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Abstract: Soybean (Glycine max. [L] Mirrll.) is one of the leguminous pulse grain and oil seed crops in tropical
and sub-tropical regions of India. It is a short duration and thermo-sensitive crop and its response to yield
varies with variety and temperature successfully grown in kharif as well as in summer where adequate irrigation
facilities are available. Since the effect of weather on crop yield is complex, it needs deeper and clear
understanding of climatic factors affecting the growth and yield of soybean. A field experiment during the
kharif season of the year 2004 was laid out in a split plot design with three dates of sowing (D , D  and D ) as1 2 3

a main plot treatment, four levels of spacing (S , S , S  and S ) as sub-plot treatment with four replications. Using1 2 3 4

the observed data sets of the soybean crop of reference year only, the model was calibrated for genetic
coefficients of cv. GS-2 (Gujarat Soybean-2) to determine their phenophases, growth as well as yield attribute
parameters influencing the soil water and the CROPGRO-soybean (Glycine max. [L] Marrll.) model was validated
for cv. GS-2. The model predicted the occurrence of flowering, podding and maturity within ± 5 days of
observed values at Anand location. Prediction of growth stages beyond podding was less accurate because
of difficulties associated with indeterminate nature of crop. The pod yield, total dry matter accumulation, leaf
area, growth of pod, seed and soil moisture was predicted accurately by the model. The results indicated that
under biotic stress-free simulations, the model CROPGRO can be used to predict soybean yield in different
environments as determined by season, optimum sowing date, inter and intra spacing, management practices,
prevailing weather parameters and moisture regimes. 
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INTRODUCTION contains highest protein content among the leguminous

Grain legumes are one of the primary sources of Soybean (Glycine max L. Merill) is one of the
protein for humans and the animals. Grain legumes
occupy a unique position in every system of Indian
farming. They have great importance in enriching the soil
by fixing the atmospheric nitrogen (N ). Grain legumes are2

basically the pulses, or the edible seeds of various
leguminous crop including beans, peas and lentils. 

The oilseed scenario in the country has undergone a
sea change in the last fifteen years. India changed from
net importer in the 1980s to a net exporter status during
the early 1990s even through India is among the largest
vegetable oilseed economics in the world accounting for
about 14% of the world oilseeds area and 8% of oilseeds
production. Oilseeds form the second largest agricultural
commodities after cereals in India [1]. Soybean seed
contains about 20% edible oil and 40% protein. Soybean

crops [1].

important oilseed crops of the world cultivated over an
area of 67.62 million ha. with a production of 147.62 million
tones [2]. India ranks fifth in the world after USA, China,
Brazil and Mexico in soybean production with 50.9 lakh
tones; however, the productivity in India is 1008 kg
ha against the world average of 2040 kg ha . The USA1 1

alone has about 50 percent of the world production [1].
Cultivation of soybean in India is restricted mainly to
Madhya Pradesh, U.P., Maharastra and Gujarat. It is also
grown on a small acreage in Himachal Pradesh, Punjab
and Delhi. This grain legume is generally quite sensitive
to photoperiod and it flowers in response to shortening of
the dark period. The crop requires 110-120 days from
sowing to maturity. Soybean production requires aerobic
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soil  condition. Soybean  can thrive over the mean daily
air temperature range of 20-30°C but, low night time
temperature (less than 12°C) and high day time
temperatures (greater than 36°C) can limit production
seriously. In recent years, soybean (Glycine max L.
Merill) has emerged as one of the major rainy season
cash  crops in Madhya Pradesh, which distinguished
itself as  Soya  state on account of its largest share in
area (77%) and production (72%) in India. The production
of  soybean  has  increased from 0.67 million tones in
1986-87 to 2.90 million tones in 1995-96 [3].

Simulation of Crop Growth: Mathematical simulation of
crop  growth and  yield  was  initiated  about  30 years ago
[4-6]. These pioneering modelers provided a system
framework for modeling carbon balance, water balance
and energy balance in a complex crop production system.
This is basically the approach that has been followed by
most of the crop modelers. The early crop modelling
efforts were initially limited by the availability and
capacity of computers, by inadequate understanding of
physiological growth processesand by lack of
input/output standards and access to common file access
and graphics tools.

MATERIALS AND METHODS

The location of the field experiment at the
Agricultural research farm of B.A. College of Agrulcture,
Anand Agricultural University, Anand India, which falls
under the middle Gujarat Agro-climatic zone-III of the
Gujarat state and is 90 km away from the Arabian Sea
(Lat22°35’N, Long.84°55’E, Alt.45.1m AMSL), which
required during the run the model and site information as
well  as  soil  physical,  chemical properties shown in
Table 1. For the soil information, a profile was opened up
near the experimental site and layer wise soil samples,
were collected for obtaining layer wise data on soil
characteristics. Its climate has been classified as semi-arid
tropical. The average annual rainfall of Anand is 839.6 mm
and is received through southwest (monsoon) wind
currents during the 3rd week of June to the 2nd week of
September. The weather remains dry from October to
June. Summer is hot and sometimes mercury crosses 45°C
in month of May, while winter is cool and dry and
temperature drops up to 5°C during January as average
minimum temperature in the winter month is about 11°C.
In the present experiment, fertilizers were applied as per
the recommendations of GAU, Amreli (Soybean Research

Table 1: Input data used in the model (CROPGRO-Soybean)

Sr. No Parameters (Experiment site) Anand

1 Weather station ANAND
2 Latitude (ON) 22.35
3 Elevation (AMSL, (m) 45.1
4 Type of soil Sandy soil
5 Soil depth (m) 1.70
6 Number of horizon 4.0
7 Thickness of horizons 0.0 to 0.18

0.18 to 0.42
0.42 to 1.50
1.50 to 1.70

8 Volumetric soil fraction
a.Saturation 0.24
b.Field capacity 0.17
c.Wilting point 0.04

9 Bulk density (g/cc) 1.5
10 Sand (%) 82.00
11 PH 8.48
12 Soil organic (%) 0.016
13 Soil mineral N, kg ha 30.271

14 Organic carbon (%) 0.152

Station), Gujarat, India package and practices for the
soybean crop. Field experiment was conducted during
Kharif 2004 season, based on the results obtained from
the main trails for CROPGRO-Soybean model evaluated,
a separate plots (replication) was raised near the
experimental site under the cultural practices suggested
by soybean research station Amreli, Gujarat, India for the
calculation of genetic coefficient. The Minimum Data Sets
(MDS) required to test and validate the CROPGRO-
Soybean model, which is shown in the Table 2. The crop
GS-2 was used for the experiments during all the seasons
of the study. Split plot design was adopted and the
treatments were replicated four times during all the three
dates of sowing (D , D  and D ). The main plot treatments1 2 3

consisted of three dates of sowing each at the 10 days
interval. The subplot treatments comprised of four level of
intra spacing (S , S , S  and S ), allocation of treatment and1 2 3 4

treatment combination in the individual plot of four
replication during the experiment with followed the
complete randomization method, are shown in the Fig. 1.
For the evaluation of CROPGRO-Soybean model, a
minimum data set (MDS) on crop growth and
development, which observed during course of study are
shown in the Table 3, daily weather data on maximum and
minimum temperature (°C), solar radiation (MJm  day )2 1

and rainfall (mm) for the last 14 years (1990-2004), wind
speed, Relative humidity and experimental soil data were
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Fig. 1 : Lay out plan of experimental site 

Design        : Split Plot Design 
Plot size      : 6.0 m x 2.7 m
Replication : Four 
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Table 2: List of input variables required to run the CROPGRO-Soybean
model

Input variables Acronyms Units

Site data
Latitude LAT Degree
Longitude LONG Degree
Elevation ELEV m
Average air temperature TAV 0C
Daily weather dat
Maximum temperature TEMPMAX 0C
Minimum temperature TEMPMIN 0C
Solar radiation SOLARAD MJm day2 1

Rainfall RAIN mm
Wind speed WRUN Km h 1

Relative humidity (morning) %
Relative humidity (afternoon) %
Dew point temperature TDEW 0C
Photosynthetic active radiation (PAR) PA MJm day2 1

Soil characteristics
Soil texture SLTX
Soil local classification SLDESC
Soil family SCS system TACON
Soil depth SLDP m
Colour, moist SCOM
Albedo (fraction) SALB
Evaporation limit U cm
Drainage rate (fraction day ) SWCON1

Photosynthesis factor (0 to 1 scale) SLPE
PH in buffer determination method SMPX
Plants per hill PLPH
Seed rate SDWTRL kg ha 1

Sowing depth SDEPTH cm
Irrigation date IDLAPL (J)
Irrigation amount AMT (J) mm
Method of irrigation IRRCOD (J)
Fertilizer application date FDAY (J)
Fertilizer amount N ANFER (J) kg ha 1

Fertilizer type IFTYPE (J)
Fertilizer application method FERCOD (J)
Fertilizer incorporation depth DFERT (J) cm
Tillage date TDATE (J)
Tillage implement TIMPL (J)
Tillage depth TDEP (J) cm
Harvest details
Harvest HDATE (J)
Harvest stage HSTG (J)
Harvest component HCOM (J)
Harvest percentage Kg ha 1

used as an input variable of different aspects. Genetics
coefficient is affected by the life cycle of the crop,
photosynthesis, sensitivity to day light (photoperiod) leaf
area, partitioning, re-mobilization, seed growth, seed

composition, seed fill duration, vernalization and Growing
degree days accumulation, which is shown in the Table 4.

Lay out of the Experimental Field: The field layout
conforming to the design adopted placed after the land
preparation (as given in cultural operations). The gross
plot size was 6×2.7 m with net plot area are 5×1.8 and 5×1.5
m respectively. The experimental lay out is shown in the
Fig. 1. Buffer rows were grown around the experimental
field by leaving 0.5 and 1.0-meter gap to minimize the
influence of rat and wind on the treatment with four
replications.

Crop : Soybean
Variety :G.S-2 (Gujarat soybean-2)
Design :Split plot
Treatments: 12
Main Plot Treatment :Date of sowing: 3

D : 6  June (First date of 1
th

sowing), 2004
D :26  June (Second date of 2

th

sowing), 2004
D :6  July (Third date of 3

th

sowing), 2004
Sub Plot Treatment: : 4
Spacing (Spacing combination)

S  : 45 ×10 cm1

S  : 45×5 cm2

S  : 30×10 cm 3

S  : 30×5 cm4

Number of Replications :4
Plot Size : Gross Plot : 6.0×2.7 m
Net Plot : For 45 cm (Row Spacing): 5.6

×1.8 m
For 30 cm (Row Spacing):
5.6×2.7 m

Season : Kharif
Spacing : As per treatment
Seed rate : 60 kg ha 1

Fertilizer : 20:50:0: N: P: K kg ha 1

(DAP, Fertilizer Only Used as the Basal Dose)

Land Operation: The land of the experimental field was
prepared by the removal of stubble of crop and was
subsequently ploughed with the tractor drawn mould
plough.

Method of Sowing: After carrying out layout and making
the individual plots (as per the lay out design) the field 
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Table 3: Treatment details
Main plots: Dates and time of Subplots: Four levels of spacing, practices
sowing (afternoon each)
Main Date of Kharif Sub treatment Spacing Kharif 2004
Treatment sowing 2004 (combination)
D 26.06.04 June D S , D S , D S  and D S D S  : 45 ´10 cm June 26th, 20041 1 1 1 2 1 3 1 4 1 1

D S  : 45 ´5 cm1 2

D S  : 30 ´10 cm1 3

D S  : 30 ´5 cm1 4

D 06.07.04 July D S , D S , D S  and D S D S  : 45 ´10 cm July 6th, 20042 2 1 2 2 3 3 4 4 1 1

D S  : 45 ´5 cm1 2

D S  : 30 ´10 cm1 3

D 16.07.04 July D S , D S , D S  and D S D S  : 45 ´10 cm July 16th, 20043 3 1 3 2 3 3 3 4 1 1

D S  : 45 ´5 cm1 2

D S  : 30 ´10 cm1 3

D S  : 30 ´5 cm1 4

Table 4: Genetic coefficients development for soybean cultivars GS-2 in agro climatic condition of Anand in the state of Gujrat
Sr. No Growth and development aspects of the soybean crop Genetic coefficients for GS-2
Development Aspects
1 Critical short day length (hour ) 14.421

2 Slope of relative response of development to photoperiod (photothermal days) 0.32
3 Time between plant emergence and flower appearance (photothermal days) 21.80
4 Time between 1st flower and 1st pod (photothermal days) 10.30
5 Time between 1st flower and 1st seed (photothermal day) 16.00
6 Time between 1st seed and physiologycal maturity (photothermal days) 36.00
7 Time between 1st flower and end of leaf expansion (photothermal days) 28.00
8 Seed filling duration (photothermal days) 1.03
9 Time require for cultivars to reach final pod load (phototheramal days) 375.00
Growth Aspects
10 Maximum leaf 1.0photosynthesis rate    (minimal Co /m  sec) 280.002

2

11 Specific leaf area of cultivars under standard growth condition   (cm /g) 1.002

12 Maximum size of full leaf (cm ) 0.182

13 Maximum fraction of daily growth partitioned to seed and shell 24.00
14 Maximum weight per seed (gm) 2.05
15 Average seed per seed 14.00

was  leveled  with  the  help of  a  hand  drawn  plank. mature pods were observed at the physiological maturity
Two 45 and 30 cm marked was used for the interspacing of crop. Post harvest observations included record of
lines. Later the rows were formed with the help of the number of pods plant , number of seeds per pod and
pickaxe. After application of the basal dose of fertilizer in number of pods m  by randomly selecting a meter square
the rows, marker was again used for inter row (distance area from the net plot and counting pods and seeds in
within two line) spacing and intra row (distance within them. Pod yield and dry biomass per hectare and empty
two plant) spacing. Soybean seeds were subsequently shell weight m  were also recorded. Harvest Index which
drilled manually with the hand in the line at a depth 2 to 3 is the percentage of economic yield compared with the
cm. above ground biomass [8] was calculated by using the

Biometric Observations: Leaf area index using calibrated Biological yield
Plant  canopy  analyzer and dry matter were measured at
7 days interval after sowing till harvest. Days to 50% Evaluation of Cropgro-soybean Model: CROPGRO-
flowering, 50% pod formation and 50% pod filling were soybean  model [9] in DSSAT v3.5 [10]  was  evaluated for
recorded by observations in all replications for each soybean cultivar GS-2 under Anand, India condition.
treatment. Days to maturity were recorded by randomly CROPGRO  requires  inputs of daily weather data, soil
selecting five plants from each plot and numbers of data  and  crop  management  inputs.  The repose  of  the

1

2

2

following formula Harvest Index = Pod yield X 100/
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Table 5: Comparison between observed and predicted phenophases and growth of GS-2 variety at Anand, Gujrat under the varying environments conditions

for three date of sowing in the year 2004

D1 D2 D3

---------------------------------------------- ------------------------------------------------ -------------------------------------------

Different variables (Phenophase) O P D RMSE O P D RMSE O P D RMSE

Anthesis date (DAS) 28 24 4 1.1 19 24 -5 1.4 18 24 -6 1.7

First pod (DAS) 69 56 13 3.7 52 39 13 3.7 44 34 10 2.8

First seed (DAS) 78 61 17 4.9 60 44 16 4.6 49 40 9 2.5

Physiological maturity (DAS) 114 102 12 3.4 106 94 12 3.4 78 76 2 0.5

Seed yield (kg/ha) 1817 1519 298 86.0 1784.7 2214 -429 123.9 1033.6 1133 0.6 28.6

Wt per seed (g) 0.1 0.1 0 0 0.1 0.1 -0.03 0.008 0.1 0.1 -0.02 0.05

Number of pod per plant 53 60 -6.3 1.8 37.5 53.0 -15.5 4.54 31.8 35.9 -4 1.1

Number of seeds/pod 2.9 2.2 0.6 0.19 2.9 2.25 0.6 0.19 2.8 2.2 0.6 0.1

Maximum LAI (m /m ) 5.4 3.4 2.0 0.5 4.6 3.0 1.5 0.4 3.9 2.7 1.2 0.32 2

Stover yield (kg/ha) at harvest maturity 5148 4386 762.2 220 5894.6 3782 2112.6 609 4078 3310 768 221

Harvest index (kg/kg) 0.3 0.4 -0.1 0.03 0.3 0.6 -0.3 0.1 0.2 0.3 -0.1 0.03

(O = Observed; S = Simulated; DAS = Days after sowing; D = Deviation; RMSE = Root mean square error)

environment to the life cycle of soybean cultivars are coefficients were determined through iterative procedure
explained through the crop genetic input data, which are using Hunt`s method. The genetic coefficients determined
not available for cultivar GS-2 and therefore genetic for the variety GS-2 (Gujarat Soybean-2).
coefficients were derived iteratively using Hunt’s method
[11]. This involved the determining value of the Genetic Coefficients: Development of crop is associated
coefficients describing growth and seed development. For with the attainment of growth stages. It is of two types
these calculations minimum crop data sets required are the viz., phase development such as anthesis, first pod
date of emergence, anthesis, pod initiation, full pod filling, occurrence, pod filling, physiological maturity etc. and
maturity and seed yield, biomass above ground, number morphological development viz. biomass, LAI, grain
of seeds per pod and weight. weight etc. Growth of a crop cannot be simulated without

Validation of Model: The CROPGRO-soybean model was genetically different varieties of the same crop attain
validated for GS-2 variety of soybean at Anand under growth stages at different time at the same location. Thus
different dates of sowing and plant population (spacings). crop development depends on weather parameters viz. air
The observed and simulated phenological stages yields temperature, photoperiod etc and on the genetic
were compared. Deviation from observed data were characters of varieties. These coefficients allow the same
worked out and discussed shown in the Table 5. soybean crop cultivar growth model to predict differences

RESULTS AND DISCUSSIONS cultivars when planted in the same environment as well as

Testing of the Cropgro-soybean Model: Input data, which development of a single cultivar [12]. The simulated and
require to run the model where the field experiment was observed phonological stages, yield and yield attributing
conducted, are required as a minimum data set. Its data are characters of soybean are influenced by the dates of
related to the soil, soil chemical composition, thickness, sowing is shown in Table 5. 
latitude, longitude, altitude and weather. The model estimated the phenological dates under all

The CROPGRO-Soybean model has been used to test the three dates of sowing conditions. The physiological
and validate it for soybean variety GS-2 at Anand under maturity was underestimated by 12 day under first two
different plant population using the experimental data dates of sowing (D and D ) and it was only 2 days in case
collected under the study. The soil input data for Anand of third dates of sowing (D ). However the duration of
used in the model. In order to determine genetic pheological stages as simulated by the model decreased
coefficient for the cultivar GS-2 (Gujarat Soybean-2), the with delayed in sowing which was in conformity with the
best treatment (D S ) was selected and genetic observed durations.1 4

prior simulation of development of the crop. But

in development, growth and yield among different

the differences in the behavior of growth and

2 1

3
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The observed seed yield was found to decrease with 2. Anonymous, 2002-03.  http://www.sopa.org/crop-
delay in sowing while model simulated maximum seed po.doc. All India state wise area coverage and
yield (2214 kg ha ) with D  treatment followed by the first estimate of soybean during kharif  2002-03.1

2

and third dates of sowing. The LAI and biomass were 3. PA, 1996. The soybean processors association of
underestimated by the model but were found to decrease India; Indore, Madhaya Pradesh, Issues 8 and 10.
with delay in sowing which confirms the trend obtained 4. De Wit, C.T., 1965. Photosynthesis of leaf canopies.
with observed data. The number of pods per plant were Agril. Res. Report, pp: 663.
found to be overestimated by the model which was 5. De Wilt, C.T., H.H. Goudriann, F.W.T. Van Laar and
decreased from 60 to 36 against the observed value from Penning R.R. de varies, 1978. Simulation of
54 to 32 under delayed sowing condition. Harvest index Assimilation,  Respiration and Transpiration of
was also found similar trend. Crops. Simulation Monographs. Wageningen, The

Thus the model performed well in simulating Netherlands: Pudoc.
phenological stages as well as yield and yield attributes 6. Ducan,  W.G.,  R.S.   Loomis,   W.A.    Williams  and
under varying environment imposed by date of sowing R. Hanau, 1967. A model for simulating
treatment. photosynthesis  in the plant communities. Hingardia,

CONCLUSIONS 7. Keulen, H. and Van., 1975. Simulation of water use

The CROPGRO- soybean model was tested and Monographs. Wageningen, the Netherlands: Pudoc.
validated to predict phenophases, stover yield and crop B.A. Kimball and L.A. Bellamy, 1986. Generation of
yield as influenced by sowing dates, spacing level, diurnal solar radiation, temperature and humidity
moisture regimes and rainy season. The model validation patterns. Energy Agric., 5: 185-197.
results showed that simulated days to various growth 8. Salisbury, F.B. and C.W. Ross, 1986. Plant
stages, phenophases, CROPGRO-soybean simulated the physiology. Wadworth, California, pp: 319-329.
physiological events viz., 50 per cent flowering, 50 per 9. Boote, K.J., J.W. Jones and G. Hoogenboom, 1998.
cent podding, leaf area index, number of seed per pod, Simulation crop growth CROPGRO model. Chapeter
biomass, physiological maturity and seed yield with least 18, pp: 651-652. In: R.M. Peart and R.B. Curry (Eds.)
error. CROPGRO-soybean simulated values of seed and Agricultural system modeling and simulation Mercel
biomass yield in D  (D S ) treatment was closer to the Dekker, Inc., New York.1 1 4

observed values of GS-2 cultivar of soybean and best 10. Ji, G., G. Hoogenboon and P. Tornton, 1998. Under
performance among the other treatment combinations. standing options for Agricultural production. Kluwer

The simulated results indicate that increasing the Acael. Publication, Boston pp: 399.
temperature levels and prolong dry spell could pose a 11. Hunt, L.A., J.W. Jones, G. Hogenboom, D.C. Godwin,
serious threat in the flowering stage, pod setting, growth U. Singh, N. Pickering, P.K. Thornton, K.J. Boote and
and hence the economical yield. Our findings suggest that J.T. Ritchie, 1999. General input and output file
the sowing dates of soybean crop should be able to structure for crop simulation models. CODATA
mitigate the detrimental effect of thermal stress due to publication.
climatic changes. Also, soybean sowing in the kharif 12. Boote,   K.J.,  J.W.  Jones,  G.  Hoogenboom  and
season, i.e. in the first fortnight (second weeks) of June N.E. Pickering, 1998. The CROPGRO model for grain
could be favorable for higher yield particularly in the legumes. In: G.Y. Tsuji et al. (Eds.) Understanding
middle Gujarat, India. options for agricultural production. Kluwer Academic
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