I RESEARCH PAPER

International Journal of Agricultural Sciences, Vol. 5 Issue 1, January to May, 2009 : 221-225

Water production function for chickpeaunder sprinkler method of irrigation
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ABSTRACT

A field experiment entitled, “Water production function for chickpea under sprinkler method of irrigation” was conducted at Research
cum-Demonstration Farm of Irrigation Water Management, Mahatma Phule Krishi Vidyapeeth, Rahuri, Distt. Ahmednagar
(Maharashtra) India during rabi season of 2006-07. The treatments were 1.2 cm depth of irrigation at 37.5 mm CPE through sprinkler
irrigation method (T,), 1.68 mm depth of irrigation at 37.5 mm CPE through sprinkler irrigation method (T,), 2.24 cm depth of
irrigation at 37.5 mm CPE through sprinkler irrigation method (T,), 3.12 cm depth of irrigation at 37.5 mm CPE through sprinkler
irrigation method (T,), 3.44 cm depth of irrigation at 37.5 mm CPE through sprinkler irrigation method (T,), 4.56 cm depth of irrigation
at 37.5 mm CPE through sprinkler irrigation method (T ) and 6 cm depth of irrigation at 75 mm CPE through surface irrigation method
(T,). A buffer plot was left between the sprinkler irrigation treatments (T, to T and surface irrigation treatment (T,). Treatment T,
(3.12 cm depth of irrigation at 37.5 mm CPE through sprinkler method) produced 25.90 q ha* grain yield and showed its superiority
over other irrigation treatments. Treatment T, (sprinkler with 3.12 cm depth) was economically for better than surface method of
irrigation in terms of net seasonal income, B: C ratio, water productivity and water use efficiency. Thus, the study revealed that
growing of chickpea under sprinkler, irrigation method resulted in the more seed yield (25.90 g ha') and maximum benefit: cost ratio

(2.57) as compared to the surface irrigation method.
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INTRODUCTION

Pulsesplay significant rolein sustainable agriculture
and nutritional security to predominantly vegetarian
population of the country. The importance of pulsesin
human diet and animal nutrition iswell recognized. The
roots of pulses crop penetrate deep into soil, fix the
atmospheric nitrogen with the hel p of nodul es. The shoot
adds huge quality of dry foliageinto soil and enrichesthe
soil fertility.

Chickpea grain is the good source of proteins,
carbohydrates, energy and minerals matters. Chickpea
contains 17.7 per cent protein and 56.5 per cent
carbohydrates. Chickpeaiscultivated on 7.11 million ha
areawith 5.65 million tonnes production with 795 kg ha'
productivity in the country. In Maharashtra chickpeais
the second most important crop cultivated in rabi season
with 7.13 lakh tonnes production and productivity as 655
kg hat.

In chickpea, irrigation is one of the most important
factorsfor assured production. The proper irrigation and
layout for chickpeaare proved to be key factorsto solve
the problems of productivity. Chickpea is generally
considerable as sturdy crop requiring small quantity of
water, but responds immediately to over irrigation and
non-availability of water during critical growth stages of
crop resultinginto sizablereductioninyield. It hasalready
been reported that the productivity of chickpeaincreased
considerably by adoption of improved technol ogy under
irrigated conditions (Masood et al., 1998). Sprinkler

method of irrigationismost widely used intheworld and
thus most important advanced irrigation method. In India,
presently 6.60 lakh ha area is covered under sprinkler
and Maharashtraistheleading state with 1.35 lakh hectare
area. However, sprinkler iscommonly used for high value
cropsand vegetables. Itisuseful inincreasing productivity
by 10-35 per cent with 30-35 per cent water saving and
especialy suited for those dose growing crops and thus,
can be conventially used to all cereals, pulses, oilseed
and vegetables. In closed spaced crops like chickpea
sprinkler method could play effective role in obtaining
potential yieldswith judicious management of irrigation
water (Suryawanshi and Pampatiwar, 1985).

MATERIALS AND METHODS

An experiment “Water production function for
chickpea under sprinkler method of irrigation” was
conducted at Inter Faculty Department of Water
Management, Mahtama Phul e Krishi Vidyapeeth, Rahuri,
Dist. Ahmednagar during the rabi season, 2006-07. The
soil waswell drained and 30-45 cm deep with sandy clay
loam in textural class. Asregards chemical composition
available nitrogen is medium (245.42 kg ha), available
phosphorus (15.51 kg ha') and avail able potassumismore
(245.49 kg ha?) with 0.65 % organic carbon.The field
capacity and PWP of the experimental site was 28.36
and 14.17 per cent, respectively. The experiment was
laid out in Randomized Block Design with three
replications and seven irrigation treatments. Digvijay
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variety of chickpea was used for sowing. The gross and
net plot sizes were 6.00 x 3.60 m? and 5.00 x 2.40 m?,
respectively.

\Tablel: Treatment details with symbols used \

ﬁr(.). Symbols  Treatment details

1 Ty 1.2 cm depth of irrigation at 37.5 mm CPE
through sprinkler irrigation method

2. T, 1.68 cm depth of irrigation at 37.5 mm CPE
through sprinkler irrigation method

3. T3 2.24 cm depth of irrigation at 37.5 mm CPE
through sprinkler irrigation method

4. Ta 3.12 cm depth of irrigation at 37.5 mm CPE
through sprinkler irrigation method

5. Ts 3.44 cm depth of irrigation at 37.5 mm CPE
through sprinkler irrigation method

6. Te 4.56 cm depth of irrigation at 37.5 mm CPE
through sprinkler irrigation method

7. T, 6 cm depth of irrigation a 75 mm CPE
through surface irrigation method

Water production function:

Water production function for chickpea under
sprinkler method of irrigation was developed using date
onyield and depth of water applied.

Second order polynomial relationship given below

as found best fit.
Y = 0.0929 X2 + 5.4829 — 57.02

RZ = 091

where,

Y = Estimated yield (q ha?)

X = Depth of water applied (cm)

The estimated yields of chickpea obtained using
water production function developed as above are
tabulated in Table 2.

Table 2 : Details of irrigation scheduling criteriain sprinkler

method of irrigation

Depth of w

ﬁlré. Treatment applfgi q?Jri ngt :rach ((r:nFr)E) IV\r/étCilg’E
irrigation (cm)

1 T, 12 375 0.32

2 Ty 1.68 375 0.45

3 T3 224 375 0.60

4. Ty 3.12 375 0.83

5 Ts 344 375 0.92

6 Ts 4.56 375 1.22

RESULTS AND DISCUSSION

Seed vyield:
Themaximum and significantly superior yield (25.90
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g ha?) over al other treatments wasrecorded in treatment
T, (sprinkler with 3.12 cm depth) followed by T_ (sprinkler
with 3.44 cm depth) with 21.50 g ha' and T, (Sprinkler
with 2.24 cm depth) with 19.70 g ha? (Table 3). The
treatment T, (sprinkler with 1.2 cm depth) recorded
significantly lower yield than all other treatments. The
treatment T, (surface method of irrigation) recorded a
seed yield of 18 g ha® which was at par with sprinkler
treatments T, and T..

‘Table 3 : Mean seed yield, straw yield as influenced by

different treatments

Seedyield Straw yield
Treatment @ h)z;'l) (h ;1)
T, : 1.2 cm depth of irrigation at 37.5  10.20 6.20
mm CPE through sprinkler
irrigation method
T, : 1.68 cm depth of irrigation at 37.5  14.10 10.90
mm CPE through sprinkler
irrigation method
T3 : 2.24 cm depth of irrigation at 37.5  19.70 16.50
mm CPE through sprinkler
irrigation method
T, : 3.12 cm depth of irrigation at 375  25.90 23.20
mm CPE through sprinkler
irrigation method
Ts : 3.44 cm depth of irrigation at 37.5  21.50 22.10
mm CPE through sprinkler
irrigation method
Te : 4.56 cm depth of irrigation at 37.5  18.50 23.20
mm CPE through sprinkler
irrigation method
T, Surfaceirrigation with 6 cm depth 18.00 14.00
SE. + 0.72 0.55
C.D. (P=0.05) 2.24 1.70
Mean 18.27 16.58

Thesprinkler method of irrigation with optimum depth
of irrigation resultsinto appropriate soil moisture statusin
root zonethroughout crop growth period. It also distributes
irrigation water more uniformly than surface method of
irrigation. M oreover, the micro-climatic condition interms
of reduced temperature and increased relative humidity
in crop canopy is maintained favorably due to applying
water in sprinkling farm. All these factors have resulted
intoimproved grainyield in respect of sprinkler treatments
T, T, and T,. These results are in conformity with
Kulhareet al. (1988), Dahiwalkar et al. (1998) and Sable
(1995).

Straw yield:
Maximum straw yield of 23.20 g ha* was observed
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in treatment T, (sprinkler with 3.12 cm depth) and T
(sprinkler with 4.56 cm depth) which was significantly
superior over all other treatments except T, (sprinkler
with 3.44 cm depth). The straw yield in treatment T,
(22.10 q ha') was at par with T, and T, treatment.
Minimum straw yield of 6.20 g ha® was observed in
treatment T,. The surface method of irrigation recorded
straw yield as 14.00 g ha' which wassignificantly superior
over sprinkler treatments T, and T,.

Water management studies:
In surface irrigation treatment, fixed quantity of
water viz., 6 cm was applied at every 75 mm CPE.

Hydraulics of sprinkler method of irrigation:

The uniformity coefficient for sprinkler method of
irrigation was determined using Christianson’s equation.
It is revealed that uniformity coefficient in all the
treatments was above 80 per cent and thus, can be

considered as good. The values of uniformity coefficient
ranged from 80.55 per cent in treatment T, to 84.72 per
centin T, treatments.

The depth of precipitation in cm per hour (Table 4)
was also worked out for different sprinkler treatments.
These values were found to be varied from 0.30 to 1.14
cmhrtindifferent treatments. Depending on variationin
the depth of precipitation a ong different locationswithin
sprinkler plot different sprinkler treatments were
demarcated. To obtain required depth of irrigation in
respective treatments the sprinkler system was operated
for 4 hours.

Water use and water use efficiency:

Itisclear from data presented in Table 5 that the
depth of water applied in different treatments was
varied from 17.20 to 37.36 cm. Minimum water (17.20
cm) was applied in treatment T, (sprinkler with 1.20
cm depth) whereas, maximum water was applied

Table 4 : Uniformity coefficient and depth of precipitation in sprinkler method

Treatment coléfr;lit:?treml t()éA)) preci pﬁztpi) tohnczfcm/ hr) appllgi?éit?nojf mast((a::m)

Ty @ 1.2 cm depth of irrigation at 37.5 mm CPE through sprinkler 83.36 0.30 1.20
irrigation method

T; : 1.68 cm depth of irrigation at 37.5 mm CPE through sprinkler 82.63 0.42 1.68
irrigation method

T3 : 2.24 cm depth of irrigation at 37.5 mm CPE through sprinkler 80.55 0.56 224
irrigation method

T, : 3.12 cm depth of irrigation a 37.5 mm CPE through sprinkler 83.03 0.78 3.12
irrigation method

Ts : 3.44 cm depth of irrigation a 37.5 mm CPE through sprinkler 84.72 0.86 344
irrigation method

Te . 4.56 cm depth of irrigation at 37.5 mm CPE through sprinkler 81.05 114 4,56

irrigation method

Table 5: Water use and water use efficiency under different treatments

Treatment Depth_ of water Yield WUE V_Vater Inf:reese in
applied (cm) (qha?) (qhal-mm) saving(%) vyidd (%)

T, : 1.2 cm depth of irrigation a 37.5 mm CPE through 17.20 10.20 5.93 38.60 -43.30
sprinkler irrigation method

T, : 1.68 cm depth of irrigation a 37.5 mm CPE through 20.08 14.10 7.22 28.30 -21.70
sprinkler irrigation method

T3 : 2.24 cm depth of irrigation a 37.5 mm CPE through 22.00 19.70 6.68 21.40 9.40
sprinkler irrigation method

T, : 3.12 cm depth of irrigation a 37.5 mm CPE through 28.72 25.90 9.02 -2.60 43.90
sprinkler irrigation method

Ts : 3.44 cm depth of irrigation a 37.5 mm CPE through 30.64 21.50 7.02 -9.40 19.40
sprinkler irrigation method

Te : 4.56 cm depth of irrigation a 37.5 mm CPE through 37.36 18.50 4.45 -33.40 2.80
sprinkler irrigation method

T : Surfeceirrigation with 6 cm depth 28.00 18.00 6.43 - -
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Table 6 : Deviation in the observed yields under sprinkler from yields estimated using water production function

Yield estimated using

Fig.1: Deviation between observed and estimated yield
values

(37.36 cm) in treatment T, (sprinkler with 4.56 cm
depth). In surface method of irrigation 28 cm depth of
water was applied. The treatment T, (sprinkler with
1.2 cm depth) resulted into 38.60 per cent water saving
as compared to surface method of irrigation. The
treatments T, and T, resulted into 28.30 and 21.40 per
cent water saving, respectively when compared to
surface method of irrigation. The treatment T used
33.40 per cent more water than surface method of
irrigation.

The maximum value (9.02 g ha!-mm) water use
efficiency wasrecordedin treatment T, whereas minimum
value (4.45 q ha'-mm) was recorded in treatment T .
The WUE in surface method was found to be 6.43 q
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Treatment Observed_1y|e|d water production function Per_ cent
(qha®) 1 deviation
(gha’)
T; @ 1.2 cm depth of irrigation a 37.5 mm CPE through sprinkler 10.20 9.78 4.13
irrigation method
T, : 1.68 cm depth of irrigation at 37.5 mm CPE through sprinkler 14.10 15.59 -10.54
irrigation method
T3 : 2.24 cm depth of irrigation a 37.5 mm CPE through sprinkler 19.70 18.60 5.58
irrigation method
T, : 3.12 cm depth of irrigation a 37.5 mm CPE through sprinkler 25.90 23.76 8.28
irrigation method
Ts : 3.44 cm depth of irrigation at 37.5 mm CPE through sprinkler 21.50 23.69 -10.17
irrigation method
Te : 4.56 cm depth of irrigation a 37.5 mm CPE through sprinkler 18.00 18.04 247
irrigation method
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Fig. 2: Water production function for chickpea under

sprinkler

ha*-mm.

It is also clear from the Table 6 that, the deviation
between obtained yields and estimated chickpea yields
are 2to 10 per cent only indicating that relationship can
be used to estimate chickpeayiel dsunder sprinkler method
of irrigation if depth of water to be applied is known.
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