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ABSTRACT

A field experiment was conducted during the winter (rabi) season of 1995-96
and 1996-97 on loamy sand soil of Regional Research Station, Bawal, to study

-the response of Indian mustard (Brassica juncea (L.) Czernj & Cosson] to
"irrigation scheduling. In Indian mustard sown on conserved moisture, application

of 2 irrigations, one essentially at initiation of branching (40 days after sowing)
and the other either at flowering (60 days after sowing) or pod-development
stage (100 days after sowing) resulted in statistically equal yields to 3 irrigations.
Water stress during initiation of branching through pod-development stage
caused 28% reduction in yield, while stress throughout crop season reduced
yield by 356% as compared to no-water stress. The mean net returns were maxi-
mum (Rs 14,986/ha) when 2 irrigations were applied at initiation of branching and
flowering stages. The benefit : cost ratio in this treatment (2.56) was statistically

at par with the maximum value of 2.59 obtained with irrigation applied at initiation

of branching. The increasing number of irrigations mcreased the consumptive
use of water but decreased the water-use efficiency.

Key words : Indian mustard, Conserved moisture, Irrigation, Consum-
ptive use, Water—use efficiency, Net returns

Indian mustard is an important winter

~ oilseed crop of Haryana. In southern parts

of the state, previously it was being raised
as a rainfed crop. But, now with the limited
availability of irrigation water farmers have
started applying the post-sown irrigations to
the conserved moisture-sown crop. At pre-
sent no scientific information regarding irri-
gation scheduling in Indian mustard for the
zone is available. And, the majority of the

soils of southern zone of the state are light
textured and climatic conditions are diffe-
rent than rest of the Indian mustard-
growing parts of the state. The irrigation
requirement of the crop in this zone might
be different than other parts of the state.
Therefore an experiment was conducted to
study the response of Indian mustard
to irrigation at different stages of crop
growth.
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MATERIALS AND METHODS

A field experiment was conducted du-
ring the winter (rabi) seasons of 1995-96
and 1996-97 at Regional Research Station,
Bawal, on loamy sand soil. The soil was
poor in organic carbon (0.22 to 0.26%),
medium in available phosphorus (11.6 to
12.4 kg/ha) and rich in potash (326 to 342
kg/ha), with slightly alkaline in reaction
- {pH 8.2 to 8.4). The field capacity (1/3 atm)
and permanent wilting point (15 atm)
values were 16.2 and 7.0% respectively.
Eight post-sown irrigation treatments were:
I,,, no irrigation; I, irrigation at initiation of
branching (40 days after sowing); I,
 irrigation at flowering stage (60 days); L,

irrigation at pod-development stage (100
days); I, 2 irrigations at initiation of
branching (40 days) and flowering (60
days) stages; I, pp,, 2 irrigations at initiation
of branching (40 days) and pod develop-
“ment (100 days) stages; I, 2 irrigations
at flowering (60 days) and pod-develop-
ment (100 days) stages ; I, z,pp, 3 itriga-
tions at initiation of branching (40 days),
flowering (60 days) and pod-development
(100 days) stages.
. The experiment was laid out in rando-
. mized block design with 3 replications.
‘RH 30" Indian mustard was sown in rows
- 45 cm apart using a seed rate of 5 kg/ha on
30 and 23 October during 1995-96 and
1996-97 respectively. Full dose of fertili-
zer, i.e. 80 kg N/ha and 30 kg P,O,/ha, was
applied at the time of sowing. The crop was
thinned 3 weeks after sowing by main-
taining plant-to plant spacing of 10 cm. The
rainfall received was 294.4 and 161.1 mm
in September 1995-96 and 1996-97
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respectively. As a result of this, 15.9 and

- 15.4 cm moisture was conserved in 120 cm

soil profile in the respective years. The
rainfall received was 8.8, 15.2 and 1.8 mm
in third, sixth and ninth standard week of
1996 and 8.3, 4.3 and 8.0 mm in third, fifth
and thirteenth standard week of 1997
respectively. The pan evaporation values

- during crop season were 677.3 and 527.1

mm during 1995-96 and 1996-97 respec-
tively. The consumptive use of water was

.calculated on the basis of soil moisture

utilized from 120 cm soil profile + rainfall
received in the crop growing period. The
crop was harvested on 3 April and 29
March in 1995-96 and 1996-97, respec-
tively.

RESULTS AND DISCUSSION

Growth and yield attributes
The mean values of plant height, bran-
ches and siliquae/plant, seeds/siliqua and

1,000-seed weight with all irrigation treat-

ments were significantly higher over no
irrigation (Tablel). Application of 3 irriga-
tions resulted in taller plants, more
branches/plant and seeds/siliqua than no

irrigation (I;) and 1 irrigation applied at

pod-development (I,,) stage but was statis-

tically at par to rest of the irrigation treat- -

ments. However, siliquae/plant and 1,000-
seed weight under 2 and 3 irrigation treat-
ments were statistically at par and signi-
ficantly more than no and 1 irrigation treat-
ments. Favourable effect of irrigation on
growth and yield attributes of mustard was
also reported by Phogat et al. (1997).

Yield ’ .
Application of irrigation significantly
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Table 1. Effect of irrigation levels on growth, yield attributes, yield, crop-susceptibility factor and economic returns of Indian mustard

' [100¢ 59quasaq

Post-sown Plant  Branches/ Siliquae/ Seeds/ 1,000- Seed yield (q/ha) Crop  Gross Costof Net  Benefit:
irrigation  height plant plant siliqua seed _suscep- returns cultivation returns cost
regime (cm) weight 1995~ 1996~ Mean tibility (Rs/ha) (Rs/ha) (Rs/ha) - ratio

‘ (® 96 97 factor ' o '

I, 144 10.8 137 94 52 1461 1542 1502 - 035 16334 6,955 9379 235
I, 155 - 133 182 123 54 1983 1926 1955 0.16. 21,261 8,205 13,056 2.59
L. 154 13.1 178 12.1 54 1928 1866 1897 = 0.18 - 20,630 8,205 . 12,425 2.51
L, 150 124 164 114 54 1728 1639 1684 027 18314 8,205 10,109 223
e 159 14.0 199 12.8 57 2198 2319 22.59 ' 0.03 . 24,566 . 9,580~ 14,986 2.56
Lo 157 13.8 193 129 5.6 - 2148 2264 2206 005 23,99 9,580 14,410 250"
| . 156 13.7 190 12.5 56 2015 21.81- 2098 0.10 22816 9,580 13,236 2.38
| . 161 14.1 201 0130 57 2315 2338 2327 25,306 10,893 14,413 232
CD (P =0.05) 7 1.7 9 14 0.2 1.97 212 1.60 1,846 1,741

0.20 ' : : ' o

Details of iﬁi’gation regimes are given in text
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increased the seed yield (Table 1). Among

1 irrigation treatments, irrigation at initia-
tion of branching (I,) resulted in signifi-
cantly higher mean seed yield than irriga-
tion at pod development (I,;) but was
statistically at par to irrigation at flowering
(Ip) stage. The increase in mean yield over
no irrigation (I,) was 30.2, 26.3 and 12.1 %

- with 1 irrigation treatments I, I. and I

stages respectively. Application of 2 irriga-
tions, first at initiation of branching and

~second either at flowering or pod develop-

ment resulted seed yield at par with 3 irriga-
tions (I, ¢, pp)- However, when 2 irrigations
were applied at-flowering and pod
development (I, ,p), the yield decreased
significantly compared to 3 irrigations. The

. increase in mean yield over I, was 50.4,
46,9, 39.7 and 54.9% with 2 irrigations

treatment-l,, ;. Ip o and I, op ar}d 3 irriga-
tions treatment Iy, .y respectively. The

~ above results indicated that application of
. the first irrigation at initiation of branching

(IB') was the most critical in Indian mustard
sown on conserved moisture, Whereas
second irrigation applied either at flowering

- or pod-development stage produced equal

beneficial effect on yield of Indian mustard.
The beneficial effect of these treatments
(Ig,p> Lg,pp) in the light soils is mainly attri-
buted to greater moisture availability
throughout crop-growth period, which in
turn resulted in better growth, yield attri-
butes and ultimately the seed yield. Similar
advantages of irrigations at 30 and 60 days
after sowing by Prasad and Ehsanullah
(1988) and at pre-flowering and siliqua-
development stages by Sharma (1984) and

" Yadav erf al. (1999) were reported for

mustard crop.
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Susceptibility of crop to water deficit

~ Crop susceptibility was calculated as the
fractional yield reduction from no stress
treatment, i.e. Cg; = (X-Xi)/X, where X is
the yield from no stress (3.irrigations)
treatments -and Xi is the treatment that was
stressed during the growth stage. A water
deficit had the greatest detrimental effect on
yield when it occurred during initiation of
branching through pod-development stage.
Water stress prior to pod-development
stage caused 28% reduction in yield.
However, in treatments receiving 1 irriga-
tion either at initiation of branching and
flowering stages, the reduction in yield was
16 and 18% respectively. Treatments with 2
irrigations at I - and I ., were as good as
no stress (3 irrigations) treatment. The

driest treatment with no irrigation yielded

35% lesser than no-stress (3 irrigations)
treatment.

Economic returns

The gross as well as net returns obtained
with 2 irrigations treatments Iy, . and I, .y
were Statistically at par with 3 irrigations
(Ig,ppp) treatment (Table 1). But, the gross
returns were the maximum with 3 irriga-
tions treatment, whereas the net returns
were maximum with 2 irrigations applied at
I, stages. This was mainly due to higher
cost of production of Indian mustard with
3 irrigations compared to 2 irrigations. On
the other hand, the benefit : cost ratio was
maximum when irrigation was applied at I
stage (Table 1). It was statistically at par
with treatment I, Iy - and I, but was
significantly better than rest of the
irrigations treatments. The benefit : cost

ratio in irrigation treatment I,y and 3

<4,
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. Table 2. Effect of irrgation levels on consumptlve use of water (120 cm soil profile) and water-use

B+F+l;D

Post-sown -Consumptive use Water-use efficiency-
* irrigations . (mm) - -(kg/ha-mm)
1995-96 1996-97 1995-96 1996-97
I, 134.8 130.6 10.83 11.80
i 1968  ° 1886 10.07 . 10.21
i 193.8 1856 994 10.05
oD, 1888 - 1816 915 902,
Bor 2378 ¢ 2336 o 924 993
aerp 2338 2296 9.19 9.86
- 230.8 225.6 8.73 9.66
277.8 269.6 8.33 8.67

Details of irrigation and given in text

irrigations treatment were even low com-

. pared to no irrigation treatment. Thus

application of irrigation at pod-develop-
ment stage in Indian mustard sown on con-

“served moisture was not found much

economical as compared to other irrigation

- treatments.

. Consumptive use of water and water-
_use efficiency

The consumptive use of water from 120
cm profile increased with increasing number
of irrigations and it was highest with 3 irriga-

. tions and minimum in control treatment in

both the years (Table 2). No appreciable

- difference in consumptive use of water was

obtained in treatments where similar number
of irrigation was applied irrespective of the
growth stage. The highest value of mean

* water-use efficiency was obtained under no-

irrigation treatment with a mean yield of 15
g/ha and mean consumptive use of 133 mm
from 120 cm soil profile. This might be due
to minimized loss of stored soil moisture as

evaporation from the soil surface and trans-

piration through weeds because in unirri-
gated treatment dust mulch was created on
soil surface and weeds were checked com-
pletely by repeated hoeing. Secondly, under
stress condition, the crop might have deve-
loped a deep-root system arid have utilized
some moisture from soil layer > 120 cm and
achieved higher yield as well as water-use
efficiency. The mean seed yield of 16.6 g/ha
and water-use efficiency of 18.02 kg/ha-mm
were also obtained with a mean consumptive
use value of 91.4 mm by Yadav et al.
(1999). But, stil! the highest value of water-
use efficiency in the control treatment was
not found desirable from yield and economic
point of view in comparison to 1 irrigation
treatments I; and L. The values of water-use
efficiencies in Iy, Ig,pp and I ¢, op treat-
ments were lower than I pand I,
treatments. The lower values of water-use
efficiencies in I, and I, were mainly
attributed to lower yield in these treatments,
whereas in irrigation treatment Iy .0, the
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water-use efficiency was lower mainly due
to higher consumptive use of water without
* significant increase in yield.
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