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Water and heat-use efficiency of mustard (Brassica juncea L.
Czern. & Coss) and its yield response to evapotranspiration rates

under arid conditions
R. S. SINGH*, A. S. RAO and LAXMINARAYAN

Central Arid Zone Research Institute, Jodhpur-342 003

ABSTRACT

An experiment on mustard (Brassica juncea L. Czern. & coss) was
conducted at Jodhpur during two rabi seasons (2002-03 and 2003-04) to
study the crop response to evapotranspiration (ET) during different growth
stages under three treatments of irrigation (viz., 100% potential
evapotranspiration (PET), 50% of PET and control (three irrigations each of
60 mm depth). The mean ET rate of 100% PET (unstressed) mustard (cv. Bio
902) in arid region at Jodhpur was 1.2 mm day-1 during early growth, 3.3 mm
day-1 at vegetative stage, 7.5 mm day-1 at flowering/pod formation stage, 7.1
mm day-1 at seed filling/development and 2.8 mm day-1 at maturity stage. The
crop coefficient (ratio of evapotranspiration to evaporation) was 0.22 at early
growth stage, 0.80 at vegetative stage, 2.13 at flowering/pod formation stages,
1.75 at seed filling and declined to 0.56 at maturity. Seed yield of mustard
crop enhanced by 40% and 21% due to irrigation at 100% and 50% PET rate
of water application, respectively from that of control crop. Low water availability
causing reduced ET at seed filling stage reduced the yield under control
crop. Water use efficiency in kg ha-1 mm-1for 50% PET crop was more (6.93)
in comparison to 100% PET (4.64) and control crop (6.61). Heat use efficiency
was higher for 100% PET crop as compared to crop under other two
treatments.
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water and heat use efficiencies

Mustard (Brassica juncea L. Czern.
& Coss) ranks second in area and
production, among all oil seed crops and
contribute around 27% of the total oilseed
production in India. It is grown in 4.83 million
ha in the country with a total production of
5.34 million tonnes with an average yield of
1106 kg ha-1 (Chakravarty and Gautam,

2002). Rajasthan contributes highest
production followed by Uttar Pradesh,
Haryana, Madhya Pradesh, Gujarat, Assam
and Punjab and due to its low water
requirement, mustard is preferred to other
crops like wheat (Parihar et al., 1981).
Radiation and temperature concept for
explaining the growth and yield of mustard
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Fig. 1: Evapotranspiration rates of mustard crop

Fig. 2: The crop coefficients of mustard crop in an arid climate

(0Cd) were computed with 50C as a
threshold temperature following Nuttonson
(1955) and Singh et al., (1996). Heat use
efficiency (HUE) of crop production (kg ha-

1) per unit of degree days (0Cd) with respect
to seed yield was computed following Sastry
et al., (1985).  Water use efficiency (WUE)
is computed as a ratio of seed yield
(kg ha-1) to consumptive water use (mm)

RESULTS AND DISCUSSION

Evapotranspiration (ET) rates and crop
coefficients (Kc)

The highest ET of mustard (cv. Bio-
902) crop during the study period was 8.6
mm day-1 during 11th week after sowing
(pod formation and seed filling stage) under
unstressed (100% PET) condition (Fig.1).
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Yield, water use and heat use
relationships of mustard crop

Consumptive use (CU), seed yield,
water-use efficiency (WUE), thermal time
(0Cd) and heat-use efficiency (HUE) of the
crop were worked out for the two years
(Table 4). The crop maintained under
unstressed conditions utilized 570 and 533
mm of water during 2002-03 and 2003-04,
respectively, producing seed yield of 2574
and 2540 kg ha-1, respectively. In contrast,
the control crop produced 1780 kg ha-1 with
a water use of 278 mm during 2002-03 and
1900 kg ha-1 with a CU of 277 mm during
2003-04. The WUE of mustard varied from
4.51 to 4.76 for unstressed crop, from 6.26
to 7.65 for 50% PET crop and from 6.39 to
6.84 kg ha-1mm-1 for control crop during the
period of study. The HUE ranged between
1.42 and 1.49 kg ha-1 0Cd-1 for unstressed
(100% PET) crop, between 1.15 and 1.38
kg ha -1 0Cd-1 for  50% PET crop and
between 0.98 and 1.12 kg ha-1 0Cd-1 for
control crop. In general, HUE was higher
for 100% PET crop as compared to other

crop, irrespective of rainfall and other
microclimatic conditions during the cropping
season (November-February).

However, WUE for 50% PET crop in
both the years were more in comparison to
100% PET and control crop. This indicates
that WUE decreases with availability of high
moisture regime. This is because increase
in the seed yield is not linear with increase
in soil moisture availability condition above
certain critical amount of soil moisture in
the region. This conforms to the medium
water requirement of the crop during the
cropping season for its optimum WUE.

CONCLUSIONS

High evapotranspiration rates from
mustard was noticed during flowering/pod
formation phase followed by seed filling/
development stage. The ET/EP ratio (crop
coefficient) generally rises till the flowering/
pod formation phase and thereafter declines
gradually. A linear relationship exists
between WUE and irrigation up to 50%
PET level. Irrigation beyond 50% PET

Year Treatment CU 
(mm) 

Yield 
(kg ha-1 ) 

WUE 
(kg ha-1 mm-1) 

Thermal 
Time (oCd) 

HUE 
(kg ha-1 oCd-1 ) 

100 % PET 570.1 2574 4.51 1814.4 1.42 
50 % PET 333.6 2090 6.26 1814.4 1.15 

2002 
-03 

Control 278.7 1780 6.39 1814.4 0.98 
100 % PET 533.1 2540 4.76 1708.3 1.49 
50% PET 308.6 2360 7.65 1708.3 1.38 

2003 
-04 

Control 277.8 1900 6.84 1708.3 1.12 
100 % PET 552.2 2557 4.64 1714.4 1.45 
50 % PET 321.1 2225 6.93 1761.4 1.26 

Mean 

Control 278.3 1840 6.61 1761.4 1.04 
 

Table 4: WUE and HUE of mustard (cv. Bio-902) crop
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