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ºÉÉ®ú - ¤ÉÆMÉ±ÉÉè®ú ¨Éå ¡òºÉ±É EòÒ +´ÉºlÉÉ+Éå EòÉ {ÉiÉÉ ±ÉMÉÉxÉä ½äþiÉÖ iÉÖ±ÉxÉÉi¨ÉEò VÉ±É ={ÉªÉÉäMÉ {Éè]õxÉÇ iÉlÉÉ EÞòÊ¹É ¨ÉÉèºÉ¨É 
Ê´ÉYÉÉxÉ Eäò <Æbä÷CºÉÉå EòÉä ºÉ¨ÉZÉxÉä Eäò Ê±ÉB ®ú¤ÉÒ +Éè®ú JÉ®úÒ¡ò nùÉäxÉÉå ¡òºÉ±ÉÉå  Eäò ¨ÉÉèºÉ¨ÉÉå ¨Éå =MÉÉ<Ç MÉ<Ç ºÉÚ®úVÉ¨ÉÖJÉÒ (1992 
+Éè®ú 1993) EòÒ +ÉvÉÖÊxÉEò ÊEòº¨ÉÉå iÉlÉÉ Eäò.¤ÉÒ.BºÉ.BSÉ.-II (1988-1991 iÉEò) ºÉä ºÉÆ¤ÉÆÊvÉiÉ EÞòÊ¹É ¨ÉÉèºÉ¨É Ê´ÉYÉÉxÉ Eäò 
<Æbä÷CºÉÉå +Éè®ú VÉ±É ={ÉªÉÉäMÉ Eäò +ÉEò±ÉxÉ ºÉä ºÉÆ¤Érù EÞòÊ¹É ¨ÉÉèºÉ¨É Ê´ÉYÉÉxÉ Eäò +ÉÆEòc÷Éå EòÉ ={ÉªÉÉäMÉ ÊEòªÉÉ MÉªÉÉ ½èþ* <xÉ 
+vªÉªÉxÉÉå ºÉä ªÉ½þ {ÉiÉÉ SÉ±ÉÉ ½èþ ÊEò ´É¹ÉÇ 1990 EòÉä UôÉäc÷Eò®ú ®ú¤ÉÒ ¨ÉÉèºÉ¨É EòÒ +{ÉäIÉÉ JÉ®úÒ¡ò ¨ÉÉèºÉ¨É Eäò ±ÉMÉ¦ÉMÉ ºÉ¦ÉÒ 
´É¹ÉÉç ¨Éå ¨ÉÉvªÉ ºÉÉ{iÉÉÊ½þEò VÉ±É EòÉ ={ÉªÉÉäMÉ +ÊvÉEò ½Öþ+É ½èþ iÉlÉÉ {ÉÉèvÉÉå EòÒ Ê´ÉEòÉºÉ +´ÉÊvÉ ¨Éå <ºÉEäò +ÆÊiÉ¨É +´ÉºlÉÉ ¨Éå 
{É½ÖÄþSÉxÉä {É®ú {ÉÉèvÉä EòÒ ¤ÉgøÉäiÉ®úÒ Eäò EòÉ®úhÉ <ºÉ¨Éå |ÉªÉÖHò ÊEòB MÉB VÉ±É Eäò ={ÉªÉÉäMÉ ¨Éå ´ÉÞÊrù ½Öþ<Ç ½èþ* ®ú¤ÉÒ ¨ÉÉèºÉ¨É EòÒ 
iÉÖ±ÉxÉÉ ¨Éå JÉ®úÒ¡ò Eäò ¨ÉÉèºÉ¨É ¨Éå B. +É®ú. +É<Ç. (EÞòÊ¹É VÉ±É´ÉÉªÉÖ ´É¹ÉÉÇ <Æbä÷CºÉ) +Éè®ú ºÉÆSÉªÉÒ ´ÉÉ<Ç.B¨É.+É<Ç. (={ÉVÉ +ÉpÇùiÉÉ 
<Æbä÷CºÉ) ½þ¨Éå¶ÉÉ +ÊvÉEò ®ú½äþ ½éþ iÉlÉÉ <ºÉºÉä {ÉÉèvÉä EòÒ ¤ÉgøÉäiÉ®úÒ EòÒ Ê¦ÉzÉ-Ê¦ÉzÉ +´ÉºlÉÉ+Éå ¨Éå ´ÉÉªÉÖ¨ÉÆb÷±É ¨Éå ´ªÉÉ{iÉ ¨ÉÉèºÉ¨É 
EòÒ ÎºlÉÊiÉªÉÉå Eäò ºÉÉlÉ-ºÉÉlÉ ¨ÉÞnùÉ EòÒ +ÉpÇùiÉÉ Eäò nù¤ÉÉ´É ºÉä =i{ÉzÉ ½ÖþB ´ÉÉÌ¹ÉEò +Éè®ú ¨ÉÉèºÉ¨ÉÒ {ÉÊ®ú´ÉiÉÇxÉÉå EòÉ {ÉiÉÉ SÉ±ÉÉ 
½èþ* B.+É<Ç. (¶ÉÖ¹EòiÉÉ <Æbä÷CºÉ) Eäò ºÉÆ¤ÉÆvÉ ¨Éå, JÉ®úÒ¡ò ¨ÉÉèºÉ¨É Eäò nùÉè®úÉxÉ {ÉÉèvÉä EòÒ ´ÉÞÊrù EòÒ +É®úÎ¨¦ÉEò +Éè®ú +ÆÊiÉ¨É 
+´ÉºlÉÉ+Éå ¨Éå =SSÉ ¨ÉÉxÉÉå EòÉ {ÉiÉÉ SÉ±ÉÉ ½èþ ÊVÉºÉºÉä {ÉÉèvÉä EòÒ ¤ÉgøÉäiÉ®úÒ Eäò ºÉ¨ÉªÉ ºÉä ±ÉäEò®ú ¤ÉÒVÉ ¤ÉxÉxÉä EòÒ +´ÉºlÉÉ iÉEò 
{ÉÉèvÉÉå ¨Éå Eò¨É ¶ÉÖ¹EòiÉÉ EòÉ {ÉiÉÉ SÉ±ÉÉ ½èþ* {ÉÉèvÉä EòÒ VÉ±É ={ÉªÉÉäMÉ IÉ¨ÉiÉÉ ( b÷±¤±ªÉÚ. ªÉÚ.<Ç.) ºÉä {ÉÉèvÉä EòÒ Ê¦ÉzÉiÉÉ+Éå +Éè®ú 
@ñiÉÖ+Éå Eäò EòÉ®úhÉ ½þÉäxÉä ´ÉÉ±Éä ´ªÉÉ{ÉEò {ÉÊ®ú´ÉiÉÇxÉÉå EòÉ ¦ÉÒ {ÉiÉÉ SÉ±ÉÉ ½èþ* 

 
ABSTRACT. The agrometeorological  data pertinent to estimation of water use and related agrometeorological 

indices of  KBSH - II (1988 to 1991) and MORDEN varieties of sunflower (1992 and 1993) cultivated both in rabi and 
kharif seasons, were used to understand the comparative water use pattern and agrometeorological indices for getting an 
idea about the crop condition at Bangalore. The study revealed that mean weekly water use was higher in almost all the 
years during the kharif season than during the rabi season except in  1990 and the consumptive water use increased with 
development of the vegetative cover of the crop reaching a peak value in the vegetative growth stage. The ARI 
(agroclimatic rainfall index) and cumulative YMI (yield moisture index) were always higher during the kharif season 
than correspondingly those during the rabi season and showed yearly and  seasonal variability in different growth stages 
which was due to the moisture stress condition of the soil as well as prevailing weather conditions of the atmosphere. In 
case of AI (aridity index), high values were observed at early and late crop growth stages during the kharif season which 
showed that the crop experienced less aridity between vegetative to seed formation  stage. The water use efficiency 
(WUE) of the crop also revealed wide variation due to variety and season. 

 
Key words   ARI, YMI, AI, WUE, Kharif, Rabi, Vegetative, Seed formation. 

  
 
1. Introduction 

 
Sunflower is one of the important oilseed crops of 

India and its edible oil is especially recommended for 
heart patients. Sunflower can be grown throughout the 
year because it is a photo and thermoinsensitive crop. It 
has a deep tap root system that makes it drought tolerant 
and thrive in low rainfall (250 - 300 mm) during the 
growing season. The plant can mobilise water from quite 
deep layers of the soil. It is fairly tolerant to both heat and 
cold and is grown in a wide range of climate (Putt, 1963) 

from cold temperature to subtropics with favourable 
temperatures between 10 C and 42 C  (18 C - 25 C as 
optimum for good growth). Depending on the available 
season, varieties differ in duration (80 days in cool 
temperature to 150 days in tropics and subtropics) of total 
growing period. The crop has  low  water requirement and 
is suited to semi arid areas with good retentive soils as 
well as general farming conditions in traditional farms.  In 
the absence of the rain, two irrigations are sufficient for a 
successful crop. In areas where the crop is grown during 
summer,  it  requires about 380 mm of water. The effect of  
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TABLE  1 
 

Agrometeorological information of rabi  and kharif  sunflower 
 

Season Year 
 
 

Variety Date of 
sowing 

Duration
(Days) 

Total ET
use 

 (mm) 

Potential  
evapotrans-

piration 
(mm) 

Seasonal 
rainfall 
(mm)/ 

rainy days 

Total irrigation amount / 
frequency from sowing 

to harvesting 
(mm/days) 

Yield 
(q/ha) 

Water use 
efficiency 

(kg/ha/mm)

Rabi 1988 KBSH - II 18 Jan '88 98 251.1 568.4   78 / 05 NIL 7.38 2.94 
 
Kharif 

 
1988 

 
KBSH - II 

 
20 Jul '88 106 353.0 498.1 759 / 36 44 / 02 9.71 2.75 

 
Rabi 

 
1989 

 
KBSH - II 

 
22 Jan  '89 107 448.5 647.3 25 / 03 375 / 10 13.61 3.03 

 
Kharif 

 
1989 

 
KBSH - II 

 
15 Jul  '89 101 482.0 571.7 593 / 28 46 / 03 10.98 2.28 

 
Rabi 

 
1990 

 
KBSH - II 

 
07 Jan  '90 107 412.8 585.1 10 / 01 269 / 10 10.93 2.65 

 
Kharif 

 
1990 

 
KBSH - II 

 
22 Jul  '90 90 270.9 478.8 180 / 19 77 / 04 6.97 2.57 

 
Rabi 

 
1991 

 
KBSH - II 

 
06 Jan. '91 90 194.6 517.4 04 / 01  94 / 08 5.29 2.72 

 
Kharif 

 
1991 

 
KBSH - II 

 
21 Jul .'91 98 315.6 434.0 466 / 31 126 / 06     7.89 2.50 

 
Rabi 

 
1992 

 
MORDEN 

 
21 Jan  '92 98 329.7 566.3 10 / 03 197 / 10 9.17 2.78 

 
Kharif 

 
1992 

 
MORDEN 

 
22 Jul. '92 92 324.5 457.4 404 / 29 109 / 04 7.61 2.34 

 
Rabi 

 
1993 

 
MORDEN 

 
24 Jan. '93 102 308.6 599.0 06 / 01 139 / 07 9.21 2.98 

 
Kharif 

 
1993 

 
MORDEN 

 
02 Aug 93 87 307.3 367.6 751 / 28 29 / 01 8.65 2.81 

 
 

Mean 
S.D. 

CV (%) 

98 
6.7 
6.8 

 

333.2 
78.4 
23.5 

 

524.3 
76.6 
14.6 

 

274 / 15 
290 / 14 
106 / 93 

 

137 / 06 
101 / 03 
74 / 54 

 

8.95 
2.10 

23.46 
 

2.69 
0.23 
8.55 

 
       CV - Coefficient of variability ,  SD  -  Standard deviation 

 
 
irrigation schedule on consumptive water use of sunflower 
was observed by Bhan and Khan  (1980) at Kanpur, Jena 
et al., (1982) in West Bengal, Hegde (1988) in Karnataka 
and Venkanna et al. (1994) at Telengana region. Cox and 
Jalliff (1986) and Unjer (1983) determined the 
evapotranspiration rates for sunflower in U.S.A. Das et 
al., (1997) also analysed the mean water use per day by 
the crop during rabi and kharif seasons at Bangalore. 

 
Owing to the wide adaptability and high yield 

potential among oilseed crops, cultivation of sunflower 
has recently attracted  the attention of farmers, as it is a 
more remunerative crop and can fit well in the crop 
rotation. However, meagre information is available on 
water consumption and agrometeorological indices of the 
crop in general. In the present study, an attempt has been 
made to understand the water use pattern as well as 
agrometeorological indices of sunflower during rabi and 
kharif season for generating  information  about the water 
use pattern  and thus enable to take appropriate measures, 
if any, during critical growth stages of the crop. 
 
 
2. Materials and methods 
 

The study pertains to Bangalore (1257' N, 77 
38' E ) which has a semi-arid climate. Data of KBSH -II 

variety for the period  1988 to 1991 and Morden variety of 
sunflower for  1992 and 1993, cultivated both in the rabi 
and kharif seasons were used. Both the varieties due to 
their high yields, high oil contents and wide adaptability 
are recommended for cultivation throughout India. The 
plant height and head diameter of Morden variety are 80 
cm to 100 cm and 12 cm to 15 cm respectively and these 
are comparatively higher in case of KBSH-II variety. 
Irrigation was applied to the crop for survival             
when needed and the amount of irrigation recorded is 
furnished in the Table 1. All the meteorological 
observations had been recorded at the observatory 
adjoining the experimental field. Daily data on rainfall, 
the maximum and minimum temperatures, relative 
humidity, bright hours of sunshine, evaporation and  
actual evapotranspiration (AET) were collected for six 
years (1988-93) and the values were used for computation 
of potential evapotranspiration (PET) by modified 
Penman method and for evaluation of different 
agrometeorological indices at various growth stages of the 
crop. 

 
The crop observation on different phenophases are 

taken as per criteria given in the publication of WMO 
(1982). The dates of all phenological observations were 
collected from the observatory and the actual period (in 
standard weeks) for each of the critical growth stages (viz.,  
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Fig. 1. Growth stages and their duration for sunflower in different years 
 
 

TABLE  2  
 

Phasewise water use of sunflower (ET) 
 

Season Year Germination Vegetative Flowering Seed 
formation

Harvest  
maturity 

  Total ET  
(mm) 

Mean weekly  
ET (mm) 

1988 20.2 (8) 107.9 (43) 70.3 (28) 42.5  (17) 10.2 (4) 251.1 17.9 

1989 31.4 (7) 192.8 (43) 130.2 (29) 71.7 (16) 22.4(5) 448.5 29.3 

1990 20.0 (5) 197.8 (48) 111.0 (27) 71.4 (17) 12.6 (3) 412.8 27.0 

1991 17.5 (9) 80.5 (41) 50.4 (26) 38.2 (20) 8.0 (4) 194.6 15.1 

1992 20.3 (6) 143.5 (44) 84.7 (26) 63.7 (19) 17.5 (5) 329.7 23.6 

Rabi 

 

 

1993 15.4 (5) 138.3 (45) 103.1 (33) 42.7 (14) 9.1  (3) 308.6 21.2 

Mean  
S.D. 

 20.8 (7) 
5.1 

143.5 (44) 
42.1 

91.6 (28) 
26.4 

55.0 (17)
14.2 

13.3 (4) 
5.1 

324.2 
87.3 

22.4 
4.9 

1988 15.4 (4) 144.2 (41) 95.2 (27) 71.4 (20) 26.8 (8) 353.0 23.3 

1989 21.0 (4) 210.0 (44) 155.4 (32) 60.9 (13) 34.7 (7) 482.0 33.4 

1990 24.5 (9) 112.7 (42) 64.4 (24) 46.2 (17) 23.1 (8) 270.9 21.1 

1991 16.8 (5) 147.7 (47) 86.1 (27) 52.5 (17) 12.5 (4) 315.6 22.5 

1992 13.3 (4) 147.0 (45) 103.6 (32) 39.2 (12) 21.4 (7) 324.5 24.7 

Kharif 

 

 

 

 

 1993 21.0 (7) 149.1 (48) 80.2 (26) 48.6 (16) 8.4 (3) 307.3 24.7 

Mean  
S.D. 

 
 

18.7 (5) 
3.8 

151.8 (45) 
28.9 

97.5 (28) 
28.6 

53.1 (16)
10.5 

21.2 (6) 
8.7 

342.2 
67.0 

24.9 
3.9 

 
                            Note : Figures in the parenthesis  represent percentage of the total water use. 

 
 
 
germination, vegetative, flowering, seed formation and 
harvest maturity) of sunflower crop were determined for 
preparation of yearwise phenological calendar of KBSH-II 

and Morden variety during the rabi and kharif seasons. 
These are presented in Fig. 1. Similarly, the existing 
rainfall,   actual   and   potential   evapotranspiration   data 
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Fig. 2. Rainfall, potential evapotranspiration & actual evapotranspiration at various growth stages of sunflower 

 
available for various growth stages of sunflower  for the 
experimental  period 1988-93 of the station are  presented 
in Fig. 2. 

 
The different indices computed are agroclimatic 

rainfall index, yield moisture index and aridity index. 
Nieuwolt (1981) proposed agroclimatic rainfall index 
(ARI) as : 

 

PET

P
100ARI                                                     (1) 

 

where P and PET are the growthstagewise rainfall 
(mm) and potential evapotranspiration (mm), respectively 
as obtained from Fig. 2. The  computed values are 
presented in Table 3. 

Yield moisture index (YMI) pertaining to the 
specific crop under agroclimatic assessment (Steyaert et 
al., 1981) is defined as : 

 
 





n

i

iijj PC
1

)YMI(                                                (2) 

 
 
where, (YMI)j  is the yield moisture index for the  j th 

crop. Pi is the rainfall (mm) during the ith crop growth 
stage  and Cij  is  the  appropriate  crop coefficient (i.e. the 
ratio of actual to potential evapotranspiration) obtained 
from Fig. 2. Computed YMI values are presented in  
Table 4.   
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TABLE  3 
 

Agroclimatic rainfall index at various growth stages of sunflower 
 

Year and season 

1988 1989 1990 1991 1992 1993 

Crop 
growth  
stage 

Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif 

Germination 0.0 221.3 0.0 70.6 5.3 12.4 0.0 26.7 0.0 18.6 0.0 58.5 
Vegetative 2.0 88.7 2.2 46.3 0.0 42.4 0.0 92.7 0.0 55.8 2.2 162.0 
Flowering 6.2 363.1 3.7 160.7 4.8 34.2 2.8 59.5 0.0 153.8 0.0 372.8 
Seed 
formation 

25.3 31.2 1.1 173.3 0.6 43.7 0.0 179.2 0.0 115.9 0.4 191.5 

Harvest 
maturity 

66.5 0.0 18.3 157.2 3.5 34.8 0.0 217.7 22.6 135.7 0.0 15.0 

 
 

TABLE   4 
 

Yield moisture index at various growth stages of sunflower 
 

Year and season  

1988 1989 1990 1991 1992 1993 

Crop 
growth  
stage 

Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif 

Germination 0.0 34.1 0.0 14.8 1.1 3.0 0.0 4.5 0.0 2.5 0.0 12.3 
Vegetative 2.1 162.0 4.2 111.9 1.1 50.8 0.0 141.4 0.0 84.5 3.0 253.9 
Flowering 6.5 507.7 9.1 361.6 6.4 72.9 1.4 192.7 0.0 243.8 3.0 552.8 
Seed 
formation 

17.3 529.9 9.9 467.1 6.8 93.1 1.4 286.8 0.0 289.3 3.2 645.9 

Harvest 
maturity 

24.1 529.9 14.0 521.6 7.2 101.1 1.4 314.0 3.9 318.3 3.2 647.2 

 
 

TABLE  5 
 

Aridity index at various growth stages of sunflower 
 

Year and season 

1988 1989 1990 1991 1992 1993 

Crop  
growth 
 stage 

Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi Kharif 

Germination 27.9 56.8 30.5 43.4 24.8 41.7 43.2 60.6 35.6 71.2 54.2 30.2 

Vegetative 52.1 30.4 25.9 19.8 15.4 40.8 54.7 16.6 32.6 31.4 47.3 19.0 

Flowering 45.5 26.1 6.5 5.1 8.9 41.0 60.4 10.2 38.6 2.6 22.1 10.5 

Seed 
formation 

69.9 22.7 48.5 9.6 48.7 55.1 72.7 45.5 54.7 27.3 53.8 6.2 

Harvest 
maturity 

77.2 21.2 65.8 16.6 80.2 33.0 80.7 33.7 59.7 41.7 88.4 30.0 

 
 
 

Aridity index (AI) as proposed by Thornthwaite 
(1948) is based on the value of water deficiency at various 
growth stages and is computed by the formula:  

 

100
PET

AETPET
AI 


                                           (3) 

 
where, PET and AET are the potential and actual 

evapotranspiration (mm), respectively, at various growth 
stages as obtained from Fig. 2. The AI values are 
summarized in Table 5. 

Correlation coefficient between  AI and ARI was 
worked out seperately for rabi and kharif  seasons of all 
the years and t-test was done for indicating the test of 
significance. 

 
3. Results  and  discussion 
 

3.1. Water use of sunflower during rabi and kharif 
season 

 

Agrometeorological information including the 
growing season,  rainfall, total water use and water use 
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efficiency (WUE) etc. are given in Table 1. Year-to-year 
variability in consumptive use of water is generally 
observed which probably stems from the basic variability 
inherent in monsoon and non monsoon rainfall. It is 
observed that total water use of the rabi season crop 
generally exceeds the total seasonal rainfall whereas the 
total water use of the kharif season crop is lower than the 
total seasonal rainfall in all the years except in 1990. This 
indicates that excess water was available to the crop 
during the rabi season over and above its 
evapotranspiration demands through extraction of the soil 
moisture from root zone depth out of water received 
through irrigation or rainfall. During the rabi season, the 
lowest amount of water i.e., 194.6 mm was consumed in 
1991 whereas in 1989, the crop used the maximum 
amount  of water i.e., 448.5 mm. This may be attributed to 
the rainfall and crop growing period. Similar relationship 
between rainfall and water use was found during the 
kharif season where the value ranged from 482 mm in 
1989 to 270.9 mm in 1990. The mean water used by 
sunflower during the rabi and kharif seasons at Bangalore 
was 324.2 mm and 342.2 mm respectively (Table 2). It is 
also observed that the water use in MORDEN variety 
varied from 307.3 mm to 329.7 mm whereas it varied 
from 194.6 mm to 482 mm in KBSH - II. The 
consumptive water use by EC- 68414 variety of sunflower 
at Navasari in south Gujarat varied from 216.8 mm to 345 
mm (Chaudhari and Patel 1994) and in semi arid in the 
northern plains (Hissar),  the seasonal water use was 358.5 
mm for MSFH - 8 and 311.0 mm for EC - 68415 variety 
of  sunflower (Raj et al., 1999).   

 
Ignoring the crop species and season, it appears 

possible to raise sunflower crop in 98 days at Bangalore 
and the mean consumptive water use there is about 333.2 
mm which is  higher than the mean seasonal rainfall but 
markedly lower than mean evapotranspirational demand 
of the atmosphere. The variability in the consumptive 
water use is also low, i. e. 23.5 %  (Table 1). 

 
Analysis of phasewise water use of sunflower  

(Table 2) and its contribution to total water  use revealed 
that mean water use in vegetative stage was 143.5 mm 
during the rabi and 151.8 mm during the kharif season i. e. 
about 44% - 45% of the seasonal water use.  The water 
use between flowering to seed formation stage  has varied 
markedly due to crop season, variation in duration of 
growth period, microclimatic conditions and cultivars 
used. The mean water use  in the flowering stage varied 
from 97.5 mm during the kharif season to 91.6 mm during 
the rabi season and was followed by 55.0 mm and 53.1 
mm respectively during the rabi and kharif seasons in the 
seed formation stage. It was observed that the mean 
weekly ET use was 22.4 mm  during the rabi season and 
24.9 mm during the kharif season. 

3.2. Agrometeorological indices 
 

The computed agrometeorological indices viz., ARI, 
YMI and AI, which represent the relationships between 
the climate and agricultural production are discussed 
below. 
 

3.2.1. Agroclimatic rainfall index (ARI) 
 

Kharif season rainfall was sufficient to meet the PET 
demand at various growth stages in all the years except in 
1990, whereas the rabi season rainfall in all the years was 
far less to meet the PET demand at various growth stages 
of the crop. Hence, ARI values were always less than 
100% in all the years during the rabi season (Table 3). 
Low ARI values were recorded during the rabi season of 
1991 and they ranged between 0 - 2.8 %, whereas their 
range was still narrow (0-2.2%) in 1993 for various 
growth stages. In general, ARI value recorded during the 
various growth stages in the kharif season were medium to 
very high in all the years due to more rainfall received. 
The ARI values  during the kharif season were 
comparatively higher between vegetative to seed 
formation stage in most of  the years. The values were 
markedly high in the flowering stage of 1988, 1993 and 
the harvest maturity stage of 1991. 

 
3.2.2. Yield moisture index (YMI) 

 
The cumulative YMI was always lower during the 

rabi season than that in the  kharif season (Table 4). 
During the rabi season, it was as low as 1.4 in 1991 and 
had the maximum value of  24.1 in 1988. During the 
kharif season, cumulative YMI value was maximum and 
had the value of  647.2 in 1993 and was minimum with 
the value of 101.1 in 1990.  During the kharif season, the 
cumulative YMI values showed an increasing trend, in all 
the growth stages from 1989 to 1993 and the same trend 
was observed upto seed formation stage in 1988. The 
contribution of individual growth stagewise YMI towards 
cumulative YMI during the kharif season  was high 
between germination to flowering stage for all the years 
except what was comparatively low in 1990 which was  
reflected in poor crop yield. The relationship between 
YMI and  yield for the rabi and kharif seasons have been 
depicted separately during critical growth stages of  
vegetative and flowering in Fig. 3. Prasad and Datar 
(1990) have suggested that YMI is a good drought 
indicator. 

 
3.2.3. Aridity index (AI) 

 
The AI values at various growth stages during the 

rabi and kharif seasons for different years  are shown in  
Table 5.    Differences    in   AI   for  all  the  phenological  



 
 
                           SENGUPTA et al. : AGRO METEOROLOGICAL INDICES OF SUNFLOWER        463 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.  Relation between yield and YMI of the vegetative and the flowering stages during the Rabi 
and the Kharif seasons 

 
 
stages are evident in different years and are ascribed 
dissimilar pattern  of prevailing weather during various  
crop season, variation in the duration of growth period and 
microclimatic conditions. In general, AI of  the kharif 
season was higher than that of the rabi season at early crop 
growth stages but  as the season advanced, the value 
gradually decreased and afterwards the value again 
increased in the late season except in 1988 and 1993 
where the value decreased gradually respectively from 
sowing to harvesting and sowing to seed formation stage. 
The flowering stage of the crop experienced mild aridity 
during both the rabi and kharif seasons of 1989, 1990 and 
during the kharif season of each of the years 1991 to 1993. 
In case of  seed formation stage , it was mild arid  during 
the kharif season of 1989 and 1993. 

 
The study of correlation coefficients between AI and 

ARI for all the phenological phases revealed that the 
relation was negative in the rabi seasons of 1990, 1991, 
1993 and the kharif seasons of 1989, 1992 and 1993. The 
kharif season of 1993 recorded the highest correlation 
coefficient (0.81) which was significant at 1% level of 
significance and was followed by the kharif season of 
1992 where the value was 0.78.  

 
The correlation coefficients between the crop yield 

and agrometeorological indices for all the phenological 
stages were also worked out seperately for the rabi and 
kharif seasons. The correlation between crop yield and 
ARI was positive and maximum (0.59)  in the germination 
stage during the kharif season. The crop yield showed 
positive correlation with the YMI in all the growth stages 

during both the seasons. The highest value of correlation 
coefficients (0.66) in case of rabi season was found during 
the vegetative stage (Fig. 3). Correlation analysis further 
illustrated  that AI had high negative association with crop 
yield in the flowering (0.94) and seed formation stage     
(0.90)  during the rabi season. All these values of 
correlation coefficients were significant at 5 % level. 

 
3.3. Water use efficiency 

 
The ratio of crop yield to evapotranspiration known 

as water use efficiency (WUE), serves as a very useful 
tool in crop and variety selection for maximum yield per 
unit of water consumed. The WUE is thus given by 

 
WUE = Y/ET                                               (4) 
 
where, Y = yield of crop 
 
ET  = cumulative evapotranspiration during the 

growth period. 
 

The WUE of sunflower for the rabi season at 
Bangalore was varied from 2.65 kg/ha/mm in 1990 to 3.03 
kg/ha/mm in 1989  and that for the kharif season, varied 
from 2.28 kg/ha/mm in 1989 to 2.81 kg/ha/mm in 1993 
(Table  1). Singh et al. (1995) found the WUE of 2.83 
kg/ha/mm when four irrigations were applied and the 
same was 1.79 kg/ha/mm under rainfed condition at 
western  Rajasthan. Choudhari and Patel (1994) also 
found the WUE in the order of 2.59 kg/ha/mm to 3.10 
kg/ha/mm at Navasari (south Gujarat). 
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4. Conclusion 
 

(i) The average water use by  sunflower during the 
kharif season was slightly higher than that during the rabi 
season and the mean weekly water use was also higher in 
almost all the years during the kharif season than that 
during the rabi season except in  1990. 
 
(ii) The consumptive use of water increased with the 
development of the vegetative cover of sunflower 
reaching peak value in the vegetative growth phase. 
 
(iii) The ARI value during kharif season was always 
higher than  that during the rabi season. This value was 
comparatively higher between vegetative to seed 
formation stage during the kharif season of most of the 
years.  
 
(iv) The cumulative YMI was always higher during the 
kharif season than that during the rabi season and showed 
an increasing trend at various growth  stages of the crop 
from 1989 to 1993. 
 
(v) In general, AI of  the kharif season was higher than 
that of the rabi season during  the early crop growth 
stages. With the advancement of the season, the severity 
aridity gradually decreased and afterwards, it again 
increased in the late season. 

 
(vi)  The WUE of sunflower crop revealed wide variation 
due to variety and season. 
 
(vii) The kharif seasons of 1993 and 1992 recorded 
respectively the maximum correlation of 0.81 and 0.78, 
significant at 1% level of significance, between AI and 
ARI. 
 
(viii) The correlation coefficients between the crop yield 
and AI showed high negative values in the flowering 
(0.94) and seed formation stage (0.90) during the rabi 
season which were significant at 5 % level. 
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