used for each heavy 

metal salt. The experiment was terminated after 30days and 

the samples of the two plants were taken each 10 days to 

determine heavy metal, protein, and chlorophyll.

Protein concentration: Total protein amount in plant tissues 

was determined according to Bradford method. 0.5 g of fresh 

plant tissues was smashed by a ceramic mortar and then 1ml 

of phosphate regular solution and 5 ml of Bradford solution 

were added. The spectrophotometer was measured by 

spectrophotometer Sp-300 on the wave length 595 nm, and 
-1the protein content was expressed as mg g  of plant tissues 

(Park 2010).

Chlorophyll concentration: The total chlorophyll 

concentration in aquatic plants tissues was determined as 

described by (Aminot and Rey 2000). 0.15 gm of fresh 

tissues of aquatic plants was mashed by a ceramic mortar 

after adding 2 ml of 80% acetone. The mashed plant tissues 

were filtered through Watmann No. 1 filter paper, 0.45 µm. 

The extract was gathered, and the size was finalized to 15 ml 

with 80% acetone. The absorbance was measured by 

spectrophotometer Sp-300 on 645nm and 663 nm. The total 
-1chlorophyll content mg g  of plant tissues was calculated 

according to the following equation.

Total chlorophyll (mg  g ) = [A  (20.2) + A  (8.02)] v/w x -1

645 663

1000

A645 = the absorbance at 645 nm 

A663 = the absorbance at 663 nm

W= plant tissues weight

Heavy metal concentration: After 30 days of growth, 

aquatic plants tissues were collected to determine heavy 

metals concentrations. Plants tissues were dried at 70 C, ◦

grounded, sieved through a 40 mm mesh. 0.5 g of the 

grounded and sieved plants tissues was placed into a Pyrex 

digestive tube. The samples were left for 16 hours after 

adding 5mL of HNO3, then the samples were digested at 

100 C for an hour. After that, 3mL of 70% perchloric acid was ◦

added for each sample and a reflux was done to samples for 

30 minutes at 200 C until getting a clear solution. The ◦

samples were centrifuged for 10 minutes at 2000 round 

minute  to get rid of any suspended matter in the sample -1

solution. The samples were filtered through 0.45 µm and the 

samples completed to 50mL with deionized water. Heavy 

metals concentration in µg g  of plant tissues was measured -1

by atomic spectrophotometer (Onder et al 2007 and Anton 

ijevic and Maric 2008).

RESULTS AND DISCUSSION

The results of the study showed an increase in the 

concentration of heavy elements in the studied aquatic plants 

at the end of the experiment. In the aquatic plant Typha 
-1domingensis, 1.47.1.35.1.24 mg g  for dry weight of Ni and 

-13.39, 3.13, 2.86 mg g   dry weight of the Zn, 5.71, 5.27, 4.83 
-1 -1mg g  dry weight of Mn and 3.59, 3.31, 3.03 mg g  dry weight 

of Co was observed under different concentrations of heavy 

metals. The concentrations 30, 20, 10 ppm compared with 

the control sample are shown in the Figure 1. In Phragmitus 
-1australis 1.29, 1.19, 1.09 mg g  dry weight of Ni, 3.23, 2.98, 

-1 -12.73 mg g   dry weight of Zn, 5.55, 5.12, 4.77 mg g   dry 
-1weight of  Mn  and 3.39, 3.13, 2.86 mg g    dry weight of the 

Co was recorded in the concentrations of 30, 20, 10ppm, 

respectively compared with the control sample (Fig. 2). This 

indicates the ability of the studied aquatic plants to 

accumulate this element within the plant tissues, or that they 

possess a special mechanism to tolerate high concentrations 

of elements or that they absorb the elements with high 

concentrations, which are transformed into inactive forms of 

gaps (Coleman et al 2001). The differences in the 

concentration of elements accumulated in plant bodies may 

be due to differences in plant species, plant physiological 

status and receptivity to the element (Forstner and Wittman 

1981). The sources show that when exposed to heavy 

elements, plants interfere with the removal of toxicity and 
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Fig. 1. Three different concentrations of Ni, Co, Zn, and Mn during time periods in Typha domingensis tissues

Fig. 2. Three different concentrations of Ni, Co, Zn and Mn during time periods in Phragmitus australis tissues.
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natural balance of the heavy elements in plants. This is done 

by the enzyme Phyto-chelatin Synthase, which activates the 

presence of heavy element ions using glutathione as a base 

material. The response of cells depends on the type of 

element found (Steffen 1990). Favero et al (1996) noted that 

there are many external factors that influence the 

concentration of heavy metals in the tissues of the organism, 

including salinity, degree of pH, the effectiveness of complex 

organic and inorganic molecules, and their effect on physical 

and chemical processes that control the rate metabolic 

processes such as temperature, intensity of light and amount 

of oxygen. Bioaccumulation also depends on the 

concentration of the element in the environmental medium, 

the environmental properties of the element, the type of 

organism and the period of exposure. The results of the study 

showed a decrease in the total concentration of chlorophyll in 

the studied aquatic plants at the end of the experiment. The 

concentration of chlorophyll in Typha domingensis 1.74, 
-11.91, 2.53 mg g  dry weight in the presence of the nickel, 

-11.04, 1.15, 1.29 mg g  dry weight in the presence of the zinc, 
-10.15, 0.21, 0.35 mg g  dry weight in the presence of the 

-1manganese and 0.87, 1.08, 1.19 mg g  dry weight in the 

presence of the cobalt in the concentrations 30, 20, 10 ppm, 

respectively was recorded when compared with the control 

(Fig. 3). Phragmitus australis had a low concentration of 

chlorophyll to Typha domingensis (Fig. 4). The decrease in 

chlorophyll concentrations in the experimental plants is due 

to the presence of these highly toxic substances and has the 

potential to accumulate in the plant tissue. It inhibits its 

synthesis by inhibiting the action of the enzymes responsible 

for its production, such as the amino-levulinic acid 

dehydratase and Porphobilinogen deaminase, which is 

responsible for the formation of Porphyrin. The studies have 

indicated that some heavy metals are affected by the process 

of photosynthesis, chlorophyll production and the synthesis 

of other dyes such as carotene and efficacy (Prasad and 

Prasad 1990, Saygideger et al 2004, Zengin and Munzuroglu 

2005 and Liu et al 2010). The results showed a significant 

difference at the level of probability (p <0.05) in the total 

amount of chlorophyll and protein in the tissues of the plants 

used in the experiment and exposed to the different 

concentrations of heavy elements used during the duration of 
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Fig. 3. Three different concentrations of Ni, Co, Zn, and Mn effects during the experiment period on the concentration of 
chlorophyll in Typha domingensis tissues 
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Fig. 4. Three different concentrations of Ni, Co, Zn, and Mn effects during the experiment period onthe concentration of 
chlorophyll in Phragmitus australis tissues

Fig. 5. Three different concentrations of Ni, Co, Zn, and Mn effects during the experiment period on protein content in Typha 
domingensis tissues
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the experiment and this was also found by Keskinkan et al 

(2007). This may be attributed to the fact that by increasing 

the concentration of heavy elements in plant tissues, their 

chlorophyll content decreases because of its inhibitory effect 

on the work of enzymes that contribute to the synthesis of 

chlorophyll and carotene. Nasser enters the installation of 

some enzymes contribute to the building of chlorophyll 

(Teisseireet Vernet 2000). The protein content in the aquatic 

plants studied at the end of the experiment also decreased in 
-1Typha domingensis, 0.55, 0.67, 0.78 mg g  dry weight in the 

-1presence of the nickel, 0.47, 0.59, 0.68 mg g  dry weight in 
-1the presence of the zinc, 0.66, 0.64, 0.86 mg g  dry weight in 

-1the presence of the manganese and 0.31, 0.42, 0.54 mg g  

dry weight in the presence of the cobalt. 

The  had a low protein content i.e.,  Phragmitus australis

0.55, 0.68, 0.79 mg g  dry weight in the presence of the -1

nickel, 0.44, 0.51, 0.59 mg g  dry weight in the presence of -1

the zinc, 0.56, 0.65, 0.77 mg g  dry weight in the presence of -1

the manganese and 0.35, 0.44, 0.56 mg g  dry weight in the -1

presence of the cobalt with concentrations of 30, 20, 10 ppm, 

respectively (Fig. 6). The decrease in the protein content of 

all plants is due to the consumption of the protein content 

found in the tissues of these plants in some vital activities or 
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Fig. 6. Three different concentrations of Ni, Co, Zn, and Mn effects during the experiment period on protein content in 
Phragmitus australis tissues

the metabolic processes that occur within it to resist the 

concentration of the elements, thus reducing the proportion 

of protein content in their tissues.

REFERENCES

Aminot A and Rey F 2000. Standard procedure for determination of 
chlorophyll by spectroscopic methods. ICES Techniques IN 
Marine Environ. Sci., Denmark , pp:1-17

Clark RE 1993. IARC Monographs on the evaluation of carcinogenic 
risks to humans: Chromium, nickel and welding. Quarterly 
Review of Biology 68: 472.

Coleman J, Hench K, Garbutt K, Sexstone A, Bissonnete G and 
Skousen J 2001. Treatment of domestic wastewater by three 
plant species in constructed wetlands. Water, Air and Soil 
Pollution 128: 283-295.

Favero NC, Bertaggia D and Albergoni V 1996. Metal accumulation 
in biologicalindicator from lagoon of Venice (Italy). 
Environmental Contamination Taxicology  31: 9-18.

Forstner U and Wittmann GTW 1981.  Metal Pollution in the aquatic 
environment. Springer – Verlag. New York, p. 320.

Gaur A and Adholeya A 2004. Prospects of arbuscular mycorrhizal 
fungi in phytoremediation of heavy metal contaminated soils. 
Current Science 86: 528-534.

Cho-Ruk K, Kurukote J, Supprung P and Vetayasuporn S 2006. 
Perennial plants in the phytoremediation of lead contaminated 
soils, Biotechnology.

Kabata-Pendias A 2011. Trace elements in soils and plant. CRC 
Press, Boca Raton, USA.

Keskinkan O, Goksu MZL, Yuceer A and Basibuyuk M 2007. 

70   Qassim Ammar Ahmood AL-Janabi, Ziad Bassim Hameed and Saad Kadhim Ala Allah Al- Kalidy



Comparison of the adsorption capacities of Myriophyllum 
spicatum and Ceratophyllum demersum for zinc, copper and 
lead. Engineering in Life Sciences 7(2): 192-196.

Kinnersely AM 1993. The role of phytochelatins in plant growth and 
productivity. Plant Growth Regulation 12: 207-217.

Liu D, Wang X, Chen Z, Xu H and Wang Y 2010. Influence of mercury 
on chlorophyll content in winter wheat and mercury 
bioaccumulation. Plant Soil and Environment 56(3): 139-143.

Pak J 2010. Analysis of protein by spectrophotometric and computer 
colour based intensity method form stem of pea (Pisum 
sativum) at different stages. Anal. Environmental Chemical 
11(2): 63-71.

Prasad MNV, Malek P, Waloszek A, Bojko M and Strazalka K 2001. 
Physiological responses of Lemna trisulca L. (duck weed) to 
cadmium & copper accumulation. Plant Science 161: 881-
889.

Prasad DDK and Prasad ARK 1990. Porphyrin metabolism in lead 
and mercury treated barja (Pennisetum typhoideum) seedlings. 
Journal of Biosciences 15(4): 271-279 .

Pratas J, Favas PJC, Paulo C, Rodrigues N and Prasad MNV 2012. 
Uranium accumulation by aquatic plants from uranium-
contaminated water in Central Portugal. International Journal of 
Phytopharmacology 14: 221-234.

Hinchman RR, Negri MC and Gatliff EG 1995. Phytoremediation: 
using green plants to clean up contaminated soil, groundwater, 

and wastewater. Argonne National Laboratory Hinchman, 
Applied Natural Sciences.

Saygideger S, Dogan M and Keser G 2004. Effects of lead and pH on 
lead uptake chlorophyll and nitrogen content of Typha latifolia L. 
and Ceratophyllum demersum L. International Journal of 
Agricultural and Biological Engineering 6(1): 168-172.

Steffen JC 1990. The heavy metal-binding peptides of plants. Annual 
Review of Plant Physiology and Plant Molecular Biology 41: 
553-575.

Teisseire H and Vernet G 2000. Copper induced changes in 
antioxidant enzymes activities in fronds of duck weed (Lemna 
minor). Plant Science 153: 65-72.

Uqab B, Mudasir S, Sheikh AQ and Nazir R 2016. Bioremediation: A 
management tool. Journal of Bioremediation and 
Biodegradation 7: 331.

Valliant N, Monnet F, Hitmi A, Sallamon H and Coudret A 2005. 
Comparative study of responses in four Datura species to zinc 
stress Chemosphere 59: 1005-1013.

Zengin FK and Munzuroglu O 2005. Effects of some heavy metals on 
content of chlorophyll, proline and some antioxidant chemicals 
in bean (Phaseolus vulgaris L.) seedlings. Acta Biologica 
Cracoviensia 47(2): 157-164.

Zhou X, Li Q, Arita A, Sun H and Costa M 2009. Effects of nickel, 
chromate and arsenite on histon 3 lysine methylation. 
Toxicology and Applied Pharmacology. In press.

Received 08 October, 2019; Accepted 20 November, 2019

71Phragmitus australis and Typha domingensis Effectiveness by Heavy Metals



Effect of Soil Fertilization with Nutrition Solution (Enraizal) on  
Fruits Growth and Yield for the Two Hybrids of Cucumber 

Cultivated in unheated Plastic Houses
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Abstract: : The experiment was conducted in plastic house for determining the effect of adding four concentrations of nutrition enraizal (0, 1.5, 2, 
-12.5  ml l ) water on growth and yield of cucumber hybrids (Saif and Omega). The results showed that the Saif cultivar on Omega cultivar excelled 

-1in average fruit length (22.62 cm), fruit diameter (34.88 mm), fruit weight (109.15 g), number of fruits (45.33 plant ), plant yield (4.975 kg) and  
-1total yield (6.965 t house ). All adding nutrient solution treatments showed a significant excelled in the  average fruit growth and yield  as 

-1compared to the control treatment. The results showed that the Saif cultivar excelled at a concentration 2 ml litre  water in fruit length (24.83 cm), 
-1 -1fruit diameter (38.67 mm), fruit weight (116.1 g), number of fruits (53.0 fruit plant ), the plant yield (6.15 kg) and the total yield (8.61 t house ), 

-1  while the Omega cultivar gave with non-fertilization  the lowest average for those traits  accounted 17.67 cm, 30.41 mm, 91.3g, 29.67 fruit plant , 
-12.82 kg and 3.95 t house  sequentially.      
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Cucumis sativus L. is an important summer vegetable 

crop belonging to the Cucurbitaceae family and one of the 

most popular vegetables in Iraq. For its economic and 

nutritional importance and its various uses with many foods 

and of containing 95-97% water, makes the cucumber plant 

the least in terms of calories, so preferred by people 

interested in diet. It also contains vitamins C, B1 and B2, 

niacin, protein, carbohydrates and nutrients, especially iron, 

calcium, phosphorus and potassium (Al Gobaisi 2007, 

Arnaout 1980, Hammadi and Mashal 1987). It is useful in high 

and low blood pressure and purifies the body from toxins, as 

an analgesic for headache and maintain the vitality of the 

epidermis (Sumathi et al 2008). The fruits of cucumbers are 

desirable to the consumer, so the demand is high throughput 

the year and in order to meet this growing demand, there has 

been a significant development in the production of 

cucumbers, whether agriculture in the conditions of open 

fields or under tunnels and plastic house and glasshouse. 

The method of cultivation of the cucumber plant under the 

conditions of the protected environment approached frequent 

use of chemical fertilizers added through the soil or spraying 

on the plants that weight contain or toxins and have a 

negative and long-term impact in humans and the 

environment. Therefore, specialists in the field of agriculture 

are to follow the method of organic nutrition as an alternative 

to chemical fertilizers (Elia et al 1998). Tiaz and Zieger (2003) 

showed that the organic fertilizers contain all the nutrients 

elements necessary for the growth and development of the 

plant, including micronutrients. They also contain a wide 

range of water-soluble organic compounds such as proteins, 

sugars and amino acids. Azarmi et al (2009) show that the 

addition of four levels of organic fertilizer (sheep manure) is 0, 
-110, 20, 30 t ha  on the two varieties of option 1Sultan F and 

Storm F1 cultivated in greenhouses. Where Storm F1 gave 

an increase in total yield amounted 26%, while Sultan F1 

gave 25% at the level of 30 tons. Almetoer (2010)  showed 

when studying the growth and yield of two hybrids of 

cucumbers (Sayff and Shady) cultivation in greenhouses that 

the Shady hybrid was significantly excelled in fruit weight and 

early greenhouse yield compared to Sayff hybrid, while there 

were no significant differences between hybrids in average 

fruit number, single plant yield and total greenhouse yield. AL-

Sahaf et al (2011) reported when using a program of organic 
-1 -1fertilizer (Perl humus 200 kg ha  + Pow humus 4 kg ha  + 
-1Amino power plus 250 ml 100 l  water) on cucumber plant 

and for two seasons, they obtained an increase in the yield of 

per plant 967 and 1408.6 g compared to the control treatment 

and for the two seasons respectively. Al-Bayati (2012) studied 
-1the addition of 50 g l  of organic fertilizer Roct Dove manure 

after fermentation and its addition to the Sayff hybrid 

cucumber plant grown in unheated greenhouses led to a 

significant increase in the average weight of fruit, the number 

of fruits, early yield and total yield compared to the treatment 

of chemical fertilizer (Comparison). Al-Bayati and Kamel 

(2015) found that the addition of organic fertilizers (Nitrogen, 

org-Vit and Humistar) as well as chemical fertilizer (control) to 



two hybrids of cucumbers grown in greenhouses led to a 

significant increase in the number of fruits per plant, the total 

yield compared to control treatment. Eifediyi and Remison 

(2010) reported that the use of different levels of compost and 

compound fertilizer for the cucumber plant Ashley cultivars, 
-1The level 10 tons of organic fertilizer with 400 kg ha  

composite fertilizer with a ratio of 10:10:20 gave highest total 

yield, length, diameter and weight of fruit, Rogers et al (2002) 

found that the addition of an aqueous extract of a mixture of 

poultry wastes and aerobic fermented sawdust for 4 hours to 

the broccoli and tomato irrigation system in field or 

aquaculture gave the best yield and good quality. Bayoumi 

and Hafiz (2006) studied that the addition of organic fertilizers 

and seaweed Extracts resulted in a significant increase in 

total and early yields. Olaniyi et al (2009) showed that the 
-1addition of organic fertilizers in the amount of 4 tons ha  to 

three cultivars of cucumbers gave a significant increase in the 

length, diameter, weight of the fruit, the number of fruits, the 

total yield and for all the three cultivars by control treatment. 

Al-Bayati et al (2012) found that the addition of organic 
2fertilizer (Atalbolina) at a rate of 200 kg/500 m  to the 

cucumber plant cultivar Grass F, has led to a significant 

increase in the total yield and the product yield 29.67 and 

32.81% compared to the control treatment. Hussein (2016) 

reported that the addition of the plant nutrient (Karma maxi 
-1org) at a concentration of 10 and 15 ml l  and spraying 

chelated iron at a concentration of 1 and 3 g to the squash  

plant, Razan cultivated in greenhouses, The treatment of 

(Karma maxi org nutrition additive at a concentration 15 ml 
-1and sprayed chelated iron at a concentration 3 g l  was 

significantly excelled in fruit weight ratio, The number of fruits, 

plant yield and total yield as compared to the control 

treatment. Al-Tafi et al (2016) showed that the addition of 

three levels of organic fertilizer A (Homobacter), which is 
-13000, 2000 kg ha  on the eggplant plant (Solanum 

melongena) in the greenhouse, has significantly excelled the 
-1 -1level of 3000 kg ha  at the level of 2000 kg ha  and control 

treatment in fruit weight, number of fruits, per plant yield and 

total yield. The aim of this study was to investigate the effect of 

add-nutrient solution (Enraizal) on the growth and yield of two 

hybrids of cucumber Saif and Omega grown in unheated 

greenhouses.

MATERIAL AND METHODS

The experiment was conducted during the 2019 planting 

season in one of the unheated greenhouses in Al-Azawiya 

area in the north of Babylon governorate. The experiment 

included eight treatments of two cultivars of hybrid 

cucumbers, Saif and Omega, with the addition of four 

concentrations of nutrient solution (Enraizal) (0, 1.5, 2, 2.5 

ml) at the first and second flowers after two weeks from the 

first and the third after two weeks from the second. 

Treatments were arranged in Factorial experiment with two 

factors and according to Randomized Complete Blocks 

Design R.C.B.D and with three replicates. For the first factor, 

cultivars include A1: Saif cultivar produced by the Dutch 

company Nunhems and A2: Omega produced by the Dutch 

company Ergon. 

The second factor added concentrations of nutrient 

solution Enraizal produced by the Spanish company 

Fabrique (  1) includes: B1: without adding Table

(comparison); B2: 1.5 ml; B3: 2 ml and B4: 2.5 ml. Random 

samples were taken from plastic soil at a depth of (0-30 cm) 

and the soil was analyzed in the agricultural research 

laboratory - Directorate of Agriculture of Babylon (Table 2).

The plastic house soil was tilled, smoothed, leveled and 

divided into terraces and then divided into (24) experimental 

units of 2 m length and 60 cm wide. Cucumber seeds were 

sown in the nursery on 3/1/2019 in cork dishes after filling 

them with Peat moss as an agricultural medium. The 

seedlings were transferred to the plastic house on 61/1, 

where they were cultivated on both sides of the terrace and 

the distance between the line and another 50 cm and the 

distance between the plant and another 40 cm. The nutrient 

solution was added to plants on flowering time on 25/2 and all 

the recommended agricultural operations were conducted 

during the growth period in the field of irrigation, fertilization, 

hoeing, weeding and controlling diseases and insects 

similarly to all the experimental units. The fruits harvesting 

begin on 5/3 and lasted until 30/5/2019.

Studied traits: The average fruit length (cm), fruit diameter 

(mm), average fruit weight (g), average number of fruits (fruit 

plant ), plant yield  (kg) and  total yield of the plastic house (t -1

House ). The results were analyzed according to the design -1

followed. The least significant difference test was used to 

Texture Traits

Silt (%) Sand% Clay % Kppm P ppm Nppm Organic matter % -1Eceds m pH

Sandy  loam 15.8 80.2 4 360 8.7 52.5 1.13 3.7 7.4

Table 2. Some physical and chemical traits of plastic house soil

K O2

(%)
P O2 5

(%)
Nitric

nitrogen
(%)

Ueric
nitrogen

(%)

Organic 
nitrogen 

(%)

Total 
nitrogen 

(%)

Free amino 
acid  (%)

4.6 2.3 1.1 4.8 0.9 6.8 4.8

Table 1. The nutrient solution (Enraizal) components
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Adding 
cultivar

B1 B2 B3 B4 Average of 
cultivar

Saif 19.33 22.83 24.83 23.50 22.62 
(34.88)

Omega 17.67 21.00 23.17 21.33 20.79 
(33.12)

Average of 
adding

18.50 21.92 24.00

LSD 0.05 Cultivar: 
0.69

Adding: 
0.97

Interaction: 
1.37

Table 3. Effect of the cultivar and adding the nutrient solution 
(Enraizal) and their interaction on the fruit length of 
the cucumber plant (cm)

Adding 
cultivar

B1 B2 B3 B4 Average of 
cultivar

Saif 31.17 33.24 38.67 36.42 34.88

Omega 30.41 32.21 35.81 34.07 33.12

Average of 
adding

30.79 32.73 37.24 35.24

LSD 0.05 Cultivar: 
0.64

Adding: 
0.90

Interaction: 
1.28

Table 4. Effect of the cultivar and adding the nutrient solution 
(Enraizal) and their interaction on the fruit diameter 
(mm) of the cucumber plant 

Adding 
cultivar

B1 B2 B3 B4 Average of 
cultivar

Saif 3.935 4.623 6.15 5.192 4.975

Omega 2.821 3.517 4.975 4.238 3.888

Average of 
adding

3.378 4.07 5.562 4.715

LSD 0.05 Cultivar: 
0.246

Adding: 
0.348

Interaction: 
0.492

Table 7. Effect of the cultivar and adding the nutrient solution 
(Enraizal) and their interaction on plant yield (kg) of 
the cucumber plant

compare averages at a probability level of 0.05 (AlSahoki and 

Wahib, 1990). Genstat in Statistical Analysis.

RESULTS AND DISCUSSION

Traits of fruit growth: Two cultivars significantly differed in 

the average length of the fruit. Saif cultivar excelled the 

average in the length of fruit (22.62 cm), compared to Omega 

cultivar (20.79 cm). Addition of the nutrient solution Enraizal 

had a significant effect on the above traits. All spraying 

treatments showed significant excelled in average of the fruit 

length, compared to the control treatment. The additive 
-1treatment at a concentration of 2 ml l  was achieved the 

highest average fruit length of (24.00 cm), where it 

significantly excelled on the other treatments. Also, the 

interaction between the hybrid cultivar and the nutrient 

solution gave significant effect on the average length of the 

fruit. Where the interaction between Saif and addition the 
-1nutrient solution at a concentration of 2 ml 1  water was a 

significant effect on the average of fruit length amounted of  

(24.83 cm) on other interaction treatments. While the 

interaction treatment between the Omega cultivars and now 

addition which gave the lowest average amounted  (17.67 

cm).

Two cultivars significantly differed in the average 

diameter of the fruit, Saif cultivar excelled in the average 

diameter of the fruit (34.88) mm, than in the Omega cultivar 

which gave (33.12 mm). The results showed that the addition 

of the nutrient solution Enraizal had a significant effect on the 

above traits. All spraying treatments were significant superior 

in the fruit diameter compared to the control treatment. The 
-1 additive treatment at a concentration of 2 ml l water was 

achieved the highest average of fruit diameter (37.24 mm) 

where it significantly excelled the other additive treatments. 

Also, the interaction between the hybrid cultivar and the 

nutrient solution gave a significant effect on the average of 

the fruit diameter, where the interaction between Saif and the 

addition at concentration 2 ml was significantly excelled the 

average of the fruit diameter to the 38.67 mm on the other 

interaction treatments. While the treatment interaction 

between the Omega cultivar with non-adding treatment gave 

the lowest average (30.41 mm).

Significantly difference in the average of fruit weight was 

observed among two cultivar, Saif cultivar excelled in the 

average of fruit weight (109.15 g) compared to the Omega 

cultivar (102.36 g). The results showed that the addition of 

nutrient solution Enraizal was a significant effect on the 

above traits. All spraying treatments were significant superior 

in the average fruit weight, compared to the control 
-1treatment. The adding treatment at a concentration of 2 ml l  

was recorded with highest average of fruit of (114.09 g) and 

proved to be significantly superior the other adding 

treatments. The interaction between the hybrid cultivar and 

the adding of the nutrient solution Enraizal had a significant 

effect on the average fruit weight. The interaction between 

Saif cultivar and the addition of nutrient solution Enraizal (2 
-1ml ) was significantly excelled in fruit weight amounted 

(116.10 g) on the other interaction treatments. While the 

treatment interaction between the Omega cultivar with non-

adding treatment which gave the lowest average fruit weight 

of cucumber (91.33 g).

Significant difference was observed in the average 
-1number of fruits plant  Saif cultivar excelled in the average of 

-1fruits (45.33) fruit plant , while the Omega cultivar gave 
-1(37.50 fruit plant ). The results showed that the addition of 
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nutrient solution Enraizal was a significant effect on the 

above traits. All spraying treatments were significant superior 

in the number of fruits, compared to the control treatment, 
-1The adding treatment at a concentration of 2 ml l  was 

-1 -1achieved the highest number of fruit plant  (48.67 fruit plant ) 

and it significantly excelled the other adding treatments. 

Interaction between the hybrid cultivar and the adding of the 

nutrient solution Enraizal had a significant effect on the 
-1average of number of fruits plant . The interaction between 

Saif cultivar and the addition of nutrient solution Enraizal (2 
-1ml ) was significantly excelled in the number of fruits 

-1amounted (53.00 fruit plant ) on the other interaction 

treatments, While the treatment interaction between the 

Omega cultivar with non-adding treatment recorded with the 
-1lowest number of fruits (29.67 fruit plant ).

Significantly difference in the average the plant yield was 

observed among two cultivars namely Saif and Omega. Saif 

cultivar excelled in the average of fruits (4.975 kg), while the 

Omega cultivar gave (3.888 kg). The results showed that the 

addition of nutrient solution Enraizal was a significant effect 

on the above traits. All spraying treatments showed 

significant excelled in the plant yield, compared to the control 
-1treatment, The adding treatment at a concentration of 2 ml l  

was achieved the highest average of this trait amounted 

(5.562 kg), where it significantly excelled the other adding 

treatments, The results of the same table also showed that 

the interaction between the hybrid cultivar and the adding of 

the nutrient solution Enraizal was a significant effect on the 

average the plant yield. The interaction between Saif cultivar 
-1 and the addition of nutrient solution Enraizal (2 ml water) 

was significantly excelled in the plant yield amounted (6.150 

kg) on the other interaction treatments, While the treatment 

interaction between the Omega cultivar with non-adding 

treatment which gave the lowest average amounted (2.821 

kg).

The results in Table 8 revealed that the two cultivars 

significantly differed in the average the total yield. Saif 

cultivar excelled in the average of the total yield of 6.965 tons, 

while the Omega cultivar gave 5.443 tons. The results 

showed that the adding of nutrient solution Enraizal was a 

significant effect on the above traits. All spraying treatments 

showed significant excelled in the plant yield, compared to 

the control treatment, The adding treatment at a 
-1concentration of 2 ml l  was achieved the highest average of 

this trait amounted 7.787 tons, where it significantly excelled 

the other adding treatments, The results of the same table 

also showed that the interaction between the hybrid cultivar 

and the adding of the nutrient solution Enraizal was a 

significant effect on the average the plant yield. The 

interaction between Saif cultivar and the addition of nutrient 

Adding 
cultivar

B1 B2 B3 B4 Average of 
cultivar

Saif 100.05 107.52 116.10 112.93 109.15

Omega 91.33 101.82 112.09 104.1 102.36

Average of 
adding

95.69 104.67 114.09 108.57

LSD 0.05 Cultivar: 
3.76

Adding: 
5.32

Interaction: 
7.53

Table 5. Effect of the cultivar and adding the nutrient solution 
(Enraizal) and their interaction on the fruit weight of 
the cucumber plant (g)

Adding 
cultivar

B1 B2 B3 B4 Average of 
cultivar

Saif 39.33 43.00 53.00 46.00 45.33

Omega 29.67 35.33 44.33 40.67 37.50

Average of 
adding

34.50 39.17 48.67 43.33

LSD 0.05 Cultivar: 
1.89

Adding: 
2.67

Interaction: 
3.78

Table 6. Effect of the cultivar and adding the nutrient solution 
(Enraizal) and their interaction on the number fruit of 

-1the cucumber plant (fruit plant )

-1solution Enraizal (2 ml l ) was significantly excelled in the 

plant yield amounted 8.61 tons on the other interaction 

treatments, While the treatment interaction between the 

Omega cultivar with non-adding treatment which gave the 

lowest average amounted  (3.950) tons.

The excelling of the Saif hybrid cultivar in the studied 

traits compared to the Omega hybrid cultivar is due to genetic 

differences between hybrids and their different response to 

different environmental conditions during the growing 

season (AL-Sahaf et al 2011). The significant excelled of 

adding the nutrient solution in fruit growth traits as measured 

by control treatment may be due to the effect of this nutrient 

on increasing root growth and Thus increase the absorption 

of water and necessary nutrients dissolved in it (AL-Sahaf et 

al 2011). Organic fertilizers also contain a wide range of 

water-soluble organic compounds such as proteins, sugars, 

amino acids, humic and non-organic acids. All these 

compounds contribute directly or indirectly to the growth and 

development of plants. It is either enzymatic or hormonal, 

where it contains nutrients that required for the plant or it 

affects on the availability of the nutrients already in the soil by 

improving or adding pH to increasing and improving the 

quality of production (Al-Fartusi 2003). The results showed 

significant excelled in the interaction treatment between Saif 

cultivar and adding the adding of nutrient solution Enraizal  at 
-1 a concentration of 2 ml water. This may be due to the effect 
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between the genotype and nutrient solution content of 

nutrients, which has a positive effect on the number of fruits, 

average length, diameter, weight fruits and yield of the plants. 

These results agree with  (Al-Bayati 2012, Al-Mutawary 

2010, Al-Bayati Kamel 2015, Al-Bayati 2012, AL-Sahaf et al 

2011, Olaniyi 2009, Eifediyi Remison, 2010 and Hussein 

2016). We conclude from this study that the Saif hybrid 

cultivar showed significant excelled in the fruit growth traits 

and the yield on the Omega hybrid cultivar. The addition of 
-1nutrient solution (Enraizal) at a concentration of 2 ml l  water 

led to a significant increase in the fruit growth and yield of the 

cucumber plant. It was found that the interaction between the 

Saif hybrid cultivar and the addition of nutrient solution 
-1(Enraizal) at a concentration of 2 ml l  water gave the best 

average of traits during the cultivation season.
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Effect of Foliar Application with Novalon on Growth and 
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-1Abstract: A field trial was carried out  to investigate the effect of foliar application with four concentrations (0, 1.5, 3.0 and 4.5 g l ) of Novalonon 

growth and grain yield of three maize genotypes (Sarah, Fajer-1 and Maha). Results showed the 21.50 and 52.47% superiority of Novalon (4.5 
-1 -1 -1gl ) for number of ears plant  and grain, respectively compared with the 0 concentration. However, the concentration 3g l  gave the highest 

average 130.34 g of 500grain weight (average of two seasons) compared with 126.06 gm. Maha genotype was superior in the 500 grain weight 
-1 -1in both seasons. Fajer-1 with the 4.5 g l  gave the highest number of ears (1.33 and 1.36 ear plant )in both seasons, compared with 1.00 and 

-1 1.03 ears plant for control plants of Sarah genotype in both seasons, respectively.
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Maize is a major cereal crops in Iraq, grown widely for its 

nutritive value and great productivity potential. Maize grains 

consist of 72% starch, 10% protein and 4% fat and each 100 

gm of grain provide 365 kilocalorie (Ranum et al 2014). Maize 

comes after wheat and rice in terms of acreage and 

production. Despite these fact, it's productivity per unit area 
-1still low 2.5 t ha  compared with the international production 

-14.47 t ha . This low productivity requires applied researches 

to investigate and evaluate the causes of such low 

productivity and proposing solution. Among these causes of 

crop management, it is essential to provide soil and plant with 

essential nutritive elements for supporting growth and 

increasing productivity. Foliar application is essential in 

cases where limiting factors of root absorption does exist like 

high pH value or high lime content of soil or high soil salinity 

levels or drought and the fluctuations of temperatures (Kick 

1969, Romhold and EL-fouly 2000), which might increase the 

probability of losing such nutritive elements. The foliar 

application might supply plant requirements for nutritive 

elements by 80%. Furthermore, foliar application is more 

efficient than soil application via soil by 8-20 times when it is 

applied scientifically according to the plant needs (Kuepper 

2003) and by using responsive genotypes. Maize genotypes 

differ in the growth, leaf angle with stem and leaf area, which 

in turn is reflected in the leaves efficiency of nutritive 

absorption. The present study was conducted to investigate 

the effect of foliar application with the major and minor effect 

on growth and grain yield of three maize genotypes.

MATERIAL AND METHODS

A field trial was carried out during the spring and fall 

seasons of 2018 at private farm in the Ibzabeez region, 

belonging to the Qadaa-AL-Ameeriya-AL-Anbar (33.16 

longitute and 43.86 altitude). Novalon is Turkish origin 

consist of equal quantities of NPK 20% for each and miner 

elements with the percentages (Boron 0.003%, Copper 

0.04%, Iron 0.12%, Manganese 0.06%, Molybdenum 

0.005%, Zinc 0.06% and Magnesium 0.5%) weight dissolved 

in water. Seeds of these cultivars were supplied by the 

Directorate of Agricultural Research- Ministry of Agriculture. 

All necessary seed bed preparation was taken before sowing 

from different regions at depth (0-30 cm) to know the 

chemical and physical properties of soil (Table 1). 

Experiment was conducted in Randomized Complete Block 

Design (RCBD) in the arrangement of split-plots with three 

replications (12 experimental units per replication). 

Concentrations occupied of the main plots and cultivars in the 

sub-plots. The dimensions of each experimental unit were 

2×3 m, with four rows of 3m width between rows and 0.25 

between hills in each row for each experimental unit. A 

distance of 0.75 m was left between sub-plots and 2m 

between main plots to avoid the drift of spraying between 

plots and to facilitate the spraying. Sowing date was on April 

8, 2018 for spring season and July 28, 2018 for fall season by 

placing 2-3 seeds in each hill at depth 3-5cm. Then the plots 

were irrigated with continuous watering as necessary. Hand 

weeding was performed to remove weeds as necessary. 

Maize stem borer ( ) was controlled by using Sasami acvetico

granular Diazinone twice, the first after 4-5 leaves stage and 

the second after 15 days from the first application. Foliar 

application was performed in the early morning up to the full 

covering by using sprayer (15liter capacity). Foliar 

application was done twice per each season the first one at 

the beginning of flowering and the second after ten days from 



the first spraying. Plants were harvested at full maturity on 

July 24, 2018 and Nov. 19, 2018 for spring season. The Plant 

height (cm), Leaf area (m  plant ), Chlorophyll index SPAD 2 -1

(Jemison and Williams 2006), Number of ears (ears plant ), -1

Weight of 500 grains (15.5% with moisture content) and 

Grain yield (t ha ) were measured-1

Statistical analysis: Statistically analysis for data was 

performed according to the design by using Genstat 

programme and the using least significant difference (LSD) 

at 0.05 level to compare between the average of treatment.

RESULTS AND DISCUSSION

Plant height (cm): It is clear from Table 2 that foliar 

application with 4.5 l  of Novalon recorded the highest -1

average of plant height (180.14 and177.49 cm) in both 

seasons, respectively. The percentages increases over other 

concentrations were 10.77 and 10.11%. However, the un-

sprayed plants gave the lowest averages of 162.63 and 

161.20 cm, respectively. The presence of major and minor 

nutritive elements in the combination of this fertilizer has 

improved the plants performance in the most vegetative 

characters, especially, plant height. This result was in 

agreement with the findings of Obaid and Sadik (2016) and 

AL-Shumary et al (2019). Results of Table 1 showed that the 

plants of Fajer-1 variety gave the highest plant height 174.37 

and 172.36 cm compared with Maha and Sarah, which gave 

the lowest values (169.47 and 166.78 cm) in both seasons, 

respectively. 

This varietal differences may be due to their different 

genetic-make up which has been reflected in their different 

response to the surrounding environmental conditions and 

hence, different plant height. This result was in agreement 

with Shafiullah et al (2018) and AL-Shumary et al (2019). 

The significance of the interaction between varieties and 

foliar application in the spring season indicated that plant 

height of Fajir-1 fed with 4.5 gml  gave the highest plant -1

height 184.13 cm compared with the other interaction where 

plants of Salah (un-sprayed plants) recorded the lowest plant 

height 161.00 cm.
2 -1Leaf area (m  plant ): Results of Table 2 showed that foliar 

application with 4.5 gml  recorded the highest leaf area -1

average 0.58 and 0.54 m  plant  in both seasons, 2 -1

respectively. 

No significant differences were found with the 

concentration 3.0gml  in the both seasons, yet it was superior -1

over the concentration 1.5 gml  and control, which gave the -1

lowest average 0.45 m  plant in both seasons. The formula of 2

Novalon fertilizer consists of major and minor elements, 

which stimulate effectively the plant growth, besides the role 

of these elements in the activation of enzymes and the 

Character Measure unit Spring season Full season

EC -1ds m 2.23 2.28

pH - 7.30 7.20

Available N -1Mg kg  soil 34.0 31.5

Available P = 5.79 5.19

Available K = 97.72 95.48

Available Iron = 5.49 6.13

Available Boron = 0.49 0.42

Total Iron = 274.8 276.5

Total Boron = 6.92 6.71

Total Zinc = 1.03 1.23

Soil Texture

Sand -1gm kg % 51.0 51.6

Silt = 24.8 24.2

Clay = 24.7 24.0

Soil texture Sandy loam Sandy loam

Table 1. Some chemical and physical properties of soil 
before sowing for spring and fall seasons of 2018

Cultivation (C) Spring season Average

-1Novalon concentration g ml (N)

0 1.5 3.0 4.5

Sarah 161.0 
(0.45)

167.40
(0.51)

174.30
(0.54)

175.17
(0.56)

169.47
(0.51)

Fajer-1 165.60
 (0.47)

172.13
(0.56)

175.60
(0.59)

184.13
(0.62)

174.37
(0.56)

Maha 161.30 
(0.43)

169.20
(0.54)

176.80
(0.53)

181.13
(0.56)

172.11
(0.51)

Cultivar 
average

162.63 
(0.45)

169.58
(0.54)

175.57
(0.55)

180.14
(0.58)

LSD 0.05 C: 0.96 
(0.03)

N: 1.98
(0.04)

C×N : 
2.33

Cultivation (C) Fall season Average

-1Novalon concentration g ml (N)

0 1.5 3.0 4.5

Sarah 157.50 
(0.43)

165.16
(0.48)

169.33
(0.52)

175.13
(0.53)

166.78
(0.49)

Fajer-1 166.16 
(0.46)

171.63
(0.52)

172.33
(0.58)

179.30
(0.58)

172.36
(0.54)

Maha 159.98 
(0.45)

166.17
(0.50)

171.50
(0.51)

178.03
(0.52)

168.92
(0.50)

Cultivar 
average

161.20 
(0.45)

167.65
(0.50)

171.06
(0.54)

177.49
(0.54)

LSD 0.05 C: 1.74 
(0.02)

N: 2.92
(0.03)

C×N : NS
(NS)

Table 2. Effect of foliar application with Novalon on plant 
height (cm)* spring and fall seasons of 2018

2 -1*Leaf area (m  plant )
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Cultivation (C) Spring season Average

-1Novalon concentration g ml (N)

0 1.5 3.0 4.5

Sarah 42.00
(1.00)

46.67
(1.13)

49.63
(1.20)

51.10
(1.23)

47.35
(1.14)

Fajer-1 40.20
(1.10)

43.33
(1.23)

46.93
(1.26)

49.17
(1.33)

44.91
(1.23)

Maha 39.83
(1.03)

42.00
(1.16)

45.87
(1.23)

47.83
(1.30)

43.88
(1.18)

Cultivar Average 40.68
(1.04)

44.00
(1.17)

47.48
(1.23)

49.37
(1.29)

LSD 0.05 C: 0.48
(0.03)

N:0.51
(0.05)

C×N : 0.88
(0.07)

Cultivation (C) Fall season Average

-1Novalon concertation g ml (N)

0 1.5 3.0 4.5

Sarah 42.60
(1.03)

46.40
(1.16)

50.53
(1.16)

52.07
(1.23)

47.90
(1.14)

Fajer-1 41.10
(1.13)

44.57
(1.26)

49.87
(1.30)

49.27
(1.36)

46.20
(1.26)

Maha 39.33
(1.10)

43.40
(1.23)

46.17
(1.26)

48.00
(1.33)

44.22
(1.23)

Cultivar Average 41.01
(1.09)

44.79
(1.22)

48.86
(1.24)

49.78
(1.31)

LSD 0.05 C: 0.54
(0.03)

N:0.74
(0.06)

C×N: 0.07
(0.08)

Table 3. Effect of foliar application with Novalon on 
chlorophyll index of leaves (SPAD)* spring and 
fall seasons of 2018

-1*Number of ears (ear plant ) 

facilitating of assimilates to the leaves sites and to the new 

activation reflected in the cells division, increasing their 

numbers, their extension and then, increasing the whole 

growth including leaf area. In this context, many researchers 

found significant effect of foliar application of nutritive 

elements on plant growth characters (Khalaf et al 2017, Saleh 

et al 2017 and AL-Shumary et al 2019).

It is also clear from Table 2 that the plants of Fajir-1 

variety had significantly higher leaf area average 0.56 and 

0.54 m  plant , respectively compared with the plants of 2 -1

Sarah and Maha varieties. These varietal differences may be 

due to the different genetic-makeup of these varieties, which 

makes their capabilities in exploiting growth resources 

different, besides that Fajir-1 gave the highest plant height 

(Table 2), which in turn, increases the number plant  and leaf -1

area. This result coincides with the finding of (Al-Fahadand 

Ubaidi 2017, AL-ObeidiandAL-An, 2017and AL-Shumary et 

al 2019) who achieved significant differences between 

varieties in their leaf area.

Chlorophyll index of leaves (SPAD): It appears from Table 

3 that increased concentrations of Novalon was 

accompanied with significant increases in the chlorophyll 

index up to the 4.5 gml  which gave the highest average in -1

both seasons (49.37 and 49.78 SPAD, respectively). The 

percentage increase was 21.36 and 21.38%, over control 

plants which gave the lowest average 40.68 and 41.01 

SPAD, respectively. This increase in the chlorophyll index 

may be due to the fact that Novalon fertilizer contains 

essential elements of chlorophyll formation, besides, the 

availability of daily illumination which is another requirement 

for formation this character, hence, increased the pigment 

concentration of leaves. Another researcher found similar 

effect of nutritive elements foliar applied on the vegetative 

parts where chlorophyll content was more (Leilby et al 2017, 

Mreer and Mohamad 2017). 

Table 3 shows significant varietal differences, where 

Sarah gave the highest average 47.35 and 47.90 SPAD, in 

both seasons, respectively, compared with Fajir-1 and Maha 

which recorded the lowest average 43.88 and 44.22 SPAD, 

respectively. The reason of such discrepancy between 

varieties may be due to their different-make up and the effect 

of genes in the determination and controlling most 

morphological and anatomical characters of plant. In this 

context, Al-Rawi (2018) found that there were significant 

differences of chlorophyll pigment. 

The interaction was significant where the highest 

concentration 4.5 gml  with the Sarah variety gave the -1

highest averages 51.10 and 52.07 SPAD compared with 

39.83 and 39.33 SPAD for Maha and control plants in the 

both seasons, respectively.

-1Number of ears (ear plant ): Results of Table 3 showed that 

increased concentration was accompanied with the 

increased number of ears per plant, where high 
-1concentration (4.5 gml ) gave the highest average of this 

character 1.29 and 1.31 in both seasons, respectively, 
-1compared with 1.04 and 1.09 ear plant  for the control plant, 

-1respectively. The increased ear plant  may be due to plant 

height and leaf area (Tables 2) and increased chlorophyll 

concentration which in turn increased the exposure of the 

leave to the light and its absorption and then increases 

photosynthesis efficiency and photo assimilates which 

transferred to the new phytomers. Results were accordance 

with the findings of Khalaf et al (2017). 

Table 3 also shows that Fajir-1 had the highest average 
-1of this character 1.23 and 1.26 ear plant  compared with 1.14 

for Sarah in the both seasons. This varietal difference may be 

due to their different genetic-make up, which was reflected in 

their different responses to the environmental conditions, 

besides, that Fajier-1 was superior in the leaf area (Table 2). 

Results were accordance with the findings of Al-Rawi (2018) 

and Shafiullah et al (2018), they found that there were 

significant differences of between the maize varieties in ear 
-1plant . 
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Cultivation (C) Spring season Average

-1 Novalon concentration g ml (N)

0 1.5 3.0 4.5

Sarah 125.30
(4.96)

124.33
(6.65)

127.67
(7.35)

122.67
(7.93)

124.99
(6.72)

Fajer-1 123.07
(6.39)

128.67
(8.48)

125.70
(8.87)

122.33
(9.20)

124.94
(8.24)

Maha 124.33
(5.57)

127.00
(6.96)

129.67
(8.18)

127.67
(8.79)

127.17
(7.38)

Cultivar average 124.23
(5.64)

126.67
(7.37)

127.67
(8.13)

124.22
(8.64)

LSD 0.05 C: NS
(0.38)

N: 2.74
(0.29)

C×N : NS
(NS)

Cultivation (C) Fall season Average

-1Novalon concentration g ml (N)

0 1.5 3.0 4.5

Sarah 125.67
(5.41)

128.67
(7.47)

132.00
(8.34)

131.33
(9.02)

129.42
(7.56)

Fajer-1 130.67
(7.65)

131.00
(8.85)

132.67
(10.12)

125.67
(10.71)

130.00
(9.33)

Maha 127.33
(6.49)

132.33
(8.20)

134.33
(8.56)

132.33
(9.96)

131.58
(8.30)

Cultivar average 127.89
(6.52)

130.67
(8.17)

133.00
(9.01)

129.78
(9.90)

LSD 0.05 C:1.54
(0.35)

N: 1.69 (0.57) C×N: 2.84
(NS)

Table 4. Effect of foliar application with Novalon on weight of 
500 grains* (gm) spring and fall seasons of 2018

-1*Grain yield (t ha )

Concerning the interaction, plants of Fajir-1 sprayed with 

4.5 gml  of Novalon gave the highest averages 1.33 and 1.36 -1

ear plant  in the both seasons, respectively, compared with -1

the unsprayed plants of Sarah, which gave 1.00 and 1.03 ear 

plant , respectively.-1

Weight of 500 grains (gm): Table 4 indicates that the plants 

fed with 3.0 gml  significantly gave the highest average of this -1

character (127.67 and 133.00 gm), respectively with no 

significant differences with 1.5 gml  in the spring season -1

compared with 124.22 g for 4.5 gml  spring season and -1

127.89 gm fall season. This result is in agreement with the 

findings of Arrak et al (2017) and AL-Shumary et al (2019). 

Table 3 shows that there were significant differences 

between varieties in the fall season only, where Maha 

recorded the high weight of 500 grains 131.58 gm, compared 

with the lowest 129.42 gm for Sarah. This may be due to the 

prolonged grain filling period for Maha, which increased the 

accumulation of photo assimilates in the grains, ultimately 

increased their weight. This result was in agreement with the 

findings of Shafiullah et al (2018) and AL-Shumary et al 

(2019). 
-1Grain yield (t ha ): -1Table 4 indicates that the 4.5 g l  gave the 

-1highest average 8.64 and 9.90 t ha  grain yield compared 

-1with 5.64 and 6.52 t ha  for control plants in both seasons, 

respectively. This may be due to the high ears plant. These 

results are in agreement with the findings of Obaid and Sadik 

(2016) and Arrak et al (2017). 

It is also clear from Table 4 that Fajir-1 gave the highest 
-1grain yield 8.24 and 9.33t ha  in the both seasons, 

respectively with 22.62 and 23.41% increases over Sarah 
-1variety, which gave the lowest 6.72 and 7.56 t ha , 

respectively. These results may be due to the superiority of 
-1Fajir-1 in the leaf area and number of ears plants  (Table 2 

and 3). These findings are in agreement with the results of 

AL–Heetyet al (2017) and AL-Shumary et al (2019). The 

interaction was not significant.
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Effect of Iron Oxide Nanoparticle and Humic Acid Spray on 
Growth and Yield of the Fenugreek (Trigonella Foenum 

Graecum L.) and  Fixed Oil Content in Seeds 
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-1Abstract: A field experiment was conducted  to study the effect of three concentrations of iron oxide nanoparticle spray (0, 50, 100 mg Fe l ) and 
-1three concentrations of humic acid (0, 100, 200 mg l ) on growth and yield of Trigonella foenum graecum L. and fixed oil content in seeds. The 

-1results showed that the fenugreek plants that have been sprayed with the concentration of 100 mg Fe ha  significantly performed better in 

respect of plant height, shoot dry weight, number of pods per plant, number of seeds per pod, weight of 100 seed, total seed yield and fixed oil 
-1 -1 -1 -1percentage (62.01 cm, 7.27 gm plant , 19.83 pod plant , 15.06 seed pod , 1.704 gm, 1023.4 kg ha  and 6.84%, respectively). While, plants 

-1sprayed with humic acid with concentration (200 mg l )  gave highest values in plant height, shoot dry weight, number of pods, weight of 100 
-1 -1 -1seed, total seed yield and fixed oil percentage (57.90 cm, 6.79 gm plant , 19.23 pod plant , 1.594 gm, 921.1 Kg ha  and 6.70%, respectively).  
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Fenugreek (Trigonella foenum graecum L.), an annual   

plant belongs to Fabaceae family, is one of the important 

medicinal plants used since ancient times and widespread in 

most of the world. The importance of the Fenugreek  plant to 

the seed content of protein, carbohydrates, fats and vitamins 

such as vitamin A, B and C (Lakshmi et al 2015) as well as 

contains many active alkaloids, including trigonelline, 

gentianine and carpaine; saponins, including sapogenins, 

diosgenin; flavonoids, including vitexin and its glycosides 

and esters; small quantities of essential oil (Khare 2007). The 

seeds also contain about 5% of a stronger swelling, bitter 

fixed oil (Ram 1993). Fenugreek is characterized with bunch 

of medicinal uses such as anti-inflammatory, antipyretic, anti-

diabetic, diuretic and antibacterial activity (Zhou et al 2012) 

and also has digestive stimulant action, antioxidant potency 

and  hypocholesterolemic effect (Mehbub et al 2018). 

Nanoparticles have unique features due to their small size 

and large surface area, which increase absorption, increase 

the efficiency of photosynthesis process and increase the 

production of active substances in the plant (Singh et al 2016) 

as well as enhance efficiency of fertilizer use, overcome food 

enrichment and improve environmental sustainability 

(Mishra et al 2017). The iron component contributes to a 

number of biological processes within the plant by stimulating 

the activity of the enzymes of the transpiration process and 

the transfer of electrons. It also enters the structure of the 

chloroplast and many enzymes such as catalase and 

peroxidase (Barker and Stratton 2015). The spraying of 

organic nutrients on the vegetative group is an important 

agricultural operation to ensure the transmission and 

distribution of nutrients as the life is the center of chemical 

reactions such as photosynthesis. Humic acid is an 

economical commercial product that is quick effective and 

harmless to humans, animals and plants (Arancon et al 

2004). It contains many nutrients that lead to increased 

productive and vegetative growth (Ogendo et al 2008). For 

importance of this plant and for improving its cultivation in 

Iraq, an experiment was conducted with the aim to study the 

effect of iron oxide nanoparticle/humic acid spray on the 

growth parameters and fixed oil content of fenugreek plant.

MATERIAL AND METHODS

The experiment was conducted during the 2018-2019 

season in the fields of the research station of the Faculty of 

Agriculture. Al-Muthanna University in south of Iraq. To study 

the effect of spraying of iron oxide (Fe O ) nanoparticle 50 nm 2 3

(US Research Nanomaterial Inc. USA), with three 

concentrations (0, 50, 100 mg Fe l ) and three concentrations -1

of humic acid (0, 100, 200 mg l ) in the growth of the -1

fenugreek plant and the content of its fixed oil. The 

treatments were arranged in factorial experiment laid out in 

randomized complete block design with three replications. 

Fenugreek seeds were planted in the field on 20 October of 

2018. The chemical and physical properties of the soil were 

estimated prior to planting and soil was silt clay loam (silt 

63%, sand 23% and clay 14%) with organic matter (0.72%), 

pH (7.4), EC (2.6 dsm), 4.1, 11, 180 and 1.97 ppm available 

nitrogen, phosphorous, potassium and iron, respectively. 



The land was divided into three sectors, each of which 

included 9 experimental units (plots), each had dimensions 

3m × 2m and containing 120 plant. Seeds were planted in 

experimental unit at rows spacing 30cm and another, and 

10cm between plants. A uniform amount of phosphate 

fertilization (220 Kg P O ha ) was added to all plants. The -1

2 5 

iron and humic acid solutions were sprayed in three batches 

and for 15 days between batch and another. The plants were 

harvested on 5 April of 2019. The plant height, shoot dry 

weight, number of seeds pod , number of pods plant , weight -1 -1

of 100 seed, seed fixed oil percentage and total seed yield 

were recorded to interpret the results.   

 The fixed oil was extracted from the samples using a 

Soxhlet apparatus , where 50 g of each sample was taken 

and put in a thimble (Whatman) after grinding rough with the 

addition of  250 ml of the solvent (Hexane) and filled the 

device for 4 hours. Then the oil was separated from the 

solvent using a rotary evaporator and weighed, and then 

estimated the percentage of fixed oil (AOAC 1980). All 

statistics analysis was performed by analysis of variance 

(ANOVA) and least significant difference (LSD) at probability 

of 0.05.

RESULTS AND DISCUSSION

Effect of iron oxide nanoparticle spray: The results shown 

in Table (1-4) showed the significantly effect of iron 

nanoparticle spray in growth parameters  and oil content of 

fenugreek plant, where the spray exceeded the 

concentration (100 mg l ) and gave the highest values of -1

plant height (62.01cm), shoot dry weight (7.27 gm plant ),  -1

number of pods (19.83 pods plant ), number of seeds (15.06 -1

seed pod ), weight of 100 seed (1.704 gm), total seed yield -1

(1023.4 kg ha ) and fixed oil percentage (6.84%), Compared -1

to the control treatment (water spray only) that gave the 

lowest values. The significant superiority of iron oxide 

nanoparticle may be due to the importance of iron in the plant 

growth. Iron is an essential component of various active 

compounds in plant cells such as enzymes, cytochromes, 

ferredoxine and in the synthesis of chlorophyll, Therefore, it 

plays an important role in the metabolism of the plant and that 

the processing of iron in conjunction with plant growth and 

efficiency in its use increases its impact on the vegetative 

qualities and quality of the plant (Barker and Stratton 2015). 

Nanoparticles also have distinct characteristics due to their 

high surface area, which leads to increased absorption,  

affects the solubility and spread of nutrients and thus their 

availability to the plant to increase the process of 

photosynthesis, thereby increase the production of active 

substances in the plant (Singh et al 2016). 

Effect of humic acid spray: The results of Table (1-4) 

Iron nano 
-1particle (mg l )

-1Humic acid (mg l )

0 100 200 Mean

0 43.94
(4.50)

50.16
(5.27)

50.80
(5.46)

52.16
(5.68)

50 52.40
(5.88)

54.66
(6.07)

59.00
(6.76)

55.60
(6.10)

100 60.16
(6.66)

62.00
(7.00)

63.88
(8.14)

57.90
(6.79)

Mean 52.16
(5.16)

55.60
(6.10)

62.01
(7.27)

LSD (0.05) Iron nan.
2.73 (0.3)

Humic acid
2.73 (0.3)

Iron nan. x Humic acid
4.73 (0.52)

Table 1. Effect of iron nanoparticle and humic acid and their 
interaction in plant height (cm)*

-1*Shoot dry weight (gm plant ) 

Iron nano 
-1particle (mg l )

-1Humic acid (mg l )

0 100 200 Mean

0 12.66
(12.21)

13.25
(13.91)

16.00
(14.25)

13.97
(13.45)

50 16.33
(15.79)

16.87
(15.22)

18.20
(15.24)

17.13
(15.42)

100 17.00
(14.72)

19.00
(15.77)

23.50
(14.68)

19.83
(15.06)

Mean 15.33
(14.24)

(16.37
(14.97)

(19.23
(14.72)

LSD (0.05) Iron nan.
1.24 (0.97)

Humic acid
1.24 (NS)

Iron nan. x Humic acid
2.14 (1.67)

Table 2. Effect of iron nanoparticle and humic acid and their 
-1interaction in number of pods (pod plant )*

-1*Number of seeds (seed pod ) 

showed that spray of  humic acid with concentration (200 mg 
-1l )  gave higher value in plant height (57.90 cm), shoot dry 

-1 -1weight (6.79 gm plant ), number of pods (19.23 pod plant ), 
-1weight of 100 seed (1.594 gm), total seed yield (921.1 kg ha ) 

and fixed oil percentage (6.70%), while the lowest values 

were in the control treatment (water spray only). The spraying 

of humic acid did not have any significant effect on the 
-1number of seeds in bod plant . The significant effect of humic 

acid  may be due to its role in stimulating root growth and 

increasing the absorption of water and nutrients by the plant 

(Cimrin and Yilmas 2005) or by stimulating the production of 

hormones and enzymes within the plant (Sarir et al 2005, 

Mart 2007). In addition to its role in increasing enzyme 

catalysis and enhances respiration and photosynthesis 

process (Nardi et al 2002).

Effect of interaction: Results of Tables (1-4) concluded that 

the interaction between iron nanoparticle spray and humic 

acid spray was a significant. The highest plant height, shoot 

dry weight, number of pods, total seed yield and fixed oil 

percentage were recorded by the interaction between iron 
-1 -1nanoparticle (100 mg l ) and humic acid (200 mg l ). While, 
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Iron nano 
particle 

-1(mg l )

-1Humic acid (mg l )

0 100 200 Mean

0 1.120
(366.1)

1.280
(471.8)

1.363
(620.0)

1.255
(486.0)

50 1.400
(722.0)

1.510
(775.2)

1.600
(887.5)

1.503
(794.9)

100 1.590
(795.8)

1.700
(1018.7)

1.820
(1255.7)

1.704
(1023.4)

Mean 1.37
(628.0)

1.497
(755.3)

1.594
(921.1)

LSD (0.05) Iron nan.
0.134 (45.79)

Humic acid
0.134 (45.79)

Iron nan. x Humic acid
NS (79.32)

Table 3. Effect of iron nanoparticle and humic acid and their 
interaction in weight of 100 seed (g)*

-1*Total seed yield (kg ha ) 

Iron nano 
-1particle (mg l )

-1Humic acid (mg l )

0 100 200 Mean

0 5.70 5.89 6.24 5.94

50 6.43 6.30 6.63 6.45

100 6.35 6.95 7.23 6.84

Mean 6.16 6.38 6.70

LSD (0.05) Iron nan.
0.149

Humic acid
0.149

Iron nan. x Humic acid
0.257

Table 4. Effect of iron nanoparticle and humic acid and their 
interaction in fixed oil percentage (%)

-1the interaction between iron nanoparticle (50 mg l ) and 
-1humic acid with 0 mg l  (water spray only) gave the highest 

value in number of seeds per pod. Interaction between 

experimental factors did not significantly affect the weight of 

100 seeds.

CONCLUSION

In this study, which was conducted under the 

environmental conditions of the province of Al-Muthanna in 

southern Iraq, it was found that the iron nanoparticle spray 
-1 with100 mg l was the most appropriate and best for growth 

and production of fenugreek. Most of the studied traits of 

fenugreek increased significantly when spraying the humic 
-1acid concentration of 200 mg l .
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Effect of Spraying with Gibberellic Acid on Growth and Yield of 
Three Cultivars of Broad Bean (Vicia faba L.)
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Abstract: A study of split-plot was conducted for the season 2017-2018 In the fields of Baghdad province, To study the effect of spraying with 

gibberellic acid and three cultivars in plant height, the number of branches in the plant, the number of pods, the number of seeds in the pod, the 
-1weight of 100 g seed, the plant yield (kg) and total plant yield tons ha  for peas. The main plot contained the genotypes (local, French and 

-1Italian), secondary plots include gibberellic acid concentrations (0, 100, 200 and 300 mg l ). The results of local genotypes showed the highest 

average of plant height, number of branches in the plant. The number of pods in the plant, while the Italian genotype gave the highest average 
-1of the pod length and the number of seeds per pod, weight of 100 g seed, the plant yield and total plant yield tons ha , On the other hand, the 

-1spraying with gibberellic acid at a concentration (300 mg l ) resulted in the highest average in all studied traits. The interaction between the 

genotypes and the sprayed gibberellin concentrations was significant for some of the studied traits. The interaction (local and 200) gave the 

highest average in the number of branches of the plant, the interaction (local and 200) gave the highest average in the number of plant pods 

and interaction (local and 300) gave the highest average in the number of branches of plant, the number of plant pods, the interaction (Italian 

and 300) gave highest number of seeds per pod, weight of 100 g seed, plant yield, total plant yield, plant height and pod length were not 

significant for interaction .

Keywords: Broad bean, Genotypes, Gibberellic acid
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Vicia faba L. is one of the main vegetable legume plants, 

which has high protein content. This made it one of the 

sources of green protein. They are an important part of 

human food, especially low-income people, it is also 

important in improving soil fertility through the biological of 

nitrogen fixation in the soil by commensalism with Rhizobium 

bacteria of (Kandil 2007). It is a cheap source of protein 

compared to the protein we get from animals. His plants are 

used as green manure for soils that increase the productivity 

of many crops grown in the field to atmospheric nitrogen 

fixation in the soil (Jasim 2007). The cultivation Broad bean 

widespread in Iraq, especially in the province of Baghdad, 

Babylon, Kirkuk and Nineveh, with an estimated area of 5100 
-1hectares in 2010 with a production rate of 2.824 t ha ) 

(Ministry of Agriculture 2012). The cultivar different in the 

vegetation according to the nature of growth, which differs in 

large leaves and petiole length, branching and continued 

growth after flowering may lead to a change in the shape of 

the plant. Therefore, the distribution and penetration of light 

through the vegetation is different and is reflected in the 

position of the lower leaves, which found that the lower leaves 

do not live parasitic on the plant but die gradually, when 

respiration speed increases on the photosynthesis speed 

(Yoshida 1972). Broad bean cultivar differs in their Genotypes 

and also in the nature of their growth and morphological form. 

They are affected by environmental factors such as light, 

carbon dioxide, water and nutrient status in the soil, which 

affect either the reaction of light or systems of converting 

carbon into organic compounds in chloroplasts as well as 

their differences in the content of nutrients and protein ratio 

and this difference is often due to the nature of the cultivar and 

its genotypes and conditions environmental (Issa 1990, Daur 

et al 2008). The plant needs growth regulators in order to 

complete the growth, because of its important role in 

improving biological activity, as many researches and studies 

indicated that the treatment of plants with a specific growth 

regulator leads to the improvement of the plant structure and 

the  yield quality and the production of seeds (Khalaf and 

Rajbo 2006). Gibberellins play a role in balancing the growth 

of internodes and the growth and development of the leaves. 

It has been found that plants grow in the long-day or Chilling 

requirement if they remain in the short day or in warm 

conditions, where it remain growing vegetatively and do not 

flowering. The treatment of these plants with gibberellic acid 

will be compensated by the requirements of the light or cold 

period and thus elongate the stems, flowering and the plants 

where the elongation of the flower stem  and flowered They 

contain more gibberellin compounds than plants that have 

not elongation of the flower stem and non-flowering stems 

(Saleh 1990). Gibberellin is used to obtain rapid vegetative 

growth in leafy vegetable crops and grain feed. The aim of this 

study is to evaluate the performance of the genotypes and the 

growth regulator gibberellins (GA3) and their interaction to 

achieve the integration of production in quantity and quality.



MATERIAL AND METHODS

 This experiment was conducted to study Effect of 

spraying with gibberellic acid on growth and yield of three 

cultivars of Broad bean Vicia faba L.  In this experiment used 

three genotypes of Broad bean obtained from local markets 

(local, French and Italian). Several concentrations of 
-1gibberellic acid (0, 100, 200 and 300 mgl ) were used. The 

broad bean seeds were cultivation on lines of the distance 

between one line and another 70 cm. The length of the line 

inside the experimental unit was 3 m. Each line contains 15 

pits and the distance between one pit and another 20 cm. The 

seeds were cultivation on 10/10/2017, After the emergence 

of seedlings, the seedling was thinning  so that each pit 

contained one plant (Almayoof 1982). The weed control was 

manually and the urea fertilizer was added 60 kg  in one 

batch, The harvest was completed at full maturity on 

17/4/2018. The gibberellin was prepared at a concentration 
-1(100 mg l ) of acid and prepared by taking a tablet 1g 

containing 1g active substance and dissolving it in a liter of 

distilled water to obtain the stock solution and keeping the 

solution with a dark bottle in a dark place and take (100 ml) of 

the basic solution and complete the volume to (1000 ml) to 
-1obtain a concentration (100 mg l ) Then spray on the 

vegetative part as well as the same way prepare 

concentrations 200 and 300 was sprayed in the early 

morning with the use of dishes washing solution to break the 

surface tension of water The following traits were studied: 

plant height (cm), number of branches per plant, number of 

pods, length of the pod, number of seeds per pod, weight of 
-1100 g seed, plant yield, total seed yield per tons h

Statistical analysis: The statistical analysis was conducted 

split-plot arrangement according to randomized complete 

block design and the main plot contained the genotypes. The 

secondary plot was contained thiamine acid concentrations 

and using the statistical program Genstate. The Significant 

differences between the mean of the treatments were tested 

by using the least significant difference (LSD) with a 

probability level of 5%.

RESULTS AND DISCUSSION

Plant height (cm): Average of the plant height ranged 

between 80.75 cm in local genotypes, which also significantly 

excelled the French and Italian genotypes, which gave the 

average amounted 69.33 and 73.50 cm, respectively. As for 

the adding of gibberellin, the Table 1 showed that there were 

significant differences in the same traits, The concentration 

300 mg l   gave the highest average of amounted 78.89 cm -1

compared to the non-adding treatment which gave the lowest 

average in this trait amounted 70.78 cm. This is due to the 

role of gibberellin in stimulating the process of the plant 

elongation, wherever the concentration of gibberellin 

increased, the plant height was increased. These results 

agree with Saleh and Abdul (1980). The increase in plant 

height is due to the effect of gibberellic acid in increasing cell 

division and enlargement, in adding to stimulating growth and 

cell expansion (Abdul 1987 and Saleh 1990).

The number of branches in the plant: The results in Table 1 

confirmed that there were significant differences in the 

genotypes in the number of leaves in the plant for the season 

2017 – 2018. Local genotypes gave the highest average 

amounted of 7.75 on other genotypes. This results agree with 

other researchers have found that there were significant 

differences between the cultivar of broad bean in Average 

number of branches in the plant Afifi et al 2010, Yucel 2013). 

The results in Table 1 showed that there were significant 

differences between the spraying with concentrations of the 

growth regulator gibberellin. The results of the same table 

were significant for the interaction between (local and 300), 

which gave the highest average amounted 8.40, compared to 

the other interaction, but the difference was not significant 

Concentration of 
gibberellins/ Genotypes

Plant height -1Number of branches plant

0 100 200 300 Average of the 
effect of genotypes

0 100 200 300 Average of the 
effect of genotypes

Local 75.33 78.67 81.67 87.33 80.75 6.96 7.46 8.16 8.4 7.75

French 67.67 68.67 69.67 71.33 69.33 5 5.46 5.83 6.46 5.69

Italian 69.33 71.67 75 78 73.5 5.76 6.2 6.73 7.46 6.54

Average of the effect of 
concentration for 
gibberellin

70.78 73 75.44 78.89 5.91 6.37 6.91 7.44

LSD0.05 Concentrations
4.363

Genotypes
3.192

Concentrations*
genotypes

NS

Concentrations
0.241

Genotypes
0.237

Concentrations*
genotypes

0.398

Table 1. Effect of spraying with gibberellic acid, three cultivars and their interaction on average plant height (cm) and number of 
-1branches plant  (Season 2017-2018)
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Concentration of 
gibberellins/ Genotypes

Number of seed Pod length

0 100 200 300 Average of the 
effect of genotypes

0 100 200 300 Average of the 
effect of genotypes

Local 5.06 5.53 5.85 6.30 5.68 153.67 159.33 162.67 165.67 160.33

French 5.90 6.06 6.33 6.76 6.26 160.67 164.67 168.67 173.67 166.92

Italian 6.06 6.50 6.86 7.23 6.66 164.67 169.67 175.33 182.33 173.00

Average of the effect of 
concentration for 
gibberellin

5.67 6.03 6.34 6.76 159.67 164.56 168.89 173.89

LSD0.05 Concentrations
0.172

Genotypes
0.232

Concentrations*
genotypes

0.310

Concentrations
1.324

Genotypes
1.463

Concentrations*
genotypes

2.247

Table 3. Effect of spraying with gibberellic acid, three cultivars and their interaction on average the number of seed in the pod 
and weight of 100 g seed (Season 2017-2018)

from the interaction between (local and 200) which also gave 

the highest average of the other interaction amounted 8.16.

The number of pods in the plant: The results of Table 2 

showed that the effect of genotypes and gibberellin was 

significant and that the local genotypes excelled the of all the 

genotypes which it gave the highest average amounted 

15.58 pods, while the French genotypes gave the lowest 

average of 11.00 pods. The reason for excelled of the local 

cultivar on other genotypes may be due to excelled in the 

number of branches plant . This result agrees with Al-Jubouri -1

(2014) and Kubare et al (2014). The results in Table 2 showed 

that there was a significant increase in this trait when added 

gibberellin concentrations. The concentration of 300 mg l  -1

gave the highest average of 16.78 pods, compared to the no 

adding treatment which gave the lowest average amounted 

10.44 pods interaction between (local and 300) and (local 

and 200) gave the highest average of 19.67 and 17.67 pods, 

respectively.

Pod length (cm):  The results of Table 2 showed that the 

genotypes had a significant effect in this trait, and the Italian 

genotypes gave the highest average, compared to the other 

structures amounted (17.17 cm). The results in the same 

table showed a significant increase of the concentrations 300 

mg L ¹ which gave the highest average amounted 18.22 cm 

on the all the concentrations and also on the treatment of non 

- adding, which gave the lowest average amounted 11.00 cm. 

The interaction was not significant in this trait.

The number of seeds in the pod: The results in Table 3 

indicate that there were significant differences between the 

effect of the genotypes and the concentrations and their 

interaction. The Italian genotype gave the highest average 

amounted 6.66 seeds on other genotypes. The reason for the 

different effect of the cultivar in this trait is due to the variance 

of the cultivars in their genetic traits or variation in the nature 

of growth and this is reflected in turn on the number of seeds 

per pod. This results agree with Ayed (2012).As for the 

concentrations. The concentration of 300 mg l  was excelled -1

and gave the highest average of 6.76 seeds on all the 

concentrations and gave the treatment of non-adding the 

lowest average amounted 5.67 seeds. As for the interaction 

Concentration of 
gibberellins/ Genotypes

-1Number of pods plant Pod length

0 100 200 300 Average of the 
effect of genotypes

0 100 200 300 Average of the 
effect of genotypes

Local 11.33 13.67 17.67 19.67 15.58 8.33 9.33 11.67 16.33 7.75

French 10.33 9.33 10.33 14.00 11.00 11.00 12.67 15.00 18.00 5.69

Italian 9.67 11.00 13.67 16.67 12.75 13.67 16.00 18.67 20.33 6.54

Average of the effect of 
concentration for 
gibberellin

10.44 11.33 13.89 16.78 11.00 12.67 15.11 18.22

LSD0.05 Concentrations
1.246

Genotypes
2.179

Concentrations*
genotypes

2.525

Concentrations
2.285

Genotypes
2.267

Concentrations*
genotypes

NS

-1 Table 2. Effect of spraying with gibberellic acid, three cultivars and their interaction on average the number of pods plant and 
pod length (Season 2017-2018)
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Concentration of 
gibberellins/ Genotypes

Plant yield Total plant yield

0 100 200 300 Average of the 
effect of genotypes

0 100 200 300 Average of the 
effect of genotypes

Local 261.67 267.00 272.00 277.00 269.42 2.59 2.66 2.79 2.84 2.72

French 269.67 276.00 285.67 292.33 280.92 2.79 2.86 2.89 3.61 3.04

Italian 282.00 288.67 295.00 306.00 292.92 2.90 2.97 3.25 3.70 3.20

Average of the effect of 
concentration for 
gibberellin

271.11 277.22 284.22 291.78 2.76 2.83 2.98 3.38

LSD0.05 Concentrations
2.983

Genotypes
3.296

Concentrations*
genotypes

5.063

Concentrations
2.983

Genotypes
3.296

Concentrations*
genotypes

5.063

Table 4. Effect of spraying with gibberellic acid, three cultivars and their interaction on average plant yield and total plant yield 
(Season 2017-2018)

was significant, the interaction between (Italian and 300) 

gave the highest average amounted 7.23 seeds on the other 

interaction.

The weight of 100 g seed: The results in Table 3 showed 

that there were significant differences in the weight of 100 g 

seed, the Italian genotypes gave the highest average 

amounted 173.00 on the other genotypes. The reason for the 

excelled of the Italian cultivar in this trait is due to the number 

of seeds per pod and the pod length and may be due to the 

different cultivar in the size of seeds, and that the weight of 

the seed of the plant is a function of the average of 

photosynthesis and the transfer of its products (Isa 1990). 

The results in Table 3 showed that there was a significant 

difference for this trait for the added concentrations. The 

concentration 300 mg l , gave the highest average amounted -1

173.89 g compared to the no adding treatment which gave 

the lowest average amounted 159.67 g. The results in Table 3 

showed that there were significant differences in the 

interaction treatments. The interaction between Italian and 

300 gave the highest average of 182.33 g on all interaction 

treatments.

Plant yield (g): It is clear from the results in Table 4 that there 

are significant differences between the genotypes, 

concentrations and the interaction between them in the 

average the plant yield. The Italian genotypes of broad bean 

plants achieved the highest average amounted 292.92 g and 

the local genotypes gave the lowest average of 269.42 g. 

These results agree with (Alan and Geren 2007). It confirmed 

the excelled of the cultivar and that through its ability to 

express the genetic nature as plant yield. To find out the 

concentrations of growth regulator used in this research, we 

find that the concentration of 300 mg l  gave the highest -1

average of 291.78 g and the treatment of non - spraying gave 

the lowest significant difference for this trait amounted 

271.11g. It is clear from the results in Table 4 that the 

interaction was significant as the interference between 

(Italian and 300) gave the highest rate of 306.00 g compared 

to the other interventions. The interaction between Italian and 

300 gave the highest average amounted 306g.
-1Total plant yield (t ha ): The results in Table 4 showed that 

there were significant differences in the genotypes. The 
-1Italian genotypes gave the highest average of 3.20tha  

-1compared to the lowest average of 2.72t ha . The reason for 

the excelled of the Italian cultivar in this trait is due to the 

different thermal requirements of the plant in the flowering 

stage, which led to a clear variation in the contract of the 

varieties in the study Sau and Minguez (2000). The results in 

Table 4 showed that there were significant differences for 
-1growth regulators, where The concentration300 mg l  

excelled on the all other the concentrations and gave the 

highest average of 3.38 and The treatment non-spraying 
-1gave the lowest average amounted 2.76tha . The results in 

Table 4 indicated that there were significant differences for 

the interaction, where the interaction between (Italian and 

300) and (French and 300) gave the highest average 
-1amounted 3.70 and 3.61 t ha , respectively on the other 

interactions.
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Abstract: Field experiment was conducted on chemical control study in three genotypes, Cartage, Tarsan and Flam of sunflower. Treatments 

included were weedicide Travellan 1 liter and stomp 1.7 liters per 200 liters water per hectare, 2.4.DB 200 mg per kg soil, manual weeding and 

unweeded control in sub plots. The results showed that weed-free treatment of sunflower crop, gave the highest dry matter yield, plant growth 

rate, leaf area, index of leaf area, seed in the disk and seed yield. Flama genotype gave the highest yield of dry matter, plant growth rate, leaf 

area and rate of leaf area index. While Cartage genotype gave the lowest yield of dry matter at 50% flowering, growth rate of the plant, leaf area 

and the leaf area index.
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Sunflower (Helianthus annuus L.) one of the most 

important oil seed crop in Iraq. The weed management is 

crucial for higher productivity.  Sunflower is a weed-sensitive 

crop during its early growth stages, despite being a stifling 

crop, due to the large leaf size and its rapid growth (Khan at el 

2004). The weed cause a significant loss of sunflower seed 

yield, understanding of genotype under weed competition 

conditions will inevitably lead to discover its genetic abilities 

by synchronizing the growth and competition of the weed, 

which leads to decide the appropriate genotype with the right 

weed pesticide, Travelan stomp and 2-4-D are used after 

germination to control broad herbs. The aim of this study is to 

investigate the response of three genotypes of sunflower on 

weed management.

MATERIAL AND METHODS

The experiment was carried out at Muthanna 

Governorate, Warkaa district during the 2016 agricultural 

season, to study the effect of chemical control and manual 

hoeing on some growth characteristics of three genotypes of 

sunflower. The experiment was in split -plot and Randomized 

Complete Block Design with three replicates were used. The 

main plot had five treatments of chemical control, included 

weed pesticides (Travellan) 1 liter and (stomp)1.7 liters/200 

liters water per hectare, 2.4.-D 200 mg  kg  soil, manual -1

control treatment (weed-free) and control. Cartage, Tarsan 

and Flam genotypes constituted sub plots. The field was land 

of experiment ploughed in perpendicular tillage with 

mulching plow, the harrowing and leveling process. Each plot 

was separated from the other by a distance of 2 m, 

experimental unit area was (3 x 3 m), six lines included the 

length of the line 3 m, the distance between the line inside the 

plot 40 cm, The seeds were planted at March 3, 2016, The 

experiment was fertilized with NP fertilizer (N 18%, 46% 

P O ) before planting at a rate of 240 kg  ha .Planting was -1

2 5

done manually by placing three seeds in the hole, defoliation 

to one plant when the plants reached the stage of four leaves. 

Urea (46% N) was added at a rate of 280 kg ha  in the first two -1

batches after two to three weeks of germination and 140 kg  

ha  and the second at the beginning of the formation of flower -1

buds and 140 kg  ha .The following traits were studied:-1

Paper area where the maximum width of the leaves was 

measured for each plant separately and then the paper area 

was calculated after El-Sahooki and El-Dabas (1982); leaf 

area index = leaf area of the plant/area occupied by the plant 

from the ground; dry matter, which represents the dry weight 

of green plant parts after drying at 80°C for 48 hours (Al-

Chalabi 1988); crop growth rate = dry matter/number of days 

of planting, number of seeds/discand seed yield (g plant ).-1

RESULTS AND DISCUSSION

Plant growth rate: The differences were significant among 

genotypes, the genotype Flama gave the highest of plant 

growth (7.6) but did not differ significantly with Tarsan. 

Cartage gave the lowest growth rate and did not significantly 

differ with Tarsan (Table 1). Weed-free treatment excelled 

and gave the highest rate of plant growth, significant 

difference from the other treatments. Significant differences 

in plant growth rate were observed in the interaction between 

treatments, free-weed *cartage gave highest rate (8.8), 

cartage * weedy gave the lowest rate of plant growth (3.7). 

This may be due to the effectiveness of weedicides in 

combating the growing of weed with the crop, thus reducing 

competition for growth elements, provides a better 



Treatment Genotype Pesticide 
mean

Flama Tarsan Cartage

Travellan 6.7 (930.6) 7.2 (760.5) 6.5 (630.8) 6.8 (773.5)

Stomp 5.6 (850.3) 5.6 (745.3) 5.5 (540.3) 6.0 (711.9)

2.4.-DB 6.0 (748.5) 6.0 (710.7) 7.6 (690.5) 7.4 (716.5)

Weed-Free 8.2 (958.5) 7.0 (925.9) 8.8 (580.5) 8.0 (911.6)

Control 5.2 (685.8) 5.1 (510.6) 3.7 (380.6) 5.2 (525.6)

Genotype mean 7.6 (834.7) 7.2 (730.6) 6.5 (618.5)

CD (p=0.05) Genotype Pesticide 
control

Interaction

0.9 (54.1) 0.5 (98.2) 2.5 (101)

Table 1. Effect of weed control on growth rate of genotypes in 
sunflower crop at 50% flowering stage (values of leaf 

2  area cm in parentheses)

Treatment Genotype Pesticide 
mean

Flama Tarsan Cartage

Travellan 5.5 (7.2) 4.8 (6.8) 3.9 (6.5) 4.7 (6.8)

Stomp 4.5 (6.0) 3.7 (5.9) 2.4 (5.5) 3.5 (6.0)

2.4.-DB 4.7(7.5) 3.7 (7.2) 3.9 (7.6) 4.0 (7.4)

Weed-Free 6.4 (10.5) 5.9 (8.8) 5.4 (8.8) 5.9 (9.3)

Control 4.2 (6.3) 3.9 (6.3) 2.5 (3.9) 3.3 (5.5)

Genotype 
mean

5.0 (7.1) 4.2 (7.0) 3.5 (6.4)

CD (p=0.05) Genotype Pesticide 
control

Interaction

0.33 (NS) 0.12 (0.65) 0.60 (1.82)

Table 2. Effect of weed control on leaf area index* of 
genotypes in sunflower crop at 50% flowering 
stage

-1*Dry matter yield (t ha ) in parentheses

opportunity for the crop to exploit growth elements (Mussavi 

et al 2009).

Leaf area: The genotypes significantly had affect on the leaf 

area, Flama genotype gave the highest rate of leaf area 

(834.7 cm ), superior to the other genotypes, while cartage 2

gave the lowest average (618.5 cm ). Agro-chemical control 2

treatments significantly affected the leaf area, weed-free 

gave the highest rate of leaf area (911.6 cm ), a significant 2

difference with the rest treatments, weedy - check gave the 

lowest leaf area average (525.6 cm ). The superiority of the 2

control treatment (weed-free) was recorded on the leaf area 

of the sunflower crop compared to other treatments, due to 

the reduction of competition for the plant by the weed in the 

early stages of crop growth, which allowed the plant to take 

advantage of the light nutrients which affected the increase of 

the leaf area. The interaction between the two factors was 

found significant in the leaf area, Flama * weed-free gave the 

highest leaf area (958.5 cm ), without moral difference with 2

the other, while cartage * weedy check gave the lowest rate 

(380.6 cm ), without a difference from the rest (Table 1).2

Leaf area index: Genotypes significantly affected the leaf 

area index, Flama gave the highest rate of leaf area index 

(5.0), superior to other genotypes, while Cartag recorded the 

lowest average index of paper area was (3.58), without 

significant difference with the Tarsan genotype (Table 2). It 

was observed in the same table, the pesticide control had a 

significant effect on leaf area index, weed-free gave the 

highest rate (5.9), a significant difference from the rest of the 

transactions, weedy (check) gave the lowest rate (3.3), 

without significant difference with Stomp, 2,4-D BonTarsan. 

Increase the leaf area index in a Weed-free treatment, 

perhaps this was due to the increase in the leaf area per 

plant, by reducing the rate of weediness, which reduced 

water consumption, increased relative humidity, and 

increased the efficiency of photosynthesis. The interaction 

between the treatments significantly affected on the leaf area 

index, Flama* weed-free gave the highest score (6.4), 

without a significant effect in the leaf area index, Flama* 

weed-free gave the highest score (6.4), without moral 

difference with the rest. Cartage* weedy (check) gave the 

lowest rate (2.5), without difference with the other.
-1Dry matter yield (t ha ): There were no significant 

differences between the genotypes of sunflower crop in dry 

matter yield at 50% flowering. The control treatment results 

showed significant differences between them, weed-free 

treatment gave the highest dry matter yield at 50% flowering 

(9.3 tha ), weedy treatment gave the lowest dry matter yield -1

(5.5 tha ), without significant difference with the treatment of -1

weedicide Stomp, the manual hoeing treatment 

outperformed (Table 2) due to reduced  competition of the 

weed for sunflower plants, resulting in  increased plant  

height, leaf area and stem diameter. The weed-free *Flama 

gave the highest yield of dry matter at 50% flowering 

amounted to 10.5 tha , without moral difference with -1

treatments, while the treatment (stomp * cartage) gave the 

lowest average dry matter (5.5 t ha ), no significant -1

difference with other treatments.

Seeds number in the disk (seed/disk): The genetic 

structure was significantly affected by the number of seeds, 
-1 -1the highest number of seeds disk  was 1099 (seeds disk ), 

significantly superior to the other, while cartage gave the 

lowest average number of seeds (723 seeds/disk), without 

significant difference with the genotype Tarsan (Table 3). It 

was noted that control factors significantly affected on the 
-1number of seedsdisk , The highest weed-free transaction 

-1(1099 seedsdisk ), with a significant difference with the rest 

of the treatments, while the the lowest rate reached (733 
-1seeds disk ) treatment weedy check. Increase the number of 

-1seedsdisk  in free-weed treatment, perhaps was due to the 
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-1increase in the leaf area per plant , by reducing the rate of 

weed, which reduces water consumption, increases the 

relative humidity, increases the efficiency of photosynthesis 
-1and increases the number of seedsdisk  (Nierves and Delos 

1999). The results also showed that the interaction between 

the factors significantly affected the number of seeds in the 

disk, Flama * weed-free gave the highest rate of 1099 seeds 
-1disk , without significant difference with the other.

-1Seed yield (g plant ): The genotypes significantly affected 

on seed yield, Flama genotypes gave the highest seed yield 
-1(100.8 g plant ), superior to the other, while the genotype 

cartage gave the lowest seed yield (Table 3). The seed yield 

was significantly higher in weedicides treated and weed free 

than in control. The weed-free treatment gave the highest 
-1seed yield (100.8 g plant ), with a significant difference with 

the rest of the treatments. Weedy (check) gave the lowest 
-1seed yield (47.13 g plant ) due to the increase in the leaf area  

-1plant , decrease the rate of presence of weed, which leads to 

reduced water consumption, increase in the soil moisture, 

the increase in photosynthesis efficiency, thus increasing the 

area from which the plant derives its food, increase the 

amount of light reaching the plant (Munene et at 2008). The 

Treatment Genotype Pesticide 
mean

Flama Tarsan Cartage

Travellan 1099 
(100.8)

766 
(80.69)

759 
(70.54)

874.66 
(84.10)

Stomp 1013 
(88.02)

780 
(74.33)

764 
(62.71)

852.33 
(75.02)

2.4.-DB 868 
(74.70)

882 
(60.66)

828 
(50.53)

859.3 
(61.96)

Weed-Free 1099 
(100.8)

777 
(71.14)

723 
70.54)

866 
(80.82)

Control 800 
(74.01)

790 
(80.69)

759  
(47.13)

783 
(67.27)

Genotype 
mean

975.80 
(87.66)

799 
(73.50)

 766.6 
(63.34)

CD (p=0.05) Genotype Pesticide 
control

Interaction

12.31 (3.70) 4.60 (8.10) 49.62 (18.30)

Table 3. Effect of weed control on seeds number in the disk 
-1(seed disk ) of genotypes in sunflower crop at 50% 

flowering stage

-1*Seed yield (g plant ) in parentheses

results showed that the interaction effect  had a significant 

effect on seed yield.  Flama* Weed-free gave the highest 
-1seed yield (100.8 g plant ), no significant difference with the 

others, Cartage* weedy (check) gave the lowest rate of 47.13 
-1(g plant ).

CONCLUSION

The weed-free treatment of sunflower crop, gave the 

highest dry matter yield highest plant growth rate, leaf area, 

leaf area index, seed in the disk and seed yield. Flama 

genotype gave the highest yield of dry matter, plant growth 

rate, leaf area and leaf area index. Cartage genotype gave the 

lowest yield of dry matter at 50% flowering, growth rate of the 

plant, leaf area and the leaf area index. Weed- free × cartage 

gave the highest growth rate. Flama × weed-free gave the 

highest dry matter yield at 50% flowering, leaf area, leaf area 

index, the highest seed in the disk and the seed yield.
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Effect of Biofertilizer on Growth and Yield of 
Wheat Triticum aestivium L
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Abstract: Laboratory experiments were carried out to isolate and diagnose hydrocarbons decomposer bacteria, from three oil regions (Basra, 

Dhi-Qar and Muthanna) as bio-fertilizer. The bacterial isolates were diagnosed, based on morphological, microscopic and biochemical 

properties, six bacterial isolates were found effective in hydrocarbon analysis. The bacterial isolates Citrobacter spp. and Proteus spp. were 

used, for their superiority to other isolates in the process of hydrocarbon analysis. It was added to the soil individually or double treated with three 

levels of crude oil (0, 1 and 2%). The bacterial supplementation was superior in plant height, dry weight of total vegetative/grain weight and grains 

number in spike consecutively were compared to control. The control and all traits reduced when the oil concentration increased significantly.
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Environmental concerns are now rising, due to oil spill, 

as well as chemical waste that is released to the environment, 

attempts are made to develop techniques to remove oil and 

other pollutants, used many microorganisms capable of 

micro-biological decomposition (Dvorak et al 2017). 

Biodegradation has emerged as one of the technological and 

economic solutions for recovering oil spilled into the 

environment, in areas near the oil fields, the effect on the soil 

depends on size and type of spill oil, as well as the amount of 

coverage of the soil and the season in which the leak 

occurred, the toxic effects of crude oil hydrocarbons extend to 

soil plants and microorganisms, all microorganisms stimulate 

metabolic reactions and generally contribute to biological 

activity, each organism had a specific performance in nature 

(Marco-Urrea et al 2015). The level of biodegradation 

depends on the physiological state of microorganisms, the 

most biodegradable microorganisms were fungi and bacteria 

compared to other species, had special features that make it 

more used than others as a biological treatment for oil 

pollution, bacteria differ in their ability to use crude oil, 

included various hydrocarbons in its chemical composition as 

a source of carbon and energy, and oxidation of petroleum 

hydrocarbons (Bao et al 2014). Recent studies confirm that 

the microbial receptor can be broken down with many harmful 

compounds, the conversion of hazardous pollutants into 

usable particles is successful, to be used by increasing its 

stabilization by a biocell or a stimulating cell, which is an 

important point for the development of modern technologies 

in bioremediation, The study aimed to investigate the effect of 

single or double oil-analytic bacteria on the growth of wheat 

grown in different levels of crude oil.

MATERIAL AND METHODS

Isolation and diagnosishydrocarbon-decomposing 

bacteria: Soil samples were collected from refineries 

(Shuaiba in Basra, DhiQar and Muthanna and were diluted 

with sterile water. These samples were planted on the brain 

heart infusion broth, to activate bacteria and isolate more 

species likely to be present, incubated for 24 hours at 37°C, 

the activated specimens were then cultured on the brain 

heart infusion broth on nutrient agar and MacConkey agar, by 

streaking planning way, then incubated for 24 hours at 37°C, 

secondary colonization of developing colonies was carried 

out on selective media. Each bacteria group had a special 

growth media, it had phenotypic qualities that distinguish it 

from others, microscopic tests and a series of biochemical 

analysis were conducted.

Investigation of the ability of bacterial isolates to analyze 

hydrocarbons: The mineral salts (0.5 g NH Cl, 4 g NaCl, 0.5 4

g KH PO , 0.5 g MgSO , 1 g Na HPO ), were dissolved in 1 2 4 4 2 4

liter of distilled water and pH was adjusted at 7. The 50 

milliliters of mineral solution was distributed in 250 ml conical 

flasks, the media was sterilized and cooled, added 1% crude 

oil to the studied isolates, incubated at 30°C for 42 days, it 

was followed up weekly to observe the decomposition of 

crude oil.

Bacterial vaccine preparation to biofertilizers used: Two 

isolates of Cytrobacter spp. and Proteus spp. have been 

selected for use in the field experiment. 250 ml conical flasks 

containing 100 ml of liquid, sterilized with an antiseptic by 

adding (1) ml of the processed liquid culture, sterile pipettes 
oused, incubated at a temperature of 30 C for (2-3) days, after 

prepared the liquid vaccine and mixed with the carrier (Peat 



moss), wheat grains of IBA99 were contaminated with 

pollinated peat moss, added 10% Frankincense, an hour and 

a half leaved, a number of seeds were laid without pollination 

(treatments without vaccine).

Agricultural experience (Anvils): The soil was air dried, 

milled and sifted from a 4 mm diameter sieve. The soil was 
-2then autoclaved at 121°C, pressure 15 lb Inch , left to cool 

and contaminated with crude oil, 0, 5 and 10 ml and were 

placed in 5 kg plastic anvils after sterilization with ethyl 

alcohol. The anvils were planted with sterile wheat seeds, 

inoculated with elected bacterial isolates, according to the 

treatments and the rate of 15 seeds/anvil. Then it was 

reduced to 10 plants after a week of plantation, leaved a 

portion of the seeds without a vaccine as a comparison and 

without the addition of crude oil. The fertilizer was added 

according to fertilizer recommendation, nitrogen fertilizers 

(urea 46% N) was applied twice, the first at the beginning of 

planting and the second in the stage of growth, Phosphate 

fertilizer in the form of triple superphosphate fertilizer (21% P) 

in one batch of three days before planting, Potassium 

fertilizer was added potassium sulphate, 41.5% K (Ali et al 

2014). 

RESULTS AND DISCUSSION

Biochemical Tests

Bacterial isolates and hydrocarbons analysis: The 

results of the periodic inspection of isolates from 

contaminated areas for 42 days showed the isolation ability 

of hydrolysis and fracture of hydrocarbons at the beginning of 

Isolate Escherichia (1) Pseudomonas (1) Escherichia (2) Citrobacter Pseudomonas (2) Proteus

Test

Citrate utilization  test _ *+ _ + + _

Catalase  test + + + - + -

Oxidase  test _ + _ + + +

Indole test + _ + *+ _ _

Vo.Pro.test _ _ _ + _ _

Gelatin hydrolysis test _ + _ _ + +

Motility test + + + + + +

Nitrate reduction + + + + + +

Methyl red test + _ + _ _ +

Starch hydrolysis + _ + + _ +

Gas + _ + + _ +

H S2 _ _ _ + _ +

Urease _ + _ + + _

Gram staining _ _ _ _ _ _

TSI

Table 1. Biochemical test results of  bacterial isolates for petroleum hydrocarbons

(+) Positive interaction of the test (-) Negative reaction for test (*) Weak reaction of the test

the first week, increased emulsification and clear turbidity, 

indicates the presence of hydrocarbon decomposing 

bacteria in soils contaminated with crude oil (Roling et al 

2002). Golafarin et al (2017) demonstrated the ability of 

bacteria isolated from contaminated areas to degrade 

hydrocarbons. Results of the trial were shown after 42 days 

with weekly follow-up, observe the decomposition of the eye, 

inability of microorganisms from unpolluted areas to degrade 

hydrocarbons, taken from the Muthanna oil refinery, No 

emulsification or turbidity occurred in the media.

Biological Parameters

Wheat Plant height (cm): Table 2 shows that the bacterial 

vaccine resulted in a significant increase height pollinated 

plants with local isolates (  spp. and  spp.) Citrobacter Proteus

as compared to no vaccine. A  gave the highest rate of plant 4

height of 39.83 cm (Table 2).This may be due to the ability of 

these organisms in the case of synergy to increase the 

readiness of phosphorus through the production of organic 

acids solvent phosphate, which increases the readiness of 

phosphorus in the soil, as well as effectiveness in producing 

growth regulators, such as in dole, acetic acid and gibberellin 

that affect cell elongation and division, therefore, protein 

formation is increasing and this is positively reflected in plant 

height (Hasan 2002,Jat and Shaktwat 2003).

The uneven effect of crude oil levels added, resulted in 

significant differences (P≤0.05), the oil level (O ) exceeded 1

the levels (O  and O ), giving the highest value of plant height 2 3

of 49.33cm and an increase of (49.85 and 91.16%) at the 

levels O  and O , respectively, this confirms the negative 1 2
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Bacteria Oil levels Mean

O1 O2 O3

A1 40.33 (12.58) 31.00 (8.10) 23.33 (8.06) 31.55 (9.58)

A2 52.00 (13.55) 31.67 (8.06) 26.33 (8.24) 36.67 (9.95)

A3 51.50 (9.30) 32.00 (8.67) 24.33 (7.78) 35.94 (8.58)

A4 53.50 (13.97) 37.00 (11.29) 29.00 (7.71) 39.83 (10.99)

Mean 49.33 (12.35) 32.92 (9.03) 25.75 (7.95)

LSD (0.05) Bacteria
3.65 (1.425)

Oil levels
3.16 (1.234)

Interaction
6.32 (2.468)

Table 2. Effect of bacterial isolates and oil levels on wheat 
plant height (cm)

-1*Wheat biological production (g plant )

Bacteria Oil levels Mean

O1 O2 O3

A1 1.550 (22.97) 1.140 (9.77) 1.097 (8.10) 1.262 (13.61)

A2 1.747 (30.20) 1.210 (12.87) 1.180 (10.07) 1.379 (17.71)

A3 1.800 (30.30) 1.247 (11.93) 0.893 (5.30) 1.313 (15.84) 

A4 1.747 (33.63) 1.277 (14.10) 1.257 (11.87) 1.427 (19.87)

Mean 1.711 (29.28) 1.219 (12.17) 1.107 (8.84) 

LSD (0.05) Bacteria
0.119 (3.28)

Oil levels
0.103 (2.84)

Interaction
0.206 (5.68)

Table 3. Effect of bacterial isolates and oil levels weight of 
wheat grains (g  grain-1)*

-1*Number of grains spike

impact of crude oil on plant growth. The second oil level O  1

exceeded the third level O , the rate gave 32.92cm and an 2

increase of 27.78% of the third level of oil (O ). The decrease 2

in plant height may be due to increased concentration of 

crude oil in the soil, inability of the roots to absorb oil 

compounds, because they are hydrophobic compounds 

unlike the nature of hydrophilicroots, reduces oxygen from 

the roots, affecting cell viability and cell division (Vavrek and 

Camptell 2002).

The interaction between bacterial vaccine and oil levels, 

was significant A  ( spp. and  spp.) at oil Citrobacter Proteus4

level O  gave the height of the plant at 53.50cm, while 0

isolation A  gave the lowest mean height at the level of oil O0 2 

(23.33cm).
-1Dry weight of total vegetative (g plant ): The increase in 

crude oil levels led to the reduction of the wheat crop 

biological production (Table 2). The O  oil level gave the 0

highest rate of 12.35 g plant , with an increase of 36.77% -1

from the oil level O  and 55.35% of the oil level O , which 1 2

recorded the lowest average weight of dry wheat plant was 

7.95 g plant . The decrease in dry weight by increasing the -1

concentration of crude oil in the soil is attributed to the effect 

of aromatic compounds involved in the composition of crude 

oil which reduce growth and thus negatively affect the dry 

weight of the plant.

The interaction between bacterial vaccine and oil levels, 

the isolation treatment of A  vaccine at oil level O  gave the 4 0

highest average dry weight of 13.97 g plant- , while the 1

isolation of A  gave the lowest average dry weight at the oil 4

level of O (7.71 g plant ). It was attributed to competition -1

1 

between nutrients between plants and bacteria, each of 

which requires similar sources of nitrogen, potassium, 

phosphorus, water, etc. (Vavrek and Camptell 2001).
-1Weight of wheat grains (g  grain ): The double bacterial 

vaccine had a significant effect on wheat grain compared  

control (A ), A  (  spp. and  spp.) recorded Citrobacter Proteus1 4

weight of 1.427 g  grain  (Table 3). This was due to bacteria -1

added in a bacterial vaccine, which is important in increasing 

the growth and, by increased cell division and elongation, 

expanding of the root hairs which increases the surface area 

of the roots, so nutrient absorption was greater, reflected 

positively on the increase of various indicators of vegetative 

growth, dry matter composition, increased grain fullness and 

high weight (Conejos et al 2009). In addition, it was involved 

in the decomposition of the soil, the dismantling of the added 

hydrocarbons, which results in an increase in the nutrient 

supplied to the plant (Das and Kumar 2016).

The increase in oil levels led to a decrease in the weight 

of wheat grains, the first oil level (O ) gave the highest 0

-1average weight in the grain (1.711 g  grain ), with an increase 

of (40.36%) of the oil level (1%), and an increase (49.95%) of 

the oil level (2%), the reason for the low grain weight by 

increasing oil levels may be due to the type of crude oil 

components of the Muthanna refinery because it contains 

hydrocarbons vary in the speed of disintegration depending 

on the chemical composition.

The results indicated the significant effect of interaction 

between bacterial vaccine and oil levels. The treatment of A  3

at the oil level O  recorded the highest average of 1000 grains 0

-1weight of 1.800 g grain , there were no significant differences 

with bacterial vaccine A  and A  at the oil level O , A  at the oil 2 4 0 3

-1level O , the lowest average was 0.893 g  grain . 2

Temperature affects the physical state of hydrocarbons. In 

cold conditions, liquid hydrocarbons become solid waxy, the 

dissolved hydrocarbons precipitate and their solubility 

decreases significantly, changes in the physical state reduce 

bio-readiness, that temperature has an effect on the 

effectiveness of bio-emulsions (Ilori et al 2005, Inakollu et al 

2004). Feitkenhauer et al (2003) observed that the rate of 

biodegradation is very slow at low temperatures, it may be 

due to decreased enzymatic activity, increases as 

temperature increase, their elevation promotes hydrocarbon 

metabolic rates, it was found that the dismantling of 

naphthalene increases ten times when the temperature 
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increases from 20 to 35°C, which makes a buffer between 

water and soil minutes, which leads to lack of water in the root 

zone, which adversely affects the growth of the plant.
-1Number of grains spike : The effect of bio fertilizer 

-1application on the number of grains spike , the treatments of 

A  and A  showed a significant increase (P≤0.05) in the 2 4

number of grains of spike compared to A , A  gave the highest 1 4

-1number of pills per spike at 19.87 grains spike , followed by 
-1A  treatment at a rate of 17.71 grains spike , while the 2

comparison treatment recorded the lowest rate of 13.61 
-1grains spike . This may be due to the increased activity of 

microorganisms in the Rhizosphere, which increases the 

readiness of some nutrients in the form of insoluble 

compounds, especially phosphorus compounds (Tahir 

2013). The effect of oil level on the number of grains in spike, 

the treatment of the first level O  exceeded the second level 1

O  and the second level O , with an increase of 140.59% and 2 3

231.22%. The drop in the spike rate of grain in the increase in 

the concentration of crude oil in the soil may be attributed to 

the chemical nature of crude oil being a complex mixture of 

hydrocarbons with different levels of inorganic sulfur, water 

and salts.

The interaction between the type of bacterial vaccine 

and the level of oil indicates significant differences (P≤0.05) 

in the number of grains in spike, the results showed that the 

interaction treatment between A  and oil level O  recorded a 4 1

-1rate of 33.63 grains spike , followed by interaction treatments 

A  and A  treatment at oil level O  at rates of 30.30 tablets 3 2 1

-1 -1spike  and 30.20 grains spike , while the interaction between 

A  and the level of oil O  recorded the lowest rate of 5.30 3 3

-1grains spike .

CONCLUSIONS

Isolates taken from soil contaminated with hydrocarbons 

for three different regions (Basra, Dhi-Qar and Muthanna), 

important role in the decomposition and fracturing of 

hydrocarbons, as well as significant improvement in the 

biological traits of wheat plant, such as plant height, dry 

weight of total vegetative, grain weight and number of grains 

per spike.
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Abstract: A field experiment was carried out in Al-Gharraf area of Thi–Qargovernorate during the agricultural season winter (2018-2019) insplit-

plot arrangement and RCBD design with three replicationses., The main factor included mineral fertilization treatments were 0, 50 and 100% 
-1fertilizer recommendation. The secondary factor included bio-fertilization levels 0, 1.5 and 3kg ha .The results showed that the treatment of 

mineral fertilizer exceeded the full recommendation of 50% in all traits, except 1000 grains weight, The results also indicated the superiority of 

treatment of nanofertilizer (without biofertilizer) in leaf area, spikes number, grains number, 1000 grains weight and grain yield, while 1.5kg 
-1ha biofertilizer outperformed in plant height and biological yield. 
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The high population growth demand for food resources, 

make agricultural development more economical and 

efficient, as well as modern trends in environmental safety 

from pollution, modern techniques are used to reduce 

excessive use of chemical fertilizers, reduce nutrient losses 

in fertilization and increase yield (Ram et al 2017). 

Sustainable agriculture has focused on reducing the use of 

common chemical fertilizers, the adoption of  new fertilizers 

that does not have a negative impact on the environment and 

human health (Parizad et al 2017). The application of bio-

fertilization is one of the modern methods that reduce the 

excessive use of nitrogen fertilizers and increase the 

availability of phosphorus, potassium and other elements (Al-

Khafaji 2018). Nanotechnology is one of the important and 

proposed solutions to increase agricultural production, more 

food can be produced at lower costs while reducing energy 

consumption,  environmental pollution, however, many 

researches have detected toxicity conditions caused by 

nanoparticles of plants ranged This is not about technology 

but because of the materials properties (Al-Ramadi et al 

2016). Nanotechnology offers ample scope for new 

applications in biotechnology, agriculture and fertilizer 

industry, nanoparticles possess special physical and 

chemical properties due to their high surface area, alternative 

natural resources can be used to make nanofertilizers to 

reduce environmental pollution and provide safety and health 

for humans, as well as the economic costs reduced from the 

chemical fertilizers use (Mahmoud et al 2017). The present 

study aimed to evaluate the response of wheat to  of 

biofertilizers using nanotechnology and their interaction with 

levels of mineral fertilization (NPK).

MATERIAL  AND  METHODS

Agricultural operations: The field experiment was 

conducted in Thi–Qargovernorate, Al-Gharraf area (30 km 

north of Al-Nasiriyah city center) during the agricultural 
2season 2018-2019, silty clay texture soil, of 1500 m  area. 

The land of experiment plowed perpendicular tillage with 

mulching plow, the harrowing and leveling process was then 
2carried out, the field was divided into plots, 4m  dimensions 

(2m * 2m), leaving a separation distance of 3 meters width 

between the replicate, 1 meter distance between the 

experimental units within the replicate, 2 meters distance 

between the main pieces within the replicate to prevent 

overlap of the experiment factors. Wheat seeds (Bohoth 22) 
-1 were planted by 120 kg ha in the lines form, 8 lines per 

experimental unit, the distance between the lines is 20 cm, 

the necessary irrigation waterways were opened according 

to the need of the plant, taking into account rainfall periods 

and climatic conditions. At the final ripening stage, the plant 

was harvested after five months.
-1Nitrogen fertilizer was added in the amount of 150 kg ha  

(46% urea fertilizer form) in two batches, the first in the 

branching stage and the second in the flowering stage, P O  2 5

-1phosphate fertilizer was added in the amount of 80 kg ha  

(triple super phosphate fertilizer P O % 44 form) at once 2 5

-1before planting, potassium fertilizer was added 100 kg ha  

(potassium sulphate fertilizer 41.5% K form) at once before 

planting, bio fertilizer containing three types of bacteria 

loaded on nanoparticles (Azospirillium, Pseudomonas and 

Bacillus), it was added at once before planting by dissolving 

the required quantity in 100 liters of water and distributing it to 

the experimental units.



Experiment factors: Mineral fertilization (NPK) treatments 

with three levels (0, 50 and 100% of the fertilizer 

recommendation with took the symbols M , M  and M , 0 1 2

respectively). Bio-fertilization treatments with three levels (0, 

1.5 and 3 kg ha and symbols of  B , B  and B , respectively.-1

0 1 2

Statistical analysis: The data were statistically analyzed 

using a split – plot arrangement in Randomized complete 

block design with three replications, the GenStat Twelfth 

Edition were used, the averages were compared to 

coefficients using the least significant difference (LSD) at a 

probability level of 0.05.

RESULTS AND DISCUSSION

Plant height: Significant differences (P≤0.05) among the 

mean treatments of mineral fertilizer addition M  was , 2

superior and gave the best value for this trait, with no 

significant difference from treatment M , averaging 87.16 and 1

86.86 cm, with an increase of 7.81% and 7.44% sequentially 

compared to M (  1).It may be attributed to the increased Table  0  

availability of nutrients in the soil solution and the plant 

absorption, especially necessary nitrogen in the construction 

of chlorophyll, proteins, enzymes, hormones and amino 

acids,  enter the cell division, elongation, then increase the 

growth and height of the plant (Al-Samawi 2012), consistent 

with Mandal et al (2015) noted the importance of nitrogen in 

increasing plant growth and height. The results also showed 

a significant effect (P≤0.05) of nanobiofertilizer, B  and B , 2 1

which did not have a significant difference in plant height, 

gave an average of 86.55 and 86.15 cm with an increase of 

5.34 and 4.56%, respectively, compared to B , due to the fact 0

that the addition of nitrogen-fixing biofertilizers loaded on 

nanoparticles increased soil fertility and enhanced nutrient 

efficiency by reducing loss, especially nitrogen and thus 

increasing its readiness in the soil solution, which positively 

reflected the increased growth and plant height. Di-

interaction between mineral fertilization and nanobiofertilizer 

had outperformed the M B , M B , M B  and M B  treatments 1 2 2 2 2 1 1 2

as compared to the control, which did not significantly differ, 

M B  gave the highest plant height value (89.12 cm).1 2

2Flag leaf area (cm ): The results of Table 1 shows the 

superiority (P≤0.05)  of fertilizer treatments for the addition of 

mineral fertilizer, M  treatment was superior, gave the best 2

value, followed by M , with no significant difference,46.22 1

and 46.13 cm  with an increase of 15.31% and 15.09%, 2

respectively compared to the control, may be due to the 

physiological role of NPK mineral nutrients, which play an 

important role in increasing plant effectiveness, nitrogen was 

essential for photosynthesis and phosphorus is involved in 

the formation, division of living cells and cell membranes. 

Potassium is instrumental in plant growth through activation 

Nano biological
mineral

B0 B1 B2 Mean

M0 79.56
(38.57)

81.43 
(41.45)

81.53
(40.23)

80.84
(40.08)

M1 83.28
(43.38)

88.17 
(48.69)

89.21
(46.03)

86.86
(46.03)

M2 83.64
(43.58)

88.86 
(48.99)

88.99
(46.37)

87.16
(46.31)

Mean 82.16
(41.84)

(46.37) 
86.15

86.55
(44.21)

LSD (0.05) B = 1.203 (0.923)   M  = 2.372 (1.759)     
B * M =  2.372 (NS)

Table 1. Effect of nano biological and mineral fertilizer and 
interaction on wheat plant height (cm)*

*Flag leaf area (cm) in parentheses

of various enzymes, stimulate root growth and cell division, 

regulate osmotic potential, open and close stomata, 

increased vegetative growth rates which lead to an increase 

in the number and size of leaves (Valizadeh and Milic 2016, 

Bekele 2018).

The results showed that the addition of bio fertilizer 

manufactured according to nanotechnology had a significant 

effect(P≤0.05), B  was significantly higher at 46.37 cm , with 2

1

an increase of 10.82% compared to B , due to the 0

nanomaterials used as a biofertilizer carrier, they can remain 

in the soil for the longest time, These materials also stabilize 

the soil and organic soil material, which increased the 

vegetative growth of the plant, which in turn reflected on the 

flag leaf area (Ammar 2018), agreed with Kaviani and 

Negahdar (2016) that biofertilizers loaded on nanoparticles 

increased plant growth by increasing their lifespan in the soil, 

which allowed the plant to absorb nutrients longer and thus 

increase vegetative growth.
-2Spikes number m : Table 3 shows that a significant 

differences(p≤0.05) between the fertilizer treatments for the 

addition of mineral fertilizer, M  exceeded and gave the best 2

significant spikes number value, a significant difference from 
-2M  with averaged 461.6 and 458.2 spike m  sequentially 1,

compared to control, due to the processing of the plant with 

the essential nutrients NPK, which positively reflected on the 

increase in the spikes number, which agreed with Gul et al 

(2011) and Kubar et al (2019).The results in the same table 

showed that the addition of nanobiofertilizer superiority 

resulted in B  and B , which did not have a significant 1 2

-difference in this characteristic of 430.9 and 427.6 spike m
2compared to control. This can be attributed to the fact that 

biofertilizers increase soil fertility, promote plant growth 

through dilution of inhibitory products, increase available of 

essential nutrients, especially nitrogen and phosphorus, 

thereby increasing growth indicators, including the spikes 

number, this is indicated by Shende et al (2017), which 
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Nano biological
mineral

B0 B1 B2 Mean

M0 262.7 
(55.13)

342.2 
(55.84)

338.2 
(56.57)

314.4 
(55.85)

M1 437.3 
(70.19)

467.6 
(72.82)

469.8 
(71.07)

458.2 
(71.36)

M2 427.1 
(70.77)

482.9 
(73.31)

474.7 
(70.51)

461.6 
(71.53)

Mean 375.7 
(65.36)

430.9 
(67.33)

427.6 
(66.05)

LSD (0.05) B = 7.19 (7.21)     M  = 6.60 (6.68)     
B * M =  11.25 (NS)

Table 2. Effect of nano biological and mineral fertilizer and 
-2*interaction on number of spikes m

-1* Number of grains spike  in parentheses

Nano biological 
mineral

B0 B1 B2 Mean

M0 47.22 
(3.880)

47.33 
(4.476)

46.44 
(4.547)

47.00 
(4.301)

M1 43.67 
(5.120)

46.89 
(7.580)

42.78 
(7.133)

44.44 
(6.611)

M2 42.67 
(5.507)

43.56 
(7.876)

44.00 
(7.382)

43.41 
(6.921)

Mean 44.52 
(4.836)

45.93 
(6.644)

44.41 
(6.354)

LSD0.05 B = NS (0.340)   M  1.374 (0.197)        
B*M =  NS (0.501)

Table 3. Effect of nano biological and mineral fertilizer and 
interaction on 1000 grains weight (g)*

-1*Grains yield (t ha ) in parentheses

Nano biological 
mineral

B0 B1 B2 Mean

M0 13.14 14.28 15.58 14.33

M1 17.29 22.32 23.75 21.12

M2 22.36 26.96 26.77 25.36

Mean 17.6 21.19 22.03

LSD0.05 B 0.956              M  7.752           B * M =  7.650

Table 4. Effect of nano biological and mineral fertilizer and 
-1interaction on biological yield (t ha )

showed that the bio fertilizer loaded on nanoparticles has 

achieved a noticeable increase in the overall growth rate of 

the plant. There was also a significant effect (P≤0.05) of 

bilateral interaction between mineral fertilizer and 

nanobiofertilizer on plant spikes, M B gave the highest mean 2 1 

-2of 482.9 spike m , While M B  recorded the lowest mean of 0 2

-2this trait was 338.2 spike m with a decrease of 29.96%, may 

be the nanofertilizers used more efficient than conventional 

fertilizers because they interfere with the plant and cause 

many morphological and physiological changes, depending 

on chemical composition and size, they enhance the 

efficiency of nutrient use, reduce fertilizer losses by 

regulating nutrient release (Mahmoud et al 2017).
-1Number of grains spike : Table 2 showed a significant 

increase (p≤0.05) in the of mineral fertilization treatments (M  2

and M ), a non-significant difference between them by giving , 1

the highest average number of spike grains which reached -1, 

71.53 and 71.36 spike grains with an increase of 28.07% -1, 

and 27.77%, respectively compared to the comparative 

treatment, may be attributed to the availability of NPK 

nutrients, which stimulated the vital processes of 

photosynthesis, the regulation of hormones, which 

contributed to increasing the percentage of grain hold on the 

spikes, which positively reflected on the increase in the 

number of spike grains. The addition of bio-fertilizer loaded 

on nanoparticles resulted in a significant increase in the spike 

grain number, plants fertilized with treatment B  produced the 1

highest average number of spike grians at 67.33 grain spike , -1

an increase of 3.01%, This may be due to the contribution of 

biofertilizers to increasing the available and soil content of 

essential nutrients such as nitrogen, phosphorus and 

potassium, as well as its ability to secrete some of the 

chemical compounds that stimulate growth hormones such 

as cytokines, gibberellins and indole acetic acid, increased 

growth indicators and thus increased accumulation of dry 

matter (Mohamed et al 2019).

1000 grains weight (g): Table 3 indicated that a significant 

differences (P≤0.05) between the fertilizer treatments when 

adding mineral fertilizer, the comparative treatment (M ) 0

outperformed 47.00 g, while the plants fertilized with fertilizer 

treatments (M  and M ), which did not differ significantly, 1 2

produced the lowest grain weight and averages 44.44 and 

43.41 g respectively, due to the inverse relationship between 

the grains weight and spikelet number,  (3 and 4) Tables

shows a decrease in the spikes number and the grains 

number, which led to the contribution of photosynthesis 

products to increase the weight of grains (Al-Hassany, 2018), 

agreed with Al-Taher (2005).The treatments of 

nanobiofertilizer and the interaction between mineral 

fertilizer and the biofertilizer carried on nanoparticles showed 

no significant effects in this characteristic.
-1Grains yield (t ha ): The treatment of the addition of mineral 

fertilizer M significantly superior (p≤0.05)  in the grain yield 2 

trait, it gave the highest grain yield with an average value 
-1(6.921 t ha ), an increase of 60.91% compared to the 

comparison treatment, this is due to the availability and 

increased concentration of NPK nutrients in the plant (Al-

Tahir et al 2013).The treatments of biofertilizer loaded on 

nanoparticles, treatment B  was superior (p≤0.05), which 1

-1gave an average of 6.644 tha , an increase over the 

comparison of 37.38%, inoculation with bio-fertilizers 
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increased the soil content of organic matter and nitrogen, 

improved the availability of nutrients as well as their 

contribution to increasing the absorption capacity of the roots 

of the nutrients, led to increased vegetative growth, reflected 

in the increase and redistribution of photosynthesis products, 

contributed to the increase in grain yield (Mirzaei et al 2010). 

Mardalipour et al (2014) indicated an increase in the yield 

when nanobiofertilizers were added to the wheat plant. The 

interaction between mineral fertilizer and nanobiofertilizer 

levels significantly increased (p≤0.05)  the average grain 
-1yield, M B  gave the best value amounting to 7.876 tha  with a 2 1

percentage increase of 102.98%. This is due to the 

superiority of the aforementioned treatment in the spikes 

number and the grains number (Tables 2), which came as a 

result of its superiority in the flag leaf area, supports the direct 

relationship between the grain yield, the spikes number and 

the grains number.
-1Biological yield (t ha ): Table 4 indicated that a significant 

differences (P≤0.05) between the treatments of mineral 

fertilizer addition, M  was superior, gave the best value of the 2

biological yield, a non-significant difference with M , 1

-1averaging 25.36 and 21.12 t ha , an increase of 76.97 and 

47.38% compared to the comparison treatment. The reason 

for the increase in the biological yield may be due to the 

absorption of nutrients that increased the rate of 

photosynthesis, which was positively reflected in the weight 

gain of dry matter. Lemraski et al (2017); Jamal and 

Muhammad (2007) reported that the addition of mineral 

nutrients achieved significant differences in the dry weight of 

the vegetative total of rice and wheat respectively. The 

results showed that the nanobiofertilizer treatments (B  and 2

B ) significantly exceeded (p≤0.05) with B  without significant 1 0

difference between them, each of 22.03, 21.19 and 17.60 
-1t.ha , respectively. This is due to biofertilizers loaded on 

nanoparticles in improving soil properties as well as 

increasing an availability of nutrients that the plant benefits in 

biological processes and the formation of various tissues and 

thus increase the vegetative total, as noted in Table 1.B  and 2

B  treatments exceeded in the plant height, which was 1

positively reflected on the increase of biological yield, which 

agree with Mardalipour et al. (2014) and Mir et al (2015). 

They showed that the addition of biofertilizers contributed 

significantly to increasing the vegetative growth in the barley 

maize crop respectively. There was a significant interaction 

(p≤0.05) between mineral fertilizer and nanobiofertilizer in 

biological yield. M B , M B , M B  and M B  were given the 2 1 2 2 1 2 1 1

-1highest mean values of 26.96, 26.77, 23.75 and 22.32 t ha , 

respectively, compared to control and other treatments, this 

result is consistent with the indications Spruogis (2018), 

which obtained a significant increase in the trait of the 

biological yield when adding nanoparticle fertilizers with NPK 

compound fertilizer to the barley plant.

CONCLUSIONS

Mineral fertilization with NPK nutrients contributed to the 

provision of adequate quantities during the crop growth 

stages, which improved growth and yield of wheat plant. The 

interaction mineral fertilizers with bio-fertilizer loaded on 

nanoparticles reduced the amount of mineral fertilizer added 

to 50% of the fertilizer recommendation in most studied traits, 

reduces excessive chemical fertilizers uses, soil pollution 

and preserves the environment from pollution.
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of Genetic Divergence Based on Cluster Analysis

Indian Journal of Ecology (2019) 46 Special Issue (8): 102-107

Manuscript Number: S-262
NAAS Rating: 4.96

Abstract: Single hybrids were obtained by crossing five inbreeds of maize (ZM49W3E, ZM60, ZM43WIZE, ZM19, CDCN5) in half diallel 

matting during the spring season 2016. Ten F1s with their inbred lines were evaluated for thirteen characters. The single hybrids surpassed 

their parents for the most studied characters. The highest superiority for single hybrids was in grain yield and cob weight. The superiority of the 

single hybrids result in obtaining a high percentage of hybrid vigor, where ZM43WIZE x ZM19 and ZM43WIZE x CDCN5 had highest hybrid 

vigor in the growth characters, while ZM60x ZM19 possess the highest hybrid vigor in the grain yield and its components. This refers to a 

genetic diversity between inbred ZM19 and other inbreeds. The agglomerative analysis for grain yield was done. The single hybrids, who 

exceeded in grain yield, have gathered within the same group. The results showed the availability of genetic variety alleles between the studied 

inbreeds and the possibility of using this inbreeds as a source of alleles in the future breeding program for improving the local genotypes.
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Maize one of the most important crops in the world as 

food for human, feed for animals and industrial uses (Akundi 

et al 2006). It is ranked third amongst the cereal crops for 

area and production and the average world production is 
-1 -1about 5.75 t ha  and but in Iraq is low, 1.85t ha in (FAO 2019). 

There is a high gap between local and world production and 

that because of the low yield potential of local genotypes. 

Maize is a highly cross-pollinated crop, therefore hybrid vigor 

could be an efficacious tool for utilization the potential of 

inbreeds. The extent for the exploitation of hybrid vigor will 

depend on the direction and amount of heterosis and also the 

type of gene action. The first step in producing the hybrids is 

the introduction of elite inbreeds, but the critical element of 

getting heterosis is testing the diversity between inbreeds 

and availability favorable genes to improve the local 

genotypes.

Single hybrids were suggested for the first time by Jones 

in 1918 to utilize the heterosis which is defined as a 

superiority of F1s over their parents. Many studies have been 

conducted to estimate hybrid vigor for several crops. 

Revealing of the combining ability for the studied genotypes 

can facilitate breeder work in developing new genotypes with 

high potential. Four methods for diallel mating has been set 

up by Griffing (1956) in order to identify the optimum inbreeds 

and evaluate their performances by detecting the resulted 

heterosis. Wuhaib and Hadi (2016), Abdulla and Karim 

(2019) found out positive heterosis for the most studied 

characters and negative heterosis for days to anthesis and 

days to maturity. Classification of the crosses into identical 

groups could be an adequate procedure to identify the 

resemblance alleles of the studied genotypes. Cluster 

analysis is an efficient tool for estimating the genetic diversity 

among genotypes and assign QTL, in addition, it doesn't 

need an assumption for data distribution (Yau and Ortize 

1994). Cluster analysis distributes the studied genotypes into 

analogous groups based on their identical performance 

midst the environmental circumstances. The genetic 

diversity is estimated in term of Euclidean distances which 

describe the dissimilarity between the cases and the 

ndendrogram is drawn (Yan et al 2001). Zaman and Alam 

(2013) classified thirty-nine crosses of maize into seven 

groups according to their performances by cluster analysis. 

Anees et al (2017) explained that the distribution of maize 

crosses into groups based on cluster analysis was attributed 

to their heterosis. Hence, the present investigation was 

carried out to evaluate the F1s and their parents under Iraqi 

conditions and estimate the hybrid vigor and diversity among 

the crosses.  

MATERIAL AND METHODS

Ten hybrids were generated from five inbreeds viz, 

ZM49W3E, ZM60, ZM43WIZE, ZM19 and CDCN5, which 

are introduced from Yugoslavia and Italy. The crosses inbred 

lines were derived from crossing between the inbred lines 

according to half diallel matting during spring season 2016. 

The F1 seeds of each cross were bulked together. Ten 

crosses along with five parents were grown in randomized 

complete block design with four replications at the research 

station of Agriculture College/Al-Jadrya Baghdad university 

during fall season, 2016. A plot dimensions 3*3m consisted of 



five rows , 70 cm between rows and 25 cm within rows, 

population density was 57143 plants ha . The recommended -1

package of practices was followed to raise a good crop. 

Harvesting was performed after the grains reached maturity 

and plants were dried, at which grain moisture was 

determined. Observations were recorded on ten randomly 

plants for different plant height, leaf area  leaves ,

numberplant , ear height, ear length, number of rows  ear , -1 -1

number of kernels  row , cob weight, 100-kernel weight and -1

grain yield  plant . The observations for the characters -1

namely days to 50 per cent tasselling, days to 50 per cent 

silking, days to maturity were recorded on a plot basis. The 

statistical analysis was performed out using GENSTAT 

software. Computation of heterosis for all characters was 

carried out as per procedure suggested by Shull (Singh, 

2012). Cluster analysis was carried out for the hybrids 

according to agglomerative method (Senath and Soka, 1973, 

Williams 1976). The dendrogram was performed based on 

Un weight Pair Group Method with Arithmetic Mean 

(UPGMA). The Euclidean distances were measured from the 

proximities matrix according to the following formula: 

Distance (x,y) = {∑i (xi - yi) 2 }½       (Punitha et al 2010)

RESULTS AND DISCUSSION

Single hybrids prevailed on their inbreed lines for all the 

studied characters except ear height (Table 1). These results 

are in conformity with the findings of earlier inbred lines 

workers (Wuhaib et al 2016, Mussarbat and Aldulaymy 2017, 

Abdel-Amir and Hadi 2018).

The results indicated the presence of genetic diversity 

between the studied inbreeds which reflected on heterosis 

percentage (Table 3). The highest percentage of heterosis 

appeared for the crosses ZM60 xZM19 and ZM43WIZE 

xZM19, in addition to the cross ZM43WIZE xCDCN5 and this 

is an indicator about existing diverse alleles among the 

parents of the previous crosses. The presence of diverse 

S.O.V. D.F Days to 
tasseling

Day to Silking Plant height 
(cm)

Leaf area 
2(cm )

Leaves number 
-1plant

Ear height 
(cm)

Ear length 
(cm)

Reps 3 1.31 0.99 310.69 0.0004 0.80 5.74 1.32

Genotypes 14 52.95** 45.95** 4721.14** 0.335** 17.05** 1382.83** 26.42**

Error 42 1.30 1.44 216.84 0.0015 0.36 33.07 0.88

S.O.V. D.F Rows number 
-1ear

Grains number 
-1row

Ear weight (gm) Cob weight 
(gm)

100 kernel 
weight (gm)

Grain yield 
-1 plant (gm)

Reps 3 0.84 18.8 182 49.4 14.4 17.5

Genotypes 14 5.25** 2355.1** **173251 113.5* 74.6** 1061.3**

Error 42 0.45 354.7 1729 18.1 2.5 49

Table 1. Analysis of variance for characters in single hybrids and their inbreed lines maize

alleles in the offspring does not necessarily mean that their 

parents have favorite alleles. The highest percentage of 

heterosis for growth characters occurred in the crosses 

ZM43WIZE x ZM19 and ZM43WIZE x CDCN5, whereas 

subsisted in the ZM60 x ZM19 cross for yield and its 

components.

The hybrids surpassed their parents, where highest 

dominance was in grain yield and ear weight characters, 

while the lowest superiority was in days to 50 per cent 

tasseling (DTT)and days to 50 per cent silking (DTS) (Table 

2). Heterosis in negative direction is desirable for DDT and 

DTS and indicates the possibilities for breeding of maize for 

earliness.  These results are in unison with the results of 

heterosis (Table 3). Inbred CDCN5 exhibited superiority for 

most of the studied characters over others of inbreeds, while 

inbred ZM60 showed feeble performance Exist elite alleles in 

inbreeds don't mean producing excellent hybrids as long it 

depends on the degree of diversity amongst the parents and 

the percentage of heterosis. Most of the superiority hybrids 

belong to the inbreed lines ZM43WIZE and ZM19 (Table 4) 

and this is supported by the percentage of heterosis (Table 

3), nevertheless, the performance of inbred CDCN5 wasn't 

poor. The cross CDCN5 x ZM43WIZE has the superiority in 

growth characters while the cross ZM60 x ZM19 was the 

better in grain yield and the related characters, but the 

difference between them didn't reach the significance limits. 

The crosses ZM49W3E x ZM43WIZE and ZM49W3E x 

CDCN showed the lowest average of grain yield and this 

reflects the weakness of inbred ZM49W3E who exhibited 

depression in the grain yield components and this is 

confirming by the GCA value for this inbred.

Cluster Analysis

The significant variations between the studied 

genotypes (Table 1) are considered an indicator of the 

effectiveness of classification of the genotypes. The cluster 

analysis has conducted for the hybrids according to the grain 
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Genotypes Days to 
tasseling

Day to silking Plant height 
(cm)

Leaf area 
2(cm )

Leaves number 
-1plant

Ear height 
(cm) 

Ear length (cm)

1 60.9 66.9 136.3 0.5 12.5 70.8 13.1

2 63.4 68.3 121 0.4 10.8 53.5 14.1

3 68.3 71.5 141.4 0.3 8.4 62.3 13.6

4 69.4 73.2 148.5 0.4 10.6 68.3 12.5

5 60.2 66.5 168.9 0.5 12.2 90.7 14

1x2 63.5 65.6 171.8 0.6 13 84.4 17.9

1x3 58.4 68 171.8 0.6 13.6 107.7 17.8

1x4 66.6 70.9 221.4 0.6 15.2 97.1 18.4

1x5 63.5 65.6 193.7 0.6 13.2 98.1 16.3

2x3 64.6 69 186.9 0.6 15.5 101.9 17.2

2x4 59.5 64.2 170.5 0.5 12.9 76.8 20.3

2x5 60.7 64.4 160 0.6 12.3 78.4 19.7

3x4 58.3 63.7 202.3 0.6 14.3 111.2 17.4

3x5 57.8 60 256.2 0.6 16.7 115.7 19.8

4x5 60.7 65.6 173.5 0.5 13 82.9 16.9

Mean 62.4 66.9 174.9 0.5 12.9 86.6 16.6

LSD 1.6 1.7 21 0.05 0.9 8.2 1.3

Meanof Parents 64.4 69.3 143.2 0.4 10.9 69.1 13.4

Mean of Crosses 61.3 65.7 190.8 0.6 14 59.4 18.2

Percentage of crosses 
superiority

-4% -5% 33% 50% 28% -14% 35%

Genotypes Rows number 
-1ear

Grains number 
-1row

Ear weight
(gm)

Cob weight (gm) 100 kernel weight 
(gm) 

-Grain yield plant
1(gm)

1 13.1 24.3 87.2 17.1 24.1 70

2 12.5 21.2 75.3 16.6 20.2 58.6

3 13.8 28.9 98.4 16.9 20.1 81.4

4 13.2 27.8 74.9 14.2 17.4 60.7

5 15 33.2 103.6 16.2 17.6 87.3

1x2 14.8 37.1 169.1 15.6 23.5 153.5

1x3 15.8 37.6 154.7 23.5 23.5 131.1

1x4 15.4 39.7 210.5 22 31.7 188.8

1x5 15.8 35.6 149.7 24 22.1 125.7

2x3 15.1 35.4 193.9 28.6 25.3 165.2

2x4 16.2 42.1 233.8 27.1 30.2 206.7

2x5 15.8 40.9 197.2 23.9 25 173.5

3x4 15.6 39.6 196.4 24.7 24 171.6

3x5 14.9 39.4 226.5 27.7 29.8 198.7

4x5 13.8 40.7 177.6 30.1 26.6 147.5

Mean 14.7 34.9 156.6 21.9 24.1 134.7

LSD 0.96 4.1 9.1 6 2.2 9.9

Mean of Parents 13.5 27.1 87.9 16.2 19.9 71.6

Mean of Crosses 15.3 38.8 190.9 24.7 26.2 166.2

Percentage of crosses 
superiority

13% 43% 117% 52% 31% 132%

Table 2. Mean values of maize genotypes for the studied characters
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Genotypes Days to 
tasseling

Days to silking Plant height 
(cm)

Leaf area 
2(cm )

Leaves number 
-1plant

Ear height (cm) Ear length (cm)

1x2 -1.9 4.4 26 17.5 4.1 19.1 27.1

1x3 1.6 -4.1 21.5 18.5 9.4 52 31.1

1x4 6.1 9.4 49.1 20.1 21.7 37.1 40.4

1x5 -1.3 5.4 14.7 21.4 6.2 8.1 16.7

2x3 1 2 32.2 48.1 43.9 63.6 22.5

2x4 -6 -6.1 14.8 34 20.2 12.3 44.2

2x5 -3.1 0.8 -5.3 30.1 1.4 -13.6 40.3

3x4 -10.9 -14.5 36.2 57.4 34.5 62.7 28

3x5 -9.8 -4.1 51.7 35.6 36.8 27.5 41.1

4x5 -1.3 0.8 2.7 7.5 6.6 -8.5 20.7

Mean -2.56 -0.6 24.36 29.02 18.48 26.03 31.21

S.E. 1.6 2.2 5.9 4.8 4.9 8.7 3.1

Genotypes Rows number 
-1ear

Grains number 
-1row

Ear weight (gm) Cob weight (gm) 100 kernel weight 
(gm) 

-1Grain yield plant  
(gm)

1x2 13.1 52.8 93.9 -9.1 -2.4 119.1

1x3 14.4 29.9 65.7 37.3 -2.6 61.1

1x4 16.4 42.8 141.3 28.5 31.6 169.6

1x5 5.3 7.5 44.5 39.8 -8.3 43.9

2x3 9.6 22.6 107.7 68.5 25.1 103

2x4 22.9 51.6 210.3 62.6 49.7 240.6

2x5 5.1 23.4 90.3 43.5 24 98.6

3x4 13.1 36.9 110.4 45.8 19.4 110.8

3x5 -0.9 18.9 118.5 63.3 48.1 127.4

4x5 -7.8 22.7 71.4 85 51.6 68.8

Mean 9.12 30.91 105.4 46.52 23.62 114.29

S.E. 2.8 4.7 14.6 8.2 7.1 18.1

Table 3. Heterosis of maize genotypes for the studied characters

yield and its components (Fig. 1). The hybrids distributed into 

two groups; first group included the crosses ZM49W3E x 

ZM60, ZM49W3E xZM43WIZE, ZM49W3E x CDCN5, ZM60 

xZM43WIZE, ZM60 x CDCN5, ZM43WIZE x ZM19, ZM19 x 

CDCN5, while the second group included the crosses 

ZM49W3E x ZM19 ZM60 x ZM19 and ZM43WIZE x 

CDCN5.Second group consisted of the superior hybrids in 

the grain yield, while the first group covered the rest hybrids. 

The crosses ZM60 x CDCN5 and ZM43WIZE x ZM19one 

group due to lowest value of Euclidean coefficients which 

was 0.72 and 0.96 respectively. Next, the crosses ZM49W3E 

x ZM43WIZE and ZM49W3E x CDCN5 are gathered in the 

same group.

The distribution of the genotypes in this study was based 

on the characteristics of the grain yield and its components, 

which means that this classification took into account the 

alleles of several characters, and if this classification was 

based on other characteristics, it would be possible to obtain 

another classification takes into consideration the new 

Fig. 1. The relationship among the single hybrids based on 
cluster analysis
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Traits Inbreed lines

1 2 3 4 5

Day to tasseling 63 62.075 59.775 61.275 60.675

Days to silking 67.525 65.8 65.175 66.1 63.9

Plant height 189.675 172.3 204.3 191.925 195.85

2Leaf area (cm ) 0.6 0.575 0.6 0.55 0.575

Leaves no. 13.75 13.425 15.025 13.85 13.8

Ear height (cm) 96.825 85.375 109.125 92 93.775

Ear length (cm) 17.6 18.775 18.05 18.25 18.175

Rows no. 15.45 15.475 15.35 15.25 15.075

Grain no. 37.5 38.875 38 40.525 39.15

Ear weight (cm) 171 198.5 192.875 204.575 187.75

Cob weight (gm) 21.275 23.8 26.125 25.975 26.425

100 kernel weight (gm) 25.2 26 25.65 28.125 25.875

Grain yield per plant (gm) 149.775 174.725 166.65 178.65 161.35

Table 4. Mean characters for each inbreed lines

Stage Cluster 
combined

Coefficients Stage cluster first 
appears

Next 
stage

Cluster 1 Cluster 2 Cluster 1 Cluster 2

1 7 8 0.727 0 0 7

2 2 4 0.960 0 0 5

3 3 9 1.006 0 0 6

4 1 5 1.080 0 0 5

5 1 2 1.855 4 2 7

6 3 6 2.085 3 0 9

7 1 7 2.272 5 1 8

8 1 10 3.106 7 0 9

9 1 3 3.223 8 6 0

Table 5. Agglomeration schedule

characters. Therefore, the critical factor that determines the 

nature of the character (s) on which the cluster analysis 

would be based, will depend on the goal of the breeder. If it is 

to improve a specific character, it is preferable that the 

classification is based on that attribute only. The goal of the 

classification is to define the percentage of similar alleles 

among the genotypes, this would provide a consider view for 

the breeder about the possibility of conducting crossing 

between the diverse genotypes (Hamdalla 2011). The 

accuracy of the decision to be adopted by the breeder will 

depend on the efficiency of the assessment of genetic 

divergence. In order for the evaluation to be efficient, it is 

preferable to re-test the field assessment for more than one 

season and for more than one site.

CONCLUSION

There are two important elements for producing elite 

maize hybrids, the first is exist genetic divergence among the 

parents, the second is the parents should own favorable 

alleles. The availability of these two elements would 

determinate the percentage of heterosis. Hence, the current 

study suggests exist genetic divergence among the parents, 

but there is no evidence about exist favorable alleles.   
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Evaluation of Seed Viability and Vigour of Maize coated with 
Local GYPSUM (CASO 1/2 H O) and AG-NPS for Resistance of 4 2

Fusarium verticillioidis
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Abstract: A laboratory experiment consisted of coating maize seeds with local gypsum (lg) and Ag-NPs with the concentration (100, 200, 300 
-1and 400 mg l ), in contaminated soil with Fusarium verticillioidis was conducted. Results showed significant superiority of coated seeds in the 

last day of seedling emergence, emergence period, emergence speed and the percentage of field emergence. Non coated seeds were 
-1significantly superior in the first day of seedling emergence. Seeds treated with 400 mg l  of Ag-NPs were significantly superior in all characters, 

-1which included first and last day of seedling emergence and emergence speed. The combination of seeds coated with lg and Ag-NPS (400 mg l ) 

was superior over other combinations and control in most studied characters. It can be concluded that using lg and Ag-NPs might protect seeds 

more against F. verticillioidis compared with single seed coated treatment.
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Using of high quality seeds is considered one of the most 

important practice to increase production, and hence, 

supporting the food security. Agricultural production depends 

upon seed quality of the best variety, climate nature in the 

region and soil and crop management (Cheyed and 

Elsahookie 2011). High quality seeds coats and absence of 

insects and diseases (Halmer 2006), which contribute by 

almost 30% of total international production. However, seeds 

during their processing subject to many biotic and abiotic 

stresses which might affect their coats integration. Many 

studies refereed to that fungi of Fusarium genus affect 

various crops among them maize with the species F. 

verticillioidis considered the most dominant one in the maize 

and other crops. This species is one of the pathogenic fungi 

which infect the plant at the early stages (Cumagun et al 2009 

and Choi and Xu 2010). This fungus causes many diseases 

among them seed rot and seedling death before and after 

emergence, lost of yield quantitatively and qualitatively 

(Moretti et al 2008, Szike et al 2009, Tesso et al 2010). 

Therefore, many solutions were suggested to protect seeds 

from these diseases via using agrochemical agents on plants 

either foliar application or incorporation with soils by using 

low concentrations, yet they don't reach the target due to the 

infiltration of these chemicals and de cay by light and the 

microorganisms present in soil which require the repeating of 

treatment or increasing the chemical concentration to 

obtained the full protection of seeds. However, this approach 

will contaminate the water and soil (Gutierrez et al 2012). 

Therefore, nanotechnology is getting better solution which 

significantly reduces the amounts of agrochemicals used for 

seed protection which in turn protect the environment 

besides its effects of seeds protection compared with non-

nano agents Ag-NPs is considered the most used particles in 

the nanotechnology science in the field of foods, industry and 

medicine (Crocetti and Miller 2011, Safavi et al 2011). Ag-

NPs act as anti-microbial without harmful effect on the human 

tissues (Abdullah and Hamid 2013, Garg et al 2014). 

Moreover, using seeds against fungi during germination and 

emergence with extra benefits in improving germination 

percentage and seed emergence, reducing the electrolyte 

leakages from seeds due to the increasing activity of seed 

coat. Also it allow a good adhesion and best protection to the 

compacted compounds with coating materials as fungicides 

and insecticides (Pereira et al 2005 and Kunkur et al 2007).

 Seed coating technique was first developed by the 

British Seed Company (German) in 1930. Polymer coating 

was widely used (i.e. Commercial uses) (Ni 1997). However, 

the accurate structure of coating materials is not known and 

the manufacturing companies don'tdeclare the active 

ingradients of these agents. But, it is known that these agents 

contain linking materials and matrix like polyvinyl alcohol, 

polyvinyl acetate, vermiculite and clay. These agents also 

contain large amount of acrylic polymers, which is believed 

that they are carcinogenic and badly affect the soil 

microorganisms (Vyn and Murua 2001). Therefore, the idea 

is to find materials has the characteristic of seed coating 



materials, safe to the environment and offering the protection 

of seeds during the process of germination and emergence 

on the condition that they are available and cheap. Local Iraqi 

gypsum (CasO   H O) may be a good material for this ⅟4 2 2

purpose. This product results from the burning of gypsum, 

CaSO .2H O (Equation 1).4 2

CaSO 2H O ∆→ CaSO  +  H O …. (1)⅟4 + 2 4 2 2

Local gypsum is characterized as solid under normal 

conditions, easy in its decay in water and it's preparation, 

also it may be a good media for stimulant agents, fungicides 

and insecticides. Therefore, this study aimed to test the 

suitability of local gypsum as coated materials which might 

offer good protection for seeds during germination and 

emergence and also as carrier of nanoparticles under the 

conditions of polluted soils with which causes F. verticillioidis, 

seedling death and ability to control this disease. 

MATERIAL AND METHODS

The field emergence experiment and pathological 

infection test were conducted at seed Technology Lab. 

Department of Field Crop Sciences and Pathology Lab. 

Department of Plant Protection-College of Agricultural 

Engineering Sciences, University of Baghdad during 2019, 

respectively. This study was carried-out to investigate the 

effect of seed-coating of maize (synthetic variety 5018)by 

local gypsum (Lg) (coated and non-coated) and Ag-NPs(100, 

200, 300 and 400 mg L ). The suspension of  -1 F. verticillioidis

(Fig. 1) was provided by the pathology Lab., Department of 

Plant Protection where it was diagnosed and make sure that 

it was pathogenic and propagated according to the method of 

AL-Juboory (2011) and Juber et al (2014). The surface layer 

of soil sterilized by Autoclave for 20 minutes under 1.5 bar 

pressure and 121ºC temperature for two consecutive times 

with interval period of 24 hr. was contaminated by fungus 

spores. They were placed in the petri-dishes of germination, 

then the pathogen with 1×10  spore ml  was added. A 6 -1

random sample of seeds was taken and sent to the pathology 

Lab. Seeds were free of diseases and sterilized by surface 

sterilization with hypochlorite sodium 1% (free chore) for two 

minutes and the washed by distilled sterilized water and dried 

by using sterilized filter papers. For preparation of Ag-NPs, 

chemical reduction was used (Rashid et al 2013). AgNO  and 3

Sodium citrate (C H Na O  .2H O). All reacted solution of 6 5 3 7 2

agents were prepared in the distilled water where 50ml of Ag 

NO  0.001 Molar was boiled until the boiling point, then 50ml 3

of Sodium citrate 1% was added by dropping them with 

continuous mixing during the heating until the colour of 

mixture was turned into pale yellow colour. It was removed 

from the heating apparatus with continuous stirring until it 

getting cool under the room temperature. The diagnostic 

tests were performed to make sure that the agent was 

transformed to the Ag-NPs via using the Transmission 

Electron Microscopy (TEM) at the particles appeared nanoic 

in size (Fig. 2).

Seeds were graded by using sieves, seeds of 7-8 mm 

were taken to facilitate forming seeds template which was 

manufactured with 9 mm. Templates were manufactured by 

using compacted (pressed) cork. The coating thickness was 

determined using metal bolls of 9 mm diameter heated under 

suitable temperature, then placed on the cork to manufacture 

these templates. One hundred seeds of each treatment were 

sown in the petri-dishes (40×30 cm dimension contains fixed 

amount of field soils after removing all debris, grinding and 

sieving with 1.8 mm sieve).

Studied characters: The following characters were 

estimated according to the Kader (2005) i.e., first counting of 

field emergence, final counting of field emergence the day of 

Fig. 1. Fungal colony on PDA culture F. verticillioides spores                      

Fig. 2.  Illustration of nanoic particles of Ag-NPs by using TEM
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Seeds treated -1Ag-NPs mg l Average

0 100 200 300 400

Coated 4.50
(9.75)

4.25
(8.75)

4.00
(8.25)

3.50
(9.00)

3.25
(7.75)

3.90
(8.70)

uncoated 4.00 
(10.0)

3.50
(9.50)

3.50
(9.25)

3.25
(9.00)

3.00
(8.75)

3.45
(9.30)

LSD 0.05 NS 
(NS)

0.31
(0.40)

Average 4.25 
(9.88)

3.88
(9.13)

3.38
(8.75)

3.38
(9.00)

3.13
(8.25)

LSD 0.05 0.49 (0.63)

Dry seed 4.75 (10.75)

LSD 0.05 0.33 (0.93)

Table 1. Effect of seed coated with gypsum and Ag-NPs on 
the first day of field emergence (day)

*Last day of field emergence (day) in parentheses

the last emergence and time required for field emergence 

day.

Emergence speed(Es) (seedling day ) represents the -1

total of emerged seeds for every day proportional to the 

number of days (daily emergence) and the character is 

considered the most important and accurate criterion of seed 

viability (Yuan-Yuan and Yonglian 2010). It was calculated 

according to the following equation:

Es =  Ni / Di ⅀

Ni = number of seeds emerged per day. Di =Number of 

days (daily germination). 

The field emergence percentage (%): The number of 

emerging seedlings was calculated above the soil after  ٧

days. Results were transformed to percentage according to 

the following equation: 

Field emergence (cm) =[NE(after 12 days of 

planting)/TNS] ×100 

NE= Number of emerged seedling. TNS= Total number 

of seeds

Percentage of fungus infection F. verticillioides: At the 

end of experiment, five seeds were randomly taken from 

each experimental unit of all treatment, sown in petri-dishes 9 

cm contains 15-20 cm  of PDA (sterilized by sodium 3

hypochlorite for two minutes), and insulated in the incubator 

at 25  2 C (Clements et al 2003).o+

Statistical analysis: ANOVA analysis was performed for all 

characters at two stages. The data were analyzed by using 

RCBD of treatments without control (dry treatment). Least 

significant difference was used to compare between means 

at 5% (Steel and Torrie 1980).

RESULTS AND DISCUSSION

The first day of field emergence (day): Combination of un-

coated seeds by gypsum and treated with 400 mgl  of Ag--1

NPs gave the lowest number of days to reach the first day of 

field emergence (3.00 day) which not significantly differ with 

un-coated seeds and treated with 300 mgl and coated--1 

seeds treated with 400 mgl  which gave an average of 3.250 -1

day for both treatments, respectively. However, dry seeds 

required more days to reach the first emergence, 4.75 day 

(Table 1). Results also indicated that un- coated seeds were 

significant superior in giving the lowest number days to the 

first field emergence (3.45 days), while the coated seeds give 

the highest average (3.90 days). Ag-NPs particles with 400 

and 300 mgl were superior in recoding the lowest average -1

(3.150 and 3.38 days) without significant differences 

between them, respectively. Seeds treated with distilled 

water recorded the highest average of this character (4.25 

days).

The last day of field emergence (day): Seeds coated with 

gypsum and treated with 400 mgl  of Ag-NPs recorded the -1

lowest number of days to reach the last day of field 

emergence (7.75 days), which was not significantly differ with 

coated seeds and treated with 200 mgl  (8.25 days). -1

However, dry seeds required more days to reach last day of 

emergence (10.75 day) which not significantly different with 

un-coated seeds treated with only water (10 days) (Table 1). 

Results also showed significant superiority of coated seeds 

to reach early the full emergence with an average (8.70 days) 

compared with un coated seeds which gave the higher 

average (9.3 days). The Ag-NPs concentrations (400 and 

200 mgl ) gave the lowest average (8.25 and 8.75 days) with -1

no significant differences between them, respectively. Seeds 

treated with distilled water recorded the highest average 

(9.88 day).

Time required for field emergence (day): There were 

significant differences between combinations of coating with 

gypsum and Ag-NPs treatment compared with the control 

(Table  2). Coated  seeds and treated with 200 mg l  of Ag--1

NPs recorded the lowest average of time required to field 

emergence (4.25 days) with no significant differences 

between them and Ag-NPs (400 and 100 mg l ), which gave 1-

4.50 day for both combinations. Dry seeds, un-coated seeds 

and seeds treated with only distilled water and 100mgl  of Ag--1

NPs recorded the highest average (6.00 days). Table 2 

showed significant superiority of coated  seeds in giving the 

lowest average of required time to the field emergence (4.80 

days) compared with 5.85 day for un-coated seeds.
-1Speed of field emergence (seedling day ): Results of 

Table 2 showed significant differences between the 

combinations of study factors compared with the control. 
-1Coated seeds with gypsum and treated with 400 mg l  of Ag-

NPs recorded the highest speed of field emergence (19.96 
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-1seedling day ) which not significantly differ with coated seeds 
-1treated by Ag-NPs (200 and 100 mg l ), which gave 19, 39 

-1and 17.18 seedling day , respectively. Dry seeds gave the 
-1lowest speed (8.80 seedling day ), which not significantly 

different with un-coated and treated seeds with only distilled 
-1water (9.58 seedling day ) for treated seeds with Ag-NPs. 

-1Seeds treated with 400 mg l  gave the highest speed (17.19 
-1seedling day ) with no significant differences with seeds 

-1 -1treated with 200 mgl  which gave (16.68 seedling day ). ,

While seeds treated only with distilled water gave the lowest 
-1speed of 10.98 seedling day (Table 2).

Field emergence (%): Results in Table 3 indicated that there 

were significant differences between the combinations of 

study factors compared with the control.  Coated seeds with 

gypsum and treated with 400 ml of Ag-NPs treatment -1 

significantly gave the highest average of field emergence 

(88.75%) compared with 51.5 % for dry seeds. Seeds coated 

with local gypsum was significantly superior in giving the 

highest average (77.75%) of field emergence compared with 

72.45% for un coated seeds. Seeds treated with 400 mg l  of -1

Ag-NPs gave the highest average (85.62%) of field 

emergence compared with 60.38% for seeds treated with 

only distilled water (Table 3).

Infection with fungus F. verticillioides (%): There were 

with significant differences between all combination 

compared with the control (Table 3). All combinations were 

superior over dry seeds which gave the highest percentage 

of infection (93.5%). However, coated seeds with gypsum 

recorded the lowest percentage of infection (1.10%) 

compared with 21.35% for uncoated seeds. Also, seeds 

treated with Ag-NPs levels were significantly superior over 

seeds treated with only distilled water which gave the highest 

average of infection 45.25% (Table 3). For interaction, there 

were significant differences between study factors. All 

combinations of coated seeds with gypsum, all levels of Ag-

NPs and uncoated seeds treated with 300 and 400 mg l of -1

Ag-NPs were superior without significant differences 

between them and seeds treated with only distilled water 

which recorded the highest average 85% of infection.

Field emergence is considered the key factor of 

profitable agricultural production which can be realized when 

seedling vigour and its resistance to the biotic and abiotic 

stresses have been improved. Among, biotic stresses 

seedlings death which caused by F. verticillioides. This fungus 

is the most common disease especially in maize (Tesso et al 

2009, Choi and Xu 2010). Therefore, providing protection 

measures for seeds at this stage is of vital importance. 

Results showed that un coated seeds with local gypsum and 
-1treated with 400 mg l  of Ag-NPs gave the lowest average of 

days to reach the first day of field emergence compared with 

Seeds 
treated

-1Ag-NPs (mg l ) Average

0 100 200 300 400

Coated 63.25
(5.50)

72.50
(0.00)

81.75
(0.00)

82.50
0.00)

88.75
(0.00)

77.75
(1.10)

Uncoated 57.50
(85.0)

71.25
(14.0)

76.25
(7.75)

74.75
(0.00)

82.50
(0.00)

72.45
(21.35)

LSD 0.05 NS (5.95) 2.23
(2.66)

Average 60.38
(42.25)

71.88
(7.00)

79.00
(3.88)

78.62
(0.00)

85.62
(0.00)

LSD 0.05 3.52 (4.20)

Dry seed 51.50 (93.5)

LSD 0.05 4.77 (5.93)

Table 3. Effect of seed coated with gypsum and Ag-NPs on 
the field emergence (day)

*Infection percentage (%) in parentheses

Seeds 
treated

-1Ag-NPs (mg l ) Average

0 100 200 300 400

Coated 5.25
(12.38)

4.50
(17.18)

4.25
(19.39)

5.50
(15.13)

4.50
(19.96)

4.80
(16.81)

uncoated 6.00
(9.58)

6.00
(12.04)

5.75
(13.97)

5.75
(13.10)

5.75
(14.42)

5.85
(12.62)

LSD 0.05 NS (NS) 0.52
(1.75)

Average 5.62
(10.98)

5.25
(14.61)

5.00
(16.68)

5.62
(14.12)

5.12 
(17.19)

LSD 0.05 NS (2.77)

Dry seed 6.00 (8.80)

LSD 0.05 1.19 (3.74)

Table 2. Effect of seed coated with gypsum and Ag-NPs on 
the required time for field emergence (day)

-1*Speed of field emergence (seedling day ) in parentheses

dry seeds. This may be due to the physical retardation caused 

by local gypsum at the beginning of emergence process. 

Whereas, seeds coated with gypsum and treated with 400 mg 
-1l  of Ag-NPs showed highest average of emergence speed 

and field emergence percentage. All levels of Ag-NPs, in 
-1 particular, 400 mg l gave the best results of studied 

characters compared with seeds treated with only distilled 

water. This may be due to the lime present in high percentage 

(40%) in the gypsum, which stimulates seed germination. 

This result agrees with the findings of Scott (1975), who 

achieved significant increase in field emergence percentage 

due to the seed coated with different materials among them 

lime, besides the role of Ag-NPs in controlling fungi, rots and 

other plant diseases and enhancing the plant growth (Sharon 

et al 2010). Many researches referred that using Ag-NPs 

helped in increasing germination percentages and seedling 

growth via their enhancement to absorbs water (Zheng et al 

2005), increasing nitrate reduction in the seeds, and 

increasing the activity of oxidized enzymes (Lu et al 2002), 
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which increases the speed of physiological activities inside 

the seed, speeding up germination percentage, and reducing 

time required to emerge and completion of emergence. It is 

clear from results of Table 3 the clear effect of combination of 

coated with local gypsum and treatment with all Ag-NPs 

concentrations in preventing the infection with F. 

verticillioides. It is worth to mention that seed coated 

treatment with gypsum only without Ag-NPs provided a 

protection to the seeds against the fungus infection which 

reached 85%. This may be due to the positive role of coating 

material in increasing the activity of seed coat to protect its 

internal contents against fungi and insects infection and 

guaranteed the successful field emergence which, in turn, 

allows a good adhesion with seeds and better protection of 

compacted compounds with coating materials like fungicides 

and insecticides (Pereira et al 2005 and Kunkur et al 2007). 

Also, the positive role of Ag-NPs which approved a good 

protection against diseases.

CONCLUSION 

It can be local gypsum and Ag-NPs can improve the field 

emergence properties, speed, percentage and providing the 

full protection of seeds against F. verticillioides with all Ag-

NPs concentration. However, Ag-NPs cannot provide such 

protection without coating with local gypsum especially at 
-1higher concentration 300 and 400 mg l .  This approves the 

activity of local gypsum in increase the activity of Ag-NPs, 

reducing its lost due its protection from washing off to be 

available inside the seed bed for a longer period.  
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Effect of Glutathione Foliar Spray on Some 
Growth Traits in Maize Varieties
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Abstract: A field experiment was conducted to investigate the response of some growth traits of four maize varieties (Fajer, Baghdad, 5018, and 
-1Al-Maha) to the foliar Glutathione spray concentrations (0, 100, 200, and 300 mg l ). The Baghdad variety showed superiority in the traits of plant 

height, leaf area, and number of leaves traits, while Fajer var. recorded the least average of days till75%tasseling and silking75% (75% of 

plants)i.e., 57.08 and 68.58 days, respectively and Al-Maha gave the highest number of days till tasseling and silking 75% of plants and the 
-1lowest values of leaf number, chlorophyll content, and plant dry weight. The treatment of spraying of Glutathione300mg l  was superior to the 

other concentrations in the most studied traits except for the number of leaves. This concentration increased the plant height, leaf area, plant dry 

weight, and total chlorophyll content by 4.26%, 5.532%, and 23.95%, respectively compared to the treatment of no-spray, which  recording the 

lowest average of the studied traits. The interaction between two factors was significant in all the growth traits.
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The cultivation of maize in Iraq faces a significant 

reduction in cultivated area and low productivity compared to 

global production, although this crop has a wide 

environmental range and adapts to different environmental 
oconditions. It's cultivation extends from latitudes 50 N and 

o40 S and in areas with cold climates to high temperature 

areas (Hallauer 1994). Maize yield production in Iraq (1133.8 

ton in the areas of 558 dunams according to the  Ministry of 

Planning 2018) still low compared to the world production, for 

many reasons involving the failure to follow the modern 

agricultural practices including the use of safe and 

environmentally friendly materials, whereas, recently the 

world has trended towards the use of these materials as a 

result of the large problems caused by the excessive use of 

chemical fertilizers affecting adversely the animal and human 

health. One of the safe approach is using Glutathione, which 

is a tripeptide composed of three amino acids (Glutamic acid, 

Cysteine and Glycine). It is a powerful antioxidant 

responsible for the balance between oxidation and 

antioxidants and protects against free radicals and regulates 

many cell functions such as repair and formation of DNA and 

proteins as well as regulate the work of plant enzymes 

(Pompella et al 2003). The main ingredient in the 

Glutathione–ascorbatecycle, which reduces hydrogen 

peroxide, then preserves cells when exposed to oxidative 

stress (Noctor and Foyer 1998). Glutathione plays an 

important role in the metabolism processes and in cell 

division and differentiation, as well as it acts on gathering and 

receiving the optical signals in addition to resisting heavy 

metals and herbicides. Moreover, it forms a defensive means 

against pathogens. It has a role in the process of flower 

development in plants (Noctor et al 2011). In addition to its 

role in the release of salicylic acid (Rouhier et al 2008), which 

works to stimulate the pigments responsible for 

photosynthesis and thus increase the rate of carbon 

representation and the accumulation of dry matter 

(Rajasekaran and Blake 1990)

The important functions performed by Glutathione 

mentioned above has a significant impact in increasing 

growth and yield (Abdellatif 2017, Ebtihal et al 2018).

The main object of growing maize is the grain yield, 

which is greatly affected by the environment, so it's the 

outcome of the interaction among a group of major and minor 

components governed by genetics. Thus, it is necessary to 

concentrate efforts in order to improve this crop. 

Understanding the behavior, and performance of each 

variety in addition to their response to the growth factors, the 

field practices are essential to the yield increment. Due to the 

previously mentioned and the absence of a study showing 

the effect of Glutathione on maize plants, this study was 

conducted aimed to knowing the response of the growth traits 

of the genotypes to Glutathione spraying.  

MATERIAL AND METHODS

A factorial experiment was conducted during 2018 in a 

field experiment at College of Agricultural Engineering 

Sciences, University of Baghdad Jadrya. The experiment 

was laid out in Randomized Complete Block Design (RCBD) 



to investigate the response of four maize varieties to 

Glutathione spraying. 

The soil of the experiment field was ploughed using the 

flattening plough and the soil was prepared with rotovator 

plough and then leveled and divided into experimental units 

with dimensions (3 m × 3 m). The number of experimental 

units reached 48. The experimental unit included five lines of 

3 m length and the distance between the lines was 75 cm and 

the distance between plants was 25 cm to obtain a plant 
-1density of 53000 plants ha

The experiment contains two factors, the first factor 

included four maize varieties (Fajer, Baghdad, 5018 and Al-

Maha). It is represented by symbols (V1, V2 , V3  and V4 ) 

sequentially, the second included four concentrations of 
-1Glutathione (0, 100, 200, and 300 mg l ) and it's represented 

by symbols (C0, C100, C200and C300) Sequentially that 

were sprayed during two growth stages: first, at six-leaves 

stage (75% of plants) and second, at twelve-leaves stage 

(75% plants). The Glutathione was sprayed during the 

evening on the plant vegetative parts using a pressure 

sprayer until full wetness and a diffuser (dish detergent) was 

added to reduce the water surface tension. As a precaution, 
-1the stem borer insect was controlled using 6kg ha  of 

granular diazinon (10% effective material). The land of the 

experiment was planted in July 27, 2018. Urea fertilizer of 
-1400 kg ha  was added in two batches, the first one was added 

20 days after emergence and the second was added at the 

beginning of the flowering (Ministry of Agriculture 2011). Crop 

service operations were conducted manually whenever 

needed. The parameters number of days from planting till 

tasseling 75% of plants, number of days from planting till 
2silking (75% of plants), plant height (m ), number of leaves 

-1 2 per plant (leaves plant ), leaf area, cm (El-sahookie 1985), 

dry weight at the physiological maturity stage and chlorophyll 

content (Goodwin 1976) were recorded. All data were 

analyzed using the gestate software. Analysis of variance 

and mean comparison was carried out with 5% probability. 

Plants were harvested when they reached full matured.

RESULTS AND DISCUSSION

Number of days till tasseling (75 % of plants): The maize 

varieties and their interaction with the Glutathione 

concentrations on the number of days till the tasseling (75% 

of plants) showed significant impact while the difference in 

the glutathione concentrations did not affect this trait 

significantly.   

The table shows the superiority of Fajer variety. 

recording the least number of days (57.08 days) reaching 

tasseling 75% of plants. However, it did not differ significantly 

from Bagdad and 5018var. that recorded 58.00 and 58.25 

days, respectively, while the Al-Maha variety differed 

significantly from the others and recorded the longest period 

to tasseling 75% of plant (60.75 days). This difference may 

be due to the genetic variances among varieties in the period 

length preceding tasseling or to the extent they are 

influenced by environmental conditions. This stage of growth 

is most affected by the Light intensity and temperature and 

their interaction with the genetic structure of the plant.

Table 1 refers to the different behavior of the varieties 

related to the different Glutathione spray concentrations. The 

number of days until reaching 75% tasseling significantly 

decreased when the concentration of glutathione sprayed 

increased from 0-100 at the variety 5018 and without 

significant difference between concentrations 100, 200 and 

300 mgl . The behavior of Al- Maha var. varied by the effect of -1

increasing concentrations of spraying. The number of days 

till75% tasseling increased by increasing the spray 

concentrations with a difference of 9.66 days when 

increasing the spray concentration to 300 mg l  of -1

glutathione.

Number of days till silking 75% of plants: Data in Table 1 

illustrated significant differences among the study factors 

(varieties and glutathione concentrations) in addition to the 

significant interaction between them in the number of days till 

75%silking. The data shows the significant superiority of 

5018 var. giving the least number of days (68.58 days) with 

no significant difference from Baghdad (68.83 days), while 

Al-Maha var. differed significantly from the other varieties and 

recorded highest number of days for 75% silking. This may 

be due to the difference of these varieties to reach 75% 

tasseling (Table 1), where female inflorescences appear 

between 7-3 days after the emergence of male 

Varieties -1Glutathione concentrations (mg l )

C 0 C 100 C 200 C 300 Mean

V 1 55.33 
(64.67)

59.00 
(66.00)

58.33 
(74.33)

55.67 
(69.33)

57.08 
(68.58)

V 2 56.00 
(66.67)

54.67 
(64.67)

63.00 
(75.67)

58.33 
(68.33)

58.00 
(68.33)

V 3 62.67 
(64.00)

55.33 
(65.00)

55.67 
(74.67)

55.67 
(70.67)

57.33 
(68.58)

V 4 55.67 
(76.33)

61.67 
(65.00)

60.33 
(71.33)

65.33 
(76.33)

60.75 
(72.25)

L.S.D 3.358 
(4.052)

1.679 
(2.026)

Mean 58.33 
(67.92)

57.67 
(65.17)

59.33 
(74.00)

58.75 
(71.17)

L.S.D NS (2.026)

Table 1. Effect of varieties, Glutathione concentrations and 
their interaction on the number of days till the 
tasseling 75% of plants*

*Number of days till silking 75% of plants
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Varieties -1Glutathione concentrations (mg l )

C 0 C 100 C 200 C 300 Mean

V 1 169.83 
(13.220)

176.07 
(13.800)

178.47 
(14.200)

187.13 
(14.400)

177.88
(13.905)

V 2 185.13 
(14.200)

187.33 
(14.800)

196.27 
(15.733)

191.53 
(14.000)

190.07
(14.683)

V 3 186.95 
(14.533)

188.47 
(14.867)

179.80
(13.133)

196.67 
(14.600)

187.97
(14.283)

V 4 183.91 
(13.533)

187.20 
(14.067)

188.67 
(13.133)

181.60 
(14.200)

185.34
(13.733)

L.S.D 6.031 (1.052) 3.015 
(0.526)

Mean 181.46 
(13.872)

184.77 
(14.383)

185.80 
(14.050)

189.32 
(14.300)

L.S.D 3.015 (NS)

Table 2. Effect of varieties, Glutathione concentrations and 
their interaction on plant height (cm)*

-1*Number of leaves plant

inflorescences. Results showed the superiority of the 

concentration 100 mg l  giving the lowest average of the trait -1

(65.17 days) that differed significantly from the other 

concentrations (0, 200, and 300 mg l ) that gave 6.92, 74.00, -1

and 71.17 days, respectively (Table 1). This difference may 

be due to the glutathione role in developing the flowering 

process in plants (Rouhier et al 2008). It plays an important 

and essential role in the nucleus for the transition of cells from 

vegetative growth stage G1 to reproduction growth(S) (Diaz-

Vivancos et al 2010)

The interaction between maize varieties and glutathione 

concentrations was significant. Fajer and 5018var. behaved 

similarly in this trait when the Glutathione concentration 

increased from 0 to 200 mg l . The trait maximized at the -1

concentration of 200 mg  and declined at the concentration -1

300 mg l , while Bagdad and A-Maha variety behaved -1

differently. The trait decreased at the concentration 100 mg l  -1

and then recorded a significant increment at the 

concentration 200 mg l  compare to the no-spray treatment.-1

Plant height: Table 2 refers to the significant different effect 

of maize varieties and spraying glutathione and the 

interaction between them on the plant height. Baghdad var. 

was superior in this trait giving the highest average of the 

plant height (190.07 cm) followed by 5018 (187.97 cm) and 

AL-Maha variety (185.34 cm), while Fajer variety gave 

minimum average of the plant height (177.88 cm).However, 

the difference between Baghdad and 5018 var. was not 

significant. The differences among varieties may be due to 

their genetic differences in responding to the environmental 

conditions, especially light and temperature. There was 

significant difference among the treatments spraying 

Glutathione in the plant height (Table 2). Spraying 300 mg l  -1

produced the highest values of plant height averaged 189.32 

cm that differed significantly from 0 mgl  giving 181.46 cm -1

plant height, as well as from the concentrations 100, and 200 

mg l that gave plant height averaged, 184.77 and 185.80 cm, -1 

respectively. However, the difference between these two 

concentrations was not significant. The difference among the 

Glutathione concentrations in this trait may be due to the 

glutathione role in the processes of the cell division, 

elongation, and differentiation (Potters et al 2004, Henmi et al 

2005). It is a natural antioxidant in the plant that prevents or 

regulates this process during growth and development from 

cell division and elongation to aging and death (Sharma et al 

2012 and Kasote et al 2015).  These results are consistent 

with those of Ghoname (2010) and El-Awadiet al (2014). The 

same table demonstrates the differences between the 

responses of the varieties to Glutathione concentrations. 

Plant height of the Fajr variety increased positively by 

increasing the Glutathione concentration to 300 mgl  -1

Glutathione gave the highest plant height with a increasing 

ratio of 10.18% compared to non-spray treatment, while the 

two varieties, Baghdad and Al-Maha varieties, gave the 

highest plant height averaged 196.27 and 188.67 cm, 

respectively when sprayed by 200 mg l  of glutathione. -1

Afterwards the plant height declined insignificantly. On the 

contrary, the plant height of 5018 variety plants decreased 

significantly when they were sprayed by 200 mgl and -1 

increased significantly when they were sprayed by 300 mg l  -1

producing the highest plant height averaged 196.67 cm. 

Number of leaves per  plant: Baghdad var. produced the 
-1 highest leaf area averaged 14.683 leaves plant that did not 

differ significantly from the variety 5018 producing 14.283 
-1leaves plant  on average, while Al-Mahavar. produced the 

-1 lowest value averaged 13.733 leaves plant (Table 2). The 

reason for this variance may be due to their variance in the 

plant height that may make plants have more leaves. 

The table also referred that the effect of different 

glutathione spray concentrations on the plant leaf number 

was not significant, in contrast to the results obtained by 

Bekheta and Talaat (2009) and El-Awadi and AbdElwahed 

(2012) and Hussein et al (2014) who reported that spraying 

plants of mung bean, scallion and cotton by different 

glutathione concentrations increased the number of leaves 
-1plant  significantly. 

The results show a significant effect of the interaction 

between the varieties and glutathione spray concentrations. 

The variety Fajer, behaved differently from the other varieties 

where the number of leaves in this variety increased 

positively when the glutathione spray concentration 
-1increased, whereas spraying 300mgl glutathione on 

Baghdad plants decreased the number of leaves, and the Al-

Maha and 5018 behaviors were similar as the number of 
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-1leaves decreased to 13.1333 leaves plant  when the 
-1glutathione concentration was 200 mg l .

2Leaf area (m ): Baghdad proved to the superior variety 

producing the highest leaf area averaged 0.6696 m  2

exceeding the varieties Fajer, 5018 and Al-Maha that 

produced leaf area averaged 0.6478, 0.6452, and 0.6623 m  2

by 3.365, 3.781 and 1.10%, respectively, yet Baghdad did not 

differ significantly from Al-Maha. The reason behind this 

difference may be due to the genetic variances among 

varieties in this trait as well as the relationship between this 

trait and number of leaves in plant (Table 3), which increased 

the plant leaf area. 

In addition, there was a significant difference among 

glutathione spray concentration in this trait as the plants 

sprayed by 300 mg l  were superior and produced the highest -1

plant leaf area averaged 0.6695m  that did not differ 2

significantly from the two concentrations 100 and 200 mg l , -1

which in turn did not differ from each other. This may be due to 

the role of glutathione in the plant, as it is found in the 

Photosynthesis tissues and other tissues and protects the 

cell and its structures from oxidative damage as a result of the 

biological activities in which it controls the division of cells as 

well as its role in the removal of toxins and its role in the 

pathways of biological representation and increase the 

activity of many enzymes (Gillbert et al 1990, Sanchez- 

Fernandaze et al 1997, Noctor et al 2012). These results are 

consistent with those reached by Sadak et al (2014).

The interaction effect between the varieties and 

glutathione concentrations was significant on leaf area. The 

plant leaf area of 5018 increased positively with the increase 

of Glutathione concentration where the highest leaf area of 
2this variety averaged 0.6708 m  was produced when the 

-1plants were sprayed by 300 mg l  of Glutathione while the leaf 

Varieties -1Glutathione concentrations (mg l )

C 0 C 100 C 200 C 300 Mean

V 1 0.6157
(308.6)

0.6584
(316.3)

0.6533
(322.5)

0.6635
(358.1)

0.6478
(326.4)

V 2 0.6620
(314.7)

0.6797
(328.5)

0.6949
(356.8)

0.6418
(373.8)

0.6696
(343.5)

V 3 0.6164
(315.7)

0.6357
(324.8)

0.6577
(343.1)

0.6708
(401.3)

0.6452
(346.2)

V 4 0.6434
(311.4)

0.6583
(390.9)

0.6457
(326.0)

0.7017
(338.5)

0.6623
(316.7)

L.S.D 0.02631 (19.81) 0.01316
(9.90)

Mean 0.6344
(312.6)

0.6580
(315.1)

0.6629
(337.1)

0.6695
(367.9)

L.S.D 0.01316 (9.90)

Table 3. Effect of varieties, Glutathione concentrations and 
2their interaction on leaf area (m )

-1*Plant dry weight (g plant )

area of the varieties Fajer and Al-Maha firstly increased when 

the glutathione concentration increased, but it decreased 
-1insignificantly at the concentration 200 mg l . On the other 

hand, the leaf area reached its maximum mean for Baghdad 
-1 2variety at concentration of 200 mg l  of glutathione 0.6949 m  

and then decreased significantly decrease at concentration 
-1300 mg l .        

-1Plant dry weight (g plant ): The maize varieties and the 

Glutathione spray concentration with reference to plant dry 

weight showed significant difference in addition to the 

interaction between them (Table 3). The variety 5018 was 

superior to the others and recorded the highest plant dry 

weight averaged 346.2 g plant that did not differ significantly -1 

from Baghdad, while the lowest average of the plant dry 

weight (316.7 g plant ) was recorded by Al-Maha that did not -1

differ significantly from Fajer. Perhaps the reason for the 

superiority of the variety 5018 in this capacity is that it did not 

differ significantly from the variety Baghdad in some growth 

traits (plant height and the number of leaves (Table 2). The 

table illustrates the superiority of spraying 300 mg l  of -1

glutathione giving the highest plant dry weight (367.9 g plant-

1 -1) compared to the other concentrations 0, 100, 200 mg l  with 

a increase ratio 17.69, 16.75 and 9.13%, respectively. The 

difference between the first two concentrations, 0 and 100 

mg l , was not significant. The reason may be that glutathione -1

is an antioxidant acting as a defensive barrier in a plant, 

protects it against the antioxidant damage as well as its role in 

increasing dry weight (indirect) through the release of 

salicylic acid (Rouhier et al 2008) which has a role in 

catalyzing the pigments responsible for photosynthesis and 

thus increasing the rate of this process and the accumulation 

of dry matter (Rajasekaran and Blake 1999). Or due to its 

direct role in increasing this trait through increasing some of 

the growth traits studied (plant height and leaf area Table 2). 

These results are consistent with those obtained by 

Ghoname et al (2010), Zaki and Mohamed (2017), and Eid et 

al (2011). Regarding the interaction between the maize 

varieties and the Glutathione concentrations, Fajer, Baghdad 

and 5018 were similar in increasing the plant dry weight 

positively when the glutathione concentration increased, 

where the variety 5018 plants gave the highest average of the 

plant dry weight (401.3 g plant ) when they were sprayed by -1

300 mg l glutathione. Al-Maha showed a fluctuated response -1 

to the spray concentration. It recorded a significant increment 

in the plant dry weight when the plants were sprayed by 100 

mg l  compare to 0 mg l  and significant decrease when they -1 -1

were sprayed by 200 mg l and finally an insignificant -1 

increment when the plants were sprayed by 300 mg l .   -1

Total chlorophyll content (mg g fresh weight)-1 

The data in Table 4 showed significant differences 
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among varieties and Glutathione spray concentrations in 

addition to the interaction between them in the chlorophyll 

content. The leaves of 5018 variety contained the highest 
-1 total chlorophyll content of 41.24 mg gm fresh weight 

indicating superiority to this variety. The presence of 

significant difference between the varieties in the content of 

chlorophyll in their leaves may be mainly due to the different 

genetic susceptibility. The results of the same table indicated 

the superiority of spray treatment with a concentration of 300 
-1mg l  of glutathione in the content of the total chlorophyll of 

-1 leaves of plants, which has an average value of 43.16 mg g

fresh weight, superior to the rest of the treatments (0, 100 and 
-1200) mg l  with an increase of 23.95%, 17.76% and 7.36%, 

respectively and the reason for this effect of glutathioneis that 

representation photosynthesis possesses organs have  

powerful enzyme antioxidants and the antioxidant systems 

and small molecules (glutathione) plays an important role in 

the regulation of biological processes during photosynthesis 

process. Glutathione enhances the effectiveness of this 

process and the biosynthesis of chlorophyll and delays its 

degradation (Kattab 2007, Latifi et al 2009, Noctor and Foyer 

2009). These results are in agreement with those of Cai et al 

(2010), Son et al (2013), AbdElwahed and Abouziena (2014) 

and Ebtihal et al (2018). It is noted from the same table that 

the four varieties showed a positive response to all spraying 

treatments with glutathione, but the response of the Al Maha 
-1variety to increase the concentration of 300-0 mg l  of 

glutathione was more than the rest varieties in this capacity. 

Baghdad's variety response came close to it, with an 

increase of 29.52% compared to 16.04%, 21.57% for Fajer 

and 5018, respectively.
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Abstract: A field study was carried out to evaluate the efficacy of various extracts, with Atlantis herbicide and their interactions on controlling 
-1grassy weeds of wheat.. The 1/4 Atlantis herbicide  sorghum and sunflower extracts increased catylase (8.92) unit absorption mg  protein, while 

-1weed free treatment  gave the lowest value measured at 1.27 unit absorption mg  protein. In addition to this, the 1/3 Atlantis herbicides and 

Atlantis + sunflower + sorghum extracts  gave highest value of superoxide dismutase and peroxidase measurement at affecting 0.67, 26.70 unit 
-1absorption mg  protein, respectively. Atlantis herbicide reduced weeds and their competition with wheat. In turn, the gluten has increased from 

-115.8 to 17.5 mgl . Thus, Atlantis herbicide can be used with sunflower and sorghum extracts to increase the peroxidase and catylase against 

reactive oxygen species (ROS), and for accumulation of high concentration of gluten in grains.
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Wheat is one of the most important crops worldwide. It's 

a major source of energy in human nutrition. It provides about 

50 per cent of total of carbohydrates of the world population 

(FAO 2010). Wheat is unique among cereal crops due to the 

fact that the wheat flour has complex protein called glutin, 

that can be formed into dough with rubbery properties to 

make leavened bread. The biotic stress such as sufficient of 

nutrient element, weeds, herbicides, that can limit of growth 

of crop and its productivity. Herbicides are often 

accompanied with hamper of metabolite process in plant cell.

Most of metabolites are synthesized of CO  by Shikimate 2

and mevalonate (Ahrens et al 2010). Atlantis herbicides have 

induced the production of oxidative stress to produce 

antioxidant and oxidant enzymes against reactive of oxygen 
-species (ROS) in plant tissues like O , superoxide radical (O2

2 -), hydrogen peroxide (H O ) and hydrogen radical (OH ).The 2 2

symptoms of ROS caused damage of chlorophyll molecules, 

proteins and DNA molecule that would cause affects to the 

formatting fatty acids and plant growth (Asada 1999). The 

generated antioxidants enzymes such as catylase, 

peroxidase and superoxide dismutase play a key role in 

removing effects of ROS, and maintenance of plant live 

(Foyer and Nocoter 2005). While glutathione peroxides, 

ascorbate and glutathione reductase showed high activities 

under different levels of herbicides (Scandalios 2002).

Herbicides caused breakdown of cytokinin content (CC) 

and kernel filling (Ramos and Pitelli 1998), however some of 

plants could endure detoxify herbicides by scavenging of 

reactive oxygen species (ROS) via antioxidant enzymes 

(Ciniglia et al 2015). Several studies have demonstrated 

change of ROS production of wheat varieties as response to 

weed interference through a change of anti-oxidant enzymes 

activity (Asada 1999).

The functions of anti-oxidant enzymes are to restore 

cellular homeostasis. Unlikely, weeds elevated the level of 
1 -O , H O  and OH , that will be required for generation of 2 2 2

catylase and superoxide dismutase to scavenge their toxicity 

(Foyer and Nocoter 2005). The study aimed to measure a 

concentration of anti-oxidant enzymes under treatment of 

Atlantis herbicides and  plant extracts.

MATERIAL AND METHODS

A field study was carried out at College of Science and 

Agricultural engineering Station – University of Baghdad, 

Iraq during winter 2019, to investigate the effect of Atlantis 

herbicide, sunflower and sorghum extracts with their 

interactions of grassy weeds on wheat and their effects on 

anti-oxidant enzymes, like catylase, peroxidase and 

superoxide dismutase.

The experiments were laid out in randomized complete 

block design with three replications. The net plot size of 2  2 m 

was maintained for each treatment. Wheat cultivar (IPA 99) 
-1was sown on Nov. 20, 2018 with seed rate of 100 kg ha . The 

-1NPK fertilizer dose of 70 kgha  was applied in the form of 

urea, whole of P was applied in form (P O ) as basal, while N 2 5

fertilizer was applied at three time through out wheat life 

cycle.

Experiments was comprised of 12 treatments namely 

sorghum extract (T ), sunflower extract (T ), sorghum + 1 2

sunflower extract (T ), 1/2 Atlantis herbicide + sunflower 3

extract (T ), 1/3 Atlantis  herbicide + sorghum and sunflower 4

extract (T ), 1/4 Atlantis herbicide  sorghum and sunflower 5



extracts (T ), 1/2 atlantis (T ), 1/3 atlantis (T ), 1/4 atlantis (T ), 6 7 8 9

full recommended of atlantis (T ), Free control weed (T ) and 10 11

weedy treatment (T ). Anti-oxidants enzymes have been 12

extracted from plants during bloating stage.

Catylase (CAT): The activity of CAT was measured by using 

spectrophotometer according method (Mitter 2002):

Superoxide dismutase (SOD): The activity of SOD was 

measured according to method (Mitter 2002):

Activity of peroxidase (POD): The activity of POD was 

measured according to method given by Mitter (2002):

Proteins = Total proteins were measured according to the 

method given by Wrigley (1996):

Gluten = Gluten was measured according to method given 

by AA CC (2000).

RESULTS AND DISCUSSION

Catylase: Catylase is one of antioxidants enzymes (Pen et al 

2007). This enzyme consist of polypeptides approximately 

50-70 KDa in cell of plant, that provide insight to sufficient 

H O  for chloroplast to synthesized proteins (Cakmak and 2 2

Horst, 1991). The catylase is very rapidly reduced through 

two electrons that come from molecule of water (H O ) and 2 2

involves successive NADPH and caused loss of glucose-6, 

phosphate dehydrogenase (McCunn 1997). The results 

showed that there were significant differences between 

treatments and control (Fig. 1). The treatment T  gave 5

highest level of catylase concentration (28.76) unit of 

absorption gm  protein when compared with T  that gave a -1

12

lowest level of catylase (1.27 unit of absorption gm  of -1

protein). The combination between 1/2 Atlantis, sorghum and 

sunflower extracts are enhanced by catylase activity via 

reduction to ascorbate by using NADPH-independent 

enzyme to protect cell membranes against oxidative damage 

to reactive oxygen species  (Yang and Poovalah 2002). 

While, the treatment (control) caused decrease of enzymatic 

and non–enzymatic antioxidant function such as superoxide 

dismutase, caylase, ascorbate peroxidase, peroxidase and 

flavoinds (Willekens 1993).

Superoxide dismutase (SOD): The results (Fig. 2) showed 

that there were significant differences between treatments 

and control. The treatment T  gave the highest level of SOD 10

-1(0.88 unit of absorption ml ). Atlantis herbicide has ability to 
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Fig. 1. Effect of some plant extracts and Atlantis herbicide on 
catylase activity of IPA wheat cultivar
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Fig. 2. Effect of some  plant extracts and Atlantis herbicide on 
the activity of superoxide dismutase of IPA wheat 
cultivar

act as thylakoid membrane of chloroplast, as well as it 
- -transferred O  through O  formation (Dodge 1994).2 2

Atlantis herbicide consist of 1, 1-dimethyl–2,4-

bipyridylium dichloride, and it is widely used to mediate 

damage of ROS in plants (Dodge 1999),while the substrate 

effects to chloroplast by increased SOD, with removal of 

ROS (Dodge 1994). The treatment of sorghum extract (T ) 1

caused control of weeds in very early age of weed life, 

because of allopathy and not accumulation of antioxidant 

enzymes: superoxide dismutase and peroxidase to 

scavenging of reactive oxygen species (Altieri and Dall 2002)

Peroxidase: The results (Fig. 3) showed that there were 

significant differences between treatments under study. The 

treatment T  appear highest value 26.70 unit of ansorption 10

mg  protein. Compared with T , which gave the lowest value -1

1

(10.01 units) of absorption. The sorghum extract did not have 

capacity to control of weeds. In addition to increase of 

reactive oxygen species ROS, and elevate of peroxidase to 

be factor scavenge (ROS)

Wheat proteins: Wheat protein consist of four fractions: 

albumins, globulins, gliadins and glutens. In addition to this, 

gliadins and glutens comprise from 58.17 to 65.27 and 56.25 
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Fig. 3. Effect of some plant extracts and Atlantis herbicide on 
peroxidase activity on IPA wheat cultivar
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Fig. 4. Effect of some plant extracts and Atlantis herbicide on 
the ratio of protein of IPA wheat cultivar
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Fig. 5. Effect of some plant extracts and Atlantis herbicide on 
the quantity of gluten of IPA wheat cultivar

to 64.4%, respectively while albumins and globulins are 

present 20 to 25 of whole quantity of protein (Verik- Ken et al 

2000). The results (Fig. 4) showed that there were significant 

differences between treatments. The treatment T showed 2 

the highest quantity of protein (21.87%) compared to control 

treatment (14.75%). The increasing of proteins are due to 

elevate of salicylic (SA) levels, that have promoted Betaine- 

biosynthesis (Woston 1996). Also, enhanced of long period 

of stay green until the maturity of grains (Slooten et al 1995).

Glutin: The (Fig. 5) showed that there were significant 

differences between treatments, whereas, the treatment T  10

gave the highest value 15.8 mgl . Compared with T . The -1

1

increasing of gluten value in T , is due to Atlantis herbicide, 10

which controlled the whole weeds and leads to increase the 

synthesis of glutin in mature wheat grain (Weegels et al 

1996). While, T showed reduced glutin concentration 1

trended to in format of anti-oxidant: enzymes, catylase and 

peroxidase (Miflin and Habash 2002).

CONCLUSION 

The antioxidant enzymes in plant cells protect cell 

organelles against reactive oxygen species (ROS). It is often 

considered that concentrations of factors of this study, like 

atlantis herbicide, sorghum and sunflower extracts, as well 

as their interactions are determinate of the free- radical of 

oxygen. Therefore, reactive oxygen species (ROS) are more 

useful conceptual paradigm to indentify the damage involved 

in intracellular and perturbation of redox and high activity of 

antioxidant enzymes such as catylase. Which increases 

recommended limit 1/3 of herbicide and sorghum extract. 

Also with superoxide dismutase, whereas, T  appears to be 2

high level. While, gluten increased in treatments, which did 

not contain weeds, due to control via Atlantis herbicide, which 

lead not subjected wheat plants to stress and accumulation 

of ROS and eventually increased of glutens.
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Effect of Ratooning of Sorghum Cultivars on Growth 
and Yield Characters 
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Abstract: A field experiment was carried out in the spring and autum seasons to study the response of five varieties of sorghum (Inkath, lilu, 

Ishtar, Buhooth 70 and caviar) to ratooning agriculture. Results showed that the pattern of agriculture has a significant effect on most studied 
-2 -2traits. Ratoon plants were superior to plants grown from seeds in headm  (15.33 m ), The plants grown from the seed were significantly higher 

than ratooning plants by giving  the highest average number of grains, 200 grain weight, grain yield, plant and harvest index, and lowest mean 
2 -1 -1 -2number of empty heads 191.36 cm, 4910 cm , 1999 grain head , 5.77 g, 57.03 gm plant , 639.6 g mm , 32.26% and 4.87%, respectively. The 

-1 -2plants of the Inkath variety were superior to the weight of 200 grains, grain and plant yield, and harvest index 5.46 g, 57.56 g , 673.4 gm  and 

30.40%, respectively.
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The adoption of traditional methods in the cultivation 

of sorghum crop leads to the acquisition of similar and 

comparable production and revenue in each season or 

agricultural year, which is reflected negatively in the failure to 

increase the total profits in terms of production quantities and 

total revenue. The change in the pattern of production of a 

given crop achieves results that differ from the results 

obtained when repeating the same cultivation method. 

Therefore, the development of modern agricultural methods 

to ensure increased revenues and the lowest cost may 

encourage farmers to grow the crop. The sorghum crop has 

the potential to stimulate its expansion of its cultivation, 

where it can be grown from seeds and harvested more than 

once for grain varieties (Chiad et al 2014). As the living roots 

of the crop and basal buds develop in to tillers, stem and 

flowers and grain yield (Gerik et al 2003). As the date of 

cultivation of sorghum in the autumn season is the date of 

harvesting of the spring season, making conditions suitable 

for the application of the pattern of ratooning under the Iraqi 

environment. Ratoon agriculture has many advantages as 

well as an economic method that does not need to be re-

cultivated and requires land preparation, ploughing, and 

seeding (Ramburan et al 2013). Several studies have shown 

that there is a significant superiority of the plants of the ratoon 

on the plants resulting from the cultivation of seeds directly to 

the crop of sorghum. As the number of heads, the weight of 

the grains, the grain yield and harvest index were superior for 

ratoon plants compared to plants grown from seed (Chiad 

and Saleh 2018). Several studies have indicated that there is 

a wide variation between the varieties in most vegetative and 

yield traits that differ according to the genotype of the 

cultivated cultivar which determines the phenotypic and 

anatomical characteristics of the species and determines the 

extent of the response to the agricultural processes. Serhan 

et al (2016) showed a significant difference between 

sorghum cultivars in the characters of weight of 500 grains, 

the number of grains in the head and grain yield.

In the respect of the above, we can invest these 

methods in the cultivation of sorghum with the selection of 

improved varieties for high productivity and the appropriate 

compatibility between them to overcome the problems of 

cultivation and to achieve an increase in the amount yield and 

therefore this study to evaluate the response of varieties of 

sorghum for the ratoon cultivation.

MATERIAL AND METHODS

A field experiment was carried out in the spring and 

autumn seasons of 2017 in the field of Field Crops 

Department – College of Agriculture to study the response of 

five varieties of sorghum (Inkath, lilu, Ishtar, Buhooth 70 and 

Caviar) to ratooning agriculture. The treatments were 

allocated to the experiment units according to randomized 

complete block design (RCBD) in split plot arrangement with 

three replications. The main-plot consists of ratoon 

cultivation (Spring-Autumn ratoon) for sorghum cultivars, 

whereas, the sub-plots included sorghum varieties. Seed of 

varieties were planted in both spring and autumn seasons 
-1with a plant density of 133300 plants ha . The experimental 

land was prepared with ploughing, smoothing and settling. It 

was then divided into experimental units with dimensions of 3 



x 2.5 m to give six lines. The distance between lines was 50 

cm and the distance between plants was 15 cm. Three seeds 

were planted and then thinned to one plant in two stages, the 

first after the emergence and the second after ten days. Urea 

fertilizer (N% 46) was added to the soil as a source of nitrogen 
-1fertilizer at rate of 200 kg N ha , which was added at three 

stages, first at the end of field emergence, the second stage 

4-6 leaves and the third at the beginning of the flowering 

stage. Phosphate fertilizer was added to the soil before 
-1planting at the rate of 100 kg P ha  in the form of super-

phosphate (45% P O ) in one dose. The soil of the 2 5

experiment was irrigated immediately after planting, quietly, 

to ensure that the seeds remained in the furrows in the 

planting lines. The experimental units were planted in the 

spring season on 2/4/2017 and plants were cut at a height of 

7-10 cm at maturity to protect the basal bud and new shoots 

and left for the subsequent autumn season to obtain sorghum 

ratoon. The seeds of the sorghum cultivars were planted after 

the completion of the cuttings of the ratoon plants and 

irrigated with ratoon plants on same day of 22/7/2017.  

Weeding was done manually whenever needed.

Characters studied: The number of heads per square meter 
-2(head m ) and the number of empty heads (%) was 

calculated. The number of grains per head and the weight of 

200 grains (g) were taken from a grain sample. 200 grains 

were calculated manually and weighed by a sensitive 
-1 - balance, grain yield per plant (gm plant ) and grain yield (t ha

1 2 ) were calculated from the 1 m harvested plants and then 
-1 -1converted to ton ha  and dry matter yield (t ha ), it was 

2 calculated from the harvesting 1 m at the maturity and then 
-1converted into units of tonsha dried naturally until the weight 

is stable.The harvest index was calculated as(total grain yield 

/ biological yield) *100.

Statistical analysis: The data obtained for the studied traits 

were statistically analyzed according to the method of 

analysis of variance using the statistical program GenStat 

v.12.1. Means were compared using the least significant 

difference  at the probability level of 0.05 (Steel and Torrie 

1980).

RESULTS AND DISCUSSION
-2Number of Heads (head m ): The results in Table 3 showed 

a significant effect on the cultivation method. The ratoon 

cultivation method had significantly highest average number 

of heads count of 15.33 head m , while the normal seeding -2

method gave the lowest average number of heads, which 

reached 11.25 head m . The increase in the number of heads -2

of ratoon plants is due to the increase in the number of tillers 

after the first harvest, which is reflected in the increase in the 

number of heads and grains in the unit area, which is 

positively reflected in the increase grain yield (Gerik and 

Neely 1987). These results are in agreement with what 

Chiadand Saleh (2018) who found the superiority of the 

ratoon plants in the number of heads over plants produced 

from seed cultivation.

The results indicated that there were significant 

differences between the cultivars in the study (Table 1). The 

plants of the variety Buhooth 70 were significantly higher by 

giving the highest average number of heads (16.79 head m ). -2

While the plants of the variety Inkath and Lilohad the 

lowest average of this trait and without a significant difference 

between them (11.83 and 11.00 head m respectively). The -2 

superiority of the plants of the Buhooth 70 in this trait is due to 

its superiority in the number of tillers, which was reflected in 

the increase in the number of heads.

The results also showed a significant effect of the 

interaction between the two factors of the study. The ratoon 

treatment of the Buhooth 70 was significantly higher with the 
-2highest mean of 19.67 head m . While the plants of the 

variety Inkath and Liloin the normal planting of seeds 

-2Number of heads (head m ) Empty head (%) -1Number of grains (grain head )

Cultivar Cultivation pattern Mean Cultivation pattern Mean Cultivation pattern Mean

Ratoon Seed Ratoon Seed Ratoon Seed

Inkath 13.67 10 11.83 17 5 11 2243 2006 2124

Lilo 12.33 9.67 11 20 7.67 13.83 2303 2233 2268

Ishtar 14 10.67 12.33 23 5.33 14.17 1847 1797 1822

Buhoot 70 19.67 13.92 16.79 37.36 2.67 20.01 1188 1874 1531

Caviar 17 12 14.5 42.45 3.67 23.06 1223 2083 1653

LSD 0.05 1.34 1.01 1.71 1.19 157

Mean 15.33 11.25 27.96 4.87 1761 1999

LSD 0.05 0.92 1.63 66

-2Table 1. Effect of cultivars and cultivation pattern on the number of heads (head m ), the number of empty heads (%) and the 
-1number of grains (grains head )
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Weight of 200 grain (g) -1Grain Yield (gplant ) -2Plant Yield (gm )

Cultivar Cultivation pattern Mean Cultivation pattern Mean Cultivation pattern Mean

Ratoon Seed Ratoon Seed Ratoon Seed

Inkath 4.75 6.17 5.46 53.25 61.86 57.56 728.1 618.6 673.4

Lilo 4.55 5.25 4.9 52.41 58.55 55.48 646 565.4 605.7

Ishtar 4.27 6.55 5.41 39.4 58.23 48.81 551.2 620.4 585.8

Buhoot70 3.3 6.46 4.88 19.57 60.5 40.04 384.8 841.9 613.4

Caviar 3.23 4.42 3.83 19.75 46.03 32.89 335.6 551.9 443.7

LSD 0.05 0.47 0.36 1.83 1.44 1.44

Mean 4.02 5.77 36.88 57.03 529.1 639.6

LSD 0.05 0.27 0.42 39.8

-1 -2Table 2. Effect of cultivars and cultivation pattern on weight of 200 grains (g), grain yield (g plant ) and plant yield (gm )

recorded the lowest average of this character and with no 

significant difference between them (10.00 and 9.67 head   
-2m ).

Number of empty heads (%): The results of the statistical 

analysis showed a significant effect among the cultivation 

methods of agriculture. The normal cultivation pattern of 

seeds was lower in the rate of empty heads with the lowest 

average 4.87% (Table 1), while the highest rate of empty 

heads was recorded by ratoon cultivation method 

(27.96%).This is due to the superiority of the ratoon plants in 

the number of tillers and the absence of apical dominance 

after the process of cutting plants in the first harvest.

The results of Table 1 showed significant differences 

between varieties in the study. The variety Inkath was 

superior to the other varieties with the lowest rate of number 

of empty heads of 11.00%, whereas, Caviar plants recorded 

the highest average number of empty heads (23.06%). This 

is due to the variation in genetic material between the 

cultivars, which resulted in a difference in the resulting traits 

of each cultivars.

The results also showed the significant of the 

interaction between the two factors of the study (Table 1). The 

cultivar Buhooth 70 and Caviar of the normal planting pattern 

of the seeds were superior to other cultivars with no 

significant different between them, while the treatment of the 

Caviar ratoon plants gave the highest average of 42.45%.
-1Number of grains (grains head ): The results of Table 1 

showed a significant effect of the two cultivation patterns. The 

normal cultivation pattern of seeds was significantly higher 
-with the highest number of grains per head (1999 grain head

1). While, the ratoon pattern of cultivation recorded the lowest 
-1with 1761 grains head . This is due to the presence of greater 

competition between the ratoon plants because of the 

increase of the tillers, which reflected negatively on the 

number of grains in the head. The results showed that there 

were significant differences between the varieties of the 

study. The plants of the Lilo cultivar were significantly higher 
-1than other varieties with 2268 grains head . While the 

cultivars Buhooth70 and Caviar plants recorded the lowest 

average of grain per head and without a significant difference 
-1between them (1531 and 1653 grains head ). Differences in 

this characteristic may be due to the influence of genetic and 

environmental factors and their interaction, which is due to 

the difference in the number of florets formed in 

inflorescences, which turns in to grains later. The results 

showed significant interaction between the two factors.

The ratoon pattern cultivation of cultivar Lilo gave the 

highest grains per head (2303 grains head ) which did not -1

differ significantly from same cultivar in normally seed 

cultivation treatment and ratoon cultivation of the cultivar 

Inkath (2233, and 2243 grains head ). Whereas, the cultivar -1

Buhooth 70 and Caviar for the normal seed cultivation, 

recorded the lowest grains (1188 and 1223 grains head , -1

respectively).

Weight of 200 grains (gm): The results of the statistical 

analysis showed a significant effect among the cultivation 

methods of agriculture. The normal cultivation pattern of 

seeds was significantly higher in average weight of 200 

grains (5.77 gm), while the ratoon cultivation method gave 

the lowest average weight of 200 grains with 4.02 gm (Table 

2). The superiority of normal cultivation may be due to the 

lowest number of heads, which is reflected in increase of gain 

weight (Table 1). Due to the lack of competition of grain for 

nutrients, which reflected in the increase of grain size and 

weight, unlike ratoon plants, which there is a great 

competition for the products of photosynthesis and light 

because of increased branching, which reflected negatively 

in the weight of grains. The results also showed that there 

were significant differences between the cultivars in the 

study, where the plants of Inkath and Ishtar cultivars were 
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significantly higher in 200 gm with 5.46 and 5.41 gm, 

respectively, while Caviar cultivars recorded the lowest mean 

(3.83 gm). The superiority of Ishtar and Inkath plants in this 

trait may be attributed to the lowest number of heads, which 

was reflected in the gain weight (Table 1). The results also 

showed a significant effect of interaction between the two 

factors of study. The treatment of Ishtar cultivars for the 

normal cultivation pattern gave the highest mean of 6.55 gm, 

which did not differ significantly with Buhooth 70 and Inkath 

plants (6.46 and 6.17 gm),  respectively. While the cultivars of 

Buhooth and Caviar plants in ratoon cultivation recorded the 

lowest mean of this trait, with no significant differences 

between them (3.30 and 3.23 gm, respectively).
-1Grain yield (g plant ): The results showed a significant 

effect of the cultivation method, where the normal seed 

cultivation pattern was significantly superior by giving it the 
-1highest average grain yield of 57.03 gm plant , while the 

ratoon method gave the lowest average grain yield of 36.88 
-1 gm plant (Table 2). This superiority is due to the increase in 

the number of grains of plants from directly seed cultivation 

pattern (Table 1). Also, the results of Table 2 showed that 

there were significant differences between the cultivars in the 

study, Inkath cultivar was significantly superior by giving the 
-1highest average grain yield (57.56 g plant ), whereas, Caviar 

plants recorded the lowest mean for this character (32.89 g 
-1plant ). The results also showed a significant effect of 

interaction between the two factors of study. The treatment of 

Inkath and Buhooth 70 cultivars for the normal cultivation 
-1pattern gave the highest mean of 61.86 and 60.50 g plant , 

respectively which did not differ significantly between them. 

While the cultivars of Buhooth 70 and Caviar plants in ratoon 

cultivation recorded the lowest mean of this trait, with no 

significant differences between them (19.57 and 19.75 g 
-1plant , respectively).

-2Plant Yield (g m ): The normal cultivation pattern of seeds 

was significantly superior by giving the highest average yield 

(639.6 gm ), while the ratoon cultivation method gave the -2

lowest average yield 529.1 gm  (Table 2). Also, the results -2

showed that there were significant differences between 

cultivars in the study. Inkath cultivar was significantly superior 

by giving the highest average plant yield (673.4 gm ), -2

whereas, Caviar plants recorded the lowest mean for this 

character (443.7 gm ). The results also showed a significant -2

effect of interaction between the two factors of study. The 

treatment of Buhooth 70 cultivars for the normal cultivation 

pattern gave the highest mean of 841.9 gm , while the -2

cultivars Buhooth and Caviar in ratoon cultivation pattern 

recorded the lowest mean of this trait (384.8 and 335.6 gm ,  -2

respectively).
-1Grain yield (t ha ): The results of the statistical analysis 

showed a significant effect among the cultivation methods. 

The normal cultivation pattern of seeds was significantly 

higher in grain yield (6.397 t ha ), while the ratoon cultivation -1

method gave the lowest average of grain yield 5.291 t ha  -1

(Table 3). Also, the results showed significant differences 

between the cultivars in the study. Inkath cultivar was 

significantly superior by giving the highest average grain 

yield (6.734 t ha ), whereas, Caviar plants recorded the -1

lowest mean for this character (4.437 t ha ). The results also -1

showed a significant effect of interaction between the two 

factors of study. The treatment of Buhooth 70 cultivars for the 

normal cultivation pattern gave the highest mean of 8.420 t 

ha . While the cultivars Caviar in ratoon cultivation recorded -1

the lowest mean of this trait 3.355 t ha .-1

-1Dry matter yield (t ha ):  The results in Table 3 showed a 

significant effect on the cultivation method. The ratoon 

cultivation method were significantly higher with the highest 
-1average dry matter yield of 42.57 t ha  while the normal 

seeding method gave the lowest average dry matter yield 
-120.26 t ha . This is due to superiority of ratoon plants in the 

yield of green fodder and the number of branches, this result 

is consistent with the findings of Wiseman et al (2010) with 

-1Grain yield (t ha ) -1Dry matter yield (t ha ) Harvest Index %

Cultivar Cultivation pattern Mean Cultivation pattern Mean Cultivation pattern Mean

Ratoon Seed Ratoon Seed Ratoon Seed

Inkath 7.281 6.186 6.734 28.2 17.7 22.95 25.85 34.95 30.4

Lilo 6.46 5.654 6.057 26.33 16.83 21.58 24.57 33.59 29.08

Ishtar 5.512 6.204 5.858 30.57 18.07 24.32 18.03 34.35 26.19

Buhoot70 3.848 8.42 6.134 84.33 25.87 55.1 9.75 28.12 18.93

Caviar 3.355 5.519 4.437 43.4 22.83 33.12 10.64 30.29 20.47

LSD 0.05 0.46 0.33 3.57 3.57 2.11 1.62

Mean 5.291 6.397 42.57 20.26 17.77 32.26

LSD 0.05 0.39 3.61 1.17

-1 -1Table 3. Effect of cultivars and cultivation pattern on grain yield (t ha ), dry matter yield (t ha ), and harvest index (%)
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the superiority of ratoon plants by giving it the highest 

average of the biological yield compared with normal seeding 

method. Also, the results showed significant differences 

between the cultivars in the study. Buhooth 70 cultivar was 

significantly superior by giving the highest average dry matter 
-1yield (55.10 t ha ), whereas, Inkath and Lilo cultivars 

recorded the lowest mean for this character (22.95 and 21.58 
-1t ha , respectively). The results also showed a significant 

effect of interaction between the two factors of study. The 

treatment of Buhooth 70 cultivars for the ratoon cultivation 
-1pattern gave the highest mean of 84.33 t ha . While the 

cultivars Inkath, Lilo, and Ishtar in normal cultivation recorded 
-1the lowest mean of this trait 17.70, 16.83, and 18.07 t ha , 

respectively.

Harvest Index: The results showed a significant effect of the 

cultivation method, where the normal seed cultivation pattern 

was significantly superior by giving it the highest average 

harvest index of 32.26 %, while the ratoon method gave the 

lowest average harvest index of 17.77% (Table 3). This is due 

to the superiority of plants produced in the normal seed 

cultivation method in grain yield (Table 2). Also, the results 

showed that there were significant differences between 

cultivars in the study. The two cultivars Inkath and Lilo were 

superior, with no significant differences between them by 

giving them the highest average of harvesting index (30.40 

and 29.08%) respectively. While the cultivars Buhooth 70 

and Caviar recorded the lowest mean for this trait, with no 

significant differences between them 18.93 and 20.47%, 

respectively, this is due to the superiority of the Inkath and 

Lilo cultivars in plant yield (Table 2), which is directly 

proportional to the harvesting index. The results also showed 

a significant effect of interaction between the two factors of 

study. The treatment of Inkath cultivars for the normal 

cultivation pattern gave the highest mean of harvest index 

34.95%. While the cultivars Caviar in ratoon cultivation 
-1recorded the lowest mean of this trait 3.355 t ha , which did 

not significantly differ with the Lilo and Ishtar cultivars for the 

same cultivation pattern 33.59 and 34.35%, respectively. 

While the cultivar Buhooth 70 in ratoon cultivation pattern 

recorded the lowest average of this characteristic was 

9.75%.

CONCLUSIONS

We conclude from the foregoing that the cultivation of 

sorghum plants by the ratoon method is preferable because 

they significantly outperformed in the yield of the crop as well 

as being an economic method does not need to replant and 

the resulting soil service and crop compared to the normal 

pattern of seed cultivation. The varieties also differed 

significantly among them and superiority in the variety of 

Inkath in most of the yield characters.
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Genetic Parameters and Hybrid Vigor of Single and Double 
Hybrids of Maize (Zea mays L.) in Two Plant Densities
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Abstract: A field experiment was carried out at the fields of field crops Department. Collage of Agriculture. University of Baghdad in fall season 

2017 in order to estimate the some genetic parameters, including genetic, phenotypic and environmental variations, coefficient of genetic and 

phenotypic variation  and heritability in the broad sense of double, Single hybrids, and their inbred lines of maize of each plant density. As well 

as estimating the hybrid vigor ratio for single and double hybrids of maize in each plant density for all studied traits (agronomic and yield 

components). The experiment was conducted according to the randomized complete block design (RCBD) with three replications using the 
-1 split plot arrangement. Where the two densities (60000 and 8000) plant ha were represented in the main plots and 30 genotypes (five inbred 

lines, ten single hybrids, and fifteen double hybrids) in the subplots. The results showed genetic variation was higher than environmental 

variation in the traits of  the day number to silking, leaf area, leaf area index,  days number to physiological maturity, ear length, grain number 
-1per row, grain number per plant, total dry matter, plant growth rate, yield (gm), yield (t ha ) for the  first  density (60 thousand plants per 

hectare); also for the second density (80 thousand plants per hectare), it was higher in the traits of the days number to  silking,  plant height, ear 

height, leaf area, leaf area index, physiological maturity, grain weight, individual plant yield,  total yield, dry matter, and crop growth rate. The 

values of phenotypic coefficient of variation P.C.V were higher than those of genotypic coefficient of variation G.C.V for all studied traits, for 

both densities indicating that the existing variation in addition to the presence of the environmental components. The highest was essentially 

genetic proportion of heritability in broad sense of the traits of the numbers of days to silking, dry matter, leaf area index and plant growth rate 

were 0.767, 0.717, 0.710 and 0.705 yield respectively in the low density; whereas, for the traits of plant height, ear height, yield and grain 

weight were 0.971, 0.829, 0.842 and 0.785, respectively in the high density. Most of the single and double hybrids showed significant hybrid 

vigor in most of the phenotypic traits under effect of the two plant densities, referred to altered control of over dominance and partial dominance 

genes of the high parent in traits inheritance.

Keywords: Maize, Plant densities, Over dominance, Hybrid vigor, Partial dominance
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The progress and success of any plant breeding and 

improvement program depends primarily on the size of the 

genetic variations found in the plant population under 

consideration, so the first step in any plant breeding program 

is to study genetic variations, as phenotypic changes in any 

environment can be measured, but in fact Not only is the 

impact of genetic variations, but also environmental and 

growth factors, as well as the interaction between them and 

genetic variations, the outward appearance of the plant is a 

picture of the genetic and environmental impact and their 

interaction (Bello et al 2007). The study of genetic features 

gives an idea of the extent of heterogeneity in population and 

the efficiency of the selection of genotypes based on the 

external appearance in a population with high genetic 

heterogeneity. Hybrids for commercial production have a 

narrow genetic base, largely due to commercial pressures 

that force breeders to produce pure genetic material with a 

narrow range of variance (Hadi and Wuhaib 2015). 

Moreover, the development of pure lines in breeding program 

is frequent or recurrent cycles to bind or collect favorite 

alleles in new inbred lines or hybrids (Cunha et al 2012). The 

study of genetic features and heritability of the crop and its 

components are necessary for plant breeders to develop the 

crop for inbred lines and hybrids. Shakoor et al (2007) studied 

thirty double hybrids compared with Hicorn984 and Hicornllt 

hybrids for plant height attributes, tassling, silking, yield and 

its components. Wannows et al (2010). Coefficient 

phenotypic variation was higher than the coefficient of 

genetic variation of the studied traits except for the weight of 

ears as the coefficient of phenotypic variation and the 

coefficient of genetic variation were close to 27.30 and 27.76 

respectively. Heritability in the broad sense ranged between 

36.18% for the number of rows and the weight of the ear 

93.81 followed by 95.88 for the yield. Al-Dulami and Al-Draji 

(2011) showed in his study of eight pure inbred lines of maize 

to produce sixteen single hybrids that the heritability in the 

broad sense is high for all traits, the highest was for leaf area 

93.6% followed by plant grain yield 82% followed by silking 

80.3%, this is due to the high value of genetic variation and 

the low value of environmental variation, which makes the 

transfer of the character to the first generation more likely. 

Lahmode (2012) showed in his study of eight pure inbred of 



maize introduced in partial diallel in the fall season and then 

introduced twelve single hybrids for comparison, that the rate 

of heritability in the broad sense was high for all traits and the 

highest 99.37% for the yield of grain and 99.15 The number of 

grains, the weight of 1000 grains and the number of rows per 

ear, respectively, is 98.68% and 97.86%. Bello et al (2012) 

found that the highest phenotypic variance was 2348.42, 

followed by plant height 632.58, grain yield 181.48 and then 

weight of ears 149.45 and highest genetic variance for traits 

2245.32, 472.54, 114.52 and 136.32 sequentially. The results 

of Dhannoon and Al-Jumaily (2014) showed that the 

heritability in the broad sense was high for all traits, the 

highest number of rows was 99.49%, the plant height 

99.06%, the height of ear 98.91%, the length of ear 98.24% 

and the weight of the seed 96.90%. Kannosh and Al-Dulami 

(2014) observed in their study six pure inbred lines of maize 

and fifteen hybrids for comparison, they found the heritability 

ratio in the broad sense high for some traits and low for 

others. It was high for individual plant yield 99.08, yield 

growth rate 89.49 and number of grains in row 73.71 due to 

high genetic variance and low environmental variance, low 

weight 100 grain 57.92 and female flowering 48.64 due to low 

genetic variance and high environmental variance. The 

results of Al-Jumaily and Al-Zubaidy (2014) indicated in their 

study of ten pure inbred lines of maize in a half-diallel 

compared with the commercial (Drachma) variety. In their 

study, Bandar and Abed (2015) showed that the heritability 

rate in the broad sense was high for all traits and ranged from 

89.30 and 94.32% for the tassling in the spring and fall 

seasons in succession to 76.69 and 92.56% as the leaf area 

for the spring and fall seasons in succession. Mani et al. 

(2016), in a study of ninety-eight and four inbred lines for 

comparison, confirmed that phenotypic variability is higher 

than genetic variance, and noted the environmental 

variability of the studied traits. Riberiro et al (2016) estimated 

the genetic parameters of twenty hybrid maize hybrids for the 

number of row grains, weight of 100 grains and grain yield. Al- 

Roumi (2016) obtained in his study of eight strains and 

twenty-nine hybrids to compare the inheritance ratio in the 

broad sense, high, 85.18%, 90%, 90% and 98.75% for the 

character of the paper area and the number of rows in ear and 

the number of grains in the row and the total product 

sequentially, this confirms the size Genetic variation in 

transmission and heritability of trait. Nasser et al (2016) in his 

study of six pure inbred lines of maize found that the 

heritability ratio in the broad sense is high for all traits, ranging 

from 85,546 for the height of the ear to 99.39 for the weight of 

300 grains. Al-Rawi et al (2016), when studying six pure 

inbreds and their single crosses, confirmed that the 

phenotypic variation coefficient is higher than the genetic 

variation coefficient, with the highest PCV for the individual 

plant yield 16.288 followed by the weight of 300 grains 12.028 

followed by the height of the ear 10.423 and then the length of 

the ear 8.482. Higher GCV traits 15.619, 11.436, 9.910, and 

8.116 sequentially, higher values of the genetic variation 

coefficient reflect the extent to which traits respond to the 

selection process, while higher values for phenotypic 

parameters indicate the significant influence of 

environmental factors on the phenotypic expression of the 

trait to some degree (Mohanty 2010). A smpile increase in the 

phenotypic variation coefficient on the genetic variation 

coefficient indicated a slight effect of the environment on the 

heritability of traits, similar results obtained by Rafiq et al 

(2010), and the values of heritability ratio in the broad sense, 

which were high in most traits, ranged from 72% for the length 

of the ear to 89% for a grain weight of 100 grain. Abed et al 

(2017) noted that the heritability rate in the broad sense is 

high for all traits, the highest of which was 99.94% followed by 

the weight of 300 grains 98.84% followed by the number of 

grains 92.54% and the number of rows of ear 91.11% and 

then the number  of ears per plant 89.72%. The aim of this 

study was to estimate the some genetic parameters, 

including genetic, phenotypic and environmental variations, 

coefficient of genetic and phenotypic variation and heritability 

in the broad sense of each plant density. As well as estimating 

the hybrid vigor ratio for single and double hybrids in each 

plant density

MATERIAL AND METHODS

A field experiment was conducted in the fields of Field 

Crop Department, College of Agriculture, University of 

Baghdad, to estimate some genetic parameters and hybrid 

vigor by comparing the performance of five parents 

(ZM43WIZE, ZM60, ZM49W3E, ZM19,CDCN5) with their 

single and double hybrids using 30genotypes By conducting 

all the Diallel Crosses between the inbred lines to produce 

ten single hybrids according to the method of Griffing (1956) 

the second fixed model. At the same time, selfing for parental 

inbred lines was conducted to propagation their seeds, 

double hybrids were also produced in a later season (fall of 

2016) by crossing between single hybrids to produce 15 

double hybrids. At the same time, parents were propagated in 

the above manner and a Diallel Crosses was conducted 

between parents to produce single hybrids.

Agricultural practices: All soil service operations were 

conducted by plowing, smoothing, settling and dividing as 

recommended. Calcium superphosphate fertilizer was 
-1added to 46% P2O5 by (200 kg ha ) P O  when soil 2 5

preparation. Urea fertilizer was added to 46% with amount of 
-1(300 kg Nha ) in three doses at cultivating and one month 
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after adding the first dose and at flowering. The thicket control 

in all seasons was conducted with the use of Atrazine 
-1substance (85%) (effective substance at 3.25 kg ha ), 

(Sesamia criteco) was treated using 10% Diazinon, with rate 
-1of (4 kg ha ) on the two doses, the first one when the plant 

reached the four leaves stage and the second one after 

twenty days from the first control. Crop service operations 

were also applied from irrigation and weeding when ever 

needed.

In this season, a evaluating experiment was conducted 

to evaluate the performance of single and double hybrids 

plants with their parents (inbred lines) on 21-7-2017. Their 

seeds were cultivated (5 inbred lines, 10 single hybrids and 

15 double hybrids) and with two densities (60, 80 thousand 
-1plants ha ), the cultivation was conducted on 21/7/2017 on 

the furrows with length of (5 m), the distance between furrow 

and another is 0.75 m, the distance between plant and the 

other (0.222, 0.166 m) for the two densities mentioned, 

respectively. The randomized complete block design 

(RCBD) was used with three replications, using the spilt plots 

arrangement, where the two densities (60000 and 80000 
-1plant ha ) were represented in the main plots while the 

genotypes were sub-plots. Soil and crop service operations 

were conducted as mentioned above. A random sample 

consisting of five intermediate plants was collected from each 

experimental unit to study the field traits which included the 

following traits. The statistical analysis of each trait was 

analyzed by using the RCBD design, using the spilt plots 

arrangement, a significant was tested by using F test. The 

means were compared using the least significant difference 

(LSD), with a significant level of 0.05 and for all the traits 

using Excel program 2014 and statistical program Gestate 

2014.

Statistical standards and genetic parameters: The 

coefficient of variance (CV%) was calculated to estimate the 

homogeneity of the samples, as well as the calculation of the 

standard error (SE) to estimate the homogeneity between the 

data for each trait and for each plant density and for each of 

the investigated trait. The differences in phenotypic, genetic, 

environmental variations and broad sense heritability were 

estimated as mentioned by Singh and Chuadhary (1985) 

using SPAR2.0 software according to the following 

equations:
2σ  G = (Msg – MSE)/r
2σ  E = MSE
2 2 2σ  P = σ  G + σ  e

h2b.s = (δ2 g / δ2 p) x 100
2PCV = (√σ  p/x) x 100
2GCV = (√σ  g/x) x 100

2 2 2σ  P, σ  g, σ : Phenotypic, Geneotypic, and Environmental 

Variance.

MSg: Mean squares of genotypes

MSE: Mean squares for experimental error

R: Number of replications 

h b.s: Broad sense heritability2

The genetic coefficient of variation (GCV) and Phenotypic 

Coefficient of variation

(PCV) were estimated as in the following equations:

PCV= (√  p/x) x 1002σ

GCV = (√  g/x) x 1002σ

Estimation of Hybrid vigor (%)

The hybrid vigor H.V% was calculated on the basis of the 

first generation deviation from the mean of the highest 

parents as a percentage.

According to the following equation:

H.V% = (F1 – HP/HP) x 100

HV% = Hybrid vigor

F1 = The first generation

HP = Mean of the highest parent

RESULTS AND DISCUSSION

Genetic parameters:   Genetic variability is a key factor for 

plant breeders as it is the basis for selection. As a result, 

estimation of phenotypic, genetic, environmental, phenotypic 

and genetic variability factors and the degree of heritability in 

a broad sense provide important information from which the 

most appropriate methods can be derived to improve crops. 

Genetic analyzes were carried out to estimate these 

parameters for each plant density individually. Variance 

analysis Table in 1 and 2 shows that there are highly 

significant differences between the genotypes in all studied 

traits and both plant densities.
-1Genetic parameters in plant density 60000 plant ha : The 

results of Table 3 show that all the standard error values of the 

measured traits are low except for the number of plant grains 

whose value is high. The low standard error values indicate 

the similarity of the attribute data and its proximity to the 

arithmetic mean. The value of the CV difference of the 

studied traits was less than 20% and indicated the 

acceptance of homogeneity of the samples. The genetic 

variation values  were greater than the values  of 

environmental variability in most studied traits, indicating that 

the heterogeneity of the genotypes was mainly genetic, with 

little environmental impact and therefore inherited. However, 

some traits such astassling, plant height, ear height, leaves 

number and ears number per plant  The values of genetic 

variation were low for environmental differences (64.14%, 

5.48%, 21.68%, 68.8%, 80% and 88.18%, respectively), 

indicating that the environment contribution was greater in 

showing variability in these characteristics.
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S.O.V Df Tassling Silking Plant 
height 

Ear 
height 

Leaves 
number 

Leaf area Leaf area 
index 

Ear length Number of 
-1rows ear

Rep 2 7.077 5.133 924.4 154.2 1.894 0.019 0.69 0.853 3.743

Genotypes 29 5.124** 38.16** 2061.1** 473.6** 1.360* 0.019** 0.694** 15.41** 1.216*

Error 58 2.468 3.502 537.6 141.3 0.696 0.002 0.086 3.235 0.897

S.O.V Df Number of 
-1grains row

Number of 
-1grains plant

Number of 
-1ears plant

Grain 
weight 

Total dry 
matter 

Days to 
physiological 

maturity 

Plant 
growth rate 

Yield (gm) -1Yield (t ha )

Rep 2 11.2 38371.5 0.059 0.0001 78.23 31.74 0.066 1588.8 5.475

Genotypes 29 112.1** 50316.3** 0.026* 0.003** 7982.2** 27.53** 0.930** 4394.9** 15.99**

Error 58 22.61 8639.7 0.015 0.0009 927.8 5.123 0.113 586.32 2.099

-1Table 1. Mean squares analysis of maize genotypes in the density of 60 thousand plants ha

S.O.V Df Tassling Silking Plant height Ear height Leaves 
number 

Leaf area Leaf area 
index 

Ear length Number of 
-1rows ear

Rep 2 28.43 8.044 24.4 74.84 2.285 0.001 0.183 0.707 7.473

Genotypes 29 6.229** 9.096** 1931.8** 558.5** 1.272** 0.012** 0.805** 8.441** 2.207*

Error 58 2.628 2.101 16.51 35.71 0.429 0.001 0.134 2.271 1.188

S.O.V Df Number of 
-1grains row

Number of 
-1grains plant

Number of 
-1ears plant

Grain 
weight 

Total dry 
matter 

Days to 
physiological 

maturity 

Plant growth 
rate 

Yield (gm) -1Yield (t ha )

Rep 2 14.06 31970.5 0.014 0.0006 78.87 29.47 0.271 785.1 0.204

Genotypes 29 47.88** 25576.0** 0.009** 0.005** 5101.0** 44.01** 0.709** 1969.7** 13.31**

Error 58 16.76 8834.1 0.003 0.0004 664.4 4.523 0.115 292.2 0.782

-1Table 2. Mean squares analysis of maize genotypes in the density of 80 thousand plants ha

The genetic variation values were greater than the 

values of environmental variability in most studied traits, 

indicating that the heterogeneity of the genotypes was mainly 

genetic, with little environmental impact and therefore 

inherited. However, some traits such as male flowering, plant 

height, The values of genetic variation were low for 

environmental differences (64.14%, 5.48%, 21.68%, 68.8%, 

80%, and 88.18%, respectively), indicating that the 

environment contribution was greater in showing variability in 

these characteristics. These traits also showed a decrease in 

the ratio of genetic variation to environmental heterogeneity, 

where it was less than 1. Of the environmental variability of 

female flowering leaf area ,leaf area index ,The number of 

plant grains, the weight of the dry matter, the maturation of 

the plant, the rate of plant growth, the plant yield, and the unit 

yield. The percentage of the soil was higher than one, and its 

percentage ranged from 55.6% to 76.7%. The values of the 

genetic variation coefficient (GCV) for traits with high genetic 

variability and a significant proportion of the phenotypic 

variance of the PCV were indicative of the extent to which the 

genetic variance of phenotypic variance was measured and 

controlled by the traits and its greatest responsibility in the 

transmission of traits. The genetic variance coefficient values 

were lower than the environmental variance coefficient and 

the lowest proportion of phenotypic variability. In such 

characteristics, environmental conditions have a significant 

role in controlling and inheriting traits in such highly 

influenced traits Environmental conditions, the election shall 

be slow and take a long process of optimization. This is 

consistent with the results of Al-Rawi et al (2016), Mani et al 

(2017), Hadi et al (2017) and Wuhaib et al 2017. Because the 

phenotypic effect of the effects of genetic factors and 

environmental conditions and the overlap between them, the 

inheritance of these attributes is different depending on the 

difference of these factors and their degree of impact in 

character. From Table 23, the heritability ratio varied 

significantly, ranging from 0.106 to the number of rows of ear 

to 0.767 for female masturbation, the heritability ratio was 

high (0.767, 0.717, 0.710, 0.705 and 0.701) silking, dry 

matter weight, leaf area, plant growth rate and leaf area 

sequentially are the same traits with high genetic variance 

values and high phenotypic variance values. The days to 

maturity of the number of grains of the row and the length of 

the ear, the average grain weight, which was also inherited 

high, ranged from 0.510 per grain weight to 0.688 per unit 

area and these characteristics had high genetic variation and 
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the ratio of phenotypic variation from 1 to 2.205. The height of 

the plant and the height of the ear had an average heritability 

ratio of 0.485 and 0.439. As for the other traits, their 

heritability rate was low and ranged from 0.106 for the 

number of rows for ear to 0.263 for tassling. This is because 

they are affected by environmental conditions, which led to 

high environmental variation and its contribution to a large 

proportion of phenotypic variation and reduced genetic 

variation. The amount of heritability refers to the degree of 

confidence that the genotype can be distinguished by its 

phenotypic expression. High heritability rates for these traits 

may be due to the effects of the additive gene act and these 

traits are likely to respond to direct selection.
-1Genetic parameters in plant density 80000 plants ha : 

The SE values and the CV values for the studied traits 

differed in the density of 80 thousand plants ha compared -1 

with the density of 60 thousand plantsha , whether increased -1

or decreased, however, all values are below 20% and are 

statistically acceptable (Table 4). The values of phenotypic 

variance and environmental variation in this density differed 

from that of the low density of micro environment due to the 

increase of plants per unit area that leads to increased 

competition among plants for growth inputs. This means that 

plants have become more homogeneous (genetically and 

phenotypically) under this density. Phenotypic variation in 

this density decreased for silking, plant height, plant height, 

number of leaves, leaf area, ear length, number of grains per 

Traits S.E C.V 2S ɡ 2S e 2S p 2 2S e / S ɡ P.C.V G.C.V 2 S.b h

Day to tassling 0.907 2.707 0.885 2.468 3.354 0.358 3.156 1.621 0.263

Days to silking 1.08 3.17 11.55 3.502 15.05 3.298 6.573 5.758 0.767

Plant height 13.38 10.51 508.09 537.6 1045.7 0.945 14.65 10.21 0.485

Ear height 6.865 12.54 110.73 141.39 252.13 0.783 16.75 11.1 0.439

Leaves Number 0.481 5.203 0.221 0.696 0.917 0.317 5.973 2.934 0.241

Leaf Area  0.027 8.844 0.005 0.002 0.007 2.5 16.43 13.85 0.71

Leaf Area Index   0.169 9.039 0.202 0.086 0.289 2.348 16.54 13.85 0.701

Ear length 1.038 9.586 4.059 3.235 7.295 1.254 14.39 10.73 0.556

-1Number of row ear 0.546 6.3 0.106 0.897 1.003 0.118 6.663 2.17 0.106

-1Number of grains row 2.745 12.94 29.84 22.61 52.46 1.319 19.7 14.86 0.568

-1 Number of grains plant 53.66 15.23 13892.1 8639.7 22531.9 1.607 24.6 19.31 0.616

-1Number of ears plant 0.071 11.11 0.003 0.015 0.019 0.2 12.43 5.57 0.2

Grain weight 0.017 9.633 0.0009 0.0009 0.0019 1 13.77 9.841 0.51

Total dry matter 17.58 9.483 2351.4 927.88 3279.3 2.534 17.82 15.09 0.717

Days to physiological  maturity 1.306 2.256 7.471 5.123 12.59 1.458 3.537 2.724 0.593

Crop growth rate  0.194 10.47 0.272 0.113 0.386 2.407 19.29 16.2 0.705

Plant yield (gm) 13.98 13.58 1269.5 586.32 1855.8 2.165 27.72 22.93 0.684

-1Yield  t ha 0.836 8.78 4.63 2.099 6.73 2.205 27.93 23.16 0.688

-1Table 3. Some genetic parameters of the studied traits in maize in the density of 60 thousand plants ha

row, number of grains per plant, number of ears, weight of dry 

matter, plant growth rate, individual plant yield, area unit 

yield, the average weight of the grain and physiological 

maturity. Only five traits increased the tassling, leaf area 

index, number of rows, grain weight rate and physiological 

maturity.

Although the values of phenotypic and genetic variation 

in this density were lower than the low density, the genetic 

variation formed a large percentage of the phenotypic 

variability of plant height, ear height, leaf area and leaf area 

index, dry matter weight, physiological maturity and unit area 

yield, respectively (38.66, 4.878, 3, 2.225, 1.913 and 5.341). 

The genetic variation is close to the environmental variation 

of the characteristics of the tassling, the height of the plant 

and the growth rate of the plant. The characteristics of 

tassling, the number of leaves, the number of rows of ear, the 

number of grains of row, the number of grains of plant, and 

the weight of the grain was the effect of environmental 

conditions (increase plant density) is evident from the 

increase of environmental variation from genetic variation 

and the formation of a high proportion of phenotypic contrast 

and the contrast ratio was genetic Similar results obtained by 

Rafiq et al (2010), Wuhaib et al (2017), Hadi et al (2017), 

Abed et al (2017).

The values of the phenotypic and environmental 

variation coefficient in this density varied from the low density 

depending on the phenotypic, genetic and environmental 
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Traits S.E C.V 2S ɡ 2S e 2S p 2 2S e / S ɡ P.C.V G.C.V  2 S.b h

Day to tassling 0.936 2.748 1.2 2.628 3.829 0.456 3.316 1.856 0.313

Days to silking 0.837 2.25 2.331 2.101 4.433 1.109 3.368 2.37 0.525

Plant height 2.346 1.817 638.4 16.51 654.9 38.66 11.44 11.3 0.971

Ear height 3.45 6.137 174.2 35.71 209.9 4.878 14.88 13.55 0.829

Leaves number 0.378 4.121 0.281 0.429 0.71 0.655 5.302 3.336 0.395

Leaf area  0.02 6.688 0.003 0.001 0.004 3 13.27 11.47 0.746

Leaf area index   0.212 8.779 0.223 0.135 0.358 1.651 14.3 11.29 0.623

Ear length 0.87 8.747 2.056 2.271 4.327 0.905 12.07 8.323 0.475

-1Number of row ear 0.629 7.418 0.339 1.188 1.528 0.285 8.411 3.965 0.222

-1Number of grains row 2.364 12.28 10.37 16.76 27.14 0.618 15.63 9.665 0.382

-1 Number of grains plant 54.26 18.03 5580.6 8834.1 14414.7 0.631 23.03 14.33 0.387

-1Number of ears plant 0.033 5.435 0.001 0.003 0.005 0.333 6.823 4.125 0.365

Grain weight 0.033 5.435 0.001 0.003 0.005 0.333 6.823 4.125 0.365

Total dry matter 14.88 8.367 1478.8 664.4 2143.3 2.225 15.02 12.48 0.689

Days to physiological  maturity 1.227 2.087 13.16 4.523 17.68 2.909 4.127 3.561 0.744

Crop growth rate  0.196 11.22 0.197 0.115 0.313 1.713 18.48 14.68 0.631

Plant yield (gm) 9.87 13.58 559.1 292.2 851.4 1.913 23.17 18.78 0.656

-1Yield  t ha 0.51 8.78 4.178 5.342 4.961 5.342 22.1 20.28 0.842

-1Table 4. Some genetic parameters of the studied traits in maize in the density of 80 thousand plants ha

variations as well as the performance of the genotypes. It was 

23.7 for the individual plant yield, 23.03 for the number of 

plant grains and 22.10 for the unit area. The genetic variation 

coefficient increased in this density from the low density of 

the characteristics of tassling, plant height, ear height, 

number of leaves, number of rows and physiological maturity 

(15%, 11%, 22%, 14%, 83% and 31%, respectively), as a 

result of changing plant conditions surrounding it. While the 

values of genetic variance coefficient for the characteristics 

of the silking, ear height, leaf area and its index, ear length, 

the number of grains per row, the number of grains per plant, 

grain weight, the weight of dry matter, the rate of plant growth, 

the individual plant yield and the unit area yield by 59%, 17%, 

18%, 22%, 35% and 26%. It is clear how the general 

environmental conditions (Macro environment and plant 

conditions) affect the performance of genotypes as a result of 

changing variations in values and their interactions. The most 

closely related characteristics of plant height (11.30 and 

11.44, respectively), and the yield unit of area (22.10 and 

20.28), followed by the characteristics of the height of ear, the 

physiological maturity (14.88 and 13.55) and (4.127 and 

3.561). This shows that despite the impact of environmental 

conditions However, the most influential is genetic variation 

and these traits are genetically controlled, so the heritability 

rate was high. The plant growth rate is 0.631, the plant growth 

rate is 0.631, and the leaf area index is 0.623, tassling 0.525 

and ear length 0.475. The lowest heritability ratio was 

0.222.The change in heritability values by increasing plant 

density is due to environmental genetic interaction and its 

impact on the genetic action and its impact on environmental 

conditions.

Days to tassling and days to silking: The results in Tables 

5 and 6 indicate significant differences in the hybrid vigor 

values of the studied traits of ten single hybrids and fifteen 

double hybrids in plant densities of 60 and 80 thousand 

plants per hectare. Single hybrids showed negative and 

significant hybrid vigor in the desired direction in both tassling 

and silkingtraits. The lowest for the hybrid (1 × 4) reached (-

10.07%, -19.05%) and (-9.68, -10.00%) respectively in low 

and high densities. Single hybrids exhibited similar behavior 

by giving a negative hybrid vigor earlier than earliest parents 

at the both densities except the hybrid (2 × 5) and (3× 4) 

hybrids, They gave positive hybrid vigor to delay tassling and 

silking when increasing plant density to 80,000 plants per 

hectare. The positive hybrid vigor values in these two hybrids 

at high plant density indicates the complete dominance of the 

dominant genes for parents 4 and 5.While the negative 

values of the hybrid vigor in the low density indicate the 

control  of the over dominance genes.

 The double hybrids did not differ much in the ratios of the 

hybrid vigor of the two traits mentioned in the low density has 

been most of them were early in arriving at the silking of their 

parents (single hybrid), While in high density, the double 

hybrids are delayed by their silking than their parents, except 
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for the hybrids (1 × 2) (3 × 4) and (2 × 5) (3 × 4). The reason 

may be due to the control of over dominance genes of the 

single hybrid (4 × 3) and  its stability in changing densities.

Plant height and ear height: Hybrid vigor values of plant 

height and ear height varied significantly under plant density 

(Tables 5 and 6). It was noted that eight  single hybrids gave 

positive and significant hybrid vigor for plant height as the 

hybrids (3 × 1),(3 × 2)and (4 × 2) (25.73, 25.64 and 22.61) 

sequentially, the hybrids itself also excelled by giving highest 

hybrid vigor of the  ear high  trait was the highest 29.15% for 

hybrid (1×3). As for the high plant density, we find that the 

majority of the hybrids gave a negative hybrid vigor for the 

plant height and ear height it reached the highest -40.48% 

and . of the hybrid (3×4).The remaining hybrids gave a ٤١٫٨٪ 

positive hybrid vigor above 12.71% for the hybrid (1 × 4 ) for 

the height of the plant and 2.82% for the hybrid (1 × 3) for the 

height of the ear. The double hybrids showed a different 

response from their parents than the single hybrids in the 

plant densities. The hybrids in the low plant density gave a 

negative and significant hybrid vigor for eleven hybrids, the 

highest of which was(1x2 )(3x5)  reached -20%. remaining  

double hybrids   Positively  hybrid vigor above the hybrid (4 × 

1) (3 × 5) amounted to 13.37%.In the high density, nine of 

double hybrids showed a positive and significant hybrid vigor, 

the highest hybrid (4 × 3) (2 × 5) was 35.13%, while the 

remaining six hybrids gave negative hybrid vigor, the highest 

hybrid  was (1 × 3) (4 × 5) reached 16.41%. Five double 

hybrids gave a positive and significant hybrid vigor for the ear 

height in both densities. The highest hybrid (1 × 5) (3 × 4) was 

16.39% in the low density and 15.03 for the hybrid (2 × 4) (3 × 

5) in the high density. This may be attributed to the fact that 

the increase in the number of plants per unit area leads to the 

negative hybrid vigor shown by the genetic or epigenetic 

effect of plant density due to the effect of the gene action. 

These results are consistent with Wuhaib et al (2016) and 

Elchneiter et al (2018).

Leaf area and leaf area index: Table 5 and 6 show the 

values of hybrid vigor values of leaf area and its index in the 

10 individual and 15 double hybrids in two plant densities. 

The results indicated a clear control of the over dominance 

genes of the best parent  in the heritability of leaf area and its 

index which gave a positive hybrid vigor at low density for all 

single hybrids. It has a negative hybrid vigor except for (1 × 

4), (1 × 5) and (4 × 5) hybrids which gave a positive hybrid 

vigor at high density. As for the double hybrid, it gave negative 

hybrid vigor to twelve hybrids the hybrid (1 × 4) (2 × 5) gave 

highest value amounted to -20.55%, while in the high density 

gave seven hybrids positive hybrid vigor and the rest hybrid 

gave negative hybrid vigor.

Ear length and number of rows per ear: Single  hybrids 

showed a positive hybrid vigor at low density and gave the 

hybrid (3 × 4) the highest value of 25.9%. While at high 

density, the single hybrids exhibited a similar behavior to the 

low density except (3 × 4) which gave a negative hybrid vigor 

of 1.20%.  twelve double hybrids gave negative hybrid While 

vigor and the rest gave a positive hybrid vigor in the low 

density while ten even hybrids gave Negative hybrid vigor 

and five hybrids gave the highest positive hybrid vigor for the 

double hybrid (2 × 5) (3 × 4) reached 11.03% for hybrid. 

Single hybrids in low density showed a positive and 

significant hybrid vigor for eight hybrids reached 6.35% for 

hybrids (2 × 4) for the number of rows per ear while seven 

hybrids gave negative hybrid vigor. At high density, five 

hybrids gave positive hybrid vigor, (1 x 5) hybrid gave 0% 

hybrid vigor and the other hybrid gave negative hybrid vigor. 

While the double hybrid gave a positive hybrid vigor of five of 

which the highest hybrid (2 × 3) (1 × 5) as it reached 5.16% in 

low density. While ten double hybrids gave a positive hybrid 

vigor, the highest was 12.05% for hybrid (4 × 5) (2 × 3) at high 

density.

Grain number per row and grains number per plant: The 

significant difference between the genotypes in the average 
-1 -1number of grain number row    and grain number plant was a 

significant effect on the variance of the values of the hybrid 

vigor shown by the single hybrids. was characterized by a 

significant positive hybrid vigor in the desired direction under 

the low and high densities except the hybrid 1 × 4 in low 

density and hybrid 2 × 3 in high density gave negative values 

for the hybrid vigor, while the double hybrids were 

characterized by the majority of negative hybrid vigor of eight 

hybrids under low density and twelve hybrids under high 

density. Single hybrids exhibited similar behavior by giving a 

high positive and significant hybrid vigor at low and high 

density of the total number of grains of the plant. While the 

double hybrids gave negative hybrid vigor for nine hybrids in 

low density and eleven hybrids in high density. These results 

indicate that the number of grains and the total number of 

grains were controlled by over dominance at one time and 

partial dominance at other times. The genetic action was 

clearly influenced by the growth environment of plant density, 

which is consistent with the results Dhoot et al (2017) and 

Shenawa (2018).

Grain weight: The data of Tables 5 and 6 of the hybrid vigor 

indicate that the weight of the grain was under almost 

absolute control of the effects of partial dominance. The 

majority of single and double hybrids gave negative hybrid 

vigor under both densities. Six single hybrids showed 

negative hybrid vigor at low density and seven at high 

density, while ten double hybrids gave negative hybrid vigor 

at low density and twelve hybrids at high density
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Total dry matter, days to maturity and crop growth rate: 

The results indicated that the hybrid vigor was positive and 

significant for the total dry matter of all single hybrids under 

both densities. The hybrid 1 × 4 gave highest hybrid vigor was 

49.08% in low density. Hybrid vigor values are also 

decreased by increasing the plant density of all single 

hybrids, indicating the environmental impact of increased 

plant density. Ten double hybrids gave positive hybrid vigor at 

low density and eight at high density. It is evident from the 

hybrid vigor values for the number of days to the 

physiological maturity that the values were negative in the 

desired direction towards the early maturity of all single 

hybrids in both densities and the lowest for hybrids 4 × 5 and 

1 × 4 was (-9.57% and -12.73) respectively in both densities. 

While six double hybrids gave negative hybrid vigor in low 

density and nine in high density. The lowest for hybrids (3 × 4) 

(1 × 5) and (1 × 3) (2 × 5) was (-2.65 and -5.48%) in both 

densities, respectively.

Single hybrids showed positive and significant hybrid 

vigor in the desired direction by increasing plant growth rate 

in both densities. The highest values for hybrids (1 × 4) and (1 

× 2) were 65.57% and 96.50% in both densities respectively. 

While ten double hybrids gave a positive hybrid vigor 27.08% 

for hybrid (3 × 4) (5 × 2) in low density, while in high density 

nine double hybrids showed a positive hybrid vigor The 

highest was 16.48% for hybrid( 2 × 3) (1 × 5).
-1Individual plant yield(gm) and yield in area unit (t ha ): It 

is evident from the observation of the hybrid vigor values of 

the grain yield of the individual plant and the total yield that 

the hybrid vigor was positive and highly significant for single 

hybrids except the hybrid (2 × 3) which gave negative hybrid 

vigor at high density and the highest hybrid vigor values 

were79.62% for hybrid (4 × 5) in low density and for hybrid (1 

× 2) at high density reached 170.61%. The influence of the 

over dominance genes of the highest parent was significant. 

Also, the hybrid vigor values of the unit area yield decreased 

significantly increasing the plant density and this shows the 

environmental effect in showing the genetic action of over 

dominance. While the double hybrids differed in their hybrid 

vigor values  of the total yield between the negative and the 

positive in both densities. We find five hybrids gave a 

negative hybrid vigor in low density and nine in high density.
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Effect of Water Stress on Growth and Green Forage 
Yield of Ratoon Sorghum

Indian Journal of Ecology (2019) 46 Special Issue (8): 139-144
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Abstract: A field trial was conducted to investigate the effect of three levels of intermittent irrigation (R : Irrigation at 50-55% of field capacity, R1 2 

and R : withholding one and two irrigations, respectively when control treatment reach 50-55% of field capacity and continue to the end of 3 

season), and cultivation pattern (ratoon and by using seeds) on some growth characters and green forage yard of three sorghum cultivars 

(Inqath, Lilo and Caffier). Results revealed significant effect of Irrigation treatment on all studied characters where control treatment R gave the 1 

highest averages of all characters. Also, cultivation pattern significantly affected most characters, where ratoon plants were superior over 

cultivation by seeds on number of day, from sowing to 75% flowering, tillers number, plant height and leaf area. Cultivars significantly affected 

all characters where Inqath was superior in the leaf area. However, Caffier was superior in the plant height, number of tillers and green forage 

yield. It also gave the lowest concentrating of HCN. The interactions at the first and second levels were different in its effects according to the 

different characters. However, they showed that plants of Caffier were distinguished when sown by ratoon in the characters of green forage 

yield and HCN concentration, while plants of Inqath sown by seeds were distinguished when sown by direct drilling of seeds in the leaf area 

less affected by water stress treatments. 

Keywords: Ratoon, Hydro cyanic acid, Green forage, Field capacity.
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Sorghum (Sorghum bicolor L.) is considered one of the 

important summer crops as food for human being in some 

developing countries and animal feed as green forages or dry 

or silage. This crop is characterized by giving plenty yield in 

the seasons where forages are scarce. Also, it tolerates 

drought and grown easily in most soil types. As this crop is 

efficient in utilizing environmental factors, which benefit 

photosynthesis, it is grown successfully under climatic stress 

and relatively high water stress (Mutlaq et al 2015). Water 

plays a Key role in the manipulation of all plant activities, 

which reflected on growth and yield. Due to the recent 

shortage of water resources Iraq, researchers pay attention 

to this factor via using intermittent irrigation as good 

technique to save water and increasing its use efficiency 

(Kirda et al 1996). By controlling water use in irrigation of 

crops (in terms of magnitude and suitable timing), which 

depend upon the nature and plant growth stages, climatic 

conditions, application of chemical fertilizers and the 

capability of soil to capture water (Nielson 2002). AL-Edlabi et 

al (2015) indicated that there were significant differences 

between full and intermittent (deficit) irrigation of Sorghum 

where full irrigation was superior in the growth and green 

forage character. 

Sorghum crop also characterized by possibility of it's 

cutting many times from one sowing. Then, after has cutting, 

crop can regrowth from the basal buds, this known as ratoon 

(Cheyed et al 2014). This ratoon does not need land 

preparation and replanting which makes at economic method 

(Ramburan et al 2013,Jassem etal 2016). Ratoon plants are 

characterized by high growth rate, early has vesting and 

competition to the weed plants compared with the plants of 

direct seeding (KARI 1992, Cheyed et al 2014). Plants of both 

cultivation patterns are identical in terms of performance and 

tillering (Gerk et al 1990). Many studies recorded that there 

were significant differences between ratoon plants and 

direct- seeding in the growth characters i.e., number of days 

from sowing to the flowering stage (AL- Mohammedi 2015), 

plant height and green forage (Wiseman et al 2010, Botelho 

et al 2010, Cheyed et al 2014 and AL-Mohammedi 2015). 

The productivity of sorghum is the reflection of 

interaction between genotype, agronomy practices and 

environment. Sany et al (1991) indicated that sorghum 

cultivars were different in reaching 50% flowering stage, 

plant height and leaf area (Ahmed and Abood 2016), green 

forage (Hussein and Dhahir 2006, AL-Jubouri and AL-

Zubaidy 2013), harvest index (AL-Edlabi et al 2015), HCN 

(AL-Sadi and AL-Rubaie 2014). Eric et al (1995) referred that 

late mature sorghum cultivars gave highest forage yield 

compared with early mature ones. In the light of above, that 

study was conducted to evaluate the ability of sorghum 

cultivars to tolerate drought via deficit Irrigation under ratoon 

pattern of cultivation through some growth criteria. 



MATERIAL AND METHODS

A field trial was conducted during the spring and fall 

seasons of 2018 at the experimental farm of Department of 

Field Crop Sciences- College of Agriculture-AL-Anbar 

University (alternative site, Abu-Ghraib), to investigate the 

response of three sorghum cultivars (Inqath, Lilo and Caffier) 

to the ratoon cultivation (spring ratoon- full ratoon) compared 

with the convention method by seeds (control) under the 

influence of deficit irrigation.

Three treatments followed were; R -full irrigation at 1 

100% depletion of available water (control treatment); R - 2 

withholding one irrigation after reaching 50-55% of field 

capacity and continue to the end of season and R - 3 

withholding two irrigation after reaching 50-55% of field 

capacity and continue to the end of season.

Irrigation treatment were chosen in this method due to its 

simplicity in the field water-deficit treatment were applied 

when plants reached six leaf stage. Treatments were 

distributed according to the Randomized Complete Block 

Design in the arrangement of split - split plots design with 

three replicates. Water - deficit treatments occupied the mine 

plots. Cultivation patterns occupied the sub- plots while 

cultivars occupied the sub- sub plots. Seeds of all cultivars 

were sown in both seasons with 133300 plant ha . Soil -1

samples at (0 -30 cm) depth were taken before sowing for 

physical and chemical analysis (  1). After seed bed Table

preparation, soil divided to the experimental units with 

dimension 3*205 m to give 6 (six) rows 50 cm a part and 15 

cm between main plots was left. Three (3) seeds were sown 

on 2/4/2018, and then they were thinned to one plant per hill 

at two stages, the first after emergence and the second after 

ten days from the first one. Nitrogen fertilizer 200 kg ha as -1 

urea (40% N) was applied at three stage, the first at the 

completion of field emergence, at 4-6 leaves and at beginning 

of flowering. Super phosphate fertilizer 45% P O (100 kg p 2 5 

ha ) was added with the soil before sowing. All plots were -1

irrigated immediately after sowing. Plants were cut at 7-10 cm 

height at maturity to protect new buds and left to the next fall 

season to obtain the ratoon. Seeds of sorghum were sown at 

the completion of cutting ratoon and watered at the same time 

on July 22, 2018. Hand weeding were done as necessary.

Number of days from sowing to 75% flowering; plant 

height was measured after full flowering for 5 plants taken 

randomly from middle rows for each treatment from soil 

surface up to the tip of head; number of tillers and green 

forage yield were counted for full row and HCN concentration 

plant was estimated according to the Haskins et al (1978).-1 

Statistical analysis: All data were analysed for ANOVA by 

using statistical programme Genstat and least significant 

differences (LSD) at 0.05 probability level.

Character Value Dissolved positive ions 
-1 and negative (Meg l )

Organic matter -10.50 Meg l Na 11.7

Carbonate -120.2 Meg l Chloride 38.8

Gypsum -10.31 Meg l Bicarbonate 4.10

Available nitrogen 0.02% Sulphar 12.1

Available phosphorus 41.3% Magnesium 17.5

Available potassium 73.6% Calcium 23.0

SAR -1 -1/22.52 (Meg l ) Soil texture (g 
-1 m kg )

PH -17.13 ds m sand Silt Clay

ECe -14.31ds m 280 498 222

Volumetric moisture content

Texture : silty

Volumetric moisture 
content (33 K Bascal)

-3 -30.15 cm cm 3 -30.32 cm cm

Table 1. Some chemical and physical properties of soil 
before sowing*

*Soil analysis was preferment at the Central / Lab.; Coll. of Agric. Engineering 
Sci. Univ. of Baghdad

RESULTS AND DISCUSSION

Number of days from sowing to 75% flowering (day): It is 

clear from  2 that there was significant effect of irrigation Table

and cultivation treatments, cultivars and bi- and triple 

interactions on this character. For irrigation treatments, R1 

treatment gave significantly less average of number of days 

from sowing to 75% flowering (74.45) compared with 82.67 

day for R treatment. Plants of ratoon cultivation followed 3 

similar trend as irrigation treatment (82.46), which gave 

74.21 day compared with 82.46 day for direct seeding. These 

results agree with the finding of AL-Mohammedi (2015), 

where plants of ratoon gave 56.7 days compared with 81.0 

day for direct seeding. In fact, KARI(1992) and AL-

Mohammedi (2015) mentioned that ratoon cultivation 

method were characterized by their earliness in growth and 

harvesting with 10-25 day compared with the direct seeding 

method of sorghum. In respect to the cultivars, table2 shows 

that Lilo cultivar recorded the lowest average of this 

character, 77.46 day compared with 78.88 and 78.67 day for 

Inqath and Caffire, respectively with no significant 

differences between them. These varietal differences may be 

due to their genetical differences i.e. early or late in maturity. 

Concerning interaction, the control and ratoon pattern 

recorded the lowest average 66.07 day, while the interaction 

between irrigation treatment R and direct seeding gave the 3 

highest value (85.22 day). For interaction between irrigation 

and cultivar, R treatment and Caffier recorded the lowest 1 

value (69.00 day) compared with highest 86 day for R3 

treatment and Caffier cultivar.

For interaction between cultivation pattern and varieties, 
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Irrigation 
treatment (R)

Cultivatio
n pattern 
(A)

Cultivars (C) A × R

Caffier Lilo Inqath

R1 Ratoon 69.28 67.11 61.83 66.07

Seed 86.33 86.00 76.17 82.83

R2 Ratoon 76.00 74.67 78.67 76.44

Seed 81.33 74.33 82.33 79.33

R3 Ratoon 76.33 79.33 84.67 80.11

Seed 84.00 83.33 88.33 85.22

Cultivar Average 78.88 77.46 78.67

LSD 0.05 C 0.90

A × R 1.24

A × R×C 2.24

Irrigation 
Treatment (R)

Cultivars 
(C)

Average
(R)

Caffier Lilo Inqath

R1 77.81 76.55 69.00 74.45

R2 78.67 74.50 80.50 77.89

R3 80.17 81.33 86.50 82.67

LSD 0.05 R 0.77

R×C 1.49

cultivation 
pattern (A)

Cultivars 
(C)

Average
(A)

Caffier Lilo Inqath

Ratoon 73.87 73.70 75.06 74.21

Seed 83.89 81.22 82.28 82.46

LSD 0.05 A 0.94

A×C 1.38

Table 2. Effect of irrigation treatments and cultivation pattern 
on 75% flowering (day) of sorghum cultivars

Irrigation 
treatment (R)

Cultivation 
pattern 
(A)

Cultivars (C) A × R

Caffier Lilo Inqath

R1 Ratoon 129.33 130.33 173.20 144.29

Seed 156.67 148.33 202.57 169.19

R2 Ratoon 125.31 127.87 166.51 139.90

Seed 147.67 146.40 185.75 159.94

R3 Ratoon 109.66 122.07 156.48 129.40

Seed 129.57 124.89 168.47 141.11

Cultivar Average 133.03 133.32 175.56

LSD 0.05 C 2.78

A × R 3.71

A × R×C NS

Irrigation 
Treatment (R)

Cultivars (C) Average
(R).

Caffier Lilo Inqath

R1 143.00 139.33 187.88 156.74

R2 136.49 137.14 176.13 149.92

R3 119.61 123.48 162.68 135.25

LSD 0.05 R 3.70

R×C 4.82

cultivation 
pattern (A)

Cultivars (C) Average
(A)

Caffier Lilo Inqath

Ratoon 121.43 126.76 165.40 137.86

Seed 144.63 139.87 185.73 156.75

LSD 0.05 A 1.64

A×C 3.46

Table 3. Effect of irrigation treatments and cultivation pattern 
on 75% flowering (day) of sorghum cultivars

it was noticed that ratoon plants of Inqath and Lilo cultivars 

gave the lowest value of interaction 73.87 and 73.70 days, 

respectively with no significant difference between them 

compared with 83.89 day for Inqath sown by direct seeding. 

For triple interaction, control irrigation treatment of ratoon 

cultivation for Caffier recorded the lowest value of 61.83 day 

compared with 86.33 day for R of Caffier sown by direct 3 

seeding with no significant differences between R treatment 1 

of Inqath sown by direct seeding. 

Plant height (cm): Table 3 indicated that there was 

significant effect of irrigation treatments, cultivation pattern, 

cultivars and bi interaction on plant height. For irrigation 

treatment, R gave the highest average of plant height of 1 

156.74 cm compared with 135.25cm for R treatment. These 3 

result were in agreement with the finding of Hadif and Lafta 

(2013) that full irrigation increased plat height. Direct seeding 

increased plant height by giving the highest average of 

156.75 cm compared with 137.86 cm for ratoon cultivation. 

This may be due to the earliness of ratoon plants in growth 

and maturity to reach 75% flowering stage (Table 3) as a 

result to the shortening of life cycle of these plants. These 

results are in agreement of AL-Mohammedi (2015). Caffire 

cultivar gave the highest average of plant height of 178.37 cm 

compared with Inqath and Lilo cultivars (133.03 and 133.32 

cm, respectively). These varietal differences were due to 

their differences in genetic-make up and number of days from 

sowing to the 75% flowering stage (Table  3). This results 

were in accordance with the findings of Hussein and Thahir 

(2006), AL-Jubory and AL-Zubaidy (2013), Ahmed and 

Abood (2016) who reported varietaldifferences between 

sorghum cultivars in plant height. Concerning interaction, two 

factor interaction (irrigation treatment × cultivation pattern) 

showed significant effect where R and direct seeding gave 1 

the highest average 169.19 cm compared with 129.40 cm for 

R and ratoon cultivation. For bi interaction (irrigation and 3 

cultivars), R and caffier gave the highest value 187.88 cm 1 
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Irrigation 
treatment 
(R)

Cultivation 
pattern (A)

Cultivars (C) A × R

Caffier Lilo Inqath

R1 Ratoon 4034.0 3892.3 3655.0 3860.4

Seed 4595.3 4540.0 4605.0 4580.1

R2 Ratoon 3787.3 3599.0 3400.3 3595.6

Seed 4026.0 3930.3 3633.3 3863.2

R3 Ratoon 3830.0 3606.3 3333.3 3589.9

Seed 3723.3 3537.7 3414.3 3558.4

Cultivar Average 3999.3 3850.9 3673.6

LSD 0.05 C 42.1

A × R 68.2

A × R×C 103.1

Irrigation Treatment 
(R)

Cultivars (C) Average
(R).

Caffier Lilo Inqath

R1 4314.7 4216.2 4130.0 4220.3

R2 3906.7 3764.7 3516.8 3729.4

R3 3776.7 3572.0 3373.8 3574.2

LSD 0.05 R 65.1

R×C 78.0

cultivation pattern (A) Cultivars (C) Average
(A)

Caffier Lilo Inqath

Ratoon 3883.8 3699.2 3462.9 3682.0

Seed 4114.9 4002.7 3884.2 4000.6

LSD 0.05 A 36.6

A×C 57.17

Table 4. Effect of irrigation treatments and cultivation pattern 
2on leaf area (cm ) of sorghum cultivars

Irrigation 
treatment 
(R)

Cultivation 
pattern (A)

Cultivars (C) A × R

Caffier Lilo Inqath

R1 Ratoon 28.20 26.33 31.54 3860.4

Seed 17.70 16.83 18.21 4580.1

R2 Ratoon 25.89 23.11 28.43 3595.6

Seed 16.51 14.55 16.46 3863.2

R3 Ratoon 22.56 20.06 25.22 3589.9

Seed 13.79 11.71 14.31 3558.4

Cultivar Average 20.77 18.77      22.36

LSD 0.05 C 0.39

A × R 0.44

A × R×C NS

Irrigation Treatment 
(R)

Cultivars (C) Average
(R).

Caffier Lilo Inqath

R1 22.95 21.58 24.87 23.14

R2 21.20 18.83 22.45 20.83

R3 18.18 15.88 19.76 17.94

LSD 0.05 R 0.31

R×C NS

cultivation pattern (A) Cultivars (C) Average
(A)

Caffier Lilo Inqath

Ratoon 25.55 23.17 28.40 25.71

Seed 16.00 14.36 16.33 15.56

LSD 0.05 A 0.33

A×C 0.52

Table 5. Effect of irrigation treatments and cultivation on 
2number of tillers m  of sorghum cultivars

compared with 119.61 cm for R and Inqath cultivar. 3 

Concerning cultivation pattern and cultivars, plants of direct 

seeding of Caffier recorded the highest value 185.73 cm 

compared with 121.43 cm for ratoon cultivation of Inqath.
2Leaf area (cm ): Table 4 showed significant effect of 

irrigation treatments, cultivation method, cultivars, two factor 

interaction and three factor interaction on this character. For 
2 irrigation treatment, R gave the highest value 422.3 cm1 

2 compared with 3574.2 cm for R treatment. This may be due 3 

that water stress adversely affects the growth and size of 

cells especially the leaves which in turn reduced the plant leaf 

area this was confirmed by the fin clings of Hadif and Lafta 

(2013). Concerning, cultivation method, direct seeding 
2 recorded the highest average 4000.6 cm compared with 

2 3682.0 cm for ratoon cultivation. This could be due to the 

increase of tiller number and fertile tiller number of ratoon 

plants compared with direct seeding method which in turn 

reflected in the total leaf area of plant (Hammer et al 1987). 

For cultivars, plants of Inqath gave the highest value of 
2 2 3999.9 cm compared with the lowest value 3673.6 cm for 

Caffier plants. This varietal difference may be due to the 

different genetic make- up of these cultivars (Hussein and 

Thahir 2006, AL-Jubory and AL-Zubaidy 2013). 
-2Number of tillers m : Table 5 shows significant effect of 

irrigation treatments, cultivation pattern, cultivars and bi 

interaction except bi interaction of irrigation × cultivars and 
-2 triple interaction. The number of tillers m declined with the 

-2 increase of irrigation treatments i.e., 12.14 tiller m at R1 

-2treatment compared with 17.94 tiller m  at R .3

This reduction in tiller number may be due to the water 

stress which adversely affects growth and development of 

lateral bud, of sorghum AL-Muhammadi (2015) reported that 

bud formation in sorghum depends up on the availability of 

growth pastors like water and nutritional elements.

Table 5 indicates that ratoon cultivation recorded the 
-2 -2 highest average 25.71 tiller m  compared with 15.56 tiller m

for plant resulted from direct seeding. The superiority of 

ratoon plants may be due to the limited apical dominance and 

promotion of lateral buds and then increased tiller number 

compared with direct seeding. This result confirms the 

findings of Cheyed and AL-Mohammedi (2016). Who found 

that ratoon plants of sorghum were superior in their tiller 
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Irrigation 
treatment 
(R)

Cultivation 
pattern (A)

Cultivars (C) A × R

Caffier Lilo Inqath

R1 Ratoon 20.07 19.07 26.38 21.84

Seed 12.99 12.83 21.31 15.71

R2 Ratoon 19.17 18.35 23.96 20.49

Seed 12.33 12.28 18.91 14.51

R3 Ratoon 17.34 15.86 19.76 17.65

Seed 9.65 9.26 16.37 11.76

Cultivar Average 15.26 14.61 21.11

LSD 0.05 C 0.27

A × R N.S

A × R×C 0.67

Irrigation Treatment 
(R)

Cultivars (C) Average
(R)

Caffier Lilo Inqath

R1 16.53 15.95 23.84 18.77

R2 15.75 15.32 21.44 17.50

R3 13.50 12.56 18.06 14.71

LSD 0.05 R 0.17

R×C 0.40

cultivation pattern (A) Cultivars (C) Average
(A)

Caffier Lilo Inqath

Ratoon 18.86 17.76 23.37 20.00

Seed 11.66 11.46 18.86 13.99

LSD 0.05 A 0.37

A×C `0.45

Table 6. Effect of irrigation treatments and cultivation pattern 
-1on green forage yield (t ha ) of sorghum cultivars

number compared with direct seeding plants. Concerning 

cultivars, Caffier recorded the highest average of tiller 
-2 number m 22.36 compared with 18.77 of Lilo cultivar. This 

may be due to the differences in the genetic-make up which 

reflected in the growth characters. Also, Caffier was 

characterized on forage crop with vigorous vegetative 

growth compared with Inqath and Lilo. 
-1Green forage yield (t ha ): It is clear from Table 6that there 

was significant effect of irrigation treatments, cultivation 

pattern, cultivars bi interaction of irrigation ×cultivar, cultivation 

pattern × cultivar and the triple interaction on that character. 

For irrigation treatments, R gave the highest average of green 1 

forage yield 18.77 t ha compared with 14.71 t ha for R-1 -1 

3 

irrigation treatment. This reduction in the green forage yield 

with the increase of water stress was attributed to the 

reduction in plant height (Table 3), leaf area (Table 4) and tiller 

number m (Table 5) which in tour, reduced the size of -2 

vegetative growth. This results confirmed the findings of AL-

Edlabe et al (2015). It is also clear from  6 that ratoon Table

pattern was superior in giving highestgreen forage yield 20 t 

ha compared with 13.99 t ha for plants resulted from direct -1 -1 

seeding. This may be due to the superiority of ratoon plants in 

the number of tiller m (Table 5) where 39.48% increase in this -2 

character over the plants of direct seeding. This result was in 

agreement with the finding of AL-Mohammedi (2015) who 

found significant increase in the green forage yield of ratoon 

plants compared with direct seeding. 

Concerning cultivars, Table 6 shows that Caffier 

recorded the highest average of green forage yield 21.11t ha-

1 -1 compared with 14.61 t ha  for Lilo cultivar. This may be due 

to superiority of Caffier in plant height (Table3), number of 

tiller m (Table 5), which, in turn, reflected in the increase of -2 

vegetative growth weight compared with other cultivars. This 

result was in agreement with findings of Hussein and Thahir 

(2006) and AL-Edlabi et al (2015).

For interaction, R irrigation treatment × Caffier cultivar 1 

recorded the highest average of 23.84 t ha  compared with -1

lowest value of 12.56t ha for R ×Lilo cultivar. Ratoon plants -1

3 

ofCaffier gave the height value of 23.37 t ha  compared with -1

11.46 and 11.66t ha  for direct seeding of Lilo and Inqath, -1

respectively with no significant differences between them. 

For triple interaction, R treatment × ratoon pattern ×Caffier 1 

recorded the highest value 26.38 t ha compared with 9.26 t -1 

ha  for R treatment ×Lilo× direct seeding.-1

3 

-1HCN (mg kg ): TableResults of  7 shows only significant 

effect of irrigation treatments, cultivation pattern, cultivars 

and bi interaction between cultivation pattern and cultivars on 

the character. R treatment gave the lowest average HCN 1 

-1 -1 67.06 mg kg compared with 72.73 mg kg for R treatment. 3 

-1 Also, direct seeding gave the highest value 80.73mg kg

-1 compared with 59.13 mg kg for ratoon method. This may be 

due to the reduction of nitrogen accumulation in the plant 

tissues of ratoon method as a result of increased this size of 
-2vegetative growth (number of tiller m ), which in turn reduced 

its HCN content. These results were in agreement with the 

findings of Cheyed and AL-Mohammedi (2016) who found 

significant reduction in the HCN content of ratoon plants 

compared with the plants resulted from direct seeding. 

Concerning cultivars, Lilo gave the highest average 75.12 mg 
-1 -1 kg compared with 61.73mg kg for Caffier. This result was in 

agreement with the findings of AL-Sady and AL-Rubaie 

(2014) where significant differences were found in the HCN 

concentration in three sorghum cultivars. Bi interaction 

between cultivation pattern ×cultivars had significant effect on 

HCN as direct seeding of Lilo recorded the highest value 
-1 -1 84.97 mg kg compared with 45.88 mg kg for ratoon method 

of Caffier.

It is concluded that the irrigation system had significant 

143 Water Stress on Yield of Ratoon Sorghum 



Irrigation 
treatment (R)

Cultivation 
pattern (A)

Cultivars (C) A × R

Caffier Lilo Inqath

R1 Ratoon 63.71 63.38 42.39 56.49

Seed 75.38 82.54 74.94 77.62

R2 Ratoon 65.52 64.52 45.65 58.56

Seed 81.27 84.61 78.39 81.42

R3 Ratoon 69.45 67.95 49.59 62.33

Seed 82.24 87.75 79.42 83.13

Cultivar Average 72.93 75.12 61.73

LSD 0.05 C 1.02

A × R N.S

A × R×C N.S

Irrigation Treatment (R) Cultivars (C) Average
(R)

Caffier Lilo Inqath

R1 69.54 72.96 58.66 67.06

R2 73.39 74.56 62.02 69.99

R3 75.84 77.85 64.50 72.73

LSD 0.05 R 2.02

R×C N.S

cultivation pattern (A) Cultivars (C) Average
(A)

Caffier Lilo Inqath

Ratoon 66.23 65.28 45.88 59.13

Seed 79.63 84.97 77.58 80.73

LSD 0.05 A 1.13

A×C 1.51

Table 7. Effect of irrigation treatments and cultivation pattern 
-1on HCN (mg kg ) of sorghum cultivars

effect on sorghum growth with the highest negative effect of 

R irrigation method compared with the R method, which 3 2 

showed less negative effect. For cultivation pattern, recorded 

superiority in the characters of number of days from sowing to 

75% flowering, number of tillers, green forage yield and HCN. 

However, direct seeding was superior in the plant height and 

leaf area. There were clear differences between cultivars 

where Inqath was superior in the leaf area, while Lilo was 

superior in the number of days from sowing to the 75% 

flowering. However, Caffier was superior in the plant height, 

number of tillers, green forage yield and HCN concentration. 
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Abstract: Two field experiments were conducted to study response of growth and yield characters of three sorghum cultivars to the biocatalyst 
-1(amino triplex) using different concentrations. The main plots included the bio-catalyst concentrations (0, 2, 4 and 6 gm L ), while the sorghum 

cultivars (Giza 113, Rabeh and Warkaa). The results showed that the Giza cultivar was significantly superior in plant height as it gave the 

highest value of plant height in both seasons, also it gave the highest values of leaf area in the spring season, the highest number of grains per 

panicle that in fall season, the highest weight of 500 grain reached in both seasons and grain yield in fall season, while Warkaa cultivar was 

superior by giving the highest number of grains per panicle and highest yield grains in spring season. It also had the highest protein percentage 
-1in both seasons. In terms of spraying concentrations, the concentration of 6 gml  was superior and gave the highest values of plant height, leaf 

area, grain yield, protein percent, the same concentration was superior also in number of grain per panicle in the spring season and the weight 

of 500 grains in fall season. The effect of interaction between cultivars and biocatalyst concentrations was significantly in the character of leaf 

area in both seasons, the number of grains per panicle, the weight of 500 grains in the spring season and the percentage of protein in fall 

season only.
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The sorghum crop Sorghum bicolor L. Moench is the fifth 

grain crop in terms of economic importance and globally 

production. It is a major economic source for many of the 

world's population, especially in developing countries in arid 

and semi-arid regions in Asia and Africa. It is also a staple 

food, energy source, protein, vitamins and minerals for 

people living in poor areas. It is useful for people with 

diabetes as well as for those with allergies to gluten and is 

considered as antioxidants. sorghum grains contain 11.3% 

protein, 3.3% fat and 56-70% starch. It is relatively rich in iron, 

zinc, phosphorus and vitamins (Ratnavathi  2016). Its grains 

are also used in poultry diets as well as green fodder in times 

of forage scarcity during the summer to fill the shortage in the 

production of forage in the livestock sector, which contributed 

significantly to the solution of this problem, as it is 

distinguished from the rest of the summer crops tolerance to 

drought and lack of water (crop adaptability in dry land 

conditions). Despite the importance of this crop, the 

cultivated areas decreased by 0.15 million hectares annually 

from the mid-1980s until recently. Subsequently, the 

producing countries began to improve cultivars of sorghum 

species due to the recent environmental fluctuations 

(Hariprasanna and Rakshit 2017). The productivity of this 
-1crop was 1.57 t ha  in 2015 (USDA 2016).

In Iraq, this crop has received attention only recently by 

some workers for research. Vertical expansion is one of the 

solutions that need to be studied to solve the problem of food 

shortage in the world due to the increase in population and 

lack of arable land and environmental fluctuations. The 

increase in agricultural land, coupled with the problems of 

providing arable land and providing water, has become a 

major global crisis. The use of plant nutrients in terms of their 

type and concentrations and the use of foliar feeding on the 

plant is one of the alternative scientific methods for the use of 

fertilizers that require increasing the number of irrigation 

times as well as its negative effects on the environment and 

agriculture. Therefore, bio-fertilizers are a modern method of 

increasing and safety of the food product, improving its 

quality and increasing the plant's ability to resist 

environmental stresses by regulating plant content of plant 

growth regulators (PuGuxin et al 2008). 

In light of the new climate challenges of rising 

temperatures and lack of rain. The search for crops that resist 

these conditions has become necessary, including sorghum 

crop. It is expected that this crop will increase significantly as 

a source of human and animal nutrition and the production of 

ethanol. also, the selection of the most suitable variety for the 

prevailing environmental conditions and the most responsive 

to the addition of nutrients within those conditions is an 

important means that will increased the rate of production of 

this crop per area unit and improve the chemical composition 

of seeds (quality).

The objective of this study is to determine the suitable 

cultivars FOR best productivity and quality, and test the effect 

of the biological catalyst (Amino triplex) on the growth, yield 

and quality of different cultivars.



MATERIAL AND METHODS

Two field experiments were conducted in the spring and 

fall seasons of 2018 in one of the agricultural fields in 

Habbaniyah district-Anbar province. in order to study 

response of growth and yield characters of three sorghum 

cultivars to the growth regulator (amino triplex) using 

different concentrations as well as control treatment. The 

layout of the experiment was RCBD design using split plot 

pattern with three replicates. The main plots included the bio-

catalyst concentrations (0, 2, 4 and 6 gm l ), while the -1

sorghum cultivars (Giza 113, Rabeh and Warkaa) occupy 

the sub-plots. The number of experimental units in each 

replicate reached 12 experimental units resulting from the 

study factors. The dimensions of the experimental unit was 

3×3 m. All field operations such as plowing, smoothing and 

leveling were conducted and then a random sample of field 

soil was taken in both seasons from different locations of the 

experiment field at a depth of 0-30 cm before planting to 

determine their chemical and physical properties as shown 

in Table 1. The soil sample was analyzed in the laboratories 

of the department of soil affiliate of the agricultural research 

department - Abu Ghraib. After the completion of the field 

operations, the field was divided into experimental units 

each unit included six lines with distance reached 50cm 

between them and 25cm between holes. The length of each 

line is 3m.  A distance of 1.5 m was left between the main 

plots to prevent transmission of the spray solution when 

spraying and 50 cm between the subplots and 2 m between 

the replicates. Planting was done on 10/4/2018 in the spring 

season and on 1/8/2018 in the fall season by placing 2-3 

seeds in the hole and then thinned to one plant in the stage of 

5 leaves. 

The first irrigation was conducted slowly to prevent 

drifting of seeds from planting lines, and then irrigation was 

repeated as needed. Weeding was conducted as needed 

also. As a precautionary measure, the liquid diazinon was 

sprayed to control the corn borer stalk at a concentration of 

400 cm ha . Nitrogen fertilizer was added at a rate of 200 kg 3 -1

N ha  with the form of urea (46% N) and in three batches -1

phosphate fertilizer was added at the rate of 100 kg P O  2 5

(46% P) with one batch before planting. The data were 

statistically analyzed using the Genstat programme by 

analysis of variance and for all studied characters using the 

least significant difference test (LSD) to compare statistical 

averages at a significance level of 0.05 (Al-Rawi and Khala 

Fallah 1980).
2Parameters recorded: Plant height (cm), leaf area (cm ), 

number of grain per panicle (grain panicle ), weight of 500 -1

grains (gm), grains yield (t ha ) and the percentage of seeds -1

protein (%).

Indicators Values of both seasons of 2018 Units

Spring season Fall season

 (PH) 7.21 7.21  --

Electrical Conductivity EC 1.72 1.72 ds/m

Available N 26.13 26.13 Ppm

Available P 18.72 18.72 Ppm

Available K 212 212 Ppm

Organic matter OM 0.95 0.95 %

Soil structure -- -- --

Sand 32 32 %

Silt 57 57 %

Clay 11 11 %

Texture Silt loam Silt loam --

Table 1. Some chemical and physical properties of 
experiments soil before planting in spring and fall 
seasons of 2018

RESULTS AND DISCUSSION

Plant height (cm):  The results of Table 2 indicate that there 

was significant difference between the sorghum cultivars and 

the concentrations of bio catalyst (Amino triplex) in plant 

height in both seasons, while the interaction between the two 

factors had no significant effect in both seasons. The cultivar 

of Giza 113 was superior significantly by giving the highest 

plant height amounted to 343.4 and 248.0 cm in both 

seasons respectively, while the Rabeh cultivar gave the 

lowest value reached 155.1 and 180 cm in both seasons 

respectively, while the height of the Warkaa cultivar was in 

middle between Giza 113 and Rabah which gave 179.2 and 

209.0 cm in both seasons respectively. This difference 

between species may be due to their difference in genetic 

origin as well as their responsiveness to environmental 

conditions, these results are in agreement with results of 

(Rana et al 2014) and (Ahmed et al 2017). Who found a 

difference between sorghum cultivars in plantheight. The 

results of the same table indicate that the plant height 

increased gradually with the increase of the biocatalyst 

concentrations to reach the maximum height at the level of 6 

gml  by giving (241.0 and 242.0 cm) in both seasons -1

respectively and differed significantly compared to other 

concentrations except the concentration of plant height gm L-

1 in the spring season. While the control treatment gave the 

lowest plant height (211.1 and 191.0 cm) in both seasons.
2Leaf area (cm ): The results of Table 3 showed that the 

varieties were significantly different in leaf area in both 

seasons respectively. The cultivar of Giza 113 was superior in 

this character and gave the highest average leaf area 
2reached 4542 cm  in spring season, while the Rabeh cultivar 

gave the highest leaf area in the fall season reached 6128 
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Cultivars Spring season Cultivars 
mean

Fall season Cultivars 
mean-1Bio catalyst concentration gm.L -1Bio catalyst concentration gm.L

0 2 4 6 0 2 4 6

Rabeh 141.6 156.2 160.5 161.9 155.1 156 160 179 223 180

Warkaa 160.9 169.2 184.4 202.1 179.2 197 208 209 221 209

Giza 113 330.7 340.7 343.1 359 343.4 220 232 261 282 248

L.S.D 0.05 N.S L.S.D 0.05 N.S L.S.D  0.05

Conc. mean 211.1 222 229.3 241 24.25 191 200 216 242 20.3

L.S.D 0.05 20.25 29.3

Table 2. Effect of sorghum cultivars, bio-catalyst (Amino triplex) and their interaction on plant height in spring and fall seasons 
of 2018 

Cultivars Spring season Cultivars 
mean

Fall season Cultivars 
mean-1Bio catalyst concentration gm.L -1Bio catalyst concentration gm.L

0 2 4 6 0 2 4 6

Rabeh 3550 4439 4511 4639 4285 5716 6489 6131 6182 6128

Warkaa 4047 4124 4557 4472 4300 5908 5688 5902 6540 6010

Giza 113 4371 4457 4577 4762 4542 4628 4601 5094 5555 4969

L.S.D 0.05 626.8 L.S.D 0.05 602.8 L.S.D  0.05

Conc. mean 3989 4340 4548 4624 313.4 5417 5591 5709 6092 301.4

L.S.D 0.05 215 NS

Table 3. The effect of sorghum cultivars, bio-catalyst (amino triplex) and their interaction on leaf area in spring and fall seasons 
of 2018

2cm  which did not differ significantly from Warkaa cultivar. 

The difference in the leaf area may be due to the cultivars 

different in their genetic origin and their response to 

environmental conditions. This was observed from the 

cultivars different during the two seasons. It was noted that 

cultivar of Giza 113 recorded the highest value of this 

character in the spring season while the lowest average 

obtained from the same cultivar in fall season. This was also 

observed with the Rabeh cultivar which reinforces our results 

that cultivars vary depending on the growing season. These 

results are in agreement with results of (Abood and Salh 

2018). The increase of the used biocatalyst concentrations 

on the sorghum plant resulted in a significant increase in the 
-1leaf area where the concentration of 6 gm l  gave the highest 

2value of leaf area reached 6092 and 4624 cm  in both 

seasons, respectively, while the control treatment gave the 
2lowest value reached 3989 and 5417 cm  in both seasons.

 The superiority of the biocatalyst treatments may be due 

to the positive role of the biocatalyst components of nutrients 

and amino acids which sprayed on the plant at the time of the 

plant need, which contributed to increase the biological 

processes in the leaves and increase cell division, which 

increased the leaves area and stay effective for a longer 

period. Finally this reflected on the increase of leaf area, 

these results are in agreement with the results of (Ogundare 

et al 2015) and (Obid et al 2016). The interaction between 

cultivars and biocatalyst showed significant effect in both 

seasons in this character, where the cultivars of Giza 113 and 

Warkaa which treated with concentration of 6 gml  gave the -1

highest values reached 6540 and 4762 cm , while the two 2

cultivars of rabeh and Giza 113 gave the lowest values of leaf 

area reached 4628 and 3550 cm  in both seasons, 2

respectively. 
-1Number of grains per panicle (grainpanicle ): The results 

of Table 4 showed that the varieties were significantly 

different among them in the number of grains per panicle. 

The cultivar of Warkaa gave the highest value of this 
-1character reached 1586 grain panicle , which did not differ 

significantly compared to the Rabeh cultivar which gave 1570 
-1grain panicle , while the cultivar of Giza 113 recorded the 

-1lowest average reached 1313 grain panicle . The reason for 

the cultivars different in this character is due to their 

differences in their genotypes. The results of the same table 

also indicate a significant effect of the concentrations of 
-1Amino triplex in this character. The concentration of 6 gm l  

recorded the highest value of this character reached 1727 
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-1and 2018 grainpanicle , while the control treatment gave the 

lowest number of grain per panicle reached 1150 and 1483 
-1grainpanicle , this may be due to the role of these nutrients, 

which contributed to increasing the leaf area for both seasons 

(Table 3). This has been positively reflected in the increase of 

plant efficiencies in the conversion of photosynthesis 

products and their delivery to developing and emerging 

grains. These results are consistent with the results of (Salah 

2017), which showed the role of this substance in increasing 

the number of grains per panicle. The interaction between the 

two study factors had a significant effect in this character in 

spring season only, the interaction treatment of Warkaa 
-1cultivar with the concentration of 6 gm l  gave the highest 

-1 value reached 1852 grain panicle while the interaction 

treatment of Giza113 cultivar with control treatment gave the 
-1lowest value reached 892 grain panicle . 

Weight of 500 grains (gm): The results of Table 5 indicate 

that there was significant effect of cultivars and biocatalyst 

concentrations between them in spring and fall seasons, and 

interaction between the two factors in the first season only.

The cultivar of Giza 113 was significantly superior 

compared to other cultivars by giving 27.16 and 32.80 gm in 

both seasons respectively, with a relative increase by 13.60 

and 9.93% compared to cultivars of Warkaa and rabeh with a 

Cultivars Spring season Cultivars 
mean

Fall season Cultivars 
mean-1Bio catalyst concentration gm.L -1Bio catalyst concentration gm.L

0 2 4 6 0 2 4 6

Rabeh 1383 1852 1700 1646 1570 1340 1823 1970 2090 1805

Warkaa 1175 1634 1684 1852 1586 1492 1670 1154 1960 1819

Giza 113 892 1232 1445 1684 1313 1618 1921 1942 2004 1871

L.S.D 0.05 347 L.S.D 0.05 NS L.S.D  0.05

Conc. mean 1150 1472 1609 1727 173 1483 1804 2022 2018 NS

L.S.D 0.05 284 291.3

Table 4. Effect of sorghum cultivars, bio-catalyst (amino triplex) and their interaction on number of grains per panicle in spring 
and fall seasons of 2018

Cultivars Spring season Cultivars 
mean

Fall season Cultivars 
mean-1Bio catalyst concentration gm.L -1Bio catalyst concentration gm.L

0 2 4 6 0 2 4 6

Rabeh 20.45 23.27 23.13 26 23.21 31 30 26.7 26.3 28.5

Warkaa 19.89 22.3 28.54 24.89 23.9 23.7 27 30.3 37.7 29.9

Giza 113 22.41 27.2 29.16 29.87 27.16 24.7 34 39.3 33.3 32.8

L.S.D 0.05 6.02 L.S.D 0.05 NS L.S.D  0.05

Conc. mean 20.92 24.25 26.94 26.92 3.01 26.47 30.67 32.1 32.43 3.69

L.S.D 0.05 2.17 2.92

Table 5. The  effect of sorghum cultivars, bio-catalyst (amino triplex) and their interaction on weight of 500 grains in spring and 
fall seasons of 2018

relative increase of 17.01 and 15.09% in both seasons 

respectively. The superiority of Giza 113 cultivar in this 

character may be due to its superiority in the leaf area (Table 

3). It may also be due to the fact that the cultivars differ in their 

genotypes, the response of each cultivar to environmental 

conditions and the duration during which the leaves remain 

effective longer to carry out photosynthesis and creation the 

carbohydrates and transport them to grains, this result is 

consistent with the results of (Muflahi and Basuaid 2017).  

Who found a significant difference between the cultivars in 

the mean of this character. Also, there was a significant 

difference between the mean of this character by increasing 

the concentrations of biocatalyst in both seasons (Table 5). 
-1The treated plants with concentrations of 6 gm l  gave the 

highest values reached 26.92 and 32.43 gm, while the control 

treatment recorded the lowest values reached 20.92 and 

26.47 gm in both seasons respectively. The superiority of this 

concentration may be due to its superiority in the leaf area 

(Table 3). This enhances the role of the leaf area in increasing 

the carbohydrates creation processes in the leaves and their 

transfer to the grain in the panicles. These results are in 

agreement with results of other researchers who found a 

significant effect of foliar fertilizers and biocatalysts in weight 

of 500 grains (Liamelo et al 2016). The results of the same 
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Cultivars Spring season Cultivars 
mean

Fall season Cultivars 
mean-1Bio catalyst concentration gm.L -1Bio catalyst concentration gm.L

0 2 4 6 0 2 4 6

Rabeh 4.57 4.74 6.34 6.4 5.51 5.67 8.14 8.37 10.22 8.1

Warkaa 5.01 5.82 5.91 7.38 6.02 6.18 7.55 8.57 10.5 8.2

Giza 113 5.07 5.96 6.13 6.43 5.89 7.94 8.88 10.25 10.76 9.45

L.S.D 0.05 NS L.S.D 0.05 NS L.S.D  0.05

Conc. mean 4.88 5.51 6.13 6.73 0.89 6.59 8.19 9.06 10.49 1.06

L.S.D 0.05 1.11 2.06

Table 6. The effect of sorghum cultivars, bio-catalyst (amino triplex) and their interaction on grains yield in spring and fall 
seasons of 2018 

Cultivars Spring season Cultivars 
mean

Fall season Cultivars 
mean-1Bio catalyst concentration gm.L -1Bio catalyst concentration gm.L

0 2 4 6 0 2 4 6

Rabeh 8.57 9.48 10.08 11.54 9.92 7.67 9.48 10.31 12.21 9.84

Warkaa 9.95 10.93 9.72 11.13 10.5 8.95 10.26 10.39 12.16 10.42

Giza 113 7.91 8.97 9.88 10.1 9.21 7.57 8.64 10.22 10.46 9.13

L.S.D 0.05 NS L.S.D 0.05 1.05 L.S.D  0.05

Conc. mean 8.81 9.79 9.9 11.01 0.7 8.03 9.46 10.23 11.46 0.52

L.S.D 0.05 1.99 1.29

Table 7. The effect of sorghum cultivars, bio-catalyst (amino triplex) and their interaction on the percentage of seeds protein in 
spring and fall seasons of 2018

table also showed a significant effect of the interaction 

between the two study factors in this character in the spring 

season only. The interaction treatment of Giza 113 cultivar 
-1with concentrations of 6 gm l  gave the highest value reached 

29.87 gm. While the interaction treatment of warkaa cultivar 

with control treatment gave the lowest value reached 

19.89gm. 
-1Grains yield (t ha ): The results of Table 6 indicate that there 

were significant differences between both of cultivars and 

biocatalyst concentrations in both seasons, while there was 

no effect from the interaction between the two factors in this 

characters in both seasons. The cultivar of warkaa was 
-1superior and gave the highest grain yield reached 6.02 t ha  
-in the spring season. The lowest yield was 5.51 and 8.10  t ha

1 in both seasons respectively. The reason for the superiority 

of the two cultivars in the grain yield is due to the superiority of 

the warkaa cultivar with the highest number of grain per 

panicle in the spring season (Table 4). While in the fall 

season, the cultivar of Giza 113 may be superior in this 

character due to its superiority in weight of 500 grains and 

number of grains per panicle (Tables 4 and 5). These results 

are in agreement with results of (Abood and Abduilhmed 

2017, Abood and Salh 2018) who found significant 

differences between the cultivars. The results of the same 

table also indicate the significance of the biocatalyst in this 

trait. 4.88 and 6.59 tons E-1 for both seasons in succession. 

This is in line with what Sadak et al (2012) and Hassanein et 

al (2017) found. The results of the same table also showed 

significant differences between the concentrations of the 

biocatalyst in this character. The highest concentration of the 
-1biocatalyst (6gm l ) gave the highest value of grain yield 

-1reached 6.73 and 10.49 t ha  in both seasons respectively, 

while the control treatment gave the lowest value reached 
-14.88 and 6.59 tha  in both seasons, respectively. This is in 

agreement with results of (Sadak et al 2012, Hassanein et al 

2017). 

The percentage of seeds protein (%): The results of Table 

7 indicate that there was a significant effect of the cultivars 

and the biocatalyst and their interaction in this character in 

both seasons except the interaction between the two factors 

of study in the spring season.

The cultivar and warkaa was significantly superior 

compared to the other two cultivars (Rabeh and Giza 113) 

which gave the highest averages of this character reached 

10.50 and 10.42% in both seasons, respectively, while the 

cultivar of Giza 113 gave the lowest protein percentage in 

both seasons reached (9.21 and 9.13%, respectively). The 

variance among cultivars in this character may be due to the 
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difference of their genotype, this results is in agreement with 

results of (Salh 2018), who found a significant difference 

between the cultivars in percentage of protein. The results of 
-1the same table also showed that the concentration of 6 gm l  

gave the highest values reached 11.01 and 11.46% in both 

seasons respectively. Where the increase in the percentage 

of protein was associated with the increase of used 

concentrations, which reached the maximum at the highest 

concentration, while the control treatment gave the lowest 

percentage of protein reached 8.81 and 8.03%, respectively 

in both seasons. The increase of protein percent when 

increasing the concentrations of bio-catalyst may be 

attributed to the role of this substance in increasing the leaf 

area (Table 3) and then increase the physiological and 

carbohydrates creation processes inside the plant, This 

contributed to the transport of these carbohydrates to the 

grain and increased the weight of the grain (Table 5). These 

results are in agreement with results of Ahmed et al (2015) 

and Hassaneine t al (2017). It is evident from the results of the 

interaction between the two factors in the same table that 

there was an increase in the percentage of protein in the 

grains in the fall season with increasing the concentrations of 

biocatalyst with all cultivars. The interaction treatment of 
-1Rabeh cultivar with concentration of 6 gm l  gave the highest 

mean of protein percent reached 12.21% and did not differ 

significantly with cultivar of Warkaa with the same 

concentration; while the interaction treatment of Giza 113 

with the control gave the lowest protein percent reached 

7.57%. 
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Effect of Zero Tilled Dibbled and Phosphorus Fertilizer on 
Growth and Yield of Sunflower (Helianthus annuus L.)
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Abstract: A field trial was carried out to investigate the effect of cultivation method (no tillage versus conventional ploughing) and phosphorus 
-1fertilization (100, 200 and 300 kg ha ) on some growth characters of sunflower field variety Aqmar. The results showed that there were not 

significant differences between the two methods of cultivation on seed yield and plant height. However, ploughing method was superior in the 

rest of the parameters. Levels of phosphorus fertilizer had significant effect on all the characters with the exception of number of days from 
-1 -1 -1sowing to the 50% flowering where 200 and 300 kg ha  were superior over 100 kg ha  in all characters. The use of 200 kg ha  in improving growth 

-1characters and increased seed yield is appropriate. The interaction of ploughing and 300 kg ha  phosphor fertilizer gave the best values.

Keywords: Conservative cultivation, Industrial crops, Nutritive element, Ploughing
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Sunflower (Helianthus annuus L.) is considered one of 

the major crops in the Iraq due to its various uses among 

them oil from oily cultivars and feeds for animals (Cheyed 

2014). It is the best fourth oily crop in the world (Nisar 2011). 

This crop is characterized by its high capability of adaption in 

a wide range of environmental conditions; therefore it is 

grown widely around the world (Agele 2007). Iraqi 

environment is suitable to produce sunflower, yet its 

productivity still low due to the bad application of husbandry 

practices and not using modern agricultural systems, which 

conserve the soil texture and improve the plant growth in the 

field, in turn increases the seed yield of unit area. Zero (no) 

tillage method improve the physical chemical and biological 

characteristic of soil, which has led to more stability of 

productivity (Alrijbo and Hussan 2011, Chauhan et al 2015), 

besides it is economical method reduces the costs of 

production (Piggin et al 2002) via lessening of energy waste 

manpower and reduces the required time for seed bed 

preparation. Also, it increases the rain water harvesting in the 

dry and semi dry regions compared with the conventional 

method of cultivation (Anaerson et al 2000), especially in the 

region of very low water table(Humphreys et al 2004). 

Nutritional element in seed play a key role in agricultural 

production, as Iraqi sails contain high levels of calcium 

carbonates which makes the pH soil close to the alkalinity, 

there for, soils suffer from the reduction of essential aliments 

availability for plant growth among them phosphorus 

(Zeboon 2006). The phosphorus is the second important 

element after nitrogen, which affects all growth stage of 

sunflower, seed yield and quality (Salih 2013), there for, this 

study was conducted to investigate the response of oily 

sunflower (Aqmar oily cultivar) to the zero-tillage and 

phosphorus levels.

MATERIAL AND METHODS

    A field trial was conducted at the alternate site (site of 

college of agriculture- university of Baghdad) Abu-Ghraib 

during the spring and fall seasons of 2015. The objective was 

to investigate the effect of zero-tillage compared with the 

conventional method and phosphorus levels (100, 200, and 
-1 300) kg P O  ha which triple super phosphate was the main 2 5

source of phosphorus on some growth characters and seed 

yield of Aqmar oily cultivar. A piece of land previously grown 

with sunflower in the spring season was used to be the same 

for cultivation in the fall season. This land was divided to six 

stripes, three of the were ploughed after the removal of plant 

residues random and the rest of land left without ploughing 

with the plant residual been left, each stripe was divided to 

experimental units 3 × 4 m as the same dimension of 

unploughed plots to assure the homogenous experimental 

units. Sowing was performed on rows 75 cm between them 

and 25 cm between plants in rows to achieve plant population 

density 53000. A distance of 75 cm between experimental 

units was left. Three-five seeds were placed in each hill, then 

a thinning was done after the completion of full field 

emergence and the formation of first pair of true leaves. The 

design was split-block design where the main factor was no-

tillage and conventional ploughing and the sub plots for 

phosphorus fertilizer with three replication. All phosphorus 

fertilizer was applied at cultivation with the cultivation rows. 



-1 Nitrogen fertilizer (urea 40% N) with the rate 280 Kg ha was 

applied twice the first after field emergence and the second 

one at the beginning of floral bud formation.

    Five plants were randomly chosen from the middle 

rows to record the period from sowing to the 50% flowering, 

plant height (cm), leaf area (cm ), chlorophyll content of 2

leaves, Phosphorus ratio of leaves and seed yield plant-1.

Data were analyzed according to the used design 

average using LSD at 0.05 for comparison.    

RESULTS AND DISCUSSION

Number of days from sowing to the 50% flowering: Table 

1 show the significant effect of phosphorus fertilizer only in 

the spring season with no significant effect of cultivation 

method and interaction in both seasons. Increased 

phosphorus fertilizer from 100 to 300 kg ha increased the -1 

number of days from sowing to the 50% flowering by 1.5 day 

in spring season.

Plant height (cm): Table 2 indicates that there was 

significant effect of both study factors and their interaction 

Phosphorus 
-1fertilizer (kg h ) (P)

Spring season Fall season

Cultivation system (C) Mean (P) Cultivation system Mean (P)

Zero- tillage Ploughed Zero- tillage Ploughed

100 73.33 72.67 73 54.93 55.44 55.18

200 73.67 73.33 73.5 55.78 54.93 55.35

300 75 74.5 74.5 55.44 56.59 56.02

Mean (C) 74 73.33 55.38 55.65

LSD 0.05 (P) 1.3 N.S

LSD 0.05 (C) *N.S N.S

LSD 0.05 (P×C) N.S N.S

Table 1. Effect of zero tilled dibbled and phosphorus fertilizer on number of days from sowing to the 50% flowering in spring and 
full season

NS: Non significant

Phosphorus 
-1fertilizer (kg h ) (P)

Spring season Fall season

Cultivation system (C) Mean (P) Cultivation system Mean (P)

Zero- tillage Ploughed Zero- tillage Ploughed

100 158.29 164.63 161.46 106.01 106.62 106.31

200 179.27 180.07 179.67 116.29 120.01 118.15

300 174.83 189.41 178.83 110.85 127.66 119.25

Mean (C) 170.80 178.03 111.05 118.09

LSD 0.05 (P) 2.9 5.17

LSD 0.05 (C) 4.01 N.S*

LSD 0.05 (P×C) 3.57 6.96

NS: Non significant

Table 2. Effect of zero tilled dibbled and phosphorus fertilizer on plant height (cm)in spring and full season

except the effect of cultivation method with no significant 

differences between them. Plants of conventional method 

where superior in the plant height 178.03 cm compared with 

170.80 cm for no-tillage method in the fall season. This may 

be that ploughing helps in the increase of root system via 

breaking down sub-down layers of soil. The increase of 

phosphorus fertilizer from 100 to 300 kg ha increased plant -1 

height from 161 and 106 cm and 174.83 and 119.25 cm, 

respectively with no significant difference with 200 kg ha in -1 

the increasing root system and plant growth which, in turn, 

increases plant height. This result confirms the findings of 

Zeboon (2006).

Concerning interaction, plants of cultivated area and 

fertilized with 300 kg ha gave the highest value in both -1 

seasons (189.41 and 127.66 cm) compared with 158.29 and 

106.1 cm during both seasons for no tillage × 100 kg ha of -1 

phosphorus.
2 -1Leaf area (m plant ): It is clear from Table 3 that both study 

factors and their interactions had significant effect on leaf 

area. Plants of tilled cultivation gave the highest average 
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Phosphorus 
-1fertilizer (kg h ) (P)

Spring season Fall season

Cultivation system (C) Mean (P) Cultivation system Mean (P)

Zero- tillage Ploughed Zero- tillage Ploughed

100 0.606 0.71 0.658 0.262 0.296 0.279

200 0.765 0.785 0.775 0.384 0.381 0.383

300 0.699 0.836 0.767 0.352 0.423 0.388

Mean (C) 0.69 0.777 0.333 0.366

LSD 0.05 (P) 0.036 0.012

LSD 0.05 (C) 0.035 0.032

LSD 0.05 (P×C) 0.038 0.026

2 -1Table 3. Effect of zero tilled dibbled and phosphorus fertilizer on leaf area (m plant ) in spring and full season

2 -10.777 and 0.366 m plant  in both seasons compared with 
2 -10.690 and 0.333 m plant  for no-tilled cultivation, 

respectively. This may be due that ploughing (tilling) 

increases root system of plants as a result of breaking down 

sub-surface layers of soil, which ultimately improve the 

vegetative growth characters of plants among them 

increased plant height (Table 2).

It is also clear from Table 3 that phosphorus fertilizer had 

significant effect on this character. The highest level 200 and 
-1 2 300 kg ha recorded the highest average 0.707 and 0.775 m

-2 and 0.383 and 0.388 m in both spring and fall seasons, 

respectively with no significant differences between them. 

 This may be due to the role of phosphorus in formation 

cell membranes and transportation of sugar (saccharides) 

from their sites of formation in leaves to the other parts of 

plants of increase of photosynthesis which increases plant 

activities among them leaf area. This result was in agreement 

with the findings of AL-Tammimi (2010) and Alias et al (2003).

Concerning interaction, plants of tilled land and fertilized 
-1with the 300 kg ha  of phosphorus gave the highest value in 

2 -1both seasons (0.836 and 0.423 m plant ), respectively 
2 -1compared with the lowest value (0.606 and 0.262 m plant ) 

for plants resulted from un-tilled land and fertilized with 100 
-1kg ha  in both seasons. The increase of leaf area with the 

increases of phosphorus level in the tilled area may be 

attributed to the fact that excited soil because of tilling allow 

easy movement and distribution of phosphorus around the 

root system which increase its absorption by plants and then 

increases plant growth characters among them plant height 

(Table 2) and leaf area (Table 3).

Plant dry weight (gm):A significant effect of both factors and 

most their interaction was obtained on plant dry weight (Table 

4). Plants of tilled method gave the highest value of dry 

weight 138.9 gm plant compared with 130.4 gm of un-tilled -1 

land in the season. This may be due to the high plant height 

(Table 2) and leaf area (Table 3) which in turn, increased plant 

dry weight. It is also clear from Table 4. That high level of 

phosphorus 300 and 200 kg ha recorded the highest -1 

averages (277.7, 272.5, 147.3 and 148.1 gm plant ) with no -1

significant differences between these two levels in both 

season, respectively, compared with 207.1 and 108.4 gm 

plant for 100 kg ha level in both season, respectively. This -1 -1 

was due to the increase of both plant height  and leaf area. 

This result confirmed the finding, of Salih (2013) who 

Phosphorus 
-1fertilizer (kg h ) (P)

Spring season Fall season

Cultivation system (C) Mean (P) Cultivation system Mean (P)

Zero- tillage Ploughed Zero- tillage Ploughed

100 198.2 216 207.1 106.5 110.4 108.4

200 274.4 270.6 272.5 146.3 150.0 148.1

300 265.1 290.3 277.7 138.3 156.2 147.3

Mean (C) 245.9 259 130.4 138.9

LSD 0.05 (P) 5.5 7.9

LSD 0.05 (C) NS* 2.8

LSD 0.05 (P×C) 10.2 7.7

NS: Non significant

Table 4. Effect of zero tilled dibbled and phosphorus fertilizer on plant dry weight (gm) in spring and full season
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Phosphorus 
-1fertilizer (kg h ) (P)

Spring season Fall season

Cultivation system (C) Mean (P) Cultivation system Mean (P)

Zero- tillage Ploughed Zero- tillage Ploughed

100 21.02 23.77 22.5 10.27 12.17 11.22

200 27.90 26.86 27.38 15.86 16.06 15.96

300 25.92 30.23 28.07 14.40 17.61 16.00

Mean (C) 25.02 26.95 13.51 15.28

LSD 0.05 (P) 1.85 1.52

LSD 0.05 (C) NS* 1.56

LSD 0.05 (P×C) 2.05 1.61

NS: Non significant

Table 5. Effect of zero tilled dibbled and phosphorus fertilizer on dry weight of root system (gm) in spring and full season

Phosphorus 
-1fertilizer (kg h ) (P)

Spring season Fall season

Cultivation system (C) Mean (P) Cultivation system Mean (P)

Zero- tillage Ploughed Zero- tillage Ploughed

100 32.63 34.02 33.33 38.83 39.89 38.86

200 40.08 39.37 39.73 43.64 44.12 43.88

300 36.58 42.61 39.59 41.29 47.37 44.33

Mean (C) 36.43 38.67 40.92 43.79

LSD 0.05 (P) 1.12 1.43

LSD 0.05 (C) 2.13 1.43

LSD 0.05 (P×C) 1.79 1.52

-1 Table 6. Effect of zero tilled dibbled and phosphorusus fertilizer on chlorophyll content of leaves (mg gm fresh weight)in spring 
and full season

reported that phosphorus increases growth characters at all 

plant growth stages.

Concerning interactions, highest level of phosphorus 

300 kg ha and tilled treatment gave the highest value (290.3 -1 

and 156.2 gm plant ) in both seasons with no significant -1

differences with the 200 kg ha × tilled treatment in the fall -1

seasons compared with 100 kg ha × un-tilled treatment -1 

which gave the lowest values 198.2 and 106.5 gm plant-1 

respectively in both season with no significant differences 

with the same level × tilled treatment in the fall season. 

Dry weight of root system (gm): Table 5 illustrates the 

significant effect of both factors and their interaction except 

the effect of tilled treatment in the spring season. Plants of 

tilled area gave the highest value 15.28 gm compared with 

13.15 gm for plants growth in the no-tilled area. This may be 

due to the high plant height (Table 2) and leaf area (Table 3), 

hence, increased dry weight of plant including root dry 

weight. Table 5 also shows that high level of phosphorus 300 

* 200 kg ha gave the highest averages 28.07 and 27.38 gm -1 

with no significant differences between for spring season and 

16.00 and 15.96 gm for fall season compared with 22.50 and 

11.22 for the 100 kg ha in both season, respectively. This -1 

may be attributed to the role of phosphorus in enhancement 

of many vital biochemical reaction in the plants especially 

improvement of root system (Griffith 2010). 

    Concerning interactions, the highest level of 

phosphorus 300 kg ha in the tilled area gave the highest -1 

value in both season. Respectively 30.23 and 17.61 gm with 

no significant differences with the 200 kg ha in the tilled area -1 

in fall season compared with 19.82 and 10.65 gm for 100 kg 

ha in tilled areas in both seasons, respectively. -1 

-1 Chlorophyll content of leaves (mg gm fresh weight): 

Table 6 shows significant effect of both study factors and their 

interaction in both seasons. Plants of tilled areas recorded 

the highest average of chlorophyll content 38.67 and 43.79 

mg gm fresh weight in both seasons compared with 36.43 -1 

and 40.92 mg gm fresh weight for plants resulted from un -1 

tilled areas. Tis may be due the effect of tilling on root dry 

weight (Table 5) which in turn improving vegetative growth 

(Table 2 and 3), hence improving photosynthesis efficiency 

and plant chlorophyll contest. Also, phosphorus fertilizer level 

significantly increased this character where 200 and 300 kg 
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Phosphorus 
-1fertilizer (kg h ) (P)

Spring season Fall season

Cultivation system (C) Mean (P) Cultivation system Mean (P)

Zero- tillage Ploughed Zero- tillage Ploughed

100 0.417 0.446 0.432 0.274 0.295 0.284

200 0.61 0.63 0.62 0.413 0.428 0.42

300 0.526 0.65 0.588 0.376 0.454 0.415

Mean (C) 0.518 0.576 0.354 0.392

LSD 0.05 (P) 0.029 0.015

LSD 0.05 (C) 0.055 0.015

LSD 0.05 (P×C) NS* 0.016

NS: Non significant

Table 7. Effect of zero tilled dibbled and phosphorus fertilizer on phosphorus ratio of leaves (%) in spring and full season

Phosphorus 
-1fertilizer (kg h ) (P)

Spring season Fall season

Cultivation system (C) Mean (P) Cultivation system Mean (P)

Zero- tillage Ploughed Zero- tillage Ploughed

100 43.77 45.31 44.54 52.88 52.95 52.92

200 51.09 51.13 51.11 57.41 58.61 58.01

300 53.71 54.71 54.20 60.17 60.14 60.15

Mean (C) 49.52 50.38 56.82 57.23

LSD 0.05 (P) 2.63 1.82

LSD 0.05 (C) NS* NS

LSD 0.05 (P×C) NS NS

NS: Non significant

-1Table 8. Effect of zero tilled dibbled and phosphorus fertilizer on plant seed yield (gm plant ) in spring and full season

ha level recorded highest average 39.73, 39.59 and 43.88, -1 

44.33 mg gm fresh weight in spring and seasons, -1 

respectively with no significant differences between them. 

This may be due to the effect of phosphorus on root system 

and plants growth which, in turn, reflected in the increased of 

plants highest (Table 2) and leaf area (Table 3), which 

increased photosynthesis. This result was in agreement with 

the findings of Salih (2013).

Concerning interaction the highest level of phosphorus 

300 kg ha in tilled area gave the highest values in both -1 

seasons (42.61 and 47.37 mg gm fresh weight) compared -1 

with 32.63 and 38.83 mg gm fresh weight for the 100 kg ha-1 -1 

in both seasons, respectively.

Phosphorus ratio of leaves (%): Table 7 illustrates the 

significant effect of both factors and their interaction except 

the interaction in the spring season. Plants of tilled areas 

recorded the highest average 0.576 and 0.392% in both 

seasons compared with the plant of untilled areas. This may 

be due to the effect of tilling in the improving of plant root 

system as a result of breaking down the sub layers of soil 

which improves the absorption of nutritive element by plants. 
-1 It is also clear from Table 7 that 200 kg ha level of 

phosphorus gave the highest averages 0.620 and 0.42% in 
-1 both seasons with no significant differences with 300 kg ha

in the fall season. This may be due to the effect of increasing 

application phosphorus in the soil which increased the 

available phosphorus in the soil and the absorption via root 

system. This result was in agreement with the finding of AL-

Dilaimi (2006). Plants growth in the tilled area fertilized with 
-1 300 kg ha gave the highest value 0.454% in the fall season 

-1 compared with untilled area fertilized with 100 kg ha which 

gave 0.274% in the fall season.
-1Plant seed yield (gm plant ): Results of Table 8 show 

significant effect of phosphorus fertilizer on seed yield of 

plants in both season with no significant effect of interaction. 

Increased phosphorus level from 100 to 300 kg ha increased -1 

seed yield by 21.69 to 15.55% in both season, respectively. 

This was due to the role of phosphorus in improving growth 

characters and increasing leaf content of chlorophyll which in 

turn, increased plant seed yield.

CONCLUSION

There was no significant differences between tilled and 

untilled soil in respect of number of days from sowing to the 
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50% flowering in both seasons, plant height in the in the fall 

season, plant dry weight and root dry weight in the spring 

season and seed yield of plant in both seasons. However, 

tilled treatment was significantly superior in the other 

characters. Despite that the differences in both tilled and 

untilled treatment were significant in those characters we 

suggest that further studies may be needed to find the 

economical feasibility. Results also showed the positive role 

of phosphorus in both high level, compared with the lowest 
-1 one, which suggest the possibility of using 200 kg ha in 

improving plant growth and increasing seed yield.  
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Management of Wheat Weeds using Sorghum bicolor (L.) 
Leaves Extract and Effect on Yield Components
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Abstract: An experiment was carried out to take check samples of Sorghum bicolor (L.) leaves for their potential for allelopathy. The experiment 

was also carried out to knowing the effect of Sorghum bicolor (L.) leaves extract and Chevalier herbicide on the weed associated with the wheat 

crop cultivar IPA-99 and its effect on the yield. The results showed that the S. bicolor (L.) leaves extract at 8 leaves stage gave good results in  

completely eliminating the spread of weed. The other treatments reduced the number of weeds by 94.2% and 97.5%. The superiority of sorghum 
-2 -2leaf extract treatment  was also reflected in the yield and its components, which gave the highest number of spikem  (472.3 spikesm  the same )

treatment also gave the highest number of spikes amounted to56.23 grain The spraying of the wheat crop weeds with the Sorghum bicolor (L.) 

resulted in complete elimination.
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Wheat comes at the forefront of the grain that humans 

need, and represent the main source of food for more than 

35% of the world population because of the gluten that 

produces the best bread types (Jamali et al 2000). The total 

quantity of wheat production in Iraq for 2018 was  two million 

and 178 thousand tons, while the total cultivated area 

amounted to three million compared to the production 

amount of two million and 974 thousand and 136 tons during 

2017 (Central Statistical Organization, 2018).Thus, it does 

not meet the local need for local consumption and therefore a 

balance must be created between the gross domestic 

product and demand and this can be achieved only through 

good management and right service operations, such as the 

controlling of weeds. The wheat crop is considered as a weak 

competitor to the weeds compared to other types of crops, 

where the growth of both broad and narrow- leaves weeds in 

wheat fields are one of the most important problems that 

reduce crop productivity and deteriorates its quality (Al- 

Chalabi 2003). The reduction in the wheat yield was 50-80%, 

(Gianessi 2009) and it was increased by 37% after 

eliminating the weeds with chemical herbicides (Hammood 

and Safi 2018). Furthermore, one of the most commonly 

used herbicides at present is the Chevalier herbicide, which 

has been proven to be effectively used in eliminating the 

weeds, where as using of herbicide at the spraying rate of 
-1300 gha led to reduction in number of broad-leaves weeds 

-2 -2from 200 plant m  to 5 plant m  and the number of narrow leaf 
-2 -2weeds from 132 plant m  to 4.3 plant m . At the same 

spraying rate it led to an increase in the wheat grain yield to 
-14.98 t ha  compared to the weedy treatment that gave 3.1 t 

-1 ha (Habib et al 2003), which led to an increase in the number 

-1 -1of spikes plant  to 20.32%, and the number of grains spike  

with a percentage of 20.18%, in addition to the weight of grain 
-1 spike by 26.88%, and the weight of 1000 grains with a rate of 

-129.64%. As well as, the increase in grain yield plant  by 

57.45% compared to the weedy treatment. In spite of the 

efficiency of chemical herbicides in eliminating weeds and it 

is reflected in the yield and its components, but the damage 

caused by chemical herbicides such as groundwater 

pollution, the emergence of health problems as a result of 

their widely and excessive use, and the long-term remaining 

of the herbicide residues in the soil, which affected many vital 

ecosystems. In order to invest Allelopathic phenomena in 

controlling the weeds, using of plant extracts was widely 

increased, since it act as natural herbicides. It was observed 

that spraying the Sorghum bicolor (L.) extract, sunflower, and 

Brassica napus L. reduced the dry weight of the weeds by 

57%, and  its numbers by 55% and increased the yield of 

wheat by 13-21% (Arif et al 2015). The Sorghum bicolor (L.) 

extract inhibited the dry weed weight at a percentage of 22- 

46%, and the yield of wheat grains increased by 21% 

(Cheema et al 2000). Sorghum bicolor (L.) extracts spraying 

on the wheat gave numbers of fertile tiller and the highest 

numbers of grains in spike to (Abdul Razzaq et al 

2012).These extracts contain multiple phenolic acids, 

including p- syringic and vanilic, Gallic, Caffeic, P-Coumaric, 

Ferulic, Catechol, Benzoic, Hydroxyl, Protocatechuic 

(Farooq et al 2013, Alsaadawi et al 2007) and this was the 

main reason for its effectiveness in controlling the weeds 

(Hammood 2018). Finally, for the purpose of investing these 

allelopathic compounds in control the weed, the experiment 

was carried out to determine the wheat responded to 



Sorghum bicolor (L.) extracts and compared to the Chevalier 

herbicide and its effect on the yield and weeds.

MATERIAL AND METHODS 

Two experiments were carried out in the field of 

experiments of the Field Crops Department, College of 

Agricultural Engineering Sciences, University of Baghdad 

–Jadiriya during the summer 2018 and winter seasons 2018-

2019.

The first experiment was carried out during summer 

season of 2018 for obtaining sample from  Sorghum bicolor

(L.) leaves, where the field was divided into replicates and the 

S. bicolor (L.) seeds Inkath class planted at 1/8/2018 within a 

line by maintaining of a distance between each line. The soil 

of the field experiment has been fertilized according to the 

recommendations and irrigated whenever needed, while 

samples were randomly taken from  (L.) at 6 leaves S. bicolor

and 8 leaves.

Extraction of allelopathic compounds: After the sampling 

process was finished, the leaves were dried, milled and 

analyzed in the laboratories of the Ministry of Science and 

Technology by the German HPLC device (SYKAM) (Mradu et 

al 2012), where a  (L.) leaves extract has been S. bicolor

prepared at a concentration of 5%, and the results of the 

analysis were shown in the Table 1.

The second field experiment was carried out during the 

winter season of 2018-2019 in order to compare the effect of 

weed herbicide Chevalier and plant extract of the  S. bicolor

(L.) leaves in the weeds associated with wheat crop yield and 

its components. The experiment was laid out in Randomized 

Complete Block Design. The treatments included in the 

research were:

i. Spray Chevalier at the rate of 300 g ha (as -1 

recommended by the manufacturer) (T1)

ii. Spray the  (L.) leaves extract at 6 leaves S. bicolor

stage (T2)

iii. Spray the  (L.) leaves extract at 8 leaves S. bicolor

stage (T3)

Leaves age Benzoic acid Cimannic acid Coumarrin

6 leaves 229.86 18.02 9.87

8 leaves 486.08 38.81 24.53

Table 1. Types and amount of allelopathic compounds (ppm)

iv. Weedy treatment: leaving the weed to grow till the 

end of the season (T4)

The field was divided into three replicates, where the 

wheat seeds cultivar IPA-99 were planted on 16/12/2018 with 

a seeding rate of 120 kg ha  in lines, and the distance -1 

between lines were 20 cm. The experimental land was 

fertilized with triple phosphate fertilizer (P O , 46%) at a rate 2 5

of 100 kg ha  before planting. Urea (N 46%) was also added -1

at a rate of 200 kg N ha  in three batches, where, the first -1

batch  was added at the beginning of the tillering stage, the 

second at the beginning of the elongation stage, and the third 

at the booting stage. The plant extract of  (L.) leaves S. bicolor

and Chevalier herbicide was sprayed after 45 days of 

planting on the vegetative growth of the crop and the weeds, 

especially at the beginning of the tillering stage with a 

specialized knapsack sprayer according to the 

concentrations under study by using 100 l ha  of water.-1

To determine the degree of weeds spread in each 

experimental unit, the types and density of the weeds were 

recorded after 30 days of spraying by squares method using 

a square with dimensions 50x50 cm, for an area of 1 m from 

each experimental unit (Al-Chalabi and Al-Majdi 2001). The 

types of weeds are summarized as shown in Table 2.

Weeds dry weight (gm m ) and percentage of weed -2

control was recorded inhibition of weed dry weight was 

calculated according to the following equation, % inhibition= 

100 - (A / B × 100)

Where: 

A = dry weight of the weeds in the control treatment

B = dry weight of the weeds in the comparison treatment

The effect of different treatments on the yield and its 

components of the wheat crop was recorded in terms of 

Number of spikes m , Number of grains spike, Weight of -2

1,000 grain  and Grains yield (t ha ). -1

Local name Scientific name Family name Type Life cycle

Lesser canary Pharlaris  minor L. Gramineae Narrow leaves Annual

Dwarf mallow Malvarolundi folia L. Malvaceae Broad leaves Annual

Prickly lettuce Lactuca serriola L. Compositeae Broad leaves Annual

Wild carrot Daucus carota L. Umbelifereae Broad leaves Annual

Saw bane Chenopodium  album L. Chenopodiaceae Broad leaves Annual

Milk thistle Silybum marianum L. Campositeae Broad leaves Annual

Prostatelant Polygoumum aviculare L. Plantaginaceae Broad leaves Annual

Sybmbrium septulatum Sisymbrium irio L. Cruciferae Broad leaves Annual

Table 2. Types of weed spread in the experiment land
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Treatments* No. of 
weeds 
before 

spraying 
-2(plant m )

No. of 
weeds 
after 

spraying 
-2(plant m )

Control 
(%)

Dry 
weight of 
weeds 

-2(gm m )

Inhibition 
(%)

T1 51.33 3 95.29 1.8 98.22

2T 52.33 1.3 97.91 1.4 99.07

T3 55.33 0 100 0 100

T4 53.67 62.7 0,0 151.8 0,0

LSD (0.05) NS 7.06 1.09 18.7 1.11

Table 3. Effect of different treatments on the number of 
weeds, its dry weights, % control and % inhibition in 
dry weight of weeds

-1Note: T1* Chevalier herbicide spray at 300 g ha , T2 Sorghum bicolor (L.) 
leaves extract at age of 6 leaves, T3 spray the Sorghum bicolor (L.) 
leaves extract at age of 8 leaves, T4 weedy treatment

Treatments* No. of 
-2spikes m

No. of grains 
-1spike

Weight of 1000 
(grain gm)

Grains yield 
-1(t ha )

T1 445 52.17 43.22 1.85

2T 381.7 55.6 46.14 2.63

T3 472.3 56.23 59.7 3.04

T4 326 42.17 41.31 1.28

L.S.D 40.1 6.28 5.76 0.08

Table 4. Effect of different treatments on the yield and its 
components of wheat crop

*As in table 3 

Statistical analysis: After collecting and sampling the data 

under study, it was statistically analyzed according to 

Randomized Complete Block Design and the arithmetic 

mean compared using the least significant difference at a 

level of 5% (Steel and Torri 1980).

RESULTS AND DISCUSSION

Number of weeds, dry weights, control and inhibition 

percentages: After spraying a significant difference was 

observed on the number of weeds, control (%), dry weight of 

weeds and percentage inhibition (Table 3). The treatment 

(T3) exceeded the treatment, which gave the highest number 

of weeds 62.7 by completely eliminating the weeds and 

giving the highest control percentages that reached 100% 

compared. Treatment T1 and T2 did not differ significantly 

from treatment T3, where both treatments reduced the 

number of weeds by 94.2% and 97.5%, respectively. It was 

noted that the leaves extract has given the best Sorghum 

results in eliminating the weeds found the good control 

percentage, that  may be due to the fact that the extract 

contains the Allelopathic compounds represented by 

phenolic acids (Lahmoud 2012, ALsaadawi 2007). This 

component in high concentrations cell division, the 

biosynthesis of hormones, the absorption of elements (Riziv 

et al 1992), the permeability of cell membranes (Harper and 

Balke 1981), photosynthesis, opening and closing the 

stomata mechanism (Einhellig and Rasmussen 1979), 

respiration and protein synthesis (Kruse et al 2000), which 

negatively affect the growth of the weeds and consequently 

the reduction of its numbers. The reduction in the number of 

weeds was also reflected in their dry weights, where 

treatment T3 gave the lowest dry weight (0 gm ), which did -2

not significantly differ from the treatments T1 and T2, T4  

gave the highest dry weight of 151.8 g m , leading to superior -2

of the treatments by giving the highest inhibition percentages 

for dry weight reached 100.0%, 99.0% and 98.2% for T3, T2 

and T1 respectively. The results were consistent with the 

study of (Habib et al 2003). It was also agreed with the 

Lahmoud (2012), Al- Saadawi (2007), Hammood (2018).

Yield and its components of wheat: Treatment T3 was 

superior in most traits and achieved the highest number of 

spikes m measured at 472.3 spike m  compared with the -2 -2

comparison treatment (T4) that gave the least number of 

spikes (326.0 spikes m ). The same treatment gave the -2

highest number of grains in spike (56.23 grin spikes ), which -1

was significantly not different from T1 and T2. In addition to 

this, T3 gave the highest weight of 1000 grains gm measured 

at 59.7 gm and the highest grain yield (3.04 t ha ) compared -1

to T4 (Weedy) treatment. The reason for the highest grain 

yield giving treatment (T3) was highest yield components, 

which was resulted from achieving of the highest control 

percentage of 100%, and completely eliminating the weeds 

that reduce its dry weights (Table 4). This has led to a lack of 

competition from the weeds for basic growth requirements, 

allowing the crop to grow, exploit all the essential elements, 

and give the best yield components. The study results were 

consistent with the findings of Arif et al (2015) and Abdul 

Razzaq et al (2012).

CONCLUSION

The spraying of wheat crop weeds with the Sorghum 

bicolor (L.) leaves extract at 8 leaves stage gave an excellent 

results in terms of eliminating the weeds and increasing the 

yield of wheat grains due to the presence of phenolic 

compounds worked as allelopathic compounds.
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Abstract: A field experiment was conducted to study the effect of three foliar application with Urea (CO (NH ) ) and Boric acid (H BO ). The 2 2 3 3

-1spraying urea at a concentration of 0.5 gm l  had a significant superiority in all vegetative growth indicators, where it gave a highest plant 

height, leaves number, number of main branches, fruits number, main stem diameter, total yield and total chlorophyll of leaves compared with 
-1the control treatment. Boric acid spraying effected growth parameters at a concentration 30 mg l  that gave a highest plant height, leaves 

number, number of main branches, the main stem diameter, total yield and total chlorophyll of leaves. The best interaction treatment was 0.5 g 
-1 -1 -1urea l  x 30 mg Boric acid l ), which significantly affected the vegetative parameters, except the number of branches, where (0.5 g urea l  x 15 
-1mg B l ) treatment, had significantly impact. 

Keywords: Urea, Boric acid, Foliar application, Eggplant

Aqeel Kareem Hasan Al-Tufaili, Jamal Ahmed Abbass, Mansoor Abed Aboohanah and  
Ali Razzak Jasim Mohammed Hraen

1Department of Horticulture and Landscape Gardening,
Faculty of Agriculture, University of Kufa, Kufa, Iraq

E-mail: aqeel.altufaili@uokufa.edu.iq.

Eggplant/eliminate, Solanum melongena L. belongs to 

Solanaceae family and considers as an important vegetables 

crops in the world and Iraq. Consumers are interested in 

eggplant fruit due to its content from bio-compounds, which 

have an important role in the human life safety like phenols 

and other phytochemicals (Gorinstein et al 2009), in addition 

to Potassium, Magnesium, Calcium and Iron (Zenia and 

Halina 2008).

Nitrogen is one of the main nutrients, which an important 

roles in the photosynthesis of, plant growth and development 

(Singh et al, 2003). Urea is the best source of nitrogen 

element favorable for foliar application because its 

absorption and quick transition. Aujla et al (2007) mentioned 

that the eggplant fertilization by nitrogen increased yield, 

number of fruits, the fruit weight average and its size 

significantly. Similarly, Tanko and Yusuf (2015) observed that 

application of nitrogen fertilizer to eggplant increased plant 

height, number of leaves, number of nodes, number of 
-1branches, number of fruits plant  and fruit weight. Boron had 

several physiological roles inplant like cell wall strength and 

development, RNA metabolism, sugar transfer, hormone 

development, respiration, cell division, growth regulator 

metabolism (IAA) and as a part of cell membranes (Marchner 

1995). Abd El-Gawad and Osman (2014) showed that foliar 

application of boric acid on eggplant significant increased 

plant height, leaves number, leaf area and shoot dry weight 

compared with control treatment, Hussein and Muhammed 

(2017) found that spraying white eggplant with boric acid 

increase significantly number of leaves, leaf area, average 

fruit weight and total chlorophyll content of leaf. The aim of 

this study was to improve growth and yield parameters by 

foliar application with urea and boric acid.

MATERIAL AND METHODS

An experiment was conducted during 2017-2018 in Al-

Heera, Najaf province, Iraq. The experimental field was 

prepared by tillage and leveling and sterilizing by pentanol at 
-1a concentration (1ml l ) and then left for 10 days after 

sterilizing. Then field was divided to three blocks, every block 

contain one row (36 m) and nine experimental units (every 

experimental units was 4m). Experimental units included ten 

plants, with distances between plants is 40 cm, and among 

rows 75 cm. Eggplant seedlings (Syrian cultivar) were 

transplanted on May 10, 2018. 

This experiment was in randomized complete block 

design with three replicates in two factors spraying with urea 
-1(CO(NH ) ) at three concentrations (0, 0.25 and 0.5) gm l , 2 2

spraying three times, 30,40 and 50 days from planting, The 

second parameter include  spraying with boric acid (H BO ) 3 3

-1(17%B) at three concentrations (0, 15 and 30) mg l , applied 

thrice, 31,41 and 51 days from planting. 

Plant growth parameters plant height, leaves number, 

number of main branches, stem diameter, number of fruits, 

total yield and total chlorophyll of leaves were recorded.

RESULTS AND DISCUSSION
-1The foliar application of urea at (0.5g l ) showed 

significantly effect on the plant height, with highest plant 



-1Boric acid (mg l ) Plant height (cm)

-1Urea (gm l )

0 0.25 0.5 Boric acid average

0 67.18 70.67 74.66 70.83

15 67.01 73.63 75.64 72.09

30 68.14 71.94 84.95 75.01

Urea average 67.44 72.08 78.41

LSD (P≤0.05) Urea=2.20          Boric acid =2.20        Interaction= 3.81

-1Boric acid  (mg l ) -1Leaves number (leaf plant )

0 0.25 0.5 Boric acid average

0 39.00 48.22 66.60 51.27

15 41.34 49.82 78.31 56.49

30 44.45 49.42 85.08 59.65

Urea average 41.59 49.15 76.66

LSD (P≤0.05) Urea= 1.68         Boric acid = 1.68                Interaction= 2.92

-1Boric acid  (mg l ) -1Number of main branches (branch plant )

0 0.25 0.5 Boric acid average

0 2.41 3.77 3.59 3.25

15 1.67 3.72 5.44 3.61

30 3.47 4.50 5.28 4.41

Urea average 2.51 3.99 4.77

LSD(P≤0.05) Urea=0.247         Boric acid = 0.247               Interaction= 0.428

-1Boric acid  (mg l ) -1Fruit number (fruit plant )

0 0.25 0.5 Boric acid average

0 20.33 26.33 34.33 26.99

15 19.00 27.66 34.33 26.99

30 25.00 26.00 38.66 29.88

Urea average 21.44 26.66 35.77

LSD (P≤0.05) Urea= 4.09          Boric acid = NS                   Interaction=7.09

Table 1. Effect foliar application of urea and boric acid on plant growth and yield 

height (78.41cm), compared with control. Foliar application 
-1of boric acid (30 mg l ) significantly increased plant height, 

(75.01cm), as compared with control. The best interaction 
-1 -1treatment (0.5 g urea l  x 30 mg B l ) which significantly 

increased plant height (84.95 cm). 

In a Table 1, results showed that the 0.5 gm l  -1

concentration of urea gave a highest result (76.66 leaf plant-

1 -1), compared with control treatment (41.59 leaf plant ). While 

the 30 mg l concentration of Boric acid gave a highest -1

average (59.65 leaf plant ), but the control treatment gave a -1

least number of leaves (51.27 leaf plant ). While, the -1

interaction between two factors, the highest rate of leaf 

number was (85.08 leaf plant ) at the interaction treatment -1

(0.5 g urea l  x 30 mg B l ) compared with control treatment -1 -1

for both factors (39.00 leaf plant )-1

The number of main branches affected by both 

-1experiment factors, where the (0.5 gm. l ) of urea gave a 
-1highest average (4.77 branch plant ), reverse control 

-treatment, which gave lowest average (2.51 branches plant
1 -1). Treatment (30 mg l ) of Boric acid gave a highest average 

-1(4.41 branches plant ), control without using of Boric acid 
-1(3.25 branches plant ). The interaction treatment (0.5 g urea 

-1 -1l  x 15 mg B l ) significantly superiority, where it gave the 
-1highest rate reached, (5.44 branch plant ), compared with 

-1interaction treatment (control of urea x 15 mg B l ), (1.67 
-1branch plant ).

An experiment treatments significant influence on fruits 

number, where results of the Table 1 that the Urea 
-1concentration of 0.5 gm l   gave a highest average (35.77 

-1fruit plant ), compared with the control treatment (21.44 fruit 
-1plant ). While the Boric acid spraying didnot had significant 

effect on fruits number. Fruits number have been affected by 
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-1Boric acid (mg l ) -1Urea (gm l )

Main stem diameter (cm)

0 0.25 0.5 Boric acid average

0 1.17 1.47 1.69 1.44

15 1.31 1.58 1.78 1.55

30 1.46 1.71 1.95 1.70

Urea average 1.31 1.58 1.80

LSD (P≤0.05) Urea=0.112       Boric acid =0.112        Interaction= 0.195

-1Boric acid  (mg l ) -1Total yield (t ha )

0 0.25 0.5 Boric acid average

0 13.67 16.84 22.10 17.53

15 11.89 18.22 23.22 17.77

30 17.53 17.09 31.63 22.08

Urea average 14.36 17.38 25.65

LSD (P≤0.05) Urea= 3.10         Boric acid = 3.10                Interaction= 5.37

-1Boric acid  (mg l ) -1Total chlorophyll content of leaves (mg 100gm  fresh weight)

0 0.25 0.5 Boric acid average

0 28.26 50.91 56.20 45.12

15 24.90 37.80 46.68 36.46

30 47.73 51.36 66.97 55.35

Urea average 33.63 46.69 56.61

LSD (P≤0.05) Urea=12.22      Boric acid = 12.22              Interaction= 21.17

-1Table 2. Effect foliar application of Urea and Boric acid on main stem diameter (cm), total yield (t h ) and total chlorophyll 
-1content of leaves (mg 100 gm  fresh weight)

the interaction between experiment factors, where the 
-1 -1interaction treatment (0.5 g urea l  x 30 mg B l ) gave highest 

-1rate (38.66 fruit plant ), compared with interaction treatment 
-1 -1(control of urea x 15 mg B l ) i.e., 19.00 fruit plant .

The data in  Table 2 depicted  that the foliar application of 

urea had effect on the main stem diameter, where the 

average highest was at the concentration (0.5gm l ), and -1

reached (1.80 cm), compared with the control treatment 

(1.31 cm). Boric acid spraying also had significant impact on 

the main stem diameter, where the 30 mg l concentration  -1

gave a highest result (1.70 cm) compared with control 

treatment (1.44 cm). Interaction between two factors has a 

significant influence on the main stem diameter rate, the 

interaction treatment (0.5 g urea l  x 30 mg B l ) gave a -1 -1

highest rate (1.95 cm),compared with interaction treatment 

(control treatment for both factors), which gave a lowest 

average (1.17 cm).  

Results of a Table 2 refers  that the concentration of 0.5 
-1 -1gm l  of urea gave highest rate of total yield (25.65 t ha ), but 

the control treatment gave a lowest average, reached (14.36 
-1t ha ). While the second factor, where the concentration (30 

-1mg l ) of Boric acid gave a highest result of total yield, 

-1reached (22.08 t ha ), compared with control treatment 
-1(17.53 t ha ). While, the interaction between two factors 

-1resulted in the highest total yield of 31.63 t ha ) at the 
-1 -1interaction treatment of 0.5 g urea l  x 30 mg B l  compared 

-1with the control treatment of urea and 15 mg l  of Boric acid 
-1i.e., 11.89 t ha ).

The total chlorophyll content of leaves in Table 2 was 

influenced by both the factors, where the concentration of 0.5 
-1 -1gm l  of urea gave a highest result (56.61 mg 100gm  fresh 

weight), compared with control treatment which gave a 
-1lowest average (33.63 mg. 100gm . fresh weight). While the 

-1spraying of Boric acid, the concentration (30 mg l ) gave a 
-1highest average (55.35 mg 100 gm  fresh weight), compared 

-1with (15 mg  l ), which gave a lowest average (36.46 mg 100 
-1gm  fresh weight). The interaction between urea and boric 

acid have effected on the total chlorophyll content of leaves, 
-1 -1where the interaction treatment (0.5 g Urea l  x 30 mg B l ) 
-1gave a highest average of 66.97 mg 100 gm  fresh weight, 

-1but the interaction treatment (control of urea x 15 mg B l ) 
-1gave a lowest average of 24.90 mg 100 gm  fresh weight.

The foliar application of urea had  significant influence 

on all vegetative traits (Tables 1, 2) due to the role of  nitrogen 
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element, where it is consider as a one of the important growth 

elements in controlling yield and quality of most vegetable 

crops (Sorensen et al 1995). Also Ullah et al (2010) 

mentioned that nitrogen play an important role in the 

processes activation in several of enzymes and co-enzymes 

which is characterized by contributing to many of the bio-

processes like photosynthesis, and this also leads to an 

increase in cells division and elongation, which forms 

meristematic tissues and increase the size of leaf cells 

(Walch et al 2000). This agreement with Aminifard et al 

(2010) found that increasing nitrogen fertilizers influenced 

plant vegetative growth parameters (plant height, lateral 

stem number, and leaf chlorophyll content) in eggplant. 

Boron also effect on vegetative growth parameters of 

eggplant, due to its role in plant growth, cell wall composition, 

membrane stability, sugar transportation, carbohydrate 

metabolism and phenol metabolism (Brown et al 2002, 

Broadley et al 2012). Several recent reviews propose that 

boron is implicated in supporting metabolic activities. Finally 

there was a positive relation between boric acid application 

and enhancing of the growth and yield of some crops like 

eggplant (Suganiya and Harris 2015), and these findings 

agreement with Elwan and Elhamahmy (2015), where foliar 

application of boric acid at three concentrations (0, 5 and 10 
-1mg l ) on eggplant produced good results.

CONCLUSION

Foliar application of urea and boric acid had significantly  

effect on plant growth parameters. Interaction treatments 

between urea and boric acid also achieved good results 

about all studied indicators. Foliar application of fertilizers 

was observed one of the best systems of plant nutrition 

compared with traditional nutrition system.  
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EFficacy of Rigenal P and Liqhumis 18 in Rooting and 
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Abstract: The research was carried out to evaluate the response of three types of cuttings (limb basal, medial and lateral) to individual or 

combined treatments of rooting agent Rigenal P and LIQHUMUS *18 in pots under greenhouse conditions. There were significant differences 

between the three olive cutting types. The basal cuttings significantly had higher responses for rooting than the two other types showing the 

highest 30% rooting, 6.25cm root length, and 1.67cm shoots length. The highest percentage of rooting was in the combined treatment (Rigenal 

P+LIQHUMUS *18) in basal and medial cuttings followed by basal/Rigenal P and basal/LIQHUMUS *18. Number of roots/cutting was the 

highest in lateral/LIQHUMUS *18, which did not differ from that of basal/Rigenal P+LIQHUMUS *18. Root length and number of vegetative 

buds were the highest in basal/Rigenal P+LIQHUMUS *18 followed by the medial in same treatment. Basal cuttings also had the highest 

vegetative growth and number of leaves/cutting especially in the Rigenal P treatment followed by the combined treatment with medial cuttings.  
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Olive tree is an evergreen fruit tree of warm temperate 

regions, which is rich in high quality oil and contains a low 

percentage of protein. The vegetative propagation of olive 

varieties is the best method to produce seedlings (young 

trees) using the stem cuttings of various types, seeds 

germinating and grafting. The semi-wooden cutting is one of 

the most common types of cuttings used for propagation on a 

commercial scale. This type of olive propagation is low cost, 

does not require special skills and economically reasonable. 

The success of rooting of the cuttings depends on the content 

of internal hormones and nutrients in the cutting, growth 

stimulants and other factors that help in rooting (Al-Tai 2004). 

Type of cutting in terms of location on a branch (basal, medial 

or lateral cutting) is of great importance that affecting roots 

formation. Fontanazza et al (2001) found that semi-woody 

olive cuttings produce significantly much higher roots than 

those produced from leafy lateral cuttings. Plant auxins play 

an important role in increasing the successful propagation in 

plants that are difficult to root (Al-Imam 2011). Treating basal 

part of the cutting with humic acid increased the number of 

transverse roots and reduced the time required to rooting 

(Hmaleki et al 2012). Similar results were found in studies by 

Al-Ali (2007) and Riffae and Dogogic (2013), they showed 

that auxins played an important role in roots producing on 

olive cuttings used in their studies. Therefore, the study was 

conducted to evaluate the effect of the type of cutting and 

basal treatments (dipping) of Rigenal P and LIQHUMUS *18 

individually or in combination in successful rooting and 

seedling growth parameters.

MATERIAL AND METHODS

The research was carried out at Ibn Al-Bitar in the 

province Karbala during the 2016 infactorial  design) with two 

factors, three types of cuttings (basal, medial and lateral) and 

four soaking treatments each replicated thrice with 15 

cuttings per replicate. Each selected olive branch was cut 

into three 13 cm cuttings (basal, median and lateral) with four 

leaves on the lateral end of each cutting and were subjected 

to treatments of Rigenal P (alpha naphtallenacetic acid ANA) 

and/ or LIQHUMUS *18(2ml l ).  Bases of the cuttings (3 cm) -1

were dipped in distilled water for 10 min left to dry and then 

dipped in the Rigenal P powder. The dipping the cuttings in 

LIQHUMUS *18 for 10 min while the combined treatment was 

dipping the cuttings in the LIQHUMUS *18 for 10 min and 

then dipping in the Rigenal P. Cuttings that dipped only in 

distilled water served as control. The treated cuttings were 

planted in 2 polythen bags filled with river sand and peat 

moss 1:1 (v/v) and d cuttings were irrigated as needed and 

maintained under the green house conditions. At the end of 

experiment, data were recorded, including percent of rooted 

cuttings, number of roots/cutting, root length, number of leafy 

buds/cutting, length of new grown shoots and number of 

leaves/cutting. 

RESULTS AND DISCUSSION

The rooted cuttings, basal cuttings showed significantly 

(P≤0.05) higher rates of rooted cuttings than the other two 

types of cuttings (Table 1). Number of rooted cuttings was 

also affected by treatments. LIQHUMUS *18 and the highest 



percentage of rooted cuttings which did not differ from those 

resulted from the combined treatment (LIQHUMUS 

*18+Rigenal P.) followed by Rigenal P (42.22%) and 

similarly, the highest number of rooted cuttings from the 

interaction treatment of LIQHUMUS *18+Rigenal P (Table1).

The number of roots/cutting) showed that basal cuttings 

had almost always higher numbers of roots/cutting). Over its 

corresponding control, treatment of LIQHUMUS 

*18+Rigenal P significantly (P≤0.05) increased rooting 

percentage upto86 and 40% in medial and basal cuttings 

followed by LIQHUMUS *18 alone in case of basal cuttings 

and Rigenal P alone in case of medial cuttings, respectively. 

Results also showed (Table 1) that lateral cuttings within the 

control had significantly (P≤0.05) higher numbers of 

roots/cutting than the other two types of cuttings. Average of 

root length also differed among treatments and types of 

cuttings (Table 1).  The root length was significantly higher in 

basal cuttings. The combined LIQHUMUS *18+Rigenal P 

treatment resulted in highest average of root length 

compared to other treatments. In case of interactions, the 

highest root length was in LIQHUMUS *18+Rigenal P/medial 

followed by LIQHUMUS *18/Lateral (Table 1). Relative to 

number of grown vegetative buds/cutting, basal cuttings, 

Cutting' s 
type

Rooting percentage -1Number of rootscutting Root length (cm)

Cont. Rig. Rig.+
LIQ.

LIQ. Average Cont. Rig. Rig.+
LIQ.

LIQ. Average Cont. Rig. Rig.+
LIQ.

LIQ. Average

Lateral 43.33 30.00 23.33 46.67 35.38 17.00 9.00 3.00 48.00 19.25 4.25 1.90 1.50 9.40 4.26

Medial 30.00 43.33 56.67 36.67 41.67 4.00 21.00 36.00 5.00 16.50 2.30 5.50 10.50 3.10 5.35

Basal 40.00 53.33 56.67 50.00 50.00 7.00 14.00 47.00 22.00 22.50 3.50 7.25 8.25 6.00 6.25

Average 37.78 42.22 45.56 44.44 9.33 14.67 28.67 25.00 3.35 4.88 6.75 6.17

CD 
(p=0.05)

Cuttings  Treatments Interaction
1.85 2.13 3.70

Rootstocks LIQ. Concent. Interaction
2.73 3.16 5.47

Rootstocks LIQ. Concent. Interaction
0.51 0.59 1.02

Table1. Effect of different treatments with rooting powder Rigenal P. (Rig.) and LIQHUMUS*18 (LIQ.) on root parameters of 
olive cuttings

Values are means of three replicates (15 olive cuttings per replicate)

Cutting's 
type

Number of vegetative buds Length of green buds Number of leaves/cutting

Cont. Rig. Rig.+
LIQ.

LIQ. Average Cont. Rig. Rig.+
LIQ.

LIQ. Average Cont. Rig. Rig.+
LIQ.

LIQ. Average

Lateral 2.65 2.00 1.20 3.00 2.21 0.60 0.45 0.20 1.90 0.78 6.30 4.20 2.70 12.00 6.30

Medial 1.80 3.00 3.20 2.00 2.50 0.30 1.10 2.10 0.60 1.2 3.00 6.80 13.00 4.00 6.70

Basal 4.00 5.00 6.00 4.50 4.87 0.70 2.30 0.50 1.20 1.67 7.60 16.00 15.00 10.00 12.15

Average 2.81 3.33 3.46 3.16 0.53 1.28 1.60 1.23 5.63 9.00 10.23 8.67

CD (p=0.05) Cuttings  Treatments Interaction
0.24 0.28 0.40

Cuttings  Treatments Interaction
0.14 0.16 1.28

Cuttings  Treatments Interaction
0.79 0.92 1.59

Table 2. Effect of different treatments with rooting powder Rigenal P. (Rig.) and LIQHUMUS*18 (LIQ.) on number of vegetative 
buds, length of green buds and number of leaves/cutting in three types of olive cuttings

Values are means of three replicates (15 olive cuttings per replicate)

regardless the type of treatment, had always higher numbers 

of grown buds than those of medial and lateral, respectively. 

Within treatments, LIQHUMUS *18+Rigenal P did not differ 

from Rigenal P alone, all the treatments resulted in 

significantly higher numbers of green buds compared to the 

control (Table 2). Although treatment of LIQHUMUS *18 

+Rigenal P in basal cuttings resulted in the highest number of 

vegetative buds (6) among all the experimental units, the 

same treatment with lateral cuttings had the lowest (1.2) 

among all treatments including the control. Similar to number 

of vegetative grown buds, numbers of leaves/cutting were 

also higher in basal cuttings and LIQHUMUS *18 +Rigenal P. 

treatments (Table 2). The highest number ofleaves/cutting 

was recorded in the interacted treatment of basal/Rigenal P. 

(16) with slight difference (P≤0.05) from same type of cutting/ 

LIQHUMUS *18 +Rigenal P. (15) while the same treatment 

with lateral cuttings had the lowest number (2.7) of 

leaves/cutting (Table 2).

The findings showed that basal cuttings produced higher 

number of vegetative grown buds with higher length and 

higher number of leaves/cutting over the other types of 

cuttings. This may due to the interrelationship between the 

number and length of roots and the vegetative growth 

166  G.B.A. Al-Abbasi, F.S.S. Alabbasi and M.A.A. Abdulhussein



indicators (Al-Tai 2004). It is well known thathumic acid 

participates as a supplementary source polyphenol in the 

early stages of the plant growth, which acts as a chemical 

respiratory agent leading to increase the biological efficiency 

of the plant by increasing plant enzymatic system efficiency, 

cell division, root system development and the production of 

dry matter. It was also found by Turkmen et al 2004a and b) 

that spraying with humic acid increases nutrients absorption 

and thus increases the plant growth rate. Thehumic acid can 

increase the size of a plant by increasing water 

exchange(effectiveness of the water system) within the roots 

and thus facilitate the absorption process of nutrients and 

minerals, which reflects positively on the overall growth rate 

of plants (Ozdamarullu et al 2011). Ferrara and Brunetti 

(2010) and Pouzeshi et al (2011) indicated that the increase 

in quantitative and qualitative of plant traits using thehumic 

acid may be due to the complex composition between the 

humic acid and the mineral elements by the aid of plant 

enzymes. This may explain the increase in LIQHUMUS * 18 

effects when used in combination with Rigenal P in this study. 

Our findings confirmed that humic acid is affecting plant 

respiration and photosynthesis, stimulating the metabolism 

of nucleic acids and increasing the effectiveness of plant 

hormones, and thus positively affects plant growth indicators 

(Turkmen et al 2004a).

CONCLUSION  

It can be concluded from this study that ability of 

rooting is different in different type of cutting. The basal 

cuttings had always higher responses than the other types 

of cuttings in terms of percentage of rooting, root length, 

number of vegetative buds, length of new shoots and 

number of leaves/cutting. We also showed that a 

combination of more than one humic acid derivatives, 

Rigenal P+LIQHUMUS *18 in this study, were always more 

effective than individual treatment in increasing all the 

studied growth parameters.
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Effect of Genotype and Nano-Fertilizers on Some 
Traits and Yield of Potato
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Abstract: The experiment was conducted with five cultivars of potato (Solanum tuberosum L.) (Arnova, Arizona, Rivera, Sifra, and Burren) in 
-1main plots and the spraying with nano-fertilizer (macronutrients + micronutrients), with three concentrations (0, 1, 2 g l ) in the sub-plots. The 

2 -1) -1Arizona cultivar gave the best results in the leaf area (10924 cm plant and the total yield amounted to 23.22 tha . The percentage of starch in 

the tubers, the percentage of phosphorus in the leaves and the percentage of potassium in the leaves were maximum in Rivera cultivar. Burren 
-1cultivar gave the highest percentage of nitrogen in the leaves.The nano-fertilizer with a concentration of (2 g l ) gave maximum starch in the 

-1tubers and the phosphorus in the leaves. The interaction between Arizona cultivar and spraying with nano-fertilizer at a concentration of 2 g l  
-1has gave highest total yield. The interaction between Burren cultivar and spraying with nano-fertilizer at a concentration of 2 g l  recorded the 

percentage of nitrogen in the leaves.
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Potato (Solanum tuberosum L.) is considered an 

important food crop belonging to the Solanaceae family, 

which ranks fourth in the world among food crops, and the 

importance of this crop stand out as the staple food for many 

of the world population. The production of this crop is 

influenced by many factors including suitable cultivar, 

climatic factors, fertilization, seed size, planting date, treating 

with hormone, agricultural operations, cultivation distance, 

its depth, and irrigation. All these factors seem to influence 

the competition process on the necessary building products 

between different sink centres, including tubers, which effect 

on the yield both quantitatively and qualitatively (Al-Bahash 

2006). Genetic factors determine the degree of growth and 

development of the organism, and cultivated cultivar greatly 

affects the quantity and quality of the crop. Kumar et 

al(2000)mentioned that morphological traits and productivity 

indicators of three potato cultivars are Diamant, Lady Rosetta 

Spunta.  There is a discrepancy in the performance of the 

studied cultivars between spring and autumn seasons, 

Spunta was significantly excelled in its production in the 

spring season, while its productivity decreased and delayed 

germination in the autumn season, on the other hand, the 

Diamant cultivar was characterized by stable performance 

and relative stability in both spring and autumn season and 

gave the highest productivity in autumn season. With the 

increase in population, climate change and depletion of 

natural resources, traditional agriculture is almost incapable 

of meeting people's food requirements. Therefore, 

alternative and modern methods have to be used. These 

methods include the use of nanotechnology, which is modern 

science that processes materials at the nanoscale. This 

science occupies an important place because of its many 

applications in the agricultural field at all stages from 

production, processing, storage and packaging to 

transporting agricultural products (Ali et al 2014). Mijwel and 

Abod (2018) studied to know the effect of nano-fertilizers on 

potato plant (Solanum tuberosum L.). The results showed a 

significant effect of total fertilizer combinations + nano-

fertilizer in most of the traits. It should be noted here that the 

current agricultural system in many countries of the world is 

characterized by low productivity over time. It is therefore 

recommended to use modern methods with chemical 

fertilizers for the purpose of increasing the yield and 

improving its quality.

MATERIAL AND METHODS

The experiment was conducted at Al-Dabla region, 

which lies south of Babylon province within 32.38 degrees 

north latitude and 44.53 degrees east longitude for a season. 

The samples were taken at a depth of (0.3 m) from five 

locations. All samples were mixed in a homogeneous 

manner. Chemical and physical analyses for soil samples 

were conducted as per standard procedure. The physical 

and chemical properties for soil samples are given in Table 1. 

The experiment involved the study of two factors: the main 

factor include five cultivars (Arnova, Arizona, Rivera, Sifra, 

and Burren), and the second factor (sub-plots) included 

nano-fertilizer (macronutrients + micronutrients) spraying on 
-1the total vegetative at three concentrations of (0, 1, 2 g l ). 

The plants were sprayed thrice in the early morning. First, 45 



PH -1EC ds.m OM N % P % K % Sand % Silt % Clay %

7.6 3.3 1.54 0.34 0.13 1.02 22 54 24

Table 1. The physical and chemical properties for soil samples

Cultivars -1Nano-fertilizers gl Mean

0 1 2

Arnova 6005 
(25.52)

8057 
(18.94)

6697 
(18.43)

6920 
(20.96)

Arizona 11183 
(21.13)

9955 
(22.96)

11634 
(25.57)

10924 
(23.22)

Rivera 5158 
(16.56)

6400 
(22.35)

8699 
(25.37)

6752 
(21.42)

Sifra 5466 
(15.11)

4977 
(16.33)

4402
 (15.27)

4948 
(15.57)

Burren 5832 
(16.40)

6243
(17.72)

8685 
(17.30)

6920 
(17.14)

Mean 6729
(18.94)

7126 
(19.66)

8023 
(20.39)

Table 2. Effect of cultivar and nano-fertilizers and their 
2 interaction on the leaf area for potato plant (cm

-1plant )

LSD ≤ 0.05     V=1716 (2.208)   N= NS (NS)      V*N = NS (2.983)      
LSD ≤ 0.01     V=2498 (3.213)   N= NS (NS)     V *N = NS (4.037)

 -1* Yield for potato plant (t ha )

days after the emergence, the second spraying after 15 days 

of the first spraying (the emergence of tubers) and the third 

spraying after 15 days of the second spraying (the large size 

of the tubers) according to different treatments. The leaf area 
2 -1 -1(cm plant ), and total yield (t ha ) were estimated. The 

percent nitrogen by Micro Kjeldahl device (Black 1965), P by 

Olsen and Sommers (1982) by Spectrophotometer and the 

percentage of potassium in the leaves by the Flame 

photometer (AOAC 1970). The specific density for tubers on 

the basis of dry matter estimated by method of Hassan 

(1999) and the percentage of starch in tubers as follows, 

Starch in tubers (%) = 17.55 + 0.891 (percentage of dry 

matter - 24.182) according to (AOAC 1980).

RESULTS AND DISCUSSION
2 -1Leaf area (cm plant ): There was significant effect of the 

cultivar in the leaf area where Arizona cultivar gave 

significantly higher leaf area (10924 cm plant ), than other 2 -1

cultivars. The interaction between cultivar and nano-fertilizer 

had no significant difference in the leaf area. It is clear from 

Table 2 that the cultivar had a significant effect on vegetative 

growth indicators. This may be due to the genetic factors for 

each cultivar and their suitability with the environmental 

conditions for the region such as temperature and intensity of 

lighting as well as soil properties. These results agree with 

(Geremew et al 2007), Arizona cultivar significantly excelled 

in the trait of leaf area compared to other cultivars. This may 

be due to the genetic difference between the cultivars 

resulting from the variation of genetic factors responsible for 

the traits of vegetative growth or perhaps to the different 

content of these cultivars from growth hormones (Saqr 

2009). A positive effect of nano-fertilizer in the studied traits 

was recorded. This is due to the nano-fertilizers entering the 

plant leaves through the stomata very quickly and easily. It is 

converted into xylem and phloem texture more efficiently 

(Wang et al 2013). Leaf surfaces are highly porous on a 

nanometer scale and form the main gates for nutrient entry 

into plants (Eichert and Goldbach 2008). Nano-fertilizers 

have special characteristics that are different from traditional 

fertilizers, where they have been shown to be effective when 

used with many agricultural crops in growth and productivity 

due to their small size and increasing their surface area that 

leads to increase absorption surface. Thus the ability to 

improve the efficiency of the used nutrients through certain 

mechanisms such as targeted delivery and slow or controlled 

release leading to increase in photosynthesis process and 

increasing nutrient production in the plant (Siddiqi and Husen 

2017, Sohair et al 2018). The chelated iron nanoparticles 

affect the activity of the enzymes involved in the 

photosynthesis process (Phogat et al 2016). 
-1Total yield (t ha ): The effect of the cultivar on the total yield 

for potato plant was significant, where Arizona cultivar 
-1recorded the highest yield (23.22 t ha ), while the Sifra gave 

the lowest yield.   There was no significant effect of nano-

fertilizer on total yield. However, significant differences were 

observed in interaction between cultivars and the spraying 

with nano-fertilizer, where the interaction between Arizona 

cultivar and spraying with nano-fertilizer at concentration of 
-1 -1(2 g l ) gave the highest yield (25.57 t ha ). Table 2 shows the 

-1superiority of the Arizona cultivar in the total yield (tha ). 

Perhaps the reason is that the yield traits are controlled by the 

genetic traits for the cultivar (Mahmoud 2003). Or the reason 

may be due to the suitability of environmental conditions such 

as temperature and length of a lighting period in addition to 

the type of soil for one cultivar rather than another. It may be 

due to the superiority of Arizona cultivar significantly in the 
2 -1trait of the leaf area (cm plant ), which reflected on 

-1increasing the total yield (t ha ). This agrees with Zelelew et 

al (2016) who found that there are differences between the 

cultivars of the potato plant in the total yield. It may be due to 

increasing the percentage of nitrogen, phosphorus, and 

potassium in the leaves where it is the main component for 

proteins and protoplasm, and plays a vital role in increasing 

biomass and reproduction in plants (Meharg and Marschner 

2012). 

Percentage of nitrogen in leaves: The effect of the cultivar 

on the percentage of nitrogen in leaves for potato plant was 
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significant where Burren cultivar gave the highest 

percentage (4.58 %), while the Rivera cultivar recorded the 

lowest percentage. The effect of the nano-fertilizer in the 

percentage of nitrogen in the leaves, where the spraying with 

nano-fertilizer at concentration of (1 g l ) gave the highest -1

percentage of nitrogen in the leaves and there was no 

significant effect of  from spraying with nano-fertilizer at 

concentration of (2 g l ), compared to the control treatment -1

which gave the lowest percentage. There were also 

significant differences in the  interaction between study 

factors, where the Burren cultivar and spraying with Nano-

fertilizer at a concentration of (2 g l ) gave the highest -1

percentage of nitrogen 5.13%, excelling on all treatments 

where increasing the percentage of nitrogen in the leaves as 

shown in Table 3 is due to the role of the elements in different 

biological processes, its effect on increasing the plant's 

efficiency, its ability to absorb nitrogen and then increase the 

percentage of nitrogen in the leaves as well as the effective 

contribution for potassium in increasing the plant's ability to 

utilize nitrogen and increase its absorption rate (Chaudhary 

et al 2002)

The Percentage of phosphorus in the leaves: The effect of 

the cultivar on the percentage of phosphorus in leaves for 

potato plant was significant where Arnova cultivar and Rivera 

cultivar excelled on the other cultivars by giving it the highest 

percentage of phosphorus (0.27%), while Sifra cultivar gave 

the lowest percentage. The nano-fertilizer at a concentration 

of (2 g l ) gave the highest percentage of phosphorus in the -1

leaves (0.27%), while the lowest percentage of phosphorus 

in the leaves at the control treatment. There were also 

significant differences in the interaction between study 

factors, where Arnova cultivar and spraying with nano-

fertilizer at a concentration of (2 g l ) gave the highest -1

percentage of phosphorus in the leaves (0.33%). The 

increase in the percentage of phosphorus in the leaves as 

shown in Table 3 may be due to the direct addition of this 

element, which increases its absorption by plant tissues, as 

well as the role of micronutrients present in the fertilizer, 

especially iron (Fe), which helps increase the absorption of 

phosphorus in the tissues of the plant (Abdul Rasul et al 

2010).

Percentage of potassium in the leaves: The effect of the 

cultivar in the percentage of potassium in the leaves for 

potato plant was significant, where the Rivera excelled on all 

cultivars in the leaves by giving it the highest percentage of 

potassium (1.74%), while the Sifra cultivar had the lowest 

percentage of potassium in the leaves (Table 4). The 
-1spraying with nano-fertilizer at a concentration of (1 g l ) gave 

the highest value (1.46%) compared to the control treatment, 

which recorded the lowest value. There were significant 

Cultivars -1Nano-fertilizers g l Mean

0 1 2

Arnova 3.36 (0.18) 4.15 (0.30) 3.48 (0.33) 3.66 (0.27)

Arizona 3.44 (0.21) 3.84 (0.21) 3.89 (0.32) 3.72 (0.25)

Rivera 3.61 (0.21) 3.45 (0.29) 3.61 (0.30) 3.55 (0.27)

Sifra 3.84 (0.13) 3.87 (0.19) 3.98 (0.16) 3.90 (0.16)

Burren 3.69 (0.17) 4.93 (0.19) 5.13 (0.25) 4.58 (0.20)

Mean 3.59 (0.18) 4.05 (0.24) 4.02 (0.27)

Table 3. Effect of cultivar and nano-fertilizers and their 
interaction on the percentage of nitrogen in 
leaves* for potato plant (%)

LSD ≤ 0.05   V= 0.187(0.022)  N= 0.092 (0.013)  V x N = 0.237 (0.031)
LSD ≤ 0.01   V=0.272 (0.032)  N= 0.126 (0.018)  V x N = 0.322 (0.042) 

*Percentage of phosphorus in leaves

Cultivars -1Nano-fertilizers gl Effect of the 
cultivar 

0 1 2

Arnova 1.55 (1.044) 1.33 (1.010) 1.62 (1.051) 1.50 (1.048)

Arizona 1.24 (1.052) 1.54 (1.054) 1.43 (1.051) 1.40 (1.048)

Rivera 1.49 (1.054) 1.46 (1.059) 1.46 (1.056) 1.74 (1.056)

Sifra 1.27 (1.052) 1.49 (1.056) 1.27 (1.059) 1.35 (1.056)

Burren 1.28 (1.05) 1.46 (1.049) 1.33 (1.051) 1.36 (1.050)

Effect of the 
nano-
fertilizer N

1.37 (1.05) 1.46 (1.053) 1.42 (1.054)

Table 4. Effect of cultivar and nano-fertilizers and their 
interaction on the percentage of potassium*in 
leaves for potato plant (%)

LSD  ≤  0.05  V=0.029 (0.0037)  N= 0.031 (0.0020)  V x N= 0.062 (0.0050) 
LSD  ≤  0.01  V= 0.043 (0.0054) N= 0.042  (0.0028) V x N= 0.083 (0.0067)    

*Specific density of tubers

Cultivars -1Nano-fertilizers gl Mean

0 1 2

Arnova 8.24 8.28 8.57 8.36

Arizona 8.83 9.16 8.55 8.85

Rivera 9.06 10.1 9.58 9.58

Sifra 8.71 9.43 10.09 9.41

Burren 8.36 8.12 8.51 8.33

Mean 8.64 9.02 9.06

Table 5. Effect of cultivar and nano-fertilizers and their 
interaction on the percentage of starch in tubers 
for potato plant (%)

LSD  ≤  0.05    V=0.509         N= 0.219         VxN = 0.611      
LSD  ≤  0.01    V= 0.741        N= 0.300         VxN = 0.833 

differences between the cultivar and the nano-fertilizer on the 

percentage of potassium in the leaves for potato plant, where 

the interaction between Arnova cultivar and spraying with 
-1nano-fertilizer at a concentration of (2 g l ) gave the highest 
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percentage (1.62%), excelling on all interaction treatments.

The specific density of tubers: The effect of the cultivar on 

the specific density of tubers was significant, where the two 

cultivars (Rivera and Sifra) gave the highest value (1.056) 

while Arnova cultivar gave the lowest value. The effect of the 

nano-fertilizer in the percentage of nitrogen in the leaves, 

where the spraying with Nano-fertilizer at a concentration of 
-1(2 g l ) gave the highest value amounted to (1.054), 

compared to the control treatment which recorded the lowest 

value. However, the effect between the cultivar and the 

Nano-fertilizers had no significant difference in the specific 

density for the tubers of the potato plant.

Percentage of starch in tubers: The effect of the cultivar on 

the percentage of starch in tubers was significant, where 

Rivera cultivar gave the highest percentage (9.58%), while 

Burren cultivar gave the lowest percentage. The effect of 

nano-fertilizer in the percentage of starch in tubers, where the 
-1spraying with a concentration of (2 g l ) gave the highest 

percentage of starch in tubers (9.06%), compared to the 

control treatment, which gave the lowest value (Table 4). 

There were also significant differences in the effect of 

cultivars and nano-fertilizers on the percentage of starch in 

potato tubers, where the interaction between Rivera cultivar 
-1and spraying with nano-fertilizer at a concentration of (1 g l ) 

gave the highest percentage (10.10%), which did not differ 

from the Sifra cultivar that sprayed with Nano-fertilizer at a 
-1concentration of (2 g l ) amounted to (10.09%), while the 

interaction between Burren cultivar and spraying with Nano-
-1fertilizer at a concentration of (1 g l ) gave the lowest 

percentage of starch in tubers. The significant effect of nano-

fertilizer on the studied traits is attributed to the fact that its 

use increases the rate of photosynthesis process and 

produces more dry matter (Qureshi 2018). The increase in 

the density of tubers and the percentage of starch in the 

tubers due to the addition of nano-fertilizers and their role in 

stimulating the speed of biochemical reactions leading to the 

production of growth substances and stimulating enzymatic 

activity, which in turn leads to increased production of 

biomass and carbohydrates and increase the dry matter (Jan 

Mohammadi et al 2016). It can also be attributed to the role of 

the boron element important in the life of the plant through its 

great importance in many vital processes, including the 

transfer of saccharides from the places of its formation to 

growth areas and storage in tubers, as well as its role in the 

activation of many enzymatic reactions, thus increase growth 

expressed by increasing dry matter and starch. 

CONCLUSIONS

Cultivars varied in its response, where Arizona cultivar 

gave the best results in most of the studied indicators so that 

this cultivar can be adopted for cultivation in Babylon 

province. The spraying with nano-fertilizer at a concentration 
-1of (2 g l ) recorded the best results. The interaction between 

Arnova cultivar and spraying with nano-fertilizer at a 
-1 -1concentration of (2 g l ) gave the best total yield (t ha ).
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Effect of Niacin (Nicotinamide) and Humic Acid on Growth and 
Chemical Traits of Pelargonium hortorum L.
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Abstract: This experiment was conducted in the lath house  (covered with Saran cloth)at the College of Agriculture,  University of Basra to study 
-1the response of the plant Pelargonium hortorum L. for   the spraying with humic acid organic fertilizer at a concentration of 0, 50, 100 gm  and  

-1the nicotine amide at a concentration 0, 40, 80 gm  in the vegetative and flowering growth and chemical traits, with three spraying. Spraying led 

to the improvement of all  of vegetative and flowering growth indicators and chemical traits, which were included plant height, number of leaves, 

the number of lateral branches, leaf area, flowering date, flowering duration, number of the inflorescence, number of florets, leaf content of total 

chlorophyll, anthocyanin pigment, nitrogen, phosphorus  and potassium.
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Pelargonium hortorum belongs to the Geraniaceae 

family, which includes more than 11 genus (Saad 1994). It 

originated in South Africa, where it is found naturally growing 

in hot and dry environments in sandy, rocky and sandy hills. 

(Vanderwalt 1977). Geranium has been propagated, hybrids 

and Improved qualitative traits since 904 until its species 

reached in 2004 more than 500 commercial species (Erilk 

2006). The demand increased for them significantly in recent 

years. It has become one of the plant groups of economic 

value important for the beauty of its leaves and flowers and 

the multiplicity of colors and sizes and the less of infection 

with pests and the length of the flowering period (Larson and 

Fonterno 1992). It increased sales in the United States, 

especially California, to reach 160 million dollars in the years 

1979-1999 (Wazir 1999). Foliar fertilization is one of the 

important factors in increasing the growth rate, completing 

the formation of flowering and its quality. This is done by 

following proper and balanced fertilization programs that 

provides the plant all its nutrient needs (Abu Dahi and Al 

Younis 1988). The reduction of the necessary nutrient has 

negative effects on the biological processes that take place 

inside the plant. Therefore, it became necessary to provide 

these elements by spraying them on the vegetative total to be 

absorbed directly by the plant to avoid being exposed to 

washing and fixing when added to the soil (AlSahaf 1994). 

Foliar mineral nutrition has been shown to be an effective 

method for better nutrient transport within the plant, followed 

by its contribution to the natural growth of plants (Al-Jawari 

2002). Vitamins play a big role in their effects on vegetative 

and flowering growth. Many endogenous organic 

substances, such as plant growth regulators and vitamins, 

have been used to promote growth and improve productivity 

in many plants (Bearder 1980 and Arteca 1996). Vitamin B3 

(niacin) is one of the vitamins, also called Nicotineamide. It is 

a type of vitamin B group that has an effect in many biological 

processes in plants because it is a component of the enzyme 

NADP + and NAD + (Bearder 1980, San and Ota 1977). This 

vitamin is also called nicotinic acid. For the purpose of not 

mixing between nicotinic acid and nicotine tobacco, this is 

called niacin, a white substance that dissolves with water, 

basal substances, and alcohol, but does not dissolve in ether 

(AlKilani and Abdul Hassan 1986). Organic fertilizers are 

represented by humic acid is one of the humus compounds 

resulting from the decomposition of organic matter (Al-

Nuaimi 1999). It chemically symbolizes 2CO (COOH) 3

C H O N . It contains carbon, hydrogen, nitrogen, and 75 33 17 3

oxygen in its composition and in varying proportions, 

resulting in the formation of compounds of varying molecular 

weights (Senesi 1992). The effect of humic acid on plant 

growth depends on the source of organic fertilizer and 

concentration and molecular weight of the humic molecule. 

Low molecular weights easily reach to the cell membrane of 

plant cells and enter the cell, while the high molecular weights 

reaction with the cell wall and are not carried into the cell 

(Nardi et al 2002). The studies indicate the possibility of using 

humic acid as a growth regulator by regulating the level of 

hormones in the plant, in addition to increasing plant 

resistance to water stress and stimulating plants 

Pelargonium to increase the percentage of flowers (Piccolo 

et al 1992, Nardi et al 2002, Morard et al 2011). This study 

was conducted due to the importance of geranium plant and 

the need to expand the cultivation of its aesthetic and 

coordination value, whether cultivated pots or in the garden 

land.



MATERIAL AND METHODS

This experiment was conducted in the lath house 

covered with Saran cloth at the Department of Horticulture 

and landscape gardening at the College of Agriculture, 

University of Basra on the plant Geranium (Pelargonium 

hortorum L) from Feb. to June 2019. Plants brought from one 

of the nurseries in Baghdad on 10/2/2019 and at the age of a 

month. Seedlings were transferred on 12/2/2019 to pots, 

where they were washed and sterilized with a 4% formalin 

solution. Before starting the agricultural operations, a 

random sample of soil was taken for analysis.  1 shows Table

some chemical and physical traits of the river soil. The 

experiment was conducted as a factorial experiment (3×5) 

according to Randomized Complete Blocks Design with 

three replicates and the averages were compared using the 

least difference test (LSD) below the 5% probability level 

(Alrawi and Khalaf Allah 1980).

Plant height, number of leaves,  number of lateral 

branches, leaf area, flowering date/duration, number of 

inflorescence, number of florets, chlorophyll content, 

a n t h o c y a n i n  c o n t e n t ,  N P K  c o n t e n t s  w e r e  

measured/estimated.

RESULTS AND DISCUSSION

Vegetative Growth 

The results in  3 showed that the spraying plants Table

with a humic acid organic fertilizer at a concentration of 100 

mg l  has a significantly in the effect as it recorded the highest -1

average of plant height, number of leaves, leaf area, number 

of lateral branches, which amounted to 36.511, 42.76, 

3116.0, 5.067, respectively compared with control plants 

(30.256, 29.26, 2324.0, 2.589, respectively). The same table 

also shows that the spraying with nicotine amide at a 

concentration of 80 mg was significant which gave the 

highest average of plant height, the number of leaves, 

number of lateral branches, leaf area  of 34.467, 39.48, 

2908.0, 4.556, respectively compared with control plants i.e., 

31.389, 31.33, 2438.0, 2878, respectively. As for the bi-

interaction between the organic fertilizer humic acid and 

nicotine amide, it was found to have a significant effect on 

improving the vegetative growth indicators, where the 

treatment of spraying with organic fertilizer humic acid and 

nicotine amide at a concentration of (100 + 40 mg)was 

recorded the highest average of plant height, number of 

leaves, number of lateral branches and leaf area  i.e., 39.113, 

47.97, 3613.0 and 6.20, respectively compared to the lowest 

average amounted to 29.300, 27.30, 2099 and 1.767, 

respectively for control.

The increase in plant height may be due to that the humic 

acid contains cytokinin and that its addition results in an 

increase of internal cytokinin and Auxin, which in turn 

stimulate cell division in the plant (Ervin and Zhang 2004, 

Schmidt and Zhang 2000). Humic acid treatment also 

increased the accumulation of carbohydrates that stimulate 

lateral buds to grow (Turkmen et al 2004). The increase in the 

number of lateral branches leads to an increase in the 

number of leaves, which reflected positively on the leaves 

area because humic acid contains micronutrient that has a 

positive role in the growth of the plant as it increases the cell 

division of the meristem (AbdEl_Monem et al 2011).

 These results agree with Hafez and Mahmoud (2010) 

on the potato plant and Safana (2013) on the dahlia plant and 

Al- Aljubore (2014) on the geranium plant. This is due to the 

positive effect of being the main component of the 

biosynthesis of NAD and NADP enzyme compounds as it is 

needed by the plant in carbohydrate and amino acid 

metabolism. It is also involved in the formation of the indole 

acetic acid (IAA) and is elongated by cells (Devlin and 

Witham 1985).It also enters the synthesis of proteins and 

nucleic acids involved in the synthesis of organic bases and 

the growth hormones such as cytokinin (Robinson 1973). It 

has a relationship with the tryptophan amino acid in plant 

tissues, which is considered the basis in the construction of 

Auxin(IAA) important in the expansion and elongation of cells 

(Abu Dahi and AlYounis 1988).

Flowering Growth 

The results in  4 showed that the spraying plants Table

with a humic acid organic fertilizer at a concentration of 100 

mg l  was a significantly affect with the highest average of the -1

flowering date, flowering duration, number of the 

inflorescence, number of florets which gave  69.641, 48.769, 

5.833, 13.456, respective values compared with control 

plants 91.708, 32.726, 3.467, 9.479, respectively. The same 

table also shows that the spraying with nicotine amide at a 

concentration of 80 mg was significant which gave the 

Traits Unit Value

Soil texture ____ Sandy  loam

sand 1g-kg 861.8

silt 1g-kg 80.84

clay 1g-kg 57.36

PH ____ 7.31

E.C -1dsm 1.54

Organic matter % 1.84

Zn++ ppm 1.37

N ppm 171

P ppm 2.47

Table 1. Some chemical and physical traits of the study soil 
used in the experiment
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highest average of the flowering date, flowering duration, 

number of the inflorescence, number of florets which gave 

76.269, 45.413, 5.100, 12.289, respectively in comparison 

with control plants i.e., 84.510, 36.253, 3.900 and 10.558, 

respectively. As for the bi-interaction between the organic 

fertilizer humic acid and nicotine amide, it was found to have 

a significant effect on improving the vegetative growth 

indicators, where the treatment of spraying with organic 

fertilizer humic acid and nicotine amide at a concentration of 

(100 + 40 mg)was recorded the highest average of the  

flowering date, flowering duration, number of the 

inflorescence, number of florets,  which gave 68.400, 54.572, 

6.733, 14.543 compared to the lowest average amounted to 

97.667, 30.201, 2.733, 8.637, respectively. The increase 

may be due to the positive effect to organic fertilizer humic 

acid, which provides natural stimulants such as Auxin and 

Cytokinin and amino acids, which led to encouraging growth 

and therefore early flowering (Al-Ani 1987). The reason for 

the long vase life to the content of humic acid in the micro 

nutrients that stimulate the vegetative growth and reflected 

on improving the efficiency of photosynthesis and energy-

rich compounds, thus improve plant growth and prolong 

flowering duration (Adams and Winsor 1979). This allowed it 

to form the largest number of inflorescences and to increase 

the number of florets (Morard et al 2011). These results agree 

with Chang (2012) on Lilium and Ambreen et al (2014) on 

Petunia. While the reason for the increase in  total flowering 

when treated with nicotine amide due to a cycle in the 

production of amino acids and nuclear which is reflected 

positively on the manufacture of carbohydrates and 

transported from the leaves to flower buds. This leads to a 

balance between carbohydrates and protein, which have a 

positive role in the flowering date, flowering period, number of 

inflorescences and florets (Florent 1986).

Chemical Traits 

The results in  5 showed that the spraying plants Table

with a humic acid organic fertilizer at a concentration of 100 

mg l  was significantly affected with the highest average of -1

the leaf content of total chlorophyll, percentage of nitrogen, 

Potassium humate 85%

Water-soluble potassium (K O)2 11.00%

Nitrogen 0.80%

Iron 1.00%

Humidity 12-10%

Dry matter 88-90%

Degradation 99.80%

Other materials 15%

Table 2. Chemical composition of POWHUMUS organic 
fertilizer according to Humintech GmbH

Traits/ 
Treatments

Plant height  
(cm)

Number of 
leaves (leaf 

-1plant )

Leaves 
2area (cm )

Number of 
lateral 

branches

-1Humic acid  levels (mg ) 

0 30.256 29.26 2324 2.589

50 33.467 36.48 2725 3.622

100 36.511 42.76 3116 5.067

LSD 0.42 1.664 53.3 0.27

-1Nicotine amide levels (mg )  

0 31.389 31.33 2438 2.878

40 34.378 37.68 2818 3.844

80 34.467 39.48 2908 4.556

LSD 0.42 1.664 53.3 0.27

-1Interaction levels between humic acid and nicotine amide (mg )

0 29.3 27.3 2099 1.767

40 29.9 29.1 2065 2.033

80 31.657 31.37 2806 3.967

0 50 31.2 30.3 2484 3.033

40 40 34.1 35.97 2777 3.3

80 80 35.1 43.17 2914 4.533

0 100 33667 36.4 2731 3.833

40 40 39.113 47.97 3613 6.2

80 80 36.733 43.9 3003 5.167

LSD 0.74 2.881 92.2 0.469

Table 3. Effect of spraying with organic fertilizer humicacid 
and niacin (nicotine amide) and their interactions on 
vegetative growth traits of geranium plant 
(Pelargonium hortorum L)

phosphorus, potassium and flower content of anthocyanin 

pigment, which gave values of 78.03, 2.075, 0.609, 5.228, 

33.19, respectively compared to the control plants 66.14, 

1.501, 0.451, 3769, 26.26, respectively for control. The same 

table also shows that the spraying with nicotine amide at a 

concentration of 80 mg was significant which gave the 

highest the leaf content of total chlorophyll ,Percentage of 

nitrogen, phosphorus, potassium and flower anthocyanin 

pigment (75.59, 1.722, 0.583, 4.754, 31.04, respectively) 

compared with control plants (69.55, 1.704, 0.486, 4.166, 

27.77, respectively).

As for the bi-interaction between the organic fertilizer 

humic acid and nicotine amide, it was found to have a 

significant effect on improving the chemical traits, where the 

treatment of spraying with organic fertilizer humic acid and 

nicotine amide at a concentration of (100 + 40 mg)was 

recorded the highest average of  the highest the leaf content 

of total chlorophyll, percentage of nitrogen, phosphorus, 

potassium and flower content of anthocyanin pigment i.e., 
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Traits
Treatments

Flowering 
date (day)

Flowering 
duration 

(day)

Number of 
the 

inflorescence

Number 
of florets

-1 Humic acid  levels (mg ) 

0 91.708 32.726 3.467 9.479

50 75.856 43.165 4.622 11.36

100 69.641 48.769 5.833 13.456

LSD 0.304 0.133 0.303 0.274

-1 Nicotine amide levels (mg )  

0 84.51 36.253 3.9 10.558

40 76.426 42.994 4.922 11.448

80 76.269 45.413 5.1 12.289

LSD 0.304 0.133 0.303 0.274

-1Interaction levels between humic acid and nicotine amide (mg )

0 0 97.667 30.201 2.733 8.637

40 90.51 31.092 3.167 8.6

80 86.947 36.884 4.5 11.2

0 50 85.38 35.472 4.067 10.713

40 70.367 43.317 4.867 11.2

80 71.82 50.707 4.933 12.167

0 100 70.483 43.087 4.9 12.323

40 68.4 54.572 6.733 14.543

80 70.04 48.649 5.867 13.5

LSD 0.74 0.527 0.23 0.525

Table 4. Effect of spraying with organic fertilizer humicacid 
and niacin (nicotine amide) and their interactions on 
flowering growth traits of geranium plant 
(Pelargonium hortorum L)

81.72, 2.397, 0.611, 5.835, 35.70, respectively compared to 

the lowest average amounted to 63.100, 1.508, 0.433, 3.624, 

24.38, respectively.

The increase in leaf content of chlorophyll when treated 

with humic acid may be due to macro and micro nutrient and 

iron elements (  2). Nitrogen stimulates the activity of Table

some enzymes in photosynthesis (Mohammed 1985). 

Nitrogen and iron also enter the structure of the chlorophyll 

molecule and stimulate them to build chlorophyll (AlSahaf 

1989). While the increase of the anthocyanin pigment may be 

due to the increase of plant content of substances like auxin 

and cytokinin and contains macro and micro nutrient and thus 

increase the process of photosynthesis and carbohydrates 

that increase the construction of anthocyanin in flowers 

(Aljubore 2014). These results agree with Parandian et al 

(2012) and Aljubore (2014) on geranium and Abbas (2018) 

on Matthiola. The positive effect of humic acid on leaf 

nutrients for the geranium plant is due to the increase of 

nitrogen percentage through direct feeding of this nutrient, 

which increases the vegetative total. This is reflected 

Trait/
Treatments

Chlorophyll
-1(mg 100 g  

fresh 
weight)

Anthocyanin
-1(mg 100 g  

dry weight)

Nitrogen
%

Phosph
orus
%

Potassi
um
%

-1Humic acid levels (mg ) 

0 66.14 26.26 1.501 0.451 3.769

50 75.46 29.06 1.72 0.507 4.526

100 78.03 33.19 2.075 0.609 5.228

LSD 1.099 0.451 0.063 0.064 0.187

-1Nicotine amide levels (mg ) 

0 69.55 27.77 1.704 0.486 4.166

40 74.49 29.71 1.869 0.498 4.604

80 75.59 31.04 1.722 0.583 4.754

LSD 1.099 0.451 0.063 0.064 0.187

-1Interaction levels between humic acid and nicotine amide (mg )

0 0 63.1 24.38 1.508 0.433 3.624

40 66.18 24.79 1.434 0.426 3.375

80 69.13 29.62 1.562 0.495 4.308

0 50 70.86 27.49 1.618 0.496 4.082

40 75.58 28.66 1.776 0.458 4.602

80 79.94 31.04 1.765 0.565 4.895

0 100 74.68 31.44 1.987 0.528 4.792

40 81.72 35.7 2.397 0.611 5.835

80 77.7 32.45 1.841 0.689 5.058

LSD 1.904 0.781 0.11 0.111 0.324

Table 5. Effect of spraying with organic fertilizer humicacid 
and niacin (nicotine amide) and their interactions on 
chemical traits of geranium plant (Pelargonium 
hortorum L)

positively on the photosynthesis products that increase the 

nitrogen percentage (Minkel and Kirby 1984). The reason for 

the increase in phosphorus is due to the role of iron in the 

organic fertilizer humic acid Table 2, which helps in 

increasing plant growth as well as its effect in increasing the 

availability of the nutrients. The increase in the nutrients 

content (nitrogen, phosphorus, potassium) may be due to the 

spraying plants with vitamin nicotine amide may lead to an 

increase in carbohydrates during photosynthesis, which 

leads to increased synthesis of the enzyme nitrate reductase 

necessary to reduce nitrates and their representation, which 

leads to an increase and accumulation of nitrogen in the 

leaves (Witham and Witham 1985). It is also involved in the 

formation of both co-enzyme NAD + and NADP +, which are 

composed of the reaction of nicotine amide and Adenosine 

triphosphate (ATP), which work in the processes of oxidation 

and reduction in carbohydrate transformation processes and 

thus increase phosphorus within the plant (Robinson 1973). 

These results agree with Tarraf et al (1999) found in 

Lemongrass and Al-Ali (2011) on dahlia.
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Abstract: The study aimed to identify the parasitic stages, which contaminants vegetables and fruits in local markets of Tikrit. Four hundred fifty 

samples of vegetables and fruits (six types of vegetables and four types of fruits i.e., Lactuca sativa, spinach, Solanum copersicum, Mentha 

piperita, Apium graveolens, Lepidium sativum, pyrusmalus, banana, clementia, Abutilon) taken randomly from local markets for the period 

October 2016 until the end of March 2017. The percentage of vegetables and fruit contamination was 47.4 and 36.66%, respectively. The 

percentage of contamination with parasitic infections was recorded with Entamoeba coli (3.77%), Entamoeba histolytica (9.33%), Idomoeba 

bustchlii (1.77%), Giardia lamblia (1.11%), Toxocara canis (6.88%) and Fasciolopsis buski (2.44%). 
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Fresh vegetables and fruits are an essential component 

of daily healthy food. In recent years, interest has increased 

in the study of registered cases due to contamination of fresh 

vegetables and fruits (Drisdelle 2013). The outbreak of 

intestinal parasitic infections has caused a decrease in the 

health level in different age groups, especially in the 

underdeveloped societies, and the mixture of fruits and 

vegetables can protect the human body from many diseases 

by providing it with many nutrients, minerals, vitamins, 

proteins, fiber and vice versa where possible can be caused 

Diseases by contamination of infectious pathogens of human 

pathogens (Abougrain et al 2016). We need to identify the 

source of this pollution, The World Health Organization 

(WHO) and the organizations concerned with health food 

programs emphasize fruit as vegetables as healthy food and 

must be clean these foods before eating them (Drisdelle 

2013). Registered percentage 9% in 544 samples of stored 

vegetables were found in Canada (Damen et al 2007). 

Cryptosporidium was the most contaminated vegetable, 

followed by Giardia parasite. In south west of Iran (Jasem et 

al 2013) found three types of parasitic parasites (Giardia, 

Entamoeba histolytica and Entamoeba coli) in 135 samples 

of nine species of vegetables with a contamination rate of 

15.5%. Giardia duodenalis; Cryptosporidium, Cyclospora 

cyetanensis are common parasitic infections causing 

contamination of 141 different vegetable samples by 9%, 

11% and 7%, respectively (Daryani et al 2008). Checkup 

(Tefera et al 2014) in Ethiopia examined 360 samples of eight 

types of fruits and vegetables and recorded a contamination 

rate of 57.8%, including the contagious pathways of five 

species of parasitic worms and two parasitic protozoa. Eraky 

et al (2014) recorded 29.6% of 530 samples of vegetables 

(green onions, lettuce, radish, leeks) in Egypt, The highest 

contamination rate was 49% in summer and the lowest in 

winter was 10.8%. These pathogens can contaminate 

vegetables and fruits in a number of ways. They can be found 

in the soil where these plants are grown or in animal feces 

used for fertilization or in water used for watering, They can 

be found by the workers in these plants or in the water, Used 

in washing or possible contamination also occurs during 

transport or storage of these plants (Drisdelle 2013). 

Objective of the study was to identify the contagious 

contaminants of intestinal parasites contaminated to some 

fruits and vegetables in some areas Tikrit city and Study the 

percentage of the spread of these contaminations.

MATERIAL AND METHODS

Samples were collected from local markets (Alwa Tikrit, 

grocery stores in Al Arbaeen Street and Al Zohour Street) in 

Tikrit city, Salahadin Governorate for the period from October 

2016 until March 2017. Total number of 450 specimens from 

Lactuca sativa, spinach, Solanum copersicum, Mentha 

piperita, Apium graveolens, Lepidium sativum, Pyrus malus, 

banana, clementia and  Abutilon were randomly collected 

from the markets in plastic bags.  

Two hundred grams of each sample were wash with 500 

ml of the normal saline solution to isolate the oval, larvae, 

cyst, oocyt of parasites. After 24 hours of washing, 5 ml of 

sediment was taken. After a floatation method, wab was 

tested by loop and placed on the slides and stained by zeihl 

neelsen to distinguish the Cyclospora, Crypto sporidenm. 

The luogle iodine was used to differentiate the cyst of 

protozoa and helminthes eggs (John and Petri 2006). The 

slides were maintained and scanned with a microscope 



under 100x and 40x magnification and parasitic phases were 

identified by (Yamaguti 1961, Soulsby 1982).

The results were statistically analyzed using a chi-

square test, below the level of 0.05 ≤ p to determine the 

presence or absence of moral differences.

RESULTS AND DISCUSSION

The number of positive samples was 191 (42.44%) and 

the highest percentage of contamination was for Apium 

graveolens vegetables (60%) and the lowest in Solanum 

copersicum (33.33%), while in fruit, highest infection rate was 

in Clementia fruit (44.44%) and the lowest in apples 

(28.88%). The percentage of single infection with intestinal 

parasites on vegetables and fruits was 67.53%, percentage 

of double infection 24.08 and the tri infection with parasitic 

infection reached 8.37% (Table 1). These intestinal parasites 

were diagnosed: Entamoeba coli, Entamoeba histolytica, 

Idomoeba bustchlii, Giardia lamblia, Toxocaracanis, 

Fasciolopsisbuski (Figs. 1-11). The high percentage 

Entamoeba histolytica was 9.33%, followed by the 

Samples type Samples 
examined

Positive 
samples

Per cent Number of 
stages

1 2 3

Lepidium sativum 45 18 40 13 3 2

Mentha piperita 45 21 46.66 12 5 4

Spinach 45 22 51.11 15 6 1

Lactuca sativa 45 24 53.33 18 4 2

Solanum copersicum 45 15 33.33 12 3 --

Apium graveolens 45 27 60 19 5 3

Pyrus malus 45 13 28.88 8 4 1

Banana 45 12 31.11 9 3 --

Clementia 45 20 44.44 11 8 1

Abutilon 45 19 42.22 12 5 2

Total 450 191 42.44 129 46 16

2X 6.06

Table 1. Percentage of distribution of intestinal parasitic 
stages contamination on fruits and vegetables in 
Tikrit city

Parasites Positive samples Per cent

Trophozoite of Entamoeba coli 17 3.77

Trophozoite of Idomoeb abustchlii 8 1.77

Trophozoite of Entamoeba histolytica 42 9.33

Cyst of Giardia lamblia 5 1.11

Ova of Toxocara canis 31 6.88

Ova of Fasciolopsis buski 11 2.44

Table 2. Percentage of parasitic contaminates which isolated 
from fruits and vegetables in Tikrit city during the 
study period

Fig. 1. Trophozoite of Idomoeba bustchli in spinachi 
(Lugoliodin stain 1000x)

Toxocaracanis 6.88%, and the lowest of Giardia lamblia 

(1.11%) (Table 2). There are many factors related to plant 

pollution, such as the cultural level of workers, the 

Fig. 2. Trophozoite of Entamoeba histolytica in Clementia 
(Lugoliodin stain 1000x)

Fig. 3. Ovum of Fasciolopsis buski in Apium graveolens 
(Lugoliodin stain 1000x)
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Fig. 4. Ovum of Fasciolopsis buski in spinach (Lugoliodin 
stain 1000x)

Fig. 5. Ovum of Toxocara canis in Apium graveolens 
(Lugoliodin stain 1000x)

Fig. 6. Ovum of Toxocara canis in in Abutilon (Lugoliodin 
stain 1000x)

Fig. 7. Ovum of Toxocara canis in Lepidium sativum 
(Lugoliodin stain 1000x)

Fig. 8. Trophozoite of Entamoeba coliin in  Apium graveolens 
(Lugoliodin stain 1000x)

Fig. 9. Trophozoite of Entamoeba histolyticain Musa 
(Lugoliodin stain 1000x)

educational level of the worker. Tefera et al (2014) confirmed 

that they collected 360 samples of vegetables and fruits from 

local markets in Ethiopia, 57.8% attributed this contamination 

to intestinal parasitic pathways to vegetables and fruits as a 

result of human and animal products. This is an indication of 

pollution of water and soil that cause pollution of plants. The 

present study showed the percentage of plant contamination 

of different species in Tikrit city was 42.44%. The results of 
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Fig. 10. Trophozoite of Entamoeba histolytica in Apium 
graveolens (Lugoliodin stain 1000x)

Fig. 11. Trophozoite of Giardia lambliain in Lactuca sativa) 
(Lugoliodin stain 1000x)

earlier worker supported the present observations the study 

(Tomas and Kidane 2012, Omagye 2010). The difference is 

due to different geographical locations and the difference in 

temperature and relative humidity, the environmental 

conditions surrounding the species and the different types of 

specimens studied (Ogboul and Ali 2009, Said 2012, 

Mnyarango et al 2008). Toxocara eggs were the second in 

terms of plant contamination with parasitic infections, and 

perhaps because female worms produce 10,000 eggs per 

day and are resistant to environmental conditions.   These 

plants are more coarse when they are more contaminated, 

where parasitic infections attach to them. The incidence of 

the infection of the parasite was strongyloid, as observed by 

Said (2012). AL-megrm (2010) observed cases of illness due 

to food contamination by intestinal parasitic. Vegetables and 

fruits play a role in the transmission of these pathogens and 

thus constitute an important epidemiological factor for the 

transmission of diseases such as: Giardia as: Giardia 

lamblia, Entamoeba spp, Enterobius vermicularis, 

Hymenolepis nana, AscarisIum bricoides, Taniidae spp, 

Toxocara spp, Trichostorongylus spp.
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Effectiveness of Brassinolide and Dry Yeast Extract Spraying 
on Growth Parameters and the Chemical Content of 

the Grape Seedlings
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Abstract: The study was conductedto identify the physiological effect of spraying with Brassinolide and addition methods of active dry yeast 

on growth parameters and the chemical content of the grape seedlings (Summer Royal CV).The factor is spraying with Brassinolide with three 
-1levels (0,4,8 gml ), while the sub  factor include four methods of spraying with dry yeast extracts is (spraying with water only, spraying on 

leaves, soil, leaves and soil).The spraying with Brassinolide showed a significant influence on all characters studied( seedling length,  stem 

diameter, leaves number, leaf area,  chlorophyll content in leaves, dry weight of shoot and root system and nutrient concentration(NPK) in 
-1 leaves. The 8 gm l gave a significant increase in all studied characters as compared to the control. However, the addition of dry yeast extract 

-1showed a significant influence on all characters spraying on leave and soil gave a significant increase. The interaction 8 gm l  with leave and 

soil spraying was effective combination.  

Keywords: Grape, Summer royal, Brassinolide, Dry yeast extract
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Grapes, Vitis vinifera L. is grown extensively in the tropical 

to temperate area (AL-Saidi 2000). The world's cultivated area 

is estimated at 8.8 million hectares, and the global production 

is 6.89 million tons (FAO 2012). Grapes nutritional value 

extracted from juice, containing vitamins, mineral, sugars, 

organic acids, salts, proteins, fats, etc. in addition to its 

importance in medical uses in the treatment of many diseases 

(Chevalieh 2010). Samar Royal is a seedless seed early 

maturity needs 200 hours of coolness at a temperature of 7°C. 

In order to increase the value of this product spraying plant  

growth regulators is of great importance in improving the 

growth parameters and increase the quantity and quality 

(Rajni and Deol 2015). Brassinosteroids a growth regulator 

known as a raw fatty extract extracted from Brassica nupus, as 

detected in pollen,  another, seeds, leaves, stems, roots and 

flowers of other plants, are also available in plants on the free 

form or linked with sugars or fatty acids were extracted about 

70 steroid compounds from plants. (Al-Hadethi 2015) found 

that the spray of growth regulator Brassinolide had a 

significant effect in increasing the vegetative growth 

characteristics of apricot trees.(Al-Jumaily and Al-esawi 2016) 

found that Brassinolide has a significant effect on vegetative 

growth of apple trees. Biofertilizations is one of the topics that 

had received great attention in recent years due to its similar 

effect to organic fertilizers in reducing environmental pollution 

and health damage to humans and animals (Dilpreet et al 

2016).The yeast (Saccharomyces cerevisiae) of the fungi 

(Ascomycola) of the family Saccharomycetacea, and the dry 

yeast is a living organism, fungi (Lateifa  2012). This study was 

conducted to investigate the physiological effect of the growth 

regulator of Brassinolide, addition method of dry yeast extracts 

and its interaction with the vegetative and root growth 

parameters and the chemical content of the Summer Royal 

grape seedlings.

MATERIAL AND METHODS

This research was carried out at  Horticulture Station 

and Forestry Ministry of Agriculture, Al-Mahaweel, Babylon in 

season 2016 on the Summer Royal grape seedlings,180 

seedlings were selected, one year old and homogeneous as 

possible in size, vegetative growth and growing in sandy 

loam soil, planted with black plastic bags made of 

polyethylene with a capacity of 1.75 kg, it was transferred on 

10/2/2016 to bags measuring 30 * 25 cm and a capacity of 

5.25 kg and was filled with sandy loom soil (Table 1) .The 

research was carried out as a factorial experiment with two 

factors and three replicates, the first factor was the spraying 

of the growth regulator Brassinolide at three levels (0, 4, 8) 

mg l  the second factor was four methods to add the dry yeast -1

extract (spraying the vegetative with water only, spraying on 

the vegetative, spraying on the soil surface, spraying on the 

vegetative + the soil surface gl .The dry yeast extract -1

produced by Turkish company Lesaffre was prepared by 

taking 8g dry yeast per liter of warm water with 1: 1 sugar 

addition to activate and double dry yeast, kept for 24 hours 

and mixed for 5 minutes (EL-Tohamy et al 2009), and filtered 

and use the leachate to spray the seedlings until the full wet 

(Table 2). Brassinolide was four sprayed on April 1, 20 and 



Parameter Result analysis

Electrical conductivity EC (extract 1-1) -11.22 DSm

Soil reaction pH (Extract 1-1) 6.9

Sand -1870 g kg

silt 
-143 g kg

Clay -187 g kg

Soil texture Sandy loam

Nitrogen -124.79 mg kg soil

Phosphorus -10.47 mg kg soil

Potassium -129.90 mg kg soil

Table 1. Physical and chemical property of soil

Seq. -1Amino Acids (mg. g ) 0.2 K % 0.18

0.1 Glycine 0.103 0.3 Na %  0.12

0.2 Alanine 0.132 0.4 Mg % 0.1

0.3 Valine 0.312 0.5 Ca % 0.04

0.4 Leucine 0.067 0.6 -1µgg Mn 5.69

0.5 Isoleucine 0.421 0.7 -1µgg  Zn 69.5

0.6 Aspartic acid 0.274 0.8 -1µgg  Cu 12.78

0.7 Glutamic acid 0.367 0.9 -1µgg  Fe      30.5

0.8 Serine 0.523 Seq. -1Vitamins (mg g )

0.9 Threonine 0.206 0.1 Vit. B1 0.163

0.1 Tyrosine 0.031 0.2 Vit. B2 0.054

0.11 Phenyl alanine 0.116 0.3 Vit. B6 0.019

0.12 Proline 0.041 0.4 Pantothenic acid 0.058

0.13 Arginine 0.073 0.5 Biotin 0.091

0.14 Lysine 0.089 0.6 Niacin 0.112

0.15 Cysteine 0.025 7 Inositol 0.372

0.16 Methionine 0.012 Seq. Other ingredients (%)

17 Histidine 0.078 1 Total Nitrogen 7.69

0.18 Tryptophan 0.02 0.2 Carbohydrate 5.47

Seq. Metal structure 3 Ash 13.51

0.1 P   % 0.4 Water 4.7

Table 2. Bread yeast components Sacchromyce cervisiae

* The yeast components were analyzed at the Central Laboratory of the Bio Sciences University of Poland (Lublin)

May 10and 30/T The dry yeast extracts was sprayed after 5 

days from each date of spraying with Brassinolide using a 2 

liter hand spray and added  The measurements of the straits 

were taken, and the data was analyzed using the Genestate 

statistical program. 

First vegetative characteristics include: High seedling, 
2stem diameter, leaf area dsm , chlorophyll content of the 

leaves SPAD unit according to the method in (Felixloh and 
-1Bassuk  2000), total leaves number  seedling , dry weight of 

vegetative and root groups were measured.

The percentage of NPK was estimated in leaves using 

standard method. The N was estimated by method of 

Haynes (1980), Pby Page et al (1982) and K by flame 

photometer by method (Erwin and Houba 2004).

RESULTS AND DISCUSSION

Vegetative characteristics: -1The Brassinolide at 8 mgl   

caused a significant increase in seedling height, stem 

diameter, leaf area, leaves number, leaf content of 

chlorophyll and dry weight of shoot and root (Table 3) as 
-1compared to 0,4 mgl ,which gave the lowest rate, the growth 

regulator Brassinolide has a similar effect to the auxins, 

gibberellins and cytokinins this  regulates many cellular and 

physiological processes that occur in plants such as cell 

elongation and division, resistance to stress and bio-

processing of cell wall components, manufacture of nucleic 

acids DNA, RNA and various proteins, nitrogen fixation, 

differentiation of vascular system, adventitious roots, etc.(Al-

Khafaji 2014), which caused an increase in the 

characteristics of vegetative growth above. The increase in 

chlorophyll leaf content may be due to inhibited action of 

chlorophyllase enzyme responsible for the degradation of 

chlorophyll, which led to the accumulation of chlorophyll in 
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-1Brassinolidemg l Yeast 
extract

-1g l

Plant height 
(cm)

Stem diameter 
(mm)

Leaf area 
2(dsm )

Leaves 
number

Leaves 
chlorophyll 

content SPAD

Dry weight of 
vegetative 

groups

Dry weight of 
root groups

B0 :0 Y0 81.12 8.7 30.33 11.28 28.12 21.22 10.42

Y1 95.3 10.14 56.35 19.85 31.88 25.63 11.62

Y2 86.22 9.13 45.31 16.41 30.45 23.61 12.53

Y3 101.55 10.35 59.37 25.71 33.18 29.14 13.24

B1 :4 Y0 90.56 8.81 48.3 15.21 33.53 26.13 11.33

Y1 110.11 10.25 60.36 22.68 35.77 29.52 12.49

Y2 98.32 9.96 62.33 19.86 34.67 28.45 14.62

Y3 118.23 11.43 90.05 28.6 36.8 31.47 15.42

B2 :8 Y0 120.22 9.55 50.39 18.37 35.16 30.42 13.46

Y1 134.44 11.71 76.47 27.93 38.61 35.64 15.59

Y2 127.65 10.74 69.33 24.6 37.32 33.69 17.79

Y3 141.65 12.17 88.46 33.15 39.25 37.75 19.65

LSD at 5% 8.1 1.95 5.13 8.26 1.98 1.36 1.2

-1Brassinolidemg l B0 :0 91.05 9.58 47.84 18.31 30.91 24.9 11.95

B1 :4 104.31 10.11 65.26 21.59 35.19 28.89 13.47

B2 :8 130.99 11.04 71.16 26.01 37.59 34.38 16.62

LSD at 5% 3.12 0.14 2.16 2.49 0.5 0.59 0.49

-1Yeast extractg l Y0 97.3 9.02 43.01 14.95 32.27 25.92 11.74

Y1 113.28 10.7 64.39 23.49 35.42 30.26 13.23

Y2 104.06 9.94 58.99 20.29 34.15 28.58 14.98

Y3 120.48 11.32 79.3 29.15 36.41 32.79 16.1

LSD at 5% 4.01 1.02 2.49 5.7 0.73 0.75 0.77

Table 3. Effect of spraying with Brassinolide and method of adding dry yeast extracts invegetative characteristics 

the leaves (Fariduddin et al 2003). The dry weight gain may 

also be due to the potential impact of BRs on the CO  fixation 2

in photosynthesis, which increases the CO  net represented 2

in the leaf, which increases the efficiency of photosynthesis 

(Sadeghi and Shekafandeh 2014). These results are 

consistent with Al-Jumaily and Alesawi (2016) on apples, Al-

Hadethiand AL-Dujaili (2015)on apricots, and Al-Dulaimy  

and Alrawi (٢٠١٥) on pomegranates that the spraying of the 

Brassinosteroid positively effects in the vegetative 

characteristics of the fruit trees. The method of adding dry 

yeast extracts significantly affected the growth The treatment 

of seedling spray with the yeast extracts on vegetative group 

and soil surface caused a significant increase in the above 

characteristics were compared to the spraying the vegetative 

with water only. This is due to the effect of the dry yeast 

extract on the metabolic and biological processes of 

photosynthesis pigments (chlorophyll) and the effectiveness 

of photosynthesis enzymes, which causes the conversion of 

large amounts of light energy into chemical energy, 

producing larger amounts of carbohydrates and stimulating 

plant organs, especially leaves that store and distributes to 

the rest of the plant parts (El-Sherbeny et al 2007). 

Interaction treatments had a significant effect on the above 
-1 characteristics, 8 mgl yeast extracts spraying on vegetative 

group and soil surface caused a significant increase for the 

same characteristics, the increase may be due to the impact 

of combined factors.

Nutrients (NPK%) in leaves: Spray of Brassinolide had a 

significant effect on the percentage of NPK nutrients in 
-1leaves with 8 mgl  treatment  caused a significant increase 

(2.233%, 0.560%, 1.761%) respectively (Table 4). This may 

be due to the effect of Brasinolide, which is similar to auxins, 

gibberellins and cytokinins. This may also be due to increase 

the water transport and necessary nutrients for plant growth 

this in turn increases the content of leaves of nutrients. Ruiz 

et al (2000) found that there is a close relationship between 

the amount of chlorophyll in the leaves and the accumulation 

of N in the dry matter. The results were agreed with AL-

Ahbaby (٢٠١٦ ) on grapes, Abubakar et al (2013)   on 

pomegranates and Al-Hadethi (2015) on apricots. The table 

showed that the yeast extracts spraying on vegetative group 

and soil surface was significantly affected in the above 

185Brassinolide and Dry Yeast Extract Spraying



-1Brassinolide mg l -1Yeast extract g l N% P% K%

B0 :0 Y0 1.624 0.302 1.262

Y1 1.873 0.483 1.493

Y2 1.885 0.461 1.461

Y3 2.238 0.524 1.664

B1 :4 Y0 1.831 0.404 1.453

Y1 1.945 0.523 1.574

Y2 1.925 0.494 1.594

Y3 2.383 0.564 1.753

B2 :8 Y0 1.981 0.544 1.483

Y1 2.246 0.553 1.884

Y2 2.242 0.543 1.773

Y3 2.017 0.606 1.904

LSD at 5% 0.034 0.032 0.025

-1Brassinolide mg l B0 :0 1.905 0.442 1.47

B1 :4 2.021 0.496 1.593

B2 :8 2.233 0.56 1.761

LSD at 5% 0.017 0.016 0.012

-1Yeast extract g l Y0 1.812 0.416 1.399

Y1 2.021 0.52 1.65

Y2 2.017 0.499 1.609

Y3 2.362 0.563 1.773

LSD at 5% 0.019 0.018 0.014

Table 4. Effects of spraying with Brassinolide and method of 
adding dry yeast extract in percentage of some 
nutrients in the leaves 

characteristics (2.362%, 0.563% and 1.773%, respectively). 

The results were agreed with Al-Dulaimy and Alrawi (٢٠١٥) on 

pomegranate and with Hafez et al (2013) on olives and AL-
-1Dulaimy (2012) on grapes. Interaction 8 mgl  with yeast 

extracts spraying on vegetative group and soil surface 

caused a significant increase of 2.466%, 0.606%, 1.904%, 

respectively. This may be due to the positive effect of 

Brassinolide and yeast extract in the increased vegetative 

growth indicators shown above and reflected in the increased 

N, P and K content of the leaves.
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Effect of Salicylic Acid on Chlorophyll A, B and 
Carotene Content of Petunia sp.
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Abstract: The aimed current study to determine the effect of salicylic acid as a plant growth hormone to improve physiology parameters of plant, 

SA was used in four concentrations (0, 100, 200 and 300) ppm, in three different treatments namely soaked seeds before planting for 24 hours 

and spraying of small and young plants and soaked seed and spray plant with the above-mentioned concentrations. The results indicated the 

positive effect of salicylic acid on chlorophyll a, b and carotene at lower concentration at 100 ppm with soaked seed and spray plant treatment. 

The plant variety P. hybirda was superior in obtaining the highest concentrations and its values were for chlorophyll a, b and carotene (2.46 0, 
-11.083 and 9.63 mg g , respectively). While the lower values were recorded for other variety P. niglefera on chlorophyll a, b and carotene (0.886, 

-10.4 and 3.81 mg g , respectively) as control treatment.

Keywords: Petunia, Salicylic acid (SA), Chlorophyll a, b and carotene
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Petunia belongs to the Solanaceae, a family with major 

crops including tobacco (Nicotiana tabacum), tomato 

(Solanum lycopersicon) and potato (Solanum tuberosum). 

Petunia plant used in the summer for home gardens and 

commercial landscaping projects. The name of Petunia 

derives from ''petum'' or ''betum'', an original name for the 

tobacco plant (Gautam 2012) South America, is origin where 

the various species have been documented from emollitions 

made in Argentina, Brazil, Bolivia, Paraguay, and 

Uruguay(Drummond et al 2015)   Petunias are heat-tolerant 

species and could adapt well to tropical climates(Hong et al 

2018). Petunia hybrida has been widely used as a model 

system for molecular genetics providing a range of genetic 

and molecular tools (Dell'Olivo et al 2011). The morphology 

of the beautiful Petunia describe that leaves shape are ovate. 

The trumpet-shaped flowers may be single or double and are 

across, calyx deeply 5-parted, corolla funnel form with 5 

rounded (whi te,  red,  yel low, p ink,  purple,  or  

variegated).Seeds many subglobose, 0.5 mm across (Lim 

2014). The petunia offers the potential for high economic 

returns and is an excellent source of additional income to the 

flower industry (Zhang et al 2012). Salicylic acid (SA) is a 

phenolic derivative, distributed in a wide range of plant 

species. It is a natural product of phenylpropanoid 

metabolism (Shayat et al 2007). This acid was first 

discovered as a major component in the extracts from Salix 

(willow) and have a significant impact on plant growth and 

development, photosynthesis, transpiration, ion uptake and 

transport and also induces specific changes in leaf anatomy 

and chloroplast structure(Hayat et al 2008). In recent years 

salicylic acid (SA) has been the focus of intensive research 

due to its function as an endogenous signal mediating local 

and systemic plant defense responses against pathogens. It 

has also been found that SA plays a role during the plant 

response to abiotic stresses such as drought, chilling, heavy  

metal toxicity, heat, and osmotic stress (Rivas-San Vicente 

and Plasencia 2011). Zarghami et al (2014) obtaining the 

highest corolla tube, chlorophyll content, plant height, leaf 

area, root and shoot dry weight and biomass, stomatal 

conductivity, primary and secondary shoots produced by 

Iranian variety with salicyclic acid on petunia. Moreover, 

salicylic acid activated the synthesis of carotenoids, 

xanthophylls and the rate of de-epoxidation, but decreased 

the level of chlorophyll pigments, both in wheat and moong 

plant and also the ratio of chlorophyll a/b, in wheat seedlings 

(Moharekar et al 2003). Shinwari et al (2018) found 

exogenously applied various levels of acetyl salicylic acid 
0 1 2(ASA) including ASA  (Control), ASA  (0.30mM), ASA  

3 4 5(0.60mM), ASA  (0.90mM), ASA  (1.20mM), ASA  (1.50mM) 

were investigated for induction of thermo-tolerance in tomato 

seedlings, indicated that chlorophyll contents was affected 

significantly by both ASA treatments and growth conditions. 

Therefore, this study was conducted to determine any 

application and any concentration of salicylic acid was 

perfect and any variety of petunia was responded better to 

this acid.

MATERIAL AND METHODS

Preparation of salicylic acid: Salicylic acid (SA) prepared 

by dissolving 1 gm from SA in later distilled water to be it is 

concentration  1000 ppm, as stock solution. Along with this to 

reduce mistake in chemical preparations is using titration law 

(N ×V = N ×V ), to prepare the studied concentrations  of 1 1 2 2

0,100,200 and 300 ppm. In addition with distilled water stirrer 



then quantities were placed separately in a 1 liter flask for 

each treatment. The treatment namely: T :100,200 and300 1

ppm SA by soaking seed method. T :100,200 and300 ppm 2

SA spraying on plant method and T :100,200 and300 ppm SA 3

soaking seeds and spraying plant method

Growth condition: This experiment was conducted  under 

natural conditions in a Greenhouse of Muthanna University 

by using two varieties of plant seeds soaking and non-

soaking for P. hybirda  and P. niglefera are putting in pots that 

weight 4 kg in three repeats for each treatment. Irrigation the 

pots with 75% field capacity. More than 20 seed/pot. When 

the seedlings are begging in growth, then reduce its number 

for 3 seedlings. At the age of around 75 days, the plants were 

sprayed in SA. Spraying in every week for 6 weeks.

Estimation of chlorophyll type and carotenoid content: 

Collect of Petunia sp. leaves after end of treatment by SA and 

are washed by fresh water, then distal water to prepare for 

measurement the pigments Chlorophyll and carotene 

contents was evaluated in fresh leaves by the method of 

(Makinny 1941, Arnon 1949 ). A total of 200 mg of fresh tissue 

from inter venial leaf areas was crushed using a mortar and 

pestle containing 80% acetone. The optical density (OD) of 

the solution was recorded at 645, 663nm for chlorophyll 

estimation and 452.5 nm for carotenoid estimation using a 

spectrophotometer. The following relationships were used to 

calculate the amount of chlorophyll: 

Chl. a = (12.7 (D663) – 2.69 (D645)) × V /(1000 × W). 

Chl. b = (22.9 (D645) – 4.68 (D663)) × V /(1000 × W) .

Carotenoids=4.2×D452.5 –(0.0264 Chl.a+0.426 Chl. b).

D= the optical density reads of chlorophyll extracted at 

the wavelengths 663 and 645 nm, respectively. V= The final 

Petunia sp. Treatment 
methods

Con. Ppm Interference 
species×
treatment

Effect of 
species

Effect of 
treatment

0 100 200 300

P. niglefera T1 0.55 c 0.84 c 1.06 bc 0.886 bc 0.861 b

T2 0.55 c 1.18 bc 1.086 bc 1.046 bc 0.993 b

T3 0.55 c 2.146 ab 1.45 abc 1.14 bc 1.349 ab

P.  hyberada T1 0.66 c 1.326 abc 1.516 abc 1.346 abc 1.185 ab

T2 0.66 c 1.38 abc 1.82 abc 1.453 abc 1.295 ab

T3 0.66 c 2.46 a 1.82 abc 1.726 abc 1.639 a

Interference 
plant × Con.

P. niglefera 0.55 c 1.388 ab 1.198 abc 1.0244 bc 1.068 b

P. hyberada 0.66 c 1.862 a 1.596 ab 1.484 ab 1.373 a

Interference 
treatment × 
Con.

T1 0.605 c 1.083 bc 1.288 bc 1.116 bc 1.023 b

T2 0.605 c 1.49 b 1.27  bc 1.213 bc 1.144 ab

T3 0.605 c 2.303 a 1.635 ab 1.433 bc 1.494 a

Effect of  Con. 0.605 b 1.625 a 1.397 a 1.254 a

-1Table 1. Effect of salicylic acid and treatments methods in chlorophyll a content (mg g ) of Petunia sp

*All numbers have the same letters are No significant difference at probability level 5% under Duncan polynomial test

volume of the diluted acetone is (80%). W= dry weight per 

gram of extracted vegetable tissue.

RESULTS AND DISCUSSION

Effect of SA in Chlorophyll a: The results of Table 1 showed 

the effects of salicylic acid in increasing the content of 

chlorophyll a, the best concentrations of SA at 100 ppm in the 

third treatment T  (seed soaking + spraying plants) and in 3

plant , where it gave the highest value of chlorophyll P. hybrida

A content at (2.46) mgg , compared with the other three -1

concentrations in the same coefficients or in the remaining 

coefficients, and for the same plant. On the other hand, the 

lowest values for chlorophyll content were 0.886 mgg  of -1 P. 

niglefera at 300 ppm concentration.

In addition, all treatments with salicylic acid gave 

significant differences at the probability level of 5% and for all 

concentrations compared with treatment control for both 

plants at (0.66 and 0.55) mg g , respectively.-1

Effect of SA in Chlorophyll b: The results of Table 2 showed 

the effects of salicylic acid in increasing the content of 

chlorophyll b The highest value at 100 ppm concentration 

approximately (1.083) mg g  for the treatment T  (soaking -1

3

seeds + spraying plants), the values belong to a plant P. 

hyberada P. niglefera  as for the . The highest value of 

concentration was 100 ppm and for same treatment  (0.913)  

mg/g In addition to that we find the lowest  value for the same 

plant back to the concentration 100 ppm, but for T  treatment 1

it was (0.4) mgg-1.

All concentrations with salicylic acid offered significant 

differences at the probability level of 5%, in comparison to 

control.  
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Effect of SA in Carotene concentration: The data in Table 

3 showed activity of salicylic acid increase in the carotene 

content of the plant for the  sp.  It can be seen from the Petunia

values that the highest significant concentration is below the 

probability level 5% to the third treatment T  was 9.63 mg g  -1

3

for the concentration of 100 ppm and it was share of the plant 

P. hybridia, while the same concentration, for the same 

treatment but for plant  is 6.98 mg g . -1P. niglefera

The plant, the treatments and interference between 

plant and concentrations had significant differences from the 

control concentration at the probability level of 5%. The 

metabolic aspects of plants, supplied with SA or its 

derivatives, shifted to a varied degree, depending on the 

Petunia sp. Treatment 
methods

Con. Ppm Interference 
species× 
treatment

Effect of 
species

Effect of 
treatment

0 100 200 300

P. niglefera T1 0.55 bc 0.306 c 0.466 bc 0.4   bc 0.458 b

T2 0.55 bc 0.52 bc 0.486 bc 0.42  bc 0.521 b

T3 0.55 bc 0.913 ba 0.6   abc 0.5   bc 0.668 ab

P. hyberada T1 0.66 abc 0.54 bc 0.6  abc 0.546 abc 0.559 ab

T2 0.66 abc 0.76 abc 0.62 abc 0.586 abc 0.629 ab

T3 0.66 abc 1.083 a 0.78 abc 0.66 abc 0.768 a

Interference 
plant × Con.

P. niglefera 0.55 ab 0.58 ab 0.517 ab 0.44 b 0.549 a

P. hyberada 0.66 ab 0.794 a 0.666 ab 0.597 ab 0.652 a

Interference 
treatment × 
Con.

T1 0.605 b 0.423 b 0.553 b 0.473 b 0.508 b

T2 0.605 b 0.64  b 0.553 b 0.503 b 0.575 ab

T3 0.605 b 0.998 a 0.69 ab 0.58 b 0.718 a

Effect of  Con. 0.605 a 0.687 a 0.592 a 0.518 a

-1Table 2. Effects of salicylic acid on Chlorophyll B concentration (mg g ) of Petunia sp. Plant

*All numbers have the same letters are No significant difference at probability level 5 under Duncan polynomial test

Petunia sp. Treatment 
methods

Con. ppm Interference 
species×treatment

Effect of 
species

Effect of 
treatment

0 100 200 300

P. niglefera T1 2.55 b 6.033 ab 6.00 ab 3.81 b 4.01 a

T2 2.55 b 6.487 ab 6.033 ab 4.853 ab 5.236 a

T3 2.55 b 6.98 ab 6.05 ab 3.907 b 5.706 a

P. hyberada T1 3.47 b 6.807 ab 6.507 ab 5.887 ab 5.181 a

T2 3.47 b 7.42 ab 6.867 ab 5.187 ab 5.96 a

T3 3.47 b 9.63 a 7.003 ab 5.45 ab 6.15 a

Interference 
plant × Con.

P.  niglefera 2.55 c 6.491 a 6.451 a 4.848 bc 5.113 a

P. hyberada 3.47 bc 6.911 a 6.623 a 5.646 ab 5.633 a

Interference 
treatment × 
Con.

T1 3.01 b 6.42 ab 5.837 ab 4.953 ab 4.622 a

T2 3.01 b 6.507 ab 6.158 ab 5.68 ab 5.443 a

T3 3.01 b 8.317 a 6.735 ab 4.848 ab 6.055 a

Effect of  Con. 3.01 b 6.557 a 6.278 a 5.649a

-1Table 3. Effects of salicylic acid on carotene concentration (mg g ) of Petunia sp.

*All numbers have the same letters are No significant difference at probability level 5% under Duncan polynomial test

plant type and the mode of application of SA. The application 
-1of SA (20 mg ml ) to the foliage of the plants of Brassica 

napus improved the chlorophyll contents (Ghaiet al 2002). 

Similarly, soaking the grains of wheat in 10-5M of SA resulted 

in the plants with higher pigment contents which declined as 

the concentration of SA was increased (Hayat et al 2005). 

Moreover, 30 day old plants of Brassica juncea sprayed with 
-510 M of SA possessed chlorophyll  higher than those 

sprayed by water only, however the maximum concentration 
-3(10 M) decreased the chlorophyll contents and the values 

were below that of water sprayed control, at 60 day stage 

(Fariduddin et al 2003). However, the leaves of corn and 

soybean applied with acetyl salicylic acid (ASA) or gentisic 
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acid (GTA), exhibited no change in their chlorophyll contents 

(Khan et al 2003). The impact of exogenous application of 

salicylic acid (SA 0.01 mM) in Arabidopsis (Borsani et al 

2001) and in tomato plants (Kaydanet al 2007).

CONCLUSION

The increase of chlorophyll a, b and carotene 

concentration in Petunia sp. is treated by SA, perhaps was 

because of its promotion of plant hormone to improvement in 

all physiological aspects. Pre-sowing soaking treatment of 

seeds with SA, positively, affected the chlorophyll a, 

chlorophyll b and carotenoids.  
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Effect of Integrated Pest Management on  Mortality of Whitefly 
Parasitoid Eretmocerus eremicus (Hymenoptera: Aphelinidae) 

on Egg Plant 
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Abstract: The toxicity of some integrated pest management programs on the natural enemy of the whitefly Bemisia tabaci (Genn.) were 

evaluated for the parasitiod Eretmocerus eremicus using simple counting method on laboratory conditions. Mortalities from the two used IPM 

programs (Isaria fumosorosea + Applaud (a.i. Buprofezin) + Evisect (Thiocyclam hydrogen oxalate)) and (Applaud + encapsulated Evisect 

(nano formulation) were 100% for the adult parasitoid indicating that the parasitoid were seriously affected by these applications. The chemical 

used were seriously harmful to the parasitoid and no individual could survive the side effect of these applications. The results indicate that the 

entomopathogenic fungi, IGRs, classical pesticide and nanoformulation of pesticide used in this experiment are highlytoxic, and are not 

compatible with the use of parasitoids to support natural control of whiteflies under integrated pest management in greenhouse conditions.
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Encarsia and Eretmocerus are the most commonly 

occurring parasitoids of B. tabaci (Shah et al 2015). 

Generally, Eretmocerus are solitary, internal parasitoids of 

whitefly that complete larval development in the whitefly 

nymph, and pupate in the mummified fourth instar nymphs. 

Adult Eretmocerus emerge from the mummified whitefly 

nymphs through an exit hole cut in the dorsum of the host 

(Gould et al 2008). Eretmocerus species are tiny wasps. 

Eretmocerus is an ecto-endo parasitoid of females.

MATERIAL AND METHODS
2 The experiment was performed in a greenhouse (240 m

on eggplant var. Barcelona). Each replicate consisted of 40 

plants, only 10 plants were marked and numbered from 1-10 

to be observed and monitored for the chosen time interval of 

the experiment (winter season 2018). Plants were chosen 

carefully to be homogenous in infection of the parasitoid host 

Bemisia tabaci.

Collection of the parasitoid E. eremicus: Three leaves 

were taken from each marked plant from base, middle and tip 

of the vegetative parts. Leaves with no insects (pupa or 

exuvia) were excluded from the experiment while the infected 

ones were then taken into a squared plastic vials with wet 

cotton on the bottom and covered with a fine mesh under a 
odegree of 18 ± 2 C.The vials were observed for 4-6 hours 

each day and all emerged parasitoid individuals were 

collected and preserved for the counting and classification.

Application of Isaria fumosorosea: Five grams of I. 

fumosorosea commercial product was diluted in aliter 

distilled water. Hand sprayer was calibrated manually to set 

the pressure of the sprayer and used Plants were sprayed 

bottom up to concentrate on the lower side of the leaves 

where all stages of the insect host B. tabaci are located.

Application of classical Evisect and Nano Evisect: Both 

WP and Nano Evisect were suspended in distilled water 

separately (according to insecticide label recommendations 

for the classical Evisect and then sprayed as mentioned 

before.

Application of IPM programs: The IPM programs included 

two or three steps (Table 1) with seventy two hour time 

interval among treatments.

Control: This was sprayed only with DW.

RESULTS AND DISCUSSION

Density of whitefly parasitoid Eretmocerus: The initial 

densities shows low values in the beginning of the infestation, 

after few weeks the densities of the adult parasitoid 

increased as the population of their insect host ( ) B. tabaci

start to increase (Table 2).

After application of the IPM programs no adult of E. 

eremicus survived  in both samples taken after application 

(Table 1). The leaf samples taken from the two applied IPM 

programs did not contain any living individual of the 

parasitoid (100% mortality). However, the control treatment 

showed that the adult parasitoid continue to exist and it could 

be due to the lack of toxic chemicals applied from one hand 

and availability of its insect host B. tabaci from the other. 

Gerling and Sinai (1994) found that the young adult of the 

parasitoidE. eremicus are affected by the IGR (buprofezin) 

used to control B. tabaci (Gennadius) while pupa of the 



Treatment st1  step nd2  step rd3  step

T1 IPM 1 Isaria 
fumosorosea

Applaud (a.i. 
Buprofezin)

Evisect 
(Thiocyclam 
hydrogen oxalate)

T2 IPM 2 Applaud Evisect 
(encapsulated) 
nano-formulation

-

T3 Control Distilled water DW DW

Table 1. IPM programs used to control Bemisia tabaci on 
eggplants for the winter season 2018 under 
protected culture

Treatments No. of individuals/plant

Before application After application

st1   
sample

nd2   
sample

rd3  
sample

st1   
sample

nd2   
sample

T1 5.33 8.7 14.0 0.00 0.00

T2 6.00 8.0 14.3 0.00 0.00

Control 5.33 8.3 14.3 12.00 11.67

CD (p=0.05) N.S N.S N.S 4.61 2.40

Table 1. Densities estimates of the whitefly adult parasitoid 
Eretmocerus eremicus (2018-2019)
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Fig. 1. Effect of IPM programs on adult parasitoid 
Eretmocerus eremicus for the winter season 2018-
2019

parasitoid was not affected in laboratory trial. The harmful 

effect of buprofezin on young Eretmocerus sp. probably is 

related to the ovipositional habits and immature 

development. Eretmocerus sp. lays its eggs under the host, 

after that they hatch, larvae then penetrates the host. After 

penetration, the larva develops inside a capsule formed by 

the insect host that maintains contact with the surroundings 

(Gerling et al 1991).The contact with the external 

environment exhibited by eggs and young Eretmocerus sp. 

larvae may expose them to buprofezin vapor. Buprofezin 

applied to immature E. tejanus Rose and Zolnerowich 

(Hymenoptera: Aphelinidae) reduced the longevity of 

surviving adults but a similar effect on Eretmocerus mundus 

Mercet was not observed by Jones etal (1998). Hoddle et al 

(1997) assumed that If an IGR is to beused with E. eremicus 

in a reduced parasitoid release program then reduced 

parasitoid longevity and fecundity could have a significant 

effect on whitefly control, as host feeding and parasitization 

rates of parasitoid progeny may be reduced following IGR 

applications tohosts within which parasitoids are developing. 

This effect could be significant, as parasitoid reproduction 

within greenhouses can augment weekly releases and 

enhance whitefly control.

Foraging behaviors of female E. eremicus were affected 

by dried IGR residues on poinsettia leaves when B. 

argentifolii patches were presented for host feeding and 

oviposition. Kinoprene and pyriproxyfen (both liquid IGRs) 

residues were highly repellant to parasitoids1.5 h after 

drying. Following a 48-h drying period which significantly 

reduced leaf abandonment rates for these two IGRs, E. 

eremicus females were not observed foraging on B. 

argentifolii nymphs treated with pyriproxyfen and parasitoids 

spent significantly less time on kinoprene-treated leaf halves. 

Behavioral assays indicated that E. eremicus would readily 

abandonleaf halves to forage on non-kinoprene and non-

pyriproxyfen treated leaf surfaces (Hoddle et al 2000). In a 

study on the natural enemies of B. tabaci, Naranjo et al 

(2004) found that insecticide regimes based on the initial use 

of the IGR buprofezin or pyriproxyfen reduced densities of 

eight predator taxa out of 20 examined in at least one year, 

including common species such as Geocoris punctipes 

(Say), Nabis alternatus Parshley, Chrysoperla carnea and 

the empidid fly Drapetis nr. divergens. Moreover, the 

researchers suggested that patterns of predator and pest 

population change relative to IGR application dates suggest 

that factors such as reduction in prey availability, were likely 

involved in the reduction of these species other than direct 

toxic effects of these compounds.

Other researchers showed different effects of IGRs on 

some parasitoid species including , they found E. eremicus

out that mortalities recorded from the use of insect growth 

regulators (IGRs) (flufenoxuron and lufenuron) were <30% 

for both pupae and adults of all three species Eretmocerus 

mundus E. eremicus Encarsia formosa (Mercet),  Rose and  

Gahan indicating that the parasitoids were not seriously 

affected by these compounds (Sugiyama et al 2011).

No previous results was study on the effect of the Evisect 

on the parasitoid . The present results showed E. eremicus

that this broad spectrum pesticide was seriously harmful to 

the parasitoid both in classical and nano-formulation that it 

caused 100% mortality (Fig. 1). The used pesticide 

decreased the pest population rapidly and this could be the 

reason of its lethal effect. The parasitoid of  E. eremicus
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Fig. 4. The exuvia of the whitefly B. tabaci (Genn.) under 
magnification.a. The healthy exuvia with red eye-
spots of B. tabaci.b. B. tabaci exuvia parasitized by 
E. eremicus upper view. c. E. eremicus in final 
developmental stage on prepared microscopic slide 
(lower light).

develop inside the host pupa, the death of the pupa could 

lead to the death of the parasitoid inside. Moreover, the lack 

of the prey due to the use of this pesticide could also 

contribute to expiration of the parasitoid other than the direct 

toxic effect of the pesticide itself (Naranjo et al 2004).

Adult parasitoid of E. eremicus: The newly emerged adults 

are highly active, as soon as they rapture the exuvia dorsum 

then they start to push their head capsule to exit the hole (Fig  .

2) and spread their wings and antennae after they exit 

successfully from the mummified pupa, few minutes after 

they start moving in the area around the mummy crust. All the 

Fig. 2. Parasitized exuvia of the whitefly Bemisia tabaci 
(Genn.) under magnification showing the adult 
parasitoid Eretmocerus eremicus rapturing the 
dorsum and emerging from host

Fig. 3. The adult of the whitefly B. tabaci (Genn.) parasitoid E. 
eremicus under magnification. a. Adult parasitoid 
wondering on lower leaf surface few minutes after 
emergence. b. Dead adult parasitoid dorsal view. c. 
Dead adult parasitoid ventral view

adults collected move to the lower side of the leaves where 

their insect host were located and no individuals were ever 

observed and/or collected from the upper side of the leaves 

and this is a strong indication that this species is located 

mainly close to its insect host and do not fly or search their 

host away from their patches (Fig. 3). The development of 

this species parasitoid can be distinguished under 

microscope in the final stages when the color of the exuvia 

changes and dark spots of the eyes, wings and antennae 

start to be visible while in the healthy exuvia of  the B. tabaci,

color is creamy white to yellowish and the red eye spots of the 

host  are seen shorty before emergence (Fig. 4).B. tabaci
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Abstract: The research was conducted to find out the seasonal abundance of cotton aphid on Cucumber (Cucumis sativus), zucchini 

(Cucurbita pepo) and pepper (Capsicum annum) cultivated during the spring season of 2017, the research also aimed to study the effect of 

host plant on α- amylase activity in cotton aphid. The results showed that the cotton aphid infestation started on the three crops with the 

beginning of growth and there was variation in the population density of cotton aphid on different crops and the highest population density was 

on cucumber crop which amounted to (21.3 individuals/disk leaf), while on zucchini and pepper crops amounted to (12.8 and 8 individuals/disk 

leaf), respectively. The results also showed that the food preference of cotton aphid on cucumber crop was due to reducing the leaves content 

of total phenols and carotenoids and increasing in the leaves content of carbohydrates compared to the leaves of both zucchini and pepper 

crops for the mentioned compounds. The highest activity of α- amylase was on aphid adults which feed on cucumber crop which amounted to 
-1 -1(1.01 U ml ) and decreased to (0.90 and 0.73 U ml ) on aphid adults which feed on zucchini and pepper crops. Understanding the nutrition 

biology for insects and the responses of host plants, helps in developing the techniques for pest management.
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The Solanaceous and Cucurbitaceous plants are 

economically important plants in Iraq and the world. The 

crops of these families are grown in the fields and 

greenhouses, infested with several insect and non-insect 

pests such as Bemisia tabaci, Thrips tabaci, Aphis gossypii, 

spodoptera littoralis, Tetranychus urticae, etc., Many 

methods were used to control pests in the field, greenhouse 

and laboratory (Ali and Ahmed 2009, Sataret al 2012, AL-

Khazrajiet al 2016, Khazrajiet al 2018). The cotton aphid 

Aphis gossypii (Glover) is one of insects that infested 

Solanaceous and Cucurbitaceous plants and the native of 

the aphid is Southern Eastern Europe. The cotton aphid was 

diagnosed first time in 1877, which returned to the family 

Aphididae and the order Hemiptera. Aphis gossypii is 

important economically in many countries of the world 

because of the economic damage that caused to the plants 

into two ways, firstly, the feeding on plant sap and secretion of 

the honeydew that causing several symptoms such as 

yellowing, leaves curl and growth fungi on the leaves as well 

as prevent of plant breath and photosynthesis because of the 

dust. Another damage can be caused by aphid, which 

transfer of plant viruses during feeding on infested plant by 

viruses.  Short life cycle of aphid and their feeding on multi-

plant hosts in different plant families exceed 900 species of 

host plants (Blackman and Eastop 2000, Dhaliwal et al 

2010). Some of insects are characterized by a high nutritional 

preference where they prefer only a certain part of the plant 

and other insects characterized by a large nutritional 

behavior that enables them to feed on the different parts of 

the plant. In addition to the difference in the nutritional habits 

for the insects, some species were characterized as 

monophagous or oligophagous, while others are 

polyphagous, insects have the ability to adapting plant 

defenses through their ability to detoxify the plant's defensive 

compounds by releasing antioxidant enzymes after feeding 

to detoxify. Food preference may be depending the 

secondary plant compounds, including phenolic compounds, 

there are many studies conducted to know the role of the 

phenolic compounds in protection plants from insects 

attacked where these compounds have an inhibitory effect of 

growth and fertility, egg-laying and repellent insects, several 

previous studies have been conducted on the effect of 

phenolic compounds on Aphid, especially the effect on 

nutritional behavior, growth, and reproduction. Phenolic 

compounds are considered one of the defenses for the plants 

to influence the aphid due to its interaction with metabolism 

and selecting the suitable nutritional host for feeding and 

laying eggs, where the concentration of bioactive 

compounds varies from plant to plant and even among plants 

belonging to one plant family (Beinger et al 2004, 

Czerniewicz et al 2016). Some researchers have indicated 

the role of carotenes resistant to insects infestation where it is 

considered one of the means of defense for the host plant 

against herbivores and pathogens. Carotenes are formed in 

chloroplasts, which are isopropyl compounds found in plants, 

algae and bacteria act as antioxidants and precursors of 



phytohormones and attractants to pollinators (Egea et al 

2010, Nisar et al 2015, Cáceres et al 2016). Carbohydrates 

are essential in feeding insects for optimal growth, increasing 

fertility, and species survival. Insect requirements for 

carbohydrates differ depending on age and gender. There 

are many enzymes involved in the metabolism of 

carbohydrates in insects, especially Aphids, which feed on 

the plant sap, it is rich in sugar compared to nitrogen. 

Carbohydrates are absorbed as monosaccharaides, α-

amylase hydrolyzes starch to maltose and glycogen to 

glucose by decomposing the α- 1, 4- glucan chains present in 

disaccharide, Understanding the function of enzymes and 

insects digestive physiology is essential for developing the 

insect control methods (Pyati et al 2011, Douglas 2006). This 

research aimed to study the effect of host plant and its 

content of chemical compounds on the population density of 

aphid and the effect of host plant on the activity of α-amylase 

in cotton aphid.

MATERIAL AND METHODS

Green house plantation: The research was conducted in 

the Department of Plant Protection, College of Agricultural 

Engineering Sciences, University of Baghdad in 2016-

2017.The greenhouses was cultivated with cucumber 

(Cucumis sativus) Baraka variety, zucchini (Cucurbita pepo) 

Zyna Flvariety, and pepper (Capsicum annum) California 

wonder variety that cultivated in overlapping form, the 

experiment was designed according to the randomized 

complete block design. The greenhouse was divided into four 

replicates for each crop and the population density of cotton 

aphid was calculated to study the seasonal abundance of 

cotton aphid on different crops by taking ten leaves cut 

randomly from each replicates and regularly weekly, the 

leaves were placed in the labeled polyethylene bags and 

transferred to the laboratory, then examined leaves to 

calculate the numbers of nymphs and adults of cotton aphid 
-2 (individuals)  5 cm (disk leaf) from the leaf for different crops.

Analysis of chemical compounds in the host plant 

leaves: The fourth and fifth leaves were collected under the 

apical meristem for a number of plants and it selected 

randomly for the three crops. The leaves were transferred to 

the laboratory and washed with water to remove the soil, 

insects, and honeydew. Estimating total phenols (Hus et al 

2003), total carotenoids based on (AOAC 1975) and total 

carbohydrates (Dubois et al 1956) were done as per standard 

method.

Assessing the activity of α-amylase: To study the effect of 

the host plants on the activity of α-amylase in a cotton aphid, 

cucumber, zucchini, and pepper were cultivated in pots (the 

height of 23 cm and their diameter of 26 cm), with an average 

of 15 pots per crop. It was divided into three replicates at the 

rate of five pots in each replicate for each of the three crops. 

After several days, an artificial infection was conducted by 

transporting 10 nymphs and adults of cotton aphid for each 

plant. The pots were then covered with organza cloth in a 

controlled manner and each crop individually to ensure the 

aphid was fed to the specified host plant. Adults were 

collected after 25 days at a rate of 50 adults per replicates per 

crop for the purpose of assessing the activity of the 

α–amylase enzyme according to the method described by 

Darvishzadeh et al (2014). Fifty individuals of cotton aphid 

were homogenizer and ground with distilled water. It was 

placed in a tube with capacity of 1.5 ml in the centrifuge at 15 

000 rpm for 15 min at a temperature of 4ºC, the experiment 

was conducted at the rate of 3 replicates per crop.

α-amylase assay: The activity of the enzyme was measured 

by dinitrosalicylic acid (DNS) based on the method described 

in (Bernfeld 1955) by taking 0.1 ml of the enzyme extract and 

adding 0.9 ml of the starch solution (1%) as substrate and 

incubated in a water bath at 35°C for 10 min then added 1 ml 

of DNSA solution. It was left in a water bath to boiling for 5 min 

and the absorbance was read using the Spectrophotometer 

at 540 nm after being left in the ice for five min. use maltose to 

prepare standard curve (Fig. 1). The concentration of 

maltose released was estimated based on a standard curve 

of absorbance during the -amylase assays.α

RESULTS AND DISCUSSIONS

Seasonal abundance of cotton aphid on host plants: 

Figure 2 shows that the first appearance of cotton aphid on 

the pepper crop at the beginning of March and the population 

density amounted to (1 individuals disk leaf ), the highest -1

population density was in the second half of March and the 

population densities started gradually decreased, then 

began disappearance in the second half of the May with 

increasing the population density of the Aphid green peach 

Myzus persicae. The reason for the disappearance of the 

cotton aphid may be due to feeding competition between the 
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Fig. 1. Standard curve to the determination of maltose 
released in the α-amylases assay

197Amylase Activity in Cotton Aphid



0

5

10

15

20

25

3
/2

/2
0

1
7

3/
9/

2
0

1
7

3/
1

6/
2

0
1

7

3
/2

3
/2

0
1

7

3
/3

0
/2

0
1

7

4/
6/

2
0

1
7

4
/1

3
/2

0
1

7

4
/2

0
/2

0
1

7

4
/2

7
/2

0
1

7

5/
4/

2
0

1
7

5
/1

1
/2

0
1

7

5
/1

8
/2

0
1

7

p
o

p
u

la
ti

o
n

 d
e

n
si

ty
in

d
iv

id
u

al
s/

5
cm

² 
le

af

C. sativus C. pepo C. annum

Fig. 2. Seasonal abundance of cotton aphid (nymphs and 
adults) on host plants

Host plants Average of 
population 
density of 

cotton aphid

Total 
phenols 
(mg 100 

-1g )

Total 
carotenoids 

-1(mg 100 g )

Per cent total 
carbohydrates

C. sativus 9.18 1.43 0.93 8.29

C. pepo 5.21 2.77 0.98 7.57

C. annum 4.43 3.73 1.11 5.98

CD (p=0.05) 2.931 1.287 0.267 1.77

Table 1. Relationship between chemical compounds of host 
plant leaves and cotton aphid population density

two aphid species. As for the cucumber crop, the highest 

population density for the insect amounted to (21.3 

individuals disk leaf ) was in mid-March and gradually -1

decreased to (4 individuals disk leaf ) at the end of April with -1

the end of the growing season for cucumber crop. As for the 

zucchini crop, the population density was very low at the 

beginning of the crop growth and the infestation continued, 

but low for most of the growing season. This may be due to 

the availability of suitable and preferred hosts of cotton aphid 

to feeding and eggs lying, which is a cucumber crop and then 

began to increase gradually and the highest increase 

amounted at the beginning of May after yellowing and death 

of the cucumbers crop. Saleh et al (2017) indicated in their 

study for the seasonal abundance of sucking insects on the 

cucumber crop and for the two seasons 2014-2015 and 

2015-2016 that a cotton aphid started to appear with the 

beginning of crop cultivating and then gradually increased 

with the developing plant growth, the infestation was during 

the Autumn season is higher than during the summer season.

Effect of chemical compounds found in host plant leaves 

on cotton aphid population density: The cucumber crop 

was more preference by cotton aphid compared to zucchini 

and pepper crops (Table 1). The highest average of 

population density for cotton aphid amounted to (9.18 

individuals disk leaf ) compared to (5.21 and 4.43 individuals -1

disk leaf ) for the zucchini and pepper crops, respectively. -1

The food preference may be due to the cucumber leaves 

content of secondary compounds, the results indicate to 

reducing the cucumber leaves content of total phenols, which 

amounted to (1.4 mg 100 g ) compared to (2.77 and 3.73 mg -1

100 g ) for the zucchini and pepper crops, respectively. In -1

addition to the reduction of the cucumber leaves content of 

total carotenoids which amounted to (0.93 mg 100 g ), while -1

the leaves content of total carotenoids amounted to (0.98 and 

1.11 mg 100 g ) on zucchini and pepper crops, respectively. -1

The table also indicated to increase the percentage of total 

carbohydrates in cucumber leaves which amounted to 

(8.29%) compared to zucchini and pepper crops. Alawami 

and Abosnena (2013) indicated that the phenol content in 

cucumber (Engliah, Kaam, Katrina Verities) amounted to 

(2.45, 2.13, 2.41 mg g  plant tissue). Gateh (2016) reported -1

that the content of carotenes in pepper leaves (Fruetescenc 

Varity) amounted to (0.62 mg 100 g ). As for the role of -1

phytochemical compounds in the insect resistance, Wojcicka 

and Leszczynski (2005) indicated that there is a positive 

correlation between plant resistance to aphids and high 

phenol content. In a study conducted by Wojcicka (2010) on 

the transgenic wheat plants, it was less preference to cereal 

aphid (  and ) than non-Sitobion avenae Rhopalosiphum padi

transgenic plants, because the total phenol in flag leaves of 

the transgenic wheat plants amounted to (9.34 mg g dry -1 

weight) compared to (4.62 mg g  dry weight) in flag leaves of -1

non-transgenic wheat. Czerniewicz et al (2016) indicated 

that phenolic compounds isolated from  L. Juglans regia

plants caused deterrent effect, where a deterrence index 

amounted to (41.3%) for  and 34.8% for Myzus persicae

Rhopalosiphum padi, as well as negative effects of phenols 

on insect life representing by decreasing fertility. Murata et al 

(2019) showed that the biological activity of some 

carotenoids derivatives and their role in resistance to insect 

infestation, which caused a decrease in the survival time 

period of both  and . Tetranychus urticae Spodoptera litura

(Hegab et al 2014) reported that the results of the chemical 

analysis indicated that there was a direct correlation between 

the host plant content of carbohydrates and the percentage 

of infestation of cotton aphid, whitefly and leafhoppers on all 

varieties cultivated for eggplant and pepper. Bayoumy et al 

(2017) explained that the population density of Aphis spp. is 

increased by increasing the percentage of total 

carbohydrates in the host plant where the average of aphids 

spp. (35.2, 39.3 and 29.6) individuals for eggplant, squash 

and common bean crops and the percentage of 

carbohydrates amounted to 45.6, 47.1 and 41.2% in the three 

crop leaves, respectively.

Activity of α-amylase in cotton aphid: Figure 3 shows that 

the highest activity of amounted to (1.01 α-amylase enzyme 
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-1U ml ) on the aphid adults which feed on cucumber crop and 

reduced on the aphid adults which feed on zucchini crop to 
-1reach (0.90 U ml ), the lowest activity was on the aphid adults 

-which feed on the pepper crop which amounted to (0.73 U ml
1). The reduction in the activity of the enzyme may be due to 

the reduction in the percentage of carbohydrates in the 

leaves of pepper crop. The results agree with (Darvishzadeh 

et al 2014) who mentioned that the activity of α-amylase for 

cotton aphid feed on cucumber crop amounted to (1.225 U 
-1ml ). The benefiting from carbohydrates in insects depends 

on hydrolysis, absorption, and metabolism, which is a 

complex relationship, the increase in the content of both 

starch and glycogen in insect food indicates the presence of 

digestive enzymes in the insect's gut. Bandani et al (2001) 

and Applebaum et al (1961) explained with increasing the 

need for digestion and high carbohydrate metabolism, we 

notice an increase in the number of enzymes responsible for 

carbohydrate digestion, thus the importance of amylase 

appear in the survival, growth, and development of insects. 

CONCLUSIONS

Insects differ in their food preference depending on their 

basic needs of different nutrients for their growth and 

development, they prefer nutrition over another, therefore 

insects be have different behavior to choose the best 

nutrition, depending on several factors, including the traits of 

the host plant, where many plants have the traits and 

morphological characteristics make them a plant host 

resistant to insects infestation including the presence of 

trichomes, glandular bristles, leaf area, the thickness of 

cuticle layer and plant age or depending on the secondary 

plant compounds and the variation of the contents of 

nutrients, including soluble proteins and carbohydrates, as 

well as the different nature of plant sap and pH, which play a 

major role in the behavior of nutritional preference for insects. 

The results obtained from the current study can be utilized in 
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Fig. 3. Relationship between activity of α-amylase on cotton 
aphid and host plants

the use of plant crops as an attractive insect traps depending 

on the contents of plant compounds and their inclusion in 

integrated pest management programs.
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Effect of Foliar Feeding on Copper and Molybdenum in Some 
OF the Physiological, Productivity and Quality Traits for Two 

Genotypes Mung Bean (Vigna radiata L.)
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Abstract: A field experiment was carried out in the autumn season of the years 2017 and 2018 in Anbar province, the alsharqia Husaybah 
o oregion- Located on the (a longitude of 43.46  and a latitude of 33.41  width circuit), to determine the effect of leave feeding on three 

-1 -1concentrations of copper (0, 8 and 16 mg Cu l ) and molybdenum (0, 30 and 60 mg l ). In some of the physiological, productive and qualitative 
-1characteristics of two genotypes of Mung bean (Indian and local). Concentration of copper (8, 16 mg Cu L ) showed the highest efficacy of the 

-1nitrate reduction enzyme (NR) in the second season of the experiment. The concentration also gave 8 mg Cu l  the highest average of leave 
-1 -1 area and percentage of fertile in bods and seeds of plant (23.97 and 27.17 gplant ). While concentration gave 16 mg Cu l highest percentage 

of molybdenum in leaves and number of bods plant and ratio of carbohydrates in seeds (21.44 and 22.05%) seasons respectively. 
-1Concentration of molybdenum given 30mg l , highest average leave area, number of pods plant, bods fertilization ratio, plant seed yield (28.15 

-1and 31.70 g), carbohydrate ratio in seeds (22.10 and 22.69%) and seasons respectively. While the concentration of 60 mg l  gave the highest 
-1 -1efficacy of the NR in leaves the second season (137.11 μm NO2 gm hour ) and the highest molybdenum ratio in both seasons (13.9 and 21.57 

-1mg kg ) dry matter, respectively. Indian genotype superiority (NR) in season and in all other traits and both seasons except for the leave area.

Keywords: Copper, Molybdenum, Physiological trait, Quality trait, Mung bean
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Moong (Vigna radiata L.) is an important fabaceae crop, 

which is used in most of the countries produced mainly as a 

food for humans or as a protein source, which ranged in seeds 

from (19-29%), carbohydrates (62-65%) and fat (1- 5%), 

These ratios depend on the genotypes used and the 

prevailing environmental factors (AL-Fahdawi 2016, Ali 1990). 

The plant is also grown for green animal feed and to improve 

soil properties, especially in reclaimed land. The problem of 

this crop is the increase in the percentage of flowering falling 

that reaches 60-80% of the total flowering in the plant (Ali 

1990). This high percentage leads to a decrease in yield 

productivity. One of the treatments of this problem is the use of 

nutrients related to increasing fertility rate flowers, seeds and 

pods, especially balanced foliar feeding with molybdenum 

and copper.  Copper is a small nutrient that performs this role, 

The lack of it causes an imbalance in plant growth through its 

participation in photosynthesis in photosynthesis and 

oxidation and reduction processes in the electronic transport 

chain (Electron transport chain) in aerobic respiration (Abu 

Dahi and al-Yunis 2017, Ara and Hasan 2009, Black 1965). 

The molybdenum component also plays an important role in 

photosynthesis processes within the plant, It is the key to the 

biological metabolism of the nitrogen element, and the 

process of biologically stabilizing atmospheric nitrogen by 

micro-soil regeneration stimulates and increases efficiency in 

the availability of this element (Ali 1990).

Based on the importance of the above, this study aims to 

know the best concentration of the copper and molybdenum 

component achieves a significant increase in growth, seed 

yield and some specific traits. Determine the best genotype 

that responds to the foliar feeding of these two elements and 

gives the highest seed yield with improved quality of the yield.

MATERIAL AND METHODS

A field experiment was carried out in the autumn season 

of 2017 and 2018 in Anbar province in the alsharqia 

Husaybah region located near of the Habbaniyahon the right 
obank of the Euphrates,  on a longitude of 43.46  and a latitude 

oof 33.41 , in soil with a mixture of green clay (Table 1).  The 

target of study is the effect of three concentrates of copper (0, 
-1 -18 and 16 mg Cu l ) and molybdenum (0, 30 and 60 mg Mo l ) 

in some physiological, productive and qualitative 

characteristics of two genotypes of Mung bean (Local and 

Indian VCV 89A10). The experiment was carried out in the 

order of split-split plots according to the design of randomized 

complete block design and four replicates, The genotypes 

included main plots, while the molybdenum component 

included sub plots and copper the sub-sub plots, use 

ammonium molybdate 6MO 7O24 4H O (NH4) (12.88% MO) 2

as a source of molybdenum, copper sulfate CuSO  5H O 4 2

(39.28% Cu) as a copper source. The molybdenum and 

copper concentrations were sprayed on the first two steps at 



the beginning of the vegetative growth and the second at the 

beginning of the flowering. The comparison treatment was 

sprayed with distilled water only. Plant the sprayed in the 
-1evening using a 16 liter and add 0.15 ml L  of the zahi as a 

diffuser to reduce the surface tension of the water and ensure 

complete wetness of the leaves and increase the efficiency of 

the spray solution to penetrate the outside surface of the leaf 

(Abu Dahi et al 2001).  The experimental land was divided 
2into experimental units area  7.5 m  (3m x 2.5m) and 

contained of six lines along the length of the line 3m between 

the line and another 40cm and between hole and another 
-125cm to obtain plant density 100,000 plants h  (Ashwini 

2005). Seedlings were planted for both varieties which was 

obtained from the Department of Agricultural Research - 

Ministry of Agriculture on 26/7 of 2017 and 2018 at a depth of 

2-3 cm and after the complete of germination plants, keep 

one plant one plant in hole.  Land of experiment with 

phosphate and nitrogen fertil izers according to 

recommendations for the amount of fertilizer and the date of 

addition (Ali 2012). The efficacy of nitrate reduction enzyme 

(NR) according to the method proposed by Ashwini (2005). 

The concentration of molybdenum in the leaves after 10 days 

of the second spray of both elements (copper and 

molybdenum) was determined by a Flame Photometer (PGI 

Automatic 2000) of English origin in the manner cited by 

(Black 1965).  Leave area measurement after 14 days of the 

measurement of the enzyme effectiveness, according to the 

way disk, where take 30 leave disk from 10 plant leave. Dry 

plant and disk leaves, then estimated leave area in the 

following equation. Leave area plant (Dry weight plant leaves 

/dry weight for 30 disk)* area of 30 disk (Johnson and 

Arris1967).

The harvest was for the first season on 20/10/2017 for 

Elements \ unit 2017 2018

pH 8.5 7.8

-3Electrical conductivity EC MG m Soil 4.25 3.85

Water 2.4 2.7

N 42% 40.40%

P 10.70% 10.30%

K 194% 185.20%

Zn 0.32% 0.42%

Cu 0.26% 0.29%

Sand 50.2 ppm 55.7 ppm

Clay 460.4 ppm 458.8 ppm

Silt 480.4 ppm 485.5 ppm

texture Silt clay Silt clay

Table 1. Some chemical and physical properties of pre-
planting experiment soil for both 2017 and 2018

the Indian variety and on 30/10/2017 for the local variety. In 

the second season, on 13/10 for the Indian variety and 27/10 

for the local variety for 2018.  The number of bods was 

calculated as the average number of plants in 10 plants 

randomly taken from the mid lines of each experimental unit. 

Plant seeds were calculated from the ten plants' bods that 

were dried in an electric furnace at an appropriate 

temperature, then weighed by a sensitive balance and then 

take the averaged. The ratio of carbohydrates in seeds was 

estimated according to the official method of chemical 

analysts (AOAC 1990).  The statistically data was analyzed 

using Genstat and the least significant difference (L.S.D) was 

used to compare the averages at the probability level of 0.05 

(Al-Rawi and Khalafallah1980).

RESULTS AND DISCUSSIONS

Total efficacy of enzyme nitrate-reduced NR (micromol 
-1 -1NO  g  hr ): 2 Figure 1a shows that the effectiveness of this 

enzyme increased with the increased concentration of 

copper-based leave feeding, increasing from 120.85 when 

compared to 131.96 at the concentration of 8 mg Cu l . And -1

then to 133.35 m NO  gm  hour-1 hourly weight at the high -1μ 2

concentration of copper (16 mg Cu ) but the increase was not -1

significant after copper concentration 8 mg Cu l . This -1

increase in the effectiveness of the enzyme by adding the 

element of copper is due to the that the mineral elements, 

especially the copper element, is a stimulant for the 

effectiveness of the enzymes, As well as it is enter in the 

composition of the metal part of the enzyme (non-protein) 

and this is reflected positively on the performance of the 

enzyme and its effectiveness.

Figure 1b, there was a significant increase in the 

effectiveness of the reduced enzyme of nitrate with increased 

concentration of foliar feeding with molybdenum until it 

reached the highest concentration at 60 mg l , which reached -1

137.11 Micromol NO  gm  Light weight hour , with an -1 -1

2

increase of 13.71 and 6.73% compared to its effectiveness in 

the treatment of the control (Mo 0) and the concentration 

plants 30 mg l  respectively. The role of molybdenum in the -1

efficacy of NR is due to the fact that it is a key component of 

this enzyme and, it worked as a catalyst or stimulation and 

thus increases the efficiency of the enzyme in nitrate 

reduction process.

Figure 1c, the efficacy of the enzyme was high and 

significantly in the plants of the Indian genetics, which 

amounted to 130.99 m NO  gm  hr . As compared to its -1 -1μ 2

effectiveness in local genotypes, which reached 126.45 m μ

NO  gm  hr .-1 -1

2

2 -1Leave area plant (cm plant ): Table 2 shows that feeding 

plants with a concentration of 8 mg Cu l  gave the highest -1
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Fig. 1. Effect of Cu and Mo paper feeding on the total 
effectiveness of nitrates reduction enzyme NR (μm 

-1 -1NO  gm  weight hr ) for two genotypes of mung bean 2

for the season (2018)

average leave area in both seasons of 437.46 and 445.37 

cm  plant  respectively, significantly superiority the high 2 -1

concentration of copper (16 mg Cu ). Comparative plants -1

that gave the lowest mean for both seasons were 369.67 and 

378.27 cm , respectively. The reason for the increase of 2

leave area at the concentration of 8 mg Cu l  may be due to its -1

superiority in plant height and the number of plant branches 

and thus increase the number of leaves in the plant and then 

increase the leave area (AL-Fahdawi 2016, Kalaikandhan et 

al 2014, Mohammadi 2011).

It is clear from the same table that plants with 
-1Molybdenum concentration (30 mg l ) gave the highest 

average leave area in both seasons of 442.38 and 451.67 
2 -1cm  plant  respectively and significantly superiority the 

-1concentration plants (60 mg l ). The comparison plants 
2 -1recorded the lowest average of 365.12 and 375.00 cm  plant  

and for the two seasons, respectively. This result agree with 

Awomi et al (2012), Malik and Singh (2015).

The results of Table 2 showed that the local genotype 

significantly superiority the mean leave area in both seasons 
2 -1of 455.03 and 463.57 cm  plant  respectively, and increased 

by 29.76 and 28.68% for the Indian genotype, which gave the 
2 lowest mean in the seasons was 350.67 and 360.26 cm

-1plant  respectively. This results agree with (AL-Khafaji 2015, 

Al-Mahmoudi 2012).

Interaction between copper and molybdenum the plants 

with concentration of 8mg L  with a concentration of 30 mg l  -1 -1

significantly superiority all other interference coefficients in 

this characteristic, in which the comparison plants gave the 

two plants the lowest mean of the two seasons.  The results 

of the double and triple interactions between the studied 

factors were significant in this and both seasons (Table 2).
-1Molybdenum ratio in the leaves (mg kg  dry matter): The 

results of Table 3 showed a significant increase in the ratio of 

molybdenum in leaves with an increase in concentrations of 

copper and both seasons. The high concentrations of copper 

(16 mg Cu l ) showed the highest ratio of the elements in both -1

seasons of 10.81 and 15.70 mg kg  dry matter, respectively, -1

compared to the control treatment that gave the lowest ratio 

of the two seasons amounted 8.71 and 12.07 mg kg  dry -1

matter, respectively. The percentage of molybdenum in 

leaves increased with the addition of its level. The plants 

achieved concentration (60 mg Mo l ). The highest ratio in -1

both seasons was 13.90 and 21.57 mg kg  dry matter -1

respectively, while the control plants recorded the lowest 

ratio of 5.59 and 5.79 mg kg  dry matter and for the two -1

seasons respectively, this results agree with (Kandil and 

Abdelhamid 2013) on the bean crop. The results of Table 3 

showed that the plants of the Indian genotype gave the 

highest ratio of molybdenum in their leaves in both seasons 

of 9.81 and 15.01 mg kg  dry matter respectively, and -1

significantly superior the local genotype plants which 

recorded the lowest ratio in the seasons of 9.70 and 12.77 mg 

kg  dry matter, respectively. The results of the triple -1

interference between the studied factors showed that they 

were significant in this trait and for both seasons.

Number of bods plant: Table 4 shows that plants with high 

concentration of copper (16 mg Cu l ) gave the highest mean -1

of 54.25 and 55.36 bod plant  and differed significantly from -1

the concentration plants of 8 mg Cu l  and the control plants -1

that gave the lowest average 49.24 and 49.38 bod plant  and -1

for the two seasons, respectively. This result agree with 

others researches (AL-Fahdawi 2016, Mohammadi 2011, 

Mohsen et a l2013). The same table shows that the plants 

that were sprayed with a concentration of 30 mg Mo L  gave -1

the highest average in the seasons of 59.41 and 59.87 bod 

plant  respectively and significantly superior the control  -1

plants that gave the lowest average of the seasons in 44.53 

and 45.90 bod plant  respectively. The results of this study -1

were agreed with (Awomi 2012, Hazili and Fajr 2016, Tahir 

and Muhammad 2014).  

The results of Table 4 indicate that the Indian genotype 

was significantly superiority higher average in the two 
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2017 2018

Genotypes Concentrations 
-1of MO (mg  l )

-1Concentrations Cu (mg l ) VxMo -1Concentrations Cu (mg l ) VxMo

0 8 16 0 8 16

Indian (V1) 0 287.19 344.70 309.39 313.76 299.42 355.77 322.38 325.86

30 352.79 415.10 374.63 380.84 364.16 424.94 383.40 390.83

60 337.26 379.25 355.76 357.42 345.33 383.12 363.77 364.08

Local (V2) 0 389.07 453.43 406.93 416.48 392.30 460.82 419.29 424.14

30 444.42 557.29 510.06 503.92 448.92 565.80 522.81 512.51

60 407.29 475.01 451.74 444.68 419.50 481.74 460.94 454.06

LSD 5% 5.048 2.867 8.466 5.228

Average  (V) Average (V)

VxCu V1 325.75 379.69 346.59 350.67 356.52 387.95 336.30

V2 413.59 495.24 456.24 455.03 467.68 502.79 420.24

LSD 5% 2.713 1.694 4.956 4.241

Average (Mo) Average (Mo)

MoxCu 0 338.13 399.06 358.16 365.12 345.86 408.30 370.84 375.00

30 398.61 486.20 442.34 442.38 406.54 495.37 453.10 451.67

60 372.27 427.13 403.75 401.05 382.42 432.43 412.36 409.07

LSD 5% 3.711 2.328 6.051 3.856

Average (Cu) 369.67 437.46 401.42 378.27 445.37 412.10

LSD 5% 2.155 3.484

2 -1Table 2. Effect of foliar feeding on Cu and Mo in the average leave area of the plant (cm  plant ) for two genotypes of mung 
bean for the seasons (2017 and 2018)

2017 2018

Genotypes Concentrations 
-1of MO (mg  l )

-1Concentrations Cu (mg l ) VxMo -1Concentrations Cu (mg l ) VxMo

0 8 16 0 8 16

Indian (V1) 0 5.91 6.51 6.87 6.43 6.11 6.67 7.10 6.62

30 8.57 9.22 11.57 9.79 12.83 15.40 17.84 15.36

60 12.61 12.81 14.26 13.22 20.74 22.94 25.49 23.06

Local (V2) 0 4.20 4.86 5.18 4.75 4.42 5.05 5.40 4.96

30 7.44 10.67 11.20 9.77 10.63 13.82 15.38 13.28

60 13.56 14.37 15.80 14.57 17.69 19.55 23.02 20.08

LSD 5% 0.1661 0.0973 0.2023 0.1103

Average  (V) Average (V)

VxCu V1 9.03 9.51 10.90 9.81 13.23 15.00 16.81 15.01

V2 8.40 9.97 10.72 9.70 10.91 12.80 14.60 12.77

LSD 5% 0.0924 0.0681 NS 0.0499

Average (Mo) Average (Mo)

MoxCu 0 5.05 5.68 6.02 5.59 5.26 5.86 6.25 5.79

30 8.00 9.95 11.38 9.78 11.73 14.61 16.61 14.32

60 13.08 13.59 15.03 13.90 19.21 21.24 24.25 21.57

LSD 5% 0.1208 0.0761 0.1499 0.0925

Average (Cu) 8.71 9.74 10.81 12.07 13.90 15.70

LSD 5% 0.0700 0.0878

-1Table 3. Effect of foliar feeding on Cu and Mo in the average Mo ratio in leaves (mg kg  dry matter) for two genotypes of mung 
bean for seasons (2017 and 2018)
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-1seasons amounted  55.57 and 56.58 bod plant  respectively, 

with an increase of 16.52% and 17.14% for the local 

genotype which gave the lowest average  of 47.69 and 48.30 
-1bod plant  and for the two seasons respectively, That the 

superiority of the Indian genotype in the ratio of molybdenum 

in the leaves as well as the effectiveness of the enzyme NR 

was high in this genotype was reflected positively in 

increasing the ratio of fertility in flowers and then increase the 

number of bods. This results agree with (Ara and Hasan 

2009, Mohammadi 2011, Yusuf et al 2014). The overlap 

between the copper and genotypes Table 4 shows that foliar 
-1feeding at the concentration of 16 mg Cu l  for Indian 

genotypes achieved the highest average number of plant 
-1bods in the two seasons of 57.52 and 58.95 pod plant , 

respectively, compared to local genotype control plants Less 
-1average of both seasons was 43.80 and 43.75 bod plant  

respectively. Table 4 shows that the Indian genotype under 
-1the spraying effect of 30 mg L  gave the highest average for 

-1both seasons of 65.44 and 66.24 bod plant , respectively, 

while the lowest average was obtained in local genotype non-

sprayed molybdenum In both seasons it reached 39.89 and 
-140.79 bod plant  respectively. The results of triple 

2017 2018

Genotypes Concentrations 
-1of MO (mg  l )

-1Concentrations Cu (mg l ) VxMo -1Concentrations Cu (mg l ) VxMo

0 8 16 0 8 16

Indian (V1) 0 42.84 48.75 55.92 49.17 44.37 51.37 57.29 51.01

30 62.82 63.91 69.59 65.44 63.99 64.10 70.64 66.24

60 58.37 50.88 47.06 52.11 56.64 51.92 48.91 52.49

Local (V2) 0 35.50 39.98 44.19 39.89 35.29 41.37 45.71 40.79

30 45.28 54.21 60.64 53.38 44.51 55.55 60.42 53.49

60 50.61 50.68 48.12 49.80 51.44 51.19 49.20 50.61

LSD 5% 3.617 2.796 3.035 2.149

Average  (V) Average (V)

VxCu V1 54.68 54.51 57.52 55.57 55.00 55.80 58.95 56.58

V2 43.80 48.29 50.98 47.69 43.75 49.37 51.78 48.30

LSD 5% 2.230 2.297 1.656 1.464

Average (Mo) Average (Mo)

MoxCu 0 39.17 44.36 50.05 44.53 39.83 46.37 51.50 45.90

30 54.05 59.06 65.12 59.41 54.25 59.82 65.53 59.87

60 54.49 50.78 47.59 50.95 54.04 51.55 49.06 51.55

LSD 5% 2.597 2.048 2.249 1.693

Average (Cu) 49.24 51.40 54.25 49.38 52.58 55.36

LSD 5% 1.239 1.137

-1Table 4. Effect of foliar feeding on Cu and Mo in the average number of pods plant  for two genotypes of mung bean for the 
seasons (2017 and 2018)

interference in the same table showed significant differences 

between the study factors for two seasons.

Bods fertility ratio (%): It is clear from the results of Table 5 

that the copper spray at the concentration of 8 mg Cu L  -1

achieved the highest average for this trait in both seasons of 

83.03 and 84.05% respectively, compared with the average  

control treatment  of 77.49 and 78.58% both seasons 

respectively. The increase in the ratio Fertility pods may be 

due to the role of copper in the improvement of the plant 

biological processes, which are reflected in the improvement 

of this trait.  This result was agreed with Al-Fahdawi (2016). 

Table 5 shows that plants with a concentration of 30 mg MO l  -1

had the highest average for this trait at 82.16 and 83.27% 

both seasons, respectively. The Indian genotype was 

significantly superiority in both seasons (82.88 and 83.98%) 

while in the local genotype less ratio amounted (77.58 and 

78.65%) in both seasons. This result was agreed with (AL-

Dabbagh 2017 and AL-Fahdawi 2004).  The results of Table 

5 show that the plants of the Indian genotype with 

concentration feeding (8 mg Cu l ) achieved the highest ratio -1

fertility pods in the first season of 85.27%, while the 

comparative treatment of the local genotype gave the lowest 
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2017 2018

Genotypes Concentrations 
-1of MO (mg  l )

-1Concentrations Cu (mg l ) VxMo -1Concentrations Cu (mg l ) VxMo

0 8 16 0 8 16

Indian (V1) 0 78.84 82.77 80.64 80.72 79.88 83.84 81.87 81.86

30 82.46 87.38 84.63 84.82 83.74 88.20 85.78 85.91

60 80.99 85.67 82.68 83.11 82.04 86.58 83.88 84.17

Local (V2) 0 72.67 78.73 75.38 75.59 73.58 79.67 76.23 75.49

30 75.72 83.37 79.41 79.50 76.92 84.51 80.45 80.62

60 74.36 80.27 78.32 77.65 75.34 81.52 79.62 77.83

LSD 5% NS NS NS NS

Average  (V) Average (V)

VxCu V1 80.73 85.27 82.65 82.88 81.89 86.21 84.84 83.98

V2 74.25 80.79 77.70 77.58 75.28 81.90 78.77 78.65

LSD 5% 0.7991 0.8571 NS 0.9511

Average (Mo) Average (Mo)

MoxCu 0 75.70 80.75 78.01 78.15 76.73 81.75 79.05 79.18

30 79.09 85.37 82.02 82.16 79.33 85.35 83.11 83.27

60 77.67 82.97 80.50 80.38 78.69 84.05 81.75 81.50

LSD 5% NS 0.4665 NS 0.5415

Average (Cu) 77.49 83.03 80.18 78.58 84.05 81.30

LSD 5% 0.3792 0.4551

Table 5. Effect of Cu and Mo foliar feeding in pods fertility ratio (%) for two genotypes of mung bean for the seasons (2017 and 
2018)

ratio fertility pods reached 74.25%.

Plant seeds yield (g): Table 6 shows that plants with copper 

concentration of 8 mg Cu l  gave the highest average for this -1

trait in the seasons of 23.97 and 27.17 g, respectively and 

significantly superiority the concentration plants 16 mg Cu l . -1

The control  plants that gave the lowest average in the 

seasons were 19.42 and 22.94 g, respectively. 

Concentration superiority of 8 mg l  in bods fertilization ratio -1

(Table 5) may have been reflected in increasing the number 

of seeds bods and thus increasing the number of seeds in the 

plant and thus increasing the seed yield of the plant. The 

same table shows that the 30 mL MO l  concentration feeding -1

plants gave the highest average yield of seeds of the two 

seasons at 28.15 and 31.70 g, respectively. And significantly 

superior the high concentration plants of the element, The 

control plants that gave the lowest average in both seasons 

were 18.05 and 21.16 g, respectively. The concentration of 

30 mg l  in the number of bods in the plant was positively -1

reflected in the increase in plant yield of seeds. The results 

agree with (Bhuiyan et al 2008 and Kandil et al 2013).  The 

results of Table 6 indicate that the superiority of the plants of 

the Indian genotype significantly with the highest average 

plant yield in both seasons was 35.26 and 40.02 g, 

respectively. Compared to the local genotypes that gave the 

lowest average of 11.94 and 14.00 g and for the two seasons, 

respectively. Agree this results with the (Mohammadi 2011 

and Sadeghipour 2008).  The results of the Table 6 indicate a 

significant effect of the triple interference between the study 

factors.

Carbohydrate ratio in seeds (%): Table 7 shows that plants 

with a concentration of copper 8 and 6 mg Cu l  achieved the -1

highest percentage of carbohydrates in both seeds and both 

seasons, and significantly superior the control  plants in the 

two seasons, which gave the lowest percentage of these 

traits at 18.67 and 19.18%, respectively.  The superiority of 

these two concentrations in the leave area (Table 2) was 

positively reflected in increased interference and absorption 

of light and thus increased photosynthesis products, which 

are the main source of carbohydrates. The results of Table 7 

showed that the plants with a concentration of 30 mg l  had -1

the highest average in both seasons of 22.10 and 22.69%, 

respectively, and significantly superiority in both seasons on 

the high concentration and the control plants which gave the 

lowest average of 19.09 and 19. 63%, respectively. The 

results of the same table show that the plants of the Indian 

genotype significantly superior the percentage of 
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2017 2018

Genotypes Concentrations 
-1of MO (mg  l )

-1Concentrations Cu (mg l ) VxMo -1Concentrations Cu (mg l ) VxMo

0 8 16 0 8 16

Indian (V1) 0 22.13 29.72 33.40 28.22 28.22 34.90 37.76 32.81

30 39.93 48.59 47.24 45.28 45.28 52.21 52.31 50.41

60 34.31 34.75 30.12 33.18 33.18 37.74 36.01 37.44

Local (V2) 0 08.04 10.55 11.06 9.85 9.85 12.29 12.85 11.60

30 11.75 16.24 16.65 14.83 14.83 19.00 18.40 11.90

60 09.79 12.57 11.58 11.29 11.29 14.58 13.07 13.60

LSD 5% 0.1436 0.0889 0.1436 0.0281

Average  (V) Average (V)

VxCu V1 31.74 37.32 36.76 35.26 36.74 41.31 42.02 40.02

V2 09.90 13.05 13.03 11.94 12.09 15.22 14.71 14.00

LSD 5% 0.0829 0.198 0.0262 0.0335

Average (Mo) Average (Mo)

MoxCu 0 14.42 19.16 20.82 18.05 17.24 22.43 23.82 21.16

30 23.74 30.46 30.43 28.15 27.41 34.05 33.64 31.70

60 20.41 22.84 20.28 21.21 24.56 25.58 23.58 24.57

LSD 5% 0.102 0.0629 0.0321 0.0198

Average (Cu) 19.42 23.97 23.70 22.94 27.17 26.47

LSD 5% 0.0017 0.0185

Table 6. Effect of Copper and Molybdenum foliar feeding on the average plant seeds yield for two genotypes of  mung bean for 
the seasons (2017 and 2018)

2017 2018

Genotypes Concentrations 
-1of MO (mg  l )

-1Concentrations Cu (mg l ) VxMo -1Concentrations Cu (mg l ) VxMo

0 8 16 0 8 16

Indian (V1) 0 18.24 20.21 21.76 20.07 18.51 20.91 22.20 20.54

30 19.25 24.30 26.29 23.28 19.65 25.17 27.12 23.98

60 21.18 22.84 19.56 21.19 21.95 23.29 20.12 21.78

Local (V2) 0 16.58 17.78 20.01 18.12 17.04 18.52 20.59 18.71

30 17.60 21.89 23.30 20.93 18.03 22.23 23.95 21.40

60 19.18 21.16 17.71 19.35 19.93 21.94 18.34 20.07

LSD 5% 0.1841 0.1237 0.1535 0.0946

Average  (V) Average (V)

VxCu V1 19.55 22.45 22.54 21.51 20.03 23.12 23.14 22.10

V2 17.79 20.28 20.34 19.47 18.33 20.89 20.96 20.06

LSD 5% 0.1218 0.1210 0.0262 0.0937

Average (Mo) Average (Mo)

MoxCu 0 17.41 18.99 20.88 19.09 17.77 19.71 21.39 19.63

30 18.42 23.09 24.79 22.10 18.84 23.70 25.53 22.69

60 20.18 22.00 18.63 20.27 20.94 22.61 19.23 20.93

LSD 5% 0.1249 0.0772 0.1045 0.0578

Average (Cu) 18.67 21.36 21.44 19.18 22.01 22.05

LSD 5% 0.0731 0.0641

Table 7. Effect of foliar feeding on Cu and Mo in the ratio of carbohydrates in seeds (%) for two genotypes of mung bean for the 
seasons (2017 and 2018)
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carbohydrates in their seeds and both seasons reached 

21.51 and 22.10% respectively, and the ratio of superiority to 

10.48 and 10.17% compared to the local genotype, which 

gave the lowest ratio of the trait amounted to 19.47 and 

20.06% for the two seasons, respectively.  Table 7 reveals 

the double and triple overlap between the study factors was 

significant in this and both seasons.
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Evaluation of the Efficiency of Ultraviolet Radiation and Hot 
Peppermint Extract in the Protection of Some Biological 

Systems of Male Albino Mice from the Toxic Effects of Aflatoxin 
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Abstract: The study was carried out to determine the efficacy of ultraviolet radiation and hot peppermint extract in minimizing the toxic effects of 

aflatoxin B1 and fumonisin B1 in some biochemical and histological parameters in male mice. The animals were divided into 8 groups of 5 
-1 animals each and dosed with aflatoxin B1 and fumonisinB1 (500 mg kg body weight each) for three weeks. The study showed that blood 

-1hemoglobin concentration decreased in the treatment of aflatoxin B1 toxin only. It was 7.10 g 100 ml  and significantly different from the control 
-1 -which was 10.70 g 100 ml . The treatment of FB1 + peppermint had a positive role in raising the blood hemoglobin level, reaching 13.17 g 100 ml

1 -1 compared with treatment of fumonisin B1 only, which was 8.27 g 100 ml . The study also found that there was a variation in the number of 

leukocytes in the blood of treated animals, where an increase in the number of leukocytes was observed for aflatoxin B1 and fumonisinB1 toxins, 
-3 -3which reached 14.00 and 12.20 cells  mm compared with the control of 4.83 cells mm . Preventive treatments (FB1 + peppermint, FB1 + uv-c, 

AFB1 + peppermint and AFB1 + uv-c) showed that the number of leukocytes decreased to a normal level in the blood of animals where it gave 
-34.93, 6.60, 7.30 and 6.27 cells  mm , respectively. The results showed that the effect of aflatoxin B1 and fumonisin B1 was negative on the 

volume of PCV cells in the blood of animals (31.37 and 22.43%, respectively), compared to the control which gave 37.17%.While the treatment 

of just peppermint and other protective treatments (FB1 + peppermint, FB1 + uv-c, AFB1 + peppermint and AFB1 + uv-c) showed significant 

differences (41.00, 34.00, 31.30, 39.00 and 33.13%, respectively),with toxin coefficients AFB1 and FB1.The results of the histological study 

showed clear changes in liver tissue, namely acute cell decomposition and disappearance of the nucleus, i.e., the loss of body structure and 

decomposition in the cells of Kupfer. While the protective treatments, which used ultraviolet radiation and hot peppermint extract with aflatoxin 

B1 and fumonisinB1 toxins showed a significant improvement with some slight cell decomposition and haemorrhage.

Keywords: Aflatoxin B1, Fumonisin B1, Hemoglobin, Leukocytes, PCV, Albinomale mice
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Mycotoxins are products of secondary metabolism, 

produced by a certain species of fungi (Kabak and Dobson 

2009, Chulze 2010, Zain 2011). This damage poses a health 

risk to humans and animals due to the formation of mycotoxins 

(Bryden 2007). The most common mycotoxins are aflatoxins 

(a strong human carcinogen and classified as a carcinogen of 

the group A), which have received great attention from 

specialists in many regions of the world as a result of their 

impact on human and animal health, as recorded in many 

health disasters due to exposure to these toxins. As per the 

American Drug and Drug Administration FDA (Food and Drug 

Administration), the allowed level of fumonisins (FB1, FB2 and 
-1FB3) in foods should be less than 4 mg kg  in food and feeds 

consumed by humans and animals based on information of 

researches  conducted in many animals (FDA, 2001).

Levels of fungi contamination and their toxins in 

agricultural crops vary by geographic and environmental 

variability, as developing countries are more susceptible to 

fungal poisoning than developed countries. Due to the high 

humidity and high temperatures that provide ideal conditions 

for the formation of mycotoxins (Sultuna, Hanif 2009, Reddy 

et al 2010, Khatib and Khalesi 2011) as well as drought 

conditions that can strain plants and make them susceptible 

to contamination with the Aspergillus species (Robertson 

2005). Preventing contamination with mycotoxins and 

preventing their entry into the food chain makes it difficult to 

avoid in most developing countries despite the necessary 

precautions (Markovic et al 2010).

Humans and animals are always exposed to mixtures 

rather than to individual compounds. Therefore, future risk 

assessments should consider mixture toxicity data 

(Heussner et al 2006). Three different effects were observed 

when there were toxins together in food or feed, synergistic or 

additive or antagonistic effects. The effect of synergy is that 

the effect of two toxins together is greater than the effect of 

their alone, the additional effects are the effect of the 

combined toxins equal to the sum of their effects both and 

individually, and in the antagonistic effect, both toxins 

interfere with the impact of the each other and make them 

less toxic (Khatoon 2004).



Different methods of decontamination of fungal toxins in 

cereals and food have been proposed and maintained within 

the permissible limits, but one method cannot be successfully 

applied to all fungal toxins (Kabak et al 2006). Many methods 

have been used to prevent infection and contamination of 

various foods with fungi producing fungal toxins, including 

physical methods of treating fruits with hot water or exposing 

them to various rays as well as the use of some 

preservatives, and plant extracts (Huwig et al 2001).

MATERIAL AND METHODS 

Laboratory animals preparation: In this study, male 

laboratory animals (Mus musculus) of the Balb/c strain were 

used, ranging in age from 12 to 14 weeks. Procured from the 

Iraqi Center for Research on Cancer and Medical Genetics / 

Baghdad, placed in plastic cages andmice were kept for a 

week for the purpose of adaptation to food and environmental 

conditions (23-28ºC and appropriate lighting). The animals 

were fed a concentrated pellet (Pellets) placed in the food 

area in the breeding cages and given free food and water to 

all mice.

Preparation of aflatoxin B1 toxins and Fumonisin B1: 

Aflatoxin B1 toxin was prepared from the isolation of A. 

parasiticus producing aflatoxin B1, while FumonisinB1 was 

secreted from F. proliferatum isolation by using thin layer 

chromatography (TLC) technique. Preparation of hot 

peppermint extract 15%.

Weighed 200g of peppermint leaves to prepare the 

extract and washed under running tap water then distilled 

water and left to dry, leaves cut into small pieces and air dried 

away from sunlight, the ingredients were crushed and milled 

with an electric grinder, to prepare 15% concentration adding 

15 g to 100 ml boiling distilled water in a 250 g sterile glass 

beaker and mixing well put on an electric vibrator(Flask 

Treatments Description of treatments

Control Sound animals

Treatment of aflatoxin B1 toxin -1Dosing animals of AflatoxinB1 (500 microgram kg  animal weight)

Treatment of fumonisinB1 toxin -1Dosing animals of fumonisinB1 (500 microgram kg animal weight)

Hot peppermint extract with a concentration 15% only -1Dosage of animals with hot peppermint extract at a rate of 1 ml kg  
animal weight

Treatment offumonisinB1 + hot peppermint extract at a 
concentration 15% 

Dosage of animals with hot peppermint extract at a concentration of 15% 
-1at a rate of (1 ml kg of animal weight) followed by dosing of animals with 

-1the fumonisin B1(500 microgram kg of animal weight) after 24 hours

Treatment offumonisinB1 toxin exposed to ultraviolet radiation Dosage of animals with fumonisinB1 toxinexposed to UV-c wavelength 
-1254 nm for 15 minutes at a rate of (500 microgram  kg  animal weight)

Treatment of aflatoxin B1 + hot peppermint extract with 15% 
concentration

Dosage of animals with hot peppermint extract at a concentration of 15% 
-1at a rate of (1 ml kg animal weight) followed by dosing of animals with 

-1aflatoxin B1at a rate of (500 microgram kg  animal weight) after 24 hours

Treatment of aflatoxin B1 exposed to ultraviolet radiation Dosage of animals with aflatoxin B1 exposed to UV-cwavelength 254 
-1nm for 15 minutes at a rate of (500 microgram kg  animal weight)

Table 1. Treatment of male albino mice

shaker) for 6 hours for the purpose of mixing it and give more 

space to extract the active substance in the sample. The 

solution filtered by filter paper several times, and the 

solutions prepared were sterilized using micro-filters 

(Millipore filters) with a diameter of0.22 m and then stored in μ

the refrigerator at 4°C until use (Al Obeidi 2000).

Animal division: 40 male albino mice were divided in eight 

groups of five animals each.

Treatment of animals: The following treatments were 

applied to male albino mice (Table 1).

The Dosing process lasted three weeks, during which 

time the clinical symptoms that could appear in the treated 

animals were observed. After the end of the experiment, the 

animals were sacrificed after being anesthetized with 

chloroform and explained by opening the abdominal cavity 

and withdrawing blood by heart stapling and placing the 

blood drawn in test tubes containing anticoagulant (EDTA) 

for physiological blood tests  Parts of the liver of male rats .

were then taken and fixed in 10% formalin to study 

histological changes.

Study standards: The physiological parameters ofblood 

were measured using a Japanese Hematology analyzer 

(Sysmex Kx-21) in the blood bank in Muthanna province and 

the results were confirmed using another device (mindray 

CBC) of Chinese origin.

Histological study: Attended the tissue sections in the 

histopathology lab of Al-Hussein Teaching Hospital in 

Muthanna province following the method of Stevens and 

Bancroft (1982) which was as follows: 

Dehydration: The samples were passed in upward 

concentrations of ethyl alcohol (70, 80, 90, 95 and 100%) for 

1.5-2 hours at each concentration to remove water from 

them.

Clearing: The samples were stirred with xylene twice for 1-
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1.5 hours at a time to remove the solution from the tissue.

Infiltration: The samples were covered with molten paraffin 

wax at 56-58°C by placing the samples twice and for 1-1.5 

hours each time.

Embedding: Samples were buried in special molds 

containing molten paraffin wax and left to harden.

Sectioning: Tissue sections with thickness 5 micrometer 

were cut using rotary microtome, the models were fixed to 

glass slides using the Meyer's albumin adhesive. The slides 

were placed in the oven at a temperature of 56-58ºC 

vertically for 20 minutes to remove excess wax.

Staining: The sections were dyed with the hematoxylin dye 

as the slides were passed in (xylene-100% absolute ethyl 

alcohol - 95% alcohol - 90% -70% - hematoxylin dye) for two 

minutes each, the sections were washed with tap water, 

immersed in the eosin dye for 2 minutes and then washed 

with tap water and passed in upward concentrations in ethyl 

alcohol (70% -90% -95% -100%) and xylene for two minutes 

per concentration.

Mounting: Cover slip was put on the sections using 

candabalsm. The tissue sections were then examined to 

record histological changes.

RESULTS AND DISCUSSION
-1The amount of hemoglobin Hb (g 100 ml ): Results in 

Table2 showed decrease  in hemoglobin concentration of 
-1AFB1 only was reached 7.10 g 100 ml  significantly different 

-1from the control treatment which was 10.70 g 100 ml , 

treatment of  FB1 + Peppermint had a positive role in 
-1increasing of hemoglobin was reached 13.17 g 100 ml  

compared with treatment of FB1 only which was 8.27 g 100 
-1ml .  The treatment of Peppermint only was not significantly 

different with control treatment that noticed hemoglobin 

concentration in animals blood was normal. On the other 

hand, there is no significant differences were observed 

between the treatment of AFB1 which reduced the 

hemoglobin concentration and treatments (AFB1 + 

Peppermint and AFB1 + uv-c), which were (9.63 and 8.83 g 
-1100 ml  respectively). 

The decrease in hemoglobin concentration in the 

treatments of AFB1 and FB1 may be due to oxidative damage 

of the activity of mycotoxins, which increased the rate of 

oxygen oxidation in blood hemoglobin as well as hemolysis 

(Abdel-wahab et al 2014). 

The reason for the low hemoglobin belong to presence 

of aflatoxin in blood leads to pathological changes in various 

parts of the body, including the bone marrow which leads to 

fatty degeneration and this process reduces bone marrow 

tissue and these tissues is responsible for the formation of 

erythrocytes thus, hemoglobin, or sometimes some toxins, 

including aflatoxin, stop the action of the enzyme 

Hemoxygenase and that the action of this enzyme works to 

increase the breakdown of erythrocytes and convert them to 

bilirubin, which is reflected on the concentration of 

hemoglobin (Sakhara et al 2007).

Rate of white blood cell counts (WBC): The results of table 

2 showed a variation in the number of leukocytes in the blood 

of treated animals, An increase in erythrocyte preparation 

was observed for aflatoxin B1 and fumonisin B1 treatments, 

reaching 14.00 and 12.20 cells  mm  compared to the control -3

treatment of 4.83 cells  mm . On the other hand, Just -3

Peppermint and other protective treatments (FB1 + 

Peppermint, FB1 + uv-c, AFB1 + Peppermint and AFB1 + uv-

c) were reduced of white blood cells (5.50, 4.93, 6.60, 7.30 

and 6.27 cells mm , respectively), compared with the toxin -3

treatment AFB1 and FB1. Reason for this is because some 

mycotoxins stimulate the immune response in animals 

treated with these toxins, and that metabolic products of a 

number of fungi cause an increase in the number of 

leukocytes and anemia in laboratory animals This is because 

these products stimulate the body's immune system by 

increasing the number of lymphocytes to try to neutralize 

foreign substances in the body (Peraica et al 1999).

The increase in the number of leukocytes may be 

attributed to the fact that the fungi have the ability to secrete 

metabolic products that induce excessive secretion of 

immune response factors, including T.N.F Tumor necrosis ( 

factor), Interleukin-6 (IL-6 and Cytokinase especially the )

cytokines responsible for the occurrence of primary 

inflammation and the cytokines responsible for regulating 

immunity (Kemacki et al 1998). Excessive production of 

these ingredients is likely to be an important reason for 

increasing the number of sour white blood cells that 

neutralize or remove toxic substances from the body.

Packed cell volume rate:  Effect of aflatoxin and fumonisin 

negatively on the volume of compacted cells (PCV) in the 

blood of treated animals AFB1 and FB1 showed a significant 

decrease in the size of the compacted cells (31.37 and 

22.43%), respectively. AFB1 and FB1 showed a significant 

decrease in the size of the compacted cells (31.37 and 

22.43%), respectively, T1, which gave 37.17%, while Just 

Peppermint and other protective treatments (FB1+ 

Peppermint, FB1+uv-c, AFB1+Peppermint and AFB1+uv-c) 

significant differences were observed it reached (41.00, 

34.00, 31.30, 39.00 and 33.13%), respectively, compared to 

the toxin treatments AFB1 and FB1 (Table 2). The reason for 

the significant decrease in blood accumulation rates can be 

attributed to the metabolic products produced by these fungi, 

including mycotoxins, Which negatively affects the sources 

of erythrocyte production in the bone marrow, since there is a 
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Fig. 1a. Effect of ultraviolet rays and hot peppermint extract in the liver of male 
mice treated with aflatoxin B1 and fumonisin B1

Fig. 1b. Effect of ultraviolet rays and hot peppermint extract in the liver of male 
mice treated with aflatoxin B1 and fumonisin B1

direct correlation between the total enumeration of 

erythrocytes and the values of each blood stack through 

reduction of the number of red blood cells produced in the 

bone marrow, which in turn is reflected in the values of blood 

accumulation in the blood They are below normal levels 

(Groopman et al 2003). In a study by Sakhare et al (2007), 

aflatoxins had an effect on the physiological and biochemical 

parameters of treated animals, where the numbers of white 

blood cells were higher and the packed cell volume 

decreased compared to the control treatment.

Histological effects: The results of microscopic 

examination of the liver tissue sections of male mice that 

were dosed with aflatoxin B1 and fumonisin B1 toxins 

showed significant changes in liver tissue represented by 

acute cell decomposition and disappearance of the nucleus. 

Infiltration was observed in liver cells and the occurrence of 

the phenomenon of vacuolation and apparent hemorrhage 

and clear blood full of sinusoidal blood (Fig. 1a) When 

compared with the control treatment, the tissue appears 

normal with the presence of nuclei, the central vein, the cover 

cells and the presence of blood sinusoid .While the male mice 

dosed with spicy peppermint extract with aflatoxin B1 and 

also spicy peppermint extract with fumonisin B1 showed 

significant improvement with some slight cell decomposition 

and haemorrhage (Fig. 1b). These pathological changes 

may be due to the role of aflatoxinin generating free radicals, 

which oxidize the unsaturated fats that make up liver walls, 

leading to cell death and liver tissue damage (Ross et al 

1992). The mechanism of the effect of aflatoxins on organs is 

not yet understood and its toxicity is reported to be generated 

by the formation of free radicals. These compounds attack 

cells and attack membranes, eventually leading to a 

decrease in cell function with cellular degeneration (Berg et al 

2004).

The role of peppermint extract in reducing the effect of 

mycotoxins is due to the fact that it contains phenolic 

compounds as it has a role in the activation and detoxification 

processes (Chattopadhyay and Kumar 2007). The liver is 

affected by mycotoxins due to the effect of toxins on the cell 

membrane and shrinkage, thereby increasing permeability 

and extracellular enzymes (Coles and Cox 1981). Also, the 

cause of bleeding in the liver tissue is due to hemorrhage of 

the blood vessels, and the departure of blood-forming cells 

into the tissues maturity process and this causes 

inflammation in the tissues (Macsween and Whaley 1992), 

While the other protective treatments, which used ultraviolet 

radiation and hot peppermint extract with toxins of aflatoxin 
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Treatment Physiological blood standards

The amount of 
hemoglobin Hb 

-1(g  100 ml )

Rate of white 
blood cell counts 

(WBC) (cells  
-3 3mm ) ×1 0

Packed 
cell volume 

rate (%)

Control 10.7 4.83 37.17

AFB1 7.1 14 31.37

FB1 8.27 10.2 22.43

Just Peppermint 12.3 5.5 41

FB1+ Peppermint 13.17 4.93 34

FB1+uv-c 8.7 6.6 31.3

AFB1+Peppermint 9.63 7.3 39

AFB1+uv-c 8.83 6.27 33.13

LSD (p=0.05) 3.002 1.843 1.761

Table 2. Effect of ultraviolet rays and hot peppermint extract 
on physiological blood standards of male mice 
treated with aflatoxin B1 toxins and fumonisin B1

Values are means of three replicates. Differences among treatments were 
calculated based on least significant difference LSD (P≤0.05)

B1 and fumonisin B1 showed a significant improvement (Fig. 

1b). This result was comparable to Oujda Khalidi (2010) and 

Saadi (2014).

CONCLUSIONS

The study concludes that the use of ultraviolet radiation 

and hot peppermint extract reduced the toxic effects of 

aflatoxin B1 and fumonisinB1 in some biochemical and 

histological parameters in male albino mice. Preventive 

treatments, using UV-c and hot peppermint extract van be 

used to reduce the toxicity of AFB1 and FB1 toxins, in male 

albino mice.
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Effect of Ozone Gas in Milk Treatment on Chemical and 
Microbial Properties of Soft Cheese 
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Abstract: Ozone gas was used in the treatment of raw milk for the purpose of use in the manufacture of soft cheese, where three treatments of 
-1raw milk were presented to the weight gas at a concentration of 0.5 g hr  and for 5 minutes for the first treatment of milk and 15 minutes for the 

second treatment and 30 minutes for the third treatment with the preparation of treatment Milk was processed at a temperature of 63°C / 30 

minutes for adoption as a control treatment. Soft cheese was manufactured from these treatments and the four treatments were kept in a 

refrigerator at a temperature of 7±2°C. The % of acidity and pH were estimated. Total bacterial numbers and coliform bacteria were estimated. 

And cluster Golden psychrotrophic and analyst fat and analyst of proteins as well as the preparation of yeast and molds, and the results showed 

that exposed to ozone treatments were good and close to the control treatment for preservation, since the rise in the rate of acidity in the cheese 

transactions was less with the increase in the period of exposure to ozone. The results of microbiological tests indicated that ozone had a clear 

effect in reducing the growth and inhibition of microorganisms, and this effect increased with increasing exposure period up to 30 minutes, and 

continued its effect up to 5 days of conservation at a temperature of 7 ± 2°C.As for the best treatment of ozone gas recommended to be adopted 
-1for the preservation of milk with ozone was the treatment in which milk was presented to the concentration of 0.5 g  hr  and for 30 minutes is better 

than the treatment in which milk was presented to the gas for 15 minutes. Much better treatment is offered for ozone for 5 minutes.
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Ozone (O ) is the second strongest common oxidizing 3

agent after fluorine (Guzel Seydim et al 2004, Hu and Xia and 

2017) and leaves no harmful chemical residue behind. It was 

discovered by Sch € onbein in 1839 and was first used 

commercially for drinking water treatment in France more 

than a century ago (Hill and Rice 1982, Rubin 2001). Ozone, 

a bluish gas with a pungent odor, is a highly variable and 

unstable oxygen (O ) gas that has a high oxidation potential 2

of -2.07 V, which carries highly antimicrobial properties. It is 

produced by the interaction of free oxygen radicals with O  2

molecules. There are many ways of generating ozone, 

including electron discharge, ultraviolet radiation, thermal, 

chemical, electrical and chemical methods (Khadre et al 

2001, Patil and Bourke 2012).

Ozone treatment is a cost-effective and environmentally 

friendly food processing technology. It has been successfully 

used to remove residues of milk and biofilm-forming bacteria 

from stainless steel surfaces. Ozone can also be used to 

sterilize a wide variety of dairy products. Ozone is liquid milk, 

powdered milk and cheese. Ozone has been shown to inhibit 

the growth of mold on cheese and disrupt its growth in air in 

cheese ripening and storage chambers. Ozone treatment 

has been found to be a promising way to reduce 

contaminants in dairy waste water (Ozone Systems 2014, 

Varga and Sigeti 2016).

The use of ozone in the treatment of dairy products is 

less expensive than other methods. Researchers in the field 

of ozone uses that ozone can be generated on demand on 

site, and unlike traditional chemical disinfectants, it requires 

neither transport nor storage. The use of ozone requires less 

energy to operate than other methods. Moreover, the costs of 

operating ozone-depleting systems are low because they 

consume a limited amount of electricity.

In a study conducted in April 2016, scientists studied the 

impact of ozone use on sanitation practices in dairy farms, 

and concluded that ozone treatment is a cost-effective and 

environmentally friendly food treatment technology 

(Vargaand Sigeti 2016), although it is an antiseptic. Highly 

effective, however, ozone leaves no chemical residue on any 

surfaces in contact with food or food because it is rapidly 

transferred to non-toxic products, thereby reducing 

environmental impacts and company costs (Cullen and 

Norton 2012, O 'donnell et al 2012).

Heating processes are commonly used to treat milk to 

make it fit for consumption, but this may negatively affect its 

nutritional value and sensory properties. On the other hand, 

scientists found that ozone did not adversely affect the 

nutritional value or taste of liquid milk studied, and other uses 

of ozone in farms Dairy use at very low concentrations, in the 

barn atmosphere to destroy airborne pathogens and 

eliminate the smell of manure in the barn, Rojek et al (1995) 
-1used compressed ozone (5-35 mg l  for 5-25 minutes) to 



preserve skim milk by Reduce their microbial concentrations 

Sander (1985) obtained a patent for prescribing a method for 

treating liquids using low concentrations of ozone, such as 

milk and liquid dairy products, thereby reducing their 

potential degradation, and it was found that the use of ozone 

reduces the number of psychrotrophs by more than 99%. 

Sheelamary and Muthukumar (2011) completely removed 

Listeria monocytogenes from both raw milk samples and 

branded samples using ozone. Therefore, the main objective 

of this study is to know the impact or role of weight gas in 

prolonging the period of raw milk in the conditions of Iraq, 

especially in hot climates.

MATERIAL AND METHODS

The raw milk supplied by the dairy was used by the 

College of Agricultural Engineering Sciences of the 

University of Baghdad, based in Abu Ghraib. The ozone 

system was used for the purpose of providing the ozone gas 

required for the milk treatment. The milk was divided into four 

sections, each representing a treatment. The first was 

treated with ozone for 5 minutes and the second treatment 

was 15 minutes while the third treatment was 30 minutes, and 

the fourth treatment was left untreated for adoption as a 

control treatment.

Manufacturing soft cheese: Four soft cheese treatments 

were made from milk treated with ozone. The first treatment 

included the use of 5 kg of raw milk treated with ozone 0.5 g h-

1 for 5 minutes (M1). The second treatment used the same 

amount of milk and exposed to the same dose of ozone but 

for 15 minutes (M2). In the third treatment, the duration of 

exposure to ozone was 30 minutes (M3). The milk was then 

heated to a temperature of 34°C. And the restraint and move 

and then summon the whey and salting 2% salt, sodium 

chloride and then fill the clot in the templates and save them 

in the refrigerator any second day, as extracted cheese 

molds and divided into several parts preserved at 

temperature 7 ± 2°Cbags of polyethylene for the purpose of 

conducting chemical and sensory tests and micro biological 

them. The treatment (M4) milk pasteurization to a 

temperature of 63°C/30 minutes and then cooled to a 

temperature of 34°C and completed the necessary steps for 

processing as in the three treatments ozone treatment.

Microbiological tests: All agricultural media were prepared 

in the laboratory and according to the instructions of the 

company equipped, sterilized in autoclave at a temperature 

of 121ºC and pressure 121 pounds in  for 15 minutes, used -2

Peptone water for the decimation of the decimals of bacterial 

farms and attended to dissolve 1 g of Peptone and 1000 ml 

distilled water. In a 9 ml test tube per tube and sterilize at an 

autoclave at 121°C for 15 minutes, the method described in 

APHA (1978) was used to estimate the total count of bacteria, 

total coliform bacteria, count of yeasts and molds, and the 

count of  Ssp. Staphylococcus aureus. Staphylococcus

Blatimore Biological Laboratory (1973) used salt agar 

Mannitol and incubated dishes at 32°C for 48 hours, 

depending on the count of golden colonies surrounded by a 

yellow halo representing colonies of sp Staphylococcus 

Proteolytic bacteria and Lipolytic bacteria were used in 

Harrigan and McCence (1976), while the count of bacteria 

growing in the psychrophilic bacteria was calculated using 

the method described in APHA (1978), using nutrient agar. 

The lap temperature is 7°C for 10 days.

Chemical tests: The pH and titration acidity according to the 

method described in AOAC (2000), was estimated as the 

total nitrogen count according to the method described by 

Joslyn (1970), the soluble nitrogen and non-protein nitrogen 

(NPN) according to the method described in Ling (1956), the 

Acid Degree Value (ADV) was estimated in the Bureau of 

Dairy Industry (BDI) cited by Deeth and Fitz-Gerald 1976).

Statistical Analysis: The Statistical Analysis System (SAS) 

(2012).

RESULTS AND DISCUSSION

Raw milk samples were treated with ozone at a 

concentration of 0.5 g hr  for different times of 5, 15 and 30 -1

minutes to determine the effect of these treatments on the 

effectiveness of microorganisms that are naturally present in 

these models. The concentration of 0.5 g ozone hr  for 5, 15 -1

and 30 minutes was selected. 

After fixing the concentration of ozone used, the test was 

conducted by exposing the raw milk treatments to this 

concentration for different times according to the 

manufacturing conditions in the country and also taking into 

account that the time of exposure to gas is not enough for the 

emergence of oxidative action, the results showed that the 

pH ranged between 0.18 - 0.19% in the four treatments. 

Immediately after processing, when the treatments were 

refrigerated (7±°C /7 days) there was a gradual evolution in ٢ 

the pH of all treatments with the duration of preservation and 

that the least evolution in acidity was in the treatment of 

cheese that introduced milk from it to ozone for 30 minutes, 

The highest development in the proportion of acidity Vka In 

the first treatment, which was introduced to ozone gas for 

only 5 minutes (Table 1). These results can be explained that 

ozone gas has an effect on the work of bacteria that ferment 

lactose, which leads to reduce the production of lactic acid, 

which in turn is reflected in low values pH.

Proteolysis: Table 2 shows increase in the ratio of dissolved 

nitrogen to total nitrogen in the three treatments of cheese. It 

is noted that the ratio of dissolved nitrogen to total nitrogen 
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Test Storage 
period (day)

Treatments

M1 M2 M3 M4

pH 0 6.6 6.5 6.6 6.6

1 6.5 6.4 6.6 6.6

3 6.2 6.2 6.5 6.4

5 5.7 6 6.3 6.1

Acidity  (%) 0 0.18 0.19 0.18 0.18

1 0.2 0.2 0.19 0.18

3 0.24 0.24 0.21 0.19

5 0.28 0.28 0.23 0.21

Table 1. Results of pH and acidity tests (%) for soft cheese 
-1treatments treated at 0.5 g ozone h  for different 

times during the preservation period at 7±2°C and 5 
days

Treatment Cheese 
age (day)

NPN/ TN 
(%)

NPN (%) SN/ TN 
(%)

SN (%)

M1 0 14.21 0.56 6.67 0.263

3 15.44 0.63 18.67 0.762

5 20 0.84 20.4 0.857

M2 0 15.15 0.57 7.47 0.281

3 16.49 0.63 20.44 0.781

5 20.05 0.77 25.67 0.986

M3 0 19.83 0.72 7.46 0.271

3 23.77 0.87 23.41 0.857

5 25 0.94 26.96 1.014

LSD 6.31 * 3.783 * 0.338 * 6.31 *

P< 0.05

Table 2. Percentage of soluble nitrogen and non - protein 
nitrogen for soft cheese treatments treated at 0.5 g 

-1ozone  h  for different times during the preservation 
period at 7±2°C and 5 days

Treatment ADV 

0 3 5 LSD

M1 0.71 1.87 3.28 * 0.703

M2 0.8 1.59 3.01 0.793 *

M3 0.71 1.49 2.79 0.694 *

M4 0.7 1.19 1.5 0.844 *

LSD 0.398 NS 0.623 * 0.856 * -

NS, (P<0.05)*

Table 3. Acid degree value for soft cheese treatments treated 
-1at 0.5 g ozone h  for different times during the 

preservation period at 7±2°C and 5 days

was higher especially in the final stages in the treatment M1 

compared to the treatments M1 and M2. The same table also 

shows increase in NPN ratios in three treatments. This is due 

to the properties of the ozone against microorganisms 

especially protein-neutral bacteria.

Lipolysis: Table 3 shows that the values of the ADV of the 

soft cheese treated with the ozone ranged from 0.71 to 0.80 

mm 100 g  lipid, indicating that there were no significant -1

differences between them. This was confirmed by the results 

of the statistical analysis. After the storage of the treatments 

at 7±2°C for 5 days, the ADV. of all the treatments increased 

with the age of storage. This increase is due to the lipid 

degradation factors caused by the lipid-producing enzymes 

and others. With what Abdle Baky et al (1982) reported ADV 

of fat increases the progress of a period of storage where the 

source as well as the decomposition of fat by Lipases 

enzymes analyst fat produced by bacteria and other initiator 

and lactose fermentation mainly in charge of the basic 

composition of acetic acid and propionic. The results also 

show that the greater the time of exposure to ozone, the lower 

the amount of development in ADV values. M2, also note 

from the table that there are significant differences in the 

values of ADV between treatments treated with ozone and 

control treatment at the end of the conservation period, ie at 

the age of 5 days, but no such differences were observed 

between the four factors during the treasury ages 0 and 3 

days.

Microbiological tests: The results also show that the 

greater the time of exposure to ozone, the lower the amount 

of development in ADV values. M2, also note from the table 

that there are significant differences in the values of ADV 

between treatments treated with ozone and control treatment 

at the end of the conservation period, ie at the age of 5 days, 

but no such differences were observed between the four 

factors during the treasury ages 0 and 3 days.

While the results of the microbiological tests conducted 

for milk treatments treated with weight as shown in Tables 2 

and 3 show that ozone has a clear effect in the inhibition of 

different microorganisms addressed in this study, as it is 

clearly noted the development of the total numbers of 

bacteria as well as the numbers of bacteria, yeasts, molds 

and Staphylococcus aureus. As well as the number of cold-

loving bacteria and lipophilic and protein-decomposing 

bacteria in the treatment of cheese M1, which was the 

treatment of milk to ozone for the least period, which was 5 

minutes, and the evolution of these numbers increased with 

the preservation period despite the cooling conditions These 

treatments were then saved, and with an increase of 15 and 

30 minutes of exposure to ozone gas, colon bacteria, as well 

as molds and yeasts, were completely eliminated in M2 and 

M3 treatments and no new growth was observed within 7 

days of refrigerated preservation, indicating the effective 

effect of ozone. In reducing the growth and inhibition of the 
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Treatments -1Count of bacteria (cfu gm )

Psychrophilic Protolytic Lipolytic

M1 0 26× 10 21.2× 10 22× 10

1 277× 10 31.3× 10 24.1× 10

3 292× 10 35× 10 28.6× 10

5 398× 10 38× 10 42× 10

M2 0 15× 10 29× 10 15× 10

1 27× 10 27× 10 22× 10

3 273× 10 232× 10 25× 10

5 35× 10 31.2×  10 225× 10

M3 0 Nil 23.0× 10 25 × 10

1 Nil 29.0× 10 31.3× 10

3 Nil 212× 10 332× 10

5 Nil 28.9× 10 350× 10

M4 0 Nil 19.1× 10 15.1× 10

1 Nil 23.2× 10 18× 10

3 Nil 19.3× 10 121× 10

5 Nil 29.0×10 27×10

Table 5. Results of tests for protolytic and lipolytic bacteria for 
-1soft cheese treatments treated at 0.5g ozone h  and 

different exposure times during the preservation 
period at 7± 2°C for 5 days

activity of many types of microorganisms in the treatments 

exposed to it, which makes it close to the treatment of control 

in which milk was treated for pasteurization.

Previous studies have shown that the minimum ozone 

concentration to limit microbial growth is 1 ppm, while other 

studies indicate that values between 20 ppm and 40 ppm are 

effective (Saleh et al 2009). Dyas et al (1983) found that 1 

ppm of ozone was sufficient to reduce the numbers of most 

species tested by more than 95%.

To identify the role of lipolytic and proteolytic bacteria 

and follow the development in the growth of cold-loving 

bacteria, which also have a role in the production of 

lipoproteins and proteins in milk and milk products (Kubaisi, 

2001). Refrigerated, the results of these tests showed that 

soft cheese that was not treated with ozone gas, which is 

made from pasteurized milk, the numbers of these bacteria 
-1ranged in numbers 5 × 210,  3 × 210 and 7 × 210 m  ml , 

respectively after manufacturing, but As the preservation 

period progressed, a clear development was observed The 

development of these three bacteria continued to the end of 

the preservation period of 7 days, while we find that the 

development in the preparation of these three types of 

bacteria was more in cheese treatments that were treated 

with ozone during the period of preservation, as the results of 

Treatments Microbiological tests (cfu/gm)

Staphylococcus 
Sp.

Mould & 
yeast

Coliform Total 
count 

bacteria

M1 0 14 × 10 Nil Nil 541× 10

1 112× 10 Nil Nil 672× 10

3 219× 10 14 × 10 Nil 821× 10

5 332× 10 14 × 10 Nil 837×10

M2 0 Nil Nil Nil 314× 10

1 Nil Nil Nil 323× 10

3 Nil Nil Nil 578× 10

5 Nil Nil Nil 892× 10

M3 0 Nil Nil Nil 32× 10

1 Nil Nil Nil 376× 10

3 Nil Nil Nil 424×10

5 Nil Nil Nil 495× 10

M4 0 Nil Nil Nil 34× 10

1 Nil Nil Nil 38.9× 10

3 Nil Nil Nil
323× 10

5 Nil Nil Nil 47.8×10

Table 4. The results of microbiological tests for soft cheese 
-1treatments treated at 0.5 g ozone h  and different 

exposure times during the preservation period at 
7±2 °C for 5 days

these tests show that the greater the duration of milk 

exposure The number of lipophilic and proteolytic bacteria 

decreased further, with the total elimination of cryophilic 

bacteria in treatments that were shown for 15 and 30 minutes 

of ozone gas.

These findings are consistent with what many 

researchers have pointed out about the ozone inhibiting 

action against many microorganisms, especially pathogens. 

This gas reacts with the double binding of fatty acids in the 

wall of Cram-negative cells (GuzelSeydim et al 2004), as well 

as the effect of gas in carbohydrates and proteins in the wall 

of Cram-positive and negative bacteria in different 

proportions. On breaking a Nuclear interaction with them 

when acids, and when the study of the impact of ozone in the 

nuclear acids in bacteria E. coli, it was noted that the Pthoia 

DNA plasmid from the circular shape to open the closed form, 

leading to the loss of his job. In a study by Cavalcante et al 

(2013) the effectiveness of inactivation of microbial activity in 
-1raw milk was assessed by ozone treatment at 1.5 mg l  for 15 

min to reduce the numbers of bacteria and fungi by up to a 

logarithmic cycle.
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Abstract: The present study was conducted to detect the harmful effects of experimentally infection of Salmonella typhimurium in some organs 

of laboratory female rats. Thirty two of rats were used in the current study which divided into four groups, the first group administrated normal 
8saline considered as control group. The second, third and fourth groups were infected experimentally by Salmonella typhimurium at dose (1*10 ) 

for periods (one, seven and fourteen days, respectively). The current results found many histopathological changes in liver and kidney of all 

treated groups with bacteria. These histological changes in liver were included congestion, inflammation clearly, enlargement of central vein and 

sinusoids, hypertrophy of hepatocytes. Also, some histological damages were observed in kidney of infected groups like hemorrhage, 

shrinkage, absence and death of glomeruli, enlargement of Bowman's space, infiltration of inflammatory cells and congestion. 
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Salmonellosis is one of a serious zoonotic diseases 

caused by Salmonella spp. Salmonella is  a gram negative 

bacteria cause gastroenteritis access to typhoid fever, this 

disease occur by virulence factors injection of it into cells of 

host by a type III protein secretion system (Woc-Colbum and 

Bobak 2009), 2500 serotypes were isolated from different 

hosts which related to human infections (Callaway et al 2008). 

Also, Salmonella is responsible of infecting other animals as 

birds, cattle and pigs, Non-typhoidal cases infected annually 

by Salmonella were estimated about 1.4 million in over 1000 

deaths ( Scallan et al 2011). Symptoms as gastroenteritis, 

diarrhea and some systemic disorders are associated with 

infection which appear in animals and human (Jawetz et al 

2007). In experimental infections as mice, the symptoms are 

similar to that in of typhoid fever in human (Tuin et al 2005). 

Serotype of Salmonella and host species are two factors 

determine the immune responses for Salmonella (Moreau 

2006). The current study was carried out to assessment the 

histological changes of internal organs as liver and kidney of 

rats which infected by Salmonella typhimurium experimentally.       

          

MATERIAL AND METHODS

Isolates of bacteria: The isolates of Salmonella 

typhimurium were brought from laboratory of Al-Hussein 

hospital in Thi-Qar province. These were previously collected 

from stool of persons with diarrhea. The method of Quinn et al 

(1998) was used to determination of biochemical properties.                     

Thirty two of albino rats (Rattus norvegicus) were used in 

this study, which supplied from animal house of biology 

department, university of Thi-Qar . Female rats were divided 

into four groups (n=8) as: 

First group (Control group): These animals were 

administrated normal saline.                    

Second group (Infected group): These animals were 

infected orally by bacteria (Salmonella typhimurium) at dose 
8(1* 10 ) for one day according to method of Takeuchi (1966).                   

Third group (Infected group): These animals were infected 
8orally by bacteria (Salmonella typhimurium) at dose (1* 10 ) 

for one week according to method of Takeuchi (1966).               

Fourth group (Infected group): These animals were 

infected orally by bacteria (Salmonella typhimurium) at dose 
8(1* 10 ) for two week according to method of  Takeuchi 

(1966).   

Histo-pathological study: Liver and kidney of control and 

treated groups were isolated then put in 10% formalin 

solution for fixation. Sections were made according to 

method of Bancroft and Gamble (2008).

RESULTS AND DISCUSSION

The results of present study were demonstrated 

histopathological changes in liver after experimentally 

infection by Salmonella typhimurium, these changes 

included congestion , inflammation clearly , enlargement of 

central vein and sinusoids , hypertrophy of  hepatocytes 

(picture 2-8) . These damages may be related to presence of  

bacteria in blood which will carry into internal organs of  body 

as liver and kidney, this agree with Ma¨kela¨ and Hormaeche  

(1997) who reported to Salmonella arrive to circulatory 

system by efferent lymph causing bacteremia. Everest 

(1999) suggested gastroenteritis due to Salmonella 

typhimurium infection. Also, the histopathological changes 

were observed after (one and two weeks)  from bacterial 



Fig. 1. Section in the liver of control group showing central 
vein (A) hepatocytes (B) sinusoids (C) (H&E) (100X) 

Fig. 2. Section in the liver of second group showing  
infiltration of  inflammatory cells (A) congestion (B) 
(H&E) (100X)

Fig. 3. Section in the liver of second group showing  
congestion  (H&E) (100X)

Fig. 4. Section in the liver of third group  showing  infiltration 
of  inflammatory cells (A) enlargement of central vein 
(B) enlargement of sinusoids (C) (H&E) (100X)

Fig. 5. Section in the liver of third group  showing  congestion 
(A) enlargement of sinusoids (B) (H&E) (100X)

Fig. 6. Section in the liver of fourth group  showing 
congestion (A) infiltration of  inflammatory cells (B) 
enlargement of sinusoids (C) (H&E) (100X) 
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Fig. 7. Section in the liver of fourth group  showing 
congestion (A) hypertrophy of hepatocytes (B) 
enlargement of sinusoids (C) (H&E) (100X)

Fig. 8. Section in the liver of fourth group showing 
enlargement of sinusoids (H&E) (100X)

Fig. 9. Section in the kidney of control group showing 
glomerulus (A) renal tubules (B) (H&E) (100 X)

Fig. 10. Section in the kidney of second group showing 
hemorrhage among renal tubules (H&E) (100 X)

Fig. 11. Section in the kidney of second group showing 
shrinkage (A) absence of glomerulus (B) (H&E) 
(100 X)

Fig. 12. Section in the kidney of third group showing 
hemorrhage (A) death of glomerulus (B) (H&E) 
(100 X)
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Fig. 13. Section in the kidney of third group showing 
enlargement of Bowman's space (A) absence (B) 
shrinkage of glomerulus  (C) (H&E) (100 X)

Fig. 14. Section in the kidney of fourth group showing 
infiltration of inflammatory cells (A) congestion (B) 
shrinkage of glomerulus (C) (H&E) (100 X)

Fig. 15. Section in the kidney of fourth group showing 
enlargement of Bowman's space (A) death of 
glomerulus (B) congestion (C) (H&E) (100 X)

Fig. 16. Section in the kidney of fourth group showing 
absence of glomerulus (A) hemorrhage (B) 
shrinkage of glomerulus (C) (H&E) (100 X)

infection belong to numerous numbers of  Salmonellae which  

form  colonies inside intestinal epithelium compared with 

(one day) infection, this is similar to Cirillo et al (1998) who 

revealed to colonize of Salmonella in small intestine after 

ingestion orally.                                   

Enlargement of central vein and sinusoids, hypertrophy 

of hepatocytes and other histological changes may be back 

to cytotoxic effect of bacterial infection on hepatocytes 

causing harmful effects on liver structure, this finding is 

accordance with  Zghair (2012) who noticed histological 

damages of liver mice which infected by Salmonella 

typhimurium. Both infiltration of inflammatory cells and 

congestion were found , they are agree with Zghair (2012) 

who demonstrated congestion of blood vessels, infiltration of 

inflammatory cells, infiltration of kupffer cells and other 

damages of internal organs after mice inoculation with 

bacteria (Salmonella).  Zedan (2011) mentioned to 

degeneration, necrosis and infiltration of inflammatory cells 

were histological damages observed in experimentally 

infection with Salmonella typhimurium. A previous another 

study by Malik et al (2015) was confirm the histological 

lesions in liver of Salmonella infection such as necrosis, 

degeneration of hepatocytes and inflammation.   Another 

reason of hepatic damage may be associated to hazard 

bacterial infection which caused disturbances in liver 

enzymes as ALT and AST in blood, Olaleye et al (2014) who 

exhibited that liver enzymes act signs of hepatic injury. This is 

accordance with Tala et al (2015) who noted elevated of ALT 
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and AST in serum of infected rats resulting damage in 

histological architecture of liver.                                                           

Kidney was affected internal organ with bacterial 

infection, microscopic examination  of histological sections 

showed hemorrhage, shrinkage, absence and death of 

glomeruli, enlargement of  Bowman's space, infiltration of 

inflammatory cells and congestion (pictures 10-16). These 

results were come agreement with Mahdi and Mohammad 

(2018) who their study explained the potent inflammatory 

response (comprised in infiltration of inflammatory cells) and 

the histological signs in organs as liver and intestine, this is 

similar to Parry et al (2013) who observed severe 

gastroenteritis in human infected with Salmonella 

typhimurium. Al-Joboury (2007) revealed to congestion, 

interstitial nephritis and mild micro thrombi in kidney of mice 

which exposed for Salmonella infection.

Hemorrhage was observed in kidney of Salmonella 

infected groups is identical to two studies by Malik et al (2015) 

and Yehya and Salman (2008) which their studies had 

showed bleeding and histological signs as degeneration, 

necrosis, infiltration of inflammatory cells of renal tubules of 

kidney. There are study by Muchtaromah et al (2019) 

included histological description of kidney that infected by 

Salmonella occurred karyolysis, dilation of Bowman's space 

and pyknosis of nucleus. Also, experimentally infection by 

Salmonella typhimurium caused disturbance of kidney 

structure comprised necrosis, inflammation and edema of 

renal tubules which act a pathogenesis of Salmonella 

infection (Isirima and Siminialayi 2018).      
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Effect of the Isolated Alkaloid from Teucrium polium L. on Dna 
Isolated from Pathogenic Bacteria (Escherichia coli and Staph 

aureus) of Urinary Tracts

Indian Journal of Ecology (2019) 46 Special Issue (8): 224-228

Manuscript Number: S-285
NAAS Rating: 4.96

Abstract: Four compounds 1, 2, 3 and 4 have been isolated from Teucrium polium L. using the thin layer chromatography and column 

chromatography techniques. Phytochemical analysis showed that all the compounds are of alkaloids category. The suggested chemical 
1 13structures of isolated compounds were determined by HNMR, CNMR, and GC-Mass spectroscopy. The nuclease activity of the compounds 

was investigated against DNA cleavage isolated from Escherichia coli and Staph aureus, respectively. Gel electrophoresis revealed that all the 

isolated compounds have a noticed ability to cleave DNA. Compounds 1, 2, and 3 started to cleave the DNA showing the linear form at 

concentrations 15 µM, 13.5 µM, and 18 µM, respectively. Whereas Compound 4 showed different cleavage efficiency, it can be nicked one 

strand produced the slow migration form, related to the open circular relaxed form.
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Medicinal plants are universally considered as important 

sources of new chemical substances with potential 

therapeutic effects. Teucrium polium L. (syn Teucrium 

capitatum L. or felty germander) is one of the 300 species of 

the genus Teucrium from Lamiaceae family (Bahramikia and 

Yazdanparast 2012). It is believed that T. polium contains 

several subspecies and varieties including aragonense, 

aurasiacum, capitatum cyl indricum, expansum, 

gnaphalodes, pilosum, polium, vincentinum, yalentinum and 

many others Teucrium polium L. (Lamiaceae) is a perennial 

shrub, 20–50 cm high, distributed widely in the dry and stony 

places of the hills and deserts of almost all Mediterranean 

countries, South Western Asia, Europe, and North Africa. 

Sessile, oblong, or linear leaves have a length of about 3 cm 

(Haghshenas et al 2018). T. polium has been used for 

different pathological conditions such as gastrointestinal 

disorders, inflammations, diabetes, and rheumatism.During 

the past 40 years, different classes of compounds have been 

isolated from various parts of T. polium of which the main 

groups are terpenoids and flavonoids (Bahramikia et al2 

012).

It has been found that these compounds possess a 

broad spectrum of pharmacological effects including 

antioxidant, anticancer, anti-inflammatory, hypoglycemic, 

hepatoprotective, hypolipidemic, antibacterial and 

antifungal.

There is increasing evidence for T. polium effect on 

cardiovascular such as positive inotropic and chronotropic, 

reducing blood pressure, and lowering blood lipid 

(Mahmoudabady et al 2018). In this study aimedto 

investigate the medicinal effect of alkaloid compounds 

isolated from Teucrium polium L., on DNA isolated from 

pathogenic bacteria of urinary tracts.

MATERIAL AND METHODS

Teucrium polium L. was collected from Basrah, Iraq. The 

aerial parts were separated, dried for one week in the shade 

at room temperature and then ground to a fine powder, and 

stored at 7°C in glass containers until used. The powdered 

plant material (100 gm) was extracted three times with 

ethanol 95% (3×2L) at room temperature. The extracted 

plant was concentrated under reduced pressure and 

dissolved with 2% sulfuric acid. After filtration, the acidic 

aqueous solution was extracted three times with chloroform 

to remove the lipophilic impurities. The pH of is adjusted to 

10.0 using aqueous ammonia, and then extracted three 

times with CHCl (Harborne1984). Finally, chloroform was 3 

totally evaporated from the organic phase to form the alkaloid 

powder.  

Thin layer chromatography (TLC): TLC technique was 

used for separation of alkaloids compound and 

determination of their purity. One hundred microliters of 

alkaloids extract were toulerenced on silica gel plate (2×10 

cm) and were put in glass Jar then (n-hexane: di chloro 

methane: ethyl acetate) solvent was used as eluent system 

with a ratio equal to (9:9:1) for 10 min. The glass plate was 

driedandthe compounds were developed by UV-light at 366 

nm, Dragendroff reagent and steam iodine (Harborne1984). 

Rates of flow (R ) values were measured for each alkaloids f

compound.



Column Chromatography of alkaloids: Column 

Chromatography (CC) technique was carried out to separate 

each alkaloidic compound by using a column has length and 

diameter equal to 30 cm, 2 cm, respectively. The glass wood 

put in the down and of the column and was filled with silica gel 

(230-400 mesh; RDH), then (n-hexane, CH Cl  and ethyl 2 2

acetate with increases the polarity to 100% CH Cl  and then 2 2

to 15% ethyl acetate in CH Cl ) was used as an eluent 2 2

(Elmasri 2015).

Preliminary qualitative tests: Isolated alkaloid was 

undergone to several tests:

Alkaloids test was carried out by using Dragendroff 

reagent and Mayer's reagent (Harborne 1984). 

Carbohydrates test was done by using Molish reagent 

(Harborne 1984). Glycosides test was made by using 

Benedict reagent (Al-Khazraji 1972).

Amino acids test was made by using ninhydrine (1%) 

(Harborne1984).

Saponins test was made by using Mercuric chloride 

(5%) (Harborne1984).Phenols test was made by using Ferric 

chloride (1%) (Ribéreau-Gayon1972).

Diagnosis of isolated alkaloids by  NMR and GC-Mass
1  13Nuclear Magnetic Resonance (NMR): The H and C 

spectra for the alkaloidic compounds were obtained in 

deuterated  solvent CDCl  by using Bruker 500 MHz. 3 

Chemical shifts were reported in part per million (ppm) by 

using tetramethyl silane (TMS) as standard. 

Gas Chromatography-Mass Spectroscopy: Gas 

Chromatography-Mass Spectrometry (GC-MS) analysis was 

performed with an auto Mass Hunter\GCMS instrument 

using a SPB 5 (30 m/ 0.25 mm/ 0.5 µm) capillary column. 1µL 

of each isolated alkaloid dissolved in chloroform was injected 

in the following conditions: injector temperature, 300 °C; 

carrier gas, helium; pressure, 11.962 psi. Compounds were 

identified on the basis of their mass spectral data.
1Compound 1: Anal. Calcd for C H N: HNMR (CDCl , ppm): 8 17 3

0.84 (CH ), 1.26 (CH ), 1.28 (CH-N), 1.33 (-CH ), 1.43 (NH). 3 2 2

13CNMR (CDCl3, ppm): 14.13 (CH ), 22.70 (CH ), 30.19 (C-3 2

N), 31.44 (-CH ). GC-Mass (CDCl , m/z): 128 (C H N), 69 2 3 8 18

(C H N), 55 (C H N), 43 (C H ).4 7 3 5 3 7

Compound 2: Anal. Calcd for C7H15N: 1H NMR (CDCl3, 

ppm): 0.91 (CH ) 1.26 (CH ), 1.28 (CH -N), 1.33 (CH-N). 1C 3 , 2 3

NMR (CDCl3, ppm): 14.13 (CH3), 22.70 (CH3-N), 29.71 

(CH2), 31.94 (C-N). GC-Mass (CDCl3, m/z): 114 (C7H16N), 

56 (C3H7N), 70 (C4H9N).

Compound 3: Anal. Calcd for C6H13NO: 1H NMR (CDCl3, 

ppm): 0.87 (CH -O), 1.25 (CH-O), 1.33 (CH -N) 1.28 (-CH ), 3 2 2

1.43 (NH). 1C NMR (CDCl3, ppm): 29.71 (OCH3), 22.70 (-

CH2), 31.44 (-CH2). GC-Mass (CDCl3, m/z): 116 

(C6H14NO), 43 (C2H3O), 29 (C2H5).  

Compound 4: Anal. Calcd for C7H9N: 1H NMR (CDCl3, 

ppm) 1.29 (CH3), 7.52 (=CH), 7.72 (CH=). 1C NMR (CDCl3, :

ppm): 14.13 (CH ), 29.81(CH=N) 29.70 (CH=), 37.11 (=CH). 3

GC-Mass (CDCl3, m/z): 108 (C7H9N), 42 (C2H3N), 68 

(C4H6N).

Bacterial strains: Two bacterial species used in this study. 

The gram–positive species was Staph aureus (S. aureus) 

and Gram negative species bacteria was Escherichia coli (E. 

coli) which were clinically isolated  the urine of patientsfrom  

and identified by using device Vitek 2 biomerieux Automated 

Microbiology System (Biomerieux-Francee). 

DNA cleavage study: The DNA cleavage of the isolated 

compounds was investigated against one type of Gram-

positive bacteria and one type of Gram-negative bacteria by 

using the procedure of genomic DNA mini kit (Geneaid, 

Korea). The stock solution of DNA was prepared by 

dissolution of a suitable amount of DNA in 6.3 

mMTris–HCl/50 mMNaCl buffer (pH 7) at room temperature. 

A solution of DNA in the buffer gave a UV absorbance ratio at 

260 and 280 nm of ca. 1.9: 1, indicating that the DNA was 

sufficiently of free protein. The DNA concentration was 

estimated by UV absorbance at 260 nm with known molar 

absorption coefficient of 6600 M cm (Reichmann et al -1 -1

1954). The UV-Vis spectra were scanned from 230 to 600 nm 

with a Tris/HCl buffer solution as reference. 

The ability of the isolated compounds to cleavage DNA 

was studied agarose gel electrophoresis in Tris/EDTA buffer 

solution (Hussein et al 2014). The Samples were incubated 

at 37 °C for 2 h, treated with loading dye, and 

electrophoresed for 1 h at 50 V on 1% agarose gel consisting 

of 9 lanes: lane 1,  DNA (10 µL); lane 2, DNA (10 µL) + H O  (5 2 2

µM ); lane 3, DNA (10 µL) + H O  (5 µM) + sample (3µM); lane 2 2

4, DNA (10 µL ) + H O  (5 µM) + sample (6.2 µM); lane 5, DNA 2 2

(10µL) + H O  (5 µM) + sample  (9.3 µM); lane 6, DNA (10 µL) 2 2

+ H O  (5 µM ) + sample (10.5 µM ); lane 7, DNA (10 µL) + 2 2

H O  (5 µM ) + sample  (13.5 µM); lane 8, DNA (10 µL) + H O  2 2 2 2

(5 µM) + sample (15 µM); lane 9, DNA (10 µL) + sample (18 

µM). The gel was then stained with ethidium bromide before 

being photographed under UV light.

RESULTS AND DISCUSSION

In the current study, alkaloids extract was isolated and 

purified. Table 1 indicates the qualitative chemical analysis of 

alkaloids isolated from . The results show Teucrium polium

the presence of alkaloids only but carbohydrate, glycosides, 

amino acids, saponins, and phenol were not found.

Figure 1 and Table 2 represent thin layer 

chromatography (TLC) results of alkaloids extracted from T. 

polium L. There are four spots were separated have rates of 

flow (R ) value equal to 0.9, 0.85, 0.75 and 0.7. This ensures f
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Test Test 
result

Notes Conclusion

Dragendroff + Formation of orange 
precipitate

Presence of 
alkaloid

Mayer + Formation of white 
precipitate

Presence of 
alkaloid

Molish - No violet ring No carbohydrate

Benedict - No red precipitate No glycosides

Ninhydrine - No violet colour No amino acid

HgCl  (5%)2 - No white precipitate No saponin

FeCl  (1%)3 - No blusich- green colour No phenol

Table 1. Preliminary qualitative test for isolated alkaloid from 
T. polium

Fig. 1. TLC of alkaloid fractions developed by UV light

presence of four alkaloidic compounds in the extract and 

these components were tested and developed by 

Dragendroff reagent as a qualitative and characteristic 

developer for alkaloids, also by using iodine vapour. The 

alkaloids separated show brown colour, and by using litmus 

paper; the colour has changed from red to blue. 

Therefore, this ensures that these compounds are 

nitrogenous having basic basic features. Column 

Chromatography (CC) technique was used to separate each 

alkaloid compounds alone with time equal to 0.8 ml min . -1

Then TLC results of alkaloids compounds separated from 

column, showed a rate of flow (Rf) equal to 0.9, 0.85, 0.75 

and 0.7. 

Analysis: Four compounds, 1, 2, 3, and 4 were isolated from 

Teucrium polium. The identity of isolated compounds was 

determined by HNMR, CNMR, and Mass spectroscopy 1 13

which are well revealed their chemical structures.

The Mass spectra of compounds are shown in Figure 1. 

Compounds 1 and 2 revealed three common mass spectral 

signals at 56 attributed to CH CH CH=NH and CH C=NCH3 2 3 3 

fragments; 70 attributed to CH CH (CH )C=NH and CH3 2 2 3 

(CH ) C=N- CH  fragments and, 84 attributed to CH CH (CH2 3 3 2 2 

CH )C=NH and CH (CH CH )- C=NCH  fragments, 2 3 2 2 3

respectively. The signal at 43 is attributed to CH CH CH  3 2 2

fragment. Whereas the signals at 128 and 114 are attributed 

to m+1 for 1 and 2, respectively. Compounds 3 and 4 showed 

three mass spectral signal at 29, 43 116 and 42, 68, 108 

attributed to the fragments of CH CH , CH CH=O, m+1 and 3 2 2

CH CH=NH, CH=CHC (CH )=NH,  respectively.3 3

1

3HNMR spectra were scanned using CDCl  as a solvent 

that shows a singlet signal at 7.26 ppm (Fig. 2). The 

compound 1 shows a triplet signal at 0.84 ppm attributed to 

the protons (1) of the terminal CH  groups. The multiplet 3

signal that emerged in the range 1.26 ppm to 1.33 ppm 

attributed to the protons 2, 4 and 5, whereas, the broad signal 

that emerged at 1.43 ppm attributed to the proton 3 of NH 

group. HNMR spectrum of compound 2 shows a duplet 1

signal at 0.91 ppm attributed to the protons 1 of the CH  3

groups. The singlet signal emerged at 1.5 attributed to 

protons 2. Whereas, the multiplet signal and duplet signal, 

emerged at 1.7 ppm and 1.28 ppm, attributed to the protons 3 

and 4, respectively. In compound 3, the protons 1 of CH  3

group appears a single signal at 0.87 ppm, the multiplet 

signal that appeared at the range 1.28 ppm to 1.35 ppm is 

attributed to 2, 3 and 4 protons, whereas the broad signal at 

1.43 ppm back to the proton 5 of NH group. The aromatic 

compound 4 revealed singlet signal at 1.29 ppm is attributed 

to the protons 1 of CH  groups. The aromatic protons 2 and 3 3

are emerged duplet signal at 7.72 ppm and triplet signal at 

7.35 ppm, respectively.

The structures of the isolated compounds were also 

confirmed by CNMR spectroscopy. The spectra that shown 13

in Figure 3, reveal the compound 1 emerged four signals at 

14.13 ppm, 22.76 ppm, 31.44 ppm, and 30.19 ppm attributed 

to the carbons 1, 2, 4 and 3, respectively. Compound show 2

its carbons 1, 2, 4 and 3 at 15.83 ppm, 22.70, 31.94 ppm and 

29.71, respectively. The carbons 1, 2, 3 and 4 of compound 3 

appeared at 14.98 ppm, 31.44 ppm, 22.70 ppm and 29.71 

ppm, respectively. Whereas, the carbons that emerged at 

14.73 ppm, 29.70 ppm, 29.81 ppm and 37.11 ppm, are 

attributed to 1, 3, 4 and 2 of compound 4, respectively.  

DNA cleavage activity: The DNA cleavage of the isolated 

compounds was investigated against and Esherichia coli 

Staph aureus, respectively. Agarose gel electrophoresis 

experiments using (10 µL) of DNA were investigated for a 
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Fig. 2. Mass spectra of compounds 1, 2, 3 and 4

1Fig. 3. HNMR spectra of the compounds 1, 2, 3 and 4

micro-concentrations 3, 6.2, 9.3, 10.5, 13.5,15, and 18 µM (in 

respective, lanes: 3-9) of isolated compounds in aqueous 

buffer solution 6.3 mMTris-HCl/50 mMNaCl buffer (pH= 7) in 

presence of fixed amount (90 µM) of 30% H O  as an oxidant, 2 2

and the solution was incubated at 37 C for 2h. The agarose 0

gel electrophoresis patterns (Fig. 4) display that all the 

isolated compounds have high efficiency to cleave DNA. 

Compound 1 cleaves DNA at concentrations of 15 and 18 µM 

(lanes; 8 and 9) showing the linear form (form III) as well as 

the natural fast migration form related to the closed circular 

supercoiled form (SC, form I), lanes; 4 to 7. Compound 2 

shows the linear form at concentrations of 13.5, 15 and 18 µM 

(lanes; 7, 8 and 9). The compound 3 exhibits the linear form 

atconcentration of 18 µM (lane; 9). Although the compounds 

1, 2 and 3are produced the linear DNA form, the cleavage 

efficiency is totally different. The migration of linear form 

produced by the compound 3 is faster from that for the 

compound 2 which is faster than that for the compound 1; this 

explains the small molecular size of linear DNA form 

produces by 3 compared to 1 and 2. Compound 4 and unlike 

the previous compounds display a different DNA cleavage 

efficiency. It can be nicked one strand of DNA producing the 

slow migration form related to the open circular relaxed form 

(OC, form II) (Gao et al 2010).
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Fig. 5. Agarose gel electrophoresis patterns of DNA for the 
compound 1, 2, 3 and 4 in 6.3 mMTris-HCl/50 

omMNaCl buffer (pH= 7) at 37 C

13Fig.  4. CNMR spectra of compounds 1, 2, 3 and 4

Eluent system Reagent Spots No. Rf Conclusion

n-hexane: di 
chloro methane: 
ethyl acetate
(9:9:1)

I -vapour2 4 0.90
0.85
0.75
0.70

Presence of 
nitrogenous 
organic 
compound

Dragendroff 4 0.90
0.85
0.75
0.70

Presence of 
alkaloid

Table 2. T. poliumTLC results of isolated alkaloids from The DNA cleavage activity was investigatedin presence 

of H O  as an oxidant. The agarose gel electrophoresis 2 2

patterns show that the DNA cleavage is not taking place in 

presence of H O  only (lane; 1) or the presence of compound 2 2

only (lane; 2) which displays the natural SC form, this 

explains that the DNA cleavage depends on the presence 

both of the H O  and the compound. These results give 2 2

evidence that the compounds produce hydroxyl radical from 

H O , and then the free radicals share in the oxidation of 2 2

deoxyribose moiety, followed by hydrolytic cleavage of the 

sugar-phosphate backbone (Babu and Krishna 2007, 

Pogozelski and Tullius 1998).

CONCLUSION

The DNA cleavage study exhibits that the isolated 

compounds of can cleave the DNA in presence of T. polium 

H O . The agarose gel electrophoresis patterns for 2 2

compound 1, 2, and 3 shows the linear form with the closed 

circular super coiled, whereas the compound 4 show the 

linear form with the open circular relaxed.
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Abstract: The present investigation was carried out to evaluate the amino acids composition of two important commercial freshwater fish 

yellow barbell (Carasobarbus luteus) and common carp (Cyprinus carpio) of Euphrates River. The chemical analysis was conducted and the 

results showed that total protein content (% dry weight) for C. luteus and for C. carpiowas 26.12 and 22.59%, respectively.  The total fat content 

was 2.17 % and 4.04 % for C. luteus and C. carpio, respectively. The ash content for C.luteus was 1.5%  and C. carpio was 2.96% while 

moisture content 71.15% for C. luteus and 71.0% for C. carpio, Amino acids ranged from 0.56 - 14.03% for C.luteus and 0.7- 13.11% for C. 

carpio fish. The most present amino acids were glycin, aspartic, tryptophan, and glutamic, which ranged from 8.22 to 14.03%. The essential 

amino acids in the two species were arginine, histidine, isoleucine, leucine, phenylalanine, threonine, tryptophan, and valine were detected. 

The percentage ranged from 0.56 - 11.69% for essential amino acids in two species to improve good health, protection, and reduce of diseases 

in humans and therefore an important source of nutrients.
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Fisheries and aquaculture play an important role in the 

economy of many developing countries around the world, 

particularly in Asia and Africa. Fishes and fish products are 

considered to be the most widely traded commodities in the 

world (Martini and Lindberg 2013). Freshwater fish are an 

important  source of protein and unsaturated fatty acids 

(USFA) (Ljubojevic et al 2013) and are  protein rich in 

essential amino acids like (lysine, methionine, cysteine, 

threonine, and tryptophan) (Sikorski 1996). 

Humans have used fish as a food throughout the ages as 

an easily digestible food; as it is rich in protein and fat and also 

for treat numerous diseases, like prevention of pulmonary 

tuberculosis and weak liver function (Craig and Helfrich 

2002). Fish muscles are the main and important part of 

human consumption, so their composition of proteins, 

especially their essential amino acids, should be known in the 

human diet (Ackman 1990). Limin et al (2006) noted that the 

total of amino acid content in fish is influenced by internal 

factors such as (species, size, sexual maturity) and other 

external factors for example (food type, fishing season, 

salinity, temperature).  Also, it is affected by season and 

location, there is a strong relationship between the pattern of 

the content of essential amino acids found in fish body tissue 

and the pattern of dietary requirements for each species 

(Wesselinova 2000). There are several studies on the 

quantitative and qualitative properties of amino acid 

composition in many species (Ovissipour et al 2009, Kenari et 

al 2009, Dezhabad et al 2012). Carasobarbus luteus and 

Cyprinus carpio belong to the same family Cyprinidiae. 

Omnivorous feedings and dominant groups present in the 

Euphrates during the seasons of the year (Amari et al 2012). 

They are considered to be economically important species 

and are widespread in many freshwater bodies, especially in 

central and southern Iraq (Al-Tamimi 2004). C. luteus is an 

Iraqi fish found in inland waters (Coad 2017). While C. carpio 

was introduced to Iraq during 1955-1956 by the first of 

Indonesia (Pantene carp) and the second from the 

Netherlands (Japanese multi -color carp) for breeding at the 

Zaafarania fish farm in Baghdad and then launched into the 

natural water bodies in the Alhammar and Sunni marshes and 

the lakes of Habbaniyah and Tharathar n 1965 (AL Hamed 

1971, Al-Rubaie 1986). In 2009, the C. carpio was imported 

from Henkaria by private sector companies considered as 

one of the most important economic fish cultivated in Iraq, it is 

the first in the field of cultivated (Hassouni and Janabi 2005). 

Al-Amari et al (2012) has reported that, algae are the main 

food for C. luteus, followed by aquatic plants, organic crumbs, 

and diatoms with a tendency to plant species. In the study of 

Mohammed et al (2015) pointed out the C. luteus in the East 

Alhammar marsh adoption in feeding on twelve different 

types of natural food, the diet included diatoms, 

phytoplankton, algae, and aquatic plants. C. carpio feed on 

natural foods in their external environment and commercial 

diet in different farming systems (Kocour et al 2007). The 

common commercial diet used to feed C. carpio made from 

cereals, soybeans, fishmeal and supplemented with 



vitamins, minerals and possibly some feed additives, which 

are in the form of Peale at, such as sinking and floating. These 

feeds are largely used in intensive culture systems (cages) 

and semi-intensive culture, clay ponds (Deutsch et al 2007).

Natural foods are a valuable source of proteins 

(essential amino acids), fatty acids and vitamins, which 

determine the nature of the nutritional value of each type of 

fish meat used in human nutrition (Kibria et al 

1997).Therefore, it is necessary to study and measure the 

content of amino acids in the tissues and muscles of each 

type of fish, to determine the optimal type of fish in human 

nutrition. The current study aimed to know the composition of 

amino acids for two types of freshwater fish including 

Carasobarbus luteus Cyprinus carpio and  located in the 

inland waters of Iraq. 

MATERIAL AND METHODS

Collection of samples: Carasobarbus luteus was obtained 

from the fishermen of the Euphrates River, and Cyprinus 

carpio was obtained from the floating cages farms on hours. 

The total protein in the muscles of the fish was determined by 

the Kjeldahl method. Measure the total nitrogen content in 

the sample after digesting a known weight with the sulfuric 

acid (H SO ), the distillation with per chloricacid (HCLO ) and 2 4 4

the hydrochloric acid (HCL) correction, then multiply the 

nitrogen value by a factor (6.25N) to convert total nitrogen to 

crude protein (CP)in all fish samples. Ash was determined in 

the dry sample by taking 5g of the sample and then placed in 

furnace at 550°C for 8 hours. The crude fat was extracted 

from the fish muscles by the organic solvent petroleum ether 

by using the Soxlet.

Analysis of amino acids: The amino acid profiles of raw fish 

muscles are determined by (HPLC) High-Performance 

Liquid Chromatography analysis according to Vidotti et al 

(2003) by using the cationic exchange resin column and 

ninhydrin post-column derivation in auto analyzer (Shimadzu 

SPD-6AV UV-visual detector). Samples were analyzed using 

HCl 6N,  for 22 h at 110°C to determine amino acids. 

Sinceacidic hydrolysis destroys tryptophan, the samples 

were also analyzed using lithium hydroxide 4N to determine 

tryptophan. When you combine the replicas together, one 

value for each material was obtained and used. The tests 

were conducted at the laboratories of the Ministry of Science 

and Technology, Baghdad.

Statistical analysis:  Use the statistical program Statistical 

Analysis System (SAS 2012). The mean differences 

between the averages were calculated by Duncan (1955).

RESULTS AND DISCUSSION

Proximate composition: The proximate composition 

calculated on the dry matter of the two freshwater species C. 

carpio C. luteus Table and  shown in  1. 

Content of protein: C. carpioContent of protein  for  ranged 

from 22.18  to 22.67% While we noted that  spread C. luteus

from 25.87% to 26.45%. The mean Content of protein spread 

from 22.59% for  to 26.12% for  . Note C. carpio C. luteus

significant differences (p< 0.05) between the species. 

Record the highest protein content in C. lute.

Content of lipid: C. carpio The lipid ratio of ranged from 

3.76-4.2% and for  2.03-2.4%. The average total C. luteus

content of lipid ranged from 4.04- 2.17% with significant 

differences (p< 0.05) between species. The highest lipid 

content was recorded in .C. carpio

Content of ash: C. carpio The content of ash for ranged from 

2.87- 3.09 % and 1.22-1.66% in The average total C. luteus. 

content of ash for 2.69-1.5%. The highest ash content was 

noted in C. carpio.  

Content of moisture: The content of moisture ranged from 

70.58 to 71.18% with average of 71.0% for  and C. carpio

70.85 to 71.53% and average of 71.15% for . No C. luteus

significant differences were observed (p< 0.05) between 

species.

Relative volume: Relative volume ranged from 0.37 to 0.43 

with average of 0.403 in  and 0.33 to 0.375 and C. carpio

average 0.359 for . No significant differences were C. luteus

observed (p< 0.05) between species.

Amino acid content: Eighteen different amino acids were 

found from fish under study. The total amino acids for C. 

carpio was 225.39 mg g  and in C. luteus was 261.21 mg g  -1 -1

(  2). Eight of the essential amino acids that are very Table

important to human health are present in the fish understudy. 

These essential amino acids are arginine, histidine, 

isoleucine, leucine, phenyl al., tryptophan, threonine  

andvaline. Total essential amino acids 36.87% for C. carpio 

Parameters C. carpio C. luteus

Weight (g) 250.66 ± 26.59  76.366 ± 3.43    

Total length (cm) 25.433 ± 1.23    18.066 ± 0.52    

Standard Length (cm) 20.233 ± 2.13    15.233 ± 0.54    

Depth of body (cm) 8.10 ± 0.58       5.466 ± 0.12      

Relative Volume 0.403 ± 0.01      0.359 ± 0.01      

Crude protein (% w/w) 22.593 ± 0.2b   26.121 ± 0.17a    

Crude fat (% w/w) 4.044 ± 0.13a     2.173 ± 0.11b     

Crude Ash (% w/w) 2.961 ± 0.06a 1.503 ± 0.13b      

Dray matter 28.993 ± 0.21a    28.846 ± 0.19a    

Moisture (% w/w) 71.006 ± 0.21a    71.153 ± 0.19a  

Table 1. Estimation of ingredients (dry matter) of C. carpio 
and C. luteus

a, b The different letters in column means that significant differences (P <0.05)
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No. Amino acids (%) C. carpio C. luteus

1 Arginine 2.626 ±0.41a 4.192±0.87a

2 Histadine 3.597±0.21a 3.986±0.78a

3 Isoleucine 4.591±0.17a 4.922±0.05a

4 Leucine 6.996±0.19a 6.157±0.63a

5 Phenyl al. 2.214±0.38a 2.980±0.96a

6 Threonine 6.209±0.28a 5.131±0.93a

7 Tryptophan 9.910±0.82a 11.691±1.70a

8 Valine 0.727±0.04a 0.563±0.11a

Σ EAA 36.875±0.99a 39.626±3.21a

9 Aspartic 7.403±0.50b 14.031±2.24a

10 Serine 5.802±0.88a 5.864±0.36a

11 Glutamine 8.222±0.60a 6.504±0.81a

12 Glycine 13.115±0.82b 7.955±0.16a

13 Alanine 3.099±0.15a 3.409±0.26a

14 Tyrosine 3.817±0.31a 2.526±0.54a

15 Glutamic,A. 5.821±0.24a 3.811±0.37b

16 Ornithine 3.916±1.26a 2.893±0.62a

17 Asparagin 5.674±0.37a 5.952±0.51a

18 Taurine 6.250±0.32a 7.424±0.79a

Σ Non EAA 63.124±0.99a 60.373±3.21a

Sum EAA/NonEAA 0.584±0.02a 0.666±0.09a

Table 3. Proportion of amino acids in total amino acids

a, b The different letters in column means that significant differences (P <0.05)

and 39.62% for C. luteus showed significant difference at 5% 

level of significance between species percentage of each 

amino acid of total amino acids are shown in  3. The Table

highest percentage of amino acids were aspartic acid, 

glycine, tryptophan and glutamine spread from 8.22-14.03% 

of total protein. While the ratios of other amino acids 0.72 to 

13.11% in C. carpio and 0.56 to 14.03% in C. luteus.

Essential amino acids cannot be manufactured within 

the human body so they get them in a large and balanced 

intake of fish meat, they are important for healing wounds 

(Mat Jais et al 1994). The present study indicated that both 

types contain most of the essential amino acids.

Obstruction in the healing process occurs when there is 

a lack of essential amino acids (Mat Jais et al 1994).  To 

ensure the formation of hemoglobin and regulate the stability 

of sugar and energy in the blood, the body needs Isoleucine. 

While leucien plays a major role in the healing of skin, 

boneand muscle tissue, and for the formation of human 

glycogen, Glycine is considered to be a key ingredient 

(Heimann 1982, Witte et al 2002).

The importance of Glutamine is concentrated in its work 

as an important carrier of ammonia (nitrogen) in the immune 

system of the muscles in the case of dangerous diseases. 

No. -1Amino acids mg g C. carpio C. luteus

1 Arginine 5.94a 10.95a

2 Histadine 8.12a 10.41a

3 Isoleucine 10.37b 12.85a

4 Leucine 15.8a 16.085a

5 Phenyl al. 5.00a 7.78a

6 Threonine 14.03a 13.4a

7 Tryptophan 22.39a 30.54a

8 Valine 1.64a 1.47a

Sum ΣEssential amino acids (EAA) 83.31a 103.51a

9 Aspartic 16.72b 36.65a

10 Serine 13.11a  15.31a

11 Glutamine 18.57a 16.99a

12 Glycine 29.63a 20.78b

13 Alanine 7:00 AM 8.9a

14 Tyrosine 8.62a 6.59a

15 Glutamic, A. 13.15a 9.95b

16 Ornithine 8.84a 7.55a

17 Asparagin 12.82a 15.54a

18 Taurine 14.12a 19.39a

Sum Σ Non Essential amino acids 142.62a 157.7a

Sum Total amino acids 225.39 261.21

EAA/NonEAA 0.584a 0.666a

Table 2. Amount of amino acids of total protein

a, b The different letters in column means that significant differences (P <0.05)

(Deutz et al 1992). The results showed that the amount of 

amino acids in C. luteus  is higher than in C. carpio and this is 

due to the nature of nutrition of each species. Where C. luteus 

relies heavily on natural food while C. carpio feeds on 

commercial foods (Fadaee 2012).

CONCLUSION

To sum-up, fishes are considered an important source of 

human food in Iraq, because it contains a high percentage of 

protein and a good source of amino acids, especially 

essential amino acids, which is in good quantity for good 

health and prevention of diseases in humans.
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Abstract: The study was conducted on 100 Turkish and local Awassi ewes reared in the ruminants' research station, which belong to state of 

Agricultural Fundamental, Ministry of Agriculture, Iraq. Data were available during the season 2017-2018to determine the relationship of some 

genetic and non-genetic factors on milk quantity and lactation period length in Turkish and Local Awassi ewes. Results showed a significant 

variance of dam age and dam weight on lactation period (LP), the mean squares were 2853.36 and 2658.48, respectively while a high 

significant effect of dam age and weight on total milk yield 8944.27 and 4462.92, respectively. Significant effect of breed on total milk yield 

(TMY) and daily milk yield (DMY), the high values were noticed in Turkish Awassi breed (94.64 and 0.904 kg) compared with Local Awassi 

breed (78.41 and 0.784 kg). Damage at lambing effected significantly on lactation period, total milk yield and daily milk yield, the highest values 

were noticed in dams with fife year of age namely, 114.84 day, 103.58 kg and 0.952 kg, respectively. Total milk and daily milk yield were differed 

significantly according to lambing type, the yield increased in dams with twin birth lambs (102.16 and 0.933 kg, respectively) compared with 

dams with single birth lambs. Heritability coefficients estimated for DMY, TMY and LP were low and ranged from 0.22 to 0.08 while a significant 

and positive genetic correlation among these traits and ranged from 0.96 to 0.67. Significant and positive phenotypic correlations among milk 

traits and lactation period ranged from 0.98 to 0.81.
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Awassi sheep breed is one of most famous and 

important sheep breeds around the word, its widespread in 

the most of countries in Asia and middle east (FAOSTAT 

2007). Awassi is contributing about 58.2% from Iraqi sheep 

and the productive performance is faced with many 

difficulties under the classical breeding systems (Ishaq and 

Ajeel 2013). Sheep milk is characterized by lower cholesterol 

content, more beneficial composition of fatty acids and better 

hygiene (lower somatic cell content) compared with cow of 

buffalo or cow milk (Molik 2008).

Many studies referred that the milk yield of this sheep is 

affected by many factors and these factors can be classified 

in to two parts: first part is environmental factors such as food 

which effect significantly in sheep performance and the 

weather factors such as temperature and humidity which play 

a crucial role in sheep survival and activity. Abeia et al (2017) 

reported that the milk yield is associated metrological 

conditions. Second part is genetic factors represented in 

many genes which make a large genetic variance among 

flock individuals and this variance can be exploited in 

selection programs (Hamann et al 2004, Selvaggi et al 2017.)

Sheep will begin for milking from lambing to fall when the 

shortening day length decreases milk production and many 

studies indicated that the sheep milk yield and components 

are different considerably among sheep breeds (Belo 2009). 

Management factors are also effect in milk yield such as 

nutrition (Gilbert 1992.)

Dam age, parity, lactation stage, sex of birth and type of 

birth were effected significantly on the major milk 

components such as protein and fat content in Awassi sheep 

breed reared in Iraq (AL-Khuzai and AL-Anbari 2018). In 

addition to environmental factors, genetic variation in sheep 

breeds has been widely documented and the evidences 

show substantial differences among breeds and in a number 

of cases, exceptional variations within breeds (Ghaffari et al 

2009, AL-Khuzai and AL-Anbari 2018.)

The major aim of this study is to investigate the effect of 

environmental and genetic factors, which effect on milk yield 

and components in Awaasi breeds reared in Iraq and uses 

the results as a guidelines to improve the Animals and 

increase the outcome for benefits.

MATERIAL AND METHODS

The study was conducted on 100 Turkish and local 

Awassi ewes reared in the ruminants research station which 

belong to state of Agricultural fundamental - Ministry of 

Agriculture, Iraq. Data were available during the season 

2017-2018. Semi open sheds were used to housing animals 

and management program was used to feeding and 

preparing to reproduction. Flock can be fed on the 
-1concentrated ration consuming about 500-600 gm head  

-1day , for the period from mating season to the last six weeks 

of pregnancy. Ration is normally containing 37% yellow corn, 

40% wheat bran, 10% hulled barley, 5-10% soybean meal, 



1% NaCl and 1% CaCO  and green roughages such as 3 

Alfalfa and clover can be added throughout the season. 

Annual routinely operations on sheep are dipping and 

washing with chemicals in order to kill extra parasites so 

sheep will be ready to mating after hand wool shaving. Sires 

and dams will be recorded in breed records. Lambs are 

weighed directly after parturition and tagged with plastic tags. 

Lambs stays with their dams up to 90 days (weaning 

age).The health status of the flock must be under regular 

observations.

Milk measures: Milk yield was measured twice-daily every 

week. On the milk recording day, lambs were isolated from 

their dams, and dam's udders were evacuated handily from 

the surplus milk post lambs suckling, and milk collected was 

weighed and recorded.

Statistical analysis: General liner model (GLM) was used 

by statistical analysis system- SAS (2001) computer program 

to detect the effect of environmental and genetic factors on 

milk yield, lactation period length and milk components under 

the mixed model below: 

Yijklmnopq= µ+ Bi + Aj + Tk + Sl + Hm + Wn + No + Rp + 

eijklmnopq

Where:

µ: over all mean

Bi: effect of breed (Turkish Awassi and Local Awassi)

Aj: effect of dam age at lambing (3 and 4 year)

Tk: effect of lambing type (single and twin)

Sl: effect of lamb sex (male and female)

Hm: effect of lambing status (normal or difficult)

Wn: effect of dam weight at lambing (less than 50 kg, 50-

60 kg or more than 60 kg)

No: effect of lambing month (January or March)

Rp: effect of sire.

eijklmnopq: is a random error.

RESULTS AND DISCUSSION

Results represented in Table 1 indicated that a 

significant variance (P<0.05) of dam age and dam weight on 

lactation period (LP), the mean squares were 2853.36 and 

2658.48 respectively while a high significant effect (P<0.01) 

of dam age and weight on total milk yield (TMY) namely, 

8944.27 and 4462.92, respectively. In the same direction, 

dame age and weight effected significantly on daily milk yield 

(DMY) namely, 0.8038 and 0.4178, respectively. Results 

showed a significant effect (P<0.05) of breed, lambing month 

and lambing type on lactation period, total milk yield and daily 

milk yield.

Results represented in Table 2 showed a significant 

effect of breed on total milk yield and daily milk yield, the high 

values were noticed in Turkish Awassi breed (94.64 and 

S.O.V. d.f Mean squares  

LP TMY DMY 

Breed 1  136.49 NS 6261.84 * 0.4473 *

Dam age 1 2853.36 * 8944.27 ** 0.8038 **

Lambing type 1 72.49  NS 4477.91 * 0.3485 *

Lamb sex 1 19.82  NS 1306.50 NS 0.1652 NS

Lambing status 1 158.63 NS 179.72 NS 0.0239 NS

Dam weight 2 2658.48 * 4462.92 ** 0.4178 **

Lambing month 1 52.73 NS 2592.03 * 0.4048 *

Exp. Error 91 571.487 369.694 0.02572

Table 1. Analyses of variance of factors that effect on milk 
traits

** (P<0.01), * (P<0.05)

0.904 kg) compared with Local Awassi breed (78.41 and 

0.784 kg). The results are similar with those of Hamdon 

(2005), Iñiguez and Hilali (2009) and Abdallah etal (2013) 

who reported that the milk yield and components are affected 

significantly by breed differences. In addition, the Turkish 

Awassi individuals characterized as bigger in size than Local 

Awassi breed which reflex positively on milk production. 

Dame age at lambing effected significantly on lactation 

period, total milk yield and daily milk yield, the highest values 

were noticed in dams with fife year of age namely, 114.84 

day,103.58 kg and 0.952 kg, respectively. The results are in 

accordance with the results of Alkudsi and Ibraheem (2014). 

Many possible causes could be suggested to explain the 

increase of milk yield as the damage progressed. Firstly, the 

increase body weight of the ewes with a greater number of 

lactations, which leads to a greater availability of body 

reserves for the synthesis of milk. Secondly, the greater 

development of the udder glandular tissue as the number of 

lactations rises could also result in an increased synthesis of 

milk constituent, the results came to support the past results 

of van der Linden et al (2009). Total milk and daily milk yield 

were differed significantly according to lambing type, the 

yield increased in dams with twin birth lambs (102.16 and 

0.933 kg, respectively) compared with dams with single birth 

lambs. The current results came harmonic with many results 

that demonstrate the effect of birth type on many economical 

traits in sheep such as milk production, lambs weight or 

livability (Molik et al 2008). Although there was no significant 

difference between dams with male or female lambs in milk 

production but there is a theoretical difference towards dams 

that produced male lambs. Lambing status did not affect 

significantly on milk yield in both Awassi sheep breeds. Dm 

weight effected significantly on LP, TMY and DMY, dams with 

50-60 kg recorded the highest values namely, 111.30 day, 

104.95 kg and 0.943 kg, respectively. The significant 

relationship of dam weight with milk production was 
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Factors d.f Means ±S.E

LP (day) TMY (kg) DMY (kg)

Overall mean 100 103.18 ± 8.75 89.97 ± 19.51 0.872 ± 0.26

Breed

Local Awassi 38 100.01 ± 8.66 a 78.41 ± 17.75 b 0.784 ± 0.26 b

Turkish Awassi 62 104.69 ± 10.61 a 94.64 ± 25.16 a 0.904 ± 0.28 a

Dam age (year)

4 65 94.52 ± 11.78 b 73.06 ± 14.49 b 0.773 ± 0.35 b

5 35 114.84 ± 7.66 a 103.58 ± 23.45 a 0.952 ± 0.26 a

Lambing type

Single 71 97.46 ± 8.19 a 74.45 ± 17.84 b 0.764 ± 0.19 b

Twin 29 109.50 ± 9.46 a 102.16 ± 18.43 a 0.933 ± 0.24 a

Lamb sex

Male 56 106.58 ± 8.38 a 88.57 ± 16.52 a 0.831 ± 0.16 a

Female 44 99.61 ± 8.50 a 85.27 ± 21.25 a 0.856 ± 0.22 a

Lambing status

Normal 91 104.92 ± 7.39 a 90.33 ± 17.54 a 0.861 ± 0.19 a

Difficult 9 98.43 ± 9.02 a 82.48 ± 15.27 a 0.838 ± 0.17 a

Dam weight

Less than 50 kg 24 89.25 ± 7.35 b 69.26 ± 11.70 b 0.776 ± 0.14 b

50-60 kg 52 111.30 ± 10.59 a 104.95 ± 26.92 a 0.943 ± 0.16 a

More than 60 kg 24 105.48 ± 8.80 a 98.83 ± 18.38 a 0.937 ± 0.16 a

Lambing month

January 41 98.37 ± 7.62 a 82.92 ± 20.17 b 0.843 ± 0.18 b

March 59 105.92 ± 7.55 a 102.32 ± 17.69 a 0.966 ± 0.18 a

Table 2. Effect of factors that studded on lactation period and milk yield

Values within each subclass with different superscripts differ significantly.

demonstrated in many past studies (Hernández et al 2018), 

who reported that that the milk production increased in rate 

between 2.99 to 3.91 liter as body weight increased one 

kilogram. Results reveal inequality in total milk and daily milk 

according month of birth, dams that lambed in March 

produced milk more than dams that lambed in January and 

this result is in accordance with the results of Abdul-Rahman 

and Abbo (2013) and AL-Samari et al (2014). The results are 

in accordance with the finding of Raoof et al (2017) who 

reported that the non-genetic factors such as dam age, parity, 

dam weight and birth type are  correlated with milk yield in 

sheep.

Results represent in Table 3 showed a heritability 

coefficients estimated for DMY,TMY and LP were low and 

ranged from 0.22 to 0.08, while a significant (P<0.01) and 

positive genetic correlation among these traits and range 

from 0.96 to 0.67.Significant (P<0.05) and positive 

phenotypic correlations among milk traits and lactation 

period ranged from 0.98 to 0.81. Similar results were found. A 

higher heritability estimates of TMY in the same breed such 

Traits DMY TMY LP

DMY 0.22 0.96** 0.67**

TMY 0.98** 0.22 0.80**

LP 0.81** 0.86** 0.08

Table 3. Genetic parameters of milk yield and lactation period 
in Awassi sheep

2Heritability-h  (diagonal), genetic correlation (above diagonal) and phenotypic 
correlation (below diagonal)

as Mavrogenis(1996) and AL-Samarai and AL-Anbari (2009), 

who reported that heritability estimates were 0.47 and 0.56, 

respectively. The yield traits were a highly genetically and 

phenotypic correlated one another and the results were in 

accordance with Carta et al (2009) and Murphy et al (2017). 

In conclusion, local Awassi sheep breed is characterized with 

low milk production in Iraq therefore, detecting the actual milk 

yield with high accurate records and diagnosis the main 

environmental and genetic factors that effect on milk yield will 

contribute for developing the breed performance and 

continue to become a main breed to compete strongly with 

the standard sheep milk breeds.
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Seasonal and Physiological Changes on Renal 
Function Parameters in Iraqi Cats

Indian Journal of Ecology (2019) 46 Special Issue (8): 237-241

Manuscript Number: S-288
NAAS Rating: 4.96

Abstract: This study was conducted on 90 healthy local Iraqi cats and recorded the normal range of serum chemical values (blood urea 

nitrogen and serum creatinine) and urine parameters in the pets and stray cats, and studied the effects of sex, age and seasons on these 

parameters. The results showed there were no effect of the housing mode or seasons on the specific gravity, PH, total protein, WBC, RBC, 

ketones, urobilinogen and glucose in urine of cats. While significant increase (p ≤ 0.05) in RBC of urine occurred in the female compare to male. 

Seasonally the blood values were significantly higher (p ≤ 0.05) in creatinine and total protein values in summer compare to winter. On other 

hand the serum chemical results (creatinine, urea, total protein and albumin) of local cats are classified according sex and age which was not 

recorded any significant changes. In conclude we found renal function changes are affected by seasons, and the blood urine showed high 

frequency occurrence in female cats. This study was determining normal range of kidney function test computable for local breed and 

environmental conditions in Iraq.
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Renal problems diagnosed as a part of more common 

feline diseases (Wakeling 2009). In spite of desert root of cats 

increased its urinary system resistance due to highly urine 

specific gravity (Brown 2010). Domestic cats had incorporeal 

value to owners so it reach 600 million that's lead them to 

taken care of pets even with untreatable health issue. 

Chronic kidney disease (CKD) is a degenerative and 

progressive disease that is common in cats, no known 

effective treatments that treated this disease progression 

and repair kidneys diseases have been identified (Thomson 

et al 2019). Diagnosed renal disease is traditionally done with 

blood urea nitrogen, serum creatinine concentration (sCr), 

and urinalysis findings. Becker et al (2008) showed the 

importance of blood and biochemical studies as basic sings 

to reflect health and physiological state of animal. Cats with 

kidney disease normally appear non-specific signs, routine 

laboratory tests as blood creatinine and blood urea may be 

make but not sensitive and enough for CKD detection, 

ultrasonography for kidney can showed information on 

kidney parenchyma that is very important for detecting the 

primary causes of chronic kidney disease (Thanaboonnipat 

et al 2019). Recently, Many cats kidney healthy evaluated 

with Symmetric Dimethylarginine (SDMA) concentrations 

that indicated on prevalence of CKD with 28 percent, high 

prevalence of percent with age (67 in cats >18 years), cats 

can be measured with serum SDMA concentrations in CKD 

rather than creatinine concentrations alone, serum SDMA 

diagnose CKD in early stage when serum creatinine is 

normal (Hall et al 2019). Zenad et al (2015) confirmed on the 

role seasonal variation induced some diseases in the Iraqi 

cats and the seasons considered essential factor effect on 

the healthy dogs and cats in Iraq. Quantification of glomerular 

filtration rate (GFR) is considered the most appropriate 

method for evaluating kidney function and it is reflected 

amount of normal kidney mass. Nevertheless, due to 

difficulty of sample colleting and requires specific equipment 

that make GFR measurement isn't practical techniques (Kerl 

and Cook 2005). Its need to collect urine for a day with 

several blood samples to compare renal with plasma 

clearance rate that make GFR expensive and unwieldy (Von 

Hendy-Willson and Pressler 2011). Cheap and Easily 

measuring the concentration of serum creatinine (sCr) in 

serum make it standard method to assess function of kidney, 

sCr is a derivative of muscle endogenous metabolism 

removed by the kidneys, due to the tubules didn't reabsorbed 

it. So used as marker of kidney dysfunction (Hall et al 2014).

Urea is as a waste product and excrete rate interfere with 

dehydration, protein loss, catabolism and food intake 

(Cannon 2016). Azotemia (elevation of sCr and BUN levels 

together) with decrease urine concentrating capability occurs 

in state of chronic kidney disease (CKD) (Hall et al 2014). 

Persistence of increase sCr with decrease urine specific 

gravity (USG) under 1.03 for several months it remarks CKD 

(Cannon 2016). The International Renal Interest Society 



(IRIS) with the American and European Societies of 

Veterinary Nephrology and Urology developed outline stage 

of Feline CKD (Hall et al 2019). Acute uremia occurs in 

sudden damage of kidney parenchyma that called Acute 

kidney injury and may followed by acute renal failure 

((Langston 2010), and cause increase morbidity and 

mortality rates due to late disease diagnosis (Kovarikova 

2015). This study was aimed to determine the normal range 

of kidney function in local breed and effect the environmental 

conditions on mentioned parameters in Iraq by study serum 

chemical values (blood urea nitrogen and serum creatinine) 

and urine parameters in Iraqi cats.

MATERIAL AND METHODS

Specimen collection and analysis: The study was 

conducted on 90 local cats in Baghdad province. The cats did 

not showed any clinical signs of acute or chronic kidney 

diseases, and subdivided to groups according to housing 

mode (pet and stray), season (summer, April to October and 

winter, November to March), sex (male and female), and age 

groups (1-5 year and more than 6 year).

Animals and samples: Simple local trap techniques were 

made to cat catching for cats in Baghdad city, over 12 months 

from. Cats were anesthetized by inhalation (10 ml of 

Halothan 100% BP stabilized by 0.01% thymol) in closed 

special box from glass (Al-Ani 2012). After cat anesthetized, 

the neck area was sterilized then 6 ml blood withdrawal 

directly from jugular vein and puts blood in plain tube and 

centrifuged to obtain serum. The urine collected directly by 

disposable aspiration syringe from urinary bladder after 

shaving and sterilization the area using 22 gauge needle. 

Cats were classified to subgroups according housing mode 

(stray cats 47) pets cat (43), according seasons (in summer 

44) and (winter 46), according sex (male 43) and (female 47), 

and aged groups 50 cats (1-5 years) and 40 cats (6-15 

years), the age estimated by teeth formula according 

(American Association of Feline Practitioners).

Urine commercial strips were used in chemical and 

physical analysis of urine. Protein specific gravity, glucose, 

pH, urobilinogen, blood, ketones, and bilirubin were done 

using ordinary dipstick strips (Combur urine test/Roche, 

German).Total protein was measured by refractometer 

system(Coles 1986), while other parameters were measured 

according to commercial kits.A lbumin measured using 

(Biolabo Reagent Company- France), Creatinine by 

(Biomaghreb Company- Tunisia) andblood urea and blood 

urea nitrogen in serum by Linear Chemicals Company- 

Spain. These were measured by cholorimetric methods in 

spectrophotometer.

Statistical analysis: The results were analyzed with 

statistical program (SPSS program version 20), One-Way 

ANOVA for compare the data at level significance of 

(P 0.05)< .

RESULTS AND DICUSSION

The results of chemical and physical urine examination 

of cat showed the mean value of specific gravity, pH, total 

protein, WBC, RBC, ketones, urobolliongen and glucose in 

urine has no significant difference between stray and pet cats 

as well as no influence of the season on these parameters. 

The glucose in urine cat revealed non-significant increase in 

the summer compare to the winter (Table 1).

The chemical and physical examination of urine in (Table 

2) according sex and age groups showed significant increase 

in RBC l  in males urine as compared to females. The -1μ

ketones in female and in catsup to 5 years, were also non-

significant .The non-significant increase in glucose value was 

observed in urine of male cats compare to female and in 

young age group (1-5 years) as compared to other age group 

(6-15 years).

The blood values were significantly higher in creatinine 

and total protein values in summer compared to winter. 

Results of serum chemical values according to housing 

mode and season were recorded the range data in total cats 

included blood creatinine, blood urea, blood urea nitrogen, 

blood total protein, blood albumin. All these tests showed 

non-significant difference between stray and pet cats. 

Although, the serum creatinine values in summer and total 

protein values were recorded significant differences (p ≤ 

0.05) in summer compare to winter.

On the other hand, the effect of age and sex on 

creatinine, urea, total protein and albumin in serum did not 

have any effect on Iraqi cats. The results of cats were 

classified according sex and age (Table 4), which not showed 

any significant differences between males and females cats 

as well as between age group of 6-15 years and 1-5 years 

(Table 4).

The study not recorded any significant difference 

between age groups, there are indicator not influence of the 

age on values of the serum creatinine and the blood urea 

(Table 4). These results disagree with earlier workers 

(Kovarikova 2015. (Wang et al 2017. Elliott and Barber 

(1998) recorded significant disorder of renal function in cats 

with the progress of age especially after 13 years. This may 

be due to the non-significant differences in results with a 

progressive of the age in cats because variation on 

environment and nutrition habits of Iraqi cats The low 

phosphate and low protein foods in the cats decrease the 

renal disease (Geddes et al 2016). The increase protein and 

salt on the dietary intake increase the chance of the renal 
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Parameters Total cat
(n=90)

Stray cat
(n=47)

Pet cat
(n=43)

Summer
(n=44)

Winter
(n=46)

Specific  gravity 1.03+0.00 1.03+0.00 1.032+0.00 1.032+0.00 1.030+0.00

pH 6.56+0.07 6.68+0.10 6.43+0.09 6.44+0.08 6.67+0.11

-1Total protein (g l ) 447.4+38.6 423.8+51.4 473.3+58.3 420.9+52.9 472.8+56.3

-1WBCμl 446.41+9.4 425.5+24.5 469.3+30.4 441.0+28.6 451.7+26.5

-1RBCμl 2.67+1.10 2.55+1.50 2.79+1.64 2.73+1.60 2.61+1.54

-1Ketones (mg dl ) 0-5 0.17+0.1 0.32+0.18 0 0 0.33+0.18

-1Urobillinogen (mg dl ) 1.39+0.06 1.32+0.08 1.47+0.08 1.33+0.09 1.46+0.07

-1Glucose (mg dl ) 10.0+5.87 17.0+11.10 2.3+1.62 14.8+11.56 5.4+3.20

Table 1. The chemical and physical appearances of urine in the total cat and classified according housing type and seasons 
(Mean +SE)

Parameters Sex Age /year

Male (n=43) Female (n=47) <1-5.(n=50) <6-15 (n=40)

Specific  gravity 1.030+ 0.001 1.032+0.001 1.032+0.001 1.030+0.001

pH 6.59+0.096 6.53+0.106 6.54+0.104 6.58+0.096

-1Total protein (g l ) 527.0+57.4 374.7+50.2 420.4+50.9 481.3+59.3

-1WBCμl 474.4+26.9 420.9+27.5 432.0+26.3 464.5+28.8

-1RBCμl 0 5.11+2.06 A 2.60+1.42 2.75+1.75

-1Ketones (mg dl ) 0.35+0.20 0 0 0.38+0.21

-1Urobillinogen (mg dl ) 1.47+0.09 1.32+0.07 1.38+0.07 1.41+0.09

-1Glucose (mg dl ) 14.0+11.69 6.4+3.60 8.0+3.60 12.5+12.50

Table 2. The chemical and physical appearances of cat urine classified according to sex and age groups (Mean+SE)

Differences in capital letters horizontally refer to presence of significant deference at (P<0.05).

Parameter Total cat
(n=90)

Stray cat
(n=47)

Pet cat
(n=43)

Summer
(n=44)

Winter
(n=46)

-1Creatinine (μ mol l ) 119 +3.2 118.2+3.4 119.0+5.64 127.9+4.91A 110.5+3.81B

-1Urea (m mol l ) 8.80+0.23 9.16+0.35 8.41+0.30 9.25+0.34 8.38+0.32

-1Urea nitrogen mg dl 24.70+0.66 25.70+0.99 23.60+0.85 25.94+0.95 23.50+0.90

-1Total protein (g l ) 74.14+0.69 74.12+1.02 74.16+0.92 77.22+0.001 71.19+0.84

-1Albumin (g l ) 32.94+0.45 33.82+0.60 31.99+0.64 33.30+0.75 32.61+0.51

Table 3. The serum chemical values in the total cat and classified according housing mode and seasons (Mean+SE)

Parameters Sex Age (year)

Male (n=43) Female (n=47) <1-5 (n=50) <6-15(n=40)

-1Creatinine (μ mol l ) 122+4.8 116+4.3 117+4.34 120+4.8

-1Urea (m mol l ) 8.70+0.35 8.89+0.32 8.87+0.29 8.71+0.39

-1Urea nitrogen mg dl 24.41+0.99 24.96+0.91 24.90+0.82 24.44+1.10

-1Total protein (g l ) 74.14+0.69 74.14+0.69 74.14+0.69 74.14+0.69

-1Albumin (g l ) 32.94+0.45 32.94+0.45 32.94+0.45 32.94+0.45

Table 4. Serum chemical values of cat classified according sex and age groups (Mean+SE)

239Seasonal and Physiological Changes on Renal Function in Iraqi Cats



disease in cats (Reynolds et al 2013), although chronic 

disease lead to poor appetite especially in cats with CKD 

(Quimby et al 2019). The influence of the sex is agree with 

King et al (2007) and Dickerson et al (2017) observed  light 

enough effect of castration on the renal function and the 

urinary tract normal function. The normal range of total 
-1protein in this is study (63-91 g l ), this range very close with 

standard references range (Elliott and Barber 1998), Segev 
-1et al (2013) recorded 35-89 g l of total protein in acute 

uremia. On the other hand, the albumin present study was 
-124.7-43.6 g l ), while the Bijsmans et al (2015) recorded 30-

-134 g l  in chronic kidney diseases and considered normal 

level.

CONCLUSION

In conclusion this study was no significant difference 

between stray and pet cats as well as no influence of the 

season on the parameters whereas significant increase RBC 

urine of females. Also, the results concluded increase serum 

creatinine and total protein of cats in summer. Serum 

chemical results of cats were classified according sex and 

age not showed any significant differences. In Iraqi future 

researches must compared their results with this study 

instead of foreign universal ranges.
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Abstract: Both the developing and developed worlds have witnessed the rapidly increasing in energy demand since the energy crisis in the 

beginning of 1970s. Since then many countries, which do not have large reserve of crude oil or natural gas have put much effort into utilizing 

renewable energy as an alternative. Agricultural operations and livestock production are among the important economic activities in the world. 

But the great majority of energy demand of the agricultural enterprises is still supplied by conventional energy sources. One of the main 

renewable energy resources is biomass which has been utilizing by people for over 200 years. The main uses of biogas are for cooking, lighting 

homes, manure and as fuel for cars. This study aims to investigate the biogas potentials which can be produced by the waste of livestock and 

poultry in Iraq. Also, giving reliable information to both decision makers and industry developers is another goal for this research. In this study, 

the amount of animal manures, have been analyzed. Then, the amount of energy that can be generated from this resource has been calculated 

based on their availability in certain geographical areas.
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Energy demand has been increasing in the last five 

decades which was the catalyst to push other countries to 

take giant steps in utilizing renewable energy. Climate 

change, the main cause of green gas emissions, is another 

reason of pushing up sustainable development. In addition to 

that, the increasing in oil price, the possibility of oil depletion, 

and the exponentially growth of the world pollution have 

further accelerated the utilization of renewable energy 

(Alhelal 2015). There is increasing consensus in both the 

scientific and political communities that significant reductions 

in greenhouse gas (GHG) emissions are necessary to limit 

the magnitude and extent of climate change. Renewable 

energy systems already reduce GHG emissions from the 

energy sector, although on a modest scale. Most long-term 

energy projections show that renewable energy will play a 

major role in the global energy supply in the second half of the 

century, with capacity increasing gradually in the first three 

decades (Bilen et al 2008)

 Biomass, which is defined as organic materials derived 

from plants and animals that can be renewed over time 

(Energy 2005), is amongst the available renewable energy 

resources. This type of energy is the product of 

photosynthesis process in which plants utilizes solar energy 

to breakdown carbon dioxide, release oxygen, and store 

carbon in the mass. Animal manure can also be considered 

as a biomass as well. The environment friendly biogas 

production which reduces the production costs in agricultural 

enterprises, is becoming more and more important. Animal 

manure, energy plants and agricultural organic wastes can 

be used as sources of biogas in the farms (Ayhan 2015).

With  the  case  of  Iraq,  biomass  resources  are  

available  in  most  regions. These resources  are  

agricultural  residues,  urban  wastes,  animal  manures,  

and  forests  residues  and  by products. Discussed  that  

there  are  different  sources  of  renewable  energy  in  Iraq 

which  includes  on-shore  and  off-shore  wind  power,  solar  

power,  and  biomass. With  regards  to biomass  resources,  

also  addressed  the  possibility  of  producing  bio-ethanol  

from dates, sugar cane, and corn (Chaichan  2012). As an 

initial investigation, it is worth noting that a portion of the data 

used  in  this  paper  has  been  collected  from  the  

literatures  published  in  the  areas  of  agriculture 

resources,  crops  production,  animal  manure,  forests  

residues,  and  domestic  and  industrial  waste (Jaradat 

2002, FAO 2014, Magid 2003, Spencer and  Schnittker 2009, 

Annepu 2015). Methane (CH ), Carbon dioxide (CO ), some 4 2

other minor constituents like nitrogen,  ammonia (NH ), sulfur 3

dioxide (SO ), hydrogen sulfide (H S) and hydrogen are the 2 2

main components of biogas. The more methane percentage 

in biogas means more useful energy can be produced. 

Various parameters have a major influence on methane 

formation such as moisture content, percentage of organic 

matter, pH and temperature. This means a good quality gas 

for energy generation can be obtained by controlling these 

characteristics (Wright  and Overend  2007).

MATERIAL AND METHODS

Animal manure resources: With  the  case  of  Iraq,  



biomass  resources  are  available  in  most  regions  

(Chaichan 2012).  These resources  are  agricultural  

residues,  urban  wastes,  animal  manures,  and  forests  

residues  and  by products. As an initial investigation, it is 

worth noting that a portion of the data used  in  this  paper  

has  been  collected  from  the  literatures  published  in  the  

areas  of  animal  manure (Jaradat 2002, FAO 2014, Magid 

2003, Spencer and Schnittker 2009, Annepu 2015). 

Livestock is one of the major features and has always 

been an important source of income for the traditional 

farmers in Iraq, as a result of that many animal farms have 

been set up all over Iraq since the ancient time.  However,  

the  number  of animals  stock  have  showed  a  downward  

trend  since  the second golf war in 1990. In further details, 

the number of camels, chickens and buffalos has fallen 

significantly by almost 87%, 72% and 57%, respectively. 

While the number of other type of castles such as horses, 

asses, mules, goats and sheep have also gradually 

decreased (Magid 2003). There are several factors which 

affect the amount of waste and biogas obtainable during 

livestock operations. These factors include the type and age 

of animal, body weight, type of breeding, total solids ratio, 

volatile solids ratio and the availability of waste and biogas 

yields (Antonia et al 2013).

Calculation method: In order to obtain the amount of biogas 

and the other products that can be produced from animal 

manure, the related data and conversion coefficients have 

been used. These data are the number of cattle, sheep, 

goats, camels, horses, chicken, asses, buffaloes, and mules. 

To calculate the potential biogas that can be produced from 

animal manures, various conversion coefficients, which are 

listed below, were employed. 
-1 -1Cattle/horse/camel: 3.6 t unit year ; sheep/goat: 0.7 t  

-1 -1 -1 -1 -1 -unit year ; poultry: 0.022 t unit year ; donkey 2.9 t unit year   

1 (adopted from Tatlidil et al 2009).

Animal type Population
-1(head )

Manure ton 
-1 -1year (head )

Animal manure
-1(ton year )

Coefficient of 
-3biogas (ton m )

3Biogas m Electricity KWh

Cattle 2780000 3.6 10008000 33 330,264,000 1552240800

Sheep 8250000 0.7 5775000 58 334,950,000 1574265000

Goats 1600000 0.7 1120000 58 64,960,000 305312000

Camels 65000 3.6 234000 33 7,722,000 36293400

Horses 52000 3.6 187200 33 6,177,600 29034720

Asses & Mules 391500 3.6 1409400 33 46,510,200 218597940

Poultry 38000000 0.022 836000 78 65,208,000 306477600

Buffaloes 307000 3.6 1105200 33 36,471,600 171416520

Total 892,263,400 4193637980

Table 1. Biogas production potentials

To convert animal manure to biogas, the coefficients of 

33 m  year t  for cattle/horse/camel,  58 m year t  for 3 -1 -1 3 -1 -1

sheep/goat,  78 m  year t  for poultry, and 26 m  year t  for 3 -1 -1 3 -1 -1

donkey were used as conversion coefficients (adopted from 

Tatlidil et al 2009).

The following coefficients were used for calculation of 

biogas equivalents (adopted from Tatlidil et al 2009) gas oil: 

0.62 L, charcoal: 1.46 kg, wood: 3.47 kg, butane: 0.43 kg, dry 

cow manure: 12.3 kg, electricity: 4.7 kWh, diesel fuel:0.66l, 

fuel: 0.75l, and propane: 0.25m3

Table 2  shows  the  numbers  of  animals  in  Iraq  and  

the  equivalent  amount  of  electricity  that  may  be 

produced from the manure. It is worthy of mentioning that, 

Table 2 has been calculated based on several reliable 

assumptions, which has been utilized by many researchers 

(Tatlidil 2009).

RESULTS AND DISCUSSION

 There are various advantages of utilizing animal 

manures such as producing biogas, organic fertilizer which 

can then be used to enrich soil composition, socio-economic 

impact, and environmental impact. Based on the tables 

above, about 892,263,400 m  of biogas can be produced in 3

compliance with the number of livestock and poultry waste. 

Cattle and sheep manures have the biggest proportion in the 

potential of biogas production. Then, poultry and goats follow 

this, recording 65,208,000 and 64,960,000 m  of biogas, 3

respectively. 

As shown in Table 2, biogas coefficients such as gas oil, 

butane, diesel fuel, fuel, and propane have been calculated 

based on the conversion coefficients which adopted from 

(Tatlidil et al 2009). Thus, 553203308l of gas oil, 383673262 

kg of butane, 588893844l of diesel fuel, 669197550l of fuel, 

and 223065850 kg of propane can be obtained from biogas 

using conversion coefficients. For electricity sector, 
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According  to  the  International  Energy  Agency  (2012),  

electricity  consumption  in  Iraq  in  2010  was approximately  

57  terawatt-hours  and  the  demand  is  predicted  to  

increase  roughly  three-fold  in 2035, which noticeably 

shows a sharp upward trend during the first quarter of this 

century. The equivalent electricity which can be generated 

from the total amount of biogas production is 4.193 TWh. This 

means that utilizing the total amount of animal manures can 

cover about 6.9% of the total electricity consumption in Iraq. 

Socio-economic impact: The utilisation of biomass 

resources will certainly attract both domestic and foreign 

investments to the country. As a result, this will help Iraq 

increasing its job opportunities and reducing the national 

unemployment rate, which is currently 15.01% (Iraq 

Unemployment Rate n.d). Furthermore, Iraq's dependency 

on foreign energy sources can be reduced once a local 

biomass to energy production takes place. Moreover, 

utilizing biomass resources in rural areas could have positive 

impacts on rural regions development as well as boosting the 

agricultural development which has not received much 

investment since 1990.  This  development  may  include  

utilising  new  technologies  in  agriculture  as well  as  

improving  the  farmer's  life  quality.  In  addition  to  that,  the  

general  public  may  also  access biofuels,  which  has  been  

proven  to  produce  less  emission  compared  to  fossil  

fuels.  On  the  other hand, despite the fact that there are a 

various advantages of having a diversity of biomass 

resources, the  increasing  of  this  development  could  

affect  adversely  on  countryside  societies.  According  to 

(Milbrandt  2009)  quoting  from  World  watch  institute  

study,  plantations,  which  have  poor  wages and working 

conditions, have had most jobs. Also, local people who live in 

extensive monoculture plantations could also be affected 

due to rarity of the wood and food resources.

Environmental impact: It  is  undeniable  that  many  

environmental  benefits  can  be  achieved  from  the  use  of  

the  biomass resources  such  as  offset  greenhouse  gases  

emissions,  utilize  the  waste,  and  control  the  erosion. 

(Overend 2011) stated that roughly 1.6 ton of CO , which 2

causes global warming and increases its concentration in the 

atmosphere, can be displaced for every MWh of biomass 

power. Therefore, if the use of the biomass resources was 

under a proper management, that would have a great role in 

reducing CO  emissions.  It  is  worthy  of  mentioning  that,  2

Iraq  has  witnessed  an  increasing  in  the amount  of  CO   2

emissions recently.  Figure 11 shows how the amount of CO  2

emissions has been increasing since the beginning of the 

twenty-first century. The graph shows an upward trend from 

1980 to 2012. Also, the amount of CO  emissions is sharply 2

increased during the period from 2000 and 2012.

 On  the  other  hand,  using  improper  managed  

biomass  resources  could  also  lead  to  the  negative 

environmental  influences  such  as  deforestation,  

biodiversity  limitation,  and  soil  erosion.  Reverse 

greenhouse gas emissions can be effected by clearing the 

land from the crops (deforestation), which is usually done by 

burning and logging. The burning process releases the CO  2

which is the principal cause of global warming.  Also,  after  

the  land  being  removed,  crops  and  trees  will  no  longer 

contribute in carbon storage. Furthermore, deforestation 

contributes in both soil erosion and reduces the biodiversity.

CONCLUSION 

Although both bovine and hen rearing is developed 

province, the existing potential cannot be effectively used in 

terms of benefitting from biogas production capacity. 

Considering animal waste potential and agricultural land 

holding of Iraq, making biogas facilities widespread, 

especially in rural areas, will bring economic benefits for the 

farmers. The results show a promising opportunity to utilize 

this type of clean energy. Unfortunately, Iraq still gives a 

back-seat for renewable energy due to its dependency on 

Animal type 3Biogas m Gas oil (l) Butane (kg) Diesel fuel (l) Fuel (l) Propane (kg)

Cattle 330,264,000 204763680 142013520 217974240 247698000 82566000

Sheep 334,950,000 207669000 144028500 221067000 251212500 83737500

Goats 64,960,000 40275200 27932800 42873600 48720000 16240000

Camels 7,722,000 4787640 3320460 5096520 5791500 1930500

Horses 6,177,600 3830112 2656368 4077216 4633200 1544400

Asses 46,510,200 28836324 19999386 30696732 34882650 11627550

Poultry 65,208,000 40428960 28039440 43037280 48906000 16302000

Buffaloes 36,471,600 22612392 15682788 24071256 27353700 9117900

Total 892,263,400 553203308 383673262 588893844 669197550 223065850

3Table 2.  Biogas equivalents (Ozturk 2005) addressed that each 1 m  of biogas can be lighten  lamb for 6 hours, to cook three 
meal for a family, to start an engine for 6 h, and to generate 1.25 KWh electricity 
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fossil fuel plants. The chief job for this study was to shed the 

light on the possibility of utilizing animal manure in producing 

biogas and its equivalents. Also, various advantages can be 

obtained in several sectors such as agricultural, socio-

economic and environmental sectors. 
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Abstract: An experiment was conducted to study the effect  of tractor-practical speed, conveying chain -speed and lifting depths on some 
-1performance indicators of a potato digger. Indicators involved, two levels of tractor- practical speed of 2.5 and 5 km  hr ,two levels of conveying 

-1 -1chain-speed of 29, 55.8 m min.  and two levels of  lifting depths of  20, 25 cm. The results showed that the 2.5 km hr  tractor - practical speed 

recorded less damaged tubers (3.11 % ),less scratched tubers(1.07%), less yield loss (0.95%) and less slippage percentage (5.15 %). 
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Some of the crops that grow under the surface of the soil, 

are in need of equipment, that differs in their design, from the 

equipment that is used for harvesting  the crops that grow on 

the soil and  all of which require means of dealing with the soil 

to disassemble it, without damaging the crop, optimizes  crop 

care operations The incorporation  of mechanization in the 

cultivation and harvesting of the crop, will help to reduce the 

labor and  production costs, nevertheless, shortening  time 

and effort to carry out all operations that results in  production 

increase along with a better pace in conducting all 

operations, which are required in carrying out any agricultural 

process. The damage caused by harvesting operations that 

affects the quality of potato tubers varies according to the 

equipment used in the harvest besides the nature of the soil. 

To ensure the highest quality of potato crop extraction, 

improvements must be made to the extraction/ lifting 

implements under all prevailing conditions of the production 

areas. There are several factors limiting the damage caused 

to the tubers, which include conditions of tuber, its 

temperature, and the process of harvesting itself (Johnson 

and Bohl 2010). In the specialty of potato extraction/ digging/ 

lifting, mechanically, the primary objective is to collect the 

crop in an optimal manner, with the aim of avoiding the 

scratching the tubers or even leaving it in the ground without 

extraction (Al-obade 2012). The damage can be minimized 

by calibrating the harvesting shears/weapons that are used 

in the harvest to below the level of the tubers in the soil, to 

avoid cutting it and moreover to ensure that they are 

transferred to the implement on a soil cushion, thus reducing 

the rate of scratching, taking into account that forward speed 

of the harvesting implement along with the speed of the 

conveying chain. It is necessary to reduce slippage, because 

the increase in slippage leads to  a significant loss of tractor 

power along with the reduction in field productivity. The 

importance of this study is to evaluate the newly fabricated 

and developed potato digger implement.

MATERIAL AND METHODS

An experiment was conducted on the field of the institute 

of Shatre, Iraq in spring season in sandy soil (2019). Nested 

design under randomized block design (RBD) with three 

replications were used in this experiment. The treatment 

were randomly distributed  within the experimental units the 

main plot comprised of two secondary plot  comprised of two 

levels of chain- conveyor  speed of  29 and 55.8 m min and -1 

two levels of  extraction  depths of 20 and 25 cm using a 

potato digger with a chain conveyor ( . 1) and a conveyor Fig

side and rear ( . 2). Damaged tubers levels of tractor- Fig

practical speed of 2.5 and 5 km hr and, scratched tubers, -1 

loss of yield, slippage percentage, and implement 

productivity were measured in this experiment using the MF 

650 tractor type.               

Implement installation: The implement is comprised of a 

triangular rail located in the front, thus the shear/weapon rail 

is located in the front of the digger. That's enables the soil with 

the tubers to drift and be surged upward, where it falls on a 

closed that runs sideways/ laterally along the width of the 

digger. The chain conveyor is equipped with interstices 

allowing the potato tubers, which have been extracted ,to 

transfer into the rear, while the soil blocks and residues fall 

out through the distances between the plates of the chain 

conveyer, when rotates backwardly. The conveyer is 

installed on a set of toothed wheels distributed on both sides 

of the conveyor, as a result of this installation a vibrating 

movement is generated that helps to expel the blocks of the 

soil that are attached to the tubers. The conveyer receives 

the motion from the PTO shaft, by a set of gears. The potato 

digger is hitched to the tractor from its front, into the rear of the 



Fig. 1. Potato digger with a chain conveyor Fig. 2. Side and the rear

tractor by the three hitching points. When the potato tubers 

reach the back of the conveyor, the tubers fall directly 

sideways laterally, on a sideway conveyer, which takes its 

movement from the PTO shaft, through a set of pulleys, and 

belts. Thus the large tubers of potatoes is transferred into a 

bag. In addition, closed conveyor belt was also developed 

that which rotates backwardly, in a similar  rotation  

movement to the chain conveyer and  the conveying belt 

transfer  the potato tubers of small sizes and soft ones  of an 

8 cm radius and less  into a tank of a capacity of 30 kg that 

tank is attached to the rear of the implement and beneath the 

chain conveyer, thus the process of the extraction of the 

tubers was done completely, mechanically, without the need 

to use manpower to collect the potatoes from the ground.

Slippage percentage:% The theoretical and practical speed 

was calculated according to  the  following equations 

provided by zoz,1972.

VT= (ST/Tt)*3.6…------------------------------------------………1
-1Where,  VT=  theoretical speed (km  hr ), ST= Theoretical 

distance(m), Tt= theoretical time(S)

VTp=(SP/TP)*3.6………-------------------…2
-1Where, VP= practical speed (km hr ), Sp= practical distance 

(m), TP= practical time (s) = (VT-Vp/VT)*100………------------

-----…3
-1S= slippage percentage (%), VT= theoretical speed (km hr ), 

-1VP= practical speed (km hr )

RESULTS AND DISCUSSION
-Damaged tubers (%): Tractor-practical speed of 2.5 km hr

1recordedless damaged tubers (3.11%), and the highest ratio 

of damaged tubers was of 3.38% with the tractor practical 
-1 -1 speed of 5 km  hr  conveying chain speed of 29 m min had 

less damage tubers (3.07%) and chain-conveyor speed of 
-1 55.8 m min had the highest ratio of damaged tubers (3.42 

%.) The lifting depth of 20 cm recorded the least ratio of 

damaged tubers (2.28 %) and depth of 25 cm recorded the 

highest damaged tubers (4.21%). The practical speed of  2.5 
-1 -1 km  hr with chain - conveyor speed  of 29 m min and lifting 

depth of 20 cm, caused  the least damaged tubers and the 
-1 interaction among the tractor-practical speed  of 5 km  hr

with the chain- conveyor speed   of 55.8m\ min  and lifting 

depth of 25 cm recorded the highest  damaged. The reason 

of the increased damage tubers, maybe due to the increasing 

in tractor-practical speed. These results are inconsistent with 

AL- Obaidi (2012).

Scratched tubers (%): Tractor- practical speed  of 2.5 km  
-1 -1hr with chain-conveyor speed  of 29 m min  and lifting depth 

of  20 cm recorded the less scratched tubers of 1.07, 0.51 

and 1.21 % and  maybe due to the decreasing the tractor- 

forward speed besides  the presence of the chain conveyer 

that direct connection with the potato tubers (Sidiyq 2012) 

Lifting depth of 25 cm recorded scratched tubers of 1.52%. 

The impact of interaction among tractor practical speed of 2.5 
-1 -1 km hr and chain-conveyor speed of 29 m min with lifting 

depth of 20 cm resulted in less scratched tubers of (0.32%), in 

comparison with the interaction among tractor-practical 
-1 -1 speed of 5 km hr and chain- conveyor speed of 55.8 m min

with lifting depth of 25.
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Indicators Scratched tubers (%) Interaction between 
practical speed and 

conveyor chain's speedPractical speed Conveyor chains speed m 
-1min

Interaction among practical speed and conveyor 
chain's speed and lifting depths

20 cm 25 cm

-12.5 km hr 29 0.32 0.56 0.44

-15 km hr 55.8 1.66 1.74 1.70

29 0.42 0.76 0.59

55.8 2.45 3.65 3.05

LSD=0.05 0.58 1.05

Mean of lifting depths 1.21 1.52

LSD=0.05 0.027

Conveyor chains speed m 
-1min

Interaction among practical speed and conveyor chain's speed and lifting depths Mean of conveyor speed

29 0.37 0.66 0.51

55.8 2.05 2.69 2.37

LSD=0.05 0.03 0.06

Practical speed Interaction among practical speed and conveyor chain's speed and lifting depths Mean of practical speed

-12.5 km hr 0.99 1.15 1.07

-15 km hr 1.43 2.20 1.81

LSD=0.05 0.02 0.04

Table 2. Impact of tractor  practical speed, chain- conveyor  speed and lifting depths on scratched tubers (%)

Indicators Damaged tubers (%) Interaction between 
practical speed and 

conveyor chain's speedPractical speed Conveyor chains speed m 
-1min

Interaction among practical speed and conveyor 
chain's speed and lifting depths

20 cm 25 cm

-12.5 km hr 29 1.90 3.95 2.92

-15 km hr 55.8 2.50 4.10 3.30

29 2.30 4.15 3.22

55.8 2.45 4.65 3.55

LSD=0.05 0.66 0.03

Mean of lifting depths 2.28 4.21

LSD=0.05 0.86

Conveyor chains speed m 
-1min

Interaction among practical speed and conveyor chain's speed and lifting depths Mean of conveyor speed

29 2.10 4.05 3.07

55.8 2.47 4.37 3.42

LSD=0.05 0.42 0.04

Practical speed Interaction among practical speed and conveyor chain's speed and lifting depths Mean of practical speed

-12.5 km hr 2.2 4.02 3.11

-15 km hr 2.37 4.4 3.38

LSD=0.05 NS

Table 1. Impact of practical speed, chain-conveyor speed and lifting depths on damaged tubers (%)

-1 Loss of  yield (%): The tractor  practical speed of 2.5 km  hr
-1 resulted less yield loss of 0.95, practical speed of 5 km  hr

recorded yield loss of 2.14% Chain-conveyor speed of 29 m 
-1 min recorded less yield loss of 1.10%, chain- conveyor 

-1speed of 55.8 m min  recorded more yield loss of1.63 

%.Lifting depth of 20 cm recorded yield loss of 3.0%, 

whereas, lifting depth of 25 cm recorded less yield loss of 
-11.24%. interaction among practical speed  of 2.5 km  hr  with 
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Indicators Loss of yield (%) Interaction between 
practical speed and 

conveyor chain's speedPractical speed Conveyor chains speed m 
-1min

Interaction among practical speed and conveyor 
chain's speed and lifting depths

20 cm 25 cm

-12.5 km hr 29 0.62 0.44 0.53

-15 km hr 55.8 0.82 0.50 0.66

29 1.92 1.45 1.68

55.8 2.65 3.65 2.61

LSD=0.05 0.03 0.05

Mean of lifting depths 3.00 1.24 1.39

LSD=0.05 0.017

Conveyor chains speed m 
-1min

Interaction among practical speed and conveyor chain's speed and lifting depths Mean of conveyor speed

29 1.27 0.94 1.10

55.8 1.73 1.54 1.63

LSD=0.05 NS 0.06

Practical speed Interaction among practical speed and conveyor chain's speed and lifting depths Mean of practical speed

-12.5 km hr 1.44 0.47 0.95

-15 km hr 2.28 2.01 2.14

LSD=0.05 0.034 0.062

Table 3. Impact of practical speed, chain-conveyor speed and lifting depth on yield loss (%)

Indicators Slippage percentage Interaction between 
practical speed and 

conveyor chain's speedPractical speed Conveyor chains speed m 
-1min

Interaction among practical speed and conveyor 
chain's speed and lifting depths

20 cm 25 cm

-12.5 km hr 29 4.57 5.22 4.89

-15 km hr 55.8 4.66 6.18 5.42

29 7.42 9.02 8.22

55.8 10.45 11.66 11.05

LSD=0.05 0.024 1.06

Mean of lifting depths 6.77 8.02 7.39

LSD=0.05 0.72

Conveyor chains speed m 
-1min

Interaction among practical speed and conveyor chain's speed and lifting depths Mean of conveyor speed

29 5.99 7.12 6.55

55.8 7.55 8.92 8.23

LSD=0.05 0.63 0.092

Practical speed Interaction among practical speed and conveyor chain's speed and lifting depths Mean of practical speed

-12.5 km hr 4.61 5.70 5.15

-15 km hr 8.93 10.34 9.63

LSD=0.05 0.73 1.04

Table 4. Impact of practical speed, chain-conveyor speed and lifting depth on slippage percentage (%)

-1chain - conveyor speed of 29 m min  and lifting depth of 25 

cm recorded yield less loss of 0.44% in comparison with the 
-1interaction among practical speed of 5 km  hr  with chain - 

conveyor speed of 55.8 and lifting depth of 20 cm recorded 

yield loss of 2.65%. The reason of increased yield loss maybe 

due to the increasing in the layer depth 20 cm. These results 

are in consistent with Sidiyq (2006).

Slippage percentage (%): Table 4 showed the impact of the 
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tractor practical speed, chain-conveyor speed and lifting 

depths in the slippage percentage. Tractor- practical speed of 
-12.5 km hr  recorded less slippage percentage (5.15 %). as 

-1 compared 5 km chain-conveyor speed of 29 m min resulted 

in less slippage (6.55 %). Lifting depth of 20 cm resulted in 

less slippage (6.77). Interaction among the tractor-practical 
-1 -1 speed of 2.5 km hr  with chain- conveyor speed of 29 m min

and lifting depth of 20 cm recorded less slippage percentage 

(Table 4). Reason of the increased slippage percentage 

maybe due to the increasing, in practical speed.

Productivity (less time to lift the potato): Tractor - practical 
-1 -1 speed of 2.5 km hr recorded time productivity of 1.23 hr

-1whereas, tractor - practical speed of 5 km hr  recorded less 

time productivity of 1.02 hr. Chain-conveyor speed of 55.8 m 
-1 min required less time productivity of 1.10 %, in comparison 

-1with chain- conveyor speed of 29 m min  recorded time 

productivity of 1.135 hr. The lifting depth of 20 cm recorded 

productivity time of 1.25 hr, whereas, lifting depth of 25 cm 

recorded less time productivity of 1.18 hr. Interaction among 
-1tractor-practical speed of 2.5 km hr  with chain-conveyor 

-1 speed of 29 m min and lifting depth of 20 cm required less 

time productivity of 1.22 hr, in comparison with interaction 
-1  among practical speed of 5 km hr with chain-conveyor 

-1speed of 55.8 m min  and lifting depth of 25.
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Abstract: The study used a split plot design in RCBD  with three replicates  to study the effect of three foliar concentrations of nano- marine 
-1 -1  algae extract (0, 50 and 100 ml l ) and nano-boron (0, 1 and 2 ml l ) on chemical, physiological, growth and yield characters of broad bean 

-1(Vicia faba L.). Foliar applications of  nano- algae extract  100 ml l    gave the highest values of (N and chlorophyll content in plant leaves),  
-1 -1 -1 -1  plant highest,  no pod  plant  and seed yield were  48.02 mg kg , 40.07, 102.70 cm, 16.33 pod. plant  and 5277 kg h ,respectively compared 

-1 to control treatment. The results showed that increasing the concentration of nano- boron to  2 ml l  in the spray solution resulted in an increase 
-1 -1in concentration of  N, Bo and  chlorophyll content in plant leaves were 48.70 mg kg , ٧١٫٨١ mg kg  and ٤٣٫١١, respectively compared to 

-1control treatment.  The increasing rate no pod plant  was 18.82 %, weight of 100 seed 17.01% and seed yield 46.64%, respectively compared 

to control treatment. As for the interaction between (nano-algae extract and boron), it was significant in (N, Bo content in plant leaves), no of 
-1pod plant  and weight of 100 seed.

Keywords: Nano- algae extract, Nano-boron, weight of 100 seed, Foliar application, Faba bean
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Faba bean (Vicia faba L.) is one of the most important 

legume crops and is a good source of many nutrients, such 

as potassium, calcium, magnesium, iron and zinc (Khalil et al 

2015, Neme et al 2015). It has an important role in improving 

chemical and physical properties of soil the by stabilizing 

atmospheric nitrogen because of their symbiosis with 

rhizobia root nodule bacteria (Abbas 2012). Nanotechnology 

is one of the new techniques that contribute to improve and 

increase agricultural production widely and are promising 

applications in production quantity and because it increases 

the absorption of water and nutrients which help to improve 

plant growth and productivity (Al-Ramadi et al 2016). Nano 

applications are play in agricultural in increasing the 

efficiency of fertilizers and reducing costs used in agriculture 

(Singh 2016). Nano compounds rapidly and completely 

absorbed by the plant to meet nutritional needs and 

deficiencies (www.Nano.ir). Presently, organic farming is 

priority to reduce the use of chemical fertilizers and relying on 

natural alternatives of organic fertilizers that are non-toxic, 

non-harmful and non-polluting (Oad et al 2004).

 Foliar application of algae extracts, nutrients and growth 

regulators are economical and provide clear response during 

vegetative and proliferative phase (Ali et al 2014). Spray 

organic compounds such as algae extracts, which are a good 

source of growth regulators, macro and micronutrients, 

which contribute to increasing the ability of roots to growth 

and absorption so thus increase the leaf area and this is 

reflected positively on the increase in productivity (Jensen 

2004). Mineral nutrition of plants is important for controlling 

physiological and biochemical processes of plants. Its 

deficiency may lead to changes in these processes and 

disturbed plant growth and yield. Boron is an essential 

micronutrient for plant growth and development Shireen et al 

(2018). Khattab et al (2016) indicated that foliar application of 

boron (150 ppm), potassium sulfate (2%) and potassium 

phosphate (1.5%) significantly increased growth, yield 

components and chemical composition of faba bean. 

Therefore, in present study on the effect of foliar Nano-

fertilizers of marine algae extract and boron on growth and 

yield of faba bean (Vicia faba L.) was determined.

MATERIAL AND METHODS

Field trials were carried out during seasons 2017-2018 

in Rumaytha district, 25 km north of Muthanna Governorate, 

Iraq. The experimental soil was classified as a silty clay loam 
-1 -1 -1 (180 Kg s and, 465 Kg silt and 355 Kg clay) with pH 7.6 and 

-1E.C.  4.2 dS m . The rates of N, P, K and B available were 27, 
-19, 157 and 1.1 mg. kg  soil, respectively. Treatments 

-1consisted of three Nano- algae extract (0, 50 and 100 ml l ) 
-1and Nano-boron (0, 1 and 2 ml l ). A split-plot in RCBD design 

with three replicates was used to study. The experimental 
2unit area was 6 m  (3 m long and 2 m wide). Experiment unit 

contained 4 lines; spacing between them was 35 cm and 20 

cm between hills. The seed was planted on October 14 by 

hand drilling (Al-Tawki 2015). Irrigation and weeding were 

done uniform as per requirement. The nitrogen rates were 60 



Nano-algae 
-1extract ml l

-1Nitrogen content (mg kg ) -1Boron content (mg kg ) Chlorophyll content

-1Nano-boron ml l Mean -1Nano-boron ml l Mean -1Nano-boron ml l Mean

0 1 2 0 1 2 0 1 2

0 41.13 44.87 48.27 44.76 56.80 59.63 68.54 61.67 35.90 35.33 38.13 36.52

50 44.07 49.47 49.17 47.57 63.13 77.57 75.30 71.67 34.88 40.32 44.27 39.82

100 46.30 49.10 48.67 48.02 64.67 62.97 72.57 66.73 33.70 39.58 46.93 40.07

Mean of boron 43.83 47.81 48.70 61.53 66.72 71.81 34.83 38.48 43.11

Algae Boron Algae x 
Boron

Algae Boron Algae x 
Boron

Algae Boron Algae x 
Boron

CD (p=0.05) 2.23 1.34 2.56 NS 2.88 8.20 2.55 4.60 NS

Table 1. Effect of Nano-fertilizers (Algae extracts / Boron) on nitorgen, boron and chlorophyll in leaves 

Nano-algae 
-1extract ml l

-1Nitrogen content (mg kg ) -1Boron content (mg kg ) Chlorophyll content

-1Nano-boron ml l Mean -1Nano-boron ml l Mean -1Nano-boron ml l Mean

0 1 2 0 1 2 0 1 2

0 80.50 86.80 91.00 86.10 11.50 12.36 15.16 13.01 4.65 4.95 5.30 4.96

50 95.40 86.10 100.50 94.00 13.10 15.90 16.23 15.07 4.65 4.55 4.53 4.57

100 98.70 105.60 103.70 102.70 16.36 15.36 17.26 16.33 4.88 4.63 5.13 4.88

Mean of boron 91.50 92.80 98.40 13.65 14.25 16.22 4.71 4.72 4.98

Algae Boron Algae x 
Boron

Algae Boron Algae x 
Boron

Algae Boron Algae x 
Boron

CD (p=0.05) 11.08 NS NS 1.70 0.53 1.67 NS NS NS

-1 -1Table 2. Effect of Nano-fertilizers (Algae extracts / Boron) on in plant height, number of pod plant  and seed pod

-1kg N ha  that applied through urea (46% N). Half of the N was 

applied at sowing and the other half after 15 days after 
-1sowing  The experimental area received 80 kg P ha  from . 

-1triple superphosphate and 80 kg K2O ha  from potassium 

chloride as basal fertilizers at the time of sowing. (Abedi 

2011). Two-time spray was used from Nano- algae extract, 

the first one-month after germination, and the second at 

flowering. One spray was used from Nano-boron at 50% 

flowering. 

RESULTS AND DISCUSSION

Effect on N, B and chlorophyll content in leaf: The foliar 

application of 100 ml.l  Nano-algae extracts significantly -1

increased of N and chlorophyll content in the leaves (Table 1). 

The of spraying by Nano-algae extracts might have led to 

improved root growth, contributing to greater efficiency in 

absorbing some nutrients from the soil, including nitrogen, 

which reflected positive effect on nitrogen content in leaves. 

Almosawy et al (2018) also reported similar findings. 

However, the spray 2 ml l  Nano-boron, resulted in maximum -1

N, B and chlorophyll content in the leaves, which did not 

significantly different from 1 ml l  in N content in leaves. This -1

may be due to the spraying of boron which resulted in 

increase the nitrogen absorbed from the soil and thus 

increase its concentration in plants (Bahkuni et al 2010). The 

accumulation of boron in the leaves due to increased 

concentration of Nano-boron in the spray solution led to   

improved efficiency of the absorption mechanism of boron by 

the plant, which increased its concentration in the leaves. 

The increase in leaf chlorophyll ratio by important role 

boron's in the activities various enzymes  most well-known 

use involves the building of chlorophyll molecules also the 

role of this compounds biological processes such as 

photosynthesis reaction. The Nano-boron play an important 

role in the activities various enzymes involved in this 

biochemical reaction than increased leaf chlorophyll content 

are in agreement with the findings (Amanullah et al 2010). 

The foliar application of 100 ml l  Nano-algae extracts -1

combined to 1 ml l  Nano-boron significantly increased the -1

content of N in the leaves. The highest boron content was 

recorded with Nano (2 ml l  algae extract and 0 boron).-1

Effect on Growth and Yield
-1The foliar application of 100 ml l  Nano-algae extracts 

-1significantly increased plant height, no. of pod plant  and 

grain yield (Table 2). These are in agreement with findings of 

earlier workers (Al-Atabi 2018, Almosawy et al 2018). The 
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Nano-algae extract 
-1ml l

Thousand seed weight (g) -1Grain yield (kg ha )

-1Nano-boron ml l Mean -1Nano-boron ml l Mean

0 1 2 0 1 2

0 103.33 116.67 122.67 114.22 3552 4577 5407 4512

50 104.67 107.33 128.00 113.33 3690 4888 5541 4706

100 109.33 114.00 120.67 114.67 4490 5087 6253 5277

Mean of boron 105.78 112.67 123.78 3910 4851 5734

Algae Boron Algae x Boron Algae Boron Algae x Boron

CD (p=0.05) NS 3.80 8.00 540.80 357.80 NS

Table 3. Effect of Nano-fertilizers (Algae extracts / Boron) and interaction between them in weight of thousand seed (g) and 
-1grain yield kg ha

-1spray 2 ml l  Nano-boron produced the highest number of 
-1pod plant , thousand seed weight and grain yield.  Boron also 

plays a role in determining the direction of pollen tube growth 

,thus flowering stages increased and  pod number per plant 

was increased directly effected the yield. Similar 

observations were reported by(Ali and-Juthery (2017). The 

enhanced effect of Nano-boron spraying on leaf chlorophyll 

content reflected then better development of photosynthesis 
-1processes (Table 1). The foliar application of 100 ml l  Nano-

-1algae extracts combined to 2 ml l  Nano-boron significantly 
-1increased no. of pod plant . The highest values of thousand 

-1seed weight were with combined Nano (50 ml l  algae extract 
-1and 2 ml l  boron).
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