
 
 
 
MAUSAM, 59, 2 (April  2008), 219-226 
 

551.586 : 631.671 : 633.174            

 (219) 

 
Water requirement and water use efficiency of Sorghum and its  

irrigation planning under limited water resources in  
arid and semi arid regions of India 

 
R. P. SAMUI, GRACY JOHN, M. P. S.PILLAI and S. P. RANSURE 

Meteorological Office, Pune - 411 005, India 

(Received 22 March 2005, Modified 06 November 2007 ) 

e mail :  rsamui @ yahoo.com 
 

 
 
 

Lkkj & bl ’kks/k Ik= esa vdksyk] ijHkuh] jkgqM+h vkSj dks;Ecrwj esa lksj?ke ds fy, ty dh vko’;drk vkSj 
ty mi;ksx {kerk dk v/;;u fd;k x;k gSA bl v/;;u ls lksj?ke ds fy, [kir dh tkus okyh ty dh 
ekax vkSj mit ds fy, ty mi;ksx {kerk dks le>k tk ldk gSA buls izkIr gq, ifj.kkeksa dk mi;ksx 
lksj?ke ds mRiknu ds fy, miyC/k o"kkZ vkSj lhfer ty L=ksrksa nksukas ds dq’ky izca/ku ds fy, fd;k tk 
ldrk gSA  

 
vdksyk vkSj ijHkuh esa xSj flafpr [kjhQ lksj?ke ds fy, ekSleh ok"iu&ok"iksRltZu ¼bZ- Vh-½ dh dfe;ksa 

vkSj lqforfjr lkekU; vkSj de o"kkZ okys o"kkZsa ds fy, jkgqjh vkSj dks;Ecrwj esa jch lksj?ke gsrq ekSleh bZ- Vh- 
dh dfe;ksa dk v/;;u fd;k x;kA lkekU; o"kkZ okys o"kksZa esa bZ- Vh- dh dfe;k¡ de o"kkZ okys o"kksZ dh rqyuk 
esa vf/kd FkhA rFkkfi] lkekU; o"kkZ okys o"kksZa dh vis{kk de o"kkZ okys o"kksZ ds nkSjku ty mi;ksx dh {kerk 
vf/kd ikbZ xbZ gSA ekSleh bZ- Vh- mit vkil esa ldkjkRed :Ik ls lglacaf/kr ik, x, gSa fdarq vdksyk] 
ijHkuh] jkgqM+h ds fy, ux.; rFkk dks;Ecrwj ¼5%Lrj½ ds fy, egRoiw.kZ FkkA vdksyk vkSj ijHkuh esa Øe’k% 
yxHkx 486 fe- eh- vkSj 470 fe- fe- ds ekSleh bZ- Vh- gsrq vuqdwyre mit ns[kh xbZ gSA dks;Ecrwj esa 416 
fe- eh- ds ekSleh bZ- Vh- ds fy, vf/kdre mit ns[kh xbZ tcfd jkgqM+h esa bZ- Vh- dh deh yxHkx 475 fe- 
eh- gksus ij iSnkokj vf/kdre FkhA [kjhQ ekSle ds fy, ty mi;ksx {kerk ¼MCY;w- ;w- bZ-½ 6-3 ls 12-2 fe- 
eh- ds e/; vkSj jch lksj?ke ds fy, 5-5 ls 10-1 fe- eh- ikbZ xbZ gSA Qly ds izkjfEHkd c<+okj dh voLFkkvksa 
ds nkSjku mit lglaca/k ux.; ikbZ xbZ gS vkSj ckyh esa Qwy vkus dh voLFkk ds nkSjku ;g pje ij igq¡p 
x;kA rnuUrj Qly idus ls ysdj Qly dkVus dh voLFkk ds nkSjku ;g {kh.k gks x;k A  

 
bl v/;;u ls ;g irk pyk gS fd de o"kkZ okys o"kksZ ds nkSjku lHkh dsanzksa ds fy, thou j{kd flapkbZ 

dk mi;ksx djus dh vko’;drk fopkjk/khu gSA ;fn lhfer flapkbZ miyC/k gks rks Qly dh c<+ksrjh dh 
voLFkk ¼cht cksus ds Ik’pkr~ 25&35 fnu½ vkSj Qwy ds ifjiDo gksus dh vafre voLFkk & ckyh esa Qwy vkus 
dh voLFkk ¼cht cksus ds Ik’pkr~ 55&65 fnu½ esa flapkbZ dh tk,A Qwy ds ifjiDo gksus dh vafre voLFkk 
lcls vf/kd ukt+qd voLFkk ns[kh xbZ gS vkSj ;fn dsoy ,d flapkbZ miyC/k gks rks] og bl voLFkk ds nkSjku 
dh tk,A bl voLFkk esa ty izfrcy ds dkj.k iSnkokj esa 35 ls 40% rd dh deh ikbZ xbZ gSA 

 
 
 
 

ABSTRACT.  Water requirement and water use efficiency of sorghum was studied at Akola, Parbhani, Rahuri and 
Coimbatore. The study enables to understand the consumptive water demand of sorghum and water use efficiency in 
relation to yield. The results can be used for efficient management of both rainfall and limited water resources available 
for sorghum production.  

 
Seasonal Evapotranspiration (ET) losses were studied for non- irrigated kharif sorghum at Akola and Parbhani and 

for Rahuri and Coimbatore seasonal ET losses were studied for rabi sorghum for well distributed normal and deficit 
rainfall years. In the normal rainfall years ET losses were more compared to deficit rainfall years. However, water use 
efficiency was found higher during deficit rainfall years than normal rainfall years. The seasonal ET- yield relationship 
was found positively correlated but insignificant for Akola, Parbhani, Rahuri and significant for Coimbatore (5% level). 
At Akola and Parbhani optimum yields were observed for seasonal ET of around 486 mm and 470 mm respectively. At 
Coimbatore maximum yield was observed for seasonal ET of 416 mm whereas at Rahuri yield was maximum when ET 
loss was about 475 mm. Water Use Efficiency (WUE) ranged from 6.3 to 12.2 mm for kharif season and 5.5 to 10.1 mm 
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for rabi sorghum. Crop coefficient Kc was found negligible during early growth stages and reached peak during 
flowering stage and declined subsequently during maturity to harvesting stage. 

 
The study revealed that during deficit rainfall years life saving irrigation need to be applied for all stations        

under consideration. If limited irrigation is available irrigations at vegetative stage (25-35 days after sowing) and at boot- 
flowering stage (55-65 days after sowing) be given. The boot stage is found to be the most critical stage and if only one 
irrigation is available, it may be given at this stage. Water stress at this stage is found to cause reduction in yield by 35 to 
40%. 

 
Key words – Crop coefficient, Evapotranspiration, Sorghum, Water use efficiency. 
 
 
 

 
1.   Introduction 
 

Water requirement of a crop may be defined as the 
quantity of water required by a crop in a given period of 
time for its normal growth under field conditions at a 
place. Dry land rain-fed agriculture with life saving 
irrigation accounts for most of the food and fibre 
production in the semi- arid regions of India. Mean annual 
rainfall in this region ranges from 40 to 100 cm which 
meets water requirement of crops such as sorghum, 
pulses, millet, cotton etc. Sorghum is one of the major dry 
land staple crops in semi - arid tropics of India. The area 
of sorghum cultivation is about 14 to 15 million ha and 
annual production is 8.5 to 9.5 million tons with a mean 
yield of 7 to 8 q/ha, where as the hybrid variety has a 
grain yield of around 40 to 50 q/ha. 
 
 

Being a deep rooted crop sorghum has excellent 
drought tolerance and is grown under stored soil water in 
deep soil applying one or two life saving irrigations at 
critical growth stages. Occasional droughts and dry spells 
over the regions point to the need for improved farm water 
management to sustain better crop yield. This involves life 
saving irrigation at some of the critical growth stages of 
the crop. For this purpose the water requirements of major 
crop varieties at their critical growth stages need to be 
known for optimum utilization of available water 
resources. The use of irrigation to overcome water stress 
conditions normally lead to significant increase in grain 
production. Several studies have reported Water Use 
Efficiency (WUE) to be higher during water stressed 
condition when irrigation applied at critical stage of crop 
development. Deficiencies in management and input 
supply appear to be the main constraints for not being able 
to achieve required growth rate in sorghum production. 
 
 

Thus an attempt has been made in this study to 
understand the consumptive water demand of sorghum 
during different phenological stages and water use 
efficiency in relation to final yield and also ET-yield 
relationship at different locations in semi-arid regions of 
India.  

2.  Materials and method 
  

In deciding water used by sorghum, 
evapotranspiration (ET) was considered as the 
consumptive use (CU).  Lysimetric evapotranspiration 
data of kharif sorghum for Akola (20° 42' N, 77° 02' E), 
Parbhani (19° 16' N, 76° 47' E), and rabi sorghum for 
Coimbatore (11° 00' N, 71° 00' E) and Rahuri (19° 24' N, 

 
 
74 39' E) were used. Weekly Potential 

Evapotranspiration (PET) and ET/PET (crop coefficient 
Kc) values were computed using methodology given by 
Doorenbos and Pruitt (1975). Weekly rainfall of good 
(normal) and deficit rainfall years, cumulative ET and 
rainfall probability at 50 % and 70% levels at the four 
stations have been presented in Figs. 1(a-d). Tables 1 to 4 
depict year wise evapotranspiration, potential 
evapotranspiration, rainfall, yield and water use efficiency 
of sorghum at different stations. The evapotranspiration- 
yield relationship and Kc values are computed and 
presented in Figs. 2(a-d) and  Figs. 3(a-d).  
 
 
3.  Results and discussion 
 

3.1. Seasonal ET losses 
 

For some selected years comprising good and deficit 
rainfall of each of the four stations, water use efficiency of 
sorghum showed that good rainfall and water use pattern 
during the crop growing season were comparable to that 
of potential evapotranspiration. Akola received good 
rainfall (741 mm) during the year 1981. The seasonal ET 
was 451 mm in 1981. The Evapotranspiration increased 
gradually with the advancement of the growth stage of the 
crop and  reached maximum at about 13th  week after 
sowing at flowering stage [Fig. 1(a)].  Evapotranspiration 
showed steady increase from 4th week after sowing till 
13th week and remained steady thereafter. The PET during 
the crop growing season varied in a narrow range between 
4.8 mm to 6.5 mm and was higher than the ET loss of the 
crop. In 1981, the rainfall was evenly distributed 
throughout the growing period which resulted in optimum  



 
 
                        SAMUI et al. :  WATER REQUIREMENT OF SORGHUM     221 

 

TABLE  1 
 

Seasonal evapotranspiration, potential evapotranspiration, rainfall, yield (observed & predicted)  
and water use efficiency of Sorghum at Akola (kharif) 

 
   Total  Yield - (Q/ha) WUE 

Year Variety ET (mm) PET (mm) R/F (mm) Observed Predicted (kg/ha/mm) 

1981 CSH-5 451 672 741 46.6 46.9 9.56 

1982 CSH-5 554 710 392 40.3 48.7 7.27 

1983 CSH-5 639 722 680 40.4 44.0 6.32 

1987 CSH-9 486 735 426 57.9 50.9 11.91 

1988 CSH-9 522 666 452 57.9 51.3 11.09 
 
 

TABLE  2 
 

Seasonal evapotranspiration, potential evapotranspiration, rainfall, yield (observed & predicted)  
and water use efficiency of Sorghum at Parbhani (Kharif) 

 
   Total  Yield - (q/ha) WUE 

Year Variety ET (mm) PET (mm) R/F (mm) Observed Predicted (kg/ha/mm) 

1980 CSH-6 470 719.00 295.20 28.8 38.0 6.13 

1981 CSH-6 470 657.00 560.60 57.3 38.0 12.18 

1985 CSH-6 522 767.00 347.50 22.8 23.0 5.44 

1988 CSH-9 413 706.00 440.20 28.3 42.6 6.85 

1989 CSH-9 479 647.00 519.70 27.7 28.0 5.77 
 
 

TABLE 3 
 

Seasonal evapotranspiration, potential evapotranspiration, rainfall, yield (observed & predicted) 
and water use efficiency of Sorghum at Rahuri (Rabi) 

 
   Total  Yield - (q/ha) WUE 

Year Variety ET (mm) PET (mm) R/F (mm) Observed Predicted (kg/ha/mm) 

1978 CSH-5 475 711 - 42.6 51.2 10.09 

1979 CSH-5 576 618 - 41.3 49.1 7.16 

1980 CSH-8R 371 573 36.1 38.5 34.5 9.01 

1981 CSH-8R 429 562 82.8 36.5 43.9 8.51 

1982 CSH-8R 461 528 60.6 39.8 49.5 8.63 
 
 
 

TABLE 4 
 

Seasonal evapotranspiration, potential evapotranspiration, rainfall, yield (observed & predicted) 
and water use efficiency of Sorghum at Coimbatore (Rabi) 

 
   Total  Yield - (q/ha) WUE 

Year Variety ET (mm) PET (mm) R/F (mm) Observed Predicted (kg/ha/mm) 

1989 CO-26 370 674 359.2 25.63 28.0 6.90 

1991 CO-26 168 574 66.1 19.52 19.9 7.77 

1992 CO-26 312 397 415.8 26.63 19.3 7.35 

1993 CO-25 416 519 452.0 39.45 28.2 9.48 

1994 CO-25 331 470 366.1 18.14 21.2 5.48 
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Figs. 1(a-d). Weekly rainfall distribution in excess and deficit rainfall years along with probability of rainfall at 50 & 70% levels 

 
 
 
 
 
utilization of soil water and higher yield (43.1 q/ha). 
During the year mean maximum ET of 4.6 mm was 
observed during 13th  week after sowing (40th std. week). 
Even though the year 1981 was a good rainfall year, the 
actual rainfall was well below the assured rainfall at 70% 
level during 7th and 8th  week after sowing. 

 
 
The year 1982 was a deficit rainfall year at Akola 

(392 mm). Maximum ET value of 8.5 mm was observed 
during 9th week after sowing (39th std. week). There was 
a steep increase in ET from 2.2 mm to 8.5 mm from 1st  
week after sowing till 9th week after sowing (WAS), 
thereafter sharp decrease in ET was observed at around 
10th week after sowing till maturity. Maximum PET of 7.0 
mm was observed during 7th WAS. Even though the crop 
received some rainfall during the vegetative growth 
period, during early flowering stage and grain formation 
period it did not receive rainfall resulting in comparatively 
low yield (40.3 q/ha). 

 
At Parbhani non-irrigated kharif sorghum was raised 

with stored soil moisture accumulated during south-west 

monsoon season. During 1981, the crop had experienced 
good and well distributed rainfall (560.6 mm). The 
evapotranspiration varied from 1.5 mm to 5.9 mm during 
the crop growth stages and maximum ET was observed 
(5.9 mm) during 8th week after sowing. The cumulative 
ET was 470 mm during the growth period and yield was 
57.3 q/ha. Good rainfall during the active growth stage 
contributed towards better yield. 

 
 
The year 1980 had experienced deficit rainfall           

(295 mm) which resulted in less ET in the crop growing 
period. Evapotranspiration varied from 1.1 mm to 5.7 mm 
and maximum ET was observed during 11th WAS. Yield 
was found to be low (28.8 q/ha) during the year. At 
Parbhani, the kharif crop was non-irrigated and water 
stress during the grain filling period might have caused 
reduction in yield. During the deficit rainfall year WUE 
was found to be relatively high at 6.1kg/ha/mm. 

 
 
At Rahuri, rabi sorghum was grown under irrigated 

conditions.   The  year   1981  was   a  good   rainfall  year          
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Figs. 2(a-d). Relationship of yield, water use efficiency and seasonal evapotranspiration 
 
 
 
 
 
 (82.8 mm) and ET varied from 2.3 mm to 3.5 mm during 
the crop growth period. Irrigation was supplied during 
critical growth stages to overcome water stressed 
condition. This had resulted in optimum utilization of 
available water and better yield (36.5 q/ha). In 1980, the 
rainfall (36.1 mm) was deficit and there was wide 
fluctuation in water use of the crop. Evapotranspiration 
varied from 1.2 mm to 4.7 mm and highest ET was 
observed during 7th WAS. As the year was a deficit 
rainfall year, the water requirement of the crop was fully 
met by irrigation. Hence yield remained nearly same as 
that of good rainfall year. The Kc value varied between 
0.28 and 1.6 during the growth period  [Fig. 3(c)]. 
 
 

At Coimbatore rabi sorghum was raised providing 
irrigation at critical growth stages. In 1992, a good rainfall 
year (r/f = 415.8 mm), ET ranged from 2.5 mm to 4.4 mm 
during the crop growing period. Highest ET of 4.4 mm 
was observed during the 6th week after sowing and 
thereafter gradual decrease in ET was observed. The crop 
received well distributed rainfall from early growth stage 
till maturity. The observed yield was 26.6 q/ha. 

The year 1991 was a deficit rainfall year                  
(r/f = 66.1 mm). Evapotranspiration varied between 0.6 
mm and 2.4 mm during the crop growing period. Even 
though the crop received irrigation, less rainfall during the 
critical growth stages might have caused reduction in 
yield (19.5 q/ha). 

 
 
3.2.  Seasonal ET - yield relation 

 
Seasonal ET- yield relationship has been worked out 

for Akola, Parbhani, Rahuri and Coimbatore and 
presented in Figs. 2(a-d). At Akola and Parbhani the crop 
was grown during kharif season and at Rahuri and 
Coimbatore it was grown during rabi season with 
supplemental irrigation. At Akola seasonal ET ranged 
from 412 mm to 699 mm and grain yield ranged from 40 
to 58 q/ha. The WUE ranged from 6.3 mm to 11.9 mm. 
The relationship between seasonal ET and yield was 
found insignificant (R2 = 0.39) at Akola [Fig. 2(a)]. 
Optimum yield was observed for seasonal ET of about 
486 mm. Thereafter sharp decrease in yield was observed 
with increase in ET. Excess vegetative growth might have  
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Figs. 3(a-d). Crop coefficient (kc) of sorghum at Akola, Parbhani, Rahuri and Coimbatore 

 
 
 
 
 
resulted in reduction in yield (Bapat, 1981). Water Use 
Efficiency showed decreasing trend with increase in 
seasonal ET of about 500 mm. 
 
 

At Parbhani, maximum yield and WUE was 
observed for seasonal ET of about 470 mm and sharp 
decrease in yield and WUE was observed with further 
increase in ET. The relationship of seasonal ET and yield 
was found insignificant (R2 = 0.56). 

 
 
At Coimbatore seasonal ET of 416 mm was found to 

produce maximum yield [Fig. 2(c)]. The seasonal ET- 
Yield relationship at Coimbatore was found positive       
(R2 = 0.76) and significant at 5% level. At Rahuri 
maximum yield was observed for seasonal ET of 475 mm 
[Fig. 2(d)]. Seasonal ET and yield relationship was found 
positive (R2 = 0.24) but insignificant. 

 
Experimental evidence in different parts of the 

country during kharif has clearly indicated that under rain 

fed conditions, onset of the first monsoon shower is the 
most optimum time for sowing and progressive delay 
caused substantial reduction in yield (Bapat, 1981). The 
rabi sorghum yield increased by about 81 % by advancing 
the sowing by one month. The studies indicate that the 
most optimum time of sowing is about three weeks earlier 
to conventional time of sowing of the crop in the locality. 
Early sowing helps to take advantage of stored moisture in 
the soil prior to sowing. 
 
 

The best fit equation developed between seasonal ET 
and yield showed the difference between observed and 
predicted yield was found less at Akola, Rahuri and 
Coimbatore. For Parbhani the difference was found more 
during the years 1981 and 1988. 
 
 

3.3.   Crop coefficient Kc 
 

Weekly crop coefficient (Kc) values for each of the 
year were worked out for Akola, Parbhani, Rahuri and 

 

(c) 
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Coimbatore and presented in Figs. 3(a-d). In general, Kc 
varied from 0.2 to 0.5, 0.6 to 0.75, 0.80 to 1.6 and 0.3 to 
0.8 respectively at seedling, vegetative, flowering and 
maturity stages of the crop. 
 
 

At Akola Kc ranged from 0.22 to 1.30. It was below 
0.5 for the first 3-4 weeks after sowing. It reached 
maximum during elongation, vegetative stages and 
decreased slowly at maturity stage Fig. 3(a). At Parbhani 
Kc values ranged from 0.3 to 1.4 and Kc value increased 
considerably after 4-5 weeks after sowing. Kc value was 
maximum during vegetative phase and decreased towards 
maturity. It was below 0.5 for first 3 to 5 weeks after 
sowing, then increased to a maximum of 1.4 during 
elongation and vegetation period (at week Nos. 9 to 10) 
and then decreased slowly during maturity stage. 
 
 

The value of Kc ranged from 0.28 to 1.5 at Rahuri 
and 0.20 to 1.4 at Coimbatore. At Coimbatore it exceeded 
1.0 from 8th  to 13th weeks for some years [Fig. 3(d)]. For 
all the stations it was observed that Kc was negligible 
during the initial growth stages, increased gradually with 
the crop growth stages, reached peak during flowering 
stage and declined subsequently during maturity to 
harvesting stages. 

 
 
3.4.  Irrigation scheduling and water management 

 
 

Although sorghum is considered drought tolerant and 
able to give reasonable crop yields under dry land 
conditions, it responds well to irrigation. Under ideal 
conditions sorghum has an extensive and fibrous root 
system. The depth of rooting for most varieties is about 
2.0 m. However, some varieties extract soil water as deep 
as 3.3 m. To capitalize on these deep moisture extraction 
possibilities during later part of the growing season, it is 
important to maintain surface moisture during the seedling 
stage, 3 to 4 weeks after planting to encourage 
development of a strong secondary crown root system 
(Doorenbos et al., 1975). 
 
 

The irrigation experiments indicate that the seasonal 
consumptive use of water by CSH-l variety was 331 mm 
and the estimated irrigation requirement was 170 mm. The 
rate of water use by sorghum is at its peak at flowering 
stage and rises rapidly 20 days after planting till 65 days 
and remains almost the same till dough stage, but later 
falls rapidly with advancement in maturity (Dancette, 
1978). It is estimated that a 100 -120 days crop may have 
a consumptive use of water of about 450 mm to 500 mm. 

Thus it is recommended that if limited irrigation is 
available, irrigations at 30-35 days after planting and at 
boot- flowering stage (55-60 days) be given. These two 
irrigations both in kharif and rabi seasons have been found 
to be most beneficial compared to other treatments. If 
sufficient irrigation is available, irrigation at following 
stages may be given as follows: 
 
 
(i)   Vegetative stage  – 25 - 30 days 
 
(ii)  Boot stage –  50 - 55 days 
 
(iii) Flowering and grain formation –  70 - 75 days 
 
(iv) Grain filling –  90 - 95 days 
 
 

The most critical stage is boot stage and if only one 
irrigation is available, it may be given at this stage. It has 
been observed that 35 to 40 % less in grain yield would 
occur if there is moisture stress at this stage. Water stress 
during the grain filling period is more harmful than during 
vegetative period. Some genotypes will delay 
development when exposed to severe stress during late 
vegetative growth and resume it when water is again 
available. 
 
 
4.  Conclusions 
 
(i)  Non - irrigated kharif sorghum and irrigated rabi 
sorghum grown at different locations have shown different 
consumptive use. The seasonal water use was more than 
that of seasonal rainfall except at Coimbatore due to 
available stored water in the soil. 
 
(ii)  The consumptive use of water by sorghum was 
maximum during the 7th  to 12th weeks after sowing 
(WAS) which coincides with active vegetation and 
flowering stage of the crop. In order to get optimum yield 
and overcome water stress conditions, the crop needs to be 
irrigated not only at this stage but also at vegetative stage 
during deficit rainfall years. 
 
(iii)  It may be possible to predict the yield of sorghum by 
measuring the seasonal ET (either by lysimetric or by 
water balanced techniques). 
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