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ABSTRACT

A field experiment was conducted during the summer seasons of 2013 and 2014 at Krishi Vigyan Kendra Farm
of Junagadh Agricultural University, Nana Kandhasar, Surendranagar, Gujarat, on sandy loam soils to assess the
impact of irrigation and fertility levels on growth, yield, water-use, economics and quality of clusterbean
[Cyamopsis tetragonoloba (L.) Taub.]. Sixteen treatment combinations of 4 irrigation levels [0.4, 0.6, 0.8 and 1.0
irrigation water: cumulative pan evaporation ratio (IW: CPE) and 4 fertility levels (00:00, 10:20, 20:40 and 30:60 kg
N:P,0O./ha) were tested using split-plot design with three replications. The pooled results indicated that irrigation at
0.8 IW: CPE being at par with 1.0 IW: CPE enhanced growth parameters and yield attributes and thereby seed
yield (1.33 t/ha), stover yield (2.84 t/ha) and harvest index (31.9%) with the highest net returns (¥53,895/ha) and
benefit: cost ratio of 2.29 over 0.4 IW: CPE. The maximum consumptive use of water was noticed under 1.0 IW:
CPE, while the maximum water-use efficiency (WUE) (4.90 kg/ha-mm) and water-expense efficiency (WEE) (4.19
kg/ha-mm) were recorded under 0.4 IW: CPE. Significantly higher protein content (24.3%), protein yield (325 kg/
ha), gum content (29.3%) and gum yield (391 kg/ha) were recorded under 0.8 IW: CPE over 0.4 and 0.6 IW: CPE.
Application of 20:40 kg N:P,0O,/ha being at par with 30:60 kg N:P,0O,/ha also improved growth parameters, yield at-
tributes, seed yield, stover yield, harvest index with the highest net returns (¥52,967/ha) and benefit: cost ratio of
2.24 along with consumptive use of water, WUE, WEE, protein content, protein yield, gum content and gum vyield
than control. Therefore, irrigation at 0.8 IW: CPE and fertilizer dose of 20:40 kg N:P,0,/ha could be applied for
higher yield and monetary returns from clusterbean (gumguar) along with appreciable saving of water and fertilizer

in summer season.
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Clusterbean commonly known as guar is an important
drought resistant leguminous crop of India. In the recent
years, this crop has assumed great significance due to the
presence of agood quality of gum in the endosperm of its
seed. Dueto diversified uses of clusterbean gum in textile,
paper, explosive and mining industries, pharmaceuticals,
stamps, cosmetic goods and food stuffs, it has ever in-
creasing demand in the international market. It is princi-
pally used as a feed for livestock and poultry. Indiais the
largest producer of seed and clusterbean gum in the world
with 80% share to total production. In India, clusterbean
occupies an area of 5.15 million hamainly in the states of
Rajasthan, Gujarat, Haryana, Uttar Pradesh and Punjab
producing 2.46 million tonnes with productivity of 478 kg/
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ha(DES, 2013). Rajasthan is a leading producer of it ac-
counting for about 70% of al India's output. Indiais the
leading exporter of guar seeds and gum and earn signifi-
cant foreign-exchange.

Water need of clusterbean may vary with the climatic
conditions and type of soil. Hence, scheduling of irrigation
at an appropriate time and in right amount is one of the
most important factors for realizing high yield of summer
clusterbean, especially under scarce and costly irrigation
water. Scientific scheduling of irrigation is atechnique for
determining the quantity of irrigation water, which also
aims at optimizing crop yield with maximum water-use
efficiency (WUE) and ensures minimum deterioration of
the soil and crop. Scheduling of irrigation based on data of
pan evaporation is likely to increase agricultural produc-
tion at least by 15 to 20%. A more practicable approach
based on the ratio of fixed quantity of irrigation water
(IW) to the cumulative pan evaporation (CPE), becomes
useful for judicious utilization of water and to harvest po-
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tential yield of field crops. Among different nutrients, ni-
trogen is one of the decisive as well as expensive input
which governs the legumes production. It has the quickest
and the most pronounced effect on plant growth. Phospho-
rus is the key element in the process of conversion of so-
lar energy into chemical energy. Low phosphorus content
in the soil is alarming because P is the backbone of bal-
anced fertilizer use and it occupies akey placein intensive
agriculture. Phosphorus also showed significant influence
on yield, protein, gum content and uptake of P by
clusterbean (Bhadoria et al., 1997). Keeping these points
in view, an attempt was made to study the influence of ir-
rigation and fertility levels on growth, yield, water-use,
economics and quality of clusterbean in summer season
under Saurashtra region of Gujarat.

MATERIALS AND METHODS

A field experiment was conducted at Krishi Vigyan
Kendra Farm of Junagadh Agricultural University, Nana
Kandhasar (22°45' N, 71°25' E, 86.67 m above the mean
sea-level), Surendranagar, Gujarat during summer seasons
of 2013 and 2014 to study the effect of irrigation and fer-
tility levels on clusterbean. The site of experiment is situ-
ated in the North Saurashtra agro-climatic region of
Gujarat under Gujarat plains and hills zone of India. The
climate of this region is semi-arid and sub-tropical with
fairly dry and hot summer. The rainy season commencesin
the second fortnight of June and ends in September, with
an average annual rainfall of 500 mm. July and August are
the peak months of rainfall. Partial failures of monsoon
once in three to four years are common occurrencein this
region. Summer season commences in the second fort-
night of February and ends in the middle of June. April
and May are the hottest months of summer with the mean
maximum temperature ranging from 36°C to 44°C. During
crop season of the year 2013, the minimum temperature
ranged from 15°C to 27.2°C, maximum temperature
ranged from 30.9°C to 42.5°C and daily pan evaporation
ranged from 4.8 to 11.7 mm/day, while in the year 2014,
the minimum temperature ranged from 10.9°C to 26.7°C,
maximum temperature ranged from 27.6°C to 43.0°C and
daily pan evaporation ranged from 5.2 to 12.2 mm/day.
The weather parameters, viz. mean relative humidity, wind
velocity and sunshine hours were normal during both the
years of experiment period. The off season rainfall was not
received during the crop period. In general, the weather
conditions were congenia during crop season of both the
years. The experimental site had an even topography with
a gentle slope and good drainage. The experimental soil
was sandy loam (78.29% sand, 8.41% silt and 13.30%
clay) in texture and dlightly alkaline in reaction with pH
7.95 and ECe 0.33 dS/m. It was moderately fertile being
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low in organic carbon (4.0 g/kg) and available nitrogen
(195.5 kg/ha), medium in available phosphorus (44.3 kg/
ha) and high in available potassium (287.8 kg/ha). The sail
moisture content at field capacity and permanent wilting
point in the upper 30 cm were 15.58 and 6.09% respec-
tively. Besides, initial bulk densities of the soil were 1.41,
1.44,1.47 and 1.49 Mg/m?in 0-15, 15-30, 30-45 and 45—
60 cm depth respectively.

The sixteen treatment combinations consisted of four
levels of irrigation (0.4, 0.6, 0.8 and 1.0 IW: CPE) as a
main-plots treatments and four levels of fertility (00:00,
10:20, 20:40 and 30:60 kg N:P,0,/ha) as sub-plots treat-
ments were evaluated using split-plot design with 3 repli-
cations. The field plots of size 5.0 m x 3.6 m were sepa-
rated from each other by using 1 m buffer rows. The quan-
tity of fertilizer was drilled in the soils at 5 cm below the
seed according to fertilizer treatments as a basal dose in
form of diammonium phosphate and urea. ‘ Gujarat guar 2’
variety was selected for the present investigation, asit is
more popular in this region. It has attractive seed colour
and good shape. It produces about 30% gum from its
seeds. The seeds were sown keeping 45 cm row spacing
using 20 kg seeds’ha on 19 and 20 February during 2013
and 2014 respectively. The crop wasirrigated immediately
after sowing during both the years. Thereafter, irrigation
was given as per treatment schedule based on irrigation
water: cumulative pan evaporation ratio (IW: CPE). The
excess plants were thinned out at 20 days after sowing
(DAS) keeping within row distance at 10 cm for maintain-
ing uniform plant stand. The required cultural practices
and plant protection measures were followed as per rec-
ommended package. Weeds were managed by pre-emer-
gence herbicide pendimethalin 30 EC @ 0.5 kg/ha on next
day of the sowing followed by two weeding at 25 and 45
DAS and an intercultural operation with hand hoe at 25
DAS.

The quantity of irrigation water applied in each experi-
mental plot was measured with a 7.5 cm throat size
Parshall flumeinstalled in the main water channel near the
field head. The cumulative pan evaporation (CPE) values
were calculated from daily pan evaporation measured with
the help of USWB Class ‘A’ open pan evaporimeter in-
stalled at the meteorological observatory of the farm. Irri-
gations were applied as per treatment on the basis of IW :
CPE approach using 50 mm depth of irrigation water.
Time for applying the measured quantity of irrigation wa
ter to each plot was calculated using the standard equation.

The soil moisture studies were started from sowing of
crop and continued up to its maturity. The soil moisture
content of al the treatments was determined on same day
just before irrigation and 48 hours after irrigation at 0-15,
15-30, 30-45 and 45-60 cm soil depth. The data obtained
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on moisture percentage in each depth were used for calcu-
lating seasonal consumptive use of water for clusterbean.
The depth of water table was more than twenty meters
below the surface throughout the period of experimenta-
tion. The consumptive-use of water (CUW) was deter-
mined by using the formula as described by Mishra and
Ahmed (1987). Water-use efficiency (WUE) was calcu-
lated by dividing per hectare seed yield of clusterbean
obtained under various treatment with the total consump-
tive use of water of the respective treatment and water-
expense efficiency (WEE) by dividing per hectare seed
yield of clusterbean obtained under various treatment with
thetotal quantity of irrigation water applied to the respec-
tive treatment. The total number of irrigations required
were 3,5, 7and 9in 0.4, 0.6, 0.8 and 1.0 IW : CPE, re-
spectively excluding the common 2 irrigations provided
each for sowing and better establishment during both the
years of experiment. The evapotranspiration observed
during growing seasons of 2013 and 2014 were 690.9 and
660.9 mm respectively. The crop was harvested on 20 and
21 May during 2013 and 2014, respectively.

The plant height and branches/plant were recorded
from five selected plant at harvest from each plot.
Penultimate rows of each plot were used for recording
observations, viz. number and dry weight of root nodules/
plant, dry matter accumulation and leaf areaindex (LAI)
at 60 DAS. For dry-matter accumulation, plant material
first air dried, then chopped and oven dried at 70°C for 72
hrsto a constant weight. For LAI, 5 representative plants
were selected in penultimate rows, leaf area of all the
leaves was calculated with the help of leaf area meter
(Systronics 211). Days to 50% flowering was recorded
with 50% plants were found by manual counting of plant
row by row at flowering stage. The yield attributes, viz.
pods/plant, seeds/pod, pod length, 1,000-seed weight and
shelling per cent were recorded at the time of harvesting.
The crop was harvested manually with the help of sickle
when seed almost matured and stover had turned yellow.
The sun dried bundles were threshed and winnowed and
seed so obtained were weighed and data on seed and sto-
ver yields were recorded. Harvest Index (HI) was calcu-
lated by dividing the seed yield with biological yield. The
per cent protein content in seed of each plot was worked
out by multiplying the nitrogen content in seed with con-
version factor 6.25 (AOAC, 1960). For estimation of gum
content the procedure given by Das et al. (1977) was used.
Protein yield and gum yield were calculated by multiply-
ing the protein content and gum content, respectively with
seed yield. The economics of the treatments was carried
out on the basis of prevailing market prices of inputs and
outputs. Gross returns were cal culated based on the seed
and stover yields of the crop and their prevailing market
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prices during the respective crop seasons. Net returns were
calculated by subtracting cost of cultivation from gross
returns. The benefit: cost ratio was calculated by dividing
the net returns with cost of cultivation. The statistical
analysis of data was done using analysis of variance
(ANOVA) technique for split plot design at 0.05 probabil-
ity level.

RESULTS AND DISCUSSION

Growth parameters

Significantly higher plant height at 60 days after sow-
ing (DAS) and at harvest and branches/plant was recorded
at an IW: CPE of 1.0 over IW: CPE of 0.4 and 0.6, but it
was found at par with IW: CPE of 0.8 (Table 1). Thein-
crease in the plant height and branches/plant might be due
to optimum supply of soil moisture surrounding the root
zone, which cause favourable improvement in the uptake
and translocation of the nutrients and ultimately linked
with the plant growth and development in terms of plant
height. Increased plant height and branches/plant with in-
creasing level of irrigation was also reported by Patel et al.
(2011). Application of irrigation at an IW: CPE of 1.0 re-
corded significantly higher number of root nodules and
dry weight/plant over IW: CPE of 0.4 and 0.6 but re-
mained at par with 0.8 IW: CPE, owing to early establish-
ment of effective Rhizobium host symbiosis dueto early ir-
rigation. Improved growth in terms of leaf area index
(LAI) and dry-matter accumulation at 60 DAS was at-
tained with higher IW: CPE of 1.0 and 0.8. Aswater is not
alimiting factor, plant can absorb more nutrients from sail,
which encourages physiological processes such as cell
division and cell expansion. Hence leaves/plant increased
and ultimately it reflected in higher LAI. The dry-matter is
a cumulative effect of all growth parameters like plant
height, number of branches, LAI etc. which were signifi-
cantly more in 1.0 and 0.8 IW: CPE, the resultant dry
matter also more. Similar increase in dry matter accumu-
lation with higher level of irrigation was also reported by
Shrinivasulu et al. (2015) in chickpea. Higher level of ir-
rigation recorded significantly more days to 50% flower-
ing than lower level of irrigation, could be owing to main-
taining its progeny with the available resources.

Fertility levels had also significant effect on plant
height, number of branches at harvest and LAI. The higher
plant height and leaf area index were recorded under
30:60 kg N:P,O./haand remained at par with 20:40 kg
N:P,0./ha, while the highest branches/plant was recorded
under 20:40 kg N:P,0O,/haand remained at par with 30:60
and 10:20 kg N:P,O/ha(Table 1). The increase in these
components seems to have been brought about by increase
in amount of growth substances and naturally occurring
phyto hormones with increased nitrogen supply. Probably
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Table 1. Effect of irrigation and fertility levels on growth parameters, yield attributes and yield of summer clusterbean (pooled data of 2 years)

index

yield
(tha)

Stover Harvest

Seed
yield

(%)

1,000 Shelling

seed

Pod
length
weight

Pods  Seedsy
plant pod

Dry Dry Leaf- Daysto
nodules  weight matter area 50%
accum-

Branches  Root
plant

Plant
height
(cm)

Treatment

(%)

flowering (cm) (tha)

index

of root
nodules/

plant

©)

a 60
DAS

ulation/

plant (mg) plant (g)

30.8
314
31.9
31.2

0.1

2.36
257
2.84
297
0.06

1.05
1.18
1.33
1.34
0.03

0.9
2.8

52.9
54.2
56.4
58.6

30.3
31.0
31.6
317
0.2
0.6

5.36
5.65
5.95
6.00
0.10

6.3
6.4
6.8
7.0
0.1

0.8
2.6

47.7
52.2
56.8
58.4

0.5
15

1.46 42.1
1.56 43.9
1.62 46.6
1.64 47.9
0.02

8.8
10.2
111
11.3

0.2

0.6

69.02
76.08
79.74
82.08

1.57

19.16
21.09
22.09
22.67

0.44

6.13
6.33
6.74
7.00
0.10

0.9
2.8

52.1
56.1
58.6
61.2

0.8
1.0
SEmz+

Irrigation levels (IW: CPE ratio)
,04

0.18 0.2

0.08

0.30

0.3

0.06

0.30 1.35 4.84

CD (P=0.05)
Fertility levels (N:P,0; kg/ha)
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0.2
1.0

30.1
318
322
31.2

241
2.62
2.78
293
0.04

534 1.04
54.9 1.22
56.6 1.32
57.2 1.33

0.7 0.02

5.44 30.6
5.72 311
5.90 314
5.89 315
0.06 0.1

6.4
6.6
6.7

6.7
0.1

0.6
18

46.8
54.1
56.9
57.4

0.4
12

44.0
4.7
45.8
46.1

147
1.55
1.62
1.63
0.02

9.03
10.25
10.93
11.12

0.14

70.84
76.36
79.28
80.44

1.03

19.59
21.15
21.98
22.30

0.30

6.27
6.52
6.78
6.64
0.07

52.50
56.58
58.79
60.10
0.67
1.92

SEmz+

F,, 00:00
F,, 10:20
F, 20:40
F,, 30:60

0.18 0.3 1.9 0.06 0.12

0.2

0.86 294 0.41 0.05

0.21

CD (P=0.05)

IW: CPE, Irrigation water: Cumulative pan evaporation; DAS, days after sowing
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the increase in auxin supply with higher levels of nitro-
gen brought about increase in the branches/plant.
Anuradha et al. (2017) observed that increased avail-
ability of nitrogen on poor soil might have increased cell
numbers and cell size leading to better growth in terms
of plant height and branches/plant. The number and dry
weight of root nodules/plant were significantly in-
creased with increase the level of fertility over control.
The increase in number of root nodules/plant might be
owing to better root development with increasing level
of fertility. Phosphorus plays akey rolein the symbiotic
N-fixation process by increasing top and root growth
and decreasing the time needed for devel oping nodules
to become active (Gangwar and Dubey, 2012). Applica
tion of fertilizer at 30:60 kg N:P,O, /harecorded signifi-
cantly higher dry matter/plant at 60 DAS and remained
at par with 20:40 kg N:P,O,/ha. Nitrogen is a constitu-
ent of chlorophyll, it harnesses solar energy and fixes
atmospheric CO, as carbohydrates and amino acids.
Thus, nitrogen application increased dry matter produc-
tion (Meena, 2013). Higher level of fertilizer recorded
the maximum days to 50% flowering whereas, the |east
days to 50% flowering was registered under control
treatment.

Yield attributes

Increasing frequency of irrigation from 0.4 to 0.8 IW:
CPE significantly increased the yield attributing charac-
ters, viz. pods/plant, seeds/pod and pod length, 1,000-
seed weight and shelling per cent (Table 1) but re-
mained at par with IW: CPE of 1.0. The higher pods/
plant observed under 0.8 and IW: CPE of 1.0 might be
due to increase in number of irrigations applied at
shorter intervals. This situation avoids moisture stress
and provided a favorable condition for moisture and
nutrient availability to the crop. Similar findings were
reported by Patel (2009) in frenchbean. Significantly the
highest number of seeds/pod, pod length, 1,000-seed
weight and shelling per cent was recorded with IW:
CPE of 1.0 and remained at par with 0.8 IW: CPE. The
availability of adequate moisture with 0.8 and 1.0 IW:
CPE might be resulted in better translocation and parti-
tioning of these photosynthates from source to sink and
increased the seeds/pod, pod length and thus 1,000-seed
weight. Patel er al. (2014) also observed increased in
yield attributes with higher irrigation over lower onein
clusterbean.

Significantly higher values of yield attributes, viz.
pods/plant, 1,000-seed weight and shelling per cent
were registered under 30:60 kg N:P,O,/ha, which re-
mained statistically at par with 20:40 kg N:P,0O_/ha,
while seeds/pod and pod length were registered higher
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under 20:40 kg N:P,O,/ha, which remained statistically at
par with 30:60 kg N:P,0O,/ haand 10:20 kg N:P,0O./ha
(Table 1). Better growth under 20:40 and 30:60 kg
N:P,0./ha might have produced and converted more pho-
tosynthates into numerous metabolites needed for such
yield attributes. Chhipa et al. (2012) found that the in-
crease in 1,000-seed weight for higher fertility level isdue
to the better filling of seeds, which resulted in bold sized
seeds and consequently higher 1,000-seed weight. Chavan
et al. (2015) reported increased in yield attributes with
25:50:50 kg N:P,O,: K, O/ha over control in clusterbean.

Yield

The result with respect to seeds and stover yields indi-
cated that irrigation level had appreciably influenced the
seed and stover yields of clusterbean. Theirrigation at 0.8
IW: CPE produced significantly higher seed and stover
yields as compared to 0.4 and 0.6 IW: CPE and remained
at par with IW: CPE of 1.0. The increase in seed yield
under 0.8 IW: CPE over 0.4 and 0.6 was 26.67 and
12.71%, while that of stover was 20.34 and 10.51% re-
spectively. The higher seed and stover yields with 0.8 and
1.0 IW: CPE could be attributed to increased soil moisture
coupled with accelerated nutrients uptake, which helped
the plant to put optimum growth. Increasein seed and sto-
ver yields with an application of irrigation at 0.7 IW: CPE
was also reported by Patel ef al. (2014) and Shrinivasulu
et al. (2015). Significantly the highest harvest index was
recorded with 0.8 IW: CPE over rest of theirrigation lev-
€ls. The change in value of harvest index is due to corre-
sponding increase or decrease in both seed and stover
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yields of clusterbean under frequent irrigationsin 1.0 IW:
CPE.

Thefertility level 30:60 kg N:P,O,/ha produced signifi-
cantly the highest seed yield as compared to control and
remained at par with 20:40 kg N:P,O_/ha. The fertility
level 30:60 kg N:P,O./haproduced significantly the high-
est stover yield as compared to all the lower level of fer-
tility (Table 1). The extent of increase in seed and stover
yields under 30:60 kg N:P,O,/ha was 28.06 and 21.64%
and in treatment 20:40 kg N:P,O,/ha it was 27.29 and
15.13% respectively over the control. This might be dueto
better nutritional status in the soil for the crop. Singh and
Chaudhary (2016) also reported that application of 20 kg
N/habeneficial for enhancing productivity and profitabil-
ity of frenchbean. Significantly the maximum harvest in-
dex was recorded under 20:40 kg N:P,0O,/haand remained
at par with 10:20 kg N:P,O,/ha. The change in value of
harvest index is due to corresponding increase or decrease
in both seed and stover yields of clusterbean and the in-
creased vegetative growth under higher fertility level
30:60 kg N:P,O_/ha, resulted into decrease in the harvest
index over lower fertility level. These findings are cor-
roborating with the results of Sammauria et al. (2009).

Soil moisture studies

Consumptive-use of water (CUW) increased with in-
creasein IW: CPE from 0.4 to 1.0 (Table 2). The extent of
increase in CUW by 1.0 and 0.8 IW: CPE over 0.4 IW:
CPE was to the tune of 47.47 and 38.48% respectively.
Thisincrease in CUW with more number of irrigations
might be due to more availability of water for evapotrans-

Table 2. Effect of irrigation and fertility levels on water-use, economics and quality of summer clusterbean (pooled data of 2 years)

Treatments Total Consumptive Water-use Water- Gross Net Benefit:  Protein  Protein ~ Gum Gum
water use of efficiency  expense  returns  returns cost content  yield content yield
applied water (kg/ha- efficiency  (x 10° (x 108 ratio (%) (kg/ha) (%)  (kg/ha)
(mm) (mm) mm) (kg/lhaemm)  F/ha) F/ha)
Irrigation levels (IW: CPE ratio)
I, 0.4 250 214 4.90 4.19 61.2 39.9 1.90 22.2 233 26.5 278
I, 0.6 350 255 4.64 3.37 68.8 46.2 2.08 23.1 273 28.2 333
I, 0.8 450 296 4.50 2.96 77.8 53.9 2.29 24.3 325 29.3 391
l,, 1.0 550 315 4.26 244 78.6 53.4 215 24.7 332 30.6 412
SEmz+ - 5 0.13 0.07 1.6 1.6 0.07 0.3 6 0.33 9
CD (P=0.05) - 15 041 0.22 4.9 4.9 0.22 0.8 17 1.01 27
Fertility levels (N:P,0, kg/ha)
F,, 00-00 400 255 412 275 60.7 39.6 191 21.7 226 27.7 289
F,, 1020 400 268 4.61 324 71.1 48.4 2.17 235 287 28.2 345
F,, 2040 400 278 4.78 3.48 76.9 53.0 224 24.3 322 28.8 383
F, 3060 400 279 4.79 3.50 775 52.4 2.10 24.8 330 29.8 398
SEmz+ - 3 0.07 0.05 11 11 0.05 0.2 5 0.15 6
CD (P=0.05) - 8 021 0.14 32 32 0.14 0.6 14 0.43 17

IW: CPE, Irrigation water: Cumulative pan evaporation; DAS, days after sowing
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piration. Unlike CUW the water-use efficiency (WUE)
and water-expense efficiency (WEE) decreased with in-
creasing number of irrigations from 0.4 to 1.0 IW: CPE.
Cropirrigated at an IW: CPE of 1.0 reduced the WUE and
WEE by 15.0 and 71.7% over 0.4 IW: CPE, respectively.
Frequent wetting of the upper surface layer exposed to the
hot atmosphere in 1.0 IW: CPE created a higher vapour
pressure gradient between the crop canopy and atmo-
sphere, which might have caused relatively larger loss of
water from the soil surface which resulted in lower WUE
and WEE. The higher WUE and WEE under lower IW:
CPE might be due to lesser water loss in evapotranspira-
tion under limited water supply condition. Similar results
have been reported by Patel e al. (2011).

Application of higher quantity of fertilizer increased the
CUW, WUE and WEE markedly (Table 2). The maximum
CUW, WUE and WEE were recorded with higher fertility
level 30:60 kg N: P,O./haover 00:00 and 10:20 kg
N:P,O,/ha, which remained statistically at par with 20:40
kg N: P,O/ha. The extent of increase in CUW by 30:60
and 20:40 kg N:P,0./haover 00:00 kg N:P,O,/hawas to
the tune of 9.67 and 9.09% respectively. The increased
CUW under higher level of fertility is mainly dueto sig-
nificant improvement in growth parameters, which de-
mand more water in transpiration process. Crop fertilized
at 30-60 kg N:P,O,/haincreased WUE and WEE to an
extent of 16.3 and 27.3% over control respectively. Patel
et al. (2014) found that under adequate nutrient availabil-
ity, every drop of water utilized properly because of better
crop canopy and higher rate of photosynthesis, which re-
sulted in high seed yield.

Economics

The results pertaining to the cost: benefit analysis of the
crop asinfluenced by irrigation levels indicated that appli-
cation of irrigation at 0.8 IW: CPE recorded the highest
net returns (3 53,895/ha) with the maximum benefit: cost
ratio of 2.29, whereasirrigating at an IW: CPE of 1.0 re-
corded the highest gross returns. The higher net returng’ha
under 0.8 IW: CPE could be attributed to significantly
higher seed yield as compared to 0.4 IW: CPE and saving
of extra cost of irrigation as compared to 1.0 IW: CPE.
Fertility level 20:40 kg N:P,O_/harecorded the highest net
returns of ¥52967/hawith the highest benefit: cost ratio of
2.24, while the highest gross returns was observed with
30:60 kg N:P,0O./ha. The higher net gain/haunder 20:40
kg N:P,O /hacould be attributed to significantly higher
seed yield as compared to control and saving of extra cost
of fertilizer as compared to 30:60 kg N:P,O_/ha. The re-
sults are in concurrence with those reported by Patel et al.
(2014).
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Quality parameters

Significantly the highest protein content, protein yield,
gum content and gum yield were recorded under IW: CPE
of 1.0 and except gum content these were at par with 0.8
IW: CPE (Table 2). Application of irrigation at an IW:
CPE of 1.0 and 0.8, increased protein yield by 42.5 and
39.5% and gum yield by 48.2 and 40.6% respectively over
0.4 IW: CPE. The lower value of gum content in 0.4 IW:
CPE could be owing to moisture stress condition, which
leads to decrease in the activity of glutamine and
glutamate synthesis and increase in the proline content,
which ultimately reduce the gum synthesis in guar seeds.
The significant increase in seed yield and gum content was
directly responsible for higher gum yield. Patel et al.
(2011) aso recorded higher protein and gum yield with
increasing level of irrigation.

Significantly the highest protein content, protein yield,
gum content and gum yield were recorded with 30:60 kg
N:P,0./ha, which remained at par with 20:40 kg N:P,O,/
haexcept gum content. Fertility levels 30:60 kg N:P,O /ha
and 20:40 kg N:P,0O./haincreased protein yield by 46.0
and 42.5% and gum yield by 37.7 and 32.5% respectively
over control. Chhipa et al. (2012) reported that higher
level of fertility increased protein content of clusterbean.
Gum content might be increased due to fat and carbohy-
drate synthesis in seeds by the increasing levels of phos-
phorus, which enhanced the biosynthesis of phospholipids
and nucleic acids. A remarkable increase in seed yield and
gum content with higher fertility levels over control was
directly responsible for higher gum yield. Rathore er al.
(2007) reported that application of 20 kg N and 40 kg P,O,
produced 59.3% higher gum yield over control.

Based on the study it is concluded that summer
clusterbean sown in sandy loam soils of Gujarat region
with 0.8 IW: CPE recorded the higher seed yield and
gained the highest net returns and benefit: cost ratio over
all the irrigation treatments. Fertility level 20:40 kg
N:P,0./haseems to be optimum for getting higher seed
yield and monetary returns. Therefore, irrigation at 0.8 IW:
CPE and fertilizer dose of 20:40 kg N:P,0O,/ha could be
applied for higher yield and economical realization from
clusterbean along with appreciable saving of water and
fertilizer in summer season.

REFERENCES

Anuradha., Singh, R.K., Pareek, B., Kumar, D., Meena, S. and
Dubey, SK. 2017. Different levels of fertilizers on growth
and yield of clusterbean (Cyamopsis tetragonoloba L.) in
rainfed area of Uttar Pradesh. International Journal of Cur-
rent Microbiology and Applied Sciences 6(4): 2,029-2,036.

AOAC. 1960. Method of Analysis of the Association of Official
Agricultural Chemists. Edn 9. Association of Official Agri-
cultural Chemists, Washington, DC, USA.



December 2017]

Bhadoria, R.B.S., Tomar, R.A.S., Khan, H. and Sharma, M .K. 1997.
Effect of phosphorus and sulphur on yield and quality of
clusterbean (Cyamopsis tetragonoloba L.). Indian Journal
of Agronomy 42(1): 131-134.

Chavan, B.L., Vedpathak, M.M. and Pirgonde, B.R. 2015. Effects of
organic and chemical fertilizers on clusterbean. European
Journal of Experimental Biology 5(1): 34-38.

Chhipa, B.G,, Chandra, A. and Gulati, 1.J. 2012. Residua effect of
integrated nutrient management on growth, yield and qual-
ity of vegetable clusterbean. Progressive Horticulture 44(1):
114-119.

Das, B., Arora, SK. and Luthra, Y.P. 1977. A rapid method for de-
termination of gum in guar (Cyamopsis tetragonoloba L.).
(In) Proceedings of I''ICAR Guar Research Workshop, Jodh-
pur pp.117-123.

DES, 2013. Agricultural Statistics at a Glance. Directorate of Eco-
nomics and Statistics, Department of Agriculture and Coop-
eration, Ministry of Agriculture, Govt. of India, New Delhi.

Gangwar, S. and Dubey, M. 2012. Effect on N and P uptake by
chickpea as influenced by micronutrients and biofertilizers.
Legume Research 35(2): 164-168.

Meena, R.S. 2013. Effect of organic and inorganic sources of nutri-
ent on growth attributes and dry matter partitioning of
mungbean (Vigna radiata L.) in arid western Rajasthan.
Environment and Ecology 31(1): 131-134.

Mishra, R.D. and Ahmad, M. 1987. Manual of Irrigation Agronomy,
Oxford and IBH Publication, p. 171.

Patel, A.G. 2009. Influence of irrigation levels based on IW: CPE
and time of nitrogen application on frenchbean (Phaseolus

EFFECT OF IRRIGATION AND FERTILITY LEVELS ON CLUSTERBEAN 495

vulgaris L.). Haryana Journal of Agronomy 25(1/2): 13-16.

Patel, D.M., Shah, K.A. and Sadhu, A.C. 2011. Response of sum-
mer clusterbean (Cyamopsis tetragonoloba L.) to irrigation
scheduling and integrated nutrient management under
middle Gujarat conditions. International Journal of Forestry
and Crop Improvement 2(1): 8-11.

Patel, S.J., Patel, B.M., Raval, C.H., Patel, K.I., Patel, PB., Patel,
P.M. and Vekaria. L.C. 2014. Response of vegetable
clusterbean [Cyamopsis tetragonaloba (L.) Taub] to
fertigation of P and K. Legume Research 37(4): 420-423.

Rathore, V.S,, Singh, J.P, Soni, M.L., Yadava, N.D. and Beniwal,
R.K. 2007. Productivity, quality and resource utilization by
clusterbean (Cyamposis tetragonoloba) as influenced by
nutrient management. Indian Journal of Agronomy 52(3):
243-246.

Sammauria, R., Yadav, R.S. and Nagar, K.C. 2009. Performance of
clusterbean repeat asinfluenced by nitrogen and phosphorus
fertilization and biofertilizers in western Rajasthan. Indian
Journal of Agronomy 54(3): 319-324.

Shrinivasulu, D.V., Solanki, R.M., Radhai, C. and Babu, M.V.S.
2015. Nutrient uptake, yield and protein content of chickpea
(Cicer arietinum L.) asinfluenced by irrigation and sulphur
levelsin medium black soils. International Journal of Agri-
cultural Sciences 11(1): 54-58.

Singh, J. and Chaudhary, D.R. 2016. Productivity and profitability
of frenchbean (Phaseolus vulgaris) as influenced by nutri-
ent management in cold desert region of north-western
Himalaya. Indian Journal of Agronomy 61(1): 70-74.



