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lkj & jk;iqj dh LFkkuh; ifjfLFkfr;ksa ds fy, va’k’kksf/kr fd, x, ØkWixzks&lks;kchu fun’kZ dk mi;ksx 
lks;kchu Qly dh c<+ksrjh dh vof/k ls lacaf/kr e/;ekof/k ekSle iwokZuqeku dh izklafxdrk dk ewY;kadu 
djus ds fy, fd;k x;k gSA iwokZuqekfur iSnkokj ds laHkkO; forj.k ds fy, ØkWixzks&lks;kchu fun’kZ ds lg;ksx 
ls izkekf.kd ekSle vk¡dMk+] e/;ekof/k ekSle iwokZuqeku ¼,e-vkj-MCY;w-,Q-½ vkSj v|ru ekSle laca/kh vk¡dM+ksa 
ds mi;ksx esa ykbZ tkus okyh Ik)fr fodflr dh xbZA ekSle laca/kh lwpuk dk iwokZuqeku nsus ds fy, Qly 
izca/ku Ik)fr dh laos|rk dk fu/kkZj.k djus gsrq 5 fnuksa ds lVhd ,e- vkj- MCY;w- ,Q- dh J̀a[kyk rS;kj dh 
xbZA ,d o"kZ ds dqN le; dh lkisf{kd egRrk dks lVhd 5 fnuksa ds ,e- vkj- MCY;w- ,Q- ds dkj.k 
ifjorZu’khyrk esa vkbZ deh ds :Ik esa fy;k x;kA 

 
jk;iqj esa nks lanHkZ o"kksZa 1986 ¼de mRiknu okyk o"kZ½ vkSj 1993 ¼vf/kd mRiknu okyk o"kZ½  esa fd, x, 

v/;;u ls irk pyk gS fd de mRiknu okys o"kZ ¼1986½ ds fy, Qly ds idus ls 20 fnu iwoZ vksj vf/kd 
vRiknu okys o"kZ ¼1993½ ds fy, Qly ds idus ls 15 fnu iwoZ mRiknu dk vkdyu fd;k tk ldrk gSA  
iqu:Riknd pj.kksa ds nkSjku nksuksa o"kksZa ds fy, ,e- vkj- MCY;w- ,Q- vf/kd egRoiw.kZ ik, x, gSaA blls ;g 
Hkh fu"d"kZ fudyrk gS fd Qly ds c<+us dh _rq esa yEch vof/k;ksa ds iwokZuqeku mPPkrj ekuksa ds lkFk igys 
ls gh vuqdwy gksrs gSaA 

 
 
ABSTRACT.  CROPGRO-Soybean model calibrated for local conditions of Raipur has been used to evaluate the 

relevance of medium range weather forecast relative to the soybean crop growth period. A procedure that makes use of 
historical weather data, medium range weather forecast (mrwf) and current weather data in conjunction with the 
CROPGRO-Soybean model was developed to arrive at a probable distribution of predicted yield. A series of perfect 
mrwf for 5 days were assumed for assessing the sensitivity of the crop management system to forecast information. The 
relative importance by time of year was taken as a reduction in variance due to a perfect 5-day mrwf.  

 
The results of the study, conducted for two reference years 1986 (low-production year) and 1993 (high-production 

year) at Raipur, showed that the yield estimation can be done 20 days in advance before the physiological maturity for 
low-production year (1986) and 15 days in advance before physiological maturity for high-production year (1993). For 
both the years mrwf during reproductive phases are more valuable. It has also been concluded that the longer forecast 
periods are responding earlier in the growing season with higher values too. 

 
Key words – CROPGRO Soybean, Yield prediction, Reference year, Medium range weather forecast. 
 
 

 
1.  Introduction 
 
 

Many statistical approaches (Stewart and Dwyer, 
1990; Gupta and Singh 1988) and crop simulation models 
(Aggrawal and Kalra 1994; Hundal and Kaur 1997) are 

being utilised to predict the crop yield. It is of immense 
importance for government policy-makers in order to 
assess the relative economic situation well in advance. 
The export import and storage policies etc. can be 
prepared in advance with the predicted yield scenarios of 
the crops.  
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TABLE 1  
 

Genetic coefficients for soybean cultivar ‘Gaurav’ (JS7244) in agroclimatic condition of Madhya Pradesh (after Lal et al. 1999) 
 

Growth and development aspects of the soybean crop Genetic coefficients 
Development aspects 

Critical short day length  (hour) 11.00 
Slope of relative response of development to photoperiod  (h–1) 0.305 
Time between plant emergence and flower appearance (photo thermal days) 15.33 
Time between 1st flower and 1st pod  (-do-) 06.00 
Time between 1st flower and 1st seed  (-do-)  10.00 
Time between 1st seed and physiological maturity  (-do-) 26.00 
Time between 1st flower and end of leaf expansion  (-do-) 15.00 
Seed filling duration (photo thermal days) 23.06 
Time required for cultivar to reach final pod load  (-do-) 8.84 

Growth aspects 
Maximum leaf photosynthesis rate  (minimal CO2 / m2-sec) 0.90 
Specific leaf area of cultivar under standard growth condition  (cm2/g) 370 
Maximum size of full leaf   (cm2 ) 170 
Maximum fraction of daily growth partitioned to seed and shell 1.00 
Maximum weight per seed  (gm) 0.10 
Average number of seeds per pod 1.90 

 
 
 
Soybean (Glycine max L. Merr.) is an important 

Kharif crop of Madhya Pradesh (M.P.) covering 77 % of 
cultivated area and contributing 72 % to the total national 
production. There is need for a reliable estimation of 
soybean production under varied environmental 
conditions. In using crop simulation model to real time 
yield estimation, one of the major constraints is the non-
availability of anticipated weather during rest of the 
season at the time of forecast. In this study an attempt has 
been made to develop a procedure which makes use of 
historical weather data, medium range weather forecast 
(mrwf) and current weather data in conjunction with the 
CROPGRO-Soybean model to arrive at a probable 
distribution of predicted yield and assess the sensitivity 
for crop management.  
 
2. Materials and method 
 

The different parts of the model, which processed 
itself to get the results are input, output, genetic 
coefficients and the validation of the model to use for a 
specific region.  

 
2.1.  Model description 

 
The CROPGRO-Soybean model used in this study is 

a part of the Decision Support System for Agro- 
technology Transfer (DSSAT) (Tsuji et al. 1994) and 
shares a common input and output data format embedded 
in DSSAT. Its major components are the vegetative and 

reproductive development, carbon balance, water balance 
and nitrogen balance modules. The basic structure of the 
model, including underlying differential equations, has 
been explained in several other publications (Boote et al. 
1985, Jones et al. 1991 and Hoogenboom et al. 1992).  
 

2.2.  Model input  
 
Daily weather data, soil albedo, soil water drainage 

constant, field capacity, wilting point, initial soil moisture 
in different layers, maximum root depth, crop genetic 
coefficients and management practices such as plant 
population, plant row spacing and nitrogen application are 
required to run the model (Tsuji et al. 1994). The long-
term observed daily weather data on maximum and 
minimum temperature, solar radiation (derived from 
sunshine hour’s data using Angstrom’s formula) and 
rainfall at Raipur for the period 1971-97 have been used in 
this study. Thickness of soil profile, permanent wilting 
point, field capacity and saturation of the experimental 
fields are found to be 60 cm, 102 mm, 180 mm and          
240 mm respectively. 
 

2.3.  Genetic coefficients 
 
Crop genetic input data, which explain how the life 

cycle of a soybean cultivar responds to its environment, 
has been developed for JS7244 (early maturing cv. Gaurav 
with life cycle of 105 days) which is one of the currently 
prevailing  varieties  in  the state and presented in Table 1.  
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Fig. 1.   Observed (yields at experimental site) and model simulated 
soybean yields 

 
The coefficients derived can be satisfactorily utilized for 
evaluation of the growth performances of the crop under 
certain growth management situations in the state. 
Coefficients were derived iteratively using Hunt's method 
(Hunt et al., 1993). Minimum crop data sets used for the 
calculations of phenology and growth coefficients 
included dates of emergence, anthesis, maturity, pod 
initiation and full pod; grain yield, above-ground biomass, 
grain density and weight.  
 

2.4.  Model validation  
 
The model was validated with the crop yield data 

available from experimental site at Raipur under All India 
Coordinated Research Projects on Soybean for the period 
1991 to 1997 (with marginally different sowing dates in 
different years). In order to evaluate the performances of 
the CROPGRO model in simulating soybean crop yield in 
response to historical climate variability, a comparison of 
observed versus model-simulated yields have been 
compared by Lal et al. (1999) for location Raipur (Fig. 1). 
Correlation coefficient of 0.93 between the observed and 
model simulated yields has been obtained. Although the 
model realistically simulates the year to year variations in 
yields, deviations in simulated and observed yields are 
perhaps due to unaccounted factors such as soil 
micronutrient status, soil pH, pest or disease incidences 
etc. Management practices were 28 plants per m2, row 
spacing 35 cm, planting depth 5 cm and 20 kg urea 
applied as basal dose at the time of planting. Emergence 
was observed 5 days after sowing in all the experiments.  
 

2.5.  Yield prediction procedure 
 
Yield prediction using crop growth simulation 

models  were carried out by many workers (Aggarwal and  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.  The variance of the distribution of yields at various dates of 
year 1986 for Raipur up to the time a perfect forecast is 
made 

 
Kalra 1994, Chipanshi et al. 1997, Hundal and Kaur 1997, 
Singh et al. 1999). In this study a new procedure is 
developed to predict soybean yield during the growing 
season of the prediction year (reference year) using 
CROPGRO Soybean, medium range weather forecast 
(mrwf), current and historical weather. The reference 
year’s daily weather data are put into the model upto date 
on which yield predictions are to be made and then the 
medium range weather forecast data for next 5 days is 
added to it followed by sequences of historical data until 
the end of growing season for 25 years. Using this 
sequence of weather data, yield estimate is made 
separately for each of 25 years. The reference year’s yield 
prediction is given on the basis of the mean of distribution 
of yield estimates during this period.  
 
3. Results and discussion  
 

On the basis of the marked differences in their yield 
values, the years 1986 and 1993 were selected as 
reference years for Raipur. Observed district average of 
grain yields at Raipur was 613 kg/ha in 1986 and             
1159 kg/ha in 1993. While the model estimated yields, for 
cv. “Gaurav” keeping 1st July as sowing date, are         
618 kg/ha in 1986 and 1612 kg/ha in 1993. Difference 
between district average yield and model estimates are 
due to the fact that the district value is based on the mixed 
responses of all the varieties of soybean crop with 
different sowing dates under both rain fed and irrigated 
conditions including pest and disease effects etc.  
  

The variances associated with the simulated yield 
distribution are plotted in Fig. 2 and Fig. 3 at various  
dates throughout the growing season of years 1986 and 
1993 respectively. The solid line in the figures is smooth 
fit  to the data. A little change in the variance from sowing  
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Fig. 3.   The variance of the distribution of yields at various dates of 
year 1993 for Raipur up to the time a perfect forecast is 
made 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.  Yield prediction at various dates during the 1986 growing 
season at Raipur 

 
 

to first pod (232 Julian day) shows that the variation in 
yield up to first flower is dominated by the variation in 
weather after first pod (247 Julian day). Alternately, the 
variability in weather at Raipur prior to first pod does not 
have strong impact on yield. It would require a large 
anomaly in weather early in the growing season to 
substantially affect the yield. In 1986, after first pod 
variance begins to decrease slowly upto first seed (258 
Julian day) and rapidly between first seed to end of pod 
stage (285 Julian day) thereafter less rapidly to 
physiological maturity period and then comes to zero. The 
variance associated with the simulated yield distribution at 
different forecast dates during 1993 crop season presented 
in Fig. 3 shows almost the same pattern as in 1986 (Fig. 2) 
up to first seed stage. Thereafter the decrease rate of 
variance becomes a bit slower than that of Fig. 2. 
  

In the process of replacing the 25 sequences of 
historical weather at Raipur in a forecast period of 25 
sequences of the same current weather, the contribution of 
the  former  to  the variance of the yield is reduced to zero.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5.  Yield prediction at various dates during the 1993 growing 
season at Raipur 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Distribution of daily rainfall during the 1986 growing season 
 
 
The variance increase from the forecast time to the next is 
a reflection of non-linearity of the plant growth model. 
After the completion of the replacement process for a 
given forecast period, the weather sequences follow a 
different impact on model than before replacement. In 
short, the effect of weather on the model at a given time 
depends on antecedent weather. For example, the 
phenological dates can change, and as they do, the growth 
processes after the forecast period are altered. The result is 
that there can be small increase in variances. With many 
more years of historical sequence, the variances should be 
much closer to the smooth curves (Fig. 2 and Fig. 3).  
  
 
 

It can be seen that though the yields are determined 
before the end of grain filling stage in both the years 1986 
and 1993, the yield prediction in 1986 has marginal 
improvement by 5 days over the prediction in year 1993, 
because the fast reduction in variance starts early in 1986 
as  compared  to 1993. In 1986 growing season the rainfall  
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Fig. 7. Distribution of daily rainfall during the 1993 growing season 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8.  The value of perfect 5, 10 and 15-day weather forecast 
during the 1986 growing season 

 
 
 
(Fig. 4) was unevenly distributed during the reproductive 
stage while there was good distribution of rainfall (Fig. 5) 
in the year 1993. Crop growth suffers from water stress of 
0.60 in 1986 against 0.30 in 1993 during first seed to 
physiological maturity. During the deficient rainfall 
conditions at seed filling stage in year 1986, the sugar and 
protein in the stem and leaves of the plant were utilised in 
grain filling processes, thus enables prediction of yield at 
an early stage.  
  

The following discussion represents the predicted 
yield on the basis of simple average of the yield 
distributions show the predicted yield as a function of the 
forecast time in year 1986 and 1993 respectively. It is 
evident from Fig. 4 that after two months from sowing 
date the yield shows a significant dependence on 1986 
weather. A good growing weather in year 1986 around 
257  Julian  day   reflects   increase   in  average   yield   as  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9.  The value of perfect 5, 10 and 15-day weather forecast during 

the 1993 growing season 
 
 
predicted by the model. After Julian day 257, there is 
negligible precipitation (Fig. 6) except around 272 Julian 
days upto end of growing season. Hence there is a decline 
in the model predicted yield. The model yield in 1986 is 
768 kg/ha, which is nearly comparable with the district 
average of 613 kg/ha. Again the trend of predicted yield in 
1993 is nearly same upto Julian day 240 as in the case of 
year 1986. Then there is increase in predicted yield due to 
good rainfall (Fig. 7) during first pod to first seed stage. 
Thereafter decrease in rainfall caused decline in predicted 
yield value. Again significant rainfall around the later half 
of the grain filling period gave an upward swing in the 
predicted yield value. The final yield value carried by the 
reference year 1993 is 1716 kg/ha, which is also nearly 
comparable with the reported district average yield of 
1159 kg/ha. 
 
 
4.  Value of medium range weather forecast 
 

In general, it is difficult to assess the value of 
weather forecast because it has different implication to 
different users. An alternative value and meaning used 
here is on the basis of the resulting reduction in variance 
of distribution of yield. With the above meaning, it is 
relatively easy to obtain the value of a perfect daily 
forecast. This is done by taking the difference between the 
variance at the beginning and end of each forecast period 
for all possible dates. Thus for a 5-day perfect weather 
forecast at day 182, the variance at day 187 along the 
smooth curve would be subtracted from that at day 182, 
for forecast date 183 the variance at day 188 from that at 
day 183 and so on. The result of carrying out this is shown 
in Fig. 8 (year 1986) and Fig. 9 (year 1993) for 5, 10      
and 15 days. These curves are comparable to the variation 
of sensitivity of a crop, say growing season water         
stress proposed by Hubbard and Hanks (1983). These 
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curves indicate the relative importance of weather forecast 
made during different stages of crop.  
  
 

In the year 1993 peak value of 5-day forecast 
observed is around 4th October and in 1986 this is around 
29th September. These forecast periods fall in the 
reproductive stage of the crop hence of immense 
importance. Thus, the weather predictions made on the 
scale of 5-day during the reproductive stage of the crop 
should be as much accurate and reliable as possible, 
reaching near a perfect forecast. Figures also depict that 
the longer the forecast period (10 days and 15 days), the 
greater its value and the peak value reach earlier in the 
growing season. Also its relative importance starts early in 
the growing season.  
 
 
5.  Conclusions 
 

The yield in 1986 has been determined before the 
end of the grain fill stage (three weeks in advance before 
physiological maturity) and in the year 1993 the yield is 
determined two weeks in advance before physiological 
maturity, i.e., at the end of grain filling stage. A 5-day 
weather forecast is relatively more valuable during 
reproductive stage in both the years, i.e., during low-
production (1986) and high-production years (1993). The 
peak values obtained for years 1986 and 1993 are about 
29th September and 4th October respectively which 
indicate that the soybean yield predictions in the years 
with deficient rainfall, specially during reproductive stage, 
is possible one to two weeks earlier compared to 
prediction timings of yield in the years with good and 
evenly distributed rainfall. It is also concluded that the 
longer the forecast period, higher the value of forecast and 
earlier in the growing season its relative importance starts.  
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