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An experiment was carried out at village Bajju, Bikaner, Rajasthan during kharif season of
2016 to Effect of Irrigation and Nitrogen Levels on Nitrogen Content, Uptake and Water
Productivity of Clusterbean (Cymopsis tetragonoloba) in IGNP Stage-Il. The treatment
comprising three levels of irrigation (100, 200 and 300 mm) and four levels of nitrogen (0,
20, 40 and 60 kg N ha™) comprising a total of twelve treatment combinations in split plot
design with four replications. Increasing level of irrigation from 100 mm to 200 mm
increased the yield and nitrogen uptake by seed, stover and total plant, water productivity
and protein yield of clusterbean over 100 mm and remained at par with 300 mm.
Application of 40 kg N ha™* produced significantly highest yield, nitrogen content in seed
and stover, nitrogen uptake by seed, stover and total plant, protein content in seed and
protein yield of clusterbean over control and 20 kg N ha™ but it remained at par with 60 kg
N ha™. Interaction effect of irrigation and nitrogen was also found significant for yield,
nitrogen uptake and protein yield of clusterbean and highest values of these parameters
were recorded with 200 mm irrigation in combination with 40 kg N ha™.

Introduction

Rajasthan is predominantly a rainfed state
with precipitation being major source of
annual renewable water supply. With the
rapidly increasing population and rising
standards of living as well as exponential
growth of industrialization, the water
availability in the state is decreasing at an
alarming rate, and water scarcity is growing

rapidly. Scarcity of water resources and
growing competition for water in many
sectors reduce its availability for irrigation.
Effective management of water for crop
production in water scarce areas requires
efficient approaches for improving water
productivity.  These include effective
management practices, growing high value
water efficient crops and cropping systems.
The crops grown in IGNP stage Il are high
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water requiring and farmers use excess
irrigation for growing the crops. Therefore,
technological interventions are required to
improve crop water productivity of the area.
Groundnut and cluster bean are the major
kharif season crops of IGNP stage Il. These
crops not only play a great role in economic
growth of the farmers of this region, but also
contribute a lot in India's economy. India
accounts about 80 per cent of the world
clusterbean production. Total area under the
crop in India was around 59.62 lakh hectares
with an annual production of 35.87 lakh tones
(Mukesh et al., 2018). About 85 per cent of
total clusterbean production is contributed by
Rajasthan and Haryana states, only. In
Rajasthan, total area under clusterbean was
46.30 lakh ha production was 27.47 lakh
tones contributing 70 per cent of total
clusterbean (Mukesh et al., 2018). Nitrogen is
such a star nutrient in crop production that it
can never be ignored. Among all nutrients,
crop demand for N is greatest. All plants need
N to grow, develop leaves and branches, carry
out photosynthesis and produce proteins
which are compounds of nitrogen. Moreover,
the level of nitrogen fertilization and
irrigation is very important to increase the
fertilizer efficiency, decrease the loss of water
and improve water productivity without
compromising the crop yield. Hence, looking
to the above facts, an experiment entitled
“Evaluation of the CropSyst Model to
Simulate the Effect of Irrigation and Nitrogen
Levels on Yield of Groundnut and
Clusterbean in IGNP Stage II” was under
taken.

Materials and Methods

An experiment was carried out during kharif
season of 2016 at village Bajju, (072°47°79”E
longitude and 28°14°23”N latitude and 234.7
m above mean sea) Bikaner, Rajasthan, India.
The field experiment was laid out in kharif
season 2016 with three levels of irrigation i.e.

100, 200 and 300 mm and four levels of
nitrogen i.e. 0, 20, 40 and 60 kg N ha™ in split
plot design with four replications. Urea was
used as the source of nitrogen. Half dose of
nitrogen was applied as a basal dose through
urea prior to sowing. The remaining half dose
of nitrogen was top dressed through urea at
first irrigation. As per National Agricultural
Research Project (NARP), Bikaner falls in
Agro-climatic zone IC (Hyper Arid Partially
Irrigated  North  Western Plain  Zone).
According to National Planning Commission,
Bikaner falls under Agro-climatic zone XIV
(Western Dry Region) of India. The climate
of this zone is typically arid characterized by
aridity of the atmosphere and slight salinity in
the rhizosphere with extremes of temperature
both in summers and winters. Clusterbean
crop received 131 mm of rainfall in the
growing season. The soils of the area are
loamy sand in texture and slightly alkaline in
reaction (pH 8.1) with low in organic matter
(0.13 per cent), low in available nitrogen
(1145 kg ha'), medium in available
phosphorus (15.9 kg ha®) and potassium
(189.2 kg ha™™).

Results and Discussion
Irrigation levels

The experimental findings presented in table
1 indicated that successive increase in
irrigation level up to 200 mm significantly
increased the seed yield and stover yield of
clusterbean over 100 mm irrigation but
remained at par with 300 mm irrigation level.
The per cent increase in seed and stover yield
due to application of 200 mm irrigation was
of the order of 33.2 per cent in seed and 26.6
per cent in stover over 100 mm irrigation. The
main reason behind significantly higher seed
and stover yield of clusterbean due to
irrigation level of 200 mm might be adequate
availability of irrigation water and plant
nutrients with frequent and optimum number
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of irrigations applied might have resulted in
higher vyields. Similar results were also
reported by Sharma and Verma (2010).
Stimulated vegetative growth of clusterbean
on account of frequent supply of water
maintained adequate available soil moisture in
the root zone throughout the crop-growth
period which, in turns, got reflected in
increased leaf area, dry matter and higher
seed and straw yield. These findings are in
accordance with the findings of Saren et al.,
(2004). The data clearly showed that
increasing level of irrigation from 100 mm to
200 mm also increased the nitrogen uptake by
seed, stover and total plant but remained at
par with 300 mm. The improvement in
nitrogen uptake by seed, stover and total plant
due to 200 mm irrigation was 35.7 per cent by
seed, 33.7 per cent by stover and 35.1 per cent
by total plant over 100 mm irrigation.
Increase in level of irrigation significantly
increased nitrogen uptake by seed, stover and
total plant over lower level but it could not

bring significant effect as compared to highest
level. Availability of nitrogen would be high
at optimum levels of available soil moisture.
Since the nutrient uptake is a function of its
content in crop plant and seed and stover
yield of the crop. The increase in nitrogen
uptake by the crop could be ascribed to the
cumulative effect of enhanced seed and stover
yield. The increased nitrogen uptake in crop
could be ascribed to more availability of
moisture in rhizosphere which resulted in
better root proliferation and might have
improved availability of nutrients particularly
nitrogen. Similar results were also observed
by Pessarakli et al., (2005). The data
apparently showed that the water productivity
in terms of ET increased significantly with the
increase in the levels of irrigation.
Significantly highest water productivity in
terms of ET was recorded with 200 mm level
of irrigation which was higher by 32.4 per
cent over 100 mm level of irrigation (Table 2
and 3).

Table.1 Effect of irrigation and nitrogen levels on yield, nitrogen content and nitrogen uptake of

clusterbean

Treatments Yield (kg ha) N content (per cent) N uptake (kg ha™)
Seed Stover Seed Stover Seed Stover Total plant
Irrigation levels (mm)
100 714 1942 2.90 0.53 20.75 10.29 31.04
200 951 2458 2.92 0.55 28.15 13.76 41.92
300 1018 2649 2.92 0.54 30.14 14.72 44.87
SEm+ 32 74 0.05 0.02 1.31 0.86 2.09
CD (P=0.05) 111 255 NS NS 452 2.98 7.24
Nitrogen levels (kg ha™)
0 676 1877 2.66 0.45 17.98 8.38 26.37
20 873 2257 2.87 0.53 24.99 11.85 36.84
40 996 2576 3.06 0.59 30.62 15.17 45.79
60 1031 2689 3.07 0.60 31.81 16.29 48.09
SEm+ 26 79 0.06 0.02 1.02 0.66 1.63
CD (P=0.05) 74 230 0.18 0.04 2.95 191 4.72
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Table.2 Effect of irrigation and nitrogen levels on water productivity, protein content and protein
yield of clusterbean

Treatments Water productivity (kg m?) Protein content  Protein yield
in terms of ET (per cent) (kg ha™)
Irrigation levels (mm)
100 0.34 18.14 129.70
200 0.45 18.25 175.96
300 0.49 18.25 188.40
SEm+ 0.015 0.34 8.16
CD (P=0.05) 0.053 NS 28.25
Nitrogen levels (kg ha™)
0 0.33 16.64 112.39
20 0.42 17.91 156.21
40 0.48 19.10 191.37
60 0.50 19.21 198.79
SEm+ 0.012 0.40 6.36
CD (P=0.05) 0.036 1.15 18.45
Table.3 Interaction effect of irrigation and nitrogen levels on seed and stover yield, nitrogen
uptake and protein yield of clusterbean
Treatments = Yield (Kg ha™) N uptake (kg ha™) Water Protein
Seed Stover Seed Stover Total productivity (kgm™ vyield (kg
plant ~ ®)intermsof ET ha™)
11IN1 594 1921 16.43 8.66 25.09 0.29 102.7
11N2 725 1874 21.05 9.99 31.04 0.35 131.6
11N3 758 1961 22.51 11.08 33.59 0.37 140.7
11N4 778 2012 23.02 11.42 34.44 0.38 143.9
12N1 696 1800 18.30 8.17 26.47 0.34 114.4
12N2 878 2271 24.58 11.72 36.30 0.42 153.6
12N3 1079 2789 33.52 16.81 50.33 0.52 209.5
12N4 1150 2974 36.23 18.34 54.56 0.56 226.4
I3N1 738 1909 19.22 8.33 27.54 0.36 120.1
I3N2 1016 2626 29.35 13.83 43.18 0.49 183.5
I3N3 1152 2978 35.83 17.62 53.45 0.56 223.9
13N4 1165 3082 36.17 19.11 55.28 0.56 226.1
SEm+ 44 137 1.76 1.14 2.82 0.021 11.01
CD (P=0.05) 129 399 511 3.31 8.18 0.062 31.95

The data further showed that increasing level
of irrigation from 100 mm to 200 mm
increased the protein yield but found at par
with 300 mm. Protein yield is a function of

protein content in seed and seed yield of the
crop and main reason of improvement in
protein yield was improvement in seed yield
of clusterbean. These findings are in
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accordance with the findings of Saren et al.,
(2004). While, it is evident from the data that
nitrogen content in seed and stover was not
influenced due to different levels of irrigation.

Nitrogen levels

The experimental findings indicated that
increase in level of nitrogen up to 40 kg
N ha? significantly increased the seed yield
and stover yield of clusterbean. Beyond this
level, seed yield did not increase significantly
any further. Application of 40 kg N ha*
increased the seed yield by 47.3 and 14.1 per
cent and stover yield by 37.2 and 14.1 per
cent over control and 20 kg N ha'
respectively. Since yield is the resultant of
additive and complementary effect of plant
growth and yield attributing parameters and
the vyield attributing characters had better
expression at 40 kg N ha * which ultimately
led towards an increase in seed and stover
yields. Under the higher supply of nitrogen,
crops synthesized more photosynthates and
the storage organ was better developed. Yield
can be considered as the final expression of
the physiological and metabolic activities of
plants and is governed by various factors.
These vyield-attributing factors have direct
bearing on plant productivity and for
increasing the yield. Nitrogen is closely
linked to control the vegetative growth of
plant and hence determines the fate of
reproductive cycle (Wojnowska et al., 1995).
The increases in seed yield as a result of
nitrogen application have also been reported
by many research workers viz. Patel et al.,
(2005), Rathore et al., (2007) and Muhammad
et al., (2010).

It is apparent from the data that nitrogen
content in seed and stover, nitrogen uptake by
seed, stover and total plant, protein content
and protein yield of clusterbean significantly
increased with application of nitrogen up to
40 kg N ha™ over control and 20 kg N ha™,

beyond this level it did not increase
significantly any further. The positive
influence of nitrogen fertilization on nitrogen
content in seed and stover appears to be due
to improved nutritional environment in the
crop root zone and plant system. Such
improvement in the nutritional environment
of the root zone might have helped in
development of better root system leading to
absorption of more and more nutrients from
soil compared with control. Increased
availability of nitrogen in the root zone
stimulated the its uptake by crops, which
translocated to various plant parts due to
increased metabolic activities at cellular level.
Since nutrient uptake is a function of nutrient
content of plant parts and total dry matter of
the crop in terms of pod and haulm vyields,
application of nitrogen up to 40 kg ha™
increased the uptake of N significantly.
Significant improvement in nutrient contents
and/or their uptake due to nitrogen application
(upto 50 kg N ha™) were observed by Patel et
al., (1995), Chawale et al., (1995) and Deka
et al.,, (2001). Protein content is directly
related to nitrogen content and increases with
increase in N content in seed. Protein yield is
a function of protein content in seed and seed
yield of the crop and main reason of
improvement in  protein  yield was
improvement in seed yield of clusterbean. It is
evident from the data that increasing levels of
nitrogen  significantly  increased  water
productivity in terms of ET. Further data
revealed that application of 40 kg N ha*
significantly improved water productivity in
terms of ET over control and 20 kg N ha™ but
it remained at par with 60 kg N ha™.

Interaction effect of irrigation and nitrogen
levels

Data clearly showed that interaction effect of
irrigation and nitrogen on seed vyield, stover
yield, nitrogen uptake by seed, stover and
total plant and protein yield of clusterbean
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was found significant. At all the levels of
nitrogen application, increase in level of
irrigation increased the seed yield from 100
mm to 200 mm, beyond this level increase in
all these parameters was non-significant.
Similarly, at all the levels of irrigation,
increase in levels of nitrogen up to 40 kg N
ha® increased all these parameters which
remained statistically at par with 60 kg N ha™,
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