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FOREWORD

The importance of natural resources, land, water and vegetation, is higher than ever before to ensure sustainability in
agriculture growth in the face of depleting natural resources like land and, water, soil health, changing climate and declining
resource productivity. Degradation and erosion of natural resources, namely, land, water, forest, biodiversity, livestock and
fisheries along with climate variability are the root causes of the agrarian crisis in the country. Widespread, serious and
continuing degradation of India's natural resource base is now reflected in slow pace of growth rate in agriculture. Loss of
biodiversity and agricultural genetic resource are the critical issues for sustainability in production. Forests are the natural
resource infrastructure for agriculture/primary production and rural economic growth. Over 120 million ha have been declared
degraded .Total livestock output has been growing at a much faster rate of 3.6 per cent per annum against only 1.1 per cent
registered for the crops during the past decade. Fisheries contribute significantly to food, nutrition, economic and employment
securities, and fortunately are one of the fastest growing agricultural sub-sectors during the last three decades. Currently,
fisheries contribute 4.6 per cent of the agricultural GDP. Reduction in cultivated land, loss of organic matter and C in most of the
arable lands in India, groundwater depletion, water lost due to salinity and alkalinity, increase in losses due to insect pests,
diseases and weeds are the areas of serious concern. In recent years, increases in agricultural productivity have come in part
at the expense of deterioration in the natural resource base on which farming systems depend.

The world's climate is changing and will continue to change in the coming centuries at rates projected to be
unprecedented in the recent human history. Human activities have increased green house gases and raised global
temperature, resulting catastrophic changes in climate with added evaporation and precipitation, and vegetation movement
towards poles by two to three hundred kilometers. The scientists have been putting their best efforts in developing ways to slow
down the addition of carbon dioxide to the atmosphere and UN has fixed the target that the increase in temperature till 2200
should remain below 2°C and all efforts should be addressed to meet the proposed limit. The sustainable development goals
are another target till 2030 to address the food requirements for nine billion expected population by 2050. All the countries
(developed, developing and under developed) are taking remedial steps and committed for drastic cuts to meet the aspirations
of future generation in development and environmental protection.

Itis urgent that this trend be reversed by encouraging farmers to adopt more sustainable methods of farming that will
have long-term benefits in environmental conservation and development of sustainable livelihoods. Globally, there are
evidences about agri-environmental degradation, and consequent reinforcement of poverty and hunger by some of the
policies and inputs that are designed to increase production but result in resource depletion and degradation. Regular
monitoring and appraisal of natural resources is essential to develop appropriate planning. With acceleration of economic
growth, these pressures are expected to intensify, and therefore, need to pay greater attention to the management of natural
resources, viz. water, forests and land. Therefore Indian Ecological Society in collaboration with Sher-e-Kashmir University of
Agricultural Science and Technology (SKAUST), Jammu has organized an international conference on International
Conference- Natural Resource Management Ecological Perspectives, SKUAST of Jammu, Jammu India (February 18-
20, 2016) at beautiful campus of SKAUST, Jammu. Three international organizations i.e., International Union of Forestry
Research Organizations (IUFRO),World Wide Fund for Nature (WWF)and Centre for International Projects Trust (CIPT) are
also collaborators in this important venture of global concern. The following theme are covered in the conference.

Land and Water Resources: Land resource management and land use planning, water management, management of
problematic soils, soil and water conservation, watershed management, water saving technologies, crop diversification,
rainfed/dryland farming, weed management, development of integrated farming systems, organic farming, resource
conservation technologies, traditional ecological knowledge, people's movements in soil - water - development paradigm,
technology transfer and impact.

Crop Environment Interactions: Adaptation to changing climate and resilience enhancement, diversification and mitigation
through climate smart agriculture, vegetation-atmosphere exchange of green house gases, sustainability of environmental
resources, biodiversity conservation and its rational use, crop environment interaction assessment using advanced
technologies, shift in the manifestation of insect pests and diseases, improved weather and climate services, ICT enabled
early warning systems.

Integrated Nutrient Management: Soil health and nutrition, crop and efficient nutrient management practices, crop residue
management, management of pollutants in soil.

Integrated Pest Management: Protection technologies for horticultural and field crops, ecological basis of insect
pest/disease management, impact on ecosystem and environment, pesticide residue, spray technology, insect biodiversity,
usefulinsects, IPM programmes and their impact.



Horticulture Crops: Genetic resource management in fruit, vegetable and flower crops; vegetative propagating techniques;
protected cultivation; intensive production technologies for higher productivity in horticultural crops; climate change mitigation;
pre and post-harvest handling and value addition; good agricultural practices in horticultural crops; socio-economic impact of
National Horticulture Mission.

Forestry Tree Plantations: Economic, social and ecological valuation, natural resource management, climate change
mitigation, biomass energy, tree health and protection, trees outside forests — adoption and management, wood products and
composites, eco-tourism, policy, education and training.

Eco-responsive Livestock and Fisheries Production: Integrated crop-livestock husbandry for optimum natural resource
utilization, environmentally resilient livestock and fisheries management, water economy of livestock operations, health and
production interventions for sustenance of fish production, conservation and management of aquatic resources, aquaculture
in degraded lands, aquaculture impact on environment, livestock and fisheries for livelihood generation and socio-economic
development.

Policies for Sustainable Development of Agriculture: Indicators of sustainable agricultural development, economic and
social impacts of technological interventions on agricultural production, impacts of climate change on agriculture, crop
livestock interactions, policies, institutions and regulations related to land , water and energy and their impacts, success stories
on sustainable development, lessons learned for their up-scaling, strengthening the extension system in India: the role of the
private sector.

Farmer-Industry-Scientists Interface: Strengthening the extension system in India: the role of the private sector.

The financial assistance received from Research and Development Fund of National Bank for Agriculture and Rural
Development (NABARD) towards publication of journal is gratefully acknowledged. This first special issue of Indian Journal of
Ecology contains 131 manuscript on various aspects of natural resource management presented in the conference by policy
planners, researcher, students and extension/industry personnel for different institutions. The issues contains a wealth of
information on all aspects of natural resource management and would prove indispensable not for only students, teachers and
researchers in agricultural but also for administrators, planners, industrialists and field level extension functionaries.

Dr A.K. Dhawan
General Secretary cum Managing Editor
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Abstract: A tractor operated machine was designed and developed for application of vermicompost (organic manures) either alone or in
combination with inorganic fertilizers and other soil amendments in the subsoil at different depths up to 475 mm. The developed machine
consisted of two main unit's viz. a subsoiling unit and a fertilizer metering and placement unit. The machine was tested under field conditions.
The results revealed that the bulk density was uniform throughout the soil profile after operating at 400 mm depth and reduced to a maximum of
13.88%. The specific draft for 400 mm depth of operation was found lower by 33.26% than that at 250 mm depth. The machine was also
evaluated in the farmer's field on mustard crop and data showed significant increase in crop growth parameters, yield and yield attributes by
application of vermicompost and inorganic fertilizers at different depths. Significantly higher seed yield (2.108 t/ha) was obtained with
placement of 50% N (inorganic) at 200 mm + 50% N through vermicompost(organic) at 400 mm depths and 22.56% higher as compared to

control (1.72 t/ha).
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India would need over 300 mt of food grains by the
year 2025 from shrinking land resources. In order to achieve
the required yield levels, one of the most important issue soil
health management, not only the top cultivated soil but also
the subsoil needs to address. Soil compaction is one of the
major problems facing the modern agriculture which
increases soil strength and bulk density, and decreases
hydraulic conductivity, infiltration rates, porosity which
impede root growth through decreased storage and supply of
water, and plant nutrients (Ahmad et al., 2007). The soils
generally found in subsoil are inherently poor in nutrient
status, low in organic matter content and water holding
capacity, and relatively deficient in available phosphorous
and potassium contents due to hard impermeable layer.
Subsoiling operation improves soil structure by establishing
a system of deep cracks and fissures in the subsoil which aid
in downward movement of water, air and roots through
greater depth of soil profile that help the plants withstand
short term drought conditions (Raper et al., 1998). The
subsoil cultivation, in situation where it was needed, had
increased the fertilizer use efficiency and yields of crops
(Thakur et al., 2005). In India, Tarai region of Uttarakhand
state, subsoiling has given yield increase of over 26, 16 and
35% in wheat, maize and sugarcane in comparison to
conventional method of soil cultivation (Thakur et al., 2005;
Singh, 2008).

Application of fertilizers is generally accomplished by
manual spreading, broadcasting, placement or mixing in
upper soil layers of 20-50 mm depths which create fixation

problems of phosphorous (P) and potassium (K) and
volatilization of nitrogen (N). Only 40 to 50% of N fertilizers
and 20 to 30% of P and K fertilizers are effectively used by the
crops, and the remaining get evaporated, volatilized, leached
to the groundwater or get fixed with soil as per the properties
of their contents. Organic manures are good sources of
different macro and micro-nutrients, and have a significant
role to play in nutrient supply. The aim of incorporating
organic manures and soil amendments in the subsoil is to
reduce losses of nutrients and improve soil physical
properties and nutrient availability by enhancing aggregate
stability which results in improved water holding capacity,
aeration and increase in microbial activities besides reducing
the application rate of inorganic fertilizers by increasing the
fertilizer use efficiency. Vermicompost, which is an important
and valuable source of plant nutrients, increases the root
nodulation, microbial activity in the rhizosphere, soil organic
carbon, crop growth and yield attributes, available NPKS and
micronutrients, and decreases the bulk density of soil when
used either alone or in combination with inorganic fertilizers
(Manjunatha et al., 2006; Singh, 2010). Oilseed crops play a
vital role in Indian agricultural economy, occupying over 14%
of the gross cropped area and contributing over 3% to GDP
and 10% value of all agricultural products. Mustard being a
short duration crop could be selected as a test crop for
evaluation of machines developed for subsoil placement of
organics and inorganic fertilizers.

In India different machines have been develop to
apply the chemical fertilizer in subsoil. However, no suitable
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technology is presently available in the context of placement
of organic manures in solid states into the subsoil zone.
Therefore, a machine named as  'Subsoiler-cum-Organic
Manures and Soil Amendments Applicator' have been
develop and its performance were evaluated on mustard
crop.

MATERIAL AND METHODS

The developed machine (Fig. 1) consisted of two
main units i.e. subsoiling unit, and a fertilizers and soil
amendments metering unit. The main components of
subsoiling unit are: the frame, hitching system, winged
straight leg tine with its various components and depth
control device. The fertilizers and soil amendments metering
unit consisted of a fertilizer hopper with supportive frame,
materials metering device in form of a vertical screw
conveyor, gear reduction unit and power transmission
system from tractor power take off to the metering device.
Specifications of the main components of developed
machine are given in Table 1. An experiment was conducted
at farmer's field, Pantnagar, Uttarakhand (India). The seven
treatments were selected on basis of a field pot experiment
conducted previously to examine the basic concept for
placement of organic manures and inorganic fertilizers in
subsoil on mustard crop.

The known quantity of fertilizers and vermicompost
as per treatment were broadcast manually and mixed in 100
mm depth with two passes of rotavator in treatments T,
[Control: manual broadcasting and mixing] T,[50% (inorganic
+ 50% (organic + Mixing (100 mm]. In treatments T,
[subsoiling 400 mm + 100% inorganic + mixing (100 mm) with
rotavator x 1] T,[ Subsoiling (400 mm) + 50% (inorganic) +
50% (organic) + mixing (100 mm)with rotavator x 1] The
subsoiling operation was performed at a depth of 400 mm by
the developed machinei.e. 'Subsoiler-cum- organic manures
and soil amendments applicator' without filling the hopper

/' 1 Components
1.Screw conveyor shaft
2.Pulley mounted on screw conveyor shaff
3.Pulley mounted on reduction unit shaft
4.90° vertical shaft of power reduction unit
5.Hopper with supporting stand
d | & 6.Hitch system
: /— 7 7.Gear reduction unit
- e & 8.PTO shaft
9.Subsoiling unit

Fig. 1. Isometric view of designed machine

with vermicompost and a known quantity of fertilizers was
broadcast manually and mixed in 100 mm depth with one
operation ofrotavator. 'Pant-ICAR Subsoiler-cum-differential
rate fertilizer applicator' was used in treatment T, [80%
(inorganic) placed at 200 mm and 20% (inorganic) placed at
400 mm + rotavator x 1] for application of 80% (inorganic)
placed at 200 mm and 20% (inorganic) placed at 400 mm
depths as per treatment and seedbed was prepared with one
operation of rotavator. In treatments T, [50% N (inorganic) +
50% N (organic) placed at 200 mm + rotavator x 1] with
machine and T,[50% N (inorganic) placed at 200 mm + 50%
N with machine (Fig. 3a,c). (organic) placed at 400 mm +
rotavator x 1]

RESULTS AND DISCUSSION

Plant height: AT 30 days after sowing (DAS), significantly
highest plant height (0.158 m) was obtained in treatment T,
(application of 50% N through vermicompost and 50% N
through inorganic fertilizer mixed in 100 mm) which was
statistically at par with treatments T, and T, (Tabel 2). The
lowest plant height of 0.116 m was obtained in treatment T,
i.e. placement of 50% N (inorganic) + 50% N (organic) at 200
mm depth. At 60 DAS, the treatment T, i.e. 50% N (inorganic)
placed at 200 mm + 50% N (organic) placed at 400 mm
depths has shown significantly highest plant height of 1.347
m, which is at par with treatments T, and T,. The lowest
plant height of 1.166 m was noted in treatment T,. However,
at 90 DAS and at harvest significantly highest plant heights of
2.142 and 2.155 m were in T, (80% inorganic placed at 200
mm and 20% inorganic placed at 400 mm) which was at par
with treatment T, at 90 DAS and at harvest. Significantly
lowest plant heights of 1.763 m at 90 DAS and 1.885 m at
harvest were obtained in treatment control).

Plant girth: The treatment T, i.e.50% N (inorganic) placed at
200 mm + 50% N (organic) placed at 400 mm, produced
significantly highest plant girth of 15.8, 19.6, 19.7 and 20.2
mm at all the crop growth stages i.e. 30, 60, 90 DAS and at
harvest, respectively (Table 2). Significantly lowest plant
girths were noted as 9.6 and 12.6 mm at 30 and 60 DAS in
treatment T, and 13.6 and 14.7 mm at 90 DAS and at harvest
in treatment T,, respectively. Number of primary, secondary
and tertiary branches per plant:At 60 DAS, placement of 50%
N (inorganic) at 200 mm + 50% N (organic) at 400 mm depths
(T,) gave significantly highest number of primary and
secondary branches (8.2 and 7.3) followed in order T, T,
and T, (Table 2). Significantly lowest numbers of primary and
secondary branches (4.9 and 5.3) were in T,. Similarly, at 90
DAS, significantly highest number of primary and secondary
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Table 1. Specifications of main components of developed machine

Components Dimensions, mm

a. Subsoiling unit

Leg (Ixwxt) 900x200x25
Share 350x80x30
Wing plates (2 Nos.) 600x100x6
Gusset plates (2 Nos.) 330x100x60
Side plates /Shoe (2 Nos.) 500x100x15
Shin 500x25x25
Covering plate 150x100x6
Rake angle of share and wings 22°
Sweep angle of a wing 35°
Clearance angle 5°
Angle between wing and side horizontal plane 50
Diameter of depth control wheels 325
Hitch system Category-II
Frame (Ixw) 1400x750 of 85x85 mm cross
b. Organic manures / soil amendments metering and placement unit
Hopper size 0.33 m?® for 200 kg vermicompost
Gear reduction unit 10:1
Pulley 300 mm o.d. double groove type
Screw conveyor metering system
Diameter of shaft 26.0
Size of screw 62.5 (0.d.)
Circular casing 72.0
Pitch of screw 50.0
Length of screw 610.0
Thickness of screw flight 2.0
Number of bearings 3

Fig. 2. Views of mustard crop roots at harvest in different treatments under field experiments
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branches were obtained in treatment T, followed by T, T, 8
and T, 9. However, at harvest significantly higher number of
primary (8.2), secondary (9.9) and tertiary (4.7) branches
werein T, followed by T, T, and T,, respectively Significantly
lowest number of primary (5.2), secondary (6.3) and tertiary
(3.2) branches were found in T,(control).

Root length: The placement of 50% N through inorganic
fertilizer at 200 mm + 50% N through organic manure at 400
mm (T,) had significant effect on root length of mustard crop.

Root development at harvest

Significantly the highest root length was obtained in
treatment T, (453 mm) followed by T, and T,. The higher root
length may be due to subsoiling up to 400 mm depth and
placement of vermicompost and fertilizers at deeper depths
which provided passage for easy penetration of roots to
deeper soil layers in search of water and nutrients However,
significantly lowest root length of 137 mm was obtained with
50% N through inorganic fertilizer + 50% N through
vermicompost + mixing in 100 mm (T,). In T, and T,, where
the tillage and placement of fertilizers was limited to top 100
mm depth of soil, the main tap root terminated at around tilling
depth (100 mm) and roots grew laterally. However, the
treatments with subsoiling and deep placement of fertilizers
clearly indicate deeper penetration of the main tap roots to a
depth of more than 500 mm (T,). Itis also evident that most of
the primary and secondary roots have spread around 150
mm depth irrespective of treatments

Root density: There is no significant difference among root
density of different treatments (Table 1; Fig. 2). However, the
highest root density of 0.54 Mg/m® was obtained with
placement of 50% N through inorganic fertilizer at 200 mm +
50% N through organic manure at 400 mm (T,), which had
significant effect on root length of mustard crop. The number
of siliqguae was generally higher in primary branches followed
by secondary, main shoot and tertiary branches. The
placement of vermicompost and inorganic fertilizers at
different depths significantly increased the number of
siliquae per plant (Table 3). The placement of 50% N and
100% P and K (inorganic) at 200 mm + 50% N (organic) at
400 mm (T,) had significantly highest number of siliquae
(482.5) followed by T, and T, (341.7). Significantly lowest
number of siliquae (223.9) was noted in Control treatment
(T)).

Seed yield: The seed yield of mustard s at harvest was
significantly higher (2.108 t/ha) with the placement of 50% N
(inorganic) at 200 mm + 50% N (organic) at 400 mm depths
(T,) which is at par with T, (1.936 t ha™) with placement of
50% N (inorganic) + 50% N (organic) at 200 mm depth
followed by T, (Table 3). Significantly lowest seed yield of

Average number of branches

Average plant girth , mm

Average plant height, m

Treatments

Table 2. Variations in crop parameters at different growth stages of mustard crop in field experiment

Root
density,
Mg/m?®
0.48
0.44
0.49
0.50
0.48
0.51
0.54
NS

Root
vol.,
10 m?
20.33
26.7
21.3
27.0
31.0
31.7
41.7
5.7

Root
weight,
g
9.7
11.7
10.5
135
14.7
16.0
22.5
2.2

Root
length,
mm
151.0
137.0
240.0
260.0
358.0
356.0
453.0
10.1

3.2
3.3
3.9
3.7
4.4
45
4.7
0.6

At harvest
6.0
6.6
7.3
7.5
8.1
8.9
9.9
1.1

5.0
6.3
6.5
6.7
7.1
7.6
8.2
0.5

7.0
6.6
8.7
6.9
6.8
10

9.2
1.2

At 90 DAS
5.0
55
5.7
6.1
6.7
6.9
8.7
0.7

5.3
5.3
6.1
6.3

6.1
7.3

At 60
DAS
5.9
6.7
0.9

4.9
5.9
7.0
7.0
7.6
8.2
11

At
harvest
14.70
13.70
16.40
16.60
15.90
17.30
20.20
1.16

At
90
DAS
13.60
13.50
16.10
15.50
15.80
16.90
19.70
1.29

At
60
DAS
12.60
12.90
14.70
14.30
15.60
16.00
19.60
171

At
30
DAS
9.60
11.10
12.30
13.50
12.30
13.90
15.80
2.18

At
harvest
1.89
1.95
1.95
1.95
2.16
2.05
2.14
0.09

Tertiary

At
90
DAS
1.76
1.85
1.93
1.95
2.14
1.93
2.12
0.13

At
60
DAS DAS
1.20
1.17
1.25
1.28
1.32
1.32
1.35
0.04
Secondary, T

At
30
0.13
0.16
0.13
0.15
0.13
0.12
0.14

0.05) 0.02
Primary, S

CD (p
P

T
T2
Ts
Ty
Ts
Te
T7
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Table 3. Yield attributes of mustard crop in field experiment

Treatments Yield attributes
No. of siliquae Seed yield Stover Harvest Test Oil content,  Qil yield,

per plant (t/ha) yield, (t/ha) index, (%) (1000- seed) weight, (g) (%) (t/ha)
T1 223.9 1.720 5.638 23.494 4.13 40.12 0.690
T, 246.7 1.751 6.105 22.402 4.22 40.35 0.707
Ts 283.9 1.738 6.346 21.630 4.09 40.23 0.699
Ta 286.1 1.783 6.598 21.297 4.28 39.75 0.709
Ts 341.7 1.911 6.780 22.002 4.21 39.64 0.758
Te 401.0 1.936 6.923 21.850 4.39 39.59 0.766
Tz 482.5 2.108 7.693 21.498 4.45 39.75 0.838
CD (p=0.05) 40.36 0.19 0.99 NS NS NS 0.078

1.720tha™ was obtained in T, (control). The higher seed yield
in treatment T, may be due to better plant vigour throughout

Received 18 November, 2015; Accepted 17 January, 2016
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Abstract: The experiment was conducted on the rivulet of about 2 km length provided with six check dams (CNBs) in series. During the study
16 open wells located on both sides of stream in 200 ha area were monitored before and after rejuvenation. The result shows that the average
maximum ground water fluctuation was 5.16 m before and 7.01 m (2013) and 3.32 m (2014) after widening and deepening in October, 5.16 m
before and 7.01 m (2013) and 3.32 m (2014) after rejuvenatingin the month of October.The average gravity yield was observed 1.81 per cent
before and 6.54 per cent (2013) and 3.27 per cent (2014) after rejuvenating rivulets. The analysis of pumping test revels that the average
recovery of the well enhanced from 7 m® hr* to 10.74 m*> hr* i.e. 35 per cent. Results indicate that the water availability in the aquifer was
enhanced by 10 times and 6 times in the month of April and gravity yield by 3 times and 2 times in 2013 and 2014, respectively, as a result of
rejuvenating rivulets provided with check dams in series. Thus, by rejuvenating rivulets the water resources can be strengthen to mitigate the

drought conditions.

Key Words: Ground water, Gravity yield, Hydraulic drop, Rivulets, Rainfed agriculture

The most significant large-scale environmental
challenge that many countries, especially in the arid and
semi-arid regions are water scarcity problems, which are
attributed to climate change impacts such as temperature
increase, abundance of high solar radiation, and aridity in
addition to population pressure. The current water resources
use has already exceeded sustainable and renewable
supply. Various methodologies are suggested to increase the
sources of water supply, among which one of the alternatives
is rainwater and runoff harvesting. Water scarcity and
additional stress are among the most specific problems in
arid and semi-arid regions. Present global warming, climate
change impacts, and their future patterns are expected to
cause increase in the evapotranspiration rates and hence
reduction in the groundwater recharges. Under such
circumstances, any simple but effective water storage
augmentation facility as the artificial groundwater recharge
gains vital importance for sustainability of water supply and
survivals such ecosystems. It is, therefore, necessary to
enhance artificial groundwater recharge from consequent
frequent runoffs through suitable hydraulic structures.

In many regions having limited water resources,
including surface or sub-surface water, the available water is
no longer sufficient to cover the ever increasing water
demand. For this reason, groundwater is used in irrigation to
cover the shortages. As a consequence, excessive pumping
of ground water is being practiced, which is leading to fall of
water tables. Thus, water scarcity is one of the major
challenges being faced by farmers.The limitation of water

sources, rising water demand in addition to mismanagement
of water resources is contributing to the water scarcity
problems (Prinz and Singh, 2000).

Most of the Maharashtra is underlain by rocks called
“Basalt”. These rocks show extreme diversity in ground water
conditions on account of the heterogeneous conditions in the
basalt. Water level depletion in basalt and associated
alluvium is not just a consequence of reduced recharge to
underlined aquifers, but also due to large scale pumping of
groundwater from the different part of the aquifer. Desilting is
the one avenue for exposing underlying aquifers and
recharging them. However, if the most ground water flows
towards a stream and then downslope along its channel, the
most stream channels are in the ground water discharge
zones of the stream although some of those acts as recharge
zones only seasonally. De-siltation, widening, deepening of
rivulets and other water bodies like farm ponds and
construction of RCC Cement Nallah Bandh (CNB) in series
play a major role in catching runoff and storing rainwater in
beats. From one check dam atleast about 8 to 10 ha irrigation
potential can be created directly or indirectly through
surrounding wells. Encouraging trends of utilization pattern
of check dams (CNB's) constructed under various
programmes in recent decades reiterates the need for
rejuvenating rivuletsand construction of small-scale runoff
harvesting structures. This activity is useful for the
augmentation of water resources and to moderate the
hydrology of the large farms of the university.

Excess runoff harvested in the farm pond and check
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dams recharges existing wells. Further, with conserved water
applied through micro-irrigation systems such as drip and
sprinkler irrigation, it will be possible to double the area of
protective irrigation. Experiences elsewhere suggest that
scientific approach for in-situ conservation and harvesting of
rainwater provide substantial benefits by not only facilitating
lifesaving irrigation at critical periods and creating
opportunities for second sowing but also by ensuring
effective management of assets created. In view of above by
considering the Geological formations and non-availability of
the adequate perennial water source “Rejuvenating rivulets
on ground water potential” in concurrence to the geological
profiles, topography and soils, the study was undertaken to
study the ground water fluctuations, compute gravity yield
and ground water storage and determine the aquifer
parameters.

MATERIAL AND METHODS

Akola is located at latitude 20.7° North and
longitude 77.07° East. It is at an altitude of 282m above sea
level. The rivulet of 2 km length was selected for the study.
Topography is very gently sloping. Soils are moderately
eroded, well drained and classify as fine clayey,
montmorillonitic (calcareous) and hyperthermic family of
Udic Chromusters. The geology comprises predominantly to
volcanic rocks consisting chiefly of basalt.

The climate is semiarid monsoonic characterised
by three distinct season Summer with hot and dry weather
from March to May. Monsoon with warm and rainy from June
to October and winter with dry mild cold from November to
February. The average precipitation is about 815 mm
distributed over the 48 rainy days in the year. During the last
decade the rainy days reduced up to 39 days and about 86
per cent of the mean annual rainfall received during monsoon
period in 35 rainy days (June to September). Temperature
ranges from 30to 46°C.

Considering the geology, climate, topography and
soils classification, peak runoff rate of rivulets, which located
at average elevation of 293 to 324m above mean sea level
was calculated. For the purpose of the study, the pilot project
was implemented.

The deepening and widening of existing rivulets
was carried out as shown in Mapl. The average top and
bottom width of rivulets was increased up to 10 to 12m and 6
to 7 m respectively and the depth was increased up to 3 m.
The CNB's were constructed in series by maintaining bottom
ofthe CNB at upstream side to the top of the CNB (HFL) of the
downstream with the height of 2 to 2.5 m. In this fashion, all
the CNB's were constructed in series in view to store the
runoff in beats. After deepening and widening, the

depressions were created of 100 m length, 4-5 m width and
0.3 m depth in between the two CNB's along the drainage
network to increase the storage capacity and opportunity
time to conserve the water.

The study of impact of deepening, widening and
construction of CNB's in series on ground water
fluctuationswas carried out by monitoring 16 open wells
located around the drainage network (GH and 1J) as shown in
Map 1.

o a) Vi

Map 1. Drainage network of study area

The data related to precipitation, surface runoff,
ground water fluctuations and open pan evaporation were
recorded. Precipitation (daily rainfall) was recorded by
automatic siphon type recording rain gauge. The surface
runoff from the watershed was measured with the help of 'H'
flumes and Automatic stage level recorders. The total
evapotranspiration from the study area was calculated by the
methods suggested by Gulati and Murty (1979). To record the
ground water fluctuations, 16 open wells in study area spread
around the drainage network were selected as shown in Map
1. The water table depths were measured once every week
during the monsoon season and fortnightly during the pre
and post monsoon season, with the help of electrical water
level indicator. The reduced level of ground water were
obtained by subtracting the recorded water table depths from
the reduced levels of top of wells. This difference was further
subtracted from the elevations of top of wells above MSL in
order to express the ground water elevations with reference
toMSL.

The gravity yield (Y,) is the percent of rainfall directly
contributing to the ground water. The gravity yield of each
observation wells was calculated by the equation,

Y = AS, _ P-R-ET

g 100
AH AH
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Where,
Y, = gravity yield (ground water recharge, %)

AS, = change in ground water storage, mm

AH = difference in ground water elevation at each well,
mm
P =total precipitation, mm
R = Cumulative surface runoff, mm
ET = seasonal evapotranspiration, mm
Average gravity yield (Y,) for the study area was
calculated and the monthly ground water storage per unit
area (AS /area) was calculated by the equation,
AS . =Y, xAH
These values of S /area were further converted for whole
watershed area.
Pumping test: Pumping test was performed to estimate the
hydraulic properties of aquifers including hydraulic
conductivity, transmissibility, hydraulic resistance and
leakage factor which are discussed below. Standard
procedure was adopted for conducting the pumping test and
drawdown and recovery data of the well was recorded. The
drawdown and recovery was recorded for 6 hours and 30
minutes and the details are presented in Table 9.For the
study it was assumed that the flow in the aquifer is steady and
the well is unconfined. The well selected for the test was
10.43m deep with 7.5 m diameter. The discharge of pump
was 3 Ips.
Hydraulic conductivity: Hydraulic conductivity is a
measure of a material's capacity to transmit water and it was
calculated by equation (Darcy's law).
i =-Ki
Where | is specific discharge (m sec?), K is
hydraulic conductivity (m day™) and iishydraulic gradient.
Transmissivity: The transmissivity of an aquifer is related to
its hydraulic conductivity as follows
T=Kb
Where, T is transmissivity (m’day™) and b is aquifer
thickness (m).
Hydraulic resistance: Hydraulic resistance was calculated
by 52
Kb

c

Where c is hydraulic resistance (days), B is leakage factor
(m), K is hydraulic conductivity of aquifer(m day™) and b is
aquifer thickness (m)

Leakage factor: The leakage factor was calculated by

B =+ Kbc

Where B is leakage factor (m), K is hydraulic conductivity of
aquifer (m day™), b is aquifer thickness (m) and c is hydraulic
resistance (days).

RESULTS AND DISCUSSION

During the year 2012-13, 612.9mm total rainfall was
recorded. The surface runoff was estimated as 49.032mm
(8%) of the rainfall. The average evapotranspiration over the
season was observed to be 499.73mm. The monthly
fluctuations in the ground water levels for the period June
2012 to April 2013 were calculated with respect to the water
levels in the month of May 2012, which was considered as the
driest month.During the year 2013 (June to September) total
rainfall was 774.1 mm and surface runoff was estimated as
61.93 mm (8%) of the rainfall was recorded. The average
evapotranspiration over the season was observed to be
411.95 mm. The monthly fluctuations in the ground water
levels for the period June 2013 to February 2014 were
calculated with respect to the ground water levels in the
month of May 2013, which was considered as the driest
month.During the year 2014 (June to September) total
rainfall recorded was 570 mm. The surface runoff was
estimated as 45.6 mm of the rainfall. The average
evapotranspiration over the season was observed to be
412.79 mm. The monthly fluctuations in the ground water
levels for the period July 2014 to March, 2015 were
calculated with respect to the ground water levels in the
month of June 2014, which was considered as the driest
month.

The data indicates that the average maximum water
fluctuation was observed 5.16 m before and 7.01 m (2013)
and 3.32 m (2014) after rejuvenating in the month of October.
The maximum groundwater fluctuation was observed to 7.33
m before rejuvenatingfor 10 followed by well 14 as 6.7 m. The
maximum groundwater fluctuation was observed to 10.95 m
(2013) for well 10 followed by well 14 as 6.7 m and 9.0 m
(2013) in October after rejuvenating. The maximum
groundwater fluctuation was observed to 5.45 m (2014) for
welll followed by well 5 as 5.07 m (2014) in October after
rejuvenating. The water level fluctuation in the wells with
respect to the driest May was observed enhanced after
rejuvenating rivulets. The average gravity yield was
observed as 1.81 per cent before and 6.54 per cent (2013)
and 3.27 per cent (2014) after rejuvenating rivulets (Table 2, 5
and 8).

During the year 2013-14 volume of water stored in
CNB-1, II, 111, IV and V was observed to the tune 0f 48.94, 8.65
and 35.53m° 44.76 and 50.55 (000m°®), respectively and
water lost through evaporation was observed about 3.55,
0.63,2.29,2.97 and 4.79 (000m°), respectively. About 45.39,
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Table1. Runoff stored and Recharge in CNB (2013-14 and 2014-15)

Structure Back water Maximum Volume of water stored Evaporation loss Water recharge (000 m?)
spreading storage (000 m3) (000 m3)
(m) ?ggg;“é’) 201314 201415  2013-14 201415 201314  2014-15
CNB-I 450 9.37 48.94 24.39 3.55 13 45.39 23.09
CNB-ll 250 2.67 8.65 7.3 0.63 0.21 8.02 7.09
CNB-llI 275 5.72 35.53 15.51 2.29 0.81 33.25 14.7
CNB-IV 450 9.37 44.76 24.12 2.97 1.22 41.79 22.9
CNB-V 780 9.95 50.55 24.8 4.79 151 45.76 23.29
Total 2205 37.08 188.43 96.12 14.23 15.05 174.21 91.07

Table 2. Computation of gravity yield of the wells before rejuvenating rivulets (2012-13)

Well no. AH (mm) Rainfall (mm) Runoff (mm) ET (mm) Gravity yield yg (%)
w1 3340 612.9 49.032 499.73 1.92
w2 3250 612.9 49.032 499.73 1.97
W3 3770 612.9 49.032 499.73 1.70
W4 3500 612.9 49.032 499.73 1.83
W5 3740 612.9 49.032 499.73 1.71
W6 3390 612.9 49.032 499.73 1.89
W7 3270 612.9 49.032 499.73 1.96
w8 5520 612.9 49.032 499.73 1.16
w9 5630 612.9 49.032 499.73 1.14
W10 6690 612.9 49.032 499.73 0.96
w11 5100 612.9 49.032 499.73 1.26
w12 1580 612.9 49.032 499.73 4.06
W13 2040 612.9 49.032 499.73 3.14
w14 5150 612.9 49.032 499.73 1.25
W15 5030 612.9 49.032 499.73 1.28
W16 3730 612.9 49.032 499.73 1.72

Average gravity yield (%) 1.81

Table 3. Computation of monthly ground water storage before rejuvenating rivulets (2012-13)

Month Av. H (cm) oH (cm) AV. Y ¢(%) o Sylarea (cm) eSg(ham)  *cum.e Sg(ha-m)
May, 2012 0 0 181 0.00 0.00 0.00
June, 2012 50 50 181 0.91 1.81 181
July, 2012 158 108 181 1.95 3.91 5.72
August, 2012 324 167 181 3.02 6.05 11.77
September, 2012 454 130 181 2.35 471 16.47
October, 2012 516 61 181 1.10 2.21 18.68
November, 2012 499 -16 1.81 -0.29 -0.58 18.10
December, 2012 424 -75 1.81 -1.36 -2.72 15.39
January, 2013 351 -73 1.81 -1.32 -2.64 12.74
February, 2013 269 -82 181 -1.48 -2.97 9.77
March, 2013 205 -64 1.81 -1.16 -2.32 7.46
April, 2013 130 -75 1.81 -1.36 2.72 4.74

* Cumu. ?S, is the total ground water storage (ha-m) available in aquifer
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8.02 and 33.25, 41.79 and 45.76 (000m°) of water recharged
into the soil profile through CNB-I, II, 11, IV and V, respectively
(Table 1). Total groundwater recharge was observed 174.21
(000m®). During the year 2014-15 volume of water stored in
CNB-, 11, I, IV and V was observed to the tune of 24.39,7.3,
15.51, 24.12 and 24.80 (000m°), respectively and water lost
through evaporation was observed about 1.30, 0.21,0.81,
1.22 and 1.51 (000m°), respectively. About 23.09, 7.09,
14.70, 22.90 and 23.29 (000m°) of water recharged in to the
soil profile through CNB-I, II, 11I, IV and V, respectively. Total
groundwater recharge was observed 91.07 (000m°).

Ground water status: The minimum hydraulic drop was
observed 14.23 m before and 13.57 m in the month of August
2013 and 13.70 m in the month of July 2014 after

rejuvenating rivulets (Table 5). The increase in cumulative
ground water storage was observed from June (1.81 ha-m)
to the October (18.68 ha-m) before and 12.03 ha-m in June
(2013) t0 91.69 ha-m in October (2013) and 10.14 ha-m in
the month of August (2014) to 21.71 ha-min October (2014)
after rejuvenating rivulets. Onward the month of October the
cumulative storage was observed decreased and minimum
9.77 ha-m before and 59.64 ha-m (2013) and 9.48 ha-m
(2014) after rejuvenating rivuletsin the month of February.
The contour maps of the ground water potential for the study
area of 200 ha. shown in Fig. 1 for the month of August and
September (2012, 2013 and 2014) clearly indicates the
impact of rejuvenating rivuletson ground water potential.

Pumping test: Figure 2 and 3 shows the trend of drawdown

Table 4. Computation of gravity yield of the wells after rejuvenating rivulets (2013-14)

Well no. oH (mm) Rainfall (mm) Runoff (mm) ET (mm) Gravity yield, Yg (%)
w1 4755 774.1 61.928 411.95 6.31
w2 45725 774.1 61.928 411.95 6.56
W3 5740 774.1 61.928 411.95 5.23
w4 4953 774.1 61.928 411.95 6.06
W5 7158.5 774.1 61.928 411.95 4.19
W6 5332.5 774.1 61.928 411.95 5.63
w7 5670.5 774.1 61.928 411.95 5.29
w8 5784.5 774.1 61.928 411.95 5.19
W9 4395 774.1 61.928 411.95 6.83
W10 5996.5 774.1 61.928 411.95 5.00
w11 5778.5 774.1 61.928 411.95 5.19
w12 3095 774.1 61.928 411.95 9.70
w13 4332.5 774.1 61.928 411.95 6.92
wi4 5664 774.1 61.928 411.95 5.30
W15 1995 774.1 61.928 411.95 15.04
W16 4829.5 774.1 61.928 411.95 6.21
Average gravity yield (%) 6.54

Table 5. Computation of monthly ground water storage after rejuvenating rivulets (2013-14)

Month Av. H (cm) *H (cm) Av. Y (%) e Sglarea (cm) ¢ Sg (ha-m) cum. e Sg (ha-m)
May 0 0 6.54 0.00 0.00 0.00
June 92 92 6.54 6.02 12.03 12.03
July 278 186 6.54 12.16 24.33 36.36
August 592 314 6.54 20.54 41.07 77.43
Sept. 634 42 6.54 2.75 5.49 82.93
Oct. 701 67 6.54 4.38 8.76 91.69
Nov. 630 -71 6.54 -4.64 -9.29 82.40
Dec. 553 -78 6.54 -5.10 -10.20 72.20
Jan. 507 -45 6.54 -2.94 -5.89 66.32
Feb. 456 -51 6.54 -3.34 -6.67 59.64
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Table 6. Computation of gravity yield of the wells before rejuvenating rivulets (2014-15)

Well no. oH (mm) Rainfall (mm) Runoff (mm) ET (mm) Gravity yield, Yg (%)
w1 3745.0 570 45.6 412.79 2.98
w2 4440.0 570 45.6 412.79 251
W3 3880.8 570 45.6 412.79 2.88
w4 4072.5 570 45.6 412.79 2.74
W5 5162.5 570 45.6 412.79 2.16
W6 3441.6 570 45.6 412.79 3.24
w7 3755.0 570 45.6 412.79 2.97
W8 3218.3 570 45.6 412.79 3.47
W9 2635.0 570 45.6 412.79 4.24
W10 2681.6 570 45.6 412.79 4.16
W11 2952.5 570 45.6 412.79 3.78
w12 2980.0 570 45.6 412.79 3.75
W13 3287.5 570 45.6 412.79 3.39
w14 2857.5 570 45.6 412.79 3.91
W15 3273.3 570 45.6 412.79 3.41
W16 4197.5 570 45.6 412.79 2.66
Average gravity yield (%) 3.27

Table 7. Computation of monthly ground water storage before rejuvenating rivulets (2014-15)

Month Av. H (cm) *H (cm) Av. Y 4(%) ®Sy/area (cm) ¢Sy (ha-m) cum.e Sq (ha-m)
May-2014 0 0 0.0327 0.00 0.00 0.00
June 0 0 0.0327 0.00 0.00 0.00
July -33 -33 0.0327 -1.08 -2.16 -2.16
August 155 188 0.0327 6.15 12.30 10.14
September 321 166 0.0327 5.43 10.86 20.99
October 332 11 0.0327 0.36 0.72 21.71
November 253 -79 0.0327 -2.58 -5.17 16.55
December 2014 178 -75 0.0327 -2.45 -4.91 11.64
January-2015 216 38 0.0327 1.24 2.49 14.13
February 145 -71 0.0327 -2.32 -4.64 9.48
March 72 -73 0.0327 -2.39 -4.77 4.71

Table 8. Gravity yield, cumulative storage and hydraulic drop before and after rejuvenating rivulets

Month Before widening and deepening After widening and deepening
201213 2013-14 2014-15
Av.Yg Hydraulicdrop  cum.e Sg Av.Yg Hydraulicdrop cum.eSy; Av.Yg  Hydraulicdrop cum.e Sq

(%) (m) (ha-m) (%) (m) (ha-m) (%) (m) (ha-m)
May 1.81 17.42 0.00 6.54 16.23 0.00 3.27 13.33 0.00
June 1.81 16.73 181 6.54 14.48 12.03 3.27 13.04 0.00
July 181 16.17 5.72 6.54 13.97 36.36 3.27 13.70 -2.16
Aug. 1.81 14.23 11.77 6.54 13.57 77.43 3.27 15.08 10.14
Sept. 1.81 14.83 16.47 6.54 15.11 82.93 3.27 14.70 20.99
Oct. 181 14.58 18.68 6.54 13.81 91.69 3.27 14.38 21.71
Nov. 181 15.25 18.10 6.54 13.98 82.40 3.27 14.83 16.55
Dec. 181 15.41 15.39 6.54 14.28 72.20 3.27 15.19 11.64
Jan. 181 15.19 12.74 6.54 14.65 66.32 3.27 14.92 14.13

Feb. 181 1551 9.77 6.54 15.13 59.64 3.27 15.15 9.48
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Fig. 1. Contour map of ground water fluctuations in the month of August and September during 2012, 2013 and 2014

Table 9. Details of drawdown test

Elapsed time t (min) Drawdown Recovery
Depth of water level in the well (m)  Drawdown S (m)  Depth of water level Recovery Amount of
in the well (m) (m) water (m®)
0 2.48 0.37 4.29 0.31 13.69
30 2.85 0.27 3.98 0.24 10.60
60 3.12 0.23 3.74 0.22 9.71
90 3.35 0.17 3.52 0.17 7.51
120 3.52 0.15 3.35 0.13 5.74
150 3.67 0.1 3.22 0.07 3.09
180 3.77 0.11 3.15 0.07 3.09
210 3.88 0.1 3.08 0.05 221
240 3.98 0.1 3.03 0.05 2.21
270 4.08 0.06 2.98 0.05 2.21
300 4.14 0.08 2.93 0.05 2.21
330 4.22 0.05 2.88 0.03 1.32
360 4.27 0.02 2.85 0.02 0.88
390 4.29 2.83
Total 64.47
Avg./hr 10.74
and recovery of the well observed during the pumping test. On the basis of drawdown and recovery trend the

The average recovery of the well was found enhanced by  aquifer parameters were determined and average values of
35% from 7 m*hr*to 10.74 m*hr* (Table 9). the aquifer parameters are given below -
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Fig. 2. Trend of drawdown and recovery in the well

Aquifer parameters determined by pumping test are
Aquifer parameters Values
Hydraulic conductivity (K) 2.79x10° m sec™
Transmissibility (T) 2.91 x 10* m* sec™
Hydraulic resistance © 37.72 min
Leakage factor (B) 0.1lm

From the results it was concluded that due to
rejuvenating rivuletsin the watershed gravity yield of aquifer
enhanced subsequently by 1.8 to 3.5 times. The well water
levels in the study area increased drastically as a result the
ground water storage (ha-m) in the study area was enhanced
by 1.5 to 5 times. Thus, the rejuvenating rivuletsin the
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Fig. 3. Trend of recovery of water into the well

watersheds can strengthen the surface and subsurface
water resources.The enhanced water resources can useful
for protective irrigation to the crops during moisture deficit
period.
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Abstract: The United Nations Environmental Program reported that the productivity of soil has reduced, resulting in economically unfeasible
cultivation on about 20 million hectare of land each year due to soil erosion and resulting degradation of land. The eroded soil is also a major
reason for loss of storage capacity (1 to 2% annual reduction globally) of multipurpose reservoirs due to sedimentation which affects society at
large. In developing countries like India, limited data availability constrains the application of sophisticated models for proper planning of
erosion control measures. In the present study, a simple spatially distributed model has been formulated in GIS environment for mapping areas
vulnerable to soil erosion and deposition in a Himalayan watershed from India. The model discretizes the spatial domain of catchment into
homogenous grids/cells to capture the catchment heterogeneity. The developed model estimated sediment yield with very high accuracy i.e.
0.6%, -1.1% and -10.8% deviations were found during the respective years of validation. Study reveals that soil loss in about 10.6% of area of
studied watershed is above soil loss tolerence limit, which is defined as the acceptable rate of soil erosion at which the quality of a soil as
medium for plant growth can be maintained. Finally, the entire watershed has been classified into six different severity levels of erosion i.e.
slight, moderate, high, very high, severe and very sever. Such maps have immense significance to prioritize area specific watershed

conservation and management measures.

Key Words: GIS, RS, Soil erosion, Sediment yield, Transport capacity, USLE

Soil erosion is a serious problem in Himalayas and
foothill ecosystem. Eighty percent of the sediment material
delivered to the world's oceans each year comes from Asian
rivers, and amongst these, Himalayan rivers are the major
contributors (Stoddart, 1969). The Himalayan and Tibetan
regions cover only about 5% of the earth's land surface but
supply about 25% of the dissolved load to the world ocean
(Raymo and Ruddiman, 1992). Although, Himalayan region
is hydrologically very important as it is the origin of three
world's major river system viz. the Indus, the Ganges, and the
Brahmaputra but very few studies have been reported on
rainfall, runoff and its induced sediment yield processes in
this region. In Himalayan or mountainous regions the data
whether on economic, social, or environmental are usually
incomplete when they exist atall. Therefore, lack of scientific
knowledge about this planet's most complex landscape is
main hurdle to plan the developmental agenda for this region.

Soil erosion and subsequent sediment outflow from
awatershed are dependent on several parameters which are
responsible for the soil detachment and the transport
capacity of the path followed by the eroded soil to reach the
outlet. However, lack of detailed data with respect to these
parameters at river catchment scale is a major constraint in
estimation of sediment yield at catchment scale (Van
Rompaey et al., 2001). Therefore, a simple empirical lumped
sediment delivery ratio (SDR) approach is used to link the soll
erosion within a watershed to the sediment yield at outlet
(Ferro and Minacapilli, 1995). Since, SDR-based sediment

yield estimation approach is an empirical lumped approach
(Verstraeten and Poesen, 2001), it performs well only if the
data of catchment belongs to inherent region. Applications of
such empirical approach to other catchments are
questionable and require rigorous calibration before
extension. Also due to lumped nature of SDR approach, it is
not helpful in prioritization of watershed management/
treatment activities within a river basin/catchment. However,
soil erosion and sediment yield exhibit large spatial variability
due to heterogeneity involved in various parameters
(catchment physical as well as climatic) responsible for theirs
occurrence. The technique of Geographical Information
System (GIS) is well suited for quantification of heterogeneity
(not only in space but also in time) in the topographic, cover
type, and drainage features of a watershed by partitioning the
watershed into small homogenous grids (Jain et al., 2005;
Wu et al., 2005; Naik et al., 2009). Furthermore, accessibility
of data even in remote areas like Himalayan catchment is the
major advantage of GIS and remote sensing (RS)
techniques.

Keeping in view, limited data availability in
Himalayan catchment and spatial variability and complexity
involved in soil erosion and sediment production process, a
simple spatially distributed model has been formulated in GIS
environment. The model produces outputs showing spatial
variability due to spatial discretization adopted and,
therefore, helpful in identification as well as quantification of
the areas vulnerable to soil erosion and deposition within
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entire catchment and accordingly prioritization of watershed
management activities. However, model structure is kept
simple so that the application of model can be easily
extended in developing countries like India where availability
of datain space and time is always a challenge.

MATERIAL AND METHODS

The proposed model comprises of three major
components (1) the assessment of seasonal gross soll
erosion (GSE) for each grid/cell; (2) the assessment of
seasonal local transport capacity (TC) for each grid/cell; and
(3) transport limited accumulation algorithm for routing
sediment from each of the discretized grid/cell to the outlet of
the catchment by taking into account the local transport
capacity of each cell.
Estimation of gross soil erosion (GSE): Universal soil loss
equation (USLE) produce realistic estimates of surface
erosion over small size areas (Jain and Goel, 2002; Lee,
2004; Jain and Das, 2010). Although USLE is a lumped
empirical model, this equation has been a part of several
spatially distributed process-based models such as Soil and
Water Assessment Tool (SWAT) (Arnold et al., 1993),
Agricultural Nonpoint Source Pollution Model (AGNPS)
(Young et al., 1989), Chemical Runoff and Erosion from
Agriculture Management System (CREAMS) (Knisel, 1980),
SedNet (Prosser et al., 2001) and Erosion Productivity
Impact Calculator (Williams, 1983). This is possible due to
the discretization of heterogeneous catchment into small
homogeneous grids/cells. In this paper USLE is used for
estimation of GSE within a cell is expressed as:

GSE, =RK,LSCP @

Where, GSE, = gross amount of soil erosion in cell i (MT ha™*
year %); R =rainfall erosivity factor (MJ mmha* h™*year*); K, =
soil erodibility factor in cell i (MT ha h ha™* MJ* mm™); LS, =
slope steepness and length factor for cell i (dimensionless);
C, = cover management factor (dimensionless) and P, =
supporting practice factor for cell j (dimensionless).
Estimation of USLE Input Parameters
Rainfall erosivity (R): Rainfall erosivity or erosion index (R)
is one of the important parameters in estimation of soil loss
from USLE. In the present study, rainfall erosivity was
calculated by the relationship developed by Ram Babu et al.
(2004) for this particular zone of India and presented as:
R=71.9+0.361P (r=0.91, for 293 < P < 3190) (2)
Where, P is the average seasonal rainfall in mm. In the
present study, Equation 2 is used to compute seasonal
values of R-factor by replacing P with observed seasonal
rainfall of a particular year.

Soil erodibility (K): Soil map of the watershed was prepared
by digitization of soil maps available in survey report obtained
from National Bureau of Soil and Landuse Planning
(NBSS&LUP, 2004) using ArcGIS. The digitized polygon map
of study watershed was then rasterized at 90 m grid cells by
using vector to raster tool. Based on the soil characteristics
such as texture, depth, erosion, surface, drainage, and slope
(NBSS&LUP, 2004), total nine soil mapping units have been
identified in the entire study area. K-values for different soil
categories were calculated according to the procedure given
by Haan et al. (1994).

Length-Slope factor (LS): The combined length-slope (LS)
factor reflects the effects of topography on soil erosion;
however estimation of LS factor for real landscapes as part of
a GIS is complex. The method proposed by Moore and
Wilson (1992) based on unit stream power theory is best
suited for integration with the GIS and given as:

La{ As H siné, } ®)
22.13| | 0.0896

Where, A, is the specific area at cell i defined as the upslope

contributing area for overland grid (A,,) per unit width normal
to flow direction; 6, is the slope gradient in degrees for cell i.
Upslope contributing area and slope gradient were estimated
from Digital Elevation Map (DEM) of the study area. Since,
preparation of DEM from toposheets is very tedious and time
consuming work, Shuttle Radar Topographic Mission
(SRTM) DEMs data downloaded from
www.landcover.org/data/srtm/ were used for extraction of
DEM in this study.

Crop management factor (C): To assign the spatial values
of crop management factor (C), land use map of the study
area was prepared by classification of LANDSAT TM satellite
image using unsupervised and supervised classification in
ERDAS image processing software. Overall, six different
classes viz., forest, agriculture, river bed, pasture, water and
settlement are identified in the study area with the help of
limited ground truth information. Based on the land cover
categories, the attribute values for the C-factor are assigned
to individual cells from the tabulated values suggested by
Haan et al. (1994).

Management practice factor (P): Based on experimental
investigations, values for P-factor have been tabulated for
many management conditions (Haan et al., 1994). The P-
factor is taken equal to 0.7 for agricultural land as mostly
contour cultivation is followed on agricultural land in the study
area, and unity for other land use/land cover types.
Assessment of seasonal sediment transport capacity:
Sediment transport capacity expresses the erosive power of
overland flow or channel flow which is responsible for the
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movement of eroded soil. In fact, the process of soil erosion
and deposition is governed by the sediment transport
capacity of overland flow and subsequent channel flow.
Therefore, sediment transport capacity equation is an
essential part of all physically based sediment vyield
computation models. Several simple to complex equations
have been developed for estimation of transport capacity of
different grid/cell within the catchment. One of the most
recently developed (Verstraeten et al., 2007) transport
capacity equation is as follows:
TC =K, RK,S*A* 4

Where, K. is transport capacity coefficient; A, is the upslope
contributing area for cell i which represents the actual flow
accumulation value of any cell. Most of the transport capacity
equations do not account the upslope contributing area and
hence application of such models underestimates the
sediment yield at the outlet of watershed. To overcome this
problem Eq. 4 has been developed and successfully applied
in hilly watershed especially in the areas where slope is
drastically reduced.
Sediment routing using transport limited accumulation:
Eroded sediment from each cell follows a definite path
defined by direction of flowing water. The amount of sediment
outflow from one cell to its downstream cell depends on local
sediment transport capacity (TC) for a cell. If the local TC is
smaller than the sediment flux, then sediment deposition is
modeled. If TC is higher than the sediment flux, then
sediment transport will be supply limited. Thus, by
introducing the transport capacity, a more realistic
representation of overland flow in sediment transport can be
simulated. The model produces different maps of erosion,
sediment transport, and sediment deposition rates. For cell-
based discretization system, transport limited accumulation
can be computed as:

T,, =Min(GSE, +>'T,,,TC) (5)

out
D, =GSE, + ZTm‘ T, (6)

where T, =

ini

sediment inflow from upstream cells, T =
sediment outflow from the cell i. Di= deposition in cell /.

Study area and data used: The proposed model has been
used to model the sediment yield from a hilly watershed
named Bino with elevation ranging from 824 m to 2885 m and
geographically located between 29°47'N and 30°3'20"N
latitudes and 79°06'15"E and 79°18'15"E longitudes in the
middle Himalayan region of Uttarakhand state of India
(Fig.1). Bino watershed is a hydrologically important sub-
watershed of Ramganga reservoir catchment (3134 square
km area). Ramganga reservoir, a multipurpose project (127
meter heigh earth and rockfill dam) of Government of India
built in year 1974, produces approximately 452 MW of

electricity and also facilitates irrigation on an area of about
5120 square km during non-monsoon period.

WATERSHEDS OF UTTRAKHAND

THEHIE TIHTE

ST

90N

0N

Fig. 1. Location map of Bino watershed

Bino watershed covers hilly portion of Ramganga
catchment (295 square km drainage area) and is the largest
sediment contributor to the reservoir. The topography of the
watershed is undulating and irregular with slope varying from
moderate to steep. Daily rainfall data of five raingauge
stations located inside/outside of Bino watershed were
collected from the Divisional Forest Office (Soil
Conservation) Ranikhet, Government of Uttarakhand and
used to calculate the weighted rainfall of Bino watershed.

RESULTS AND DISCUSSIONS

Generation of gross soil erosion maps: The layers of
topographic factor (LS), crop management factor C, soil
erodibility factor K, and support practice factor P are overlaid
using ArcGIS. For estimation of gross soil erosion in the
watershed for different years/season, the composite map of
KLSCP factor is multiplied by R-factor in raster calculator of
ArcGIS. Figure 2 represents gross soil erosion map of Bino
watershed for the year 1987 as illustration.

Generation of transport capacity maps: Transport
capacity of overland flow was calculated for each season and
each pixel using equation (4) in ArcGIS. Goodness of fit
criteria such as Model Efficiency (ME), (Nash and Sutcliffe,
1970) and Relative Root Mean Square Error (RRMSE) have
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Fig. 2. Gross soil erosion map of Bino watershed

been used to calibrate the value of K, appearing in equation
(4) using five year observed (1979-83) and computed
sediment outflow data (estimated from Equation 4). Model
efficiency (ME) can be calculated as follows:

ME:l—M @)

Z(Yobs - Ymea\n)2

Where, Y, observed seasonal sediment (tons), Y,., is

predicted seasonal sediment (tons), Y

obs.
ean IS Mean of the
observed sediment (tons). Value of ME ranges from -oto 1.
Values close to 1 indicate better model fit. However the
negative value of ME implies inefficiency of the model in
prediction. Relative Root Mean Square Error is estimated by
the following formula:

1 n
7Z(Yons_Y red)2
RRMsz_¥nE- T P (8)

1
H;Yobs

Where, n is the number of data points. For wide
range of K., value of ME (Equation 7) and RRMSE (Equation
8) have been calculated and shown in Figure 3. It is evident
from Figure 3 that at K,.=3x10° ME is the highest (0.74) and
RRMSE is at the lowest (0.29). Any change in the value of K.
(=3x10") leads to increase and decrease in RRMSE and ME,
respectively. Transport capacity maps are generated using
calibrated K,. value for all years (1979-87). Transport
capacity map for year 1987 is presented in Figure 4 as
illustration. Itis evident from this figure that the ridges and the
flattened area near the channel, generally cultivated (viz.,
south-west direction of Chaukhutia gauging site) are the

areas possessing low transport capacity. However, transport
capacity is high in channel areas and the steep head water
areas.

Sediment routing considering local transport capacity:
Gross soil erosion was estimated using raster calculator tool
of ArcGIS, but the quantity of eroded soil delivered to the next
cell will depend on the transport capacity of the cell. However,
at present there is no ready to use tool available in GIS, which
estimates the quantity of sediment moved in the next cell by
considering gross soil erosion and transport capacity of the
cell. Therefore using the basic principal of overland flow
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Fig. 3. Calibration of K, for Bino watershed using seasonal
rainfall-sediment yield data
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routing (Equation 5) a programme was developed in
Interactive Data Language (IDL). The developed tool/
programme estimates the sediment moved out from each
pixel using flow direction, flow accumulation, gross soil
erosion, and transport capacity maps. Tool compares the
gross soil erosion (total soil ready to move out of a particular
pixel) and transport capacity of the flow in that pixel, if
transport capacity is equal or greater than gross soil erosion
then entire eroded soil will be transported into the next pixel.
The destination of this transported soil/sediment will be
determined using flow direction map. However, if the
transport capacity of any pixel is less than total soil ready to
move out of particular pixel, the tool will assign the difference
between transport capacity and the total soil ready to move
out, as amount of sediment deposited in that pixel. Batch
processing option is given in programme to process temporal
data and to save time in repeated operations/processes.
Using developed tool, sediment outflow maps for different
years (1979-87) were produced. Such maps provide the
amount of sediment outflow from the system at every cell and
are useful for determination of sediment flowing out of the
watershed at any location. Figure 5 depicts the sediment
outflow map for the year 1987 as illustration. While cell values
of Outlet of Bino watershed from theses maps were read for
validation period and compared with observed sediment
data, a very low errors have been observed (0.6%, -1.1% and
-10.8% for 1985, 86, and 87, respectively). Such low errorsin
estimation of sediment yield do support the efficacy of the
model.

Generation of vulnerability maps of net
erosion/deposition: Using Equation 6, sediment deposition
maps for various years were obtained. Net soil
erosion/deposition maps of various years were produced by
superimposing sediment deposition maps over gross erosion
map of corresponding years. Such maps are helpful in
identifying areas vulnerable to soil erosion and sediment
deposition in watershed area. Figure 6 depicts net soll
erosion/sediment deposition map for year 1987 as
illustration. A significant area (7% of total watershed area) of
the Bino watershed is under deposition. As can be seen from
Figures 6, most of the deposition of sediment occurred in the
sides of the drainage channels when they reach in valleys
and also on flatter land areas found in the cultivated valley
lands. It is possible to identify the critical areas delivering
most of the sediment to the river system. Notably, these
areas are not necessarily the same as those producing most
erosion, as most of the eroded sediment is deposited within
the catchment, before reaching the river system. The net
erosion estimated on a cell basis for the watershed is
grouped into the following scales of severity of erosion: Slight

(0to5tha *year?), moderate (5to 10tha ‘year™), high (10 to
20tha'year'), very high (20to 40tha* year '), severe (40 to
80tha'year)and very severe (>80 tha ' year") as per the
guidelines suggested by Singh et al. (1992) for Indian
conditions.

It was estimetd that soil loss in 10.6% area of Bino
watershed is above soil loss tolerence limit . Notable that soil
tolerance limitis defined as the acceptable rate of soil erosion
at which the quality of a soil as medium for plant growth can
be maintained. Mandal and Sharda (2011) found soil
tolerance limit 5 t ha™* year *for this particular region. Bino
watershed consists a huge area under agriculture (33.5%).
Worth notable that during tillage operations, land is exposed
and loosened and become more suspectible for the erosion.
The condidition is become more severe in the hilly areas
where cultivation is practiced in outward slope terraces. The
field verfication confirmed that erosion and associated
sediment deposition had indeed occur in these areas. Such
categorizations of net soil erosion as illustrated in Figure 6
can be of immense significance in deciding the priority levels
for implementation of the suitable measures (biological or
engineering) for watershed treatment.
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Fig. 5. Sediment outflow map of Bino watershed

On-site erosion reduces the soil quality due to
removal of nutrient rich top soil layer and also reduces the
water holding capacity of many soils. Therefore, in
developing countries like India, where rural population is
more than 65% and land is the identity of the people,
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assessment of erosion focuses mainly on the on-site effects
of erosion. Itis evident from the literature that productivity can
be increased by bringing the soil loss near or below the soil
tolerance limit. Therefore, comparison between soil
tolerance limit and prevailing soil loss can be the best criteria
for deciding the priority areas as well as treatment activities
within the watershed. In the present study, the formulated
model has potential to identify the areas where soil loss
exceeding the permissible/tolerance limit (10.6% area of
study watershed has been identified in the present study) and
these are the areas where immediate soil conservation
measures have to be implemented. In the nutshell, our target
should to bring the soil loss within the soil loss tolerance limit
which will certainly lead to sustainable agricultural production
system.

In the present era of industrialization, more
attention is being paid to the society at large, viz., in flood
prevention, water reservoir preservation, and water pollution
control (Garen et al., 1999). However, it has been observed
that sedimentation in the reservoirs have occurred at a much
faster rate than anticipated. In view of the stupendous task of
construction and the huge cost involved in hydro-power
projects, ensuring longevity of the reservoir have become the
cause of major concern to the planners and administrators.
Nevertheless, sedimentation data from number of projects

indicated that the actual sediment production rates (SPR)
have been much more than the assumed rates. The
erosion/deposition maps derived by the formulated model in
the present study exhibit sediment rate at a particular cell in
spatial domain, and the value at the outlet cell indicate the
sediment outflow from the entire watershed. The sediment
outflow at any point may be quite helpful in planning to design
sediment production rate (SPR) for a hydro-power project at
that location. However, sites identified vulnerable to soil
deposition from such maps could be avoided for planning
sites for multipurpose projects where huge amount of storage
of wateris required.

Whether the main concern of soil and water
conservation planning is towards prevention of on-site or off-
site effects of erosion, there was a growing need for tools that
enable to define the spatial distribution of erosion within a
catchment i.e. to identify sources of sediment erosion. The
formulated model involving only elementary processes
responsible for soil erosion and subsequently sediment
deposition is capable to capture the spatial patterns of soll
erosion as well as lumped sediment load in the entire
watershed up to a cell area (90m x 90m). Formulated model
is more rational and pragmatic than the lumped Sediment
Delivery Ratio (SDR) approach. Worth notable that GIS and
remote sensing techniques are capable to access data in
tough terrain and adverse climatic conditions. Since, model
requires input data in the form of different thematic GIS
layers, model has potential to be applied for any watershed,
in terms of size and location, throughout the globe. Moreover,
the model may be a useful tool in sustainable environmental
watershed management planning.
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Abstract: Analysis of rainfall trend showed increasing trend for Kaithal and Palwal district of Haryana but for Kaithal, there was significant
increase with z-value of 2.59. However, non-significant decreasing trend was observed for other districts of Haryana. Further, trend analysis
for maximum temperature showed an increasing trend for all districts except for Kaithal but it was observed that the trend was consistent only
for Bhiwani district with z-value of 1.47. Contrastingly, it was observed that the trend of minimum temperature increased for all districts of
Haryana. Nonetheless, based on the results of trend analysis, judicious agricultural management activities would be recommended based on

regional variations in Haryana State.
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Climate change related investigations assume
paramount importance these days due to its impact which is
being observed and ascertained to affect the rainfall and
temperature at global scale. In recent years, agriculture
sector has been adversely affected due to changing climatic
conditions. Besides this, scarcity of agricultural facilities, lack
of scientific approach in small scale farming, lack of water
harvesting and other infrastructures in our Country coupled
with changing climate will adversely affect the agricultural
production. Kumar et al. (2010) analysed the monthly,
seasonal and annual trends of rainfall using monthly data
series during the period 1871 to 2005 for 30 sub-regions in
India. They reported that nearly half of the sub-divisions have
shown an increasing trend in annual rainfall and other
regions shown the opposite trend. Subash et al. (2010)
reported rainfall and temperature trends at various locations
in India, where different locations showed both decreasing
and increasing trends which are critical for sustainability in
crop production. The primary concern in yields and
agricultural production in India is the rainfall depth and its
variability. In Indian, 80% of the total precipitation is mainly
due to southwest monsoon that ensures fresh water for
various purposes including irrigation.

Darshana et al. (2012) examined the variability and
trends in annual and seasonal rainfall for the nineteen
stations of Haryana. The significant increasing trends of
annual rainfall depth was observed for all meteorological
stations except for Kurukshetra and Panchkula. Deshmukh
and Lounge (2013) noticed long—term changes in
temperature and rainfall in Buldana districtin Vidarbha region
of Maharashtra, India. The increasing trend in mean of
maximum (MMAX) temperature and total mean rainfall
(TMRF) is confirmed by Mann-Kendall trend test. They
observed that in Vidarbha region, the December MMAX

temperature has increased by 2.69°C and annual MMAX
temperature has increased by 1.32°C, whereas the highest
decrease in TMRF occurs in November, by 25.08 mm, and
annual TMRF has increased by 12.14mm, during the last 31
years. Recently, climate change has resulted in unexpected
changes in crop production across the world. India is among
the highly affected countries where alteration of rainfall
patterns and increase in temperature has been noticed
(IPCC, 2014; Dash et al., 2011; Jain and Kumar, 2012; Jain et
al., 2013; Abeysinghe et al., 2014; Kundu et al., 2015). The
objective of this study was to analyse the trends of rainfall and
temperature for six districts of Haryana for which the long
term daily climatic data for the period from 1969 to 2009 (41
years) was available. Trend analysis was undertaken using
Modified Mann-Kendall non-parametric test with Sen's slope
estimator for detecting trends and its magnitude for
identifying the changing climate at regional scales.

MATERIAL AND METHODS

Climatic parameters viz. rainfall depth, maximum
and minimum temperature were acquired from IMD (Indian
Meteorological Department) for six districts (viz. Kaithal,
Bhiwani, Fatehabad, Rohtak, Palwal and Sirsa) during the
period of 41 years,1969 to 2009. Further, the acquired data
were analysed and the average values were estimated.
Subsequently, the trend analysis was undertaken using the
Modified Mann-Kendall (MMK) test on the time series data of
annual rainfall depth, average maximum and minimum
temperature and the results were analysed.

Haryana state is located in the northern region of
India and enclosed between 27°37' to 30°35' N latitude and
74°28' to 77°36' E longitude comprising of 21 districts. The
altitude varies between 200 to 1200 metres above mean sea
level (amsl). The land area of this state is 4.42 m ha, which is
1.4 % of the geographical area of the country. The gross
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cropped area of the state is 6.32 m ha and net cropped area is
3.62 m ha with a cropping intensity of 177%. Temperature
fluctuates between 15°C to 5° C in winter and 15 °C to 45 °C
during summer. The major part of Haryana State comes
under the fertile Indo-Gangetic belt. Crops grown during rabi
season are wheat, tobacco, pulses, linseed, sugarcane,
sesame and groundnut, whereas during kharifthe rice, jowar,
bajra, maize, cotton, jute, tobacco, pulses, linseed, rapeseed
and mustard crops are grown.

Modified Mann Kendall test (MMKT): The basic
assumption of the Mann-Kendall test is that the data need to
be independent and randomly ordered. However, in many
real situations the observed data are auto-correlated. The
existence of positive autocorrelation in the data increases the
probability of detecting trends. Although this is a well-known
fact that autocorrelation in the data is often ignored. A
theoretical relationship was derived to calculate the variance
of the Mann-Kendall test statistic for auto-correlated data and
based on this a modified non-parametric trend test which is
suitable for auto-correlated data was incorporated (Hipel and
McLeod, 1994). The empirical formula for calculating the
variance of S in the case of auto-correlated data is given by
eq. 1.

v(s)= 1'ar{$).:i. = 7”_11;““— )
ng ]

where, = represented a correction due to the autocorrelation
in the data. The correction of autocorrelation is given by
equation (2).
m= 14 e X = D)= i = Dn =i = 2p,() (2)
Where, nis the number of observations and (i) is the
autocorrelation function of the ranks of the observations. The
advantage of the approximation in equation (2) is that by
using the ranks of the observations, the variance of S can be
evaluated by equations (1) and (2) without the need for either
the normalized data or their autocorrelation function.
The standard normal deviate (Z-statistics) is then computed

as below:

L if5=0
JVar(s)
Z= 0 AfFS5=0 (3)
S+1
Jf5<0
y/ Var(s)

If the computed value of |Z| > z&/2, the null
hypothesis (HO) is rejected at & level of significance in a two-
sided test. In this analysis, the null hypothesis was tested at
95% confidence level.

A positive value of Z indicates an increasing trend and
negative value indicates decreasing trend.
Sen's slope estimator: Slope (i.e. change in data per unit

time) of a linear trend in time series can be estimated by using
a simple nonparametric procedure developed by Sen (1968).
The Sen's slope estimator is widely used due to its simplicity
in computation, analytical estimates of confidence intervals
and robustness to outliers which are prime advantages over
the general slope estimation method. This approach involves
computing slopes for all the pairs of time points and then
using the median of these slopes as an estimate of the overall
slope. Sen's method proceeds by calculating the slope of the
line using all data pairs, as shown in the following
equation:
Xi— Xy

Q;, = _._:——k 4)
where, j> k. If there are n values x;in the time series, we get
asmanyn = ((n+1)/2) as slope estimate Q. Sen's estimator
of slope is simply given by the median of these N values of
Q's.
g = Q[( w121 IfNisodd (5)
Q = (Qu/a + Quv+2/2)/2 ifNiseven. (6)

Sen's slope estimator is computed as
Q..=Q(N+1)/2 if Nappears odd and it is considered as
Que=[QuztQui2l/2, if N appears even. At the end, Q,., is
computed by a two sided test at 100 (1-4) % confidence
interval and then a true slope can be obtained by the non-
parametric test. Positive value of Q indicates an upward or
increasing trend and a negative value of Q shows a
downward or decreasing trend in the time series.

In the present study, an interface in MATLB viz.
trend test estimator was used to undertake the above
analysis pertaining to rainfall depth and temperatures of
selected districts of Haryana. Climate Change Trend
Analysis interface was developed in MATLAB® environment
to analyze the trends in various meteorological variables e.g.
rainfall, temperature, solar radiation etc. using trend tests.
The interface incorporates four trend tests viz. MK test and
MMK test with Sen's slope estimator, Sen Seasonality Trend
Test and Cox Stuart Trend test. It also gives the statistical
summary (i.e. maximum, minimum, mean, standard
deviation and variance) of the input data along with the
histogram which shows the distribution of data.

RESULTS AND DISCUSSION
Trend analysis of rainfall depths: Trend analysis of annual
rainfall depth values indicated that Kaithal was the only
district which showed a significant increasing trend with 95 %
confidence level during 41 years. The S statistics, Z-value,
Kendall's tau and Sen's slope were 220, 2.6, 0.27 and 5.8,
respectively for kaithal district. The positive value of Kendall's
tau and S statistics showed an increasing trend in the time
series data of rainfall for Kaithal district. Moreover, the Z-
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value showed that the trend was statistically significant.
Similarly, the trend test parameters obtained from MMKT
were analysed for all six districts of Haryana. However, for
Bhiwani, the trend was decreasing with S-statistic -16 and
Sen's slope -0.38, but this decreasing trend was non-
significant which was indicated by the Z-value -0.02. It was
also observed that there was a decrease in the trend for
Fatehabad district with trend test parameters viz. S statistics,
Z-value, Kendall's tau and Sen's slope -80.00,-0.098, -0.887
and -1.88, respectively. The S statistics, Z-value, Kendall's
tau and Sen's slope for Rohtak district were -59.00, -0.072, -
0.651 and -1.35 and it was non-significant. Palwal also
showed increasing trend with positive value of Sens' slope
(0.004) and was statistically non-significant as corroborated
by Z-value 0. Moreover, for Sirsa district, the trend was
observed to be decreasing with Sen's slope —0.03, but was
not significant (Table 1). The rainfall variability during
different years was prominent in all districts, but the long term
trend for a period of 41 years was different for different
districts (Fig. 1). Moreover, the observed trend in the time
series data as reflected in the scatter diagram was
ascertained through above mentioned trend tests and was
observed that Kaithal showed significant increasing trend.
The annual rainfall depth indicated two increasing trends at
different time scales viz. increasing trend during 1969 to 1998
(20 years) and again during 1999 to 2009.. Existence of two
trends in the scatter diagram of long term data may be
attributable to a sudden decrease in annual rainfall depth
during 1999 as compared to the year 1998 (Fig.1a.). Similar
result were also reported by Chakraborty et al. (2013) for
Seonath sub-basin in Chhattisgarh State.

Trend analysis of average maximum and minimum
temperature: Trend analysis indicated increasing trend in
average maximum temperature for all six districts excluding
Kaithal but Bhiwani is the only district which was showing
significant increasing trend with 95 % confidence level during
the period 1969-2009. The S statistics, Z-value, Kendall's tau
and Sens' slope were 132, 1.47, 0.16 and 0.01, respectively
and the positive value of Kendall's tau and S statistics

showed an increasing trend of maximum temperature for
Bhiwani district. Moreover, the Z-value showed that the trend
was statistically significant. Similarly, the trend test
parameters obtained from MMKT were analysed for all six
districts of Haryana. However, for Kaithal, the trend was
decreasing with S-statistic -32 and Sen's slope -0.002, but
this decreasing trend was non-significant, which was
indicated by the Z-value -0.34. It was also observed that there
was an increase in the trend for Fatehabad district with trend
test parameters viz. S statistics, Z-value, Kendall's tau and
Sen's slope 28, 0.3, 0.03 and 0.002, respectively. The S
statistics, Z-value, Kendall's tau and Sen's slope for Rohtak
district were 101, 1.1, 0.12 and 0.009, respectively. Palwal
was also showing increasing trend with positive value of
Sen's slope (0.004) and was statistically non-significant as
corroborated by Z-value (0.6). Moreover, for Sirsa district, the
trend was increasing with Sen's slope 0.001, but was not
significant. The maximum temperature variability during
different years was prominent in all districts, but the long term
trend for a period of 41 years was different for different
districts (Table 2, Fig. 2). Moreover, the observed trend in the
time series data as reflected in the scatter diagram was
ascertained through above mentioned trend tests and was
observed that only one district (Bhiwani) showed significant
increasing trend. Referring Fig. 2, it was observed that trends
were increased upto year 1996 and afterward it decreased in
the year 1998 and again itincreased upto the year 2009 for all
six districts. In case of trend analysis of average minimum
temperature, it was observed that all the six districts were
showing significant increasing trend with 95 % confidence
level during 1969-2009 (41 years). The value of the
parameters viz. S statistic, Z-value, Sen's slope and
Kendall's tau are shown in Table 3. The positive value of
Kendall's tau and S statistics showed increasing trend in the
time series data of minimum temperature. From Z statistic, it
was revealed that trend was statistically significant. As it is
indicated in scatter diagram (Fig. 3) trends were increasing
significantly for all districts during the period 1969 to 2009.

In the present study, the spatial and temporal

Table 1. Trend test statistics and interpretation of annual rainfall depths in different districts of Haryana using MMKT

Mann-Kendall test (Rainfall)

Districts Latitude Longitude Mann-Kendall Kendall's Z-value Sen'’s Test Interpretation Significance
(Haryana) Statistics Tau slope

Kaithal 76.5 29.5 220.000 0.268 2.59 5.788 Trend increasing Yes
Bhiwani 75.5 28.5 -16.000 -0.020 -0.168 -0.384 Trend decreasing No
Fatehabad 75.5 295 -80.000 -0.098 -0.887 -1.881 Trend decreasing No
Rohtak 76.5 28.5 -59.000 -0.072 -0.651 -1.358 Trend decreasing No
Palwal 775 27.5 0.000 0.000 0.000 0.004 Trend increasing No
Sirsa 74.5 29.5 -4.000 -0.005 -0.033 -0.031 Trend decreasing No
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Fig. 1. Trend analysis of annual rainfall at different district, Haryana from 1969-2009
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Table 2. Trend test statistics and interpretation of average maximum temperature in different districts of Haryana using MMKT

Mann-Kendall test (Tmax)

Districts Latitude Longitude Mann-Kendall Kendall's Z-value Sen’s Test Interpretation Significance
(Haryana) Statistics Tau slope

Kaithal 76.5 29.5 -32.000 -0.039 -0.348 -0.002 Trend decreasing No
Bhiwani 75.5 28.5 132.000 0.161 1471 0.013 Trend increasing Yes
Fatehabad 75.5 29.5 28.000 0.034 0.303 0.002 Trend increasing No
Rohtak 76.5 28.5 101.000 0.123 1.123 0.009 Trend increasing No
Palwal 775 27.5 58.000 0.071 0.640 0.004 Trend increasing No
Sirsa 74.5 29.5 30.000 0.037 0.326 0.001 Trend increasing No
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Fig. 2. Trend analysis of average maximum temperature at different district, Haryana from 1969-2009

Table 3. Trend test statistics and interpretation of average minimum temperature in different districts of Haryana using MMKT

Mann-Kendall test (Tmin)

Districts Latitude Longitude Mann-Kendall Kendall's Z-value Sen’s Test Interpretation Significance
(Haryana) Statistics Tau slope

Kaithal 76.5 29.5 438.000 0.534 4.91 0.031 Trend increasing Yes
Bhiwani 75.5 28.5 422.000 0.515 4.73 0.034 Trend increasing Yes
Fatehabad 75.5 29.5 404.000 0.493 4.53 0.029 Trend increasing Yes
Rohtak 76.5 28.5 379.000 0.462 4.24 0.029 Trend increasing Yes
Palwal 77.5 275 418.000 0.510 4.68 0.028 Trend increasing Yes
Sirsa 74.5 29.5 382.000 0.466 4.28 0.032 Trend increasing Yes
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Fig. 3. Trend analysis of average minimum temperature at different district, Haryana from 1969-2009

variability of climatic parameters were investigated for six
district of the Haryana using Modified Man Kendall trend test.
The trend test assisted in statistical corroboration of
increasing or decreasing trend as visualized in the scatter
diagram of time series data. It was observed that the rainfall
depth, maximum and minimum temperature in six districts of
Haryana depicted spatio-temporal variability during 1969 to
20009. Significant increasing trend was observed for only one
district each pertaining to rainfall depth (Kaithal) and
maximum temperature (Bhiwani), whereas, for minimum

temperature, all six district showed significant increasing
trend. Therefore, it can be concluded that the trend test need
to be undertaken for long term time series data of different
climatic parameters to ascertain whether there was climate
variability or climate change besides its magnitude at a given
level of significance. Nonetheless, such studies would
provide an understanding of present and future climate of the
region to undertake judicious agricultural water management
activities which would assist in attaining sustainability in
agriculture.
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Abstract: In the pre- Nathpa Jhakri Hydroelectric Project (NJHEP) and pre- Rampur Hydroelectric Project (RHEP) conditions, the Satluj water
quality index (WQI) is found to be higher than Satluj WQI standard (47 and 55, respectively for rainy and lean seasons) at all the locations
(upstream and downstream of Natha dam and Jhakri power house). The water quality parameters were well within acceptable limits. However,
in the Post-NJHEP and post-RHEP scenario, the lean season Satluj-WQI at downstream of Rampur just meets the standard. This may be
attributed to higher turbidity and higher faecal coliform concentration expected in the post-RHEP situation due to the same pollutant load
coming to the river having reduced flows due to flow diversion for power generation. The study also suggests that excessive turbidity due to silt
flushing during the post-project condition may have adverse impact on the aquatic life.
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The water quantity is determined by a single
parameter — the volume or rate of flow during a given time
period, the water quality is described in terms of
concentration of several constituents (20 odd common
constituents to hundreds). Comparison of water quality in
terms of a list of constituents is not easy. Water sample
containing six components in 5% higher than permissible
levels; pH, hardness, chloride, sulphate, iron and sodium
may not be as bad for drinking as another sample with just
one constituent — mercury at 5% higher than permissible.
Water quality indices (WQI) aim at giving a single value to the
water quality on the basis of one or the other system which
translates the list of constituents and their concentrations
present in a sample into a single value. In the present study,
two existing indices proposed by National Sanitation
Foundation (NSF), USA and Central Pollution Control Board
(CPCB), India have been used for assessing the water
quality status of Satluj river reach affected by two hydropower
projects in series i.e. Nathpa Jhakri Hydropower Project
(NJHEP) and Rampur Hydropower Project (RHEP). In
addition, a new index is proposed in the context of evaluating
the river ecology status by incorporating the turbidity
parameterin CPCB-WQI.

MATERIAL AND METHODS

The study area consists of the Satluj river reaches
related with the Nathpa Jhakri Hydroelectric Project (NJHEP)
and Rampur Hydroelectric Project (RHEP) (Fig. 1). The
NJHEP is in operation stage and the diverted water at Nathpa
dam is released back into Satluj after power generation at
Jhakri. RHEP is under construction. The RHEP will make use
of the water released in the tail race pool after power

generation at Jhakri. Thus, RHEP will cause reduction in
Satluj river flow downstream of Jhakri and up to Bael where
the water will be released back into Satluj after power
generation. The combined effect of NJHEP and RHEP is that
the Satluj river will be deprived of the natural flows to the
extent of 405 cumec in the reach from Nathpa to Jhakri (34
km) and then from Jhakri to Bael (23 km).
Nathpa Jhakri hydroelectric project: The 1500 MW
Nathpa Jhakri Hydroelectric Project (NJHEP) is a run-of the
river project on the river Satluj with a dam near village Nathpa
in district Kinnaur and an underground power house near
village Jhakri in district Shimla. The project area is on
Hindustan Tibet road NH-22 approximately 150 km from
Shimla.

About 405 cumecs of water is required to harness
the installed capacity of the project. During monsoon season,
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Fig. 1. The study area showing hydropower projects in Satluj
basin
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the flow of the river varies from 700 to 2500 cumecs, and from
100to 150 cumecs during the lean months. In the lean period,
the entire water in the river at Nathpa is required for power
generation. In between Nathpa and Jhakri, there are several
small streams locally known as streams. Flow of Sholding
stream is also diverted into head race tunnel (HRT) during
lean period. The river reach between Nathpa and Jhakri is
situated in steep mountain terrain. The study area falls in
three tehsils i.e. Rampur tehsil of Shimla district, Nichar tehsil
of Kinnaur district and Nirmad tehsil of Kullu district.

There is great variation of altitude with rugged
terrains and hard climatic conditions in the study area. Most
of the sediment of Satluj river (almost 90%) is contributed by
the upper reaches falling in Tibet. Horticulture is almost nil on
right bank of Satluj river. There is more forest area on right
bank compared to left bank and land holdings are also less.
After Jeori, right bank has the green forests. Main face of right
bank is overlain by pastures at places, but the back side has
dense forests.

Rampur hydroelectric project: The Rampur project is
designed to divert 383.88 cumecs of de-silted water of the
Satluj from the tailrace pool of NJHEP to the Rampur Intake
structure from where the water is conveyed (from left bank to
the right bank) through a 484 m HRT and 43.2 m cut and
cover conduit. A 10.5 m dia headrace tunnel of 15.08 km
conveys the water to a surface power station near Bael.
Water is then returned to the Satluj river. The project is under
construction stage. On completion, the project would utilise a
gross head of 138 m to generate approximately 1969.69 Gwh
of design energy in a 90% dependable year. The catchment
area of the Satluj upto Nathpa-Jhakri is 49,800 sq. km. and
upto Rampur HEP is 50,800 sqg. km.

National sanitation foundation (NSF)-Water quality index
(wal): Brown et al. (1970) developed an index based on nine
parameters (Table 1), developing a common scale, and
assigning weights for which elaborate Delphic exercises
were performed. This effort was supported by the National

Table 1. Weights for parameters included in Brown's NSF-WQI

Parameters Weights
Dissolved oxygen 0.17
Faecal coliform density 0.15
pH 0.12
BOD (5day) 0.10
Nitrates 0.10
Phosphates 0.10
Temperature 0.10
Turbidity 0.08
Total solids 0.08
Total 1.00

Sanitation Foundation (NSF). For this reason, this index is
referred as NSF-WQI and also as Brown's Index in literature.
In addition, Brown et al. (1970) stated that if total content of
detected pesticides or toxic elements (of all types) exceeds
0.1 mg L*, the water quality index will be automatically
registered to zero. The index (NSFWQI) is calculated as
follows: NSFWQI = Z wa,
i=1

where, g, is the quantity of the i" parameter (a
number between 0 to 100 read from the appropriate sub-
index graph) and w, is weight of the i" parameter. The WQI
uses a scale from 0 to 100 to rate the quality of the water. The
overall WQI score is compared against the following scale
(Table 2) to determine how healthy the water is at a given
time.

CPCB-WQI: CPCB-WQI is primarily based on the NSF-WQI
(Abbasi, 2002). However, slight modifications were made in
terms of assignment of weightages so as to conform to the
water quality criteria for different categories of water uses set
by the Central Pollution Control Board, India. Four important
water quality parameters i.e. dissolved oxygen (DO),
biochemical oxygen demand (BOD), pH and faecal coliform
were selected through Delphi. A weighted sum aggregation
function was used to evaluate the overall water quality index.
The index was developed to evaluate the water quality profile
of river Ganga in its entire stretch and to identify the reaches
where the gap between the desired and the existing water
quality is significant enough to warrant urgent pollution

control measures (Sarkar and Abbasi, 2006).
The index had the weighted multiplication form:
N
W.Q.l = Twili
i=1

Where |, is sub index for i th water quality parameter, W, is
weight associated with i th water quality parameter and N is
the number of water quality parameters. A list of four
parameters was selected through Delphi. Sub-Index values
were obtained by using sub index equations as shown in
Table 3.

To assign weightages, significance ratings were
given to all the selected parameters. Atemporary weight of 1
was assigned to the parameter which received highest
significance rating. All other temporary weights were
obtained by dividing each individual mean rating with the
highest. Each temporary weight was then divided by the sum
of all weights to arrive at the final weights. These weights
were modified to suit the water quality criteria for different
categories of uses. The classification of water vis a vis the
final index values is given in Table 4. The weights and
modified weights are illustrated in Table 5.
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Table 2. NSF-WQI scale
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Index value NSF water quality

Suitability for activities involving direct

human contact, recreation, bathing, etc.

Suitability for support of aquatic life

91-100: Excellent water quality Suitable
71-90: Good water quality
51-70: Medium or average water quality
26-50: Fair water quality
0-25: Poor water quality

Marginally suitable

Not suitable, abundant quality problems

High diversity of aquatic life

Less diversity, have increased algae
growth

Low diversity

Limited number of aquatic life forms

Table 3. Sub-index equations of the CPCB-WQI

Parameter Range applicable Equation Correlation
0-40% saturation IDO = 0.18 + 0.66 (% sat) 0.99

DO 40-100% saturation IDO = -13.5+1.17 (% sat) 0.99
100-140% saturation IDO = 163.34 - 0.62 (% sat) -0.99

BOD (mg I") 0-10 IDO = 96.67 — 7.00 x (BO) -0.99
10-30 IBOD =38.9-1.23 x (BOD) —-0.95
2-5 IpH = 16.1 + 7.35 X (pH) 0.92

pH 5-7.3 IpH = - 47.61 + 20.09 x (pH) 0.99
7.3-10 IpH = 316.96 — 29.85 x (pH) —-0.98
10-12 IpH = 96.17-8.00 x (pH) -0.93

Faecal coliform 1-10° Icoli = 97.2 — 26.80 x log (coli) -0.99
10%-10° Icoli = 42.33 — 7.75 x log (coli) -0.98
>10° Icoli = 2

Source: Sarkar and Abbasi (2006)

Satluj-WaQl : Inclusion of turbidity in CPCB-WQI: Turbidity
means the optical condition of waters caused by suspended
or dissolved particles or colloids that scatter and absorb light
rays instead of transmitting light in straight lines through the
water column. Turbidity may be expressed as nephelometric
turbidity units (NTUs) measured with a calibrated turbidity
meter. NSF-WQI is useful in the context of drinking water
supply. CPCB considers four parameters (DO, BOD, pH and
faecal coliform) for the purpose of maintaining quality of river
water for mass bathing and recreation only. Sediment
concentration of flows downstream of dams and barrages is
influenced; not only by the releases from the dam but also
due to addition of sediments (i) flushing from desilting
chambers and (ii) runoff from mined areas and muck disposal
sites

Out of 486 cumec flow diverted from Nathpa dam,
81 cumec is returned to Satluj river for flushing out deposited
sediments in desilting chambers. Silt load of river Satluj in
monsoon months ranges from 15 g L* to 50 g L™. In non-
monsoon months, it varies from lessthan1g L™ to5gL™. The
81 cumec discharge from desilting chamber has high silt
content of the order of 70 to 80 g L™. Therefore, Satluj river will

Table 4. Water class as per CPCB-WQI score

WQI Description Class
63-100 Good to excellent A
50-63 Medium to good B
38-50 Bad C

38 Bad to very bad D,E

Table 5. Weights assi

gned to different water quality

parameters in CPCB-WQI and Satluj-WQI

Parameters Weights assigned
NSF-WQI CPCB-WQ!I Satluj-wQl

DO 0.17 0.31 0.27
Faecal coliforms 0.15 0.28 0.24
pH 0.12 0.22 0.19
BOD 0.1 0.19 0.16
Turbidity 0.08 0.00 0.13
Total 0.62 1.00 1.00

have high turbidity upto Jhakri (~ 80 g L) beyond which it will
reduce to 10 g L™ due to return of diverted flow after power
generation. However after construction of Rampur
Hydroelectric project, silt concentration will continue to be
high in the downstream reach upto Bael. Therefore, turbidity
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is an important parameter which should be considered while
assessing the quality of flow. In this context, a new index
(Satluj-WQI) has been proposed and the modified weights
are givenin Table 5.
Permissible limit on turbidity: Background turbidity means
turbidity in the immediate vicinity of and outside the area of
influence of the discharge or discharges from the source or
sources under consideration. For establishing permissible
limits, background turbidity may be calculated as the up-
stream historical turbidity associated with low flows,
excluding episodic run-off events, for the season(s) or
period(s) for which the turbidity discharge limit is established.
If background data are unavailable, 1 NTU may be used as a
defaultvalue.

Aquatic life turbidity criteria in fresh water rivers in
India are not available. Such criteria have been evolved in
some developed countries and are available on websites.
For the purpose of this study, the turbidity criteria as followed
by Department of Ecology, State of Washington, USA
(http://lwww.ecy.wa.gov/ecyhome.html) have been taken and
are givenin Table 6.

In case of NJHEP, background turbidity is taken as

Table 6. Aquatic life turbidity criteria

the turbidity measured at Wangtoo, which is U/S of the
Nathpa dam. The average background turbidity measured at
Wangtoo are as given below:

Satluj-WQl standard for river ecology: The Satluj WQI
standard considering river bathing standards as per CPCB
criteria and aquatic life turbidity criteria (for lean season and
rainy season) have been calculated and found as below:
Water quality data: Himachal Pradesh State Environment
Protection and Pollution Control Board (HPSEPPCB) has
carried out water quality sampling at four locations (U/S of
Nathpa dam, D/S of Nathpa dam, U/S of Jhakri and D/S of
Jhakri) during pre-project and at three locations (Wangtu
Bridge U/S of Nathpa dam, U/S of Rampur and D/S of
Rampur) during post-project condition.

RESULTS AND DISCUSSION
Water quality data available for pre-commissioning
stage have been used to estimate NSF-WQI, CPCB-WQI
and Satluj-WQI. The values of CPCB-WQI, NSF-WQI and
Satluj-WQI for pre-commissioning stage are given in Table 7.
The Satluj-WQl is found to be more consistent with NSF-WQI
(better correlation coefficient and lower standard error and

Use category

Per cent saturation

Char spawning and rearing
Core summer salmonid habitat °
Salmonid spawning, rearing, and migration
Non-anadromous interior redband trout

Salmonid rearing and migration only

MR R Wb E

Indigenous warm water species °

Turbidity shall not exceed:
5 NTU over background when the background is 50 NTU or less; or

A 10% increase in turbidity when the background turbidity is more than 50 NTU.

Turbidity shall not exceed:

10 NTU over background when the background is 50 NTU or less; or

® A 20% increase in turbidity when the background turbidity is more than 50 NTU.

Source: http://www.ecy.wa.gov/ecyhome.html
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Fig. 2. Satluj WQI at various locations for pre and post-
project conditions of NJHEP and RHEP during rainy
season
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Fig. 3. Satluj WQI at various locations for pre and post-
project conditions of NJHEP and RHEP during lean
season
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Table 7. CPCB-WQI, NSF-WQI and Satluj-WQI for pre-project condition

Source Location Period NSF-WQI CPCB-WQI Satluj-WQl
HPPCB Nathpa U/S May, 2002 73.62 85.86 77.51
Nathpa D/S May, 2002 69.95 81.76 73.88
Jhakri U/S May, 2002 72.31 79.38 81.65
Jhakri D/S May, 2002 69.60 77.45 73.37
HPPCB Nathpa U/S July, 2002 66.58 74.80 68.29
Nathpa D/S July, 2002 62.24 72.96 66.97
Jhakri U/S July, 2002 66.05 72.70 66.81
Jhakri D/S July, 2002 63.85 72.84 66.29
HPPCB Nathpa U/S Sep-Oct, 2002 64.96 91.44 62.49
Nathpa D/S Sep-Oct, 2002 80.77 89.70 85.55
Jhakri U/S Sep-Oct, 2002 70.67 78.55 74.42
Jhakri D/S Sep-Oct, 2002 75.41 82.66 78.61
HPPCB Nathpa U/S Nov-Dec, 2002 76.49 81.31 82.09
Nathpa D/S Nov-Dec, 2002 72.46 73.54 75.34
Jhakri U/S Nov-Dec, 2002 73.02 77.24 76.96
Jhakri D/S Nov-Dec, 2002 75.00 75.73 75.72
HPPCB Nathpa U/S Feb, 2003 73.75 73.36 77.63
Nathpa D/S Feb, 2003 71.89 71.70 75.66
Jhakri U/S Feb, 2003 78.54 79.94 79.77
Jhakri D/S Feb, 2003 76.13 77.25 76.12
HPPCB Nathpa U/S Mar, 2003 64.33 74.61 71.14
Nathpa D/S Mar, 2003 61.1 74.96 68.54
Jhakri U/S Mar, 2003 67.23 80.39 75.65
Jhakri D/S Mar, 2003 62.73 67.05 59.63
HPPCB Nathpa U/S Apr, 2003 63.27 78.48 73.65
Nathpa D/S Apr, 2003 70.52 77.82 73.2
Jhakri U/S Apr, 2003 60.74 70.95 66.99
Jhakri D/S Apr, 2003 64.82 69.86 69.95
Standard Error 5.032 3.168
Root Mean Square Error (RMSE) 9.550 4.878
Correlation Coefficient between NSFWQI & CPCB-WQI/Satluj-WQl 0.483 0.858

root mean square error) than CPCB-WQI with NSF-WQI.
However, CPCB-WQI and Satluj-WQlI values are little higher
than NSF-WQI. This is due to the fact that CPCB-WQI and
Satluj-WQI consider lesser number of water quality
parameters and hence getting relatively higher weightages
compared to the weightages assigned to these parameters in
NSF-WQI.

Change in Satluj-WQl in the post-project scenario:
Observed water quality data for pre and post project
conditions at different locations on Satluj river have been
used to calculate Satluj WQI. The Satluj WQI at U/S of
Nathpa dam, D/S of desilting complex of NJHEP, D/S of
Jhakri and D/S of Rampur are compared in Fig. 2 (rainy
season) and Fig. 3 (lean season).

The Satluj WQI is higher than Satluj WQI standard
at all the locations and also during rainy season and lean
season. It is mainly because the water quality parameters
(DO, BOD, pH, Faecal coliform) are well within acceptable
limits even though turbidity of Satluj river is very high. The
excessive turbidity during the post-project condition will have
adverse impact on the aquatic life. The lean season Satluj
WQI at D/S of Rampur for the post-NJHEP and post-RHEP
condition just meets the standard as shown in Fig. 3. This
may be attributed to higher turbidity and higher faecal
coliform expected in the post-RHEP situation.
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Abstract: The study was conducted on two tier system rainwater conservation measures in saline tract of Purna river valley with the objective
to increase the productivity, profitability and water use efficiency through suitable double cropping system. Double cropping system of green
gram-chickpea, the yield of green gram was found significantly higher (i.e. 8.48 g ha™) under two tier system of rain water management
(contour cultivation with protective irrigation) over the yield recorded in other rain water management systems. Chickpea grown after green
gram under two tier system gave significantly higher yield of 19.33 g ha™ in comparison to other moisture management practices. Soybean
under two tier system recorded significantly higher yield of 23.56 gha™ as compared with yield recorded in mono tier system (contour and
across the slope cultivation) and conventional system. Chickpea yield after harvesting of soybean was significantly superior over other
practices of soil moisture management. The significantly higher chickpea equivalent yield of 21.53 g ha™ was found in soybean—chickpea
cropping system compared with the chickpea equivalent yield of 19.33 ¢ ha™ recorded in green gram—chickpea cropping system under two tier
system. The higher net returns of Rs.87076 ha™ was found in soybean-chickpea cropping system under two tier system and the lowest Net
return of Rs. 14401 was found in green gram—safflower cropping system under mono-tier system. Double cropping system of green gram-
chickpea and soybean-chickpea observed statistically at par in B:C ratio.

Key Words: Cropping system, Conservation, Contour, Rainwater management, Two-tier system

The Purna valley of Vidarbha region is an
East—West elongated basin with slight convexity to the south
and covers parts of Amaravati (1738 km?®), Akola (1939 km?)
and Buldhana (1015 km?) districts which extends from 20° 45'
to 21° 15' N latitude and 75° 15' to 77° 45' E longitude. This
tract spreads on both sides of Purnariver, affecting about 892
villages, covering an area about 4.69 lakh ha. The river starts
from southern slopes of Govilgarh hills of Satpuda range,
which is the principal drain joining to Tapi river. The major
tributaries are Pedhi, Sarapi, Shahanur, Katepurna, Uma,
Morna, Man, Mas, Nirguna, Nalganga and Dnyanganga.
Locally it is said that there are about 360 tributaries joining
Purnariver. Of the 4.69 lakh ha area in the affected tract, very
little portion is irrigated. Surface irrigation sources are
negligible here. The main crops of the saline tract are cotton,
sorghum, pigeon pea, black gram and green gram. In the
small double cropped pockets, wheat, gram and safflower
are cultivated.

Rainfed area in Purna river valley are highly
diverse ranging from resource rich area with good
agricultural potential to resource poor area with much more
restricted potential with salinity and sodicity. The soil
management in the saline tract of Purna valley is difficult due
to the severe erosion rate, swelling, cracking and seizing
characteristics. In India over 40% of the agricultural land is
located in arid region and the farmers are not even able to

recover their investments in agriculture. It has been reported
that hardly 35% of the rain water is used effectively while the
remaining 65% goes as runoff, causing severe soil erosion,
flooding of rivers and siltation of water bodies. Hence, this
valuable asset has turned out to be a liability.

The erosion hazards are greater under cereals and
millets crops cultivation. Jat et al. (2008) reported that, the
black gram was found effective in controlling run off and soil
loss as compare to cereals and millet crops. Hence, the
present investigation was carried out to study the
productivity, profitability and water use efficiency through
suitable double cropping system (two tier system) in saline
tract of Purna river valley in Amravati district of Vidarbha.

MATERIAL AND METHODS

The experiment was carried out in Randomized
Block Design with five rain water management systems. The
treatments comprised A) conventional system, control, B)
Mono-tier system cultivation across the slope and Contour
cultivation, C) Two-tier system, cultivation across the slope
with protective irrigation and contour cultivation with
protective irrigation system of rain water management
(RWM). The rainfall received during the experimental years
was during 2008-09 is 534.80 mm, 2009-10: 727.30 mm,
2010-11: 1076.3 mm, 2011-12: 453.6 mm, 2012-13: 674.0
mm and 2013-14: 894 mm.
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Three cropping system i.e. green gram — chickpea,
soybean - chickpea and green gram-safflower were followed
under each rain water management system. green gram and
soybean sown during last week of June to first week of July
and harvested after 60 to 110 days, respectively during each
seasons. Chickpea and safflower were sown in last week of
September to first week of October and harvested after 90 to
110 days, respectively. Crop varieties Nirmal for green gram,
Jaki-9218 for chickpea, JS-35 for soybean and Bhima for
safflower were selected. The recommended doses of NPK
were applied @ 25:50:20 Kg ha™to green gram, 25:50:30 Kg
ha™ to chickpea, 30:75:30 Kg ha™ to soybean, and 25:25:00
Kg ha™ to safflower. One protective irrigation of 2.5 to 3.0 mm
depthwas given. The net returns, benefits cost ratio and
production efficiency value in terms of Kg ha* day* and
Rs.haday* were calculated with standard methods.

Water use efficiency was calculated with the help of following
formula.

35

Water use efficiency (kg ha* mm) = Grain yield (kg ha-*)
Total water applied (mm)

The individual year's data and pooled data of six years
were statistically analysed with the standard methods
described by Gomez and Gomez (1984). The results of the
study have been discussed year wise and based on mean
value of six years.

RESULTS AND DISCUSSION
Productivity of cropping system: The pooled data [Fig. 1
(a & b)] over the period of six years revealed that the double
cropping system of green gram—chickpea, green gram gave
significantly higher yield of 8.48 gha™ under two tier system of
rainwater managementi.e. contour cultivation with protection
irrigation followed by across the slope cultivation with
protective irrigation (8.20 gha™) over the yield recorded in
mono tier systems of rainwater management. Chickpea
grown after green gram under two tier system of rainwater
harvesting gave significantly higher yield of 19.33 gha™ in
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comparison to other moisture management practices. Two
tier system of rain water management recorded significantly
higher yield of soybean (23.66 gha™) as compared with yield
recorded in mono tier (contour and across the slope
cultivation) and conventional system of rain water
management. Similarly highest chickpea yield of 21.53 gha™
was recorded in two tier system of rain water management
after harvesting of soybean which was significantly superior
over other practices of soil moisture management. The
double cropping system of soybean-chickpea was found
superior followed by green gram-chickpea in mono and two
tier system of rainwater management. The highest net return
of Rs. 87076 ha* was obtained from soybean-chickpea
cropping system which was highest over to the net returned
received from green gram - chickpea (Rs. 68937 ha™) and
green gram - safflower (Rs. 48784 ha™) under two tier system
of rain water management. Double cropping system of green
gram + chickpea and soybean + chickpea observed
statistically at parin B: Cratio.

The highest production efficiency (19.92 kg ha™ and
14.45 Rs ha™ day™) was observed in green gram — chickpea
cropping system followed by (19.68 kg ha™and 14.25Rs ha™
day™) in soybean - chickpea cropping system under two tier
system over mono-tier system of rainwater management.
Similarly highest B:C ratio and water use efficiency was
recorded in green gram-chickpea cropping system over
soybean- chickpea in two tier system followed by mono-tier
system of rainwater management, similarly highest rainwater
conservation was observed in contour cultivation followed by
across the slope cultivation. Studies of Goyal and Sharma

(2000) and Goyal et al. (2007) also revealed that the variation
in amount of moisture conserved, time of moisture depletion
and moisture management through life saving irrigations with
impounded rain water, maintained the yield levels of Kharif
and rabi season. From the result it is observed that the
protective irrigation with contour and across the slope
cultivation during dry spell in monsoon season and during
moisture stress in winter is beneficial over mono-tier system
of rain water management.
Economics of cropping system: The expenditure of Rs.
23,888 ha' was incurred on the cultivation of green gram-
chickpea, Rs. 28065 ha™ was incurred on soybean—chickpea
and Rs. 24885 ha™ in green gram—safflower cropping system
with cultivation across the slope and protective irrigation
(Fig.2).

Green gram-chickpea cropping system incurred
Rs. 24583, soybean-chickpea Rs. 28789 and green
gram-safflower Rs. 25046 on cultivation of contour
cultivation with protective irrigation. The highest gross
returns of Rs. 115865 and net return of Rs. 87076 was
obtained from the soybean—chickpea in two tier system of
rain water management. The lowest gross returns of
Rs.35424 and net return of Rs. 14401 was found in the green
gram-safflower cropping system with conventional system of
moisture management (i.e. along the slope cultivation).
Production efficiency: Production efficiency value interms
of kg ha™ day™ was increased with increasing combination of
moisture management practices under both the cropping
systems. Production efficiency of 19.92 kg ha® day” was
recorded in green gram-chickpea cropping system and
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19.68 kg ha™* day™in soybean—chickpea cropping system.
Similar trend was also found in production efficiency

value in terms of Rs ha® day™. The highest production

efficiency value was recorded in green gram-chickpea

cropping system (14.45 Rs. ha™ day™) followed by soybean-

chickpea (14.25Rs. ha™ day™).

B: C ratio: The green gram—chickpea followed by soybean-
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chickpea double cropping system were best for higher
production efficiency and net returns under contour
cultivation with protective irrigation followed by across the
slope cultivation with protective irrigation in deep black soll
(Fig. 2). The benefit cost ratio of green gram-chickpea
(1:3.80), soybean-chickpea (1:4.02) and green gram-
safflower (1:2.95) double cropping system showed that the

Table 1. Production efficiency value under various moisture conservation practices

Rain water Cropping system Gram equivalent Crop Production Production

mang. yield duration, efficiency value efficiency value

(kg ha™) (days) (kg ha™ day™) (Rs ha™ day™)
Conventional Along the G.gram+chickpea 1384.13 175 7.92 3.47
slope Soybean+chickpea 1501.84 205 7.33 2.58
G.gram+safflower 1325.57 200 6.63 2.59
Mono tier AIS G.gram+chickpea 1812.71 175 10.35 5.72
Soybean+chickpea 1758.19 205 10.81 5.96
G.gram+safflower 1763.44 200 8.82 4.46
Contour G.gram+chickpea 2296.29 175 13.12 8.27
Soybean+chickpea 2686.44 205 13.11 8.11
G.gram+safflower 2199.33 200 10.99 6.45
Two tier Pl G.gram+chickpea 3131.81 175 17.89 12.61
+ Soybean+chickpea 3426.34 205 16.64 11.44
AIS G.gram+safflower 2549.28 200 13.41 7.87
Pl G.gram+chickpea 3486.03 175 19.92 14.45
+ Soybean+chickpea 4034.56 205 19.68 14.25
Contour G.gram+safflower 2807.21 200 14.04 9.19
CD (p=0.05) 423.36 - 1.68 1.57

Table 2. Season wise avg. soil moisture content at various depths under different system of rain water management and

cropping systems (2008-09 to 2013-14)

Treatment  Cropping system Kharif Rabi
15cm 30cm 45cm 60cm  15cm  30cm  45cm 60cm
Conventional Along the G.gram+chickpea 8.29 1435 1959 26.38 7.70 9.82 11.52 13.86
slope Soybean+chickpea 7.89 1242 17.72 27.02 7.72 9.78 1184 13.74
G.gram+safflower 8.47 16.13 2183 30.75 7.04 11.24 12.08 14.02
Mono tier AIS G.gram+chickpea 11.26 16.52 2112 28.12 1216 1352 1374 15.16
Soybean+chickpea 8.68 1452 19.12 29.34 12.08 12.74 1397 1552
G.gram+safflower 11.72 1554 2352 3214 1112 1412 1412 1594
Contour. G.gram+chickpea 1410 18.17 2254 30.08 14.12 1512 1576 17.52
Soybean+chickpea 10.84 1654 2112 3184 1374 1412 1584 17.84
G.gram+safflower 1470 17.32 2408 3412 13.08 16.74 16.08 17.72
Two tier PI G.gram+chickpea 1275 20.52 2412 3212 17.08 2212 2412 26.52
+ Soybean+chickpea 12.07 18.74 2354 3344 1586 23.08 26.16 28.12
AIS G.gram+safflower 12.04 19.74 2612 36.08 16.12 21.12 2558 2884
Pl G.gram+chickpea 13.64 2412 27.12 3456 19.12 25.08 32.16 34.12
+ Soybean+chickpea 13.67 2214 2584 36,52 18.16 26.84 33.18 36.58
Contour G.gram+safflower 13.94 23.12 28.12 38.12 19.08 26.52 34.12 38.19
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Table 3. Water use efficiency (kg ha’mm) rainfed cropping system (2008-2013)

RWM Cropping system Mean yield WUE kgha™  %increase over
kg ha™ mm conventional
Conventional Along the G.gram+chickpea 339 0.44 -
slope 909 1.19 -
Soybean+chickpea 1193 1.57 -
783 1.03 -
G.gram+safflower 348 0.45 -
807 1.06 -
Mono tier AIS G.gram+chickpea 513 0.67 51.33
1018 1.34 11.99
Soybean+chickpea 1476 1.94 23.72
1197 0.57 52.87
G.gram+safflower 499 0.65 43.39
1014 1.33 25.65
Contour G.gram+chickpea 447 0.58 315
1584 2.08 74.25
Soybean+chickpea 1897 2.49 59.01
1462 1.92 86.71
G.gram+safflower 741 0.97 112.93
1074 1.41 33.08
Two tier PI + G.gram+chickpea 797 0.98 135.10
A/S 1927 2.38 111.99
Soybean+chickpea 1995 2.46 67.22
2153 2.65 174.96
G.gram+safflower 856 1.05 145.97
1208 1.49 49.69
PI + G.gram+chickpea 848 1.04 150.50
Contour 2318 2.86 155.00
Soybean+chickpea 2356 291 97.48
2533 3.12 223.49
G.gram+safflower 962 1.18 176.43
1287 1.58 59.47

management of rain water with contour and across the slope
cultivation supported with protective irrigation from pond
(two tier system) is economically viable in the deep black soil
of saline tract Purnariver valley.

Soil moisture content: Soil moisture content in both the
season's kharif and rabi were recorded at different depth i.e.
15 cm, 30 cm, 45 cm, and 60 cm (Table 2). Soil moisture
content was highest in green gram- safflower cropping
system. During kharif at 45cm depth soil moisture content
was found to the tune of 28.12 and at 60 cm depth 38.12.
During rabi season at 45 cm depth soil moisture content was
found to the tune of 34.12 and at 60 cm depth 38.19.

Water use efficiency: In two tier system the water use
efficiency was recorded 2.91 kg ha * mm ™ in soybean and

3.12 kg ha® mm™ in chickpea under soybean-chickpea
cropping system in contour cultivation with protective
irrigation (Table 3). The water use efficiency of 2.86 kg ha *
mm™ was in chickpea and 1.04 kg ha® mm * was in green
gram in green gram-chickpea cropping system. The water
use efficiency was recorded in all tested crops under two tier
system was higher over other moisture management system.
It is concluded that the two-tier system i.e. contour and
across the slope cultivation with protective irrigation during
dry spell in monsoon and moisture stress in winter is
beneficial over mono-tier system of rain water management.
Thus, for the sustainable rainfed agriculture the two-tier rain
water management system is beneficial in terms of
productivity and net returns.
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Abstract: To reduce damage, forecasting of flood events is very useful information. In the present paper, the daily discharge data for 2009 of
Krishna River at Wadanepalley gauging station is used for prediction. To analyze the pattern of the discharge, Auto Regressive Integrated
Moving Average (ARIMA), Back Propagation Artificial Neural Network (BPNN) with normalized data to predict the flood values. Apart from the
work, machine learning techniques called Relevance Vector Machine (RVM) and Gaussian Process Regression (GPR) are also applied for the
prediction of discharge data. With the help of correlation co-efficient (r) and Root Mean Square Error (RMSE), the accuracy of prediction of
various models is examined. Acomparative analysis is also performed between ARIMA, BPNN, RVM and GPR. From the results it is observed

that RVM provides better results than that of ARIMA, BPNN and GPR.

Key Words: Correlation coefficient, Flood prediction, Feed forward back propagation neural network, Relevance vector machine, RMSE,

Regression models

Water is the most precious and replenishes
available natural resource on the nature. The development
and management of water resources are the major concern
for any country or region. To reduce damage due to flood,
forecasting of flood events is very useful information. Large
numbers of severe and devastating floods, endangering both
life and property have been recorded in Andhra Pradesh.
According to the data compiled by the XII plan working group
on flood management and regional specific issues of central
water commission (CWC), 9.040 Mha area of Andhra
Pradesh s affected by flood during 1953-2010 (CWC, 2011).
The prediction of flood will be helpful for reducing the
damages. The prediction is possible by using a statistical
model based on historical data and past events. Time series
forecasting model is applied to predict and forecast the future
events based on the known old values before happening and
measuring to avoid damages due to natural hazards like,
rainfall, flood, and drought. For time series analysis, the
mathematical statistical models like Auto Regression (AR)
and Auto Regressive Integrated Moving Average (ARIMA)
have been widely used in the water resources problems.
Compared to physical based mathematical models, the
advantage of artificial neural networks is the fact that the ANN
simulates processes without the incorporation of physical
laws in the mathematical form.

Relevance vector machine (RVM) is another kernel
based approach widely used for classification and regression
within the last few years. Huang et al. (2008) examined the
use of RVM to predict stock indices. Combined the RVM
algorithm with wavelet techniques to build the model, using

wavelets to extract patterns from the variable time series and
the extracted features have been used as the RVM input to
make predictions. GPR is a probabilistic and non-parametric
model. In GPR, the output is a normal distribution. There are
lots of applications of GPR in the literature (Ruiz and Binefa,
2012; Nearing etal., 2014; Chen et al., 2014).

In the present research work, Andhra Pradesh is considered
as the study area for the prediction of daily discharge. In
Andhra Pradesh, Krishna, Godavari, Palar and Penner are
the main rivers used to sustain agriculture, industrial power
generation and for domestic purpose. Simultaneously more
number of floods has been recorded on Krishna and
Godavari Hence historical data about the
Wadanepalley gauging station of Krishna River is used to
analyze the predicted data.

The machine learning technique, Relevance Vector Machine
(RVM) and Gaussian Process Regression (GPR) have been
used in this study for prediction of daily data. Finally the
predicted value of all the models like ARIMA, BPNN, RVM
and GPR are analyzed and identified the best model. The
best model is acknowledged based on the correlation co-
efficientand Root Mean Square Error (RMSE).

rivers.

MATERIAL AND METHODS
Auto Regressive Integrated Moving Average (ARIMA)
Auto-regressive (AR) Model: For the predicted values of
the models like auto regressive integrated moving average
(ARIMA), back propagation feed forward neural network
(BPNN), relevance vector machine (RVM) and gaussian
process regression (GPR) are analyzed and identified the
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best fitted model for the above said data based on the
correlation coefficientand RMSE values.

The AR model is applied to the time series data in which
the event outcome of (t+1)" period is dependent on the
presence t period magnitude and those preceding values
observed sequence X, X,,...X, is used to fitthe AR model.

X, = =B X )+ Boy(X )+ B (X )+, (D)

Where,n  is mean of the observed values.s,” is the
variance of the observed values. ,.
€, isthe random variate with mean zero and €, = N(0, 2 )
2 isthe variance of the observed values. First order AR is

GS
denoted by AR (1) and defined as,

yt_“:81(yz—l_u)+8[ """ (2)

The second order AR model is denoted by AR (2) and
represented as,

Vi—h=8(y 1) +E(y o~ 1) +E,...(3)
Moving Average (MA) Model: The equation for moving
average model for generating the values X, at any instant in
the seriesis as,

X, —nu=¢g,+Ag, 1 +Ag, ,+.. Mg, (D)

Where kdenotes the order of moving average and

2 q
Vi=h+ Zsiyt—l + zei(Pi—l""(S)
i=1 i~0
By the convention of normalizing units, where
Y, =€ FEY, 4 FELY, ot €,V , +¢,+0.0, ,+.....0 q(]),fq

Back Propagation Feed Forward Neural Network (BPNN)
Model: A neural network is a powerful data modeling tool to
capture and represent complex input/output relationships.
Neural Network acquires knowledge about the input through
learning. ANN is the mathematical model is biological
neurons. The feed forward neural network is widely used
ANN in hydrology and water resource engineering. This
consists of three layers namely input layer, hidden layer and
output layer. The data are introduced to the network by using
input layer; the input layer data are processed in the hidden
layer. Finally output layer produces output. The basic model

of the feed forward network is shown in Fig 1.
Mathematically three layer feed forward neural network with

a input nodes, b hidden layers and one output node can be
represented as

4= 8w, S W, )]

Where q,is the output layer, p,, is the input of the network, w; is
the connection weights between the input and hidden nodes,
w; is the connection weight between hidden and output
nodes. The most common g(9) function is sigmoid function
and f(8) is the linear function. The equation for sigmoid and
linear function is given as follows:

Linear: f(x) = purelin(x) = x,....(8)

Log-sigmoid: &(x) =l0gsig(x) = (9

1+exp(-x)
The back propagation neural network (BPNN) is the most
popular supervised learning model of artificial neural
networks, which is developed by (Rumelhart et al., 1986). In
the training phase, each layer's weight and biases are
initialized. By using the trained network, the simulation is
done to predict data using the model. BPNN continuously
adjust the weights and biases so that the error between target
output and estimated output is minimized. This parameter
modification stops when the performance error goal is
achieved (Karunanithi et al., 1994). Post processing is used
to forecast the model to predict future data value.

Relevance Vector Machine (RVM): The Relevance vector
machine is another kernel based approach being explored
for classification and regression within the last few years.
Artificial neural network and SVM requires a large set of data
whereas RVM is characterized to observe the relationship
among variables with small observations. The selection of
kernel, kernel specific parameters, regularization
parameters and the interpretation of model is the major
challenge in SVM (Cannas et al., 2006).

The RVM adopts a Bayesian approach to learn the
observations in a data set, x, are key to reproducing the
patterns represented by those observations, and seeking
sparsity by using only those observations that contain
independent useful information about the process being
modeled (Kitandis and Brar, 1980). RVM predicts output by
maximizing a marginal likelihood. In RVM, the relation
between x andy is given below.

y= ﬁ:a[K(x,xl. )+ a,....(10)

i=1
where N is the number of datasets, K(x,x) is a kernel
function,a,and a,are weights.

The expression of the likelihood from the training datasets is
given below.

p(y/a,c 2)2 (2756 2}%)exp{— gley - acI)HZ}....(ll)
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The value of a is determined by maximizing the above
expression (11). To avoid over fitting, the following zero-
mean Gaussian prior distribution is assigned to a.

plajo)= H N, /0.0 ]_O[%exy{— @}...(12)

posterior distribution of ais given below.

~(n+1) -1 1 ’ .
I e - 2o 22 w)

pla/y.a,c?)=(2n) 2

here is mean and is variance. The expression of and is
given below.

Y= DD+ 4)"
H=0 22X ®Y...(15) where 4=diag(y,ay,...,ct,)

and O = Eb(xl)(b(xz)""d)(xﬂ )]
The marginal likelihood is given below.

p0/a,0” plafo Ya=(2n)"
Pfoc?)e |

xexp[—% V2 +oa'D ) y}

20 + ch*qu\%

..(16)

Gaussian Process Regression (GPR): Let us consider the
following sample (L)

L= {(x[,yi )}21(17)

Where xis input, yis outputand Nis the number of datasets.
In the present research work, L, and L, have been taken as
inputs for the GPR. The output of GPRis d,,

So, X = [LX,L},] and V= [dw]

In GPR, the relation between x and yis given below.

Where fis latent real-valued function and &is the observation
error.
For a new input (x,.,), the expression of the output (y,.,) is

given below.
Yol K(x,x)—ircsnzl k(x,xN+l)
M NH Hexys) k) D""(lg’

2. . . .
Where G, isvariance, K and k denote covariance matrix.
The distribution of Y ,, is Gaussian. The mean () and
variance (%) of Y,,, is given below.

n= k(xN+l)K71y""(20)

G ’ = k(xN+1)_ k(xN+l)TKilk(xN+l)"'(21)

Data analysis: The ANN is trained and tested and the
optimal number of neurons in the hidden layer has been
identified using some guidelines. To avoid the problem of
over-fitting, and to select the appropriate architecture with
optimal number of neurons in the hidden layers for “I” input
layers, some guidelines have been proposed by researchers.
(Kang et al., 1991) proposed I/2as hidden layer neurons, “I”
proposed by (Tang and Fishwick, 1993), “2I” proposed by
(Wong, 1991) and “2I+1" proposed by (Hecht-Nielsen, 1990).
Table 1 shows the performance of ANN varying with the
number of nodes in the hidden layer. It is observed that ANN
with 21 neurons in hidden layer provides better performance
with r close to 1 and with lowest RMSE value. The bolded
value specifies the best result.

Evaluation of performance: In this work Root Mean Square
Error (RMSE) has been used as performance evaluation
measure as this is a very sensitive to even small errors, it is
better to compare the small differences in the model's
performance.

The RMSE is defined as follows:

(22

Where O, is the observed frequency and P, is the predicted
frequency. n is the number of observations. In the present
work 365 discharge frequencies have been used to model
the predicted and observed data. Along with RMSE,
correlation coefficient (r) also used as performance
measurement.

15 0-0)p-P)
r=— 2 (23)

18, o1&, oo
\/n;(Of—O) ;;(P[—P)

The r value close to unity implies that the results are
satisfactorily accepted otherwise itis inadequate.

RESULTS AND DISCUSSION

The various methods discussed in the present work are
implemented using MATLAB 2009b. The daily discharge
data of Wadanepalley gauging station for the year 2009 are
used for the present research work.
Auto Regressive Integrated Moving Average (ARIMA):
The result of ARIMA is depicted in figure 2(a) with correlation
co-efficient. From the figure it shows that the observed and
predicted discharge data follow the same pattern with no
more deviations.
Back Propagation Neural Network (BPNN): In this
method, three layer ANN model with log sigmoid transfer
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function from the input layer to the hidden layer, and a linear Tnpul Layer
function from the hidden layer to output layer is used for Fx T
forecasting. The input data and target data are normalized in \_ “‘f _,l
the range [0, 1] because the sigmoid function has been used i B
as a transfer function. The network is trained for 1000 epochs e /. :
using back propagation algorithm with learning rate 0.001. "_\_ ‘ 'ﬁ'_«* S __‘:
The model is trained with various input structures and tested ‘ : - '

Hidden Layer

T

Qutput Layer

Fivel

-~
to identify the optimal number of neurons in the hidden layers.
The input data are divided into 70% training data and 30%
testing data for the proposed experiment purpose. The
performance of BPNN is given in terms of RMSE and r in
Table 2.
Relevance Vector Machine (RVM): Here to implement RVM
the input data of BPNN have been used for this procedure.
The radial basic function (RBF) is used as the kernel function.
The objective function of RVM is,

—(x;—x)(x; *X)T
1.62.

(24

Where n is the number of training samples. In this study, 33
samples have been used as training samples. w is weight
and is width. Here the width is assigned with 0.9.
Gaussian Process Regression (GPR): The performance of
GPR depends on the proper choice of and. In this article, trial
and error approach has been used to determine the design
values of and. The developed GPR gives the best
performance at = 0.001 and = 0.4. Figure 1 shows the
performance of training and testing data sets. The
performance of GPR has been assessed in terms of
Coefficient of Correlation(R) value. For a good model, the
value of R should be close to one. It can be seen from Table 2
that the value R is close to one for training as well as testing
datasets and the RMSE value is having lesser value.
Comparative study: The performance of predicted models
like ARIMA, BPNN, RVM and GPR for Krishna river is
compared. The RMSE and Correlation Co-efficient (r) are the
performance measures for these models and the results of
the models are summarized in the table 2. Itis observed that
the RVM model shows the best performance with the lowest
RMSE and highest Correlation co-efficient for both training
and testing data (Table 2). The BPNN is the second best
model, followed by GPR. As specified in table ARIMA is
having moderate prediction accuracy with less correlation
co-efficient.

The RVM model performance is improved by
21.25% in correlation co-efficient and reduce in RMSE by
85.71% as compared to the performance of ARIMA. RVM
also produced some improvement over GPR with about a
10.2% improvement in rand RMSE value of RVM is reduced

Log Sign;ad Transfer

Function

Linear Funection

Fig. 1. Structure of feed forward neural network
Table 1. The result of ANN with different hidden neurons

Hidden neurons RMSE Correlation Coefficient(r)
| 0.004 0.812
2 0.001 0.892
21+1 0.008 0.743
112 0.008 0.671

Table 2. Performance measurements of models

Method Correlation co-efficient RMSE
ARIMA 0.78 0.42
BPNN Train: 0.94, Test: 0.88 0.06
RVM Train: 0.99, Test: 0.98 0.08
GPR Train:0.89, Test:0.81 0.10
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by 0.2% when compared to GPR. As with, the RVM model
resulted in improvement with about 0.5% over BPNN for ras
well, and 0.25% reduction in RMSE as compared to BPNN.

Figure 2(a), 2(b), 2(c) and 2(d) show the results
obtained with four model ARIMA, BPNN, RVM and GPR
compared with measured daily discharge data of Krishna
river at the wadanepalley gauging site for the year 2009. It
indicates that ARIMA, BPNN, GPR and RVM fit the daily
discharge better and these models are applicable for river
flow forecasting. Itis observed that RVM results are closer to
the actual data than those of ARIMA, GPR and BPNN. It is
also observed that form the results, RVM gives a better
prediction performance with r value very closer to unity than
other time series analysis models.

In the present study, Wadanepalley gauging site of
Krishna River is used to perform the analysis. Auto
Regressive Integrated Moving Average (ARIMA), Back
Propagation Neural Network (BPNN), Gaussian Process
Regression (GPR) and the Relevance Vector Machine

Received 30 November, 2015; Accepted 05 January, 2016

(RVM) methods are used to identify the predicted daily
discharge values for the year 2009. The performances of all
the models are evaluated based on correlation co-efficient
(r), Root Mean Square Error (RMSE). It is observed that the r
values for ARIMA, BPNN, RVM and GPR are 0.78, 0.94,
0.99, and 0.89 respectively. The RMSE value shows very
high value of 0.42 for ARIMA model and fewer values for
BPNN (0.065623) and RVM (0.08). Based on the r values
and RMSE, itis concluded that RVM depicts accurate results
as compared to all the models.
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Abstract: Experiment was conducted to assess the possibility of enhancing productivity of freshwater carps in inland saline water of Punjab,
through species selection in a semi-intensive poly-culture system. Freshwater carps were stocked (@ 15,000 fingerlings ha™) in three
combinations viz; 5 species [Catla catla Ham. (catla), Labeo rohita Ham. (rohu), Cirrhinus mrigala Ham. (mrigal), Cyprinus carpio Linn.
(common carp) and Ctenopharyngodon idella Val. (grass carp)], 4 species (catla, rohu, common carp and grass carp) and 3 species (catla,
rohu, and common carp), in earthen ponds constructed in salt affected waterlogged area. Species selection did not has any undesirable effect
on the overall survival of fish and among all the species, rohu registered highest percent survival (87.03 to 95.42%), while lowest survival was
in grass carp (74.13t0 80.77%). An average fish productivity of 2.07, 2.18 and 2.38 tonne ha™, with an apparent feed conversion ratio of 2.24,
2.19 and 2.11 was recorded after 6 months of rearing from 5, 4 and 3 species rearing ponds, respectively. As compared to 5 species rearing,
15% higher productivity of freshwater carps was achieved in inland saline water (salinity 4-8 ppt), through 3 species rearing at a stocking

density of 15,000 fingerlings ha™.

Key Words: Carps, Inland saline water, Productivity, Survival, Water logging

South-west districts of Punjab, comprising
Mukatsar, Ferozepur, Faridkot, Fazilka, Bathinda and Mansa
(Fig. 1) are affected by problems of underground salinity and
water logging due to rising water table, which has been
reported to have risen at an alarming rate (@ 15-20 cm
annum™) during the last decade (Shakya and Singh, 2010).
The twin problem of water logging and salinization in south-
west Punjab is broadly attributed to the low lying topography
of the affected areas coupled with lack of proper drainage
system, poor percolation because of impervious clay strata
and constant seepage from the Rajasthan and Sirhind feeder
canal (Government of India, Planning Commission Report,
2013). Non-extraction of underground saline water, intensive
irrigation network and land leveling, leading to major
obliteration of the natural topography and drainage, and
major shifts in cropping patterns in last 50 years have
collectively contributed and compounded the dual problem of
water logging and salinity in the south west region of the
State.

In such inland salt affected waterlogged areas,
where agriculture has very less or no scope and water
although saline is abundantly available, aquaculture is the
most suitable option. There is voluminous scope of utilizing
these waste lands for rearing brackish water finfish and
shellfish species like mullets, pearl spot, milk fish, sea bass,
tiger prawn, vannamei shrimp, etc. (Jain, 2007; Pathak et al.,
2013), but it could not be developed due to the fact that all
these species are cold sensitive and do not survive in the
northern states during winters and further, seed of these
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Fig. 1. Salt affected South-West districts of Punjab
(map source: www.travelindia-guide.com)
species has to be airlifted from far off coastal states like
Andhra Pradesh, West Bengal, Gujarat etc., which offers
limited rearing period and does not fascinate the resource
deficient farmers to take the initiative. In view of the
mentioned limitations associated with brackish water
species, substantial efforts have been made by Guru Angad
Dev Veterinary and Animal Sciences University, Ludhiana
(Punjab) to work out the possibilities of rearing freshwater
carps in inland saline water, which are the only species
reared in the fresh water zone of the State. Freshwater carps
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were reared successfully in inland salt affected areas of
Punjab, with an average productivity of 2.48 tonnes ha™ yr*at
stocking density of 10,000 fingerlings ha™ under a semi-
intensive poly culture system, which was later enhanced by
37.5% (3.40 t ha™ yr*) through stocking density enhancement
to 15,000 fingerlings ha™* (Dhawan et al., 2009, 2010; Ansal et
al., 2013), where survival and growth in freshwater carps in
inland saline water was found to vary with species. Hence,
the present study was taken up to work out the possibility of
further enhancing the productivity of freshwater carps in
inland saline water, through species selection at a stocking
density of 15,000 fingerlings ha™.

MATERIAL AND METHODS

An outdoor 6-month semi intensive poly-culture trial
of freshwater carps was conducted (in duplicate) in inland
salt affected waterlogged waste land in village Shajrana
(District Fazilka) Punjab, for productivity enhancement
through species selection. Raised ponds (630-680m®) with
underground seepage water (salinity 15 parts per thousand
or ppt), were filled with canal water (150 cm water depth and
60 cm free board). Ponds were manured with cow dung @
20,000 kg ha'yr' to boost natural fish food (plankton)
production, where 1/4" of the dose was added 20 days before
stocking of fish and rest in equal fortnight installments, after
stocking fish. Fingerlings of surface, column and bottom
feeding freshwater carps were stocked @ 15,000 fingerlings
ha' in 3 different combinations viz; 5 species [Catla catla
Ham. (catla), Labeo rohita Ham. (rohu), Cirrhinus mrigala
Ham. (mrigal), Cyprinus carpio Linn. (common carp) and
Ctenopharyngodon idella Val. (grass carp)], 4 species (catla,
rohu, common carp and grass carp) and 3 species (catla,
rohu, and common carp). The surface (catla), column (rohu
and grass carp) and bottom (mrigal and common carp)
feeding fish were stocked as per standard stocking ratio of
3:4:3, respectively (CIFRI, 1985). Fish were fed with farm
made feed (rice bran and mustard meal in the ratio of 1:1) @
2% fish body weight daily. Feed was applied in the form of
dough every day after sunrise at a fixed time and place.
During the culture period, canal water was used to
compensate for evaporation and seepage losses for
maintaining 150cm (5 feet) water depth and salinity levels
below 8 ppt, as salinity levels above 8 ppt adversely affect
survival and growth of freshwater species, including carps
(Jain et al., 2008; Dhawan et al., 2009, 2010). Water quality
analysis was carried out at fortnight intervals with respect to
electric conductivity (EC), pH, total alkalinity (TA), total
hardness (TH), chlorides (CI), calcium (Ca™), magnesium
(Mg™), Sodium (Na"), potassium (K") and sulphate (SO,?)
concentration, following methods of APHA (1991). Salinity of

water was tested by using ATAGO-Hand Refractometer,
while sodium and potassium were estimated with flame
photometer. Fish sampling was carried out at monthly
intervals to record growth of each species (n=10) in terms of
body weight and amount of supplementary feed was
adjusted accordingly. Nylon threads and reflecting tape were
tied over the experimental ponds for protection against
predation by fish eating birds like cormorants and herons
inhabiting the surrounding waterlogged area.

At the end of the rearing period, whole fish was
harvested by draining out the pond completely with the help
of a water pump to assess comparative fish survival and
productivity in 5, 4 and 3 species rearing ponds. Net weight
gain (NWG) of individual species and apparent feed
conversion ratio (FCR) in different ponds were calculated by
the following formulae
NWG = Average final body weight - Average initial body
weight

FCR= Feed given (kg)
Fish biomass harvested (kg)

The data was analyzed with a Statgraphic statistical
package (Statgraphics version 2.6). One way ANOVA and
Duncan's multiple range tests was applied to work out the
effect of different species combinations on growth of
freshwater carps ininland saline water (P<0.05).

RESULTS AND DISCUSSION

The salinity of water in 5, 4 and 3 species rearing

ponds varied between 3.5-8 ppt during the culture period of 6

months (Fig. 2), where salinity of water declined after rainfall

and addition of canal water in the pond for compensating

evaporation and seepage losses. Range of different water

quality parameters (EC, pH, TA, TH, CI, Ca™, Mg", Na’, K"

and SO,”) in the different treatments during the experiment
are presentedin Table 1.

Overall survival of fresh water carps was 85.88, 86.13

and 85.67% in 5, 4 and 3 species rearing ponds, respectively

(Table 2) and species selection did not has any undesirable

w5 SpECIES
—— 4 Species

Salinity (ppt)
R e S T Y - T - -

=~ 1 Species

June July August  September  October  November

Fig. 2. Salinity (ppt) changes in 5, 4 and 3 species rearing
ponds during the culture period
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effect on the overall survival of fish. However, among all the
species, rohu registered highest survival (87.03 — 95.42%)
followed by mrigal, catla, common carp and grass carp,
indicating better adaptability of rohu to inland saline water as
compared to other species.
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In 5 species rearing, rohu recorded the maximum body
weight (186.67g) with NWG of 117.17g, while in case of 4 and
3 species rearing ponds, the bottom feeder common carp
registered maximum body weight (210.67 and 219.00 g,
respectively). It can be attributed to absence of mrigal in the

Table 1. Range of different water quality parameters in 5, 4 and 3 species rearing ponds

Species Salinity EC pH TA TH Ca™ Mg*™ Na* K* cr S0,

combination  (ppt)  (mScm?) CaCO; CaCO; (mg I (mg I (mg I (mg I (mg™  (mgl?
(mg I") (mg I")

5species*  4.0-75 5.87-9.67 7.49-827 102-180  1256-1880  134-345  165-243  730-1410  330-450  709-1528  86-142

4species* 3580 5.69-9.30 7.47-824  98-132 12242290  151-381  156-322  790-1250  340-480  813-1936  69-298

3species* 4.0-80 571-9.70 7.81-857  84-112  1390-2320 101402  136-237  820-1260  340-460  839-1929  98-152

* 5 species = Catla, rohu, mrigal, common carp and grass carp; 4 species = Catla, rohu, common carp and grass carp

3 species = Catla, rohu and common carp

Table 2. Survival and growth of freshwater carps in 5, 4 and 3 species rearing ponds

Parameter Catla Rohu Mrigal Common carp Grass carp
5 species combination (catla, rohu, mrigal, common carp and grass carp)

% Survival 80.40 95.42 87.33 78.20 74.13
Initial BW (g) 19.50 + 0.62 15.33+0.84 10.50 £ 0.43 23.83+0.87 9.50 £ 0.42
Final BW (g) 136.67 + 4.28 186.67 + 4.33 176.83 £ 4.42 150.50 £ 5.04 84.67 + 2.46
NWG (g) 117.17 171.34 166.33 126.67 75.17
Overall fish survival = 85.88%
Fish biomass harvested m? = 207 g
Apparent FCR =2.24
Anticipated productivity ha™* 6-months™ = 2.07 t
Parameter 4 species combination (catla, rohu, common camp and grass carp)

Catla Rohu Mrigal Common carp Grass carp
% Survival 85.00 89.43 - 84.33 80.77
Initial BW (g) 19.17 £ 0.83 16.33 £ 0.80 - 23.84 + 0.87 9.00 £ 0.57
Final BW (g) 137.17 £ 3.77 174.17 £ 3.95 - 210.67 = 5.80 81.00 + 1.32
NWG (g) 118.00 157.84 - 186.83 72.00
Overall fish survival = 86.13%
Fish biomass harvested m? = 218 g
Apparent FCR =2.19
Anticipated productivity ha™ 6-months™ = 2.18 t
Parameter 3 species combination (catla, rohu and common carp)

Catla Rohu Mrigal Common carp Grass carp
% Survival 86.40 87.03 - 83.50 -
Initial BW (g) 19.33+0.84 15.17 £ 0.87 - 23.50 + 1.09 -
Final BW (g) 142.17 £ 3.01 195.67 £ 2.74 - 219.00 £ 5.29 -
NWG (g) 122.84 180.50 - 195.50 -

Overall fish survival = 85.67%

Fish biomass harvested m? = 238 g

Apparent FCR =2.11

Anticipated productivity ha® 6-months™=2.38 t

'Values for initial and final BW are mean + S.E. (n=10)
*Natural food not taken into account for calculating FCR



48 Meera D. Ansal, Asha Dhawan, Gurmeet Singh and Kulwinder Kaur

rearing system, which otherwise competes with common
carp for food and space, being a bottom feeder. The results
reveal that excluding mrigal from the rearing system enabled
common carp to grow at 40 and 45% higher growth rate in 4
and 3 species rearing system, respectively. In contrast,
Chandra and Joshi (2015) reared 4 species of freshwater
carps (catla, rohu, mrigal and common carp) in a salt affected
farm (stocking density 8000 advance fry ha™) and found
common carp to grow faster than mrigal, which can be
ascribed to lower stocking density and hence, reduced
competition pressure on common carp in comparison to the
present study. Among all the species, lowest NWG was
recorded in grass carp, which can be attributed to feeding of
fish with formulated dry diets instead of green vegetation,
which is otherwise required for faster somatic growth in grass
carp (Jena and Das, 2011). Besides climatic suitability,
availability of seed and feed are the key factors in species
selection and since there is scarcity of green vegetation in
inland salt affected waterlogged areas, grass carp holds little
scope for inclusion in the freshwater carp culture package for
inland saline water.

On an average, 207, 218 and 238 g fish was harvested
m?from 5, 4 and 3 species rearing ponds after 6 months, with
an apparent FCR of 2.24, 2.19 and 2.11 (with respect to
supplementary feed only) and an anticipated productivity of
2.07, 2.18 and 2.38 t ha®, respectively (Table 2). The
productivity of freshwater carps in inland saline water can be
enhanced by 15% through species selection. Although,
freshwater carps can be reared in inland saline water and
help in utilizing inland salt affected waterlogged waste lands
for economic gains, but not much attention has been paid in
this direction so far. Earlier, productivity of freshwater carpsin
inland saline water (salinity 3.5-7.0 ppt, EC 5.16- 9.66 mS cm’
') was increased from 2.48 to 3.40 t ha™ yr™ through stocking
density enhancement from 10,000 to 15,000 fingerlings ha™
in a 5 species (catla, rohu, mrigal, common carp and grass
carp) rearing system (Dhawan et al., 2010; Ansal et al.,
2013). In the present study, the fish was reared for a shorter
period (6 months) and the anticipated annual productivity is
expected to exceed the earlier reported productivity of 3.40 t
ha™ yr* by a significant margin. Singh (2002) harvested 1,068
kg of freshwater carps (catla, rohu, mrigal, common carp and
grass carp) and 108 kg fresh water prawn (Macrobrachium
rosenbergii) from 0.4 ha inland saline water pond, having
salinity range of 4.5 -7.0 ppt, after culture period of eight
months, which corresponds to an anticipated productivity of
2.94tha™. Chughtai and Mahmood (2012) recorded net fresh
water carp productivity ranging from 1.19-1.4.1 tha™ yr* from
in inland saline water ponds (EC 1.80 — 3.93 dS m™), where

Indian major carps (catla, rohu and mrigal) and Chinese
carps (common carp, grass carp and silver carp) were
stocked in different combinations of 5 or 6 species. Most
recently, Chandra and Joshi (2015) achieved freshwater carp
productivity of 4.24 t ha™ yr* with 4 species (catla, rohu, mrigal
and common carp at stocking density of 8000 fry ha™) rearing
ininland saline water farm (EC 1191- 1386 umhos cm™) in salt
affected area of village Pawari (U.P.), which is higher than the
productivity reported in Punjab earlier (Dhawan et al., 2010;
Ansal et al., 2013) as well as achieved in the present study
and is majorly attributed to significant differences in salinity,
species combinations and culture period in the said findings.

In view of above discussion, it is hereby concluded that 3
species fresh water crap culture (catla, rohu and common
carp at a stocking density 15,000 fingerlings ha™) can be
taken up in inland saline waters (4-8 ppt) of Punjab, for better
FCR and higher productivity. However, there is need to
conduct more trials for identifying more ideal combinations
for developing an ideal package of practice for inland saline
water aquaculture, in terms of productivity with respect to
freshwater carps.
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Abstract: Daily rainfall data of 24 years (1985-2008) was analysed to estimate the long term averages of weekly, monthly, seasonal and
annual rainfall, drought analysis and possible storage in water storage structure within Badri Gad Watershed of Uttarakhand. The rainfall
starts from 23 week and it continues till 39" week with decreasing trend from 33" week. Total annual rainfall of the area was erratic in nature
with the minimum value of 719.10 mm in 2001 and the maximum value of 1840.20 mm in 1998. The average value of annual rainfall for area
was 1234.76 mm. The maximum rainfall occurred during June to September months (about 64 % of the annual rainfall). Poor rainfall was
observed during remaining months, particularly October, November and December. The maximum months during the period of study which
were categorized as drought month, normal month and surplus month, were November, June and September, July, respectively. Thus, excess
water can be stored in water harvesting structures during surplus months and same may be utilized during drought months.

Key Words: Drought month, Normal month and surplus month, Rainfall analysis, Water storage structure

Water scarcity rises a great threat on environment,
quality of life since water is an important supply for daily life in
maintaining the stability of environment. Drought planning is
necessary as a process that concentrates on enhancing
abilities in monitoring drought vulnerability and mitigation
drought effects. Rainfall analysis plays important role for crop
planning, water harvesting and drought management
particularly in rainfed area of hilly region (Raina et al., 2007)
The amount and distribution of rainfall in any particular area
are very helpful in sound crop planning (Singh and Sharma,
2003). The average rainfall of the region is generally
considered as the basis for deciding the irrigation
management and cropping pattern. But it has been observed
that the knowledge of mean annual rainfall may not be that
much useful to decide irrigation and water management
activities for crop planning. Several workers viz., Bhakar et al.
(2006), Sheoran et al. (2008), Rai and Singh (2009),
Srivastava and Shukla (2009), Singh et al. (2009),
Upadhyaya and Upadhyaya (2009) have studied rainfall
analysis for crop planning drought estimation. Further, in
view of deepening water crises almost across the globe,
water harvesting much sought after aspect of offering at least
life saving irrigation to crop plants. In this context drought
analysis using rainfall data becomes extremely important to
know the months in which excess water is available for
storage structure and in which months irrigation is required
using stored water. Therefore, a study was carried out to
analyze the pattern of rainfall in Badri Gad watershed of
Uttarakhand. Monthly estimation of rainfall data for

assessment of normal years, abnormal years and drought
years, normal months, abnormal months and drought
months has been made which is expected to be useful for
deciding the cropping pattern, irrigation planning and
management.

MATERIAL AND METHODS

The study area was located in Narendra Nagar
block of Tehri Garhwal district of Uttrakhand (Fig. 1). The
outlet of the watershed is located near the Yamuna bridge on
the Dehradun-Yamunotri National Highway, which is about
55 km away from Dehradun. The watershed is located in
between the longitudes of 78°00' 21.02"E and 78° 10' 21.43"
E, and latitudes of 30° 32' 23" and 30°38' 19.63" N. The total
area of the watershed is 11,668.2 ha (116.68 km’) with a
perimeter of 51.82 km. The climate of the study area is humid
temperate with an average rainfall of 1234.76 mm (1985-
2008) of which about 70 to 80% is received during June to
September. The average temperature in this area varies from
3°Cto 30°C. Forest is the dominating land cover which mainly
lies above 1600 m AMSL. However, a major part of the
agricultural area is found at the elevations of about 1200 to
1600 mAMSL.
Rainfall and drought analysis: The rainfall data were
collected, for a period of 24 years (1985 to 2008) from Agro-
metorological Observatory, College of Forestry, Hill Campus,
Ranichauri of G.B. Pant University, Pantnagar. The data
were analysed for rainfall behaviour, weekly, monthly and
annual rainfalls, drought analysis, determination of normal,
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BADRI GAD WATERSHED

Fig. 1.Index map of Badri Gad watershed

drought and surplus months in the year, determination of
normal, drought and surplus years. Daily rainfall data were
arranged in years, months and standard meteorological
weeks and the average values of the same were worked out
for weekly rainfall. The monthly and yearly total rainfall was
determined for each year. The criteria as used by Sharma et
al. (1979) were adopted for computing drought.

Drought month: The month was classified as drought month
in which precipitation received was less than 50% of average
monthly rainfall.

Surplus month: The month was classified as surplus month
in which precipitation received was more than twice of
average monthly rainfall.

Normal month: The month was classified as normal month
in which precipitation received was in between 50% and 200
per cent of average monthly rainfall.

Drought year: The year was classified as drought year in
which precipitation received was less than or equal X - ¢ to,
where X is mean annual precipitation and o is standard
deviation.

Surplus year: The year was classified as surplus year in
which precipitation received was more thanorequalto X - ¢
Normal year: The year was classified as normal year in
which precipitation received was X -,c i.e.inbetween X - ¢
and X - o.

RESULTS AND DISCUSSION

Rainfall Analysis

Weekly rainfall: The weekly rainfall distribution at Badri Gad
watershed was more than 20 mm occurred during 23" week
followed by subsequent weeks, which continued upto 39"
week (Fig. 2). The uniform rainfall was observed from 23" to
39" week with the minimum value of 23.26 mm during 24"
week. Duration from 40" to 22™ week, which fall in non-
monsoon seasons, the rainfall showed poor and erratic
behaviour. It was revealed that the uniformity of rainfall was
pronounced from 23 to 39" week (4" June to 24"
September).

Monthly rainfall: The rainfall started from April with its

Average weekly rainfall (mm)

1 4 7

10 13 16 19 22 25 28 31 34 37 40 43 46 49 52

Standard meteorological week no.

M Average weekly rainfall

Fig. 2. Mean weekly rainfall distribution at Badri Gad watershed
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increasing trend as the days progressed up to July (Fig. 2).
Rainfall was maximum (272.98 mm) during July, after which
rainfall started to decline till November. The maximum rainfall
occurred during June-September months (about 64 % of the
annual rainfall). Poor rainfall was observed during remaining
months, particularly October, November and December.
Minimum rainfall was observed in the month of November
(13.67 mm).
Annual rainfall: The total annual rainfall for the study period
was erratic in nature with the minimum value of 719.10 mm in
2001 and the maximum value of 1840.20 mm in 1998 (Fig 4).
The average value of annual rainfall for Badri Gad
watershed, during 24 years of analysis, was 1234.76 mm.
The peak values of annual rainfall were observed during the
year 1998 followed by 1990, 1986, 1988,1993, and 1995,
whereas, troughs were observed during the year 2001
followed by 1992, 1987, 1999, 1991, 2006, 1991, 2008, 2003,
2004, 1994, 1989 and 1996 for which annual rainfall was
less than mean annual rainfall (1234.76 mm).
Drought Analysis
Drought, normal and surplus months: The maximum
months during the period of study which were categorised as
drought month, normal month and surplus month, were
November, June and September, July, respectively. In year-
wise analysis, it was observed that years 1999, 2007 and
2008 were having maximum i.e. 6 months as drought
months, years 1990 and 1997 were having maximum i.e. 8
months as normal months and years 1999, 2000, 2003 and
2008 had maximum three months as surplus months (Tables
1,2and 3).

From the Table 2, it can be observed that about
17.01 per cent of the total numbers of months were surplus
months, 46.43 per cent normal months and 36.46 per cent
were drought months, which indicates the erratic distribution
of rainfall. It was also observed that out of total period of 24
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Fig. 4. Annual rainfall distribution at Badri Gad watershed

years, most of the drought months had occurred in the post
and pre-monsoon periods i.e. October to May having highest
frequency for November (21 drought months out of 24
months). It was also observed that from January to June
there was maximum number of surplus months with
minimum 54 per cent of probability. Maximum number
months were found in July and August with minimum
probability of 75 per cent.

Table 1. Month wise yearly rainfall (1985-2008) to be drought, surplus and normal month at Badri Gad watershed

Month Average rainfall, mm Drought (less than) Surplus (more that) Normal (in between)
January 59.23 29.61 118.46 29.61 to 118.46
February 92.63 46.31 185.26 46.31 to 185.26
March 77.26 38.63 154.52 38.63 to 154.52
April 52.41 26.21 104.83 26.21 to 104.83
May 77.24 38.62 154.48 38.62 to 154.48
June 117.78 58.89 235.57 58.89 to 235.57
July 272.98 136.49 545.95 136.49 to 545.95
August 255.70 127.85 511.41 127.85to 511.41
September 138.99 69.50 277.98 69.50 to 277.98
October 40.24 20.12 80.48 20.12 to 40.24
November 13.67 6.83 27.33 6.83 10 27.33
December 39.26 19.63 78.52 19.63 to 78.52
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Table 2. Month wise distribution of number of months to be
drought, surplus and normal at Badri Gad
watershed

Year Drought month  Normal month ~ Surplus month

1985 3 7 2
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
Total 105
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Table 3. Year wise distribution of number of months to be

drought, surplus and normal at Badri Gad
watershed
Month Drought month Normal month Surplus month
January 9 15 0
February 8 15 1
March 8 16 0
April 11 13 0
May 9 13 2
June 2 19 3
July 1 3 20
August 1 18
September 1 19 4
October 18
November 21
December 16 8 0
Total 105 134 49
Per cent of 36.46 46.53 17.01
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Fig. 5. Rainfall distribution at Badri Gad watershed

Table 3 revealed that about 50 per cent of the years

had five or more number of drought months. Maximum
number of normal months in a year was found to be 8, which
accounted for only 8.33 per cent of total years. Analysis
indicates that there was maximum chances of failure rabi
crops under rainfed condition.
Drought, normal and surplus years: The mean annual
rainfall was 1234.76 mm and standard deviation was 253.20
mm. Thus, 16.66 per cent of years received rainfall less than
981.57 mm, were drought years, 12.50 per cent of the years
which received rainfall equal to or more than 1487.96 mm
were surplus years and 70.84 per cent of years received
rainfall between 981.57 mm and 1487.96 mm were normal
years for the period of analysis (Fig. 5)
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Abstract: Pesticide residues were determined in soil and water samples collected from two apple growing agro-climatic zones (Zone I, wet
temperate high hills and Zone IV, dry temperate cold desert) of Himachal Pradesh, India. Residues of organochlorine, synthetic pyrethroid and
organophosphate insecticides were estimated by GC equipped with ECD and NPD systems, whereas, carbendazim and mancozeb by
spectrophotometric method. Among the commonly used pesticides, HCH isomers (0.01-0.08 mgkg™), chlorpyrifos methyl (0.03 mgkg™),
endosulfan sulphate (0.12 mgkg™), &-endosulfan (0.01-0.1 mgkg™), p,p'-DDE (0.01-0.06 mgkg™), p,p-DDT (BDL-0.02 mgkg™). &-endosulfan
(0.01-0.02 mgkg™) and Dicofol (0.02-0.05 mgkg™) were the predominant soil contaminants estimated above their limit of quantification (0.01
mgkg™). None of the samples were contaminated with synthetic pyrethroides, carbamates, dithiocarmamate fungicides and carbendazim. No
water sample was found to carry pesticide residues above the limit of quantification.

Key Words: Apple orchard, Extraction in plant and soil, Pesticide residue

Apple is the dominant fruit provides livelihood to a
large rural population residing in the interiors of Shimla, Kullu,
Kinnaur, and Lahaul & Spiti districts of the Himachal Pradesh.
Intensive agricultural practices often include the use of
pesticides to enhance crop yields. However, the
improvement in yield is sometimes concomitant with the
occurrence and persistence of pesticide residues in soil and
water (Ware and Whitacre, 2004), thus contributing to the risk
of environmental contamination. The appreciable quantity of
pesticides and their degraded products have been reported
to accumulate in the soil ecosystem, adversely affecting soil
health and productivity. The persistence of toxic pesticides in
water affecting aquatic life and quality of drinking water has
also been reported by various workers. Earlier reports from
several mountain areas indicated a large scale switching of
mountain farmers to the cultivation of income generating fruit
crops, and thus resulting in indiscriminate use of pesticides
(Partap, 2010). Study was planned to monitor the
environmental risk through soil and water contamination by
pesticides in the apple ecosystem of Himachal Pradesh,
India.

MATERIAL AND METHODS

The locations selected to undertake present
studies in Himachal Pradesh were Bajaura (District Kullu),
Mashobra (District Shimla) falling in Zone 111 (high hills wet
temperate; 1524-2742m amsl); Kukumseri (District Lahaul &
Spiti) and Rekong Peo (District Kinnaur) in Zone IV (high hills
dry temperate; above 2742 m amsl. The composite solil
samples were collected at two stages i.e. before flowering

and at crop harvest from two identical locations of each zone
having apple orchards. A total of 60 soil samples were
collected from each agro climatic zone along with their
history. One of the 5 samples collected at each site was
obtained from an uncultivated field as a control. Twenty four
water samples were also collected each from underground
and surface water sources in and around the study locations.
Soil and water samples were screened for a total of 23
pesticides. Calibration curves of working standards were
used to evaluate the linearity of the gas chromatograph
response each day of analysis and pesticide residues were
quantified based on these external standards.

Extraction and cleanup: Soil samples were extracted using
a soil-packed sintered column. Each sub-sample (15g) was
blended with 0.3g Florisil and 0.3mg charcoal in mortar until
free flowing. The sample mixture was transferred to a 250 mL
sintered column followed by elution with 100 mL of acetone:
hexane (1:9 v/v). The eluate was evaporated to dryness
using a rotary evaporator (Heidolph) at 40-50°C. Residues
were re-dissolved in 5 ml hexane and subjected to additional
cleanup steps.

The n-hexane containing pesticide residues was
loaded on 1g activated silica gel column. The column was
eluted with 15 mL of acetone: hexane (1:9 v/v) and eluate
was evaporated to dryness using a rotary evaporator at 40-
50°C. The residues were dissolved in 5 mL hexane for GC
analysis. Water samples were extracted using liquid-liquid
extraction (LLE). Each sample (500 mL) was extracted with
dichloromethane (3 x 100 mL). The combined
dichloromethane layers were evaporated on a rotary
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evaporator (Heidolph) to dryness and finally residues were
dissolvedin 5 mL hexane for GC analysis.

Residue analysis: A Gas Chromatograph (Agilent 6890N)
equipped with a *Ni electron capture detector (ECD),
nitrogen phosphorus detector (NPD) was used for residue
estimation. Injector and detector temperature was kept at
250°C and 300°C, respectively. Oven temperature
programme was ramped as 100C for 1 minute, 30C minute™
up to 150C for 2 minutes, 3C minute™ up to 205C and finally it
was increased at the rate of 10C minute™ up to 260C and kept
for 10 minutes. Gases used were Nitrogen, hydrogen and
zero air. The confirmation of residues was done on GC-MS
using same column as used in GC. Helium was used as the
carrier gas in GC-MS at a constant column flow rate of 1.1 mL
min™. Samples were injected in the split less mode with the
purge flow to split vent set at 35 mL min™, pressure at 15 psi
and total flow at 39 mL min™. The respective temperature of
injector and detector was 250°C and 350°C. For confirmation
runs, the temperature program on the column was as follows:
100°C for 2.0 min, 15°C min™ to 160°C, 5°C min™ to 270°C
held for 5 min.

The mancozeb residues were analysed as per the
method described for dithiocarbamate fungicides estimation
(Schwack and Nyanzi, 1995) and the carbendazim residues
were determined as per the method of Nath et al. (1993).

RESULTS AND DISCUSSION

The analytical method employed to estimate
residues was validated by spiking the control soil and water
samples at three different concentrations viz., 0.01, 0.05, 0.1
for Ocs and chlorpyrifos; and 0.05, 0.1, 0.5 mg kg™ for Ops,
SPs, carbendazim and mancozeb. The average recoveries
obtained were 88.25, 85.70, 88.40, 90.35, 88.80, 84.60,
85.28, 87.00, 85.86 and 86.26 per cent for O-HCH, O-DDT, &

Table 1. Recovery of pesticides at different fortification levels

endosulfan, chlorpyriphos, dicofol, O-pyrethroids, malathion,
methyl demeton, carbendazim and mancozeb, respectively
(table1). The limit of determination (LOD) was 0.01 mgkg™ for
Ocs and chlorpyrifos, whereas, 0.05 mgkg™*for Ops and SPs.
Soil textural classification: In Zone 1lI, at location Bajaura
the soil was silt- loam (Sand 40%, Silt 38.9-43.6%, clay 12-
17.5%) with pH 6.7 and organic carbon 0.9 per cent,
whereas, at Mashobra it was silt clay loam (Sand 19%, Silt
45%, clay 30%) with pH 6.9 and organic carbon 1.5 per cent.
In Zone IV having locations Kukumseri and Rekong Peo the
soil texture was sandy loam (Sand 59-60%, Silt 14-25.2%,
clay 7.5-15%) with pH 6.9-8.4 and organic carbon 0.7-0.9 per
cent. The soils of the dry temperate zone of Himachal
Pradesh were found neutral to alkaline (pH, 6.2-10.3) in
reaction and sandy loam to sandy clay loam in texture
(Sharma and Kanwar, 2010). The occurrence of most of the
pesticides at lower concentrations in our studies is attributed
to the rapid degradation of these pesticides under neutral to
alkaline pH conditions of the soil.

Pesticide usage pattern: The insecticides viz; chlorpyrifos,
cypermethrin, chlorpyrifos + carbendazim, deltamethrin,
dicofol, endosulfan, fenvalerate, malathion, methyl demeton,
carbendazim, hexaconazole+methyl demeton, and
mancozeb were identified as the common pesticides used by
most of the farmers in the study.

Residue estimation: The quantity of pesticide residues
detected in the samples collected from different locations is
given in Table 2 and 3. In Kukumseri, HCH isomers viz., a-
HCH (0.01mgkg™), &-HCH (0.02 mgkg™) and &-HCH (0.08
mgkg™) were detected before flowering whereas, only a-
endosulfan (0.1 mgkg") was found at harvest stage. At
Rekong Peo, only chlorpyrifos (0.02 mgkg™) was detected
before flowering, whereas, at harvest, maximum
concentration of endosulfan sulphate (0.9 mgkg™) followed

Pesticides

Fortification levels (mg kg) Recovery (%)

OHCH (4, &4, &4 & HCH)
O-DDT (p,p-DDE, 0,p-DDD, p,p’-DDD, p,p-DDT,)
Dicofol

O-Pyretrhroids (&-cyhalothrin, permethrin, fenvalerate, cypermethrin,

deltamethrin)

O-Endosulfan (a4-endosulfan, a-endosulfan, endosulfan sulphate)
Chlorpyrifos-methyl

Chlorpyrifos

Mancozeb

Carbendazim

Malathion

Mmethyl demeton

0.01, 0.05, 0.1 88.25 (82.50-93.80)
0.01, 0.05, 0.1 85.70 (80.10-94.20)
0.01, 0.05, 0.1 88.80 (84.84-90.23)
0.05,0.1,0.5 84.60 (81.40-91.44)
0.01, 0.05, 0.1 88.40 (81.92-93.60)
0.01, 0.05, 0.1 88.50 (83.25-92.25)
0.01, 0.05, 0.1 90.35 (86.72-94.16)
0.05, 0.1, 0.5 86.26 (83.73-89.69)
0.05,0.1,0.5 85.86 (82.79-88.38)
0.05,0.1,05 85.28 (83.96-89.15)
0.05,0.1,0.5 87.00 (84.76-90.21)
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by a-endosulfan (0.04 mgkg™), p,p-DDE (0.03 mgkg™),a-
HCH (0.02 mgkg™) and &-HCH (0.01 mgkg™) was observed.
In zone lll, the samples collected from both the locations i.e.
Bajaura and Mashobra contained no residue before
flowering. However, at harvest the residues (0.01-0.03 mg
kg™ of p,p-DDE, p,p-DDT, &-endosulfan, chlorpyrifos and
chlorpyrifos- methyl were recorded in samples of Bajaura.
Whereas at Mashobra , the residues of insecticides viz., &-
HCH, a- HCH, &- HCH, p,p'-DDE, p,p'-DDT, &-endosulfan, a-
endosulfan, endosulfan sulphate, chlorpyrifos and
fenvalerate detected in samples (at harvest) were 0.02, 0.01,
0.02, 0.01, 0.02, 0.01, 0.06, 0.12, 0.03 and 0.06 mgkg™,
respectively.

Organochlorine pesticides were found in the

uncultivated soils in and around the apple growing zones.
Table 3 indicates the number of pesticides detected in soils of
Zone lll especially in Bajaura with maximum contamination of
p-p DDE (0.06 mg kg™ followed by dicofol (0.02 mg kg™) 4&4a-
endosulfan (0.01 mg kg™*) samples. At location Kukumseri of
Zone 1V, dicofol, &, & & 8-HCH, &- endosulfan and p-p DDE
were estimated as soil residues in the range varied from 0.01-
0.05 mg kg™. In Reckong Peo, endosulfan sulphate (0.06 mg
kg™) was estimated as the major contaminant followed by &-
endosulfan, Dicofol, &-endosulfan and 8& 4- HCH.
Pesticide residues in water: Endosulfan (&-, & &
endosulfan sulphate), HCH (&, &4, & &), DDT (p,p'-DDE, o,p'-
DDD, p,p'-DDD, p,p'-DDT, dicofol), dicofol, Pyretrhroids (&é-
cyhalothrin, permethrin, fenvalerate, cypermethrin,
deltamethrin), chlorpyrifos and chlorpyrifos methyl were
estimated in surface as well as underground water in and
around apple growing areas. However, out of total 48
samples (surface as well as ground water); none was found
to carry pesticide insecticide residues above limit of
guantification.

The integrated spray schedule comprising of
chlorpyrifos, dicofol, carbendazim and mancozeb
recommended for the management of apple pests and the
farmer's survey revealed the application of around 15
pesticides during the past one decade in the apple orchards.
Technical endosulfan is a mixture of two stereo- isomers
having 64-67 per cent &- and 29-32 per cent a-endosulfan
(MacBean, 2012). After entering the sall, its isomers are
vulnerable to different degradation processes. The high soil
sorption co-efficient of isomers reduce the potential of
volatilization and leaching. In both the zones of study,
endosulfan sulphate and &-endosulfan were more prevalent
than a-endosulfan due to the tendency of the endosulfan to
persist for several months or years after application (Mullins
et al., 1971). Similar observation of soil contamination with
chlorpyrifos has also been reported from northern India

(Kumari et al., 2008). The occurrence of &-HCH in higher
concentration in apple orchard soils reflected the regular use
of lindane on apple. The relatively high concentration of DDE
than DDT in the study area owe to maximum degradation of
DDT either by volatilization or conversion due to UV
radiations after prolonged exposure in the environment
(Atlas and Giam, 1988). The HCH isomers, DDT
isomers/metabolites and endosulfan isomers/metabolites
were also reported as frequently prevalent soil contaminants
in the state of Haryana and north Indo- Gangetic alluvial
plains (Kumari et al., 2008 and Singh et al., 2007). Non
occurrence of other used pesticides might be related to their
low soil persistence (MacBean, 2012) and rapid degradation
under neutral to alkaline soil pH conditions more particularly
OCs in Zone IV as compared to Zone Ill. The degradation of
fungicide prochloraz was reported faster at higher pH value
of9.2than4.0and 7.0 (Sengupta et al., 2009).
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Abstract: Astudy was carried out at Indian Agricultural Research Institute (IARI) farm, New Delhi, India to assess the spatial variation in quality
of groundwater of IARI farm during 2010-11. The groundwater samples were analysed for the major cations (Ca*, Mg*, Na', K') and anions
(CO,” HCOy, CI') besides some physico- chemical parameters (pH, electrical conductivity and total dissolved solids). Also, geographic
information system-based groundwater quality mapping in the form of visually communicating contour/iso-concentration maps were
developed to delineate the spatial variation of physico-chemical characteristics of groundwater samples. Results indicated that pH of all the
groundwater samples was within the permissible limit (6.5-8.5) for irrigation. Salinity in terms of electrical conductivity (EC) was also within limit
(3 dS/m) except in 2 tube wells located in the top block of the farm. The mean concentrations of cations (Ca®, Mg*, Na') and anions CO,”,
HCO, and CI') were safe forirrigation. The over all groundwater quality of IARI farm area was found safe for irrigation except in the tube wells of

top block area where higher salinity was observed.

Key Words: Anions, Cations, Groundwater, Quality, Spatial variation, Water

Ground water plays an important role in agriculture
for sustaining high productivity. About 43 million hectare
areas is irrigated by the groundwater out of the net irrigated
area (57 m ha) in India. With rapid increase in population and
growth of industrialization, ground water quality is being
increasingly threatened by agricultural chemicals and
disposal of urban and industrial wastes. Once pollutants
enters the subsurface environment, it may remain concealed
for many years, becoming dispersed over wide areas of
ground water aquifer and rendering ground water supplies
unsuitable for consumption and other uses. The rate of
depletion of ground water levels and deterioration of ground
water quality is of immediate concern in major cities and
towns of the country. In the farm of Indian Agricultural
Research Institute (IARI), large numbers of experiments
were carried out by the different Division of IARI with the
cultivation of different crops using different dose of fertilizers
and pesticides. The intensive cultivation practices may
deteoriate the quality of groundwater, which is the major
source of irrigation at IARI farm. Keeping this in view, the
present study was planned to assess the groundwater quality
of Indian Agricultural Research Institute farm, New Delhi,
India.

MATERIAL AND METHODS
The Indian Agricultural Research Institute (IARI)
farmis situated between 28°37'22" N and 28°39' 00" N, and
77°8'45" E and 77°10' 24" E at an average elevation of 230 m
above mean sea level. Out of 473 ha farm area, about 280 ha
is under extensive agriculture. The climate of the area is
semi-arid with an average annual temperature of 24°C and

average annual rainfall of 720mm. The soil varies from sandy
loam to clay loam. Most of the irrigation at farm is being
carried out through tube wells and subsequent storage and
underground pipeline distribution systems. Unconfined,
shallow aquifer is found in sand, fine sand with clay and
boulder layers. The twenty two groundwater samples were
collected with their GPS location from the different tube wells
located at IARI farm (Fig. 1) during post-monsoon season in
November, 2010. The groundwater samples were collected
in 500 ml capacity clean plastic bottles and every bottle was
rinsed 2 to 3 times with sampled water. The water samples
were properly filtered with Whatsman No.1 filter paper and
added some drop of toluene for checking the microbial
growth in water sampling bottles. The EC, pH, cations (Na’,
K, Ca®* and Mg*) and anions (CI, CO, and HCO,) in
groundwater samples were determined with standard
methods described in APHA (2005). The minimum,
maximum, and mean concentrations of physico-chemical
parameters of groundwater quality of IARI farm are
presentedin Table 1.

RESULTS AND DISCUSSION

pH: The pH of the groundwater in the study area lies in the
ranges between 6.85 and 8.15 with a mean value of 7.47 (Fig.
2a) indicating alkaline nature of the groundwater. It also
indicates that the pH of all the groundwater samples were
within the optimum range value for irrigation. The higher
groundwater pH was observed in the WTC farm area
whereas lower values were found in the Todapur area.

Electrical conductivity: In the present study, the EC varied
from 0.87 to 3.88 dS/cm with a mean value of 2.07 (Fig. 2b)
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Fig.1. Map of the study area and location of the sampling points

indicating higher mineralization in the region. As the electrical
conductivity is temperature dependent, its variability in a
given water. The higher salinity in terms of EC was found in
the Top block area whereas lower salinity was found in new
area of IARI farm.

Total dissolved solids: TDS values varied between 560 and
2,485 mg/l indicating sufficient input of ionic matter into
groundwater samples, even though local geological settings,
soil characteristics, and even lithology of the study area may
also contributed to total dissolved solids content in
groundwater

(Fig. 3b) with a mean value of 10.25. It indicated that the
sodium content in the groundwater of IARI farm was below
maximum permissible limit of 40 me L™ for irrigation.
Potassium: The potassium content in groundwater was
ranged from 0.09 to 0.34 me L™ (Fig. 4a). Two factors are
responsible for the scarcity of potassium in groundwater, one
being the resistance to potassium minerals to decomposition
by weathering and the other is fixation of potassium in clay
minerals formed due to weathering.

Fig. 3. Spatial variation in (a) calcium+magnesium and (b)
sodium contentin groundwater

Chloride: The chloride concentrations in the groundwater
ranged from 4.0 to 30.40 me L* (Fig. 4b) with mean value of
12.88 me L*. The higher chloride concentrations were
observed in the groundwater of top block area whereas lower
concentrations were found in the groundwater of new area of
IARI farm.

Fig. 2. Spatial variation in (a) pH and (b) EC of the
groundwater of IARI farm

Major Cationic and Anionic Chemistry with Their Spatial
Variation

Calcium and magnesium: Calcium and magnesium)
contents range between 4.80 and 21.40 me L™ (Fig. 3) with a
mean value of 10.93 me L™ It indicates that calcium and
magnesium content in groundwater was below the maximum
permissible limits of 25 me L*, respectively. Sewage and
industrial wastes are the important sources of calcium and
magnesium (Subrahmanyam and Yadaiah, 2001). The
higher concentration of Ca+Mg was observed in Top block
area and lower values were found syndicate bank area.
Sodium: Sodium values ranged from 3.10 to 17.20 me L*

Fig. 4. Spatial variation in (a) potassium and (b) chloride
contentin groundwater

Carbonate: The carbonate concentrations in the
groundwater ranged from 0.00 to 2.40 me L™ (Fig. 5a) with
mean value of 1.43 me L™. The carbonate concentration was
not detected in most of the tube wells of IARI farm. Out of 22
groundwater samples, it was present in 5 groundwater
samples indicating the less problem of carbonate in
groundwater. The maximum concentration of carbonate was
observed inthe genetics area of IARI farm.

Bicarbonate: The bicarbonate concentrations
groundwater ranged from 5.80 to 10.0 me L™ (Fig. 5b) with
mean value of 7.70 me L®*. The higher bicarbonate
concentrations were observed in the groundwater of Main

in the
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Table 1. Minimum, maximum, and mean values of physico-chemical parameters

Category Characteristics Unit Min. Max. Mean Maximum
permissible
limits*
General Parameter pH 0-14 6.85 8.15 7.47 6.5-8.4
Electrical conductivity dS/m 0.87 3.88 2.07 3
Total dissolved solids mg/L 560 2485 1295 2000
Major Cations Calcium (as Ca2+) + me/L 4.80 21.40 10.93 25
Magnesium (as Mg?")
Sodium (as Na“) me/L 3.10 17.20 10.25 40
Potassium (as K*) me/L 0.09 0.34 0.18 2
Major Anions Carbonates (as (2032') me/L 0.00 2.4 0.30 0.1
Bicarbonates (as HCOs") me/L 5.80 10.00 7.70 10
Chlorides (as CI') mg/L 4.00 30.40 12.88 30

*Source: Ayers and Westcot (1985)

block-16 (MB-16) area whereas lower concentrations were
found in the groundwater of Main block-14 (MB-14) of IARI
farm.

Fig. 5. Spatial variation in (a) carbonate and (b) bicarbonate
contentin groundwater

The quality of groundwater resources of IARI farm

Received 26 August, 2015; Accepted 14 September, 2015

was found almost safe for irrigation, except in few location.
However, a periodical monitoring of groundwater quality of
IARI farm with more quality parameters including nutrients
and heavy metals concentration is also needed for
sustainable safe use of the groundwater resources.
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Abstract: The experiment comprising of 21 genotypes (including local & national checks) indicated that days to maturity, plant height and
Primary branches per plant recorded positive significant correlations with seed yield per plant under normal sown conditions which were
changed in the rainfed areas. The genetic diversity of the material under study is quite evident from the morphological data. Out of fifty six
primers used, one primer namely UBC-841 produced 14 bands. Out of 14 bands produced, two bands of low molecular weight i.e. 43 and 60
bp were present only in high yielding genotypes irrespective of presence or absence of remaining 12 bands. These bands need revalidation in
chickpea genotypes differing for heat tolerance before they are finally used in MAS programmes. This might prove a boon to the breeders to

select for drought tolerant/heat tolerant genotypes in chickpea.

Key Words: Droughttolerance, ISSR in chickpea, Rainfed

Among different legumes, chickpea is a highly
acceptable crop during winter season in drought prone areas
of India as well as in world on receding moisture. More than
85 per cent chickpea is grown as rainfed mostly on residual
soil moisture after harvest of kharif crops. In India, the area
under chickpea was 8.32 million hectare with productivity of
912 kg ha™ and production of 7.70 million tonnes, whereas,
Haryana with an area of 80,000 ha; production of 70,000
tonnes; and productivity of 911 kg ha™ during 2011-12.
Despite significant gains in irrigation potential during last
three decades, chickpea continued to be a rainfed crop in
major parts of the country. Future estimates also indicate that
not more than 25 per cent of total chickpea area is expected
to be under irrigation. Thus drought is the single most
important abiotic constraint limiting the chickpea production.
Soil moisture stress reduces the productivity by delay or
prevention of crop establishment, destruction of established
crop, predisposition of crop to insects and diseases,
alteration of physiological and biochemical metabolism in
plant. Moisture deficit also affects seed germination and its
establishment in the field, photosynthetic ability of the plants
and osmotic behavior of cells. However, species and
genotypes vary in their capacity to tolerate water stress. The
improvement in the genotypes is the only alternative for yield
stability under water stress environment. Therefore, the
improved chickpea genotypes with better water use
efficiency and high yield will be suitable for cultivation in
drought prone areas and can prove a boon to improve the
economic status of poor farmers. To achieve this, an

understanding of physiological processes associated with
drought tolerance is pre-requisite. Currently available
drought tolerant chickpea genotypes are very few.
Considering that a large number of traits are collectively
needed to confer yield under drought, there is a need to
identify more genotypes to introduce diversity in drought
tolerance breeding programs. Root traits, such as depth and
root biomass, have been identified as the most promising
plant traits in chickpea for terminal drought tolerance (Neeraj
et al., 2012). Therefore, the present study was undertaken
with the objective to find out indirect selection criterion for
drought tolerant genotypes in chickpea.

The experiment was carried out at CCS HAU, Hisar
during rabi season of 2013-14 and 2014-15 comprising 21
chickpea genotypes(including checks) in three replications,
4m row length and row to row spacing of 45 cm. The
observations on various traits including morphological
parameters viz., days to 50 per cent flowering , days to
maturity, plant height at 30, 60 ,90 DAS and physiological
maturity (cm), primary branches plant®, pods plant™, 100-
seed weight (g), seed yield per plant(g), seed yield (kg ha™),
biological yield (kg ha'), rain water use efficiency (kgha™-
mm) and physiological parameters viz., relative leaf water
content (%), membrane injury index of leaf, specific leaf
weight (gm), leaf water potential (-bars) and osmotic
potential (-bars) were recorded. Moisture content at different
depth (0-15, 15-30, 30-60, 60-90 and 90-120 cm) was also
recorded from sowing till maturity of the crop at an intervals of
30days.
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ANOVA was performed using standard procedure

as explained by Panse and Sukhatme (1989). Correlation
analysis was carried out following Pearson correlation
coefficient.
ISSR-PCR amplifications: DNA isolation was done as per
Saghai Maroof et al. (1984). PCR amplifications were carried
out using a Perkin Elmer Cetus thermocycler. Amplifications
were performed for 30 cycles with denaturation at 91°C for 1
min, annealing at 48°C for 49 s and extension at 72°C for 2
min. Initial denaturation was done at 91°C for 3 min and afinal
extension step of 5 min at 72°C was also included. The
reaction mixture (10 il (microlitre) contained 1 il of DNA
template, 0.511MgCI2, 111 dNTP mix, 1 ul primer, 11| 10x
Buffer, 6 i | Sterile distilled water and 0.8 units of Tag DNA
polymerase. ISSR amplified PCR products were resolved on
2.5% agarose gel in 10X TBE buffer (950ml distilled water
and 50 ml 1X TBE Buffer) ata constant voltage of 80 V for 3h.
The bands were scored quantitatively for presence (1) or
absence (0) in each genotype.

1XTBE =for 1000 ml: Tris = 108 gm, Boric acid =55
gm, 0.5 Molar EDTA =40 ml, Distilled water. The sequence of
UBCB841 (48.c) was GAGAGAGAGAGAGAGAYC (length 18
h)whereY maybe CorT.

Analysis of variance: Analysis of variance for all the
morphological and physiological traits indicated existence of
ample variability for all the traits under study. In general, PCV
and GCV values were high for all the traits. the heritability
(BS) ranged from 68 (days to flowering) to 87% (membrane
injury index). The genetic advance under selection also
ranged from 22 (branches per plant) to 86% (membrane
injury index). All these results indicate importance of
membrane injury index as the most appropriate parameter to

incorporate drought tolerance in chickpea genotypes.
Parameshwarappa et al. (2010) showed wide range of
genetic variability, moderate to high heritability and high
genetic advance for yield and its component traits in drought
tolerant accessions evaluated under moisture stress and
irrigated situations.

Correlation studies: Correlations were calculated using
Pearson correlation coefficient. The correlations were
calculated intwo seasonsi.e. rabi2013-14 and rabi2014-15
under normal irrigated and rainfed conditions. The
correlations with seed yield per plant changed under rainfed
conditions. The important correlations which were observed
were between branches per plant and seed yield (0.847),
relative water content and seed yield (0.541), leaf water
potential and seed yield (0.466) and negative correlation
between membrane injury index and seed yield per plant
(0.694) (Table 1). These correlations indicate that seed yield
increases with the increase in number of branches per plant,
relative water content and leaf water potential. However,
negative correlation between seed vyield per plant and
membrane injury index clearly indicated that more the injury
due to drought, more susceptible is the genotype. Therefore,
these four parameters can very effectively be utilised for
identification of chickpea genotypes suitable for drought
conditions provided the genotypes are screened under
drought. This is because these correlations hold true only
under rainfed conditions.The survey of literature depicts the
corollary between various studies and the present study.
Gupta et al. (2000) observed that genotypes, RSG-44, RSG-
143-1 and ICC-4958, which were more tolerant to moisture
stress, had lower membrane injury, retain imbibitions and
higher seedling growth, osmotic regulation and water use

Table 1. Pearson Correlation Matrix between different morphological and physiological parameters

DF DM PH B/P P/P 100SW HI RWC Ml SLW LWP SY/P
DF 1.000  0.530° 0.057" -0.209 -0.203% 0518 0.030"° -0.144" 0.110" -0.274" -0.268“° -0.221"°
DM 0530 1.000 0.268% -0.323"° .0449" 0.241% -0.026 0.048% 0.069"%° -0.261% -0.204" -0.093"°
PH 0.057" 0.268% 1000 0308 0.166" 0248 0.113" 0438 -0.328" -0.034" 0.111™ 0.400™
BIP -0.209 -0.323% 0.308% 1.000 0.301"° 0.034" 0.106" 0.387"° -0.600" 0.141"° 0561" 0.847"
P/P -0.203%  -0.449" 0.166" 0.301°  1.000 0.130" 0466  0.340" -0.264"° -0.231"° 0.184" 0.390M
100SW 0.518"  0.241"  0.248 0.034™ 0.130™  1.000 0.240™ -0.102%° -0.332" -0.059° -0.198"° 0.150™
HI 0.030" -0.026™ 0.113" 0.106" 0466 0.240%  1.000  0.553" -0.335"° -0.321"° -0.043% 0.389"°
RWC  -0.144 0.048" 0438 0.387"° 0.340% -0.102% 0553  1.000 -0.408" -0.140"° 0.319%  0.541
Ml 0.110™  0.069" -0.328" -0.600" -0.264" -0.332% .0.335" .0.408"  1.000 -0.297"° -0.614" -0.694"
SIW  -0.274% 0261 -0.034" 0.141% -0.231% -0.059" -0.321" -0.140™ -0.297"° 1.000 0.238% 0.091"
LwPp  -0.268 -0.204 0.111™ 0561”7 0.184" -0.198" .0.043%° 0.319% -0.614" 0238  1.000  0.466
sy/P  -0.221% -0.093% 0.400% 0.847° 0.390™ 0.150™ 0389 0541 -0.694" 0.091% 0466°  1.000

DF = days to flowering, DM = days to maturity, PH= plant height, B/P= branches plant*, P/P= pods plant*, 100SW= 10 seed
weight, HI =harvest index, RWC=relative water content, MIl =, SLW =, LWP=leaf water potential, and SY/P=seed yield plant™
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Fig. 1. ISSR bandling profile of 21 chickpea genotypes using UBC-841 primers

efficiency. These metabolic adjustments resulted in lower
drought susceptibility index in these genotypes. Deshmukh
and Kushwaha (2002) also reported that relative water
content and membrane injury index (RWC and MII) of a
genotype measured during early phase were found to
provide an indication of its relative MIl during reproductive
stages. The genotypes were grouped into different
categories on the basis of MIl. They concluded that these
traits were relatively simple and, therefore, can be used to
screen large number of population for stress tolerance.
Yadav et al. (2005) observed that at flowering stage,
branches/plant, relative water content (RWC), leaf water
potential, seeds/plant, seeds/pod and harvest index coupled
with the higher leaf water potential were identified as
important parameters for drought tolerance.

However few contradictory reports are also
available. Neeraj et al. (2012) evaluated chickpea genotypes
for root characteristics, plant water status and membrane
integrity. Root traits, such as depth and root biomass, have
been identified as the most promising plant traits in chickpea
for terminal drought tolerance. These traits are directly
associated with maximum seed yield per plant. ISSR
Analysis Out of fifty six primers used, one primer namely
UBC-841 gave very encouraging results. Based upon mean
values and CD(5%) for grain yield per plot under rainfed
conditions, 21 genotypes were grouped in two categories
i.e. high yielding (6 genotypes) and low yielding (15
genotypes). Assuming that high yield under rainfed condition
is due to heat tolerance/drought tolerance, ISSR banding
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patterns were analysed. Amazingly, out of 14 bands
produced, two bands of low molecular weight i.e. 43 and 60
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Abstract : A field experiment was conducted at New Delhi during rainy (kharif) season of 2014-15, to determine the influence of growing
environments and chlorophyll meter (SPAD meter) guided nitrogen management on growth, productivity and profitability of two maize
genotypesin sandy loam textured alluvial soils of north Indian plains. The experimental treatments included 2 maize cultivars viz. Pusa Extra
Early Hybrid Makka 5 (PEEHM 5) and Pusa Composite 3 (PC 3) and 3 planting dates, July 9, July 24, August 7 and 4 N-rates, control,
chlorophyll meter based N application up to silking (CMB) i.e., 30 kg ha™ N basal + 30 kg ha™ N top-dressed each time SPAD value reaches <
37.5, chlorophyll meter based N application stage-wise (CMBSW) i.e. 30 kg ha™ N basal + 30 kg ha™ N top-dressed each at knee-high, pre-
tasseling and silking stage at SPAD value <37.5, and soil test crop response based (STCRB) N application. PEEHM 5 produced 5% higher
grain yield, whereas biological yield was 5.4% higher in PC 3. Both grain and biological yields of both the cultivars decreased with successive
15-day delay in planting from July 9 to August 7, but the decrease was more drastic in PEEHM 5. CMB N application increased grain yield by
8.5% and biological yield by 7.63% and also saved 10 kg N ha™ compared to STCRB N application. The highest gross return, net return and B:
C ratio, were recorded with the earliest planting (July 9) and CMB N application. PEEHM 5 was more profitable for early planting (July 9)

condition and for later planting dates (August 7), PC 3 showed greater promise.

Key Words: PEEHM 5, Planting dates, Pusa composite 3, Precision nitrogen, SPAD meter

Maize (Zea mays L.) is the third major cereal crop in
the world after wheat and rice. It is the main staple food for
hundred millions of people in developing countries especially
in Sub Saharan Africa (Lukeba, 2013). The crop has adapted
to a wide range of environmental and climatic conditions,
ranging from 60°N to 40°S latitude, from below sea-level to an
altitude of >4,000 m with rainfall varying from < 25 cm to
>1,000 cm (Sharma and Dass, 2012). World-over it is grown
on 177 m ha area producing 989 m t grain with a productivity
of 5.5t ha™. In India, the crop is cultivated on 9.4 m ha with a
total production of 22.97 m t and average yield of 2.56 t ha™
(Economic Survey, 2014-15). Maize grain is used as human
food, animal feed and also used as raw material for deriving
industrial products. Despite its immense economic
importance, the yield of maize is still much lower in many
countries of the world including India and Pakistan than the
yields realized in other parts of the world (Mukhtar et al.,
2011). There is stagnation in crop yield particularly in
intensive cropping regions where due to imbalanced use of
fertilizers and continuous growing of crops (exhaustive) have
rendered several nutrients deficient. N being an important
component of chlorophyll, protein and nucleic acid is the
major yield determining factor in maize. Maize is a nutrient
exhaustive crop and its heavy requirement for N poses stiff
challenge to the producers because N-fertilizers are

becoming increasingly costly and are highly susceptible to
losses due to leaching and volatilization, limiting nitrogen-
use efficiency below 50%. Ground water contamination and
global warming are the other issues related to the use N
fertilizers. In this context, a new and mostly technology
driven approach of precision N management using
chlorophyll meter may be adopted (Dass et al., 2015) to
address the issues of low N-use efficiency and environmental
pollution. Dass et al. (2012, 2014) found that applying N
based on SPAD value < 37.5 resulted in the highest maize
grainyield (5.2 tha™) and saved 30-45kg N ha™.

Growing environments and climates exert strong
influences on the maize crop's physiological and yield
performance. Several workers have reported variable growth
and yield responses of maize hybrids and other cultivars to
planting dates (Berzsenyi and Lap, 2001, Karthikeyan and
Balasubramaniam, 2006; Rastegar et al., 2011). Response
of maize cultivars to nitrogen management may differ with
cultivars and growing environments. Hence, genotypes,
planting date and environmental condition interactions need
to be studied for arriving at valid recommendations of precise
N management in maize. Thus it is important to study the
responses of maize cultivars to precise N management
approaches and different planting dates to have an
understanding of genotype, planting date and environmental
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condition interactions. With this backdrop, the current
investigation was carried out to assess the effect of planting
dates and chlorophyll meter based N application on growth,
productivity, economics and agronomic efficiency of two
maize cultivars, and study the interaction effects of these
management variables on maize crop.

MATERIAL AND METHODS

The field experiment was carried out at ICAR-
Indian Agricultural Research Institute, New Delhi (28°40' N,
77°12'E and 228.6 m above mean sea level) during rainy
season of 2014-15. The climate of New Delhi is of sub-
tropical and semi-arid type with hot and dry summer and cold
winter.  During the crop growth period, mean weekly
maximum temperature was 34.2°C, while the mean minimum
22.8°C. Mean weekly maximum and minimum relative
humidity, sun shine hours day* and evaporation during the
growing season were 84.8%, 53.2%, 5.6 and 6 mm day™,
respectively. Crop season received rainfall of 56.4 mm with a
weekly average of 3.13 mm. The experimental field soil was
sandy loam in texture, medium in organic carbon (0.58%) low
in available N (224 kg ha') and medium in available
phosphorus (18.7 kg ha®) and potassium (262 kg ha®)
contents. Soil reaction was neutral (pH 7.4). Field capacity,
permanent wilting point and bulk density were 19.5%, 5.8%
and 1.54 Mg m*, respectively.

The experiment had 24 treatment combinations of 2
maize cultivars (Hybrid PEEHM 5 and Composite PC 3), 3
planting dates (July 9, July 24 and August 7) in the main-
plots, and 4 N-rates, control (no N), chlorophyll meter based
N application up to silking (CMB) i.e., 30 kg ha™ N basal + 30
kg ha* N top-dressed each time SPAD value falls to < 37.5
(total quantity of N 150 kg ha™), chlorophyll meter based N
application stage-wise (CMBSW) i.e. 30 kg ha™ N basal + 30
kg N ha top-dressed each at knee high, pre-tasseling and
silking stages when SPAD value falls to <37.5 (total quantity
of N 120 kg ha™), and soil test crop response based (STCRB)
application (total quantity of N 160 kg ha™), in sub-plots. The
experiment was laid-out in a split-plot design replicated three
times. In all there were 72 experimental plots of size 4.8 x 3
m each.

After all land preparation and layout, maize seeds
were dibbled at planting interval of 60 x 20 cm using 20 kg
seed/ha. As per treatment, for STCRB plots, 56 kg N + 60 kg
P,O, + 40 kg K,O + 25 kg ZnSO, ha™*, for CMBSW and CMB
plots, 30 kg N + 60 kg P,O; + 40 kg K,0 + 25 kg ZnSO, ha™
and for control plots, 0 kg N + 60 kg P,O, + 40 kg K,O + 25 kg
ZnS0, ha™ was applied at the time of sowing. Subsequent N

fertilizer was band placed in two splits in STCR, whereas in
CMB and CMBSW the N was top-dressed as indicated in the
treatments. Based on initial soil test value of N, the fertilizer
recommendation for maize for a targeted yield of 4.2 t ha™
was calculated using STCR equation at the beginning of the
experiment and computed values were rounded of to 160 kg
Nha*

F,=6.61T—-0.52SN

Where, T is yield target (4.2 t ha™), SN is soil N
status before sowing

All recommended package of practices (barring
treatments) were followed to raise a healthy maize crop. The
height of five tagged plants was measured from base of the
stem to tip of the terminal leaf at knee-high stage, and form
base of the stem to tip of the tassel at tasseling and maturity
stages. To determine grain yield and biological yield, maize
cobs from the net plots, leaving two border rows from both
sides of the plots and half meter on opposite directions of the
plots were harvested and sun-dried for 6 days and weighed.
Thee cobs were dehusked, shelled, cleaned, dried in sun,
weighed again and grain yield was adjusted at 14% moisture.
The weight of husk and rachis (cob after removal of grains)
were also recorded separately. After cob harvesting, maize
stalks were cut at ground level from the net-plot and were
sun-dried for 7 days. After proper sun drying, the stalk weight
was taken and reported as straw yield. Grain yield, straw
yield and other biomass yields are summed up to get total
biological yield.

Cost of cultivation for all treatments was worked out taking
into account the prevailing market prices of inputs and labour
costs, used in raising the crop on hectare basis. The gross
and net return, and B: C ratio were calculated taking into
account the prevailing market prices for grain and straw of
maize. Agronomic efficiency (AE) for different treatments
was computed using the following expression.

Grain yield (kg ha?) in N
fertilized plot —
Grain yield (kg ha™)
in control

Agronomic efficiency (kg kg™)
N fertilizer applied (kg ha™)

RESULTS AND DISCUSSION

Plant height was significantly affected by maize
cultivars, planting dates and N rates at knee-high, tasseling
and maturity stages. On an average, hybrid variety PEEHM 5
recorded 9.4% higher plant height than PC 3 at knee-high
stage but the latter recorded 7.3% and 7.0% greater plant
height than PEEHM 5 at tasseling and maturity stages,
respectively. Earlier planting on July 9 significantly increased
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plant height at KH, tasseling and maturity stages compared
to late planting on August 7 (Table 1). These differences in
planting dates for plant height could have been caused by the
difference inirradiative and thermal conditions during growth.
Below optimum environmental conditions limit the growth
and yield of maize (Anderson et al., 2004). The amount of
incident radiation and the proportion of this radiation that is
intercepted by the crop directly determine the crop growth
rate. Moreover, delay in planting causes reduction in amount
of incident radiation accumulated from emergence to silking
and at grain filling stage, as plants of delayed plantings are, in
general, exposed to low temperature and low radiations
compared to early plantings and produce lower dry matter
yield, hence lower plant height. Several authors have
reported similar temperature effects on leaf emergence rate
and on leaf expansion in maize and thus affecting net
photosynthesis and plant height.

STCRB N treatment produced 0.09 m and 0.58 m
taller plants compared to CMB N treatment and control
(without N), respectively at knee-high stage. CMB N
treatment increased plant height from 2.8-1.8 m and 2.8-2.7
m compared to control (without N treatment) and STCR
based N treatment, respectively at tasseling stage and from
2.92-1.88 m and 2.92—-2.82 m compared to control (without

N) and STCR based N treatment, respectively at maturity
stage. Interaction effects of variety and planting dates were
significant for plant height at all three stages. PEEHM 5
attained greater height when planted on July 9 at knee-high
stage than the plants of other variety sown on other dates.
But at tasseling and maturity stages, plants of variety PC 3
sown on July 9 were taller than other treatment combinations
(Table 2). These findings may be explained by the report that
maximum growth potential is obtained when a crop is grown
in an environment for which it has been adapted, and when
sufficient water and inputs have been provided in the
absence of abiotic and biotic stress (Evans and Fisher,
1999), hence variations between cultivars for plant height
could largely be due to difference in their genetic make-up
(Dass and Chandra, 2013). Greater plant height under CMB
N application could be due to small but regular supply of N
synchronized with plant demand.

Corn grain and biological yield: There was significant
influence of cultivars, planting dates and N rates on grain and
biological yields. Grain yield increased from 4.39-4.62 tha™in
PEEHM 5 compared to PC 3. On the contrast, the
performance in terms of biological yield was superior in the
variety PC 3 with an average biological yield of 13.73 t ha*
against 12.99 tha™ in PEEHM 5. Several researchers, Sharifi

Table 1. Effect of cultivars, planting dates and chlorophyll meter based N application on stage-wise plant height, yield and

economics of maize

Treatment Plant height (m) Yield (t ha™) Gross Net B:C
Knee- high Tasseling Maturity Grain Biological (';e;ur:g_sl) (;{estur:g_si) ratio

Cultivars

PEEHM 5 1.28 2.43 251 4.62 12.99 73,045 46,014 1.69

Pusa composite 3 1.16 2.62 2.70 4.39 13.73 71,539 45,408 1.72
CD (p=0.05) 0.05 0.10 0.09 0.21 0.57 NS NS 0.12
Planting dates

July 9 1.33 2.70 2.74 4.87 14.32 78,013 51,432 1.92

July 24 1.22 2.50 2.61 4.58 13.55 73,492 46,911 1.75

August 7 1.12 2.40 2.47 4.06 12.21 65,371 38,790 1.45
CD (p=0.05) 0.06 0.13 0.12 0.26 0.69 3870 3870 0.15
Nitrogen management

Control 0.83 1.80 1.88 3.03 9.22 48,957 24,132 0.97

CMB 1.32 2.80 2.92 5.31 15.58 84,951 57,698 2.12

CMBSW 1.32 2.70 2.80 4.82 14.24 77,319 50,454 1.88

STCRB 1.41 2.70 2.82 4.86 14.39 77,941 50,558 1.85
CD (p=0.05) 0.04 0.10 0.09 0.21 0.57 3212 3212 0.12

CMB: Chlorophyll meter based N application up to silking i.e. 30 kg ha™ N basal + 30 kg ha™ N top-dressed each time leaf SPAD

value fallsto<37.5

CMBSW: Chlorophyll meter based N application stage-wise i.e. 30 kg ha™ N basal + 30 kg N top-dressed each at knee high,

pre-tasseling and silking stages when SPAD value fallsto<37.5

STCRB: Soil test crop response based N application
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et al. (2009), Hokmalipour and Darbandi (2011) and
Dolijanovic et al. (2007) also reported significant differences
among different maize cultivars (including hybrids) in terms
of grain yield and total biological yield. Yield differences in
maize cultivars are due to stomata conductance value and to
differences between genotypes in partitioning of
photosynthetic materials towards economic yield.

The economic yield as well as biological yield
decreased as planting was delayed. Maize grain yield
significantly decreased from 4.87 tha™ in July 9—4.58 t ha™ in
July 24 and 4.06 t ha™ in August 7. Similarly, the performance
of the sowing dates remained same in terms biological yield
also where July 9 sown plants were significantly higher
yielder compared to other planting dates. Meteorological
data recorded and analyzed for the duration of crop growth,
revealed that August 7 sown plants experienced
considerably low relative humidity, sunshine and
temperatures in comparison to July 9 and July 24 sown plants
at the time of tasseling which could be the probable reasons
for lower growth and grain yield of maize under August 7
planting.

Among N-application rates, chlorophyll meter
based nitrogen application up to silking (CMB) produced
significantly higher amount of grain and biological yields than
other N treatments. Gehl et al. (2005) found that grain and
biological yields in maize increased with split N-fertilization
compared to one single application which are consistent with
our findings. Dass et al. (2014), in line with our findings,
reported that SPAD meter instantly measures chlorophyll
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content of plants to reduce the risk of yield limiting N
deficiencies or costly over fertilizations and also concluded
that chlorophyll meter based N gives higher yield than STCR
based N application, with considerable saving on fertilizer N.

Interaction effects of varieties and planting dates on
grain yield and biological yield of maize were found to be
significant. Among the variety and planting date
combinations, the plants of variety PEEHM 5 sown on July 9
registered a grain yield of 5.06 t /ha and a biological yield of
14.15 tha™, both of which were significantly higher than all
other combinations. Variety PEEHM 5 when planted on
August 7 registered the lowest grain yield and biological yield
among all treatment combinations (Table 3). These results
demonstrate the better stability of PC 3 across the growing
environments; however under early or timely sowing
conditions, PEEHM 5 could be a better option.
Agronomic efficiency: Chlorophyll meter based (CMB) N
application resulted in higher agronomic efficiency (AE) over
STCRB N application, across the both cultivars and planting
dates due to higher yield with less input of N (Fig. 1). Between
planting dates, AE was considerably higher in July 24 planted
crop despite the fact that grain yield was higher in July 9
planted crop. This is because the grain yield from control
plots (no- N) was considerably higher in July 9 (3.72) than
July 24 (3.29 t/ha) planted crop, restricting the rate of
increase inyield due to N applications leading to 18.5% lower
AE in July 9 planted crop.

In the sandy loam soil of North India, maize hybrid
PEEHM 5 and composite variety PC 3 performed best in

Table 2. Interaction effects of cultivars and planting dates on maize plant height (m) at different growth stages

Planting date Variety
Knee-high Tasseling Maturity
PEEHM 5 Pusa composite 3 PEEHM 5 Pusa composite 3 PEEHM 5 Pusa composite 3
July 9 141 1.24 2.61 2.73 2.68 2.80
July 24 1.32 1.12 251 2.55 2.59 2.63
August 7 111 1.12 217 2.59 2.26 2.68
CD (p=0.05) 0.08 0.18 0.16

Table 3. Interaction effects of cultivars and planting dates on yield and economics of maize

Treatment Grain yield (t ha™) Biological yield (t ha™) ~ Gross returns (Rsha™)  Net returns (Rs ha™) B:C ratio
V1 x D1 5.06 14.15 79,879 52,848 1.94
V1 x Dy 4.85 13.60 76,601 49,570 1.82
V1 x D3 3.95 11.22 62,655 35,623 1.30
Vo x D 4.69 14.50 76,147 50,016 1.90
V2 x D2 4.32 13.50 70,383 44,251 1.67
V2 x D3 4.16 13.19 68,088 41,956 1.59
CD (p=0.05) 0.37 0.98 5,473 5,473 0.21

See table 1 for details
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V,: PEEHM 5, V,: Pusa Composite 3, D,, D, and D, are the planting dates, July 9, July 24, and August

7, respectively.

N, :CMB: Chlorophyll meter based N application up to silking i.e. 30 kg/ ha N basal + 30 kg/ha N top-

dressed each time leaf SPAD value fallsto <37.5

N,:CMBSW: Chlorophyll meter based N application stage-wise i.e. 30 kg/ha'N basal + 30 kg N top-

dressed each atknee high, pre-tasseling and silking stages when SPAD value fallsto <37.5
N,:STCRB: Soil test crop response based N application

Fig. 1. Effect of cultivars, planting dates and chlorophyll meter based N application on agronomic efficiency (AE) of maize

terms of growth characteristics, grain and total biological
yields and profitability (gross and net returns, net B:C ratio)
when planted on 9" July. Delayed sowing caused significant
yield reductions and hence returns in both varieties, but yield
reduction was greater in PEEHM 5. Although PEEHM 5
produced higher grain yield, but PC 3 demonstrated higher
biological yields as well as better yield stability across
growing environments. Scheduling N application as per
SPAD value < 37.5 resulted in significantly higher growth,
grain and biological yields, and profitability. Thus, in northern
plain zone of India, sowing of maize should not be delayed
beyond second week of July; however, if sowing gets delayed
use cultivars like Pusa composite 3 and N application
scheduling may be done using a chlorophyll meter.

Gross return, net return and net B: C ratio: Gross returns
and net returns were not influenced significantly by the
varieties, although variety PEEHM 5 fetched marginally
higher gross returns and net returns over variety PC 3. Net B:
C ratio was also not affected significantly by the varieties.
Different planting dates influenced gross returns, net returns
as well as net B: C ratio significantly. July 9 planted maize
crop proved to be more profitable fetching significantly higher
gross returns (Rs.78,013 ha™), net returns (Rs.51,432 ha™)
as well as net B: C (1.92) ratio over July 24 and August 7

planted crops. CMB N treatment was more profitable
producing significantly higher gross returns, net returns and
net B: C ratio compared to control and other nitrogen
application treatments. Interaction effects of varieties and
planting dates on gross returns, net returns and net B: C ratio
of maize was significant. PEEHM 5 when planted on July 9
(V, x D,) gave significantly higher gross returns, net returns
and net B:C ratio than other combinations, whereas, PC 3
when sown on August 7 (V, x D,) exhibited the lowest gross
returns, net returns and net B:C ratio. These economic
parameters more or less followed the trend of grain and straw
yields.
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Abstracts: The present study was carried out to understand the association of morpho-physiological traits with drought tolerance in
recombinant inbred population of wheat. In present investigation, 175 RILs along with parents and checks were evaluated for various morpho-
physiological traits involving grain filling period, canopy temperature, chlorophyll content, peduncle length, relative water contents, stomatal
density, water soluble carbohydrates, number of grains per spike, 1000-grain weight and grain yield. Significant differences were observed for
genotypes in respect to all the traits studied under both environments. Correlation analysis for above-mentioned traits in both environments
estimated and results revealed that grain filling period, water soluble carbohydrates, number of grains per spike and 1000-grain weight were
positively correlated with yield in both concerned environments. Besides, peduncle length, stomatal density, relative water contents and
canopy temperature were significantly correlated with traits under rainfed conditions.
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Wheat is one of the most important cereal and a
staple food for more than one third of the world population.
The climatic fluctuation in present scenario influences the
wheat productivity, in which drought is one the most common
environmental stress affecting about 32% of 99 million
hectares under wheat cultivation in developing countries and
at least 60 million hectares under wheat cultivation in
developed countries (Shamsi et al., 2011). The insufficiency
of water utilization is the principal environmental stress that
causes fluctuation in wheat productivity. Morphological and
physiological traits of wheat have a special role in
determining the importance of each trait in increasing yield,
so these traits were used in breeding programs which at least
led to improving yield and introducing commercial varieties
that can withstand seasonal drought stress condition
(Mollasadeghi et al., 2011). Moreover, grain yield is a
complex trait that is influenced by many physiological and
biochemical traits both in positive and negative direction. The
effectiveness of any breeding or selection programme
depends upon the nature and association between yield and
other component characters, as more directly and positively
a character is associated with grain yield, the more will be the
success of the selection programme.

Prior to advent of present day semi-dwarf wheat in
the 1960s, tall traditional cultivars were grown under rainfed
conditions in the state. These cultivars (C306, C273, C518
and C591) were derived from landraces materials of NWPZ

region. After the adaption of semi-dwarf, the tall traditional
cultivars were of little use even as donors of traits in wheat
breeding programme. Presently these materials have come
under focus as a result of greater emphasis on breeding for
abiotic stress tolerance and their potential utility in context of
drought tolerance when introgressed in to a modern day
wheat variety (PBW 343). These two cultivars belonging to
distinct adaptation groups, offer several morpho-
physiological and biochemical contrasts. C518 is tall and
adapted to low input rainfed conditions whereas PBW 343 is
semi-dwarf and input responsive. The aim of the present
study was to estimate the association of various
morphological and physio-biochemical traits of recombinant
inbred lines under rainfed conditions along with the type and
extent of their contribution to yield.

MATERIAL AND METHODS

The experiment was conducted during Rabi
seasons of 2012-13 and 2013-14 in Punjab Agricultural
University, Ludhiana. The experimental material consisted of
175 recombinantinbred lines (RILs) along with parents (PBW
343 and C 518) and 19 checks viz; commercial cultivars for
timely sown irrigated (PBW 621 and HD 2967), rainfed
cultivars (PBW 644, PBW 527, PBW 175), traditional tall
cultivars (C306, C273, C591, C286, C281, C285), advance
breeding lines (PBW 706, PBW 691, BWL 1856) and
Australian drought cultivars (Kirchauff, Babax, Excalibur,
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Gladius, Drysdale). The experimental design was 14x14
square lattice having 1m?” plot with three replications. The
drought environment was created by withholding of irrigation.
Standard agronomical practices for growing normal sown
wheat crop were followed. Data recorded for various physio-
biochemical under both irrigated and rainfed environments.
Meteorological data on weekly were recorded from
Agrometerological station, PAU (Fig. 1). The analysis of
variance of the data for physio-biochemical and yield related
parameters were done using a simple lattice designs by
PROC LATTICE and adjusted mean square of treatments
were computed by using PROC GLM, SAS (version 9.2).
Least significant differences (LSD) were computed at 1% and
5% probability level. Pearson's correlation coefficient among
all characters studied was analyzed by statistical software
JMP (version 12.0).

RESULTS AND DISCUSSIONS

Analysis of variance for all the physio-biochemical
and yield components characters was highly significant
(P<0.01) among the RILs under both irrigated and rainfed
conditions, indicating the existence of sufficient genetic
variability among the population. The mean sum of square
due to treatments (adj) were highly significant for all the
characters studied viz; grain filling period, peduncle length,
water soluble carbohydrates, canopy temperature,
chlorophyll content, stomatal density, relative water content,
grain number, thousand grain weight, grain yield and harvest
index under both irrigated and rainfed environments (Table 1
and 2). Earlier Salem et al. (1996) have also reported
significant differences among bread wheat genotypes for
different traits under both drought and irrigated conditions.
Khamssi and Najaphy (2012) showed significant genotypic

differences for peduncle length, grain filling period, grains per
spike and grain yield in irrigated conditions. However,
significant variation among genotypes was observed for
grain vyield, grains/spike and harvest index in the stress
conditions. In another study, Jatoi et al. (2012) reported that
mean squares due to treatments under irrigated and rainfed
environments differed significantly in their performance for all
physiological traits and yield component parameters.
Hasheminasab ef al. (2012) also reported significant
differences among genotypes for RWC under drought stress
conditions. A wide range of variation was observed among
population with regard to different characters studied.

The maximum decline in mean value was recorded in
relative water content (16.9 %) followed by chlorophyll
content (6.9 %), grain filling period (6.0 %) and water soluble
carbohydrates (5.55 %). The minimum decline was in mean
value for peduncle length (0.27 %). The average value of
canopy temperature, chlorophyll content, relative water
content and water soluble carbohydrates were exhibited as
28.0,20.2,67.4,30.6 which ranged from 25.4 t0 29.8, 11.2 to
34.5, 50.6 to 81.8 and 17.1 to 51.6, respectively, under
irrigated conditions. In rainfed conditions, the mean value of
canopy temperature, chlorophyll content, relative water
content and water soluble carbohydrates were 28.2, 18.8,
56.0 and 28.9 which ranged between 26.3 to 30.8, 10.9 to
30.4,49.1t080.1and 14.2t0 57.9, respectively (Table 3).

Correlations coefficient among various physio-
biochemical and yield component traits was carried out and
results obtained are presented in the Table 4. Under irrigated
conditions, grain filling period was found positively correlated
with peduncle length (r,=0.288), stomatal density (r,= 0.155),
mobilized water soluble carbohydrates (r, = 0.212), 1000
grain weight (r,= 0.238) and grain yield (r,=0.193). In rainfed
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Fig. 1. Agrometerological data during crop season 2012-13 and 2013-14



xapulisaniey -|H ‘plaif urelb -A9 ‘wybiam urelb 000 T-MOL ‘@ids Jad surelh-NO ‘sarelpAyogled a|qn|os Jayem pazijiqow
-DSMIN ‘AlIsusp [erewols -g1sS ‘QuUalu0d Jarem annelaI-OMY ‘Yibus ajpunpad -1d ‘sisayiue re ainjeladwsa) Adoued -y1D ‘pouad Buly ureib-d49 :suoneinaiqay

ITT2 6EET 9L €26 €5°€ 789 128 oY 678 or'T 88'G (%) AD

86L°0 9260 6180 1780 166°0 20L°0 1590 956°0 G260 9880 6580 A

9e'v0T 9/°00T 2686 7586 €5'70T 16'T0T G/°00T 8.6 €86 1S20T  v7'66 agoy o1 aanejal Aousiog
€€00°0 02109 9/9'2¢ 19€°6€ LITEL 289'L €59'8Y 0€€'6€E 2682 0280 62L¥T 185 [eloL
21000 956/ 759 €€'0T L6T'T LE0Y 8EE'6C 158'C 108'C 99T'0  29¥'€  06E 103 {0[q 19|dWod paziwopuey
17000 G¥'TGL 219'9 80T 260'T vZ8'e 0£V'82 126'C 298'C 95T'0  T8Y'E  TGE 10118500]q e
1100 x26'GV9ST x6.°08 x:0'88 1870 «T9'ET #G9'8/ w9 70T »9€'9G »00C «CEVE  G6T (Ipe) wawreal|
€900°0 0'9€99T 0£0'S8 85'G6 0/8°212 G86'VT 50108 089°CTT €12°€9 2€T'C  L0E'LE  G6T (Ipeun) yuswiyeal
22000 65266 106'G 96'8 VA4 676'S 90S'.€ GlTe evee 0920 062€  6F (Ipe) dax uiyum o019
#6270 9z'€TT 2072 x06'6TC 2002 G6Y'9 bV 6TL 882°0 TLY'E 6920 T820T ¢ uoneo|jday
IH AD MOL N JSMIN as oMY d 20 VLD d49  d4a uoleLeA JO 82IN0S

siajoeleyo Jo arenbs ues|y

pajurey

SUONIPUOD Pajulel Japun S¥28Yd Syoayd pue siuated yum Buofe sy G/ T Ul sired [eaiwaydolqg pue [eaifojoisAyd-oydiow Joj aoueLeA Jo SsisAjeuy " ajqel

Xapullsaniey -|H ‘plalA urelb -A9 ‘ybiam urelb 000 T-MOL ‘@ids Jad surelb-NO ‘sarelpAyogted a|qn|os Jayem pazijiqowl
-OSMIN ‘AlIsusp [erewols -d1S QUaU0d Jarem aAneaI-OMY ‘Yibusl ajpunpad -4 ‘sisayiue Je ainjeladwsa) Adoued -y1D ‘pouad Buly urelb-4d49 :suoneinaiqay

Ashutosh Srivastava, Puja Srivastava, Rinki Khobra, Achla Sharma, R. S. Sarlach, Anil Dogra and N. S. Bains

74

1€ z6°CT 70'8 zL6 60'Y SL'9 LT'L 1A% G6'6 ST 62'S (%) AD
62.°0 LT6°0 v/80 ¥6L0 €860 2/90 9T.0 856'0 /060 /G800 2980 2
G'G0T  £L9'T0T 90'86 GE'00T TO00T 92°GOT €8%0T <2E€00T 9826 6896 00T agoy 01 dAre[a) Aousilys
669000 /Z'GS99 9€TS6E T69E  VELS  vEL  9T6Y 95'8¢ 6€C 890  €TET 185 [elol
756000 95°996 8SYT'8 L6CT  €€9T  687'F 08GC 28’z vy9e  8STO0  9v0'€E 06€ 10113 x00|q 919|dw0d paziwopuey
LTE000 79616 950€'8 TLCT 29T 6207 vvEe 869C  €2L€  €9T0 SvO'E 16€ 10113 390]q €U
B62T0°0 xC'6089T xGV'G6 xT6'9L xB60EST x8LCT x0ET. xx,GGOT xEV'9S 85T x«B6TTE  G6T (Ipe) wawreal]
T6€T00  00T8T €6'T0T G6'¥8 6269T 9TCT  LS'GL Sy'0TT  S9'V9 v.T  vLEee S6T (Ipeun) Juswyeai
x69900'0 68'88€T  LL0L'9 ¥EST 89'T X298  TT'LY €ze 262 10 S0’ 6€ (Ipe) das uiyum >o0i9
256000 ¥2'.8  118T€L T6'8T TTS 676 G980C 99Tl GE'T €10 98'0 4 uonedliday
IH AD MOL NO  OSMA  as oMY d 20 V10 d49 4a uoneleA Jo 92In0S

Sia)oeleyod Jo arenbs uea|y

parebiu)|

suonipuod palebil Japun s)2ayd pue suated yum Buoje sy G/ T Ul Siiedl [eaiwayodolq pue [eaibojoisAyd-oydiow 10} adueLieA Jo SISAjeuy | ajgeL



Associating Physiological Traits with Drought Tolerance 75

Table 3. Mean and range of different characters under irrigated and rainfed conditions

Characters Irrigated Rainfed

Mean SE Min Max Mean SE Min Max
GFP (days) 33 0.26 25 42 31 0.27 22 41
CTA (°C) 28 0.06 25.4 29.8 28.2 0.06 26.3 30.8
CCl value 20.2 0.31 1.2 345 18.8 0.33 10.9 304
PL (cm) 36.8 0.43 24 54.4 36.7 0.47 24.5 56.5
RWC (%) 67.4 0.39 50.6 81.8 56 0.40 49.1 80.1
STD 29.6 0.16 24.3 35.5 28.7 0.18 23 34.7
WSC (mg™) 30.6 0.55 17.1 51.6 28.9 0.63 14.2 57.9
Grain Spike'1 36.5 0.40 23.6 49 34.9 0.42 20.4 48.5
TGW (g) 35.2 0.44 131 42.8 349 0.41 21.02 42.8
GY (g m?) 226.4 5.05 76.7 403.3 198.8 5.01 50 383.3
Harvest index 0.24 0.005 0.12 0.53 0.17 0.003 0.07 0.36

See Table 1 for foot note

conditions, grain filling period had significant positive
correlation with chlorophyll content, peduncle length, 1000
grain weight and grain yield (r, = 0.149, 0.296, 0.294, 0.219,
respectively). Pireivatlou et al. (2011) reported that grain
filling rate was correlated with grain weight and grain number
per spike in the irrigated and drought stressed environments.
Furthermore, positive correlations between grain filling rate
and grain yield were obtained in the irrigated and drought
stressed environments. They have also reported that the
accumulation of pre-anthesis assimilates (mainly under
drought stress), short effective grain filling period and high
grain filling rate were the major factors for producing higher
grain yield in wheat under both irrigated and drought stress
conditions. Mojaddam and Lack (2012) suggested that grain
filling rate and grain filling period were two main factors
affecting grain weight, which was the most important
component of grain yield.

Under rainfed conditions, canopy temperature had
significant negative correlation with stomatal density, grain
number per spike and 1000 grain weight (r, = -0.196, -0.232,
-0.186, respectively). While canopy temperature had non-
significant correlation with grain yield under irrigated
conditions. Similar finding was also reported by Olivares-
Villegas et al. (2007). They suggested that canopy
temperature measured under irrigated was not associated
with yield but under drought condition it had significant
negative correlation with yield. Chlorophyll content was
observed to be associated positively with relative water
content (r, = 0.181) and grains number per spike (r= 0.282)
under irrigated conditions. In rainfed conditions, chlorophyll
content had positive correlation with relative water content (r,
=0.288), stomatal density (r, = 0.180) and grains number per
spike (r,=0.204).

A significant and positive correlation of peduncle length with
grain filling period (r, = 0.710), grains number per spike (r, =
0.195) and 1000 grain weight (r,= 0.315) was observed under
irrigated conditions. In rainfed conditions, peduncle length
showed significant positive correlation with grain filling period
(r, = 0.519), mobilized water soluble carbohydrates (r, =
0.179), grains number per spike (r, = 0.202), 1000 grain
weight (r, = 0.353) and grain yield (r, = 0.267). Bogale et al
(2011) reported a strong positive correlation among peduncle
length, 1000 grain weight and grain yield and suggested that
the peduncle length was an indirect selection criterion in
wheat under drought conditions. It might suggest that
maximum peduncle length had more carbohydrates reserve
during pre-anthesis stage and it remobilizes during grain
filling period under harsh environments or drought stress
conditions. Prior to anthesis carbohydrates accumulated in
peduncle and second internodes which help in contribution to
grainfilling.

Under irrigated conditions, relative water content
showed significant positive correlation with chlorophyll
content (r; = 0.181) and grains number per spike (r, = 0.150).
In case of rainfed environment, RWC showed significant
positive correlation with chlorophyll content (r, = 0.288) and
grains number per spike (r,=0.190). Shamsi (2010) reported
highly significant correlation of RWC with grain number and
chlorophyll content.

Under irrigated conditions, stomatal density
showed non-significant correlation with all the traits except
grain filling period. However, in case of rainfed conditions,
stomatal density had significant positive correlation with
chlorophyll content and number of grains spike™ (r, = 0.180
and 0.204, respectively) and had negative correlation with
canopy temperature (r, = -0196). Similar results were also
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Table 4. Correlation among various physio-biochemical and yield components traits in RILs under irrigated and rainfed conditions

Irrigated

Trait GFP CTA CCl PL RwWC STD MWSC GN TGW GY HI

GFP 1

CTA 0.002 1

CCI 0.060 -0.037 1

PL 0.228**  0.053 0.063 1

RWC 0.131 -0.024 0.181* 0.082 1

STD 0.155* -0.140 0.006 0.022 0.102 1

MWSC 0.212**  0.005 -0.033 0.136 0.025 -0.082 1

GN -0.004 -0.154* 0.282** 0.195** 0.150* 0.095 0.117 1

TGW 0.238**  0.004 0.045 0.315**  0.071 0.076 0.381**  0.286** 1

GY 0.193* -0.092 -0.029 0.088 0.059 0.071 0.203**  0.273**  0.498** 1

HI 0.120 -0.066 0.109 0.053 0.147 0.120 0.102 0.284** 0.293** 0.451** 1
Rainfed

Trait GFP CTA CClI PL RWC STD MWSC GN TGW GY HI

GFP 1

CTA -0.058 1

CClI 0.149* -0.094 1

PL 0.296** -0.052 0.074 1

RWC -0.026 -0.089 0.228** 0.036 1

STD 0.088 -0.196**  0.180* 0.048 0.110 1

MWSC 0.135 0.040 0.065 0.179* 0.013 -0.024 1

GN -0.042 -0.232**  0.204** 0.202** 0.190* 0.231** 0.121 1

TGW 0.294** -0.186* 0.122 0.353** 0.116 0.025 0.331** 0.258** 1

GY 0.219** -0.132 0.012 0.267** 0.028 -0.045 0.186* 0.205**  0.457** 1

HI 0.112 -0.080 0.023 0.022 -0.100 -0.132 0.024 0.216**  0.270**  0.608** 1

** and * indicates significant at 1% and 5% probability level, respectively

See Table 1 for foot note

reported by Ahmadi and Siosemardeh (2005).

Under irrigated conditions, water soluble
carbohydrates showed significant positive correlation with
grain filling period, 1000 grain weight and grain yield (r, =
0.212, 0.381, 0.203, 0.176, respectively). However, under
rainfed conditions, water soluble carbohydrates among
entries had significant positive correlation with peduncle
length, 1000 grain weight and grain yield (r, = 0.179, 0.331,
0.186, respectively).

Thousand grain weight had significant positive
correlation with grain filling period (r, = 0.238), peduncle
length (r=0.315), mobilized water soluble carbohydrates (r, =
0.381), grain number (r, = 0.286), grain yield (r, = 0.498) and
harvest index (r, = 0.293) under irrigated conditions. In
rainfed conditions, thousand grain weight was found
significantly correlated with grain filling period peduncle
length, water soluble carbohydrates, number of grains per
spike, grain yield and harvest index, and had negative

correlation with canopy temperature. Munir et al. (2006)
observed that grain filling period, grains per spike and 1000-
grain weight were positively correlated with grain yield under
rainfed environment.

Grain yield had a significant positive correlation with
grain filling period (r, = 0.193), mobilized water soluble
carbohydrates (r, = 0.203), grain number (r, = 0.273), 1000
grain weight (r, = 0.498) and harvest index (r, = 0.451) under
irrigated conditions. Under rainfed environment, grain yield
had positive significant correlations with grain filling period ),
peduncle length, mobilized water soluble carbohydrates,
grain number, 1000 grain weight and harvest index. The
correlation coefficient between grain number and grain yield
was significantly positive indicating that increase in grains
per spike will also have a better influence on grain yield
(Aycicek and Yildirim, 2006). It is concluded that the traits
related with 1000 grain weight and grain yield can be
important for the evaluation and improvement of wheat
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cultivars under drought stress. The grain filling period,
peduncle length, mobilized water soluble carbohydrates,
grains per spike and 1000 grain weight showed strong
positive correlation and canopy temperature showed
negative correlation with grain yield under rainfed
environment. These traits may be considered as effective
selection criteria for drought tolerance in wheat cultivars.
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Greenrevolution technologies involving greater use
of synthetic agrochemicals such as fertilizers and pesticides
with adoption of nutrient-responsive, high-yielding varieties
of crops have boosted the production output per hectare, but
available evidences proved that those gains from the green
revolution are being eroded and now facing a serious
ecological threat (Yadav and Rai, 2001). Moreover, the
success of industrial agriculture and the green revolution has
masked significant externalities, affecting natural resources
and human health as well as agriculture itself. Increasing
consciousness about conservation of environment as well as
of health hazards caused by agrochemicals has brought a
major shift in consumer preference towards food quality.
Declining soil fertility, organic matter loss, land degradation,
declining/rising water table, increasing nitrate content in
ground water and hazardous residual content in food and
fodder chain appeared to be important factors. Gravity of the
situation has forced the farmers and professional
associations in the state to turn towards organic farming. A
number of private companies, non government organization
(NGO) and professional associations are working for the
promotion of organic farming in the state. As a result a small
number of farmers have converted and started organic
farming successfully (Markanday, 2000).

The entire agricultural community is trying to find out
an alternative sustainable farming system, which is
ecologically sound, economically and socially acceptable.
Organic agriculture is unifying concept, which considers
ecological, environmental, philosophical, ethical and social
impacts, balanced with cost effectiveness. Organic
agriculture is in harmony with the farmers' traditional
customs, practices and beliefs. Organic farming systems
have attracted increasing attention over the last one decade

because they are perceived to offer some solutions to the
problems currently besetting the agricultural sector.
However, to make organic agriculture remunerative, the
problems/constraints in adoption of organic paddy cultivation
needto be addressed.

MATERIAL AND METHODS

Three districts viz., Kaithal, Karnal and Kurukshetra
were also purposively selected since these districts have
maximum area as well as production of rice. Siwan, Karnal
and Pehowa blocks were randomly selected from these
districts, respectively. From each selected block two villages
Siwan and Kangthali from Siwan, Kachchwa and Kunjpura
from Karnal, Seonsar and Kamoda from the Pehowa blocks
were selected randomly. Further, from each selected village,
25 organic paddy farmers were selected randomly and in this
way a total number of 150 respondents were interviewed to
ascertain the constraints faced by them in organic paddy
cultivation. The data were collected a well-structured
pretested interview schedule. The respondents were asked
to state the constraints faced by them in organic paddy
growing. Frequencies of the constraints were measured with
the help of three point continuum as 'very serious', 'serious’
and 'not so serious' responses and the scores were given as
3, 2 and 1, respectively. The frequency in each response
category was multiplied with the score assigned to that
category and then the scores were added up and divided by
total number of respondents to arrive at mean weighted score
of a constraint and accordingly rank order was assigned to
each constraint, respectively.

RESULTS AND DISCUSSION
Economic constraints: Less premium prices for organic
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paddy ranked first with a weighted mean score of 2.45.
Further elaboration indicated that 59.33 per cent farmers
perceived it as a very serious constraint and 26.67 per cent
as a serious constraintand rest 14.00 percent perceived it not
so serious in the adoption of organic paddy cultivation. The
main motivations described as opportunity to access was
premium prices (Sadati et al., 2010), prices have an
important influence on the financial performance of organic
agriculture (Pattanapant and Shivakoti, 2009; Setboonsarng
et al., 2008). The most important aspect influencing farmers'
decision to become organic rice farmer was the higher price
they were paid. However, the findings of Pimentel et al.
(2005) are in contradiction, they confirmed that organic rice
fetch price premium (10 to 20% higher). This has generated a
high income for the participating farmers. Chouichom and
Yamao (2010) mentioned that differences in market prices do
not vary greatly between organic and conventional rice. Lack
of subsidy or incentives by government to motivate organic
paddy farmers ranked second followed by no minimum
support price for organic paddy ranked third with 2.30 and
2.25 as a weighted mean score. Badodiya et al. (2011) also
confirmed that poor financial condition and non-availability of

loans in time were most serious problems. Substantial
financial support by the governments is absolutely necessary
to promote organic farming. Saha and Bahal (2012) favoured
that support services such as credit to diversifying farmers
through appropriate changes in policies and delivery
mechanisms should be ensured for sustainable
development. Sorensen et al. (2005) justified that adoption of
organic rice practice is involved with production condition.
These findings are in contrary to Sadati et al. (2010),
interesting finding of their study was that none of the farmers
had received any loan for organic farming. Further lack of
local bulk demand for organic paddy and lack/poor
cooperative societies at local level were also perceived as
major constraints with weighted mean score of 2.15and 2.14
and ranked 4" and 5". The findings get support from Wheeler
(2007) who observed that technical information can be
obtained from cooperatives, unions and other organisations
in addition to extension agents. The last ranked constraint
among six economic constraints was that farmers have no
access for direct exports of organic paddy with a weighted
mean score of 1.95. The detailed analysis of this constraint
revealed that less than one third (28.00%) farmers marked it

Table 1. Farmers' perception about economic and marketing constraints (n =150)

Constraints Constraint frequency Total Mean Rank
- - weighted weighted score
Very serious Serious (%) Not so score
(%) serious (%)
Economic constraints
Low premium prices for organic 89 (59.33) 40 (26.67) 21 (14.00) 368 2.45 |
paddy.
Lack of subsidy or incentives by 78 (52.00) 39 (26.00) 33 (22.00) 345 2.30 1]
government to motivate organic
paddy farmers
No minimum support price for 60 (40.00) 68 (45.33) 22 (14.67) 338 2.25 1
organic paddy
Lack of bulk local demand for 61 (40.67) 50 (33.33) 39 (26.00) 322 2.15 v
organic paddy
Poor cooperative societies at local 58 (38.67) 55 (36.67) 37 (24.67) 321 2.14 \%
level
Farmers have no access for direct 42 (28.00) 58 (38.67) 50 (33.33) 292 1.95 VI
exports of organic paddy
Marketing constraints
Lack of agencies to purchase 113 (75.33) 37 (24.67) 0 413 2.75 |
organic paddy
Dependence/interference of 88 (58.67) 38 (25.33) 24 (16.00) 364 2.43 Il
middleman for disposal
Lack of marketing news 77 (51.33) 48 (32.00) 25 (16.67) 352 2.35 1
Poor communication channels 69 (46.00) 43 (28.67) 38 (25.33) 331 2.21 \%
Purchase agencies at long distance 65 (43.33) 48 (32.00) 37 (24.67) 328 2.19 \%
Lack of storage facilities 55 (36.67) 48 (32.00) 47 (31.33) 308 2.05 VI
More transportation charges 30 (20.00) 41 (27.33) 79 (52.67) 251 1.67 VIl
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as a very serious, 38.67 per cent as a serious and rest one-
third of organic paddy growers as not so serious. Organic
paddy cultivation is most suitable for basmati paddy which is
most fesible for export. Organic food concept is flourishing
among high economic classes of the world.

Since scanty information is available for organic food
market in India and the consumers' attitude towards these
products. Mostly the organic foods in our country are
produced targeting the export markets of developed world.
Along with the increase in production, marketing of the
organic products, awareness level of the consumer
ultimately influences the price premium for the organic
produce. Study of the behaviour of the consumers towards
the organic product is one of the important aspects for the
future of the organic practices in agriculture. Consumers may
not know whether a product is produced using organic or
conventional methods, not even after repeated purchase and
consumption, unless they are told so. If an individual cannot
clearly differentiate between two alternative products, a price
premium on the organic product can confuse and/or affects
the individual purchase decision, in favour of the cheaper
product. However, the domestic market of the organic
product in India is at the budding stage, but recently demand
for organic foods in domestic market of India is also showing
upward trend. Thus organic producers bring their crop to the
conventional market and cannot sell to the organic exporting
companies, who often have a rather low demand and high
quality-requirements (Bacon, 2005; Valkila, 2009).
Marketing constraints: The major marketing constraints
encountered by the respondents were lack of agencies to
purchase organic paddy, dependencelinterference of
middleman for disposal and lack of marketing news with a
weighted mean score of 2.75, 2.43 and 2.35 and ranked first,
second and third, respectively. The exploration of first
constraint revealed that three-fourth (75.33%) organic paddy
farmers perceived it as a very serious. The 4" and 5"
constraints were poor communication channels and
purchase agencies at long distance with a weighted mean
score i.e. 2.21 and 2.19, respectively. Similarly inadequate
marketing networks and no separate market for organic
produces and weak marketing network/sale point (Baker,
2012) were the findings in resemblance to the present study.
Market development for the organic products is a crucial
factor to promote domestic sales. There is a huge demand for
organic products by the supermarkets and lack of marketing
skill and communication may deter the small farmers from
approaching these outlets. Farmer associations and
marketing contracts through them could enable them to
secure better prices. Moreover, contract farming may also
provide access to advisory services. Public-private

partnerships could facilitate the transition of farmers without
heavy reliance on the government. Farmers neither have the
means to grow the organic rice, nor equipped with the proper
market channels to process and sell the organic rice on the
international market. Contract farming might facilitate price
information from the international market to farmers, provide
access to the new market through market links, and provide
credits for new inputs as well as technical assistance
essentially made the transition to organic rice possible (Paull,
2009), ultimately it is expected to reduce the risk for both
parties as the farmers will get a reliable buyer and market for
their product and the contract farming firm will be guaranteed
the supply of the demanded crop. Singh and Varshney (2010)
reported that due to the absence of regulated market at
village level, farmers sell their produce to middle men and get
lower price for their produce and Tewatia and Tanwar (2008)
reported lack of suitable marketing and distribution network.
Lack of storage facilities and more transportation charges
were the sixth and seventh ranked constraints with a
weighted mean score of 2.05 and 1.67, respectively. Further
narration of last constraint i.e. more transportation charge
showed that only 20.00 per cent respondents perceived it as
a very serious while more than half of the organic paddy
farmers (52.67%) took it as not so serious. Improper storage
resulting to deterioration of quality (Tewatia and Tanwar,
2008) and separate transportation of organic products to
avoid mixing with conventional products (Kennvidy, 2008)
are another area of concern.

Technology transfer related constraints: The farmers'
perception about constraints regarding technology transfer
depicted that lack of timely and appropriate transfer of
organic paddy cultivation practices by extension
organizations, department of agriculture and private
agencies was ranked first with weighted mean score of 2.50.
Further it narrated that 59.33 per cent of farmers had
perceived it as a very serious constraint followed by nearly
one-third (31.33%) of them perceived it as a serious
constraint whereas, only one-tenth (9.33%) perceived as not
serious. The findings are in conformity with weak extension
activities at village level (Singh and Varshney, 2010), lack of
government support (Prasad et al., 2013), lack of proper
training at grass root level (Soni et al., 2012). Kumar and
Prasad (2008) also opined similarly that extension personnel
can play an important role in making farmers aware about
organic farming. The respondents reported that the
personnel of the state department of agriculture were not
taking adequate efforts to create awareness regarding
benefits given by the government to boost organic paddy
cultivation. The second ranked constraints was lack of co-
ordination between various service, supply and marketing
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Table 2. Farmers' perception about technology transfer and miscellaneous constraints (n=150)

Constraints Constraint frequency Total Mean Rank
Very serious  Serious (%) Not so weighted weighted
(%) serious (%) score score
Technology transfer related constraints
Lack of timely and appropriate 89 (59.33) 47 (31.33) 14 (9.33) 375 2.50 |
transfer of organic paddy cultivation
practices
Lack of co-ordination between 73 (48.67) 51 (34.00) 26 (17.33) 347 2.31 Il
various service, supply and
marketing agencies/organic
promoting organizations.
Lack of dedicated and competent 69 (46.00) 56 (37.33) 25 (16.67) 344 2.29 11}
extension personnel
Lack of published information 59 (39.33) 47 (31.33) 44 (29.33) 315 2.10 v
Miscellaneous constraints
Lack of proper guidance and training 69 (46.00) 54 (36.00) 27 (18.00) 342 2.28 |
on organic paddy practices
Irregular visit of agriculture officers 57 (38.00) 54 (36.00) 39 (26.00) 318 2.12 1]
Lack of risk ability 47 (31.33) 51 (34.00) 52 (34.67) 295 1.97 I
Lack of testing facilities (soil and 42 (28.00) 55 (36.67) 53 (35.33) 289 1.93 v

water)

agencies/organic promoting organizations with a weighted
mean score of 2.31. Further analysis indicated that nearly
half population of respondents (48.67%) had perceiveditas a
very serious. Baker (2012) pointed the lack of coordination
among different organic production agencies/firms, one of
the major constraints. NGOs always may not have the
necessary business skills to succeed in marketing, under
such situations, collaborations between NGOs and
governments may be effective. The government can be
criticised for lack of co-ordination and co-operation with the
well organised NGOs (Kennvidy, 2008). Lack of dedicated
and competent extension personnel for organic paddy
promotion was ranked third with weighted mean score 2.29,
further analysis of which indicated that 46.00 percent of
farmers had perceived it as a very serious in the adoption of
organic paddy cultivation. Baker (2012) expressed the need
of competent extension personnel. Pattanapant and
Shivakoti (2009) observed that many extension officers still
believed in the conventional agriculture, and that such
officers continued to promote the application of chemicals.
Lack of published information regarding various practices of
organic paddy cultivation was ranked fourth with a mean
score of 2.10 and about two-fifth of the farmers (39.33%)
perceived it as a very serious whereas, nearly one-third
perceived it as a serious (31.33%). The findings of the study
are in conformity with non-availability of relevant and
appropriate literature (Slathia et al., 2013; Soni et al., 2012).
Makwan and Trivedi (2011) reported that agricultural

scientists play catalyst role for the transmission of innovative
farm information and create interest and stimulate the
farmers for modern agriculture.

Miscellaneous constraints: The major constraints found
were lack of proper guidance and training on organic paddy
practices and irregular visit of agriculture officers ranking first
and second with weighted mean score of 2.28 and 2.12,
respectively. Further analysis indicated that 46.00 per cent
and 38.00 per cent of farmers perceived first constraint and
second constraint as a very serious constraint. Thirty six per
cent farmers perceived both constraints as serious, rest
18.00 per cent and 26.00 per cent of farmers perceived first
and second constraint as a not so serious. Kumar and Prasad
(2008) also opined similarly that extension personnel can
play animportantrole in making farmers aware about organic
farming. The respondents reported that the personnel of the
state department of agriculture were not taking adequate
efforts to create awareness regarding benefits given by the
government to boost organic paddy growing. Soni et al.
(2012) concluded lack of proper training. Singh and Varshney
(2010) also mentioned lack of information supply and
services offered by the state and central governments was
the institutional constraint. Lack of risk ability and lack of
testing facilities (soil and water) ranked third and fourth with
mean score of 1.97 and 1.93. Further analysis of fourth
constraints showed that 28.00, 36.67 and 35.33% of organic
paddy growers perceived last constraint lack of testing
facilities (soil and water) as a very serious, serious and not so
serious.
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CONCLUSION

On the basis of above discussion regarding
constraints in organic paddy cultivation, it may be concluded
that inadequate attention and efforts by various
organizations for the promotion of organic paddy growing
were the main constraints. Sincere efforts should be made by
the extension personnel to motivate the farmers to adopt
organic paddy cultivation practices to minimize ill effects of
chemicals. Any movement for the promotion of organic
farming in Haryana will have to counter opposition from the
sections who benefit from policies in the conventional
farming system. Agriculture department should publish and
distribute relevant and practical information among the
farmers. Government should announce separate support
price to the organic paddy to enhance their profits, and
shifting to organic paddy, as consumers are willing to pay a
premium price for organic products. Demand for organic
food among high gentry and health conscious consumers' in
India is increasing. The establishment of organic input
marketing channels is necessary to encourage nascent
organic farmingin India.
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Retention of crop residues is an important aspect of
conservation agriculture. Conservation agriculture is a
resource saving agricultural practice which goals higher
yields while optimizing natural resources (Abrol and Sangar,
2006). The three interrelated pillars of conservation
agriculture are direct planting, permanent soil cover and crop
rotation (FAO, 2015). Conservation agriculture is superior
over traditional agricultural practices as it leads to higher soll
fertility, higher water infiltration in soil, reduced wind and
water erosion, lower cultivation cost and reduced
environmental hazard. Various conservation agriculture
practices comprise crop residue management through soil
incorporation, mulching etc., zero tillage, reduced tillage,
crop rotation especially with fertility enhancing crops such as
legumes etc. This paper reviewed the weed management
aspectinrice through proper crop residue management.
Crop residue status in India: According to MNRE (2009),
annual crop residue generation in India is about 500 Mt. Out
of this huge amount, cereals comprise the largest share i.e.,
372 Mt, followed by fibres (66 Mt), oilseeds (29 Mt), pulses
(13 Mt) and sugarcane (12 Mt). Thus, the cereals (rice,
wheat, maize, minor millets etc.) contribute 70 per cent out of
which rice comprises 34 per cent and wheat 22 per cent. The
fibre crops (cotton, jute, mesta, etc.) comprise 13 per cent of
total residues and the largest share is of cotton residues
(11%). Pathak (2004) reported annual crop residue
production to be 523 Mt in India out of which 127 Mt is
surplus. Fate of these crop residues differ according to the
prevailing situations; however in India mostly these are burnt.
About 93 Mt of crop residues are burnt annually in India
(Pathak et al., 2010).0On-farm burning of crop residues are
practiced by farmers for a large number of reasons such as
reduced number of livestocks, labour shortage and lack of

Increased mechanization is another factor
behind increased burning of crop residues. Though combine
harvesters can ease up the process of harvesting, yet around
80 per cent of the crop residues are left in field, which are
finally burnt by the farmers (IARI, 2012). A very little
percentage of these residues are being used nowadays for
incorporation in soil and mulch purpose.

Status of yield loss in rice due to weeds: Rice is the most
important cereal crop in India, which was grown over an
acreage of 43.95 mha with a production of 106.54 mt during
2013-14 (Anonymous 2014) .Weeds are considered to be the
major biotic stress in rice cultivation. Though the rice
cultivation techniques vary depending on the methods of rice
seedling establishment, weeds are problematic in all
methods. Comparing the seeding methods, rice yield loss
due to weeds was found to be least in transplanted rice
(Singh et al., 2011) and highest in aerobic direct seeded rice
on a furrow-irrigated raised-bed systems (Singh et al., 2008)
along with in dry-seeded rice sown without tillage (Singh et
al., 2011). Azmi and Baki (1995) estimated the yield loss
caused by grasses (mainly E. crus-galli), broadleaved weeds
and sedges was 41, 28 and 10 per cent, respectively in rice.
Babar and Velayutham (2012) reported that in SRI too weeds
causes 69.15 per cent yield. Haden et al. (2007) attributed
weed infestation to be the major problem in SRI. Wayayok et
al. (2014) enlisted the factors associated behind such loss as
alternate wetting and drying of the field (Krupnik et al., 2012),
wider planting geometry of single seedling (25x25cm or
50x50 cm) and aerobic or moist environment (Singh et al.,
2012). Pillai et al. (1976) reported that weeds can cause loss
of93 kg N, 25 kg P and 90 kg K ha™. Apart from loss of macro-
nutrients, micro-nutrients such as Fe (2.5 kg ha™), Zn (61g
ha"), Cu (15 g ha™) and Mn (168g ha™) are also lost due to

awareness.
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weed infestation (Pandey and Thakur, 1988).

Residue management based weed control strategies:
Nowadays the mostly followed weed control strategy in rice
includes use of chemical herbicides which involve risk of
serious environmental hazards (Chung et al., 2001). Not only
environmental pollution (Abdin et al., 2000), sometimes over
use of these herbicides can cause increased human
exposure to harmful toxic materials (Zimdhal, 2004). Other
than this threat to environmental safety, continuous use and
also over use of herbicides lead to problems such as weed
flora shift, herbicide resistance, evolution of super weeds,
soil toxicity, etc. Biological weed control methods for cereals
like rice are not yet available to farmers. Mechanical and
physical weed management techniques are safe to
environment but with the growing problem of labour scarcity,
there is a need to opt for alternatives such as crop residue
management for controlling weeds in rice. Putham and Duke.
(1974) first stated about controlling weeds using allelopathic
crop residues. Crop residue management influences weed
count due to their influence on weed seed germination by
altering top soil temperature, moisture, releasing
allelochemicals (Chung et al., 2003) and by controlling weed
seed distribution in soil profile (Froud-William, 1988). Apart
from the weed control aspect other benefits include
decreased cost of cultivation, increased soil fertility and
improved soil tilth resulting higher crop yields. The different
methods of crop residue management with respect to weed
management include residue incorporation, residue
mulching and residue burning.

Residue incorporation: Crop residue incorporation
involves mixing or blending crop residue with 0-15 cm top soil
layer. Incorporation of allelopathic plant materials in rice field
can significantly reduce weed problem (Xuan et al., 2005).
These plant materials once incorporated undergo
decomposition and produce a series of phytotoxins which
cause harm to weeds (Nelson, 1996). Gallandt et al. (1999)
stated that incorporation of residues affect weed dynamics by
affecting weed germination and establishment and this can
significantly reduce the density of the weed community in
soil. Pheng et al. (2010) reported that there may be cases of
auto-toxicity due to incorporation of allelopathic crop
residues, such as rice but these can be avoided by delaying
incorporation for about two weeks. Crop residue
incorporation has been successfully used to manage weeds
in rice (Khalig et al., 2011a; Mahato et al., 2014), wheat (Brar
and Walia, 2010; Khaliq et al., 2013), maize (Zaji and Majid,
2011), soybean (Dadkhah, 2015), etc. Cover crop residue
incorporation before solarization can also lead to significant
weed suppression. Besides weed control other benefits of
residue incorporation include carbon sequestration (Lal and

Stewart, 2010), addition of biomass, nutrient recycling,
improved saturated hydraulic conductivity, increased soil
infiltration, decreased bulk density thus improving soil
structure and soil biological properties.

Residue mulching: Residue mulching is residue retention
over soil on the surface which can be done before or after the
crop is sown. Covering or mulching the soil surface using
crop residues can reduce weed problems (Buhler et al.,
1996) by preventing weed seed germination or by
suppressing the growth of emerging weed seedlings
(Chauhan et al., 2006; Chauhan and Abhogo, 2013b). This
weed growth inhibition by mulches is attributed to the release
of allelo-chemicals (Chung et al., 2001; 2003), changes in
soil temperature (Hu et al., 1995) and physical barrier due to
mechanical hindrance (Teasdale and Mohler, 1993; Rahman
et al., 2005). Mulches get heated up very easily due to their
low heat conductance and kill the weeds due to the elevated
soil temperature. Germinated weeds find it difficult to
penetrate the barrier posed by mulches. Ossom et al. (2001)
reported that mulches prevent penetration of light and
exclude definite wavelength of light that is needed for weed
seed germination. Mulches also inhibit photosynthesis by
prevent light penetration. With increase in amount of residue
cover weed emergence and growth decreases (Ranaivason
etal., 2015). Utilizing differential tillage techniques to remove
residue over crop rows, different residue effects to crops and
weeds can be obtained giving advantage to the crop. Effects
of residue mulching on weeds has been studied in crops such
as rice (Devasinghe et al., 2011; Wayayok et al., 2014),
wheat (Chaudhary and Igbal, 2011), maize (Cheema et al.,
2004; Ali et al., 2011; Sarajuoghi et al., 2012), etc. Residue
mulching also helps in conserving soil moisture, moderating
soil temperature, improving beneficial soil microbe status
and adding biomass after decomposition.

Residue burning: Burning is sometimes considered as an
economical method to control weeds. Burning of residues is
often useful for killing unwanted vegetation, destroying dry
aboveground top of weeds, kill green-weeds and also for
destroying underground weed seed bank and buried
vegetative propagating structures such as rhizomes. Viable
weed seeds present on the surface soil are killed by residue
burning (Singh et al., 2005), due to the production of high
temperature for a prolonged period over the soil surface over
a particular stratum of soil. However, this burning may also
sometimes lead to emergence of weeds such as wild oats
(Chitty and Walsh, 2003). Richard et al. (2001) and Roder et
al. (1995) concluded that burning of crop residues and fallow
vegetation can be effectively used as a weed management
tool. But, residue burning can lead to decreased herbicide
efficacy due to increase in ash content in soil which makes its



adsorption potential higher (Singh et al., 2005). However, rice
burning leads to serious problems viz., emissions of harmful
green-house gases such as methane (CH,), carbon dioxide
(CO,), carbon monoxide (CO), nitrous oxide (N,O), reducing
beneficial microbe population and destroying soil physical
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properties (IARI, 2012). For example, burning of 1kg straw
produces upto 1.46 kg CO, (Singh et al., 2013). Burning also
causes nutrient loss from residues and harms human health
(Chauhan et al., 2012). Few crop residue management
studies in rice for controlling weeds are given below:

Residue Types of residue Dose of Weed control References
management residue
techniques
Incorporation  Rice 4-5tha’ Reduced weed germination by 27%, Wathugala and Ranagalage
density by 32% and dry weight by 41%  (2015); Singh and Guru (2011)
Wheat 8tha' Suppressed weed density by 45% Khaliq et al. (2011b)
Sorghum 8-12t Suppressed weed density by 54% and Khaliq et al. (2011a, b)
ha't dry matter by 51% and Reduced
Echinochloa colona germination by
14%
Sorghum with other 12 tha' Reduced Echinochloa colona Khaliq et al. (2011a)
residues combined germination by 7-12%
(brassica/ sunflower/
brassica+sunflower)
Brassica 12 tha* Reduced Echinochloa colona Khaliq et al. (2011a)
germination by 17%
Brassica with other 12 tha' Reduced Echinochloa colona Khaliq et al. (2011a)
residues combined germination by 12-17%
(Sunflower/ Sorghum)
Sunflower 8-12t Suppressed weed density by 51%, dry Khaliq et al. 2011a,b)
hat matter by 45% and Echinochloa colona
germination by 18%
Sunflower with 12 tha* Reduced Echinochloa colona Khaliq et al. (2011a)
brassica germination by 17%
Lantana camera 3that Reduced weed count by 23% Mahato et al. (2014)
Goose weed 3that Reduced weed count by 34% Mahato et al., (2014)
Ariach 3that Reduced weed count by 24% Mahato et al., 2014
Brassica kaber 3that Reduced weed count by 23% Mahato et al. (2014)
Mulching Rice 4-6tha Weed density reduced by 25 -98.3% Wayayok et al. (2014);
and weed dry matter by 33-98.4%; Devasinghe et al. (2011);
Time taken to reach 50% maximum Chauhan and Abhugo (2013a, b)
emergence increased in Amaranthus
spinosus and Leptochloa chinensis
Wheat 4-75tha* Weed density decreased by 48-85% Singh et al. (2007); Mohtisham et
and weed dry matter by 52-92% al. (2013); Khaliq et al. (2015);
Gaire et al. (2013); Towa et al.
(2013)
Sorghum 6tha' Weed density decreased and weed Mubeen et al. (2014)
biomass by 45-58%
Sugarcane 5tha’ Weed density decreased by 33% Mohtisham et al. (2013)
Maize alone 5tha’ Weed density decreased by 51% Mohtisham et al. (2013)
Maize with Dolichos 4.79 tha' Weed growth decreased by 70% Ranaivoson et al. (2015)
Stylosanthes 3.2tha* Weed growth decreased by 70% Ranaivoson et al. (2015)
Eupatorium 5tha’ Weed density reduced by 18-90% and Gaire et al. (2013)
weed dry matter by 52-95%
Burning Wheat - Weed density and weed dry matter Khaliq et al. (2015)

decreased by 26%
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CONCLUSION

Crop residue management can be a sustainable
technique of controlling weeds in rice. Both incorporation and
mulching provide good control of weeds in rice. Burning of
residues may cause temporary reduction in weed but it
causes harm both to the environment and soil. Raising
awareness among farmers regarding weed management
aspect of crop residues inrice is very important.
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Abstract: Forty segregating F, derived F, plants along with their parents (HG75xPusa Nav Bahar) were selected for molecular marker
analysis using 30 EST-SSR and 5 RGA markers. All the RGA and 19 EST-SSR markers were polymorphic in molecular analysis, showing
different allele sizes in parents and population. Diversity analysis using all polymorphic markers suggested that all the genotypes formed two
different groups at a similarity coefficient 0.48. The similarity coefficient of major cluster ranged from 0.48 to 0.97. Cluster as well as PCA
analysis clearly indicated that the F3 population were scattered between both parents.
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Clusterbeanis believed to be originated in Africa but it
is grown throughout the Southern Asia since ancient times as
a vegetable and fodder crop. It is widely cultivated in
countries like India, Pakistan, USA, Morocco, Italy, Germany,
Greece, and Spain and is thus considered as a new crop for
western agricultural practices. Clusterbean is an upright,
bushy, drought hardy, deep rooted crop and assumed to be
highly adapted to poor and erratic rains, less care and low
input areas (Pabal and Yengokopam, 2013). Being a member
of legume family, it has a property to fix atmospheric nitrogen,
which improves the soil health and yield of succeeding crops.
Due to its drought hardy nature, it can be easily cultivated in
arid and semi arid regions.

India is the largest supplier of clusterbean seed in the
world contributing 80 per cent of the total production followed
by Pakistan and United States (Sharma et al., 2013). Total
area under clusterbean production in India is about 2.56
million ha with a production of 0.72 million tones of guar seed.
Molecular characterization of plant population can facilitate
effective and precise identification of QTLs and tagged genes
for BLB resistance. In clusterbean, SSR markers are not
developed, however EST database is available. Resistance
gene analogs (RGA) and EST-SSR can be ideal markers for
targeting BLB resistance. In this study analysis of
segregating population and differentiate into different cluster
on basis of diversity.

Molecular breeding provide new avenues in
improving crop plants, however, no progress has been made
for guarimprovement due to lack of good genomic recourses.
The use of molecular markers can be very useful for the
development of improved varieties with quality traits in

clusterbean in shorter period and with fewer efforts.
Molecular analysis in 40 F, progenies along with their parents
(HG75xPNB) using EST-SSR and RGA markers was done in
presentinvestigation.

MATERIAL AND METHODS
The experiment was conducted at Chaudhary
Charan Singh Haryana Agricultural University, Hisar. The
analysis was performed on 40 F2 derived F3 line of
clusterbean along with their parents (HG75xPNB). The
protocol of cetyl trimethyl ammonium bromide (CTAB) DNA
extraction method of Saghai-Maroof et al. (1984) was used
with some modifications. Quality and quantity of DNA was
checked by comparing DNA samples with known amount of
DNA. The DNA concentration thus estimated and rechecked
qualitatively by running on 0.8 per cent Agarose gel. Part of
DNA samples were diluted with appropriate quantity of TE
buffer to yield a working concentration of 50ng/ml and stored
at 40C until PCR amplification. The DNA samples were
analyzed using primers as given in Table 1 and 2. The
reaction was optimized at 50 ng of DNA template, 200 uM of
dNTPs mix, 2.5 mM, MgCl2, 0.6 uM of primers and 2 units of
Taq DNA Polymerase. The optimized reaction conditions for
PCR givenin Table 3.
The amplified products were resolved on 8% PAGE.
After proper run gel image were recorded in Gel DOC unit
under UV light. Bands were scored as present (1) or absent
(0). Missing and doubtful cases were scored as (0).
Molecular weights of the bands were estimated by using 1kb
DNA ladder (MBI, Fermentas, UK) as standards. The data
was used for similarity based analysis using the programme
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Marker Forward primer (5’ -3’) Reverse primer (5" -3’) m (°C)
CTNO3 GTTGGGGAGTTATGATGAGA TTCCAGTCTTTTTGTCGAGT 49.6
CTNO4 GGAGATAGTTGCAAACAAGG TGCTTGAACAACACTCTTTG 49.3
CTNO5 GCCTGCAACAGAAGATAGAC GACTGAGAAGCTTGGAAATG 50.3
CTNO7 TAAACTCATGAAAGGCTCGT CTTGAATGTGCTTTAGGACC 49.4
CTNO9 GTTCTCACTCTTTCCGTGAG AGTTTCTTCCTGTTTCCCTC 50.5
CTN10 GAGGGAAACAGGAAGAAACT GTTCAAAGTCCAACTCAAGC 50.0
CTN11 CACAAGCAAGGAAAGCTAAT AACATTCAGCATCCCACTAC 49.7
CTN12 GCTTCACAGTATCTTCAGGG TCCATTGGAGGACAGATAAG 50.0
CTN13 TTCCCTACACTAAGGTCGAA CCATCCGAACTATGAGAAGA 48.9
CTN14 AATGAGCTGCAATTACCAGT CAATTCGTTAGTGGTTGGAT 49.3
CTN15 TTCTGAGGAAAGCTGAAGAG CAGGGTATCCCAAGACATTA 49.5
CTN16 GTGAGAGTCAGAAGCCTGTC GCTACTTGTAATGGTGGTCC 52.0
CTN17 ATACAAGGAAGGGCCTAAAC CTGAGAAAGAACTTGGTTGG 49.6
CTN18 ATATTCTC CGTGACATCCAG TTAGGCTACACGTCAAGGTT 50.5
CTN30 TAGGCAGAAGAAGAGAGCTG GAGCTGTCTCGGCAATATAC 51.3
CTN31 AGGATATGGAATGGGAGTTT GACTCTGGAATGAAAAGCAG 49.0
CTN32 CTTTGAAACTAACCCTCACG ACACTGCATTCTATCATCCC 49.6
CTN39 TTAGCTCCCACGAAGAGTAG CCCATCTATCACCAATCCTA 50.0
CTN40 TAACACCACACTTGTTCCAA ACTCGTTGTATGCATCCTTT 49.9
GDR1 CTGCTCG CTGCAATTCTTG GAATTCCTCGATGCTGCCTA 49.4
GDR2 GACGATGGAACCCTTCTGAT CGTAGTAGCTGGTAGCATGCAG 52.2
GDR3 TTTCCCCTCATCCTTCTTCA TATCATCGTCCCCATCGTTT 46.7
GDR4 GCCCAAAACTTACCGAGTTG CAGAACCCCCTCTCACTGAC 51.8
GDR5 TTGCTCTCATTGCCATTGTC AAATCCCAAGCGTCAATCT 47.7
GDR6 GGCACCGCCATTGTTATTATT CCAAAATGGACATGTGTTTGG 48.1
GDR7 GACCTTGCCCGAGAATACAT CTTCCCAGCTTCACCAAGAG 50.8
GDR8 GGAAAAGCGGTGAG AGTG AG TGCCTTATCTTGGCAAATGTC 50.1
GDR9 CACGAGGCCTGAATCAATCT TGAGGAACAGGGAGCCTATG 50.8
GDR10 CCCTAAATCAAACGCAACAGA GG ACGTGG GTG GTGT AACTC 51.1
GDR11 GGTTTACACGCAGGTGGTTT TTCCACTCGCATTACCCAGT 49.7
Table 2. RGA primers used in the study
Marker Sequence ™ (°C)
RGKO07/HD03 GVGGVYTNGGCAARACDAC/AGNCTAARGGGAGGGCC 48
RGKO08/HD03 GVGGVTCNGGSAARACDAC/AGNCTAARGGGAGGGCC 48
RGKO07/HD04 GVGGVYTNGGCAARACDAC/AGCGCCARCGGGAGGCC 52
RGKO08/HD04 GVGGVTCNGGSAARACDAC/AGCGCCARCGGGAGGCC 52
RGKO06/HD04 GHGGGATGGGGAARACDAC/AGCGCCARCGGGAGGCC 54

V=A/C/G Y=C/T N=A/C/GIT R=A/G M=A/C W=A/T S=C/G K=G/T H=A/C/T D=A/GIT

Table 3. PCR conditions for EST-SSR analysis in cluster bean

Initialdenaturation
Denaturation
Annealing
Extension

Final Extension

94°C for 3 min.
94°C for 1 min.

46-52 °C* for1:50 min.

72°Cfor2min.
72°C for 10 min.

*Annealing temperature varied with different primers used in PCR
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NTSYS-Pc (Version 2.02) developed by Rohlf (1990). Dice's
similarity coefficients (F') was calculated using the
programme SIMQUAL. Similarity coefficients were used to
construct UPGMA (unweighted pair group method with
average) to generate Dendrogram.

RESULTS AND DISCUSSION
A total of 19 EST-SSRs (Table 4) and five RGAs
primers out of 29 EST-SSRs and 5 RGAs primers showed
polymorphism which was used to screen F, progenies of
clusterbean cross (HG75xPNB) along with their parents with
a view to detect polymorphism for gum content and disease
resistance (Table 4).

A total of 19 EST-SSR and five5 RGA primers were
used for DNA amplification in 40 F, progenies and 2 parents
to detect polymorphism (Table 5). Amplification was
observed in all the genotypes with 100 per cent
polymorphism. Allele scoring was done for the obtained EST-
SSR and RGA primers in the form of 0/1 matrix which was
used to calculate the similarity genetic distance using
'SIMQUAL' sub-programme of NTSYS-PC (version 2.02)
software (Numerical Taxonomy and Multivariate Analysis
System Programme, Rohlf, 1990). Dendrogram,
representing the association among different progenies, was

constructed by using distance matrix by the Unweighted Pair-
Group Method with Arithmetic Average (UPGMA) (Fig. 1).
The dendrogram indicated that 42 clusterbean genotypes
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Fig.1. Dendrogram of genetic relationships among 40

progenies and two parents based on 19 EST-SSR
and 5 RGAprimers

Table 4. Polymorphic EST-SSRs primer, their predicted function and allele size

Primer name Predicted functions Allele size (bp)
PNB HG75
GDR1 CDSP32 Protein (Chloroplast Drought-induced Stress Protein of 32kda) (Solanum tuberosum) 250 275
GDR2 Chitinase (Medicago truncatula) 250 275
GDR3 Fiber Protein Fb2 (Gossypium barbadense) 550 ~575
GDRA4 Grrl (Glycine max) 275 300
GDR6 Pathogenesis-related Protein Bet V | Family (Glycine max) 275 300
GDR7 Salt Tolerance Protein 3 (Beta vulgaris) 550 575
GDR8 Salt-tolerance Protein (Glycine max) 300 275
GDR9 Selenium Binding Protein (Lotus corniculatus Var. japonicus) 350 375
GDR10 Singnal Transduction SRC2 (Glycine max) 250 260
GDR11 Pahsts14 (Solanum tuberosum) 250 260
CTNO5 Beta-1,4-mannan Synthase (Cyamopsis tetragonoloba) 400 380
CTNO9 Nodule-enhanced Sucrose Synthase (Pisum pativum) 280 300
CTN14 Putative Gdp-mannose Pyrophosphorylase (Arabidopsis thaliana) 850 700
CTN16 Sucrose Synthase [Lotus corniculatus Var. japonicus) 520 500
CTN17 Udp-glucose 4-epimerase (Galactowaldenase) (Udp-galactose 4-epimerase) 400 380
CTN21 Mannosidase 860 890
CTN31 Carbohydrate Transporter/ Sugar Porter (Arabidopsis thaliana) 550 500
CTN32 Nucleotide-sugar Transporter/ Sugar Porter (Arabidopsis thaliana) 400 450
CTN40 Transferase, Transferring Glycosyl Groups / Transferase, Transferring Hexosyl Groups 250 240

(Arabidopsis thaliana)
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Table 5. Primers and their polymorphism and PIC value
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Primer Mmonomorphic band Polymorphic band Percent polymorphism PIC
(Number) (Number)

GDR1 0 2 100 0.49
GDR2 0 2 100 0.50
GDR3 0 2 100 0.49
GDR4 0 2 100 0.50
GDR5 1 0 - -
GDR6 0 2 100 0.48
GDR7 0 3 100 0.52
GDR8 0 2 100 0.46
GDR9 0 2 100 0.49
GDR10 0 2 100 0.50
GDR11 0 2 100 0.47
CTN3 - - - -
CTN4 - - - -
CTNO5 0 2 100 0.50
CTN7 - - - -
CTNO9 0 2 100 0.49
CTN10 - - - -
CTN11 1 0 - -
CTN12 1 0 - -
CTN13 - - - -
CTN14 0 2 100 0.49
CTN15 1 0 - -
CTN16 0 2 100 0.49
CTN17 0 2 100 0.49
CTN18 - - - -
CTN21 0 2 100 0.49
CTN31 0 2 100 0.50
CTN32 0 2 100 0.50
CTN39 - - - -
CTN40 0 2 100 0.50
RGKO07/HDO03 0 2 100 0.50
RGKO08/HD03 0 3 100 0.84
RGKO07/HD0O4 0 2 100 0.42
RGKO08/HD04 0 7 100 0.50
RGK06/HD04 0 2 100 0.49

(40 progenies and two parents) formed two major clusters at
a similarity coefficient of 0.48. Cluster | included HG75 and
8,39,24,19,2,22 and 28 number of progenies. The second
cluster was occupied by PNB and other 33 progenies. The
second cluster was further divided into sub clusters at 0.51
similarity level. These sub groups are further divided into
small clusters as the similarity coefficient level increases.
Progenies 13 and 40, 16 and 23, 27 and 35, 11and 30, 17 and
37,18 and 26, 21 and 31 showed maximum relatedness with
each other

The estimated PIC can be used to quantify the
genetic polymorphism of each locus in a segregating
population. PIC value ranged from 0.42 to 0.84 with a mean
value of 0.50. The lowest value (0.42) was for the loci
RGKO07/HD04 and the highest PIC value (0.84) was for the
loci RGK08/HDO03. The PIC values indicated discriminatory
power of the loci analyzed.
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Abstract: This study was conducted in order to estimate the gene effects, which determine the inheritance of yield and its contributing traits
and to search the genetic structure of each group in an 8 x 8 diallel (excluding reciprocals) cross group established by crossing diverse
genotypes of linseed. Analysis of variance reveals that additive (except for seeds per capsule and harvest index) and dominance genetic
variances were significant for all characters. The value of D is less than H, and H, for all the traits except plant height. The value of h? component
was highly significant for all characters except plant height, number of seed per capsule, 1000 seed weight and harvestindex. The significant of
positive value of h” indicated presence of dominance. The value of mean degree of dominance (H,/D)® in F, generation was more than unity for
all the characters.The proportion of positive and negative alleles in the parent were distributed asymmetrically. The dominant genes for all the
characters were frequently distributed in F,s. The estimate of (h’/H,) in F, indicated that one major gene group is controlling the inheritance of all
the characters except days to 50% flowering, biological yield per plant and seed yield per plant.

Key Words: Genetic inheritance, Heritability, Linseed

Oilseed crops occupy prestigious place in Indian
agriculture due to their vital role in the sustainable economy
of the country. Linseed (Linum usitatissimum L.) stands next
to rapeseed mustard in respect of area as well as in
production in the country and is annual self-pollinated diploid
(2x=2n=30) oilseed crop belonging to Linaceae family. In
India, linseed occupied 3.59 lakh hectare area with 1.46 lakh
tonnes production and productivity of 408 kg ha™ in 2011-12
(Anonymous, 2012). The low productivity of Linseed in India
is also attributed to its cultivation in marginal and sub-
marginal, rainfed soils, lack of seed of improved varieties,
meagre or no application of fertilizers, etc.. Qualitative
characters controlled by one or a few major genes are more
readily manipulated in a breeding programme as compared
to quantitative traits controlled by many genes. Nevertheless,
the breeder is concerned mainly with quantitative
characteristics which could be of use in both formulating and
performing the breeding programme. The inheritance of the
characteristics chosen has a major influence on the strategy
employed for cultivar development. With limited scope to
bring additional area under Linseed cultivation bulk of future
increases in linseed production have to come primarily from a
combination of high yielding plant types and standard crop
management practices. Therefore, there is a need of
concerted effort to develop high yielding varieties of this crop
for increasing its productivity and production. Considering all
above facts, the present investigation will be taken with

following objectives, estimation of six components of
variance which helps in estimation of various genetic ratios
like average degree of dominance, ratio of dominance and
recessive genes in the parents, proportion of genes with
positive and negative effects in the parents and number of
gene group which control the characters. The estimation of
genetic components helps in the selection of suitable
breeding procedure for the genetic improvement of various
quantitative traits in Linseed.

MATERIAL AND METHOD

The experimental material for present investigation
comprised of 28 F'1s (developed by crossing eight parental
lines viz., NDL 2004-05, R-552, TL-11, TL-27, EC-1392,
A.95.B, GS-234 and Shekhar) in half diallel fashion design
during rabi 2011-12. The test genotype Shekharwas used as
check. A total of 36 treatments (28 F1's + 8 parents) were
evaluated in randomized block design with three replication
at N.D. University of Agriculture and Technology, Faizabad,
India. The entries were sown in a single row of 3 meter length
with inter and intra row spacing of 30 cm and 15 cm,
respectively. All recommended agronomic practices were
adopted in order to raise normal and healthy crop.

The observations were recorded from five randomly
selected competitive plants from each row on eleven distinct
morphological characters i.e., Days to 50% flowering, Plant
height (cm), No. of secondary branches plant® No. of seeds
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capsule™ Biological yield plant™ (g), Harvest index (%), Days
to maturity, No. of primary branches plant® No. of capsules
perplant®, 1000 seed weight (g) and Seed yield per plant (g).
The simple additive-dominance model, proposed by Jinks
(1954) and Hayman (1954) for diallelcross analysis and
heritability (h°) in broad sense for all characters was
computed using the formula adopted by Hanson et al. (1956).
Genetic components of variation (D, H,, H,, F, h* and E) for
eleven characters in F,s generation were estimated
(Hayman, 1954) and genetic advance as per cent of mean for
each character was computed (Johnson et al., 1955).

RESULTS AND DISCUSSION

Analysis of variance: The analysis of variance revealed
highly significant genotypic variations for all the characters
among eight genotypes. Mean squares for parental lines and
the crosses were significant at P<0.01 for all the characters,
whereas, the mean squares due to parents vs. crosses were
significant for majority of characters (Table 1).The estimates
of b and t* values for eleven characters indicated that the
value of t* was found to be non-significant for all the
characters studied (Table 2). The non-significant values of t*
support the validity of the hypothesis.

Estimation of component of variance: Genetic
components of variation namely D, H,, H,, F, h* and E with
their standard error (SE+) for eleven characters in F;s
generation are presented in Table 3. Additive component (D)
was highly significant and positive for all the characters
studied except for number of seeds per capsule and harvest
index, indicated that additive gene actions condition the
above characters. Patel et al. (1997) and, Kurt and Evans
(1998) have also reported additive genetic variance for
number of seeds per capsules and Patel et al. (1997) for oil
content.The estimates of dominance component H, and H,
showed highly significant values for all the characters. This
indicated that dominant gene actions condition the above
characters. However, for traits such as the days to 50 per cent
blooming, days taken to maturity, plant height, number of
primary and secondary branches per plant, 1000-seed
weight, biological yield per plant and seed yield per plant,
significant value of D and H revealed the importance of
additive and dominant genetic effects. The value of dominant
components was higher than additive components for all the
characters studied except plant height, indicating that genes
showing dominant genetic effects for such traits were more
important than additive genetic effects. The importance of
dominant variation was also indicated by significant H
components (H, and H,). The values of H, were higher than
the value of H, for all the characters in the F, population,

Table 1. Analysis of variance for parents and F;s for eleven characters in eight parent'sdiallel cross in Linseed

MS of characters

Source of
variation

Harvest
index (%)

ield

@)

¥

Seed

Biological

1000 Seed

Plant Primary Secondary
height branches/
(cm) plant

Days to

Days to

d.f.

Seeds
capsule™

Capsules
plant*

plant

yield plant
‘()

weight (g)

branches
plant®

maturity

50%
flowering

4.64
75.32**
70.83**
78.20**

0.43
3.82**

1.15
27.91*
20.87**
21.57**

248.20**

0.02
2.20**

0.32
0.67*

89.21
1791.78**

2.14
86.70**
110.92**

0.00
1.14%
0.78**

9.35
78.89**
262.48**
30.82**
91.72**

1.08
31.89**
35.79**
28.99**
82.88**

9.19
64.50**
68.28**
54.35**

312.15**

Replications

35

Treatments

1.97*

0.72** 3.07*

2114.81*

7
27

Parents

3.41*

67.10** 1468.65** 0.68** 2.00**

446.23*

1.13*

Fis

29.12*
7.21

27.81*

0.16 1.65**

0.

8255.35**

3.88*

1
70

Parent Vs. F;s

1.01 0.15

0.03

54.73

6.48

6.41 3.04 0.16

5.48

Error
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Table 2. Uniformity test for Wr - Vr using regression coefficient and t*

Characters B SEb + b-0/SEb 1-b/SEB 1§

Days to 50 % flowering 0.691 0.195 -3.551** 1.589 0.577
Days to maturity 0.405 0.146 -2.777** 4.072** 5.873
Plant height (cm) 0.954 0.160 -5.973* 0.290 0.038
No. of primary branches plant™ -0.011 0.279 0.041 3.626** 0.913
No. of secondary branches plant™ 0.520 0.207 -2.506* 2.317* 1.297
No. of capsules plant™ 0.673 0.347 -1.937 0.942 0.065
No. of seeds capsule™ -0.011 0.376 0.029 2.689* 0.041
1000- seed weight (g) 0.674 0.217 -3.109** 1.506 0.372
Biological yield plant™ (g) -0.043 0.203 0.212 5.126** 3.393
Seed yield plant™ (g) 0.115 0.212 -0.542 4,173 2.855
Harvest index (%) -0.111 0.203 0.547 5.462** 3.301

* ** Significant at 5% and 1% level; respectively

which reflected that the dominant genes were unequally
distributed. Highly significant and positive value of F
component recorded for characters plant height, number of
secondary branches per plant and number of capsules per
plant, indicated that the dominant genes were more
frequently distributed than the recessive genes in the
parents. Days to 50 per cent flowering, days to maturity,
number of primary branches per plant, number of seeds per
capsule, 1000 seed weight, biological yield, seed yield per
plant and harvest index were non-significant .The
significance of values of h? indicated the important effect of
heterozygous loci for the days to 50% flowering, days to
maturity, number of primary branches secondary branches t,
number of capsules plant®, biological yield plant* and seed
yield plant®. The estimates of the component E were non-
significant for all the characters in the present study except
days to maturity and number of seeds per plant. The
presence of non-significant effects of component, E showed
that environment did not affect the expression of the genes
for various traits. Even though the environmental component
was significant it was much lower than additive and
dominance variance.

Estimation of genetic ratio: The components of variance
were exploited for the estimation of various genetic ratios
namely mean degree of dominance (H,/D)*°, proportion of
genes with positive and negative effects in the parents
(H,/4H,), ratio of dominant and recessive genes in the
parents (KD/KR) and the number of gene groups which
control the characters (h*H,) are presented in Table
3.Estimates for mean degree of dominance (H,/D)** for all the
characters were more than one signifying over dominance in
F, hybrid which was denoted by the regression slope. This
indicated, that all the characters might be governed by over-
dominance. These results are supported by earlier report of

Yadav (1997). The proportion of positive and negative alleles
in the parent (H,/4H,) was less than unity for all the
characters, which indicated that the positive and negative
alleles were distributed asymmetrically. The proportion of the
dominant and recessive genes in the F,s (KD/KR) was
recorded more than unity for all the characters, indicated that
the dominant genes were frequently distributed as compared
to their recessive genes. The number of gene group which
control the character in F,(h*/H,) was observed less than unity
for all the characters except days to 50% flowering, biological
yield plant®and seed yield plant®, which indicated that one
major gene group is controlling the inheritance of these traits.
The values obtained more than unity showed that more than
one major gene groups were responsible for their
inheritance. The coefficient of correlation (r) between
parental order of dominance and parental measurement was
positive for all the traits except, number of primary branches
plant®, number of seeds plant™, biological yield plant® and
harvestindex.

Estimation of heritability and genetic advance: High
heritability coupled with moderate genetic advance in per
cent of mean was recorded for harvest index, seed vyield
plant‘and number of capsules plant*offered scope for
improvement through selection (Table 4). Moderate or high
heritability along with low genetic advance in per cent of
mean was observed for remaining characters indicated
selection is not much affected for these traits. Other workers
who support our study are by Mahto et al. (1998), Bhateria et
al. (2006) and Belete et al. (2013).

Various components analysis showed highly
significant differences for dominance components in the F,
generation for all the characters. The magnitudes of H, were
higher than H, for all the traits in F, generation. Lower value of
additive components, indicates that dominant genetic effects
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h?/H,
1.50
0.73
0.28
0.50
0.70
0.68
-0.01
0.24
1.28
1.03
0.04

0.82*
0.75*
0.93**
-0.02
0.72*
0.62
-0.01
0.77*
-0.09
0.22
-0.22

1.25
145
4.07
211
2.28
221
2.48

20
1.59
1.23
1.75

KD/KR
1.

Ha/4H,
0.86
0.17
0.15
0.19
0.21
0.20
0.19
0.21
0.23
0.24
0.22

H,/D°
1.47
1.58

9.9
2.78
1.89
191
2.34
1.14
2.28
2.76
2.23

1.86
2.09*
1.07
0.05
212
18.56
0.08*
0.01
0.34
0.05
2.38

6.77
5.74
103.21**
0.41
51.52*
987.94**
0.32
0.21
6.84
0.35
25.67

h2
50.40**
12.68**
14.58
0.61**
72.28**
1346.27**
-0.01
0.27
40.57**
4.54**
3.74

H,
33.60**
17.37*
51.30**

1.23**
104.79**
1968.03**
0.68**
1.12*%*
31.61*
4.39*%*
94.45**

Hi
45.16**
24.70**
84.02**

1.59**
124.76**
2493.30**
0.90**
1.31**
34.53*
4.60**
105.25**

20.90**
9.84**
86.42**
0.207*
34.85**
686.37**
0.16
1.01*
6.62*
0.60*
21.23

Significant at 5% and 1% level; respectively

No. of primary branches plant™
No. of secondary branches plant™

Days to 50 % flowering
Days to maturity

Plant height (cm)

No. of capsules plant™®
No. of seeds capsule™
1000- seed weight (g)
Biological yield plant™® (g)
Seed yield plant™ (g)
Harvest index (%)

Characters

Table 3. Estimates of genetic components of variance in respect to eleven characters in diallel cross in Linseed

* k%

Table 4. Estimates of heritability and genetic advance for
eleven charactersin Linseed
Characters Heritability in Genetic
broad sense (%) advance in per
cent of mean

Days to 50 % flowering 91.50 13.56
Days to maturity 79.90 4.31

Plant height (cm) 96.10 29.96
No. of primary branches plant® 85.90 24.60
No. of secondary branchesplant™ 92.50 58.47
No. of capsules plant* 96.90 101.74
No. of seedscapsule* 64.40 7.86

1000- seed weight (g) 98.50 35.83
Biological yield plant® (g) 96.30 32.36
Seed yield plant™ (g) 96.00 96.86
Harvest index (%) 90.40 104.95

for such traits were more important than additive genetic
effects. High estimates of heritability showed that the
characters were governed by additive genes. Thus, the
selection in later generations may be more effective. The
estimate of (h’/H,) in F, indicated that one major gene group is
controlling the inheritance of most of the characters. The
coefficient of correlation (r) between parental order of
dominance and parental measurement was found to be
positive for most the traits. It may be said that overall
information obtained in the present study, if practiced with
care can go a long way in developing promising hybrids of
linseed.
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Abstract: Field experiment was conducted to find out the effect of conservation tillage and weed control methods on productivity and
economics of maize production. Zero tillage along with crop residue in rainy and winter seasons ZT+R-ZT+R recorded higher grain and straw
yield during 2014 compared to conventional tillage (CT) both in rainy and in winter seasons CT-CT method of tillage. CT-CT method of tillage
during 2013 and ZT+R-ZT+R during 2014 recorded significantly higher gross return compared to rest of the treatments. The higher net return
and B:C ratio was recorded under zero tillage along with crop residue in rainy and winter seasons (ZT+R - ZT+R) compared to CT-CT and zero
tillage (ZT) in winter seasons (CT-ZT) method of tillage. Integrated weed management performed in maize crop recorded higher gross return
and net return during 2013 and 2014 compared to application of recommended herbicide and weedy checks. However, application of
recommended herbicides in maize recorded significantly higher B:C ratio during 2013, while during 2014 it was similar to integrated weed
management. It can be concluded that for higher productivity and profitability maize can be grown under zero tillage along with soil cover with

crop residue of previous wheat crop.

Key Words: Tillage, Weed control, Maize, Conventional tillage, Zero tillage

Maize is one of the main foods for millions of people
due to compatibility with different climatic conditions. It is
most sensitive to weeds competition especially during early
stage of crop growth. It grows slowly during first 3 to 4 weeks.
The damage in maize caused by weeds, is estimated
between 10 to 15% of total production in developed countries
in temperate zones. Farmers sometimes spend more than
half struggle to control weeds (Rashed et al., 2001). Results
of some studies showed that weeds are able to use nutrition
of soil more than crops (Yadavi et al., 2008; Rashid et al.,
2008). Many research results showed that ploughing
increases weed population. However, other studies indicated
that weeds population is higher in non tillage and reduced
tillage methods. It is reported that a deep ploughing reduced
weeds due to transfer of weed seeds through deep soil, and
shallow ploughing and reduced tillage increased the density
of weed seeds due to transport through the soil surface.
Tillage methods have significant effect on grain yield,
biological yield, grains per cob and leaf area index (Abdollahi
et al., 2011). Combination of different methods of weed
control appears necessary due to importance of weed
management in maize crop. The aim of this study was to
determine the effects of weed control methods under
different tillage sequences adopted during rainy and winter
seasons on weed density and maize yield.

MATERIAL AND METHODS
Experiment was conducted at Birsa Agricultural
University during rainy seasons of 2013 and 2014 to find out

the effect of tillage and weed control methods on productivity
and economics of maize production. The treatments
comprised of five different tillage methods in main plots i.e.,
conventional tillage both in rainy and in winter seasons (CT-
CT), conventional tillage in rainy and zero tillage in winter
seasons (CT-ZT), zero tillage both in rainy and winter
seasons ( ZT-ZT), zero tillage in rainy and zero tillage along
with crop residue in winter season ( ZT-ZT+R) and zero
tillage along with crop residue in rainy and winter seasons
(ZT+R-ZT+R) and weed control methods in sub plots namely
recommended herbicide i.e., atrazine 1.0 kg ha® (RH),
integrated weed management containing intercropping with
black gram + pre emergence application of pendimethalin 1.0
kg ha™ + manual weeding at 30 days after sowing (IWM), and
weedy check. The experimental soil was poor in nitrogen
(167 kg ha™) and phosphorus (19 kg ha™), medium in potash
(187 kg ha"). The pH was 6.2. The plot size was 8.4 X 6
meter. The conventional method of tillage was performed by
ploughing field twice each followed by planking to break the
clods. In zero tillage method the field was cleaned with
prevailing weeds by spraying paraquat @ 1.0 kg ha™ and the
sowing was performed three days after application of
paraquat by opening the furrows. The seeds and fertilizers
were placed in the furrows. Seed rate for maize and wheat
was 20 and 125 kg ha™ respectively. Row to row and plant to
plant spacing for maize was maintained at 70 X 20 cm and for
wheat it was 20 cm row to row. The seeds sown under zero
tillage were treated with chlorpyryphos @ 10 ml in 40 ml
water in order to protect seeds from insect pests like termites
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and cut worm. A fertilizer dose of 120 kg nitrogen, 60 kg
phosphorus and 40 kg potash was given to both the crops.
Half of nitrogen was given at the time of sowing and
remaining half in two splits i.e. at knee height, and tasseling
stages in maize while after first irrigation at 25 days after
sowing and another at 45 days after sowing in wheat. Weed
samples for weed density and their dry weight were selected
randomly from one meter square. The samples were
uprooted, cleaned and sun dried after grouping them under
grassy, broad leaf and sedges weeds. The threshed straw of
previous wheat crop was applied as residue in maize plots as
per treatment.

RESULTS AND DISCUSSION

The field was infested with major weeds like Alternenthera
sessils, Commelina nudifolia, Paspalam distichum,
Ageratum conyzoides, Celosia argensia, Stellaria media, as
broad leaf weeds, Digitaria sanguinalis, paspalam distichum,
Echinocloa crusgalli, Cynodon dectylon as grassy and
Cyperus rotundus as sedges weeds.

Tillage methods: Conventional method of tillage in rainy and
winter seasons recorded reduced density of grassy and
sedges weeds in maize crop at 30 and 60 DAS during 2013
while during 2014, ZT+R-ZT+R being similar to ZT-ZT and
ZT-ZT+R recorded reduced density of sedges compared to
CT-CT and CT-ZT to the extent of 40 and 41.79 per cent,
respectively. The total weed density in ZT - ZT+R at 60 DAS
was similar to CT - ZT, ZT - ZT, and ZT+R - ZT+R and was
significantly lower compared to CT - CT during 2014. The

weed dry matter also (Table 2) significantly reduced in ZT+R -
ZT+R compared to mean of rest of the tillage combinations.
The result confirms the findings of Arif et al. (2007) and
Cardinaetal. (2002).

Weed control methods: Among weed control methods
integrated weed management (IWM) performed in maize
recorded significantly reduced density of grassy, broad leaf
and sedges weeds as well as total by of 65.31, 66.22, 72.54
and 68.14 per cent, respectively, compared to weedy checks
at 30 DAS during 2013 . At 60 DAS, IWM reduced grassy and
broad leaf and total weeds by 82.41, 67.71 and 75.27 per
cent, respectively, compared to weedy checks during 2013.
During 2014 IWM, recorded reduced density of broad leaf,
sedges as well as total weeds by 78.57, 73.91 and 70.48 per
cent compared to weedy checks at 30 DAS while at 60 DAS
the reduction of grassy, broad leaf, sedges as well as total
weeds were 36.92, 77.87, 74.31 and 67.22 per cent. The
weed dry matter accumulation recoded under IWM was
significantly lower compared to weedy checks to the extent of
68.57, 75.46 during 2013 and 41.82 and 43.26 per cent
during 2014 at 30 and 60 DAS, respectively.

Yield and Economics

Tillage methods: Conventional or zero tillage methods
performed prior to sowing of maize crop did not influence
grain nor straw yield of maize during 2013. The comparable
yield under different tillage methods was also reported by
Ram et al. (2010). However, during 2014, ZT+R-ZT+R being
similarto CT-ZT, CT-ZT, ZT-ZT+R recorded 86.82 and 97 per
cent higher grain (3133 kg ha™) and straw (6676 kg ha™) yield

Table 2. Effect of tillage and weed control methods on weed dry matter at different crop stages of Maize during 2013 and 2014

Treatments 2013 2014

30 DAS 60 DAS 30 DAS 60 DAS
CT-CT 6.73(48.70) 9.01(88.47) 7.99(66.61) 8.89(80)
CT-ZT 6.85(49.83) 9.76(104.21) 7.78(62.43) 9.14(85)
ZT-ZT 8.27(72.99) 10.04(115.90) 7.06(51.64) 8.40(73)
ZT-ZT+R 7.41(62.14) 10.17(119.81) 7.54(56.96) 8.33(71)
ZT+R-ZT+R 7.62(64.47) 11.54(148.46) 7.70(58.97) 8.19(67)
CD (p=0.05) NS NS NS 1.04
Weed Control
R-H 6.10(38.14) 8.07(66.07) 6.68(44.71) 7.87(62)
WM 5.80(33.65) 7.41(55.18) 7.00(49.01) 7.70(59)
wC 10.23(107.09) 14.83(224.86) 9.16(84.25) 10.20(104)
CD (p=0.05) 495 4.88 1.57 221
Interaction
CD (p=0.05) 2.44 NS 1.20 NS
CV% 8.77 10.75 7.93 7.86

The data in parenthesis are the original values
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Table 3. Effect of conservation tillage and weed control methods on yield attributes and yield of maize (2013 and 2014)

Treatments Grains/cob 100 seed weight (g) Grain yield (kg ha™ (p=0.05))  Stover yield (kg ha™ (p=0.05)
Tillage 2013 2014 2013 2014 2013 2014 2013 2014
CT-CT 294 396 28.92 19.68 2415 1677 5530 3389
CT-ZT 299 444 31.50 19.41 2043 1872 4946 3997
ZT-ZT 282 458 26.91 21.46 1842 2694 4517 5588
ZT-ZT+R 322 414 27.48 22.02 2245 2839 4153 5892
ZT+R-ZT+R 286 381 26.61 20.45 2104 3133 4762 6676
CD (p=0.05) NS 71.64 2.36 2.58 NS 1417.34 NS 2633
Weed control
RH 343 433 28.83 20.66 2364 2672 4798 5549
IWM 300 443 28.22 22.30 2609 3098 5686 6517
wcC 247 380 27.80 18.86 1417 1559 3860 3260
CD (p=0.05) 86.85 69.33 NS 4.72 505 1175.93 2377 4291
Interaction
CD (p=0.05) 104.0 NS 3.66 3.60 NS NS 1816 3277
CV% 17.29 11.37 6.41 6.22 18.32 25.75 22.41 13.98
Table 4. Effect of conservation tillage and weed control methods on economics of maize (2013 and 2014)
Treatments Gross return (Rs ha) Net return (Rs ha®) B:C ratio
Tillage 2013 2014 2013 2014 2013 2014
CT-CT 47285 31933 28293 12943 1.49 0.61
CT-ZT 40537 36073 21549 17083 1.15 0.83
ZT-ZT 3664 51583 21980 36893 1.49 251
ZT-ZT+R 41981 54367 27286 39677 1.87 2.81
ZT+R-ZT+R 41084 60342 26392 45652 1.83 3.10
Sem= 3665 7598 3665 7598 0.20 0.47
CD (p=0.05) NS 24774 NS 24774 NS 1.52
Weed control
RH 45055 51173 30497 36615 2.13 2.73
IWM 50507 59497 29586 38583 1.43 1.90
wcC 28976 29908 15218 16150 1.13 1.34
Sem + 2511 4470 2510 4470 0.11 0.26
CD (p=0.05) 9855 17547 9854 17546 0.42 1.02
Interaction
Sem+ 2511 4470 2511 4470 0.11 0.26
CD (p=0.05) 7526 13400 7526 13400 0.32 0.78
CV% 17 21.22 20.43 12.36 4.09 4.43

Price of per grain — Rs. 15/-kg™ and straw — Rs. 2/-kg™

compared to CT-CT method of tillage. CT-CT method of
tillage during 2013 and ZT+R-ZT+R similar to ZT-ZT and ZT-
ZT+R during 2014 recorded significantly higher gross return
(Rs. 47285 and 60342 respectively) owing to higher grain
and straw yield compared to rest of the treatments. The
higher net return (Rs. 45652) and B:C ratio (3.19) was
recorded under ZT+R-ZT+R which was similar to ZT-ZT and
ZT-ZT+R comparedto CT-CT and CT-ZT method oftillage.

Weed control methods: Integrated weed management
performed in maize crop recorded higher gross and net
return during 2013 and 2014 compared to weedy checks and
was similar to application of recommended herbicides.
However, application of recommended herbicides in maize
recorded significantly higher B:C ratio (2.13) during 2013
while during 2014 (2.73) it was similar to integrated weed
management.
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Thus for higher productivity and profitability maize
can be realised under zero tillage along with soil cover with
crop residue of previous wheat crop.
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Abstract: An investigation was conducted with fifty soybean genotypes to identify the diverse genotype for the use in hybridization through
genetic diversity analysis by Mahalanobis's D? statistics (1936). The results revealed significant differences among genotypes for all studied
traits. Fifty genotypes were grouped into eleven clusters. Cluster | and cluster Il were polygenotypic found to be the largest cluster
eachcomprising of 13 genotypes. Cluster X showed maximum intra cluster D* value (D* = 64.02) followed with cluster V (D? = 53.07), cluster IV
(D?=43.20). The traits number of pods per plant (30.86%) contributed most towards genetic divergence followed by biological yield (30.04%).
Cluster IV and cluster VI revealed highest contribution towards genetic diversity. Entries from cluster I, Il, IV, V and X can be used of crossing
programme for development of new in place of advance breeding genotypes in place of lines. The potential genotypes based on the D’
statistics was found to be JS 20-69, JS 95-60, JS 20-29, JS 20-34, JS 20-50, JS 20-65, JS 20-71, JS 20-97, JS 20-86, JS 20-53, JS 20-98, JS
20-96, RVS 2007-4, JS 20-89, JS 20-29, JS 20-88, JS 20-41, JSM 230, which a be used for further studies.

Key Words: D?, Genetic diversity, New breeding genotypes, Soybean

Soybean [Glycine max (L.) Merill] is the chief
oilseed crop in India contributes 43 % oilseeds and 29 %
edible oil production in the country. Madhya Pradesh
contribution has always been largest and substantial in
respect of area and production of country's total.
characterized by low vyield, partly because of low vyield

It is

varieties, lodging and pod shattering, in addition to other
constrain.The development of new variety is directed by the
genetic diversity among the population and scope of
variability for the desired traits. Soybean being a self
pollinated oilseed crop faces the constraint of narrow genetic
base. Every crop improvement programme, genetic diversity
analysis is the primary and major step. In recent years
soybean productivity has been declining due to impact of
abiotic and biotic stresses alongwith environmental
fluctuations. Large yield gap requires superior pre-breeding
efforts to broaden the genetic base suitable for screening
better genotypes. There is a possibility of increasing soybean
yield potential upto 27% through developing four seeded
plant ideotype (Shrivastava et al., 2011). Genetic diversity
among genotypes requires a proper strategy. Selection of
genotypes with wider adaptability and enhanced genetic
diversity is key factor for development of varieties. Genetic
divergence analysis is of crucial significance to the plant
breeder as it helps in forming an efficient breeding
programme. Genetically diverse parents produce better and
desirable segregates. Thus Mahalanobis's D statistics is a
powerful tool to measure genetic divergence within a set of

genotypes. It allows accurate comparison among all the
population in given group and degree of diversity among
them.They are often extended to the classification of a
population into groups of distinct orders based on similarities
in one or more traits, and thus guide in the choice of parents
for hybridization. Das et al. (2001) reported that grouping
pattern of the diverse genotypes suggested no parallelism
between genetic divergence and geographical distribution of
the genotypes. The genotypes which have greater
morphological similarity were grouped in clusters. (Ghatge
and Kadu, 1993). Some potentially important traits have
been identified and could be exploited for specific trait
improvement and assemblage of core collection from a bulk
genetic stock. Present study aims to analyze the genetic
diversity of fifty recently evolved soybean genotypes for
identifying promising parental genotypes.

MATERIAL AND METHODS

The investigation was carried out consisting of fifty
new breeding genotypes of soybean which includes mutant
lines, released varieties, and advance breeding lines. The
experiment was conducted during Kharif 2013 in RBD with
three replications at seed breeding farm, Jawaharlal Nehru
Krishi Vishwa Vidyalya, Jabalpur; M.P. Observations were
recorded for phenological traits and ten morphological traits.
Recommended package of cultivation practices were
followed in the trial. Five random plants were selected to
record data on phenological traits i.e. vegetative and
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Table 1. Percentage contribution towards genetic
divergence by all the traits
Traits Times Percentage
ranked contribution

Number of branches plant® 0 0
Number of nodes plant™ 1 0.08
Number of pod clusters plant™ 9 0.73
Reproductive phase in place of stage (days) 30 1.35
Plant height at (cm) plant™ 45 2.67
Vegetative phase in place of stage (days) 57 3.79
100 seed weight (g) 47 4.60
Seed yield plant™ 18 4.65
Number of seeds plant™ 92 7.51
Harvest index (%) 180 14.50
Biological yield plant™ (g) 368 30.00
Number of pods plant™ 378 30.18

reproductive phases in place of stages and morphological
traits (Table 1) The replicated data of phenological and
guantitative traits were subjected to genetic divergence
analysis using Mahalanobis's D? (1936) statistic as
suggested by Rao (1952). All the soybean genotypes were
grouped into respective clusters on the basis of values
following Toucher's method. The estimation of 'E' (Wilk's
criterion) was done using the following relationship.

'E = (E)/ (E+V) Where,

(E) = Determination of error sum of squares and
sum of products matrix.

(E+V) = Determination of error + Varieties sum of

squares a sum of products matrix

RESULTS AND DISCUSSION
Genetic diversity generalized distance (D?: For the

Table 2. Distribution of 50 genotypes into different clusters

Stuti Mishra, Avinash Jha and A. N. Shrivastava

determination of genetic divergence among 50 parentages of
soybean Wilk's E criterion value (28073.292) was found
highly significant. The V statistics value (2794.063) was also
highly significant at 588 degree of freedom. It showed that
genotypes differed significantly, when all the traits in place of
characters were considered simultaneously.The analysis of
variance showed highly significant differences within the
population for most of the traits studied.The D? values
corresponding to possible comparison among 50 new
breeding genotypes were computed separately in the
analysis.

Contribution of individual traits in place of characters
towards genetic divergence: The traits in place of
character viz. number of pods per plant (30.18 %) contributed
most towards genetic divergence followed by remaining traits
in descending order viz. biological yield (30%), harvest index
(14.50%), number of seeds per plant (7.51%), seed yield per
plant (4.65%), 100 seed weight (g) (4.60 %), vegetative
phase in place of stage (3.79 %), plant height (2.67 %),
reproductive phase in place of stage (1.35%) and while 2
traits in place of characters viz., number of nodes per plant
(0.08 %) and number of nodes per plant contributed less than
1 per centtowards divergence (Table 1).

Grouping of genotypes into different clusters: On the
basis of D values, the fifty recently evolved genotypes were
grouped into 11 clusters following Tocher's method (Table 2.).
Cluster | and cluster Il were polygenotypic (largest cluster
each with 13 genotypes) followed by cluster V (9 genotypes),
cluster IV (4 genotypes), cluster VII and X with (3 genotypes
each), while remaining 5 clusters were monogenotypic.

Intra and inter cluster divergence D’ values: The average
intra and inter-cluster D’ values estimated as per the

Cluster No. of genotypes Genotypes

Cluster | 13 JS 20-50, JS 20-65, JS 20-71, JS 20-97, JS 20-86, JS 20-53, JS 20-99, JS 20-96, RVS 2007-4,
JS 20-94, JS 20-79, JS 20-88, JS 20-41

Cluster Il 13 NRC 37, Bragg, JSM 146, JSM 283, JSM 126, JS 335, JS 2095, JSM 230, JS 20-80, JSM
207, JSM 242, JS 20-64, JSM 20-85

Cluster Il 1 JS 20-70

Cluster IV 4 JS 20-29, JS 20-98, JSM 127, JS 20-89

Cluster V 9 JS 20-73, JS 20-82, JS 20-59, JS 20-69, JS 97-52, JS 20-91, JS 20-93, JSM 302, JSM 20-90

Cluster VI 1 JS 20-92

Cluster VII 3 JSM 7, JSM 271, JSM 20

Cluster VIII 1 JSM 175

Cluster IX 1 JS 20-75

Cluster X 3 JS 95-60, JS 20-34, JS 93-05

Cluster XI 1 JS 20-74
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procedure given by Singh and Choudhary (1979) are
presented in Table 3 and the cluster mean values are
summarized in Table 4. Cluster X showed maximum intra
cluster D* value (D* = 64.02) followed with cluster V (D* =
53.07), cluster IV (D? = 43.20), cluster Il (D* = 39.52), cluster
VIl (D? = 34.78) and cluster | (D* = 32.53).

The highest inter cluster divergence was observed
between genotypes of cluster IV and X (D* = 451.03),
followed by cluster IV and VII (D* = 437.53) IV and VI (D* =
433.83). The genotypes belonging to the clusters separated
by high statistical distance could be used in hybridization
programme for obtaining a broad spectrum of variation
among the segregates. It is true that more the divergence
between genotypes, grand would be the heterosis when
hybrid programme is planned to develop promising varieties
(Bekele et al., 2012), Cluster | (D* =32.53) was the largest
poly-genotypic cluster with 13 genotypes and was nearest
tocluster Ill (D* = 47.04), followed in descending order by
cluster VIll (D*=52.90), IX (D*=60.08), IV (D*=67.97), V (D*
=88.22), Il (D* = 122.99), XI (D* = 151.67), VIl (D = 252.98)
and cluster X (255.78), while cluster VI (D’ = 257.43) was
farthest or more distantly related to cluster |. Cluster 11 (39.52)
was also poly-genotypic cluster with genotypes number
same as above, but nearest to cluster Il (D* = 63.73) followed
by remaining clusters in ascending order viz., cluster VIl (D’ =
72.94),cluster IX (D* = 115.52), cluster V (D* = 124.12),
cluster X (D = 128.06), cluster VIII (D? = 130.26), cluster VI
(D* = 173.79) and cluster VI (D* = 184.63), however it was
placed at a maximum distance to cluster IV(D® =
262.16).Cluster IV (43.20) was poly-genotypic with four
genotypes, but nearest to cluster VIII (D’ = 86.99). Cluster V
(53.07) was poly-genotypic with nine genotypes, but nearest
to cluster IX (D* = 111.27). Cluster VII with three genotypes
(34.78) was poly-genotypic, but nearest to cluster X (D* =
180.60). Cluster X (64.02) was poly-genotypic with three
genotypes. Cluster Ill, Cluster VI, Cluster VIl and Cluster IX
weremono-genotypic.
Clusters mean showing importance of grouped
genotypes: In terms of traits under study Cluster | recorded
highest value for vegetative phase, plant height, number of
pod cluster per plant, number of pods per plant, number of
seeds per plant and biological yield per plant. Cluster Il
revealed high value for 100 seed weight and harvest index.
Cluster Il recorded highest value for number of plant height,
number of pod cluster per plant, number of branches per
plant, number of nodes per plant 100 seed weight and

harvest index. Cluster IV recorded highest value for
vegetative phase, plant height, number of branches per
plant, number of pod cluster per plant, number of pods per
plant, number of seeds per plant, 100 seed weight, harvest
index, biological yield and seed yield per plant. Cluster V
recorded highest value for vegetative phase, number of pods
per plant, number of seeds per plant, biological yield harvest
index and 100 seed weight. Cluster VI recorded high values
vegetative phase, reproductive phase and harvest index.
Cluster VIl recorded highest value for plant height, number of
pod cluster per plant, number of branches per plant, number
of pods per plant number of nodes per plant, number of seeds
per plant and seed yield per plant. Cluster IX recorded the
vegetative phase as the most late and the other high values
recorded traits were plant height, number of pods per plant,
number of nodes per plant, number of seeds per plant,
biological yield and seed yield per plant. Whereas Cluster X
recorded the earliest i.e. lowest value of vegetative and
reproductive phase and high value of 100 seed weight.
Cluster Xl recorded high values number of pod cluster per
plant, number of branches per plant, number of seeds per
plant, number of nodes per plant and biological yield.

From the above diversity analysis significant and
high values for different traits reveals that genotypes for early
duration genotypes from Cluster X, VII, VIII and XI can be
selected whereas for long duration genotypes fallen in
Cluster IX, IV, V, VI, | can be selected. For economic traits
viz., number of pods per plant, number of seeds per plant,
100 seed weight,
genotypes from Cluster IX, I, IV, VIII, V and X| were most
suitable. For seed yield per plant genotypes of Cluster IV, VIII

biological yield and harvest index

and IX are appropriate. From the above study the genotypes
which recorded fair performance and can be implemented in
hybridization program me and evaluate against abiotic
stresses were JS 95-60, JS 20-29, JS 20-69, JS 20-34, JS
20-50, JS 20-65, JS 20-71, JS 20-97, JS 20-86, JS 20-53, JS
20-98, JS 20-96, RVS 2007-4, JS 20-89, JS 20-88, JS 20-41
andJSM 230.
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Abstract: Cauliflower (Brassica oleraceae var. botrytis) leaves which are generally thrown away as waste are also rich source of iron and a-
carotene. Standardised ratios of cauliflower leaf powder and different wheat flours were used to develop high fiber biscuits and noodles.
Malted wheat flour increased the nutrition of the biscuits and noodles as compared to whole and roasted. Malted wheat fortification (70%)
showed highest moisture (1.66%), protein (9.51%), ash (1.59%) and fiber (13.62%). In noodles malted wheat showed the same effect. Highest
total sugar (3.77%), a-carotene (9.23 mg/100gm) and iron content (11.01 mg/100gm) was depicted in 70% malted wheat. However, the
highest organoleptic score and cost of production was seen in treatment with 90% malted wheat flour.
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Various studies carried out to develop high fibre
baked and extruded products but the main emphasis has
been given on incorporation of cereal and pulse husk. But the
scientists observed that the fruits and vegetables contain
higher level of cellulose than cereals. Besides having good
amount of dietary fibre, vegetables and fruits are also
considered to be chemical power houses that produce
dozens of unique, complex and biologically active organic
compounds which are known to affect significantly the quality
and duration of life.

Among vegetables, (Brassica
oleraceaevar. botrytis) is the most popular cole vegetable

cauliflower

grown extensively in India which is not only rich in nutrients
but has highest waste index. The edible portion of cauliflower
is curd (head), whereas, its leaves which are generally
thrown away as waste are also rich source of iron and a-
carotene and thus can be utilized in various value added
products (Kowsalya and Sangeetha, 1999). These are cheap
and within reach of common man and contribute about 50 per
cent of the total production of cauliflower. The leaves of
cauliflower are available only for a short period but these can
be dried or stored for use during lean season (Singh et al.,
2005). Dehydrated leaves are also rich source of &-carotene
and iron which can be used in sparce season. Hence,
incorporation of fibre rich ingredients in extruded products
will improve their nutraceutical properties and help to cater to
the health needs of various cross-sections of the population.

In context of this, the present study was carried out
to examine the effect of cauliflower leaf powder on proximate
composition of noodles during storage.

MATERIAL AND METHODS

Cauliflower (Brassica oleracea) leaves were obtained in
a single lot from local market. The leaves were separated
from their stalks, washed under running tap water and were
blanched for 10-15 seconds. After blanchingthe leaves were
dried at room temperature for 1-2 hours by spreading on filter
paper followed by drying in hot air oven at 40°C for 4-6 hours.
The dried leaves were ground to fine powder, passed through
20 mesh seive and packed in air tight containers for further
use.

Wheat was procured from local market, was

cleaned manually to remove any foreign materials, washed
thoroughly under running water to remove dust and dried in
sun. The cleaned and dried wheat were divided into 3 lots.
One lot was milled into flour and was treated as whole wheat
flour. Malted wheat flour was prepared by soaking wheat for
12 hours in water twice their volume. After that the water was
drained off, the soaked grains were wrapped in a moist
muslin cloth and kept for germination for a period of 48 hours
atroom temperature (25+2°C). The germinated wheat having
an average root length of 1.6 - 3.3 cm, respectively were oven
dried at 70 + 5 °C and milled (Goyle and Guijral, 1998).
However for roasted wheat flour the lot was cleaned, roasted
for 3 minutes, cooled and milled into flour.
Preparation of biscuits (Sweet 'n’ Salty): The process for
preparation of sweet n'salty biscuits using flour of wheat was
standardized using creaming method (Singh et al., 2005). Fat
was creamed with sugar and water. The other ingredients viz.
carom (ajwain), salt and ammonia powder were added and
creamed. Then folded the wheat flour and dried leaf powder
in above mixture. Rolled and cut into shape with the help of
cutter, and baked at 160 °C till done.
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Noodle preparation: The preparation of noodles involved
the mixing of wheat flour and dried cauliflower leaf powder by
adding optimum water. All these ingredients were mixed
properly to get desirable consistency dough. The prepared
dough was smeared with a little of refined oil and then it was
extruded by the hand extruder through suitable shape. The
product was then dried for 6 hours at 50-55 °C. After drying
they were cooled and packed in polyethylene bags and
stored under ambient temperature (Bui and Small, 2007).
There were 12 treatments whole wheat / malted wheat /
roasted wheat with cauliflower in ratio of 100:0 : 90:10 : 80:20
:70:30 (Table 1).

Table 1. Treatment details

Ty Whole wheat flour : cauliflower leaves 100:00
T Whole wheat flour : cauliflower leaves 90:10
T3 Whole wheat flour : cauliflower leaves 80:20
Ta Whole wheat flour : cauliflower leaves 70:30
Ts Malted wheat flour : cauliflower leaves 100:00
Te Malted wheat flour : cauliflower leaves 90:10
T7 Malted wheat flour : cauliflower leaves 80:20
Tg Malted wheat flour : cauliflower leaves 70:30
To Roasted wheat flour : cauliflower leaves 100:00
T1o Roasted wheat flour : cauliflower leaves 90:10
Tn Roasted wheat flour : cauliflower leaves 80:20
T2 Roasted wheat flour : cauliflower leaves 70:30

Proximate analysis of the formulated products: Moisture,
ash, crude protein, fat and crude fibre were determined
according to AOAC (1995). Free fatty acid in terms of oleic
acid was determined by method given by Singh et al. (2000).
Both reducing and total sugars were determined using
potassium ferricyanide method and results were expressed
as per cent glucose. (AACC, 1990). &-carotene was
determined as per method given in Srivastava and Kumar
(2002). Iron was determined according to method given in
Thimmaiah (1999). The samples were evaluated for overall
acceptability by semi-trained panel of 7-8 judges by using 9
point hedonic scale assigning scores 9- like extremely to 1-
dislike extremely. A score of 5.5 and above was considered
acceptable (Amerine et al., 1965).

RESULTS AND DISCUSSION

Nutrient composition of dried cauliflower leaf powder:
The moisture and protein contents were 2.41 and 26.54 per
cent, respectively. However, &- carotene, iron, copper,
manganese and zinc contents were observed as 43.11,
60.38,1.55,5.86 and 5.10 mg/100g.

Nutritional evaluation of wheat flour: Nutritional analysis
of wheat showed that the moisture, ash, crude fibre,

protein,fat, reducing sugar and total sugar were 9.12, 0.66,
1.26,7.80,1.55,1.15 and 2.25 percent, respectively. The iron
contentin wheatwas 9.26 mg/100g.

Nutritional evaluation of high fiber biscuits: The effect of
treatment combinations on the nutritional composition of high
fiber biscuits showed significant differences treatments. The
highest moisture (1.66%), protein (9.51%), ash (1.59%) and
fiber (13.62%) were reported in malted wheat flour:
cauliflower leaf powder::70: 30 and the lowest in treatment
whole wheat flour: cauliflower leaf powder, 100:0. However
treatment T, also reported highest total sugar (18.00%), a-
carotene (3.13mg/100gm) and iron content of 5.59
mg/100gm). Highest fat content of 22.62% was recorded in
treatment whole wheat flour: cauliflower leaves::100:00
(Table-2). The malted wheat flour improves the nutritional
content of flour because malting increases the enzyme
activity which helps in the breakdown of complex sugars and
starch in the flour. However the protein when digested and
metabolised in the body provides energy proteins which are
important bio-molecules (Ayo et al., 2014). Results are found
to be in cognizance with lwe (2000); Ayo and Nkama (2003).
Nutritional evaluation of high fiber noodles: The data
revealed in Table 4 represented the significant effect of
treatment combinations on nutritional composition of high
fiber noodles. The highest moisture (10.17%), protein
(13.45%), ash (1.09%) and fiber (3.56%) were reported in
treatment T, (malted wheat flour: cauliflower leaf powder::70:
30) and the lowest protein (11.38%), ash (0.82%), fiber
(3.30%), total sugar (1.60%), &- carotene (7.90 mg/100gm)
and iron content of 10.05 mg/100gm in treatment T, (whole
wheat flour: cauliflower leaf powder::100:0). However
treatment T, also reported highest total sugar (3.77%), &-
carotene (9.23 mg/100gm) and iron content of 11.01
mg/100gm). Highest fat content of 2.52% was recorded
inroasted wheat flour: cauliflower leaves:: 70:30 (Table 3).
Malted flours are relatively rich source of minerals, proteins
and flavour substances which accelerate dough conditioning
and contribute a distinctive flavour and aroma to the products
(Hruskovaetal., 2003).

Sensory quality of the high fiber biscuits and noodles:
Table 4 depicted the significant effect of flour combinations
on the sensory/organoleptic quality of high fiber biscuits and
noodles. Malted wheat flour: cauliflower leaves::90: 10
showed best results with regard to the sensory quality of the
products which were evaluated for taste, colour, texture and
overall acceptability using 9 point hedonic scale. In biscuits,
the best score for taste (8.18), texture (8.17), colour (8.14)
and over all acceptability (8.18) in treatment. However, this
treatment also proved tohave the same result on noodles
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Table 2. Nutritional composition of high fiber biscuits
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Treatments Moisture %  Protein % Fat % Fiber % Ash % Sugars % a-carotenemg/ 100g  Iron mg/100g
T. 1.64 7.36 22.62 6.12 1.10 15.03 2.76 5.10
T 1.62 7.37 22.29 6.82 1.13 15.29 2.78 5.13
T3 1.61 7.38 22.24 7.57 1.14 15.43 2.80 5.14
Ta 1.60 7.38 21.97 8.39 1.20 15.89 2.86 5.20
Ts 1.62 9.42 20.98 10.72 1.33 16.44 291 5.33
Te 1.64 9.43 20.83 11.50 1.46 16.99 2.99 5.46
T7 1.64 9.44 20.64 12.53 1.43 17.54 3.07 5.43
Ts 1.66 9.51 20.12 13.62 1.59 18.00 3.13 5.59
Ty 1.58 8.40 21.56 8.65 1.18 15.50 2.81 5.18
T1o 1.55 8.42 21.19 9.30 1.25 15.97 2.86 5.25
Tu 1.54 8.44 21.11 9.96 1.35 16.31 291 5.35
Ti2 151 8.45 21.07 10.21 1.36 16.48 2.93 5.36
Mean 1.60 8.42 21.38 9.62 1.29 16.24 2.90 5.29
CD (p<0.05) 0.01 0.01 0.02 0.02 0.01 0.02 0.02 0.03
Table 3. Nutritional composition of high fiber noodles
Treatments Moisture %  Protein % Fat % Fiber % Ash % Sugars % a-carotene mg/100g  Iron mg/100g
T1 9.70 11.38 2.86 3.30 0.82 1.60 7.90 10.05
T 9.60 11.38 2.80 3.35 0.84 1.67 7.91 10.11
T3 9.47 11.39 2.77 3.39 0.85 1.73 7.95 10.13
Ty 9.20 11.40 2.75 3.41 0.87 1.81 7.98 10.24
Ts 9.50 13.41 2.97 3.44 0.99 3.55 9.05 10.51
Te 9.90 13.42 2.94 3.47 1.01 3.63 9.09 10.76
T7 9.70 13.43 2.93 3.52 1.05 3.70 9.17 10.69
Ts 10.17 13.45 291 3.56 1.09 3.77 9.23 11.01
To 9.77 12.38 2.61 3.38 0.94 2.58 8.03 10.24
T1io 9.57 12.40 2.58 3.40 0.96 2.64 8.07 10.38
T 9.43 12.40 2.55 3.43 0.98 2.69 8.96 10.58
Ti2 9.27 12.43 2.52 3.45 1.01 2.75 8.98 10.59
Mean 9.61 12.41 2.76 3.43 0.95 2.68 8.52 10.44
C.D. (p<0.05) 0.08 0.01 0.02 0.02 0.01 0.01 0.06 0.07

which depicted highest taste (8.15), texture (7.97), colour
(7.92) and over all acceptability (8.13) (Table 4). This could
be attributed to the malting process of wheat that increases
the sugar content and hence the taste, crispness and over-all
acceptability of the formulated products. However the colour
enhancement was due to the sugar caramelisation and
malliard reaction between sugar and amino acid. (lwe, 2000;
Fallico, 2003).

Cost of Production

Biscuits: The cost of production of wheat-cauliflower leaf
powder biscuits (90:10:: malted wheat flour: cauliflower leaf
powder) is based upon cost of all ingredients used and some
other factors viz. processing charges, polythene pouches
etc. The cost was calculated on the basis of current market

prices of the ingredients and nominal processing charges.
The cost of production per kg of biscuits came out to be Rs
86.88 (Table 5).

Noodles: The wheat-cauliflower noodles is a new product,
its cost of production is very low i.e. Rs. 26.54 per kg of
noodles whereas, noodles available in market costs Rs 40 kg
! (Table 6).

Therefore, it can be concluded that incorporation
of 30% malted wheat flour not only improves the nutritive
value but increases the sensory attributes of the products.
Hence there is a need for these types of value added
functional foods to be commercialized. This initiative can be
undertaken by small and large scale industries to provide
healthy food to all. However, these new products are
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Treatments Biscuits Noodles
Texture Colour Taste Overall Acceptability Texture Colour Taste Overall Acceptability

T1 7.21 7.40 7.93 7.93 7.37 7.83 7.34 7.95
To 7.09 7.57 7.39 7.39 6.74 7.54 7.14 7.51
Ts 5.99 6.02 6.03 6.03 6.29 6.69 6.93 6.09
Ta 5.50 6.57 5.55 5.55 5.86 6.11 6.56 5.75
Ts 7.13 7.58 7.41 7.41 7.87 7.59 7.59 7.98
Te 8.17 8.14 8.18 8.18 7.97 7.92 8.15 8.13
Tz 6.67 6.84 6.92 6.92 6.14 7.47 5.90 7.76
Ts 6.40 6.14 6.56 6.56 6.59 7.33 5.41 7.03
To 7.03 7.57 7.52 7.52 7.43 7.40 7.39 7.37
T1o 7.22 7.43 7.93 7.93 7.47 7.72 7.49 7.98
Tu 6.40 7.14 7.09 7.09 7.26 6.54 7.07 6.90
T2 6.24 7.00 6.76 6.76 5.41 5.97 6.67 5.66
Mean 6.75 7.12 7.11 7.11 6.87 7.18 6.97 7.18
C.D. (p<0.05) 0.05 0.03 0.04 0.02 0.05 0.05 0.04 0.06

Table 5. Cost of production of the best treatment combination biscuits

Ingredients Rate (Rs kg™ Biscuits (90 : 10:: malted wheat flour: cauliflower leaves)
Quantity Amount (Rs.)
Wheat 15 900 g 13.50
Cauliflower leaves 5 100 g 0.50
Pre- processing ingredient @ 20% - 2.80
Ghee 80 400¢g 32.00
Salt 12 3759 0.45
Sugar 30 300 g 9.00
Ammonia powder 48 509 2.40
Ajwain 40 3759 1.50
Sub total cost of ingredients 62.15
Processing charges (including labour and fuel) @20% 12.43
Polythene pouches 10 paisa 30 pouches 3.00
Machinery depreciation @12% - 9.30
Total cost 86.88

Table 6. Cost of production of the best treatment combination noodles

Ingredients RatéRs. Kg™) Noodles (90 : 10:: malted wheat flour: cauliflower leaves)
Quantity Amount (Rs.)

Wheat 15 900 g 13. 50
Cauliflower leaves 5 100 g 0. 50
Pre- processing cost@20% - 2.80
Salt 12 3759 0.45
Sub total cost of ingredients 17.25
Processing charges (including labour) @20% 3.45
Polythene pouches 10 paisa 30 pouches 3.00
Machinery depreciation @12% 2.84
Total cost per kg of noodles 26.54
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unfamiliar to consumers, so they need to be properly
advertised to educate the consumers prior to introduction into
the market where a popular and more familiar competitor
product already existed.
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Abstract: Short duration drought tolerant Sahbhagi dhan recorded maximum grain yield (31.42 g ha™) in rainfed condition under direct seeded
rice (DSR) mode followed by CR Dhan 40. Application of brown manuring caused maximum suppression of weed biomass and with 56.34 per
cent weed control efficiency followed by post emergence application of Bispyribac sodium @ 30 g ha™. Farmers observed that this method of
rice cultivation reduced the water requirement and drudgery with reduced labour involvements. They showed positive response to adopt this

technology due to its feasibility and profitability in rainfed situation.
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Rice (Oryza sativa L.) is life for more than half of
humanity in globe. In 2013, the world dedicated 163.1 million
hectares for rice cultivation and the total production was
about 744.4 million tonnes with an average world farm yield
for rice was 4.56 tonnes per hectare (FAO, 2014). Rice is
one of the most important food crops of India in term of both
area, production and consumer preference. India is the
second largest producer and consumer of rice in the world. In
India (2013), it is being grown in 42.75 million hectares and
produces about 105.24 million tonnes, with an average
productivity of 2.46 t ha®, which very low as compare with
average global productivity (Anonymous, 2014).

Climate change is the most important global
challenge facing humanity with implications for natural
ecosystems, agriculture and health. For a country like India,
sustainable agricultural development is essential not only to
meet the food demands, but also for poverty reduction
through economic growth by creating employment
opportunities in non-agricultural rural sectors. To avoid the
worst predicted impacts of climate change, there is need to
enhance resilience of Indian agriculture to climate change
and climate vulnerability through strategic research, field
trails and technology demonstration covers crops, livestock,
fisheries and natural resource management for sustainable
food security. Climate change is projected to have significant
impacts on changing of precipitation patterns, erratic rainfall,
long dry spell, reduced rainy days, frequent drought is being
observed, has become the major constraints to rice
production in rainfed areas, resulting in large yield losses and
limiting the average yield productivity. More specifically in
rainfed uplands, which get saturated for a small period after
the rainfall, drought not only damages the vegetative growth
but also reduces the grain yield if it occurs for extended

periods during vegetative and reproductive stages.
Transplanting of rice is more water demanding, laborious,
time consuming and entails a lot of expenditure on raising
nursery, uprooting, and transplanting. Scarcity of labour
during peak period of transplanting, uncertain supply of
irrigation water, depletion of groundwater and increasing
production cost necessitate the search for an alternative to
the conventional puddled transplanting of rice. Drought
stress is severely damaging during reproductive stages of
the rice crop, especially during flowering, although droughtin
other stages can also lead to significant yield reductions (Liu
et al., 2006: Serraj et al., 2009). In recent years, there has
been a shift from transplanted rice to direct seeded rice in
several countries of Southeast Asia (Pandey and Velasco
2002). Thus, direct seeding rice is gaining popularity among
farmers of Jharkhand, India. The objectives of this research
is to identify feasible practice that might help to boost the rice
productivity under farmers' environment and cropping
system in rainfed situation. The results of these trails will be
used to plan future research and to make recommendations
forfarmers.

MATERIAL AND METHODS
The present study was carried out by Krishi Vigyan Kendra,
Koderma under ICAR-CRRI, Cuttack during 2012-13 to
2014-15 onfarmers'field. Village survey was done with using
various participatory rural appraisal (PRA) tools. On farm
trails were formulated and implemented by farmers to get the
solution of low yield of rice in DSR under upland condition.
DSR practiced by seeding dry seeds in unsaturated soil by
line sowing with seed cum fertilizer drill. The experiment was
in randomise block design with four treatments (rice local
variety-Sita; Sahbhagi dhan; Dhan 40 and Vandana) and six
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replications (number of farmers) with plot size of 500 sm. The
second experiment was on weed managment with four
treatments (Farmers Practice; Application of pendimethalin
@1kg ha; Application of bispyribac sodium @ 30 g ha* and
Brown manuring), in 6 replications (number of farmers), plot
size of 500 sm with variety Sahbhagidhan. Pendimethalin
was sprayed just 2 days after sowing and bispyriback sodium
at 16 days after sowing. In farmers' practice one hand
weeding was done at 20 days after sowing and in “brown
manuring” Sesbania seed @ 40kg ha* was sown in between
two rows of rice in those plots where it had to be inter-
cropped, spraying with 2,4-D was done after 25 days of
sowing for killing Sesbania. Rice was grown as per
recommended practices (REF) plant height, plant population
and weed biomass were recorded at 50% flowering. Weed
control efficiency (WCE) was calculated (Cheema and Singh,
1991) as-

{(DMC—-DMT)/ DMC}x 100

DMC =Dry matter of weeds in control plot

DMT = Dry matter of weeds in a particular treatment.

RESULTS AND DISCUSSION

The result (Table 1) of present field trial revealed
that number of panicle m*, number of grains per panicle, grain
yield and harvest index were recorded significantly superior
in all the treatments over farmers' practice. Grain yield was
increased the tune of 34.15, 16.43 and 11.4 per cent with
Sahbhagi dhan, C R Dhan 40 and Vandana, respectively
over Farmers' practice (23.42 q ha™). The major weed flora
observed in the direct seeded rice field comprised of

V. K. Singh, C. Kumatri, B. Singh, M. Kumar, R. Ranjan, Rakesh K. Singh and Vinod Kumar

Echinochloa crusgalli, Echinochloa clolona, Leptochloa
chinensis, Commelina diffusa, Eragrostis japonica, Cyperus
rotundus, Cyperus iria, Fimbristylis miliacea, Caesulia
axillaris, etc. The major weed flora observed in the rice field
comprised of Echinochloa crusgalli, Echinochloa clolona,
Leptochloa chinensis, Commelina diffusa, Eragrostis
Jjaponica, Cyperus rotundus, Cyperus iria, Fimbristylis
miliacea, Caesulia axillaris, etc. Data revealed from results
(Table 2) that number of panicle m™ and number of grains
panicle® were recorded significantly superior with all the
treatments over farmers' practice. Rice grain yield and
harvest index were recorded highest with brown manuring
followed by application of bispyribac sodium which was
significantly superior over farmers' practice. The brown
manuring was superior as compared to herbicidal treatments
as itrecorded lowest weed biomass at harvesting followed by
post-emergence application of byspiribac sodium and pre-
emergence application of pendimethalin during both the
2013-14 and 2014-15. Weed control efficiency (WCE) was
maximum in brown manuring followed by application of
byspiribac sodium and pendimethalin. Brown manuring
incorporation influenced grain and straw yields of rice may be
due to reduce the weed biomass and some additional
nitrogen added in the field through green biomass than
application of herbicides and farmers' practice. Sharma et al,
(2008) also reported higher grain yield in the Sesbania co-
culture in direct seeded rice. Singh and Singh (2007) also
reported that Sesbania co-culture reduced broadleaf and
grass weed density and total weed biomass compared with a
sole rice crop. Benefit-cost analysis calculation showed that

Table 1. Number of panicle, number of grains, grain yield, harvest index and B:C ratio as influenced by different cultivars

Treatments No. of Panicle m? No. of grains panicle™ Grain yield (q ha™) Harvest Index %
Farmers’ Practice- Cv. Sita 130 84 23.42 36.4
Cv. Sahbhagi dhan 173 119 31.42 42.7
Cv. C R Dhan 40 162 114 27.27 40.6
Cv. Vandana 146 98 26.09 39.4
CD (0.05) 7.2 6.9 0.8 14

Table 2. Impact of weed management practices on weed biomass and growth and yield attributes of rice by method of weed

control

Treatments Weed biomass Weed Number of No. of Grain yield Harvest B:C

(g/s m) control Panicle m? grains (g ha?) Index (%) ratio
efficiency % panicle™

Farmers’ Practice 185 - 127 81 26.15 37.21 1.64

Pendimethalin @1kg ai /ha 122.45 33.85 146 96 27.26 38.2.1 1.71

Bispyribac sodium @ 30 g ai /ha 84.25 54.49 158 102 31.87 41.6 2.03

Brown manuring 80.82 56.34 171 108 35.46 43.8.2 2.21

CD (p=0.05) 3.3 - 6.42 3.84 1.99 2.98 -
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brown manuring was the most economic followed by
application of byspiribac sodium.

Farmers observed that rice cultivation in DSR mode
reduced water demand and drudgery with reduced labour
involvements as compared transplanting mode. The
technology is more feasible and profitable for rainfed
situation. For efficient resource utilisation, the DSR needs to
be upscale in a large scale. The upscaling procedure
requires more awareness on the practice by organizing field
visit, publications with scientific results, block level
recommendations through the agricultural department etc.

CONCLUSION

Rapid growth of Sesbania (brown manuring) helps
to suppress weed by covering of soil surface and create a live
mulch to conserve the soil moisture and reduce weed
competition for nutrients, moisture and sun light. Adopting
DSR with short duration drought tolerant rice variety
sahbhagidhan with brown manuring for effective weed
management, is the only option for sustainable rice
production in rainfed condition of Jharkhand in changing
climatic scenario.
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Abstract: Manual uprooting and transplanting of rice is tedious, tiresome and labor consuming, because agricultural workers has to stand in
puddle field and bend for hours for putting seedling into the soil by hand. Keeping this in view, the present study was planned to compare the
rate of human drudgery among farm workers, during various phases of manual uprooting and transplanting with the mechanized methods. The
results revealed that more than 75 per cent agricultural workers were belonged to lower middle socio economic status. It was also observed
that as compared with others, manual uprooting was the maximum drudgery prone rice cultivation activity based on drudgery index.
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The soil of tarai region of Uttarakhand is very fertile
and support to number of crops. According to information of
Area Production and Productivity 2010-11, the agricultural
productivity of district Udham Singh Nagar, Haridwar, Nainital
(plain) and Dehradun (plain) is very high. Rice is cultivated in
all the 13 districts of the state, but maximum area (33%) is in
district Udham Singh Nagar which produces about 48% of
the total rice produced annually in the state (Mani, 2014).
Manual paddy transplanting is a labour intensive operation
which requires 200-250 man-h ha* (Das, 2012). Agriculture
workers of India suffer from grave disadvantages and are
subjects to a great deal of hardship and drudgery, particularly
in rural areas. During manual rice uprooting and
transplanting agricultural workers are suffered with the high
level of drudgery and the work performance of the agricultural
workers is also significantly reduced. Besides this, working
conditions of agricultural workers are extremely difficult due
to severe environmental conditions, long working hours,
strenuous work and the use of improper equipment (Kar et
al., 2012). Recognizing the importance of reducing drudgery
and to improve the efficiency of workers, the present study
was planned to find out drudgery index of uprooting and
transplanting activities with manual and mechanized
methods, in terms of frequency of performance of various
activities by agricultural workers, time spent in activities and
degree of difficulty perceived.

MATERIAL AND METHODS
Selection of subject and field: The ergonomical evaluation
of paddy transplanting was conducted with female
agricultural workers in Tarai agro- climatic zone of Udham
Singh Nagar district of Uttarakhand state, India in the month

of June- July. Forty agricultural workers in the age group of
20- 45 years were selected because they usually attain their
highest strength level between 20-45 years. For the
comparison of drudgery in mechanized and conventional
method, agriculture workers performed the paddy uprooting
and transplanting activity with manual method in bending
posture and power operated eight row paddy transplanter
adopted from Department of Farm Machinery and Power
Engineering, College of technology, GBPUA&T, Pantnagar.
The detail of specifications of power operated 8 row paddy
transplanter is given in Table 1. Field women performed the
continuous transplanting operations for 50 minutes and
taking 10 minutes break.

Personal and demographic profile: Survey method was
adopted to collect the data. Socio economic status scale
developed by Aggarwal et al. (2005) and interview schedule
was used to elicit information from the agricultural workers
who were actively involved in rice cultivation activities.
Interview schedule mainly consisted of frequency of
performance, time spent (minutes/ day) and difficulty felt by
the respondents. The perceived difficulty felt in performance
of uprooting and transplanting activities was assessed in a
five-point scale that is, very easy (1), easy (2), neutral (3),
difficult (4) and very difficult (5).

Assessment of human drudgery among agricultural
worker: Drudgery index (DI) was calculated as under
Drudgery Index = [(X+Y+2)/3] x 100.

X = coefficient pertaining to difficult felt.

Y = Coefficient pertaining to time spent in particular home
activity.

Z = Coefficient pertaining to frequency of performance
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Table 1. Specification of power operated eight row paddy
transplanter

Table 2. Frequency of performance in uprooting and
transplanting (per cent)

Details Specifications Activities Daily Alternate day ~ Weekly
Type Single wheel driven using mat Manual Uprooting 35(87.5) 4 (10) 1(2.5)
type rice nursery Manual transplanting 37 (92.5) 3(7.5) -
Dimensions(LxWxH) 2410%2130x1300 (mm) Mechanical uprooting 24 (60) 15 (37.5) 1(2.5)
Engine (hp) 4.0, air cooled diesel Mechanical Transplanting 26 (65) 9 (22.5) 2 (5)
Number of rows 8
Row spacing (mm) 238 planting them into soil and left hand (with seedlings)
Hill-to-hill spacing (mm) 100 -200 remained on the left thigh near the folded knee (Phase 3)
Working speed (km h™) 15-2.0 whereas phase 2 of manual transplanting required 97.10
Speed of travel on road 8.24 min/day. As compared to manual uprooting and
(km h™ transplanting, mechanical method uprooting and
Field capacity (ha h™) 0.13-0.20 transplanting required less time. During mechanical
Weight (kg) 320 uprooting activity, for picking up the rice mat from ground
Type Single wheel driven using mat agricultural workers required only 22.36 min day* and for

type rice nursery
2410%2130%x1300 (mm)

4.0, air cooled diesel

Dimensions(LxWxH)
Engine (hp)
Number of rows 8

RESULTS AND DISCUSSION

On the basis of arbitrary classification, the social
status was categorized into six groups, i.e. upper high, high,
upper middle, lower middle, poor and very poor or below
poverty line. Majority of the agricultural workers belonged to
lower middle class (80%), whereas, 7.5 per cent agricultural
workers falls in Upper Middle category, followed by 2.5 per
cent agricultural workers who were from high class category
and 10 per cent agricultural workers of upper high class
category.
Uprooting and transplanting activities: Data pertaining to
performance was elicited in a four point scale viz., daily (4),
alternate day (3), weekly (2) and fortnightly (1). It was
observed that majority of the agricultural workersi.e. 87.5 per
cent, performed the manual uprooting daily. Further, 92.5 per
centagricultural workers performed the manual transplanting
daily. Total 65 per cent agricultural workers performed the
mechanical transplanting with eight rows rice transplanter on
daily basis. Besides this, only 7.5 per cent respondents also
reported that they performed the mechanical transplanting
fortnightly (Table 2).
Time spent in various activities: The various phases of
manual uprooting activity, uprooting the seedling by both the
hands until those become hand full require maximum time
(162.79 min day”) followed by washing the bundle of rice
seedling requiring 93.67 min day®. In manual transplanting
activity, agricultural workers spend their maximum time i.e.
193.65 min day™ in taking few seedlings by the right hand and

putting the mat on the transplanter 26.10 min day* was
required. For the transplanting of seedling by eight row paddy
transplanter only 20.68 min day™ was required.
Constraints in performance of uprooting and
transplanting: During , Bending to reach the seedling on the
seed bed i.e. phase 1 of manual uprooting, 67.5 per cent
agriculture workers perceived the task to be very difficult
(Table 3). Whereas, during phase 2 of manual uprooting, total
52.5 per cent agriculture workers were found it to be of very
difficult. More than ninety per cent agriculture workers
reported the activity as very difficult in phase 3 of manual
transplanting. Besides this, in mechanical uprooting and
transplanting activities, more than 85 per cent agricultural
workers reported that they found the activity very easy to
perform.
Drudgery index of uprooting and transplanting: Drudgery
index of uprooting and transplanting activities was
determined by calculating the time co-efficient, frequency of
performance coefficient and difficulty coefficient. Thereafter,
four major drudgery prone phases of manual uprooting and
transplanting activities performed by agricultural workers
were selected on the basis of Drudgery Index (DI). It is
evident from table 5 that the uprooting the seedling by both
the hands until those becomes hand full, washing the bundle
of rice seedling and bending to reach the seedling on the
seed bed were the maximum drudgery prone phases of
manual uprooting activity. The difficulty index of uprooting the
seedling by both the hands until those become hand full was
highest (DI=64.96) followed by washing the bundle of rice
seedling and bending to reach the seedling on the seed bed.
In manual transplanting, the drudgery index of
phase 3 was highest (DI=63.20). Another study of Kishtwaria
et al. (2009) reported that transplanting is perceived to be the
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Table 3. Time spent (minutes day™) and difficulty felt in performance of uprooting and transplanting

Activities Minutesday™ Very Easy Neutral Difficult Very difficult
easy
Manual uprooting
Bending to reach the seedling on the seed bed 73.36 (2.5) - (5) (25) (67.5)
Uprooting the seedling by both the hands until 162.79 3(7.5) 1(2.5) 3(7.5) 12 (30) 21(52.5)
those become hand full
Washing the bundle of rice seedling 93.67 - 3(7.5) 1(2.5) 15 (37.5) 21(52.5)
Tying the bundle 90.85 - 1(2.5) 6 (15) 24 (60) (22.5)
Keeping the bundle on the ground 55.36 - 7(17.5) 11 (27.5) 2 (5) 20 (50)
Manual transplanting
Taking the bundle of seedling and untying it 60.48 5(12.5) - 3(7.5) 3(7.5) 29 (72.5)
Making the bundle into two halves and griping 97.10 2 (5) 6 (15) 1(2.5) 10 (25) 21 (52.5)
one half in one hand
Taking few seedlings by the right hand and 193.65 - - - 3(7.5) 37 (92.5)
planting them into soil. Left hand (with
seedlings) remained on the left thigh near the
folded knee
Mechanical uprooting
Pick up the rice mat from ground 22.36 35 (87.5) 2 (5) 3(7.5) - -
Put it on the transplanter 26.10 40 (100) - - - -
Mechanical transplanting
Transplanting of seedling by transplanter 20.68 40 (100) - - - -
Table 4. Drudgery index of uprooting and transplanting
Activities Frequency Difficulty Average time Drudgery
coefficient coefficient spent coefficient index
Manual uprooting
Bending to reach the seedling on the seed bed 0.98 0.65 0.009 54.63
Uprooting the seedling by both the hands until those 0.98 0.96 0.009 64.96
become hand full
Washing the bundle of rice seedling 0.91 0.74 0.017 55.56
Tying the bundle 0.87 0.51 0.025 46.83
Keeping the bundle on the ground 0.98 0.47 0.007 48.56
Manual transplanting
Taking the bundle of seedling and untying it 0.57 0.87 0.008 48.26
Making the bundle into two halves and griping one half in 0.64 0.75 0.017 46.90
one hand
Taking few seedlings by the right hand and planting them 0.98 0.91 0.006 63.20
into soil. Left hand (with seedlings) remained on the left
thigh near the folded knee
Mechanical uprooting
Pick up the rice mat from ground 0.57 0.68 0.008 41.93
Put it on the transplanter 0.63 0.60 0.074 43.46
Mechanical transplanting
Transplanting of seedling by transplanter 0.55 0.51 0.009 35.63

most difficult task in farm operations. Ojha and Kwatra
(2014) also highlighted that due to high level of physiological
workload during manual method of paddy transplanting,
maximum farm women suffered from the work related
disorders and which decreases their performance on the
field.

It was concluded that for the significant reduction of
the physiological workload and human drudgery, there is dire
need to create awareness about the use of mechanized
method of paddy transplantation, among the farmers of
northern India, who are usually involved in conventional and
manual method of transplanting.
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Abstract: The genetic materials consisted of 100 germplasm lines with four checks viz., Uttara, Pant U-31, Shekhar and NDU-1, which
showed significantly differences for all traits except, primary branches per plant and 100- seed weight. Differences among the check varieties
were highly significant for plant height. However, it was non-significant for remaining ten characters under study. Relatively higher estimates of
phenotypic coefficient of variation were observed for seed yield per plant followed by biological yield, clusters per plant, plant height, harvest
index and primary branches. The highest genotypic coefficient of variability was observed for seed yield per plant, biological yield and plant
height which indicates the presence of exploitable genetic variability for these traits. Seed yield per plant, plant height and biological yield,
showed high heritability and genetic advance. Thus these traits would be more fruitful for direct selection in existing populations.
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Pulses are the principal source of dietary protein
among vegetarians and are an integral part of daily diet
because of their high protein content and good amino-acid
balance in several forms world-wide.Legumes adapt well to
various cropping systems owing to their ability to fix
atmospheric nitrogen in symbiosis with soil bacteria of
Rhizobium spp.Urdbean [Vigna mungo (L.) Hepper,] are
important legume crop widely cultivated in Asia. V. mungo
var. silvestrisis the wild proginator of urdbean.

However, to carry out effective selection, the
information on available genetic variation among urdbean
genotypes, the nature of component traits on which selection
would be effective and the influence of environ-mental
factors on each trait need to be known. Information on the
nature and magnitude of variability and heritability in a
population is one of the prerequisites for successful breeding
program in selecting genotypes with desirable characters. It
is therefore, of great importance for breeders to know the
heritability of the agronomical characters to improve the yield
of the crop effectively. Present investigation was carried out
to assess the genetic variability, different traits towards yield
and selection of high yielding genotypes with better
architecture.

The experiment was conducted at Narendra Deva
University of Agriculture and Technology, Narendra Nagar
Kumarganj, Faizabad (U.P.) during Kharif, season of 2011.
The genetic materials consisted of 100 germplasm lines with
four checks viz.,Uttara, Pant U-31, Shekhar and NDU-1
(Table 1) under normal soil and irrigated condition using
augmented design. The entire experimental field was divided

into 10 blocks of equal size and each block was having 14
plots. The checks were accommodated randomly in each
block with test genotypes. Each plot represented by one row
of four meter length, keeping row to row distance of 30 cm
and plant to plant spacing of 10 cm. All the recommended
cultural practices were applied to raise a good crop.

The data on seed yield and its components were
recorded on five randomly plants taken in each genotypes
from each plot for eleven characters (Table 1). However, days
to 50% flowering and days to maturity were recorded on plot
basis. Genotypic coefficient of variation (GCV), phenotypic
coefficient of variation (PCV), broad sense heritability and
genetic advance in per cent of mean were computed as per
standard formulas.

In general, urdbean genotypes showed wide range
of variability for most of the characters and all the traits
exhibited broad spectrum of ranges between the maximum
and minimum genotype mean values (Table 2). Days to 50%
flowering ranged from 40.05 to 60.05 with a mean of 52.51,
days to maturity ranging from 64.12 to 93.12 with a mean of
81.90.

Similarly, plant height and primary branches plant™
from 37.91 cm to 151.88 cm and 1.50 to 5.24, respectively
while, clusters plant™ varied from 3.43 to 12.60 with a mean
clusters plant™ of 7.57. Pods cluster® 1.67 to 5.34 with a mean
seeds pod™ of the test genotypes varied from 2.32 to 6.67
with mean of 4.64. Seed vyield plant® 1.58 to 9.25g with a
mean of 4.29¢g and that of 100 seed weight 2.95 to 5.08 g with
amean weight of 3.769.
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Table 1. List of Urdbean germplasm used in present investigation during Kharif season, 2011
Code Genotype Code Genotype Code Genotype
Gl KU-314 G36 SU-313 G71 KU-714
G2 SU-322 G37 C-29 G72 C-441
G3 KU-1812 G38 G-12118 G73 KU-96-3xKU-309
G4 SU-323 G39 NDU-99-2 G74 KU-5-549
G5 KU-8/12 G40 C-14 G75 KU-300xIPU-94-10
G6 KU-311 G41 C-45 G76 KU-342
G7 SU-311 G42 C-126 G77 KU-10125
G8 KU-98126 G43 C-227 G78 KU-315
G9 KU-4-10 G44 AKU-15 G79 C-254
G10 KU-4/12 G45 KU-12/12 G80 KU-362
G11 KU-333 G46 KU-363 G81 KU-10/14
G12 KU-321 G47 PLU-83-64 G82 UHUG-197
G13 KU-362 G48 T-9 G83 KU-366
G14 C-288 G49 KU-367 G84 KU-814
G15 KU-714 G50 KU-512 G85 KU-369
G16 KM-6-132 G51 C-42 G86 KU-11/16
G17 SU-354 G52 C-19 G87 PLU-1036
G18 KU-2/10 G53 PLU-98213 G88 KU-5-571
G19 KU-5-53 G54 IPU-94-1xIPU-4 G89 KU-2/13
G20 C-312 G55 KU-17136 G90 KU-361
G21 C-209 G56 CU-7829 Go1 PLU-42
G22 SU-355 G57 KU-96-3xIPU-96-1 G92 C-67
G23 KUS-553 G58 JU-77-44 G93 KU-820
G24 KU-9820 G59 DU-1 G94 C-237
G25 C-69 G60 KU-2115 G95 C-182
G26 KU-364 G61 PLU-143 G96 PU-192
G27 UL-9 G62 C-72 G97 KU-37/g
G28 KU-300 G63 KU-360 G98 C-81
G29 LBG-368 G64 OH-86-20 G99 KU-99
G30 KU-368 G65 PLU-7044 G100 C-42
G31 KU-370 G66 DPU-88-31 G101 NDU-1 (Check 1)
G32 KU-342 G67 KU-300xKU-309 G102 Uttra (Check 2)
G33 C-66 G68 KU-5-31 G103 Pant U 31 (Check 3)
G34 KU-372g G69 KU-323 G104 Shekhar (Check 4)
G35 IC-1412 G70 GH-82-21

The maximum yield obtained was 9.25g followed by
9.15¢g. Thus, it is possible to improve seed yield by direct
selection. Biological yield ranged from 5.91 to 43.55¢g with a
general mean of 18.29g, whereas, harvest index varied from
7.80t0 39.83% with a general mean of 24.48%.

The range of variation was wide for the plant height
(cm), biological yield (g), harvest index (%) and days to
maturity.

Estimates of variance components: The considerable
variability suggests an opportunity of selection for the
improvement of urdbean landraces. The higher the PCV and

or GCV, the more will be chance for exploitation of that not
sufficient for determination of amount of heritable variability.
In addition, estimation of heritability and genetic advance as
percent of mean is also needed to assess the extent of
genetic gain expected from effective selection. As heritability
in broad sense includes both additive and epistatic gene
effects, it will be reliable only when it is accompanied with
high genetic advance.

In general, phenotypic coefficients of variability
were higher than corresponding genotypic coefficients of
variability for all the traits which demonstrated the effect of
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Table 2. Estimates of variability, heritability and genetic advance as percentage of mean

Gen. adv. as % of

Genetic advance

Heritability (b s)

Coefficients of variability

GCV
7.28
8.38

Grand mean

Range

Characters

means (5%)

(GA)

(%)
77.69
91.86
97.64
18.42

54.36

PCV
8.26
8.74

26.07

20.55

+ SE

<

(

52.51 +0.43

Highest
60.05
93.12

Lowest
40.05

13.23
16.56
52.45
7.81
29.39
18.99
16.08
69.45
5.37
56.34

26.31

6.99
13.59

45.06

Days to 50%flowering

81.90+0.68
85.72 +2.50

64.12

Days to maturity
Plant height(cm)

25.76
8.82

151.88

37.91

0.27
2.23
0.64
0.75
2.99
0.20
10.29
6.47

3.50+0.08
7.57+0.20
3.34+0.07
4.64+0.09
4.29+0.17
3.76x0.04
18.29+0.80
24.48+0.69

5.24
12.60

50
3.43
1.67
2.32
1.58
2.95
5.91
7.80

1.

Primary branches/ plant

26.23
18.38
18.44
35.74
10.66

35.67

19.34
13.01
12.00

34.71

Clusters / plant

50.14
42.29

5.34
6.67

Pods / cluster

Seeds / pod

94.31

25
5.08
43.55

Seed yield/ plant (g)
100 seed weight (g)

Biological yield (g)

24.46
76.66

58.07

5.27

Baudh Bharti and Rajesh Kumar

31.23
16.76

21.99

39.83

Harvest index (%)

environment upon the traits (Table 2). A relatively higher
estimate of phenotypic coefficient of variation (PCV of more
than 20%) were observed for seed yield plant® (35.7)
followed by biological yield (35.67), clusters plant™ (26.23),
plant height (26.07), harvest index (21.99) and primary
branches (20.55).

The highest genotypic coefficient of variability was

observed for seed yield plant™(34.71), biological yield (31.23)
and plant height (25.76), which indicates the presence of
exploitable genetic variability for these traits. Moderate
genotypic and phenotypic coefficient of variation (10 to 20%)
were observed for pods cluster” (13.01 and 18.38) and seeds
pod® (12 and 18.44), which revealed that there is
considerable scope for improving these trait in desirable
direction through a selection programme. Low estimates of
genotypic and phenotypic coefficient of variation were
observed for the days to flowering (7.28 and 8.26) and days
to maturity (8.38 and 8.74).
Estimation of heritability in broad sense and genetic
advance: The heritability in broad sense was calculated for
all characters under study and is presented in (Table 2). High
estimate of heritability were exhibited for five traits viz., plant
height, seed yield plant®, days to maturity, days to 50%
flowering, and biological yield. While moderate estimates of
heritability were recorded for harvest index followed by
clusters per plant,pods per cluster and seeds per pod.

In other words genetic advance denotes the
improvement in the genotypic value of the new
populationover the original population. The expected genetic
advance as per cent of mean revealed that the highest (>
20%) genetic advance aspercent of mean was recorded for
seedyield plant™ (69.45), biological yield (56.34), plant height
(52.45), clusters plant™ (29.39) and harvest inde x (26.31).
While moderate (>10 %) estimates of genetic advance as
percent of mean for pods cluster” (18.99), days to maturity
(16.56), seeds pod” (16.08) and days to 50% flowering
(13.23). However, it was recorded lowest for 100 seed weight
(5.37) followed by primary branches per plant (7.81). These
findings were also supported by the results of Singh et al.
(2011) and Ramya et al. (2010). Roychowdhury et al. (2012).
From the present investigation, it is evident that the wide
range of variability for different traits coupled with high
heritability and high genetic advance should be considered
for direct selection. Here seed yield plant™, plant height and
biological yield showed high heritability and genetic advance,
thus would be more fruitful for direct selection in existing
populations.
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Abstract: Afield experiment was carry out under natural conditions of screen house to estimate influence of chloride and sulphate dominated
salinity on seedling establishment, days to flower initiation, days to maturity, stem and branches dry weight, leaf dry weight plant™, root dry
weight and flower heads dry weight in German chamomile (Matricaria chamomilla Linn) at varying EC level 0, 4, 8, 12 and 16 dSm™. The
parameters were studied at three different planting times i.e. early sown, timely sown and late sown. The various physiological parameters
adversely affected by the presence of salinity in the growing medium. Chloride and sulphate dominated salinities affect the various growth and
yield parameters differently at different planting time. The parameters such as stem and branches dry weight plant™, leaf dry weight plant™, root
dry weight plant® and flower heads dry weight suffered a decline with the increasing salinity levels at different planting time. Sulphate
dominated salinity was found more depressive than chloride dominated salinity with regard to all physiological parameters at different interval
oftime. Itis concluded that there is not only a substantial delay in flower initiation but also an early maturity of German chamomile under salinity
stress. Timely sown crop showed a remarkable growth as compared to early sown and late sown. German chamomile appears to be highly salt

tolerant medicinal herb as it's plants survived and reproduced at the highest salinity level (16 dSm™).

Key Words: Growth, German chamomile, Salinity

Matricaria chamomilla Linn. popularly known as
German chamomile is native of Europe and adjoining Asian
countries. In India the seeds were obtained from France as
early as in late fifties for trial cultivation at regional research
laboratory, Jammu (Handa et al, 1957) Agricultural
production adversely affected by soil salinity is one of the
worldwide problems (Levitt, 1980). Salinity stress is one of
the main limiting the agriculture production in the world
(Kerepesi et al., 2002). Two phases of plant in response to
salinity are: a rapid osmotic phase and a slower, ionic phase.
Prolonged exposure of crop plants to higher level of salinity
results in inhibition of growth and yield reduction. Yield
stability and tolerance are complex; difficult to establish in
crops at any stage of plant development. In future,
agricultural production will increasingly rely on our ability to
grow plants on salt affected and marginal lands using saline
water (Roezma and Flowers, 2008). Due to presence of
active ingredients such as Sezkoitropsflaw nods, komarins
and polystilen chamomile has been introduced as medicinal
plants in the world and due to its increasing use in cosmetic,
pharmaceuticals, hygiene, perfumery and food flavorings is
of highly importance (Afzali et al., 2006). The evaluation of
various plants' nourishment of particularly medical plants in
order to increase the production and high quality is the basic
requirements in agriculture planning. The environment is
preserved with appropriate soil fertility and plant nourishment
(Dermadrosian, 2001). Amelioration and utilization of these

saline soils have been the focus of research for the last few
decades. Various technical measures i.e. physical, chemical
and mechanical have been developed to reclaim the soil, but
these technologies are less attractive to the farmers due to
economic viability and ecological concerns. Under these
situations the viable alternative is to identify or develop salt
tolerant crop genotypes for cultivation in these saline soils.
Again, developing salt tolerant crop genotype is not an easy
task because tolerance being a polygenic trait. Plants try to
resist stress by undergoing morphological, biochemical and
physiological changes brought about by altered expression
of several genes. The different studies have shown that the
building of effective medical plants is affected by
environmental factors and genotypes (Garratt et al., 2002).
Therefore, integration of knowledge on physiological,
biochemical and genetic aspects of salt tolerance is essential
to make any progress in this direction (Ashraf and Foolad,
2007). In India about 12 million hectare of land is affected by
salinity and/or alkalinity. In the state of Haryana, 0.63 million
hectare of land having this problem. Salt stress creates both
ionic as well as osmotic stress on plants. Also, ionic toxicity
generated from salt contaminated soil has negative effects
on plant growth and development (Munns et al., 2006). From
various studies it has been found that it is valuable crop
suited for a variety of soils, its potential requires to be
examined in India as an export crop in view of its high price
(Rs. 15,000 kg™ of oil). It is necessary to promote this
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valuable crop as a commercial crop for export. Therefore, the
present study was carried out to observe the effect of chloride
and sulphate dominated salinity on growth parameters at
various planting time to find the best sowing time.

MATERIAL AND METHODS

The experimentwas carried out in the screen house
at CCS Haryana Agricultural University Campus, Hisar.
Seeds of German chamomile were collected from medicinal
section of CCS Haryana Agricultural University. The plants
were raised in polythene bags each containing 6 kg of dune
sand by sowing seeds at three different times i.e. early
(sowing time 15 September), timely (18 October) and late (5
November). The sand filled polythene bags were saturated
with the solution of salinity treatment along with the nutrient
before sowing. Two types of salinity i.e. chloride and sulphate
dominated salinity with three replication was given at 5
different salinity level such as 0 (control), 4, 8,12 and 16 dSm’
!, Seeds were so small in size; so that seedling establishment
was recorded after 15 days of sowing. Days to flower
initiation and days to maturity were recorded. The dry weight
was recorded after placing the fresh samples of stem, leaf,
root and flower heads in an oven at 65°C for 3-4 days.

RESULTS AND DISCUSSION
The seeds germinate and emerge as seedling in 4
to 5 days of sowing. Experimental results demonstrate a cent
per cent seedling establishment after 15 days of emergence
in control indicating zero per cent seedling mortality The
decline in seedling establishment was from 100 to 94.4% for
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time sown, 100 to 93.2% for early sown and 100 to 95.6% for
late sown seeds. The maximum percent establishment for
late sown seed was under sulphate dominated salinity at 16
dSm™ (Table 1). Soil salinity creates uncongenial conditions
for plants where the seeds fail to germinate either due to low
osmotic potential of the medium with respect to cell sap or
may be due to the injury caused by various toxic ions. The
results revealed that the adverse osmotic effects superseded
the ionic toxicity as far as seedling establishment of German
chamomile is concerned. Salinity affects imbibition,
germination and root elongation of Matricaria chamomilla
and result into decrease of germination percentage (Joneidi,
2013). The remarkable ability of German chamomile
seedlings to successfully excise the saline habitats appears
to be due to small seed size with low availability of reserve
food which leads to faster establishment of seedlings.

Days to flower initiation and days to maturity: A
substantial delay in flower initiation but also an early maturity
of German chamomile under salinity stress has been
observed at different planting time. Late sown seed normally
flowers fast and get mature early, but in this case reverse
occur. Adelay in flowering was observed under late sown but
get matured early as compared to early and timely sown
seed. Sulphate dominated salinity was found more
depressive at different times in case of flower initiation (Table
2) The two salinity types, however, were indifferent in
influencing the plants maturity (Table 3). Reports on deferred
flower initiation in the medicinal plant Chandrashura (Singh,
2004) and in an ornamental Calceoria hybrida (Fornes et al.,
2007) also reveals the same observations.

Table 1. Effect of planting time on per cent seedling establishment under chloride and sulphate dominated salinity

Level of salinity Early sown Timely sown Late sown

CDS SDS CDS SDS CDS SDS
Control 100 100 100 100 100 100
4dsm™* 98.4 98.4 98.6 99.5 98.9 99.6
8dsm™* 98.1 96.2 98.4 97.9 99.1 98.2
12dsm* 95.6 96.4 97.7 97.3 98.2 97.5
16dsm™ 94.2 93.2 95.8 94.4 97.6 95.6

CDS: Chloride dominated salinity; SDS: Sulphate dominated salinity

Table 2. Effect of planting time on number of days to flower initiation under chloride and sulphate dominated salinity

Level of salinity Early sown Timely sown Late sown

CDS SDS CDS SDS CDS SDS
Control 814 814 76.8 76.8 67.6 67.6
4dsm™* 82.2 84.6 80.6 84 69.4 70.3
8dsm* 82.6 86.7 814 854 71.6 72.3
12dsm’* 84.1 88.3 82.2 86.4 73.5 75.5
16dsm™* 84.6 89.6 83.4 87.2 70.6 71.4

CDS: Chloride dominated salinity; SDS: Sulphate dominated salinity
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Table 3. Effect of planting time on number of days to maturity under chloride and sulphate dominated salinity

Level of salinity Early sown Timely sown Late sown

CDS SDS CDS SDS CDS SDS
Control 145.6 145.6 136.6 136.6 125.6 125.6
4dsm™ 143.6 145.2 133 133.8 124.7 125.2
8dsm™ 142.5 144.2 1314 132.8 121.6 122.7
12dsm™ 138.6 138.4 129.8 130 119.2 121.3
16dsm™ 140.6 141.2 132.4 133.2 120.2 122.2

CDS: Chloride dominated salinity; SDS: Sulphate dominated salinity

Table 4. Effect of planting time on stem and branches dry weight (g plant™) under chloride and sulphate dominated salinity

Level of Salinity Early Sown Timely Sown Late sown
CDS SDS CDS SDS CDS SDS
Control 15.42 15.42 14.98 14.98 14.79 14.79
4dsm™ 14.92 14.81 14.67 14.38 14.58 14.49
8dsm™ 14.73 14.6 14.45 14.19 14.39 14.25
12dsm™ 14.34 13.92 14.09 13.36 13.85 13.72
16dsm™ 14.12 13.74 13.8 13 13.67 13.51
CDS: Chloride dominated salinity; SDS: Sulphate dominated salinity
Table 5. Effect of planting time on leaf dry weight (g plant™) under chloride and sulphate dominated salinity
Level of salinity Early sown Timely sown Late sown
CDS SDS CDS SDS CDS SDS
Control 3.96 3.96 3.36 3.36 3.3 3.3
4dsm™ 3.86 3.62 3.34 3.16 3.1 3.06
8dsm™ 3.35 3.24 3.05 2.96 2.92 2.81
12dsm™* 3.15 2.95 2.99 2.85 2.62 2.52
16dsm™ 3.04 2.84 2.82 2.75 2.43 2.23

CDS: Chloride dominated salinity; SDS: Sulphate dominated salinity

Stem, branches, leaf, and root and flower heads plant”
dry weight: The parameters such as leaf dry weight plant™
stem and branches dry weight plant*, root dry weight plant™,
flower heads dry weight, all suffered a decline with the
increasing salinity levels of the growing medium. Leaf dry
weight was more affected in late sown seed and least in early
sown at both salinity types. Level of salinity and type of
salinity is harmful to growth and development. Sulphate
dominated salinity was found more depressive at different
interval of time (Table 4, 5 and 6). Although flower initiation
starts late in late sown seeds, but more number of flower
produced in short period of time which results in greater dry
weight of flower heads in late sown seed as compared to
timely sown. Early sown and late sown seed did not show
marked difference in flower heads dry weight at highest
salinity level (Table 7). Reduction of plant metabolism
results into lack of energy may be one of the causes of
reduced plant growth. Reduction in dry matter production
under saline environment is may be both to the decreased

availability of soil water and increased toxicity of sodium and
chloride or sulphate ions. The effect of salinity on growth in
Chamomile (Matricaria chamomilla L.) in controlled
environment was also observed by Heidari and Sarani
(2012) by giving salinity treatment 0, 50, 100 and 150 mM
NaCl in nutrient solution. Results evinces the increasing
salinity from 0 to 150 mM, decreased fresh weight of shoot
(76.3%) and increased of root fresh weight (53.8%). Salinity
affects on the growth of plants by reduction of shoot length
and biomass. The reason for the decrease in plant growth
may be explained by the in osmotic pressure due to
increasing salt level, which lessens the available water to
plant (Huang et al., 2006). German chamomile is a highly
salt tolerant plant species with different medicinal values.
Plants survived and complete its life cycle even at highest
salinity level (16 dSm™) at all planting time. The early sown
seeds produce flower which results into high oil yield. This
herb can therefore be grown earlier in the areas affected by
salts.
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Table 6. Effect of planting time on root dry weight (g plant™) under chloride and sulphate dominated salinity

Level of Salinity Early Sown Timely Sown Late sown

CDS SDS CDS SDS CDS SDS
Control 1.24 1.24 1.14 1.14 1.02 1.02
4dsm™ 1.19 1.16 1.12 1.12 0.98 0.95
8dsm™ 1.13 1.09 11 1.08 0.92 0.93
12dsm™ 1.08 0.98 0.95 0.93 0.85 0.87
16dsm™ 0.94 0.88 0.9 0.87 0.82 0.81

CDS: Chloride dominated salinity; SDS: Sulphate dominated salinity

Table 7. Effect of planting time on flower head dry weight (g/plant) under chloride and sulphate dominated salinity

Level of Salinity Early Sown Timely Sown Late sown

CDS SDS CDS SDS CDS SDS
Control 4.95 4.45 4.47 4.47 4.35 4.35
4dsm™* 4.84 3.82 3.91 3.54 3.88 3.82
8dsm* 3.98 3.74 3.67 3.43 3.82 3.72
12dsm™* 3.72 3.54 3.36 3.14 3.24 3.12
16dsm™ 3.52 3.49 3.29 1.62 2.975 2.805

CDS: Chloride dominated salinity; SDS: Sulphate dominated salinity
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Abstract: A highly nutritious pseudocereal buck wheat was incorporated into wheat flour at standardized levels of 2 ,4 ,6 and 8 % against
control (no buck wheat flour incorporated) in order to study the improvement in physico-chemical quality and shelf life of sweetened bread.
Adding buckwheat influences nutritional, textural and safety properties. A significant decrease in moisture, alkaline water retention capacity,
per centloss in freshness and fungal count was recorded with increasing levels of buck wheat. However, the physical properties revealed that
composite flour bread showed low baking losses, increase in hardness (N) and decrease in springiness and cohesiveness of crumb texture.
The highest crude protein (8.81%), crude fat (1.71%), crude fibre (2.39%) and ash (0.62 %) was in 8% buckwheat fortified bread.
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Bread is the most important convenient food
universally accepted by all population rich and poor, rural and
urban (Malomo et al., 2012). Prepared from a variety of
cereals dominated by wheat, bread is a valuable source of
nutrients like carbohydrates, proteins, lipids in our diet.
Wheat is rich in gluten, a protein composite of gliadin and
glutenin, responsible for the strength, elasticity of dough, the
size and uniformity of the air cells and the presence of
heterogeneous matrix within the dough (Engleson and
Atwell, 2008). The strength of the gluten in bakery industry is
critical to mimic. Bread kept at low temperatures stale quickly
due to retrogradation (Mohamed et al., 2009) and kept in
warm, moist environments is prone to the growth of mould.
Retaining its freshness is important to keep it appetizing.
Gluten is extremely important for the texture of bread but with
significant increase in our gluten intake due to ubiquity and
over consumption of products made with highly refine flour is
just beginning to ignore glutens impact on our health. Gluten
is responsible for triggering an immune response commonly
referred as cereal intolerance/celiac disease (Ozola et al.,
2011).

Buck wheat is rich in fiber, calcium, iron, vitamins
and essential amino acids (lysine, threonine and tryptophan)
as compared to wheat (Steadman et al., 2001). The flour is
low in sugars and its bran contains fagropyritols, a galactosyl
that may be useful in the treatment of of non-insulin related
diabetes mellitus (Manthey et al., 2004). It is gluten free and
is excellent source of easily digestible proteins and contains
all eight essential amino acids, so it's close to being a
“complete” protein (Franjka and Zeljko, 2003).

Therefore, it's a need to incorporate this
pseudocereal to increase the nutritional quality of bread,

enhance its storage life and cutting back gluten. Keeping this
in view the above factors the present study was designed to
incorporate buck wheat for formulation of low gluten bread.

MATERIAL AND METHODS

Wheat (Shalimar wheat-1) was procured from the
division of genetics and plant breeding, SKUAST, Kashmir.
Buck wheat was purchased from the Global Trading Ltd.,
Jagadhari, Haryana, India. The wheat flour used for product
formulation was extra short flour (40% extraction rate), while
as, buck wheat flour used was straight run flour (100%
extraction rate). The milling was done in Buhler Pneumatic
Mill.
Bread formulation: The process for preparation of
sweetened bread using flour of wheat and buck wheat was
standardized using straight dough process (Neelamet al.
2005). Formulation show that with 100 % weight flour basis of
wheat flour basis water (60%), salt (2%), sugar (2%), yeast
(1.5%) and shortening (2%) were used to produce
sweetened bread. Bread was prepared from wheat and buck
wheat flour in ratios F, (wheat: buck wheat; 100:0), F, (wheat:
buck wheat; 98:2), F, (wheat: buck wheat; 96:4), F, (wheat:
buck wheat; 94:6), F, (wheat: buck wheat; 92:8). The bread
was prepared using straight dough process. In this method,
all the formula ingredients are mixed into developed dough
that is then allowed to ferment. During fermentation, the
dough is usually punched one to three times. After
fermentation it is divided into loaf sized pieces, round
moulded into the loaf shape and placed into pan and is given
an intermediate proof (floor time 30°C and 85 % RH) of 20-30
minutes during which the loss of gas (in scaling and rounding)
is compensated. It was then placed in oven and baked for 28
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minutes at 245-250 °C after which the unpalatable dough
was transformed into light, porous and readily digestible
flavoured product. After baking the bread is cooled at room
temperature, sliced and packed.

Crude protein (using the factor 6.25 for converting
nitrogen into protein), moisture, fat, fiber were estimated
using standard method of AOAC (1995). Bread and cake
crumb texture was measured by Texture Analyser (TA/ HD
Plus) with HDP BSK Blade Set with Knife probe. The
weighted probe which was vertically positioned over the
surface of the test sample was allowed to fall into sample.
The software provided in the texture analyser was used to
collect the data and the results were presented in terms of
hardness (N), springiness (mm) and cohesiveness. Staling of
the bread was tested for their alkaline water retention
capacity according to the procedure shown by AACC (2000).
Percent water absorption is evaluated on a farinograph
where the curve is centered on the 500 brabender unit while
as peak viscosity is recorded by rapid viscoanalyser (AACC,
2000). Yeast and mould count was determined during a
storage period of 9 days with an interval of 3days, by the
method on serial dilution technique using potato dextrose
agar media. The incubation period was 48 hours at 25+2°C.
The colonies so formed were expressed in log cfu g* (Karuna
and Kolte, 2005).

RESULTS AND DISCUSSION

Highest protein (11.97%), fat (1.95%), ash (1.80%),
fiber (2.36 %), dough development (2.50 min) were recorded
in straight run buck wheat flour. However extra short wheat
flour depicted highest percentage of water absorption
(57.63%), peak viscosity (3932.4 cp) and moisture (13.49%)
(Table 1).

Significant differences in nutritional properties of
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bread were observed with composite flour combinations.
Increase in buck wheat flour concentration decreased the
moisture. However flour combination (wheat: buck wheat;
100:0) recorded highest moisture content (33.39 %). Such an
effect might be related to the difference in quantitative
distribution of protein fractions and physico-chemical
properties of starch in buck wheat flour (Attia et al., 2010).
The findings are in conformity with Doxastakis et al. (2002)
and Vittadini and Vodovotz (2003). The effect of buckwheat
fortification resulted in increased nutrient content among
which flour combination (wheat: buck wheat; 92:8) had
highest protein, fat, ash, fiber (Table 2). This is due to high fat,
ash, low cholesterol and high concentration of easy
digestible proteins in buck wheat flour hencecalled a
complete protein pseudocereal (Baljeet et al., 2010).
Textural Evaluation of bread: The lowest hardness (11.48
N) of bread crumb was achieved when bread was produced
from wheat flour. Bread procured from flour combination
(wheat: buck wheat; 92:8) was characterized by highest
bread crumb hardness of 20.56 N. Cohesiveness of bread
crumb was the least related to flour and dough properties.
The results indicated highest cohesiveness of 6.71 was in
flour combination (wheat: buck wheat; 100:0) and lowest of
0.54 in flour combination (wheat: buck wheat; 92:8).
Springiness of bread samples were reduced by addition of
buckwheat in the formulation (Table 3). The springiness of
bread samples containing wheat were different because of
interaction between gelatinsed starch and gluten in dough
which caused dough to be more elastic (Feili et al., 2013).
The springiness varied from 0.77 mm in flour combination
(wheat: buck wheat; 92:8) to 0.90 mm in flour combination
(wheat: buck wheat; 100:0). The flour combination (wheat:
buck wheat; 100:0 and 92:8) recorded baking losses of 0.833
and 0.820.

Table 1. Physico-chemical composition of wheat and buck wheat flour

Flour Moisture Protein Fat Ash Fiber % Water Peak Dough development
(%) (%) (%) (%) (%) absorption  viscosity (cp) time (min)
Wheat (40%ER) 13.49 9.45 1.60 1.02 0.68 57.63 39324 1.41
Buck Wheat (100% ER) 11.12 11.97 195  1.80 2.36 30.4 1080 25
ER- Extraction Rate; cp- centipoise (12 centipoise (cp) = 1 rapid visco units (RVU))
Table 2. Nutritional evaluation of bread
Parameter Flour combinations (Wheat: Buckwheat)
Fo (100:0) F1(98:2) F2(96:4) F3(94:6) F4(92:8) Mean CD (p<0.05)
Moisture (%) 33.39 32.96 32.55 32.12 31.67 32.53 0.014
Protein (%) 8.64 8.68 8.72 8.76 8.80 8.72 0.023
Fat (%) 151 1.56 1.61 1.65 1.70 1.61 0.023
Ash (%) 0.51 0.53 0.55 0.59 0.62 0.56 0.014
Fiber (%) 211 2.18 2.24 2.30 2.37 2.24 0.010
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Microbial quality of bread: In general, most mould prefer
high water activity (aw >0.80), while a few xerophilic mould
prefer to grow at water activity as low as 0.65 (Abellana et al.,
2001). Data pertaining on fungal count of bread depicted that
flour combination had a significant influence. It was reported
that no fungal growth was observed in ambient conditions
(28+£2°C) at O days of storage irrespective of treatment
combinations. Similarly no fungal growth was observed in
bread prepared using flour combinations (wheat: buck
wheat; (98:2; 96:4; 94:6; 92:8) at 3 days of storage and the
flour combinations (wheat: buck wheat; 94:6; 92:8) at 6 days
of storage. Maximum fungal count of 3.425 log cfu g* was in
flour combination (wheat: buck wheat; 100:0) followed by
3.301 log cfu g* in flour combination (98:2) at 9 days of
storage (Table 4).

Staling: Highest AWRC of 302.86 was in flour combination of
wheat: buck wheat; 100:0 at O days of storage while as lowest
of 158.70 in flour combination wheat: buck wheat; 92:8 at 9
days of storage. However, it was observed that the
percentage loss of freshness decreased with increasing buck
wheat flour. Bread made with flour combination (wheat: buck

Table 3. Textural studies and baking losses of bread

Quraazah Akeemu Amin, Towseef A. Wani, Hafiza Ahsan and Nuzhat Quadir

wheat; 100:0) at 9 days of storage showed 45.58 % loss of
freshness compared to 45.06% in flour combination of wheat:
buck wheat; 92:8 (Table 5). There was a dramatic decrease in
the alkaline water retention capacity from 0 day to 9 days of
storage because the amylose that leached from granules by
the time bread has completely cooled after baking, the
interstitial amylose will have retrograded (became insoluble)
therefore, plays a major role in subsequent moisture loss and
staling of bread (Ahmed et al., 2013). During storage the
amorphous starch turns to crystalline form. Similar results
were observed by Mohamed et al. (2009) and Ahmed et al.
(2010).

Based on these results and discussions, it can be
concluded that the incorporation of buck wheat flour
increased the nutritional content of all the products. However
on the basis of safety studies the buck wheat incorporation
showed the decreasing fungal count (log cfu g*). These
products had a low gluten content which is useful for
prevention for celiac disease. Hence there is a need for
incorporation of buck wheat flour in value addition of cereal
based products to provide health and safe food to all.

Texture characteristics Fo (100:0) F1(98:2) F,(96:4) F3(94:6) F4(92:8)
Hardness (N) 11.48 12.22 17.24 20.05 20.56
Cohesiveness 6.71 0.70 0.64 0.63 0.54
Springiness (mm) 0.90 0.90 0.85 0.84 0.77
Baking losses 0.83 0.83 0.83 0.82 0.82
Table 4. Microbial quality of bread
Storage days Flour combinations Mean
Fo (100:0) F1(98:2) F,(96:4) F3(94:6) F4(92:8)
0 (So) 0.000 0.000 0.000 0.000 0.000 0.000
3(Sy) 2.523 0.000 0.000 0.000 0.000 0.505
6 (S2) 3.000 2.828 2.523 0.000 0.000 1.670
9 (S3) 3.425 3.301 3.000 2.828 2.523 3.015
Mean 2.237 1.532 1.381 0.707 0.631 1.298
CD(p< 0.05)- Flour Combination = 0.001, Storage = 0.001
Table 5. Alkaline water retention capacity of bread
Storage Flour combinations (wheat: buckwheat) Mean
days Fo % loss Fi % loss F % loss in F3 % loss in Faq % loss in
(100:0) in (98:2) in (96:4) freshness  (94:6)  freshness  (92:8) freshness
freshness freshness
0 (So) 302.86 - 298.25 - 295.23 292.97 - 289.12 - 295.68
3(Sy) 250.22 17.38 246.53 17.34 244.42 17.21 242.84 17.11 239.96 17.00 244.79
6 (S2) 203.94 32.66 201.08 32.58 199.51 32.42 198.31 32.31 196.08 32.18 199.78
9 (S3) 164.79 45.58 162.57 45.49 161.31 45.36 160.54 45.20 158.70 45.06 161.58
Mean 230.45 227.11 225.12 223.66 220.96

CD(p< 0.05)- Flour Combination = 0.013, Storage = 0.012
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However, these new products are unfamiliar to consumers so
a proper knowledge regarding low gluten cereal based
products is to be introduced in the market and popularized
vis-a-vis.
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Abstract: A study was undertaken by the Department of Farm Machinery, Tamil Nadu Agricultural University, to measure the variation in the
surface and hardpan levels of the wet rice fields in Coimbatore area. Total five experimental plots were taken, surface and subsurface levels
were measured by using dumpy level. The maximum differences in the surface and hardpan levels were observed as 0.39m, 0.39m 0.27m,
0.43m, 0.48m and 0.42m, 0.45m, 0.17m, 0.42m, 0.45m, respectively for 1,2,3,4 and5 field plots . This paper also brings out the need for

controlled pudding.

Key words: Dumpy level, Hardpan level, Puddling, Surface level

Water is a scarce resource, and hence saving of
water for the future is very essential. The amount of water
consumed in the field to produce 1 kg of rice is significantly
greater than for other important cereal crops. In Asia,
irrigated agriculture accounts for 90% of total diverted fresh
water and more than 50% of this is used to irrigate rice (Kukal
and Sindu, 2004). Since, amongst cereals rice is the lowest
productive crop per unit of water consumed, optimum water
management and cultural practices need to be followed to
ensure minimum losses of water. In rice cultivation the most
important and highly water demanding step is seed bed
preparation, which includes puddling and leveling of the field.
Puddling reduces the percolation losses by eliminating the
large pores, thereby decreasing the hydraulic conductivity of
the soils (Kukal and Aggarwal, 2002). Leveling after puddling
creates a uniform bed, eliminates the requirement of water to
fill the uneven seed bed. There are different types of
implements separately for puddling and leveling practices,
which includes, animal drawn puddler, tractor drawn
cultivator, tractor drawn rotavator for puddling and, draft
animals , two wheel tractors using harrows and leveling
boards, four wheel tractors using rear mounted tractor blades
or drag buckets, four wheel tractor with laser controlled
buckets for leveling.

The problems in existing method of seedbed
preparation are uncontrolled depth of puddling and unleveled
surface and hardpan levels. These two contribute to the high
amounts of water losses during the seed bed preparation.
Though these problems are well known, study on
guantification of these parameters was not up to the extent.
Hence a study was undertaken to quantify the variation in
surface and hardpan levels of the wet rice fields to quantify
the variation in surface and hardpan levels of the
conventionally puddled wetrice fields.

MATERIAL AND METHODS

Study was done to quantify the variation in surface
and subsurface levels. The surface and hardpan levels were
plotted by contours using dumpy level in the puddle rice fields
of the wetlands and paddy breading station, at Tamil Nadu
Agricultural University, Coimbatore. The plots were
examined for the level variations in the surface and hardpan.
The experiments were conducted one day after leveling (by
the animal drawn leveling boards) i.e. one day before
transplanting. The experiments were done in five
experimental plots, with the areas of 100 m? (10 x 10), 120 m*
(10 x 12), 140 m*(10 x 14), 320 m* (20 x 16) and 484 m? (22 x
22)for1, 2,3,4and 5 plots, respectively. The level changes
in the surface and hardpan were measured by using dumpy
level. The field was marked for 2 x 2 m plots, by using bamboo
pegs. The data was recorded for each 2m interval by keeping
the staff at surface (surface reading), and by sinking the staff
into the puddle field manually (hardpan reading). Distinctively
such hardpans have higher penetration resistance of 150 k
Pa(Ramachandran and Jesudas, 2013). Thereduced levels
of the plots were taken and the wireframes were drawn by
using surfer 07 software.

RESULTS AND DISCUSSION

The level changes in the surface and hardpans
were plotted as wire frames. The wire frame shows the
contour profile of the field. The wire frames for surface and
subsurface of the wet rice field No's 1, 2, 3, 4 and 5 were
showninFig.2,3,4,5,6,7,8,9,10and 11.

The observed elevations are computed for mean
and standard deviations are given in the Table 1. It is
observed that there was a gradual change in the level of the
field from one end to another end. This may be because,
absence of reference point while leveling the field and it
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Fig.2. Wire frame diagram for surface of the field 1 Fig. 3. Wire frame diagram for the subsurface of the field 1

Fig. 4. Wire frame diagram for surface of the field 2 Fig. 5. Wire frame diagram for subsurface of the field 2

Fig. 8. Wire frame diagram for surface of the field 4 Fig. 9. Wire frame for subsurface of the field 4
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B

Fig. 10. Wire frame for surface of the field 5

Surface level

Hardpan level

Fig. 12. Observed layout of the field

followed the implement movement in the field. The
movement of the implement has a great effect on the contour
profiles of the experimental plots. The maximum difference in
the levels of the surface and hardpan plots were observed as
0.39m, 0.39m0.27 m, 0.43 m, 0.48m and 0.42 m, 0.45 m,
0.17 m, 0.42 m, 0.45 m, respectively for 1,2,3,4 and 5 field
plots. It was clear that the depth of puddling varies in the
range of 8.2cm to 21 .9 cm at 95% confidence interval. The
observed value of depth of puddling is varying much from the
mean value, hence it was concluded that the depth of
puddling has to be controlled for better crop performance and
machinery operation. The observed layout of the rice field is
shown in Fig. 12. Field measurements of variability with the
surface and hardpan levels inrice fields that are continuously
under rice cultivation were measured. It was observed that

the surface levels for fields that are prepared by the
conventional puddling techniques (puddling with power tiller
or light weight tractor and leveling by animal drawn levelers)
results in 0.27 m to 0.48 m variation of the surface when it is
observed just prior to transplanting. The variation in the levels
of the hardpan under these conditions 0.17 m to 0.45 m. the
average depth of puddling varied from 10 cm to 35 cm. The
rice crop will require the optimum puddling depth of 15 cm.
Hence controlled puddling that maintains constant depth of
puddling and also ensures table top level of the surface and
hardpan layers will lead to considerable saving in the water
requirement puddling, energy requirement and also in a long
run lead to more stable and compact hard pans that reduces
percolations and also provide better support for machinery
like tansplanters and harvesters.

Table 1. Variation in surface and subsurface of the conventionally puddled rice fields (All dimensions are in m)

Field No. Surface level (m) Subsurface level (m) Depth of puddling (m)
Mean (p) Standard deviation (6) Mean (u) Standard deviation (6) Mean (p) Standard deviation (6)

1 1.507 0.105 1.647 0.141 0.140 0.053

2 1.064 0.055 1.274 0.057 0.210 0.069

3 1.562 0.185 1.644 0.195 0.082 0.041

4 2.650 0.268 2.848 0.244 0.198 0.129

5 1.787 0.031 1.963 0.043 0.176 0.048
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Abstract: In the present study, optimum blends for development of value added RTS drink from Aloe vera, aonla and papaya were
standardized. Pulp/juice of fresh leaves of aloe and fruits of aonla and papaya was collected by cold extraction process and assessed for
various physico-chemical constituents. The papaya pulp had highest yield (75.6%) followed by aonla juice (65.2%) and aloe juice (49.8%).
Total soluble solids (TSS), acidity, pH and ascorbic acid content were recorded maximum in papaya pulp (7.1%), aonla juice (1.16 %), aloe
juice (4.8) and aonla juice (497 mg/100 ml), respectively. The requisite quantities of pulp/juice, total soluble solids and acidity to be used in the
preparation of RTS drink was optimized using response surface methodology (RSM) using papaya pulp. Then, formulations of different blends
of aloe, aonla and papaya were standardized. On the basis of organoleptic evaluation, blends of aloe: aonla (25:75), aloe: papaya (25:75) and
aloe : aonla: papaya (10:10:80) were optimized and recipe having 20% juice/pulp, 15% TSS and 0.28% acidity was most acceptable by RSM
design for the preparation of RTS drink. Low calorie RTS drink developed by replacing 50% sugar with stevia and 35% sugar with sucralose
were found most acceptable. Spices and ingredients namely salts, roasted cumin powder, small cardamom and black pepper (0.1% each),

and chat masala (0.375%) were optimized for the preparation of spiced RTS drink.

Key Words: Aloe vera, Aonla, Low calorie, Papaya, Optimum blends, RSM

Fruits and vegetables are important constituents of our
diet and provide considerable quantities of nutrients.
Though, India is the world's second largest producer of fruits
and vegetables, yet only 2-3 per cent of their total production
is processed. Hence, more and more utilization of fruits and
vegetables is necessary for processing into various
processed products, like beverages so as to reduce post-
harvest losses due to their perishable nature (Bhardwaj and
Pandey, 2011). During the last few years, demand for
nutritive fruit beverages has increased in India as well as in
other countries. This might be attributed to change in dietary
habits, taste preferences and lifestyle of present-day
consumers. In addition, fruit and vegetable beverages have
higher nutritional, medicinal and calorific values over
synthetic beverages (Kaur and Kapoor, 2002).

In the present study, kwargandal (Aloe vera), aonla
(Phyllanthus emblica L.) and papaya (Carica papaya) were
selected for the development of blended therapeutic ready-
to-serve (RTS) drink. Aloe vera with its numerous medicinal
and therapeutic properties, have made it a novel valuable
ingredient for utilization in food industry. Acemannan, a
storage polysaccharide, rich in mannose units is the main
bioactive component of Aloe vera. In food industry, it has
been utilized as a source of functional food, especially for the
preparation of health food drinks (Pugh et al., 2001). Aloe
vera gel is famous for facilitating digestion, aiding blood and
lymphatic circulation, besides improving kidney, liver and gall
bladder functions (Ehsun, 2004). The gel has a bitter taste

and unpleasant in raw form, however, its palatability could be
enhanced with addition of some other fruit juices such as
aonla or papaya. Aonla or Indian gooseberry was chosen for
blending with aloe because it is a rich source of natural
vitamin C (200 to 900 mg/100 g of juice) (Barthakur and
Arnold, 1991). It has antioxidant properties due to high
vitamin C content. It also contains abundant pectin and
minerals like iron, calcium and phosphorus. It is a very
powerful anti-inflammatory herb. Thus, there exists lot of
scope to explore the possibility of aonla for its utilization in
beverage industries (Nayak et al., 2011). Papaya was
selected for being rich vitamin A and minerals. Today, papaya
products need value enhancement with fortification of novel
ingredients and promoting it as a high valued product fruit,
owing to increase in demand of these products by the
consumers.

Therefore, blending of Aloe vera, aonla and papaya
pulp/juices with spices and low calorie ingredients is a
convenient and economical alternative for its utilization in the
development of value added nutritive and therapeutic
beverages.

MATERIAL AND METHODS
Mature aonla fruits cv. Chakaiya was procured from
local orchards adjoining Hisar and fresh Aloe vera leaves
were procured Department of Genetics and Plant Breeding,
CCSHAU, Hisar. Sucralose powder was purchased from
Titan Biotech. Pvt., Bhiwadi (Rajasthan), while stevia powder
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from Green Valley Stevia Biotech. Pvt. Ltd., Nawashahr
(Punjab), and citric acid from SRL, laboratories, Mumbai,
India. Papaya pulp, aonla and aloe juice was collected by
cold extraction method. Flow sheet for collection of papaya
pulp, aonla and aloe juice has been shownin Fig. 1.
Optimization of RTS drink recipe using response surface
methodology: RSM was applied only for the preparation of
papaya RTS drink and the selected recipe with optimum pulp,
total soluble solids and acidity was then followed for
preparation of all the beverage blends including low calorie
and spiced RTS drink variants.

Experimental design layout: RSM [design-expert version 9
(Stat-Ease Inc., Minneapolis, MN, USA)] was used for
optimizing recipe of papaya RTS. Box-Behnken design
(BBD) generated seventeen different recipes according to
input fed into the experimental layout. Input was fed with
three independent (process) variables such as pulp (%)
coded as 'A" with levels ranged from 15 to 20%, TSS (%)
coded as 'B' with levels ranged from 10 to 15% and acidity
(%) coded as 'C' with levels ranged from 0.18 to 0.30 %. The
minimum level of each independent variable was selected
according to food safety and standards authority regulations
[Food safety and standards authority, 2011] and then
selection of range was done after carrying out preliminary
trials. RSM optimized one most acceptable recipe from
seventeen runs after analyzing the adequacy of the models
based on five response parameters viz., pH, ascorbic acid,
total phenols, total carotenoids and overall acceptability of
the prepared recipes. For optimization process, the analysis
of variance tables were generated and the adequacy of the
model was determined using p-value, lack of fit test and
coefficient of determination i.e., R after model evaluation by
guadratic regression equations.

Preparation of RTS drink: The percentages of pulp, TSS
and acidity were maintained in seventeen experimental
recipes according to the runs given by BBD design (Table 2).
For preparing RTS drink, total soluble solids and total acids
were first analyzed in pulp/juice. Total soluble solids were
estimated at ambient room temperature by Erma Hand
Refractometer (0-32%). Total acids were extracted in water
and were estimated by titration against 0.1N sodium
hydroxide (Ranganna, 2009). On the basis of this analysis,
requisite quantities of sugar and citric acid were dissolved in
water by heating and then added to the weighed pulp for
adjustment of TSS and acidity in RTS drink (w/w basis). The
beverages were homogenized in colloidal mill, strained,
mixing with sodium benzoate (@120 ppm), filled in pre-
sterilized glass bottles (200 ml capacity) leaving 2.5 cm
headspace and sealed with crown corks. The sealed bottles
were processed in boiling water for 25 minutes. The bottles

were then cooled in air, labelled and stored at room
temperature for analysis of responses (Fig. 1).
Determination of physico-chemical parameters: The
fresh pulp/juice and beverages were subjected to analysis for
various parameters by different methods. Yield of the
pulp/juice was calculated by taking weight of net screened
pulp/juice in comparison to weight of fresh fruits and the
values were expressed in per cent. Fresh pulp/juice and
seventeen RTS recipes generated by RSM were assessed
for pH using a digital pH meter. Ascorbic acid (Ranganna,
2009), total carotenoids of papaya RTS drink (Rodriguez-
Amaya et al., 1999) and total phenols (Amorium et al., 1991)
were analyzed by standard methods. Sensory evaluation of
all the beverages was performed using 9 point hedonic scale
(Ranganna, 2009). The products were evaluated for colour
and appearance, taste, flavor, mouthfeel and overall
acceptability. The overall acceptability of beverage blends
was based on the mean scores obtained from all the sensory
characters. The attributes with mean scores of 6 and above
out of 9 were considered acceptable. The treatments were
replicated thrice.

Designing formulations of blends: Different aloe, aonla
and papaya based blends were prepared according to the
proportions (Fig. 1). All the beverage blends were prepared
according to the procedure as mentioned above by adjusting
contents of pulp/juice, TSS and acidity according to the
standardized recipe generated previously by RSM. For
obtaining optimum formulation of blends, these were
subjected to sensory evaluation as mentioned.
Development of Value Added RTS Drink Variants

Spiced RTS drink: The optimum quantities of common salt,
black salt, rock salt, black pepper, cumin, chat masala and
cardamom (small) was standardized for the preparation of
spiced RTS drink from the most acceptable formulation of
aloe : aonla : papaya juice blends using the standardized
recipe generated previously by RSM. The optimum
quantities of spices were mixed in 100 ml boiled water. The
spice extract was strained after 10 minutes and it was finally
added to the mixture of juice and sugar syrup.

Low calorie RTS drink: The optimum quantities of natural
sweetener (stevia) and artificial sweetener (sucralose) was
standardized to replace sugar with low calorie sweeteners for
preparation of low calorie RTS drink from the most
acceptable formulation of aloe : aonla : papaya juice blends
using the standardized recipe. The formulation consisting of
different quantities of spices and sweeteners are depicted in
Fig. 1. On the basis of sensory evaluation, optimum
quantities of spices and sweeteners were selected. The flow
sheet right from the processing of pulp/juice till development
of finished beverages has been shownin Fig. 1.
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RESULTS AND DISCUSSION
Physico-chemical parameters of fresh pulp/juice: Yield
of papaya pulp was highest (75.6%) followed by aonla juice
(65.2%) and aloe juice (49.8%). Total soluble solids were 7.1,
6.1 and 0.8% in papaya pulp, aonla juice and aloe juice,
respectively. Acidity percentage of aonla juice was highest
(1.16) followed by papaya pulp and aloe gel juice, while pH
was recorded 4.44, 2.66 and 4.86 for papaya, aonla and aloe
juice, respectively. Ascorbic acid content (mg/100g or ml)
was maximum in aonla juice (497) followed by papaya pulp
and aloe gel juice. Similar results were reported by Kumar et
al. (2013); Yadav et al. (2013).

Determination of response parameters of different
recipes generated by RSM: Seventeen recipes were
evaluated for different parameters (Table 2). Mean values of
different parameters ranged for pH (3.40-3.78), ascorbic acid
(2.79-6.74 mg/100 ml), total phenols (5.6-11.49 mg/100 ml),
total carotenoids (245.7-508.5 pg/100 ml) and overall
acceptability scores (6.4-8.2 out of 9). Regression model
fitted to all the models show acceptable P-value for lack of fit
was (P>0.05), which implies that the lack of fit was non-
significant i.e., all the models of response parameters were
found to be fit and good. The fit of model was also assessed
by coefficients of determination i.e., R?, which was higher
than 0.96 and desirable for fitting all the models for further
optimization.

Solutions generated by RSM through numerical
optimization: For optimization process, desired criterion for
each factor and response parameter was set from the
numerical optimization menu in the software Acidity was
targeted to 0.28%, and pH and total phenols values were kept
in the range (Table 3). All the above given criteria were
combined and program generated solutions with good set of
conditions having maximum desirability. The recipe for
papaya RTS drink was optimized with 20% pulp, 15% TSS
and 0.28% acidity, and was selected for standardization with
highest desirability of 0.962 (Table 4). This generated recipe
was further used in the development of value added RTS

drink variants. Deshpande et al. (2008) also optimized
chocolate-flavored, peanut-soy beverage using response
surface methodology (RSM). They formulated twenty-eight
beverages by mixing three basic ingredients: peanut (A=30.6
g/100g-58.7 g/100g), soy (B=28.3 g/100g—43.5¢9/100 g), and
chocolate syrup (C=13.0g/100 g-25.9 ¢/100 g). The
optimum formulations were all the combinations of A: 34.1
0/100 g—45.5 g/100 g, B: 31.2 g/100 g—42.9 g/100 g and C:
22.4 g/100 g-24.1 g/100 g for Soy flour-based beverage
formulations.

Standardization of aloe, aonla and papaya based RTS
drink variants: Ten treatments (T,-T,,) of RTS drink variants
(Fig. 1) were prepared from different proportions of aloe vera,
aonla and papaya pulp/juice blends. All the beverage blends
were prepared with RSM optimized RTS recipe i.e., 20%
pulp/juice, 15% TSS and 0.28% acidity. On the basis of
sensory evaluation, best treatments were selected and
utilized further for the preparation of value added spiced and
low calorie RTS drink variants (T,-T,,).

Aloe: aonla RTS drink variants: On the basis of sensory
evaluation (9 point hedonic scale), T, combination i.e., aloe:
aonla in 25:75 ratio was adjudged most acceptable with
maximum overall acceptability scores of 7.8. The colour,
appearance, taste, mouthfeel and overall acceptability of
RTS drink variants declined with the increase in
concentration of aloe gel juice and decrease in concentration
of aonla juice (Fig 2). Kumar et al. (2013) also developed
therapeutic ready-to-serve (RTS) beverage from blends of
aloe vera juice, aonla juice and juice extracts from ginger.
These were blended by using different proportions of aloe,
aonla and ginger juice as 50:25:25 (A), 60:20:20 (B),
70:15:15 (C) and 80:10:10 (D). Sample C blended ratio of
70:15:15 recorded highest overall acceptability scores with
the utilization of aonla juice up to 15%.

Aloe: papaya RTS drink variants: Besides improving
nutritional value, papaya pulp provided a pleasant colour,
aroma, taste and mouthfeel to the beverages when blended
with aloe gel juice. On the basis of sensory evaluation, T,

Table 1. Physico-chemical characteristics of papaya pulp, Aloe and aonla juice

Parameters Mean = S.D.

Aloe Aonla Papaya
Fruit or leaf weight (g) 584.5+79.24 30.11+0.23 1831+36.51
Pulp or juice weight (g) 291.8+46.06 19.62+0.53 1385.7+£57.04
Yield of pulp or juice (%) 49.83+1.26 65.17+2.25 75.67+2.08
Total soluble solids (%) 0.8+0.1 6.1+0.12 8.2+0.20
Acidity (%) 0.075+0.01 1.16+0.14 0.14+0.02
pH 4.86+0.07 2.66x0.01 4.44+0.06
Ascorbic acid (mg/100 g) 1.3040.23 497.01+2.21 40.77+2.65
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B2 Sensory scores of Aloe vera : Aonla RTS dink
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Fig. 2. Sensory scores of aloe: aonla RTS drink

Sensory scores of Aloe vera : Papaya RTS dink

10

Colour & Aroma
Appearance
W 57501

Taste Mouthfeel

I s0:50(T5) 75225 (T6)
Fig. 3. Sensory scores of aloe: papaya RTS drink

9
g 3 8 8 8.25
g 15 7 73 4 72 7 72 73725
6
4
2
0

Overall Acceptability

@aloe: papaya juice/pulp in 25:75 ratio) was adjudged most
acceptable with maximum overall acceptability scores of
8.25. All the sensory attributes improved with maximum
proportion of papaya pulp (75%), while drastic reduction in
taste scores was observed with the increase in proportion of
aloe juice up to 75% due to imparted bitterness (Fig. 3).

Aloe: aonla: papaya RTS drink variants: The functional
properties from aloe, aonla and papaya were combined into
one novel beverage blend. Aloe: aonla: papaya in 10:10:80
ratio was adjudged most acceptable with maximum overall
acceptability scores of 8.2. All the sensory attributes
gradually decreased with the increase in concentration of
aloe and aonla juice in the blend up to 25% (Fig. 4). Hence,
only 10% of aonla and aloe vera juice was found acceptable
for mixing with papaya. The mouthfeel of beverage blends
improved with the increase in proportion of papaya pulp due
to uniform distribution of granular particles of pulpy portion in
the aqueous phase of the beverages imparting balanced
taste. Boghani et al. (2012) also observed that aloe gel could
be successfully incorporated in development of blended RTS
drink with better sensorial quality profile up to the level of 10%
only.

Value Added RTS Drink Variants

Spiced RTS drink variants: Aloe: aonla: papayain 10:10:80
ratio was used for the preparation of two types of spiced

Table 2. Experimental recipes with response parameters of prepared papaya RTS beverages

Run No.  Pulp TSS Acidity pH Ascorbic Total phenols Total Overall
(%) (%) (%) (mg/100 ml) (mg/100 ml) carotenoids acceptability
(ng/100 ml) (scores out of 9)

1. 15 10.0 0.30 3.45 5.83 8.69 370.5 7.2
2. 20 12.5 0.30 3.43 6.57 11.1 495.6 8.0
3. 10 15.0 0.24 3.58 3.49 5.79 248.3 7.0
4. 20 12.5 0.18 3.73 6.14 11.49 488.9 7.8
5. 15 12.5 0.24 3.54 5.22 8.25 367.8 7.6
6. 20 10.0 0.24 3.50 6.74 10.86 508.5 7.8
7. 15 10.0 0.18 3.78 4.86 8.54 375.2 7.2
8. 10 12.5 0.30 3.49 3.58 5.73 245.7 6.9
9. 20 15.0 0.30 3.40 6.62 10.78 489.5 8.2
10. 10 10.0 0.24 3.59 2.79 5.67 252.3 6.4
11. 15 15.0 0.30 3.46 5.61 8.42 3725 7.9
12. 15 12.5 0.24 3.56 5.42 8.05 360.9 7.5
13. 15 12.5 0.24 3.53 4.96 8.41 365.2 7.3
14. 15 12.5 0.24 3.53 5.24 8.32 358.5 7.4
15. 15 15.0 0.18 3.76 5.66 8.6 369.1 7.2
16. 10 12.5 0.18 3.79 3.48 5.61 245.9 6.9
17. 15 12,5 0.24 3.56 5.32 8.3 369.2 7.4
Lack of fit (p- value) 0.44 0.21 0.16 0.40 0.56

R?value 0.99 0.987 0.99 0.99 0.96

*For good model lack of fit should be non-significant (p>0.05) and R?value should approach to unity
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blends (T,, and T,,) to increase the therapeutic value and
storage life of beverage blends due to potent antimicrobial
and antioxidant effects of the spices (Suhaj, 2006; Tajkarimi,
2010). T, spiced RTS drink variant was most acceptable with
overall acceptability scores of 8.40. The spices led to
increased aroma and taste as compared to control but further
increase in spice concentration led to decline in colour and
taste profile due to high pungency mainly of black pepper in
the beverage blends (Fig. 5). Change in colour was observed
in spiced RTS drink blends as compared to control because
spices masked the original colour of fruit juice, although, the
colour noticed was also acceptable and gave uniqueness to
the product. Deca et al. (2005) also developed mango-
pineapple spiced beverages with aqueous spice extract
consisted of curry leaf (0.5%), cumin (0.25%), cardamom
(0.25%), black pepper (0.1%) and juice of ginger (0.5-2.0%)
and mint (0.4%) along with 1 to 2 per cent salt (common and
black salt), while Sundram et al. (2013) developed spiced
sea-buckthorn mix fruit squash with the addition of aqueous
spice extract consisting of cumin powder, pepper, black salt,
cardamom powder @ 1.5% each, processed in 125 ml water,
strained and mixed with sugar syrup for further processing.
Low calorie RTS blends: Substituting natural (stevia) and
artificial (sucralose) sweeteners partially with sucrose may
provide low calorie beverages with improved antioxidant
properties and keeping quality, especially in case of stevia.
Aloe: aonla: papaya in 10:10:80 ratio (T,,) was used for the
preparation of three different stevia variants (T, T,, and T,;).
Sensory evaluation (Fig. 6) indicate that recipe with 50%
sugar replaced with stevia (T,,) was found most acceptable
over other treatments (7.80 scores for overall acceptability).
Sugar: acid ratio is also an important predictor of taste and
aroma of a product. Taste and overall acceptability scores
were significantly influenced due to changes in TSS: acidity
ratio in stevia substituted RTS drink samples as compared to
control. Results reveal that stevia can be replaced with half of
the sugar without much impairing the quality of RTS drink, but
when sugar was replaced with higher concentration of stevia
up to 75%, it was responsible for diminishing the overall
rating of product. Meena et al. (2011) also successfully
replaced 50% sugar with stevia in developing low calorie
mango RTS drink.

RTS drink variants prepared by replacing sugar with
sucralose: Aloe: aonla: papaya in 10:10:80 ratio was also
used for the preparation of three different sucralose variants
(T, T, and Tp,). Sensory evaluation (Fig. 7) indicated that
recipe prepared with 35% sugar replacement with sucralose
(T,,) was found most acceptable over other treatments (7.55
scores for overall acceptability). In the present study, with the
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Table 3. Criteria established for different factors in numerical optimization process

Factors Goallcriteria Lower limit Upper limit
A:Pulp/juice content Maximize 10 20
B:TSS Maximize 10 15
C:Acidity Target = 0.28 0.18 0.3
pH In range 3.4 3.78
Ascorbic acid Maximize 2.79 6.74
Total phenols In range 5.61 11.49
Carotenoids Maximize 245.76 508.51
Overall acceptability Maximize 6.4 8
Table 4. Solutions generated by response surface methodology (RSM)

Pulp TSS Acidity pH Ascorbic acid  Total phenols Carotenoids O A scores* Desirability
20 15 0.28 34 6.35 10.85 491.2 7.9 0.962
20 14.9 0.28 34 6.35 10.85 491.2 7.9 0.961
20 14.9 0.28 34 6.35 10.85 491.1 7.9 0.961

19.9 15 0.28 3.4 6.35 10.82 489.6 7.8 0.959
20 14.8 0.28 3.4 6.36 10.85 491 7.9 0.959

19.9 15 0.27 34 6.34 10.85 491.1 7.8 0.959
20 15 0.28 34 6.35 10.85 491.2 7.9 0.957
20 14.9 0.27 34 6.34 10.85 491.1 7.8 0.956

19.8 15 0.28 3.4 6.34 10.77 487.3 7.8 0.956
20 14.7 0.28 34 6.37 10.85 490.8 7.9 0.956

O.A.*= Overall acceptability sensory scores, Run No.1= Selected

increase in the substitution of sugar with sucralose, taste and
mouthfeel scores declined because beverage with lower
sugar content (T,,) was perceived with long lasting bitter
aftertaste. This finding is in agreement with those of Dabbas
et al. (2012). They reported that high sucrose content
masked bitterness perception in sucralose substituted
orange nectars.

Despite having high nutritional and medicinal qualities,
the utilization of aonla and aloe have become limited in
developing processed products owing to high acidity,
astringency, bitterness and such other factors. Thus, it is the
need of hour to introduce new types of value added
beverages, which can be developed by blending fruit
pulp/juice with medicinal plants, herbs, spice extracts or low
calorie sweeteners that could help therapeutically in
improving the general health of the consumers. Aloe, aonla
and papaya RTS drink variants with low calorie sweeteners
and spices have been successfully prepared by optimizing
best recipe for preparation of RTS drink using Response
Surface Methodology (RSM) in the present study. It can be
concluded from the present investigation that aloe vera,
aonla and papaya pulp/juices with spices and low calorie
ingredients can be conveniently and economically utilized in
the development of value added nutritive and therapeutic

beverages. These beverages might also improve socio-
economic status of the farmers and entrepreneurs in country
by enhancing the internal and export trades.
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Abstract: Underutilized fruits and vegetables can be characterized by the fact that they are locally abundant but globally rare. Absence of
scientific information and scant knowledge about them leads to limit its utilization. Such fruits and vegetables play a vital role in day to day life of
indigenous community. These fruits and vegetables are rich in necessary nutritional components like vitamins, minerals and dietary fibres
besides antioxidants and phytochemicals. The supplementation of underutilized fruits and vegetables in diet may help in prevent ageing
related diseases, obesity and various disorders of the body. Underutilized vegetables and fruits could be used to prepare various value- added
products. The growing demand in developed and developing countries, for diversity and novelty in foods is creating new market niches for
underutilized fruits and vegetables.
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In more general terms, sustainability is the attractive colour, exotic nature, excellent diverse flavour and

endurance of systems and processes. The organizing
principle for sustainability is sustainable development, which
includes the four interconnected domains: ecology,
economics, politics and culture. Underutilized fruits and
vegetables are considered as minor foods because they are
less important than conventional fruits and vegetables in
terms of global production and market value. These foods are
often known by various names such as neglected, tribal,
indigenous, uncultivated or wild, etc. However, from the
standpoint of the rural poor who depend on many of these
species for their food, nutrition and economic security, they
are hardly minor. Underutilized crops are grown more widely
or intensively but consumers are using these crops less at
global level. Their current use is limited relative to their
economic potential (Gruere et al.,, 2008; Chauhan et al.,
2010). Underutilized fruits and vegetables are those grown
primarily in their centres of origin by traditional farmers,
where they are still important for the subsistence of local
communities. Underutilized fruits and vegetables, in both raw
and processed form, have long been important constituent of
rural population's diet. Many underutilized and neglected
fruits and vegetables are nutritionally rich and adapted to low
agricultural input. Most of these species could benefit from
market development as a means of supporting their long-
term use while generating sustainable income for the
producers and market chain actors. Consumer's always
welcome new products that are nutritious, attractive and
delicately flavoured. A verity of products prepared from the
underutilized and neglected fruits and vegetables would
have great demand because of their nutritional value,

therapeutic and medicinal value.
Role of underutilized fruits and vegetables: The
underutilized fruits and vegetables are harvested or
collected, from natural and semi-natural environments, for
the purpose of human use. The contribution of these fruits
and vegetables for livelihood support will depend largely on
individual circumstances (FAO, 1999). Underutilized fruits
and vegetables have been found to form an integral part of
the daily diets and provide a significant contribution in
nutritional requirements of many rural households (Fig. 1).
The method and purpose of use of these fruits and
vegetables may vary from region to region. The importance
of underutilized fruits and vegetables differs between
countries, and even at the household level. These fruits and
vegetables are important elements for regional identity. Food
provides a means of expressing regional identity and at the
same time it is often seen as an opportunity for local
businesses to make money, with small-scale producers,
traders and restaurants offering special local food items
(Pieroni et al., 2005). Moreover, an uncultivated food is an
important component of the local society and culture.
Therefore, the loss of uncultivated foods means loss of
important components of culture and religion (Akhtar, 2001).
The use of uncultivated plants for dietary and health
purposes need to be seenin a social and economical context
of the societies in general and communities in particular
(Yakub and Ajmal, 2001). Shore (2000) indicated that
uncultivated foods such as leafy greens, tubers and wild fruits
constituted nearly 40 per cent of food requirement of the
communities in Bangladesh. Amongst the very poor, landless
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Fig. 1. Role of underutilized fruits and vegetables in livelihood support

members of these communities (comprising some fifteen per
cent of the rural population, many of which are women-
headed households) dependence on such sources of food
and fodder is nearly 100 per cent (SANFEC, 2005). In India,
most of the rural people, especially the poor, consume
uncultivated crops at least 50-80 days per year. Earlier these
were eaten more frequently (DDS, 2002). In addition to
providing food directly, uncultivated plants provide an
opportunity for cash generation. Traditionally, people have
considered forest resources as a source of life and a symbol
of creation (Manandhar, 2002). Farmer's traditional
agricultural practices, like including wild relatives of crops
usually maintained by indigenous communities and
community forestry are linked to a rich cultural diversity. In
particular, the hill people depend on a combination of forest
products, livestock and agricultural products, and their
livelihoods would not be sustainable without them
(Manandhar, 2002). Although detailed data is lacking, reports
show that a large number of uncultivated plant products are
still used as a food supplement in rural areas (Shrestha,
2001). The availability of uncultivated plants is indispensable
for food security and closely linked to the conservation and
enhancement of biodiversity and genetic resources.

Nutritional significance: Indigenous fruits and vegetables
play animportant role in the nutrition of people and childrenin
rural and tribal communities. These have the ability to grow

under stressed and adverse conditions and also known for
their nutritive values (Table 1). Tribal populations particularly
children and women of these localities are fulfilling their
nutritional requirements by consuming these fruits available
freely in their vicinity (Malik et al., 2010). The nutritional value
of traditional leafy vegetables found higher than several
known common vegetables (Bhati and Jain, 2015; Orech et
al., 2007).

Natural medicine: Man has utilized plants as source of
medicine for the treatment of several diseases since times
immemorial. These plants have been the basis of traditional
medicines in many countries and have continued to be vital
importance. It has been estimated that about 80 percent of
the world's population relies on the traditional system for
primary health care. A large number of underutilized fruits
and vegetable are known to possess high medicinal value
and are recommended for therapeutic use (Table: 2). In
traditional societies nutrition and health care are strongly
interconnected and many plants have been consumed both
as food and medicine (Pieroni, 2000).

Income generation: Many uncultivated plant resources
have significant economic value. By preventing the need for
cash expenditure, and income derived from the collection
and sale of these resources is particularly important for the
rural poor as a source of cash (Melnyk, 1994). Sale of
gathered uncultivated products can contribute significant
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Table 1. Major nutrients in edible portion of certain fruits (509 of edible portion of fruit)

Botanical name Moisture (%) Energy (Cal) CHO (g) Fibre (g) Fat (g) Protein (g)
Aegle marmalos Bael 61.5 68 15.9 15 0.15 0.9
Annona squamosal 70.5 52 11.8 1.6 0.2 0.8
Bambusa arundinacea 56.3 76 17.1 2 0.05 2
Diospyros melanoxylon 70.6 56 134 0.4 0.1 0.4
D. embryopteris 69.6 56 13.3 0.8 0.05 0.7
Emblica officinalis 81.8 29 6.8 1.7 0.05 0.3
Ficus bengalensis 74.1 36 5.9 4.3 1 0.9
Feronia limonia 64.2 67 9.1 25 1.85 3.6
F. indica 67.8 57 11.4 2.4 0.9 0.9
F. cunia 79.4 26 54 3.2 0.3 0.6
Manilikara hexandra 68.6 67 13.9 - 1.2 0.3
M. indica 73.6 56 11.4 - 0.8 0.7
Moringa oleifera 86.9 13 1.8 2.4 0.05 13
Manilikara elangii 54.7 80 18 2.2 0.5 0.9
Physallis peruviana 82.9 27 5.6 1.6 0.1 0.9
Phoenix dactylifera 59.2 72 16.9 1.9 0.2 0.6
Tamarindus indica 20.9 142 34 2.8 0.05 1.6

Source: Simlot (2001)

proportion of total household incomes, particularly for
landless and people with marginal landholdings. In some
cases, collection, use and marketing of wild resources can
represent a better option than wage labour or farming
(Watson and Hinchcliffe, 1996). Study conducted over five
districts of the Orissa State in eastern India (a state with the
second largest tribal population in the country, ca. 6.82
million) showed that tribal communities derive, on average,
15 percent of their gross family income from selling fruits, and
that indigenous tribal families living within a 5-7 km radius of
forests consume on average 82 kg yr* household* of wild
fruits, with about a quarter of households collecting regularly
(Mahapatra and Panda, 2012). This has been observed for
the majority of tribal populations in India, living within or near
the forest (Bahuguna, 2000; Mohapatra and Sahoo, 2010).
Underutilized fruits and vegetables are mostly consumed
locally or traded in local/regional markets, with transportation
distances highly limited by perishability of products and pest
infestation (Akinnifesi et al., 2006). Bhati and Jain (2016)
conducted a study at South western region of Rajasthan near
to Aravalli ranges and observed that local population
consumes a wide variety of fruits, green leafy vegetables,
other vegetables and roots and tubers available in the forest.
About 49- fruits, 35- green leafy vegetables, 34-other
vegetables and 29-roots and tubers were identified in the
region. Among them 17 fruits and vegetables were available
round the year. The collection and sale of these fruits and
vegetables can provide considerable support to local

livelihoods, especially for those who lack the capital to
engage in other livelihood activities (women and the most
disadvantaged members of a community) (Delang, 2006).
Forest products can also be sold in time of crisis to earn the
income needed to ensure food security (Arnold, 2008).

Processed products: - Fruits and vegetables are perishable
products, and cannot be stored for a longer period of time.
Processing can extend availability season and promote
widespread marketing of the items prepared from
underutilized or neglected fruits and vegetables. Value
addition of collected uncultivated foods by processing into
edible forms prior to sale can be done (Harris and
Mohammed, 2003). It would add value, reduce wastage and
ensure better utilization. Processing technology to prepare
products has been standardized for several underutilized
fruits such as aonla, ber, jamun, karonda, imli, wood apple,
etc. (Joshi and Jain, 2005). While some fruits are suitable for
preparation of jam, jellies, juices, confectionary and
preserved candies, the other can be used to make syrups,
squashes, beverages and /or wine, sauces, chutneys and
pickles or for canned, dehydrated or frozen products (Fig. 2).
This process not only enhances the life of perishable
products but also creates a good market relative to that in raw
form. It helps to withdraw the surplus produce from the
market in the post harvest season, stabilizes the prices and
assists in maintaining a stock of fruits and vegetables to meet
the demand in off-seasons. The processing of underutilized
fruits and vegetables into squashes, juices, jams, jellies,
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Table 2. Fruits and vegetable used for medicinal purpose in tribal communities
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Botanical name Part used Remedies Reference
Marsilea minuta Leaves and Diabetes and gastrointestinal disorders Anbarashan et al. (2011)
twigs Thirumalai et al. (2009)
Medicago sativa Leaves Night blindness Meena and Yadav (2010)
Madhuca indica Flowers and Cold, cough, diabetes and throat affection Meena and Yadav (2010)
leaves
Grewia abutilifolia  Roots Fractures Meena and Yadav (2010)
Capparis Flower and Pyorrhoea and rheumatism Meena and Yadav (2010)
deciduas leaves decoction
of stem
Aegle marmelos  Fruits Constipation Meena and Yadav (2010)
Centella asiatica ~ Whole plant Increases memory Meena and Yadav (2010); Sajem and
Gosai (2006); Singh and Pandey (1998)
Holoptelea Tender leaf paste Skin diseases and anti-nematodal Meena and Yadav (2010); Katewa and
intergrifolia / seeds Guria (1997)

Pueraria tuberose
Opuntia elatior

Curcuma amada

Cassia tora

Ficus religiosa
Tribulus terrestris

Chenopodium
album

Ficus
benghalensis

Bombax ceiba

Sterculia urens .

Luffa acutangula

Amorphophallus
bulbifer

Tamarindus
indica.

Syzygium cumini

Madhuca indica

Ensete superbum

Diospyros
melanoxylon

Dendrocalamus
strictus

Cissus
quardrangularis L.

Coccinia grandis

Tuber

Fruits / pulp of
stem

Roots
Seed paste, seed

extraxct, leaf
extract

Fruit
Whole plant

Leaves
Fruit and latex

Bark and flower
and powdered
root

Bark powder;
resin

Fruit extract
Crushed tuber

Seed paste
extract of fruits

Fruits, stem bark

Flower and
leaves decoction
of stem bark

Sap of leaves
and fruit powder

Powder of fruits
and flower bark
powder
Decoction of
leaves
Internodes of
stem

Fruit

Sexual debility, cooling agent, and quench thrust
Sexual sterility / Pain reliever / early recovery

Rickets

Expulsion of guinea worm, asthma, in obesity

Asthma
Gonorrhoea, gleet, spermatorrhoea, impotence

Leaves Stomach pains A tea of the leaves and plant is
used to relieve stomach pains

Spermatorrhoea

Hydrocele, leucorrhoea, gonorrhoea and regularize

Regularize menstrual disorders; leucoderma and peptic
ulcer

Jaundice
Antidote in animal bites

Antidote; blood purifier and in jaundice

Diabetes, increases appetite; antirdysentery, to relive
headache

Abdominal and chest pain due to cough and cold, blood
purifier, gargled inspongy gum, tonsillitis and pharyngitis

Raise uterus

Urinary and heart diseases, antidysenteric

Clear uterus

Bone fracture

Cold, cough, diabetes and throat affection

Jain et al. (2008)
Jain et al. (2008)

Jain et. al. (2008)

Jain et al. (2008)
Sajem and Gosai (2006)
Katewa et al. (2003)

Parveen et al. (2007)
Parveen et al. (2007)
Jain et al. (2003)

Parveen et al. (2007)
Parveen et al. (2007); Singh and Pandey

(1998)
Jain et al. (2003)

Jain et al. (2003); Katewa and
Guria (1997)

Katewa and Guria (1997)
Katewa and Guria (1997)

Singh and Pandey (1998)

Singh and Pandey (1998)

Singh and Pandey (1998)

Singh and Pandey (1998)

Singh and Pandey (1998)

Singh and Pandey (1998)
Singh and Pandey (1998)

Jain (1991)
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Dried
Products

Confectionary ;

Jam

Underutilized
fruits

Fig. 2. Products that may be prepared from underutilized fruits

Table 3. Major processed products, which can be prepared from minor fruits

Processed products

Fruits used

Jam

Jelly
Preserved
Candy
Confectionary
Glazed fruits

Juice/syrup/ Beverage/squash

Jamun, Karonda, Aonla, Mulberry, Soursop, Tamarind, Wood apple, etc.
Tamarind, Jamun, Karonda, Tamarind, etc.

Ber, Aonla, Ker, Sangri, Karonda, Bael, Karonda, Soursop, etc.

Aonla, Karonda, Tamarind, etc.

Amra, Aonla, Tamarind, etc.

Tamarind, Annanas, Aonla, etc.

Aonla, Ber, Bael, Jamun, Karonda, Phalsa, Mulberry, Pomegranate, Soursop, Wood apple, Tamarind, etc.

Wine

Mahua, Jujube, Ber, Indian fig, Karonda, etc.

Chutney Karonda, Woodapple, Aonla, etc.

Sauce Karonda, Tamarind, Woodapple, Pomegranate, etc.

Pickle Jujube, Tamarind, Ker, Lasora, Gonda, etc.

Dehydration Aonla, Karonda, Ker, Bael, Ber, Custard apple, etc.

Frozen Puree Bael, Karonda, Ker, Phalsa Tamarind, Custard apple, etc.
Canning Ber, Aonla, Jamun, Ker, etc.

marmalades, pickles and fruit in syrup etc. offers a variety of
ways of consuming fruits and vegetables (Table 3).

The popularity of such products is on increase. It is
hard to think of the hot and long summer without a daily
refreshing glass of some squash or juice. Jam and jelly, and
fruit-in—syrup are being used by more and more people as
dessert while jams and marmalades are finding way on to the
breakfast tables of an ever greater number of people. Pickles
and salads are becoming indispensable items for adding
spice and flavor to the food.

At present, only small scale processing is being
done to make processed products in spite of greater
possibilities mainly because of the lack of a systematic
approach to exploit the potential. Opportunities exist for their

consumption in internal as well as international market by
appropriate publicity of their nutritional and therapeutic
values as “New Health Foods” or “High Value Foods”.
Development of organised orcharding to produce quality raw
material and collection chain for its uninterrupted supply in
required quantities to the processing centres is required. To
be able to manufacture commercial products for use in
different sectors, plants species that are rich in different
materials of economic values have already been identified.
But there is need of concentrated research and development
efforts to manufacture standard quality products for their
wider use. Attention is required to identify proper genotypes,
growing techniques for high recovery of the intended
metabolites and isolation and processing techniques for
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product development followed by suitable pilot testing for
commercial feasibility.

Commercial produces from underutilized fruits and
vegetables: Almost every day of people consume and use
an amazing variety of products prepared from the fruits and
vegetables. The produce that the underutilized fruit trees
yield are used to manufacture a variety of products such as
sugars, starch, apices, gums, resins, essential oils, tannin
and dyeing material, fibres, wax, etc. At present they are
limited only to household use and consumption or are sold in
local markets. Some of the products, however, are already
being traded in the domestic as well as international markets.
Conclusion: Underutilized plants embedded with rich
nutrient potentials along with ability to stand against adverse
climatic conditions can prove to be boon to all concerns -
growers, consumers and environmentalists, provided that
they are tamed properly. The reason for the low utilization of
underutilized fruits and vegetables is lack of information and
non-viability of indigenous vegetable production like the
major cultivated species.
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Abstract: Line x Tester analysis was performed by employing nine tomato genotypes (6 lines and 3 testers) to develop 18 hybrids. These
hybrids along with parental lines and commercial checks Arka Rakshak and Abhinav were evaluated to know the extent of heterosis exhibited
to different nutritional and keeping quality traits along with the yield. Results revealed that the hybrids IIHR 2892 x IIHR 2852 and IIHR 2848 x
IIHR 2852 exhibited standard heterosis of 30.67% and 21.24%, respectively over standard check Abhinav for fruit firmness. Standard
heterosis of 86.50% has been recorded for total carotenoid in the hybrid combination IIHR2892 x IIHR2852 over the check Arka Rakshak.
1IHR2892 x IIHR2852 have recorded standard heterosis for yield along with important fruit quality traits like acid, total carotenoids, lycopene,

fruit firmness and fruit breadth.
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Tomato (Solanum lycopersicum L.) being the crop
of importance for both culinary and processing purpose, it
has been cultivated over large area around the world. Even
though the primary objective of any breeding program and
need of farmer is a high yielding cultivar/hybrid, the need for
good quality fruit in tomato is of great importance owing to the
reason being that high yielding hybrid with poor fruit quality
and appearance will not be preferred in the market. At
present, most of the research efforts in tomato are being
concentrated on development of high yielding tomatoes
coupled with multiple disease resistance. The growing health
concerns among the people builds on the scope to
incorporate superior nutritional characters like high
lycopene, total carotenoids and ascorbic acid along with
good keeping quality traits like pericarp thickness and fruit
firmness in addition to high yield and disease resistance.
Phenotypic superiority of F, hybrid offspring over its diverse
parents is said to be heterosis (Shull, 1948). Heterosis for
various fruit quality and yield characters has been reported
by Yadav et al. (2013) and Paramappa et al. (2014) in
solanaceous vegetables like tomato and brinjal. Moreover,
vegetable hybrids that exploit high heterosis are known to
perform better in their quality and yielding ability over the
varieties developed by selection in various growing
conditions (Singh, 2014). Hence, present investigation was
carried out at Indian Institute of Horticulture Research,
Bengaluru during 2013-14 and 2014-15 to assess the
heterosis levels expressed by hybrids over their parents for
fruit quality traits and also to identify best heterotic
combinations for the same.

MATERIAL AND METHODS

Source materials for current study comprised of
nine diverse genotypes (IIHR 977, IIHR 1816, IIHR 2848,
IIHR 2850, IIHR 2891, IIHR 2892, IIHR 2852, IIHR 2853 and
IIHR 2890) that were selected from IIHR collection according
to their variability for different quality traits. Six lines (female)
and three testers (male) were crossed in Line X Tester
fashion at crossing block, division of vegetable crops, IIHR,
Hesaraghatta, Bengaluru during Rabi of 2013-14 by
transferring the pollen grain from male parent to the receptive
stigma of emasculated female flower and bagging the same
with the label. Evaluation of hybrids for various fruit quality
parameters in comparison to their parents along with a
popular public (Arka Rakshak) and private sector hybrids
(Abhinav) as standard checks was taken up during summer
2014 in randomized block design with three replications.
Each entry was represented by 40 plants spaced 100 cm
apart between rows and 45 cm within row. Crop was raised by
following package of practices recommended by IIHR for
tomato crop. About 5 fruits from each replication of an entry
were considered to record observation for quality traits like
fruit length (cm), fruit breadth (cm), firmness (kg cm?),
number of locules per fruit, pericarp thickness (mm), TSS (°
Brix), ascorbic acid (mg/100 g), total carotenoids (mg/100 g)
and lycopene (mg/100 g), and the average value obtained
from 3 replications was employed for data analysis in
statistical software Windostat version 8.0 to estimate the
level of heterosis recorded by the hybrid progenies. Yield was
recorded on whole plot basis. Heterosis values in negative
direction were considered as desirable for the character
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number of locules per fruit, sine the number of locules is
indirectly proportional to the firmness of the fruit. Sometimes
more number of locules per fruit is preferred sine the juice
contentincreases with the raise in number of locules.

RESULTS AND DISCUSSION

Analysis of variance for nine considered fruit quality
traits (Table 1) revealed that mean sum of squares for parents
and hybrids were significant for fruit length, fruit breadth,
firmness, number of locules per fruit, pericarp thickness,
TSS, total carotenoids and lycopene indicates presence of
heterosis for these characters. Variance due to lines
(females) and variance due to testers (males) was significant
for all the traits except fruit firmness claiming the presence of
sufficient variation among the male and female parents for
most of the characters under study.

Out of 18 hybrids, significant positive heterosis for
fruit length was observed only in the hybrid combination IIHR
2848 x IIHR 2853 over better parent and over standard
checks (Arka Rakshak and Abhinav) with wide variation in
range of heterosis as -22.94 to 12.56 per cent over better
parent, -26.08 to 14.57% heterosis over standard check Arka
Rakshak (SC 1) and -24.03 to 17.75% heterosis Abhinav (SC
2) was observed. The results obtained for fruit length are in
line with the findings of Yadav et al. (2013). Only the cross
combination [IHR2892 x I|IHR2852 showed significant
positive heterosis over better parent (23.99), whereas, about
8 combinations expressed significant heterosis over both SC
1 and SC 2 for fruit breadth with IIHR 2850 x IIHR 2853
expressing the highest heterosis per cent of and over SC 1
and SC 2 respectively. For fruit breadth, heterosis range of
-27.52 to 23.99 over better parent, 1.08 to 43.78 over SC 1
and 4.39t048.49 over SC 2 was reported.

None of the hybrid combinations showed significant
heterosis for fruit firmness over SC 1, whereas, the
combination IIHR 2892 x IIHR 2852 expressed significant
heterosis of 18.34% over better parent. Hybrids, namely IIHR
2848 x IIHR 2852 and IIHR 2892 x IIHR 2852 showed
significant heterosis over SC 2 in desirable direction.
Heterosis in the range of -31.84 to 18.34 %, -40.79 to 3.58
and -25.31 to 30.67 over BP, SC 1 and SC 2, respectively.
Positive and significant heterosis over mid and better parents
for fruit firmness was also reported by Shalaby (2013), while
Solieman et al. (2013) recorded heterosis over mid-parent.
Tomato fruits with least number of locules were reported to be
having more firmness and transit survival ability, whereas
fruits with more number of locules known to contain higher
amount of juice and suits well for processing. Seven
combinations were found to be heterotic in negative direction
for number of locules per fruit with the hybrid IIHR 977 x IIHR

Table 1. ANOVA for various fruit quality traits

Error

Crosses

Parent Vs. hybrids

Line x tester

Lines Tester

Parents

Replication

Source

0.16

1.29**

0.85*

0.68*

1.25%* 3.62**

1.77*

0.14

Fruit length

0.24

1.29**

0.43

0.54

3.78** 6.065**

3.95**

0.09

Fruit breadth

0.54

2.054**

2.48*

3.02*

1.03 0.96

1.26*

0.64

Firmness

0.26

2.24%*

5.62**

12.19**

1.65** 9.79**

5.00**

0.22

Locules

0.08

0.24**

0.56**

0.01

1.35%*

0.27**

0.50**

0.06

TSS

0.39

3.27**

4.99**

13.97**

2.66** 2.39**

0.06 4.01**

Pericarp thickness

0.20

21.88**

0.34

113.42**

80.23* 1.054**

0.57 64.58**

Ascorbic acid

0.67

80.46**

184.02**

152.78**

27.29** 19.20**

0.05 40.92**

Total carotenoids

0.30

35.11**

101.80**

57.32*

9.76** 4.99**

14.51*

0.049

Lycopene

44.5

483.27**

27085.25**

52.836 90.18 13.593 101.89 449.68**

Yield per hectare

**significant at 1% level

*significant at 5% level
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