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Abstract: An experiment was carried out during  2018 at Research Farm, College of Agriculture, Kaul (Kaithal) to study the influence of kharif
planting geometry and nitrogen levels on nutrient (N, P and K) content, uptake and soil fertility status under scented rice (Pusa 1121). The 
experiment was conducted using split plot design with four replications having three planting geometry in main plots and five nitrogen levels in 
sub plots. N, P and K concentrations in grain and straw were Grain and straw yield were significantly higher at 20 cm x 15 cm and 120 kg N/ha. 
non-significant with planting geometry. However, these concentration increases significantly with increase in nitrogen level and maximum at 
120 kg N/ha. N, P and K uptake by both grain and straw were significant at planting geometry 20 cm x 15 cm and nitrogen rate of 120 kg/ha. The 
available N, P O  and K O of experimental field before cultivation were 163, 27 and 379 kg/ha, respectively. N, P O and K O content in soil after 2 5 2 2 5 2

cultivation was higher under 30 cm x 20 cm. However, N content in soil after cultivation was maximum at 120 kg N/ha, but P O and K O content 2 5 2

was in control.
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Rice ( L.) is the most important cereal food Oryza sativa 

crop of the developing world and staple food for more than 

three billion people. Mainly two types of rice , non scented i.e.

and scented are grown in the country. Scented rice gives a 

distinctive scent due to the presence of natural chemical 

compounds and having unique quality features, excellent 

cooking and eating quality characters. Apart from special 

natural fragrance, scented rice also has high nutritional value 

and contains many kinds of amino acids, proteins, alkaloids, 

vitamin B  and B  and other essential nutrients for human 1 2

beings (Shen et al 2016). The increased rice production might 

be due to the adoption of high yielding varieties, use of 

chemical fertilizers and increase in irrigated area from last few 

decades. For yield and quality increment and also for 

maintaining soil quality, sustainable technologies are highly 

essential which may include cost minimization by saving 

resources and adoption of low cost or non-monetary inputs 

(Haque et al 2016). Hence crop management practices like 

judicious application of nitrogen fertilizer and maintenance of 

planting geometry are of prime importance in rice crop 

production. Nitrogen is an imperative limiting nutrient in almost 

all Indian soils and also for rice crop growth in all environments. 

Since, 75 % of leaf nitrogen is associated with chloroplast, it is 

very essential in rice which physiologically helps in dry matter 

production through photosynthesis. Apart from enhancing 

growth, it also benefits the quality of crop by improving the 

concentration of nutrients in the vegetative mass and boosting 

the uptake of nutrients. It also involved in synergistic 

mechanism with few essential nutrients and improving their 

efficiency to the benefit of crop and maintaining soil quality 

(Kabat and Satapathy 2011). Planting geometry and spatial 

configuration exploit the initial vigour of the genotypes with 

enhanced soil aeration creating favourable condition for better 

crop establishment (Shukla et al 2014). Optimum planting 

geometry measures the optimum plant density that ensures 

the plant to grow properly with their aerial and underground 

parts by utilizing more solar radiation and optimum soil 

nutrients and also helps in maintaining the nutrient status of 

crop and soil after the cultivation. Hence, planting geometry is 

directly or indirectly responsible for the nutrients uptake 

especially nitrogen, phosphorous and potassium in the rice 

crop apart from maintaining soil nutrient balance. Hence by 

knowing the importance of nitrogen and planting geometry, an 

experiment was conducted to study the effect of nitrogen 

levels and planting geometry on nutrient (N, P and K) content, 

uptake and soil fertility status under scented rice (Pusa 1121).



MATERIAL AND METHODS

Experimental site: A field experiment was conducted at 

Research Farm, College of Agriculture, Kaul (Haryana) 

during  season of 2018 which is situated at 29° 51' N kharif

latitude and 76° 41' E longitude, with an altitude of 241 m 

above mean sea level. The region is characterized by sub-

humid climate with desiccating hot winds of average velocity 

during summer and severe cold winds during winter. The 

mean weekly meteorological data of crop season  2018 kharif

was recorded at meteorological observatory, College of 

Agriculture, Kaul (Fig. 1). The experimental field soil was 

sandy clay loam in texture. The soil was medium in organic C 

(5.4 g/kg), low in available N (163 kg/ha), medium in available 

P O  (27 kg/ha) and high in available K O (379 kg/ha) with pH 2 5 2

of 7.7 and EC 0.29 dS/m. 

Treatment details and crop management: The experiment 

was carried out in split-plot design having fifteen treatment 

combinations including three planting geometry , 20 cm x viz.

15 cm, 30 cm x 15 cm and 30 cm x 20 cm in main plots and 

five nitrogen levels ., control (0 kg/ha), 30 kg/ha, 60 kg/ha, viz

90 kg/ha and 120 kg/ha in subplots with four replications. An 

extra-ordinary scented rice variety Pusa 1121 was used as 

experimental material and urea as a nitrogen source in the 

experiment. The nursery was raised in the field itself using 

seed rate of 40-50 g/m  area and the field was puddled 2

thoroughly at the time of transplanting.  The 30 days old 

seedlings were transplanted manually in the experimental 

field keeping main plot treatments of different planting 

geometry with 2 seedlings per hill. At the time of 

transplanting, half dose of each level of nitrogen along with 
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Fig. 1. Weekly meteorological data at College of Agriculture, Kaul during season (2018)kharif 

60 kg P O /ha and 25 kg zinc sulphate (ZnSO ) per ha were 2 5 4

applied in their respective sub plots. Remaining doses of 

each level of nitrogen for their respective sub plots were 

applied in two splits, first at 20 days after transplanting (DAT) 

and second at 40 DAT as top dressing. Other agronomic 

practices were followed as per the standard package of 

practices in rice cultivation.

Plant sample analysis: The samples of grain and straw 

were collected through destructive plant sampling and dried 

properly and then ground to digest them with di-acid mixture 

of H SO  and HClO for the estimation of total nitrogen 2 4 4 

through Nessler's Reagent Method (Linder 1944). 

Phosphorus and potassium were estimated by digesting the 

grain and straw sample in di-acid mixture of HNO  and HClO  3 4

through vanadomolybdophosphoric by Yellow Color Method 

(Koening and Johnson, 1942) and Flame Photometer 

Method (Piper 1966), respectively. The harvested crop from 

each treatment plot were threshed and then weighed 

separately to record grain and straw yield per plotafter drying  

and expressed per hectare. N, P and K uptake by grain and 

straw were determined in kg/ha by using grain and straw  

yield, respectively as per the following formulas:

Soil sample analysis: The soil samples were collected from 

the experimental field of 0-15 cm depth soil from 10 different 

Nutrient uptake by grain (kg/ha) =

Nutrient content in gram (%) × 
Grain yield (kg/ha)

100

Nutrient uptake by  (kg/ha) =straw

Nutrient content in  (%) × straw
Straw yield (kg/ha)

100
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Treatments N, P and K content in grain (%) N, P and K content in straw (%)

N P K N P K

Planting geometry

20 cm x 15 cm 0.93 0.18 0.43 0.52 0.14 1.25

30 cm x 15 cm 0.91 0.17 0.42 0.51 0.13 1.23

30 cm x 20 cm 0.90 0.16 0.41 0.50 0.13 1.21

CD (p=0.05) NS NS NS NS NS NS

Nitrogen levels (kg/ha)

Control 0.71 0.11 0.31 0.35 0.08 0.98

30 0.81 0.16 0.37 0.44 0.11 1.17

60 0.93 0.18 0.42 0.53 0.14 1.26

90 1.02 0.20 0.48 0.59 0.17 1.35

120 1.10 0.22 0.52 0.64 0.18 1.41

CD (p=0.05) 0.04 0.02 0.03 0.03 0.02 0.04

Table 1. Nutrient (N, P and K) content of scented rice as affected by planting geometry and nitrogen levels

spots in zig-zag pattern before cultivation and also collected 

from all experimental plots of different treatments after 

harvesting the rice crop and these samples were dried under 

shade, grounded gently with the help of mortar to pass 

through 2 mm sieve. Finally, soil samples were subjected to 

chemical analysis as per the standard analytical procedures. 

The available nitrogen was determined by alkaline 

permanganate Method (Subbaiah and Asija 1956), available 

phosphorus was determined by Olsen's Method (Olsen et al 

1954) and available potassium was determined by Flame 

Photometer Method (Jackson 1973). 

Statistical analysis: The experimental data obtained were 

statistically analyzed by using standard procedure to 

determine the significance of difference between treatment 

means.

RESULTS AND DISCUSSION

Grain and straw yield: Significant response was observed 

for grain and straw yield under varying planting geometry and 

nitrogen rates as depicted in Figure 2. Among planting 

geometry, 20 cm x 15 cm recorded significantly higher grain 

(4394 kg/ha) and straw yield ( as compared to 30 5939 kg/ha) 

cm x 15 cm and 30 cm x 20 cm. This was due to higher 

number of effective tillers, dry matter accumulation and 

higher plant population under narrow geometry. Similar 

findings were published by Das et al (2013). The rate of 

increase in grain and straw yield was more up to 30 kg N/ha 

and reached to maximum at 120 kg N/ha (4458 and 5829 

kg/ha, respectively) which was significantly higher over 

remaining nitrogen levels except the fact that grain yield at 

120 kg N/ha was statistically at par with 90 kg N/ha. This trend 

of increasing grain and straw yield with increase in nitrogen 

rates was due to better overall growth of plants under higher 

nitrogen levels. Similar pattern of results were reported by 

Dubey et al (2016) and Narayan et al (2017).

N, P and K content in grain and straw: The effect of 

planting geometry was non-significant on nitrogen (N), 

phosphorus (P) and potassium (K) content in grain and straw 

but N, P and K concentration in grain and straw increased 

significantly with successive increment in nitrogen level 

(Table 1). However, higher concentration of N, P and K in 

grain (0.93, 0.18 and 0.43 %, respectively) and straw (0.52, 

0.14 and 1.25 %, respectively) were at planting geometry of 

20 cm x 15 cm. The similar results were reported by the 

findings of Singh et al (2013). Among nitrogen levels, higher  

concentration of N and K in grain (1.10 and 0.52 %, 

respectively) and straw (0.64 and 1.41 %, respectively) were 

at 120 kg N/ha which were significantly higher than lower  

concentration and control. The higher P concentration in 

grain (0.22 %) and straw (0.18 %) was also at 120 kg N/ha 

which was statistically at par with nitrogen level of 90 kg/ha 

but significantly higher than the concentration at 60 and 30 kg 

N/ha and control. The higher N, P and K concentration at  

higher nitrogen level was due to more nitrogen input and 

synergistic interaction between N, P and K. The results were 

similar to the findings of (Kabat and Satapathy 2011).

N, P and K uptake by grain and straw: N, P and K uptake by 

grain and straw influenced significantly with planting 

geometry and nitrogen levels (Table 2). N, P and K uptake by 

grain and straw decreased with increase in planting 

geometry. Maximum N and K uptake by grain (42.0 and 19.2 

kg/ha, respectively) were with planting geometry of 20 cm x 

15 cm which was significantly higher than 30 cm x 15 cm and 

30 cm x 20 cm. P uptake by grain was also higher (8.3 kg/ha) 
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than planting geometry of 20 cm x 15 cm, but it was 

statistically at par with 30 cm x 15 cm and significantly higher 

than the 30 cm x 20 cm. Maximum N and P uptake by straw 

(31.1 and 8.7 kg/ha, respectively) were with planting 

geometry of 20 cm x 15 cm which were statistically at par with 

30 cm x 15 cm and significantly higher as compared to 30 cm 

x 20 cm. K uptake by straw was also higher (75.0 kg/ha) with 

planting geometry of 20 cm x 15 cm which was significantly 

more than the K uptake by straw with planting geometry of 30 

cm x 15 cm and 30 cm x 20 cm. N, P and K uptake by grain 

and straw was higher at closer planting geometry of 20 cm x 

15 cm because of higher grain and straw yield. These results 

were also supported by Bommayasamy et al (2010). N, P and 

K uptake by grain and straw at different nitrogen levels 

showed that it increased significantly with each increment in 

nitrogen level. Maximum N, P and K uptake by grain (49.2, 

9.8 and 23.0 kg/ha, respectively) were at 120 kg N/hawhich  

were significantly higher when compared with the N, P and K 

uptake by grain at 90, 60, 30 kg N/haand control. Maximum N  

and K uptake by straw were at 120 kg N/ha which were  

significantly higher than N and K uptake at 90, 60, 30 kg N/ha 

and control. P uptake by straw was also higher (10.6 kg/ha) at 

120 kg N/ha, but it was statistically at par with P uptake by 

straw at 90 kg N/haand significantly higher than the P uptake  

at 60, 30 kg N/haand control. Higher N, P and K uptake was  

with higher nitrogen level at 120 kg/ha due to improved  

growth of above and below ground plant parts and higher 

grain and straw yield. This finding was similar to the earlier 

findings (Majumdar et al 2005, Oq et al 2007, and Singh et al 

2015).

Available N, P O  and K O status of soil before and after 2 5 2

cultivation: 2 5 2The available N, P O  and K O of experimental 
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Fig. 2. Grain and straw yield as influenced by planting geometry and nitrogen levels

Treatments N, P and K uptake by grain (kg/ha) N, P and K uptake by straw (kg/ha) 

N P K N P K

Planting geometry

20 cm x 15 cm 42.0 8.3 19.2 31.1 8.7 75.0

30 cm x 15 cm 35.0 6.6 16.0 27.0 7.1 65.0

30 cm x 20 cm 30.4 5.6 13.9 24.6 6.6 59.5

CD (p=0.05) 5.7 1.7 3.0 4.3 1.7 9.6

Nitrogen levels (kg/ha)

Control 21.0 3.2 9.0 15.7 3.6 44.8

30 28.8 5.5 13.0 23.2 6.0 61.0

60 36.7 7.1 16.5 28.6 7.7 68.7

90 43.1 8.5 20.1 33.2 9.4 75.9

120 49.2 9.8 23.0 37.1 10.6 82.1

CD (p=0.05) 3.2 1.1 1.7 2.8 1.3 5.2

Table 2. Nutrient (N, P and K) uptake by scented rice as affected by planting geometry and nitrogen levels
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Treatments N, P O and K O status of soil after cultivation 2 5 2

(kg/ha)

N P O2 5 K O2

Planting geometry

20 cm x 15 cm 106.7 8.9 142.3

30 cm x 15 cm 119.9 9.1 145.1

30 cm x 20 cm 132.8 9.3 148.1

CD (p=0.05) 2.3 0.1 2.2

Nitrogen levels (kg/ha)

Control 102.0 10.4 152.1

30 110.1 9.8 150.2

60 121.2 9.1 144.9

90 129.3 8.3 141.3

120 136.4 7.9 137.2

CD (p=0.05) 1.6 0.2 1.8

Table 3. Nutrient (N, P O and K O) status of soil after 2 5 2

cultivation of scented rice as affected by planting 
geometry and nitrogen levels

field before cultivation were 163, 27 and 379 kg/ha, 

respectively. The effect of planting geometry and nitrogen 

levels were significant on available N, P O  and K O of soil 2 5 2

after cultivation of scented rice (Table 3). Among planting 

geometry, higher available N, P O  and K O in soil after 2 5 2

cultivation (132.8, 9.3 and 148.1 kg/ha, respectively) were at 

wider planting geometry of 30 cm x 20 cm which were 

significantly higher than 30 cm x 15 cm and 20 cm x 15 cm. 

Available N, P O and K O content in soil after cultivation were 2 5 2

higher under wider planting geometry of 30 cm x 20 cm might 

be due to lesser uptake of nutrients by the crop under wider 

planting geometry because of less number of populations per 

unit area. The higher available N in soil after cultivation (136.4 

kg/ha) was at 120 kg N/hawhich was significantly higher than  

90, 60, 30 kg N/haand control. Available P O  and K O of soil  
2 5 2

were higher (10.4 and 152.1 kg/ha, respectively) at control 

which were significantly higher than 30, 60, 90 and 120 kg 

N/ha. The condition in which available N content in soil after  

cultivation was also higher at 120 kg N/ha, but P and K content 

was higher at control might be due to increasing nutrients 

uptake with increase in nitrogen level. Similar results were 

also reported by Sikdar et al (2008) and Singh et al 2010).

CONCLUSIONS

The maximum amount of N, P and K content in grain and 

straw were with 120 kg N/ha but revealed non-significant 

response with planting geometry. N, P and K uptake by grain 

and straw were maximum with closer planting geometry of 20 

cm x 15 cm at 120 kg N/ha. In case of available nutrient 

content after cultivation of scented rice, maximum available 

N, P O  and K O with wider planting geometry of 30 cm x 20 2 5 2

cm. However, maximum available N was recorded at 120 kg 

N/ha but available P O  and K O content was higher at 2 5 2

control.
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