
 
 
 
MAUSAM, 61, 4 (October 2010), 569-576 

 
551.586 : 633  

 

Crop specific requirement of growing degree days and  
agrometeorological indices in rice growing zones 

 
A. KASHYAPI, A. L. KOPPAR and  A. P. HAGE 

Agricultural Meteorology Division, IMD, Pune, India 

(Received 15 October 2007, Modified 3 June 2010) 

e mail : kashyapi_a@yahoo.co.in 

 
 

lkj & bl 'kks/k i= ess /kku dh Qly ds fy, rki bdkbZ ,oa fHkUu&fHkUu —f"k ekSle foKku laca/kh 
lwpukvksa ds LFkkfud vkSj dkfyd forj.k dk v/;;u fd;k x;k gSA /kku dh [ksrh fd, tkus okys Ng {ks=ksa 
tSls dSfuax ¼xkaxs; {ks= dk fupyk Hkkx½ foØexat ,oa okjk.kklh ¼e/; xkaxs; {ks=½ yqf/k;kuk ¼xkaxs; ikj {ks=½] 
jk¡ph] ';ke[kq.Vk ¼iwohZ iBkj ,oa igkfM+;ksa esa½ vUukeykbZ uxj ¼iwohZ rV ds eSnkuh rFkk ioZrh; {ks=½ vkSj 
iÍEch ¼if’peh eSnkuh ,oa ?kkV {ks=½  esa ls vkB bZ- Vh- LVs’kuksa dk p;u fd;k x;k gSA bl 'kks/k esa Qly 
dks mxkus ds fy, X;kjg pj.kksa  tSls %& cht dk vadqj.k] /kku dk fcpMk rS;kj djuk] jksikbZ] [kjirokj 
fudkyuk] fujkbZ] ySx Qst] Qwy vkus dh izfd;k dk vkjaHk] /kku esa Qwy dk vkuk] nkuk cuuk] nkus  dk 
iduk vkSj dVkbZ dk irk yxk;k x;k gSA izR;sd pj.k ds fodkl dh vof/k esa vyx vyx LVs’kuksa ij dkQh 
fHkUurk ikbZ xbZ gSA foxr ik¡p o"kksZa ds miyC/k vk¡dMksa ls Qly ds fodkl ds fofHkUu pj.kksa ds nSfud vk¡dMsa 
lxzfgr fd, x, gS vkSj izkIr fd, x, izkpkyksa tSls %& Qly ds fy, vko’;d rki bdkbZ] —f"k tyok;fod 
o"kkZ lwpdkad ¼,- vkj- vkbZ-½] iSnkokj dh ueh lwpdkad ¼okbZ- ,e- vkbZ-½] 'kq"drk lwpdkad ¼,- vkbZ-½ ds fy, 
buds vkSlr eku dh x.kuk dh xbZ gSA bl 'kks/k ls ;g irk pyk gS fd /kku dh Qly ds fy, dqy rkih; 
fMxzh&fnolksa dh vko’;drkvksa esa fHkUurk 1706 fMxzh&fnol ¼jk¡ph esa½ ls 2815 fMxzh fnol ¼’;ke[kq.Vk esa½ ds 
chp ikbZ xbZ gSA ,slk ik;k x;k gS fd fujkbZ ds pj.k esa rkih; vko’;drk vkjaHk esa lcls vf/kd gksrh gS 
¼tks dqy vko’;drk dk 16-7 izfr’kr gksrh gSA½ —f"k tyok;fod lwpdkad ds eku izk;% 100 izfr’kr ls 
vf/kd gksrs gSaA iSnkokj ds ueh lwpdkad ds vkSlr eku esa fHkUurk 477 fe- eh- ¼fcØexat esa½ ls 1523 fe- eh- 
¼iêEch esa½ ds chp ikbZ xbZ gSA bu ekuksa ls ;g irk pyk gS fd fujkbZ dh voLFkk esa rkih; vko’;rk lcls 
vf/kd gksrh gSA 'kq"drk lwpdkad ekuksa ls irk pyk gS fd fodkl dh vkjafHkd voLFkk esa lkekU; 'kq"drk gksrh 
gS tks Qly ds fodkl ds vuqlkj c<+rh tkrh gSA 

 
ABSTRACT. The spatial and temporal distributions of heat unit and various agrometeorological indices for the 

rice crop, are studied in this paper. Eight ET – stations were selected from six rice growing zones, viz., Canning (in lower 
Gangetic plains), Bikramganj and Varanasi (in middle Gangetic plains), Ludhiana (in trans Gangetic plains), Ranchi, 
Shymakhunta (in eastern plateau and hills), Annamalai Nagar (in east coast plains and hill region) and Pattambi (in 
western plains and ghat region). Eleven crop growth stages were identified for this  study, viz., germination, nursery 
seedling, transplanting, tillering, active tillering, lag phase, panicle initiation, flowering, grain formation, grain maturity 
and harvesting, the duration of each of the growth stages varied widely, station wise. Daily data were collected growth 
stagewise for latest available five years and the mean values were computed for the derived parameters, viz., the crop 
requirements of heat unit, agroclimatic rainfall index (ARI), yield moisture index (YMI), aridity index (AI). The study 
revealed that for rice crop the total degree days requirement varied from 1706 degree – days (at Ranchi) to 2815 degree – 
days (at Shymakhunta). It showed primary peak (with 16.7 % of total requirement) at active tillering stage. The ARI 
values were mostly higher than 100 per cent. The mean YMI values varied widely from 477 mm (at Bikramganj) to 1523 
mm (at Pattambi). The values showed main peak at active tillering stage. The AI values showed moderate aridity at early 
growth stages, which increased at advanced crop growth stages.  

 
Key words  –  Heat unit, Growing degree days, Agrometeorological indices, ARI, YMI, AI, Growth stages, Active 

tillering, Lag phase. 
 

 

 
1. Introduction  
 

Rice (Oryza sativa L.) is the most important food 
crop in tropics and subtropics. It is a semi-aquatic but heat 
loving plant with high water requirement. In India it is the 
most important rainfed kharif crop, though it can be 
grown throughout the year. In the country it is grown in 

most of the States, viz., Andhra Pradesh, West Bengal, 
Bihar, Assam, Uttar Pradesh, Orissa, Tamil Nadu, Kerala, 
Maharashtra, Karnataka, Madhya Pradesh and Punjab. As 
per the estimate of  Directorate of Rice Development, 
Patna, during last year the crop (during both kharif and 
rabi seasons) was grown in 449.72 lac hectare area with 
production of 894.76 lac tonnes. 

 (569) 
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Fig. 1. Mean duration and growth stages of rice crop at different ET-stations 
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The crop duration varies widely from 3½ to 5 

months depending on seasons, varieties and soil type. The 
growth stages identified for the rice crop are: germination, 
nursery seedling, transplanting, tillering, active tillering, 
lag phase, panicle initiation, flowering, grain formation, 
grain maturity and harvesting, which are found critical in 
their specific water demand. Though, flowering and grain 
formation stages are very much sensitive to water 
deficiency. The crop variety, soil type and weather 
parameters of that region, governs the duration of each of 
the growth stages.  

 
The optimum range of air temperature for floral 

initiation is 25 – 30° C by day and 20- 25° C by night and 
for successful anthesis the optimum temperature is 30° C. 
The root, shoot growth of rice crop is also governed by 
temperature (Owen 1971). Robertson and De Weille 
(1973) opined that the duration of tillering period is 
sensitive to light and temperature factors. 
Evapotranspiration of rice (when less than maximum ET 
demand) is linearly related to yield and inversely related 
to spikelet sterility (Cruz and O’ Toole 1984). Considering 
these studies by various workers, the present work has 
been undertaken to study both the spatial and temporal 
distributions of heat unit and various agrometeorological 
indices as computed through different meteorological 
parameters fluctuating in different locations. The 
computed values of heat unit, agroclimatic rainfall index 

(ARI), yield moisture index (YMI), aridity index (AI) are 
summarized and critically analysed to get an idea of rice 
crop condition in various locations. 
 
2.  Methodology 
 

2.1.  Selection of zones  
 

Eight rice growing ET stations, viz., Canning (in 
lower Gangetic plains), Bikramganj and Varanasi (in 
middle Gangetic plains), Ludhiana (in trans Gangetic 
plains), Ranchi and Shymakhunta (in eastern plateau and 
hills), Annamalai Nagar (in east coast plains and hill 
region) and Pattambi (in western plains and ghat region) 
were selected from  six zones. The zoning of the stations 
is according to Planning Commission, Govt. of India, 
1989 (Anonymous 1989). The crop is mainly rainfed in all 
stations except Ludhiana and Bikramganj, where 
supplementary irrigation is applied.  
 

2.2.  Data 
 

The mean growing period (in standard weeks) of 
each of the eleven critical growth stages, viz., germination, 
nursery seedling, transplanting, tillering, active tillering, 
lag phase, panicle initiation, flowering, grain formation, 
grain maturity and harvesting of rice crop are determined 
and   are   presented   in   Fig. 1.   Daily   data  on  rainfall,  
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g) Annamalai Nagar
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PI -  Panicle initiation, F - Flowering,    GF - Grain formation, GM - Grain maturity, H – Harvesting 
 

Figs. 2(a). The maximum, minimum temperatures and bright sunshine hours at various growth stages of rice crop at different locations 
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Figs. 2(b). Rainfall, potential evapotranspiration and evapotranspiration at various growth  stages of rice crop at different locations 
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TABLE 1 
 

Growth stage wise mean heat unit requirement (degree days) of rice crop at different   ET –stations 
 

ET - Stations Crop growth 
stages 

Canning Bikramganj Varanasi Ludhiana Ranchi Shymakhunta Annamalai Nagar Pattambi 

Germination 134.1 142.8 147.0 125.7 83.3 133.0 147.3 130.2 

Nursery seedling 261.1 367.2 287.7 295.4 240.8 338.4 379.8 254.8 

Transplanting 135.5 200.0 137.2 146.7 109.2 175.0 203.0 121.5 

Tillering 323.0 416.9 332.3 329.6 234.5 388.5 418.9 280.5 

Active tillering 376.0 406.3 379.0 404.0 309.0 468.8 451.3 332.0 

Lag phase 130.6 263.2 124.6 139.3 101.5 273.0 233.8 116.2 

Panicle initiation 125.7 186.0 123.5 137.5 105.0 196.5 157.5 116.2 

Flowering 134.4 188.1 140.0 133.7 106.1 204.1 166.7 114.5 

Grain formation 269.3 227.5 251.2 219.6 162.8 283.1 234.4 229.6 

Grain maturity 234.5 200.9 201.6 189.7 160.1 202.3 206.5 235.2 

Harvesting 115.9 125.0 113.0 112.7 93.8 151.8 155.1 118.3 

Total 2240.1 2723.9 2237.1 2233.9 1706.1 2814.5 2754.3 2049.0 

 
 
 

2.4. Agrometeorological indices  minimum and maximum temperatures, bright hours of 
sunshine and actual evapotranspiration were collected 
from all the eight stations for five years and the mean 
values were obtained for each of the growth stages. These 
data were used to compute the derived parameters, viz., 
heat unit requirement and for evaluation of different 
agrometeorological indices at different growth stages of 
rice crop. Mean minimum & maximum temperatures, 
bright sunshine hours, rainfall, actual and potential 
evapotranspiration at various growth stages of rice crop 
for all the stations studied are presented in Figs. 2(a&b), 
respectively. 

 
Data of all the ET – stations are utilized for 

computation of different indices, viz., agroclimatic rainfall 
index (ARI), yield moisture index (YMI) and aridity index 
(AI). 
 

2.4.1. Agroclimatic rainfall index (ARI) 
  

Nieuwolt (1981) proposed agroclimatic rainfall 
index (ARI), which is given by: 

 
 

100
PET

P
ARI                                                    (2) 2.3.  Heat unit 

  
The growing degree days or heat unit is determined 

by the following formula: 
where, P and PET are the growth stage-wise rainfall 

(mm) and potential evapotranspiration (mm) respectively, 
obtained from Fig. 2(b). The computed values for 
different years are used for computation of mean ARI and 
are presented in Table 2. 

 







 





t

n

i

T
TT

2
GDD minmax

1

                              (1) 
 

2.4.2.  Yield moisture index (YMI)  
  

where, 
0.2

minmax TT 
  is the average daily temperature 

obtained from Fig. 2(a) and Tt is the minimum threshold 
(base) temperature (10° C for rice) below which there is 
no crop growth (Kakde 1985). However, the basic 
assumption for this computation is the linear and direct 
relationship between temperature and growth of  plant. 
The computed daily heat unit values were summed up, 
growth stage wise, for all the stations for different years 
and the mean values are computed and are presented 
(Table 1). 

The YMI as stated by Steyaert et al. (1981) was 
determined as follows: 

 

  iij

n

i
j PC




1

YMI                                                 (3) 

 

where, (YMI)j is the yield moisture index for the jth 
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)  as obtained  
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TABLE 2 
 

Mean agroclimatic rainfall index (ARI) at various growth stages of rice crop at different ET – stations 
 

ET - Stations 
Crop growth stages 

Canning Bikramganj Varanasi Ludhiana Ranchi Shymakhunta Annamalai Nagar Pattambi 

Germination 261.6 112.9 191.2 52.3 79.9 136.2 122.1 133.4 

Nursery seedling 298.1 126.0 123.4 115.5 334.2 207.8 22.7 176.3 

Transplanting 186.4 82.0 377.0 119.7 375.8 394.5 15.8 444.6 

Tillering 185.9 105.4 204.6 48.1 340.7 285.7 138.5 602.8 

Active tillering 226.0 153.7 231.4 106.0 283.3 212.5 250.3 292.6 

Lag phase 275.2 119.1 157.7 58.7 324.7 268.4 269.0 333.5 

Panicle initiation 173.1 72.5 50.3 101.7 291.6 232.1 507.1 330.6 

Flowering 89.4 31.8 36.7 51.4 252.5 52.2 547.8 406.2 

Grain formation 213.7 16.2 33.4 71.8 124.3 144.5 155.5 338.3 

Grain maturity 81.3 17.6 3.93 14.0 69.9 42.8 2.92 160.9 

Harvesting 2.9 0.0 28.7 7.5 26.3 42.5 5.1 98.7 

 
 
 
 
 
 

 
from Fig. 2(b). The crop coefficient as computed for rice 
crop at different growth stages in various agroclimatic 
zones were used. Computed YMI values for different 
years are used for computation of mean and are presented 
in Table 3. 
 

2.4.3.  Aridity index (AI) 
  

The AI, based on the values of water deficiency at 
various growth stages of rice, as proposed by 
Thornthwaite (1948) is computed by the formula:  

 

100
PET

AETPET
AI 


                                           (4) 

 
where, PET and AET are the potential and actual 

evapotranspiration (mm) respectively. The AI values are 
presented in Table 4. 

 
3.  Results and discussion 

 
The different parameters computed, viz., heat unit, 

agroclimatic rainfall index (ARI), yield moisture index 
(YMI), aridity index (AI), their spatial and temporal 
distributions are discussed in this part. 
 

3.1.  Growing degree days or heat unit 
  

Rice crop growth stagewise distribution of mean heat 
unit requirement as varied in different locations are 
presented in Table 2. During the growing period of rice 
crop the mean total heat unit requirement was around 
2345 degree-days (the values ranged from as low as 1706 
degree-days at Ranchi to as high as 2815 degree-days at 
Shymakhunta). The mean degree days requirement for 

most of the stations showed primary peak at active 
tillering stage (390.8 degree-days i.e., 16.7% of total heat 
unit requirement), secondary peak at nursery seedling 
(303.2 degree-days i.e., 12.9 % of total heat unit 
requirement) and tertiary peak observed at grain formation 
stage (234.7 degree-days i.e., 10.0% of total heat unit 
requirement). Similarly all the stations under study 
showed initial low values at harvesting stage and at 
germination stage followed by dip at panicle initiation 
stage. In between dips were also observed at flowering, 
lag phase and at transplanting stages. 
  

Kakde (1985) reported that every crop requires 
certain definite quantities of heat unit for development of 
each of the growth stages and final maturity. In case of 
wheat crop, Kashyapi and Das 1999, observed mainly two 
peaks at different crop growth stages. Gillespie (1985) 
opined that the computed heat unit is an important tool in 
efficient pest management. It correlates very well with 
stages of insect pest development and the threshold 
temperature for pest development is usually found under 
controlled environment studies. Degree – days can be used 
to decide when a pest has reached a life stage; where 
control becomes easier in combination with field visit by 
trained personnel. 
 

3.2.  Agrometeorological indices 
 
The computed agrometeorological indices, viz., ARI, 

YMI and AI are discussed hereunder. 
 

3.2.1.  Agroclimatic rainfall index (ARI) 
 

During kharif season in most of the stations under 
study,  recorded  higher  rainfall  as  compared  to the PET  
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TABLE 3 
 

Mean yield moisture index (YMI in mm) at the end of various growth stages of rice at different  ET – stations 
 

ET - Stations 
Crop growth stages 

Canning Bikramganj Varanasi Ludhiana Ranchi Shymakhunta Annamalai Nagar Pattambi

Germination 71.8 27.6 44.0 15.7 9.6 28.0 41.3 41.7 

Nursery seedling 152.1 74.2 51.0 94.8 200.7 109.5 18.7 71.6 

Transplanting 52.9 23.9 69.0 48.8 74.3 123.2 7.9 112.5 

Tillering 147.0 88.0 128.6 49.2 178.0 168.2 133.5 361.6 

Active tillering 215.6 140.9 220.0 155.6 277.7 165.3 276.8 251.2 

Lag phase 95.1 67.7 55.5 29.9 102.5 143.5 148.4 110.0 

Panicle initiation 63.7 26.7 13.1 52.4 98.9 96.5 199.7 118.3 

Flowering 32.8 12.5 8.4 27.8 70.5 24.2 284.7 122.2 

Grain formation 113.3 8.2 11.8 40.9 49.5 91.0 100.7 200.3 

Grain maturity 29.1 8.1 1.3 6.8 22.0 15.1 1.7 111.6 

Harvesting 0.6 0.0 5.2 1.8 4.4 11.9 1.4 22.2 

Total 974.0 477.8 607.9 523.7 1088.1 976.4 1214.8 1523.2 

 
 

TABLE  4 
 

Mean aridity index (AI) at various growth stages (in percent) of rice crop at different ET – stations 
 

ET - Stations Mean  
Crop growth stages 

Canning Bikramganj Varanasi Ludhiana Ranchi Shymakhunta Annamalai Nagar Pattambi (growth stage wise) 

Germination 14.6 38.3 39.3 25.3 55.2 32.6 16.4 24.0 32.0 

Nursery seedling 19.2 36.2 43.0 7.3 7.5 35.3 21.1 39.2 26.1 

Transplanting 18.2 43.0 39.7 2.4 37.3 26.3 22.9 52.9 30.3 

Tillering 4.9 24.1 22.3 0.0 10.7 39.5 11.7 40.5 19.2 

Active tillering 0.0 7.9 0.0 0.0 0.0 27.5 0.0 0.0 4.4 

Lag phase 0.0 7.8 0.0 0.0 0.0 4.3 0.0 0.0 1.5 

Panicle initiation 0.0 11.4 13.4 0.0 0.0 4.1 0.0 0.0 3.6 

Flowering 0.0 12.1 32.5 0.0 5.7 1.5 0.0 0.0 6.5 

Grain formation 24.9 2.3 40.3 0.0 5.5 1.3 0.0 0.0 9.3 

Grain maturity 42.6 0.0 26.2 0.0 24.3 22.2 0.0 0.0 3.1 

Harvesting 27.4 19.8 30.6 12.9 35.9 23.0 25.6 28.8 25.5 

 
 
 
demand at various crop growth stages. Hence, the values 
of index were mostly higher than 1.0 (Table 3). However, 
stations, viz., Bikramganj, Varanasi recorded low values 
(i.e., P < PET) from panicle initiation stage onward, 
Ludhiana recorded low values from flowering stage 
onward, while rest of the stations mostly recorded low 
values from grain maturity stage onward. The values were 
the highest at each of the growth stages at Pattambi 
followed by Ranchi, while values were the lowest at 
Ludhiana followed by Bikramganj. During kharif season 
due to monsoon rainfall mainly the values of index were 
more than 1.0. Similar type of result was obtained by 
Kashyapi and Das (1999) for wheat crop.  

3.2.2.  Yield moisture index (YMI) 
 
The mean yield moisture index values (Table 4) 

showed main peak at active tillering stage for most of the 
stations, while Shymakhunta and Pattambi recorded the 
highest peak at tillering stage but Annamalai Nagar 
recorded the same at flowering stage. Stations, viz., 
Canning, Bikramganj and Ludhiana recorded 3 peaks, 
while most of the stations recorded 2 peaks. The YMI is 
the product of crop coefficient to precipitation, hence it 
reached the main peak at active tillering or tillering stage. 
The total YMI at different stations varied widely from 477 
mm at Bikramganj   to 1523 mm at Pattambi. Prasad and 
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Datar (1990) opined that YMI is a good drought indicator. 
During kharif season all the stations recorded medium to 
high mean YMI indicating no drought at those stations 
during the study period. 
 

3.2.3. Aridity index  (AI) 
 
Growth stage wise mean aridity index (AI) values as 

obtained at various growth stages of rice crop at different 
ET – stations are presented in Table 5. The general trend 
observed was moderate aridity at early growth stages of 
the rice crop (upto transplanting or tillering stage), which 
reduced during active tillering to flowering or grain 
formation stages, while the values increased at later, 
advanced growth stages for most of the stations. Canning 
(from active tillering to flowering stages), Varanasi (from 
active tillering to lag phase), Ludhiana (from tillering to 
grain formation stages), Anamalai Nagar and Pattambi 
(from active tillering to grain maturity stages) observed no 
aridity in rice crop during some stages of crop growth 
period. 
 

3.2.4. Study of aridity index (AI) versus 
agroclimatic rainfall index (ARI)  

 
The study of correlation coefficient (r) between AI 

and ARI revealed that for rice crop for most of the stations 
studied the values were negative. The correlation 
coefficient values were high for Ranchi (-0.51) and 
Annamalai Nagar (-0.65). The highest correlation 
observed at Annamalai Nagar was found significant at 5% 
level of significance. 
 
4. Conclusions 

 
The study on rice crop specific requirement of 

growing degree days revealed the following conclusions. 
 

(i) The mean total growing degree days requirement of 
the rice crop was around 2345 degree days. The total 
requirement ranged between 1706 degree days at Ranchi 
to 2815 degree days at Shymakhunta. 
 
(ii) The mean degree days requirement for most of the 
stations studied showed the primary peak (with 16.7% of 
total requirement) at active tillering stage followed by 
other peaks at nursery seedling and grain formation stages. 
However, during growing period of rice crop, dips were 
observed mainly at panicle initiation stage and also at 
flowering, lag phase and transplanting stages, which may 
be due to rainfall pattern, cloudiness etc. 
 
(iii) During monsoon period ARI values were mostly 
higher than 1.0. However, at some growth stages of rice, 
stations, viz., Bikramganj, Varanasi recorded low values 

from panicle initiation stage onward,  Ludhiana recorded 
low values from flowering stage onward, while rest of the 
stations mostly recorded low values from grain maturity 
stage onward. 
 
(iv) The mean YMI values showed the main peak at 
active tillering stage for most of the stations studied. The 
total YMI during the life span of rice crop varied widely 
from 477 mm  at Bikramganj to 1523 mm at Pattambi. 
 
(v) The AI values showed moderate aridity at early 
growth stages of the crop, which reduced during active 
tillering to flowering or grain formation stages and 
increased at advanced crop growth stages. No aridity was 
observed at some of the growth stages of the crop at 
different stations.  
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