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ABSTRACT. The aim of this study was to evaluate the CROPGRO-Dry bean model for simulating dry 
bean yield. The model’s genetic coefficients were calibrated based on the cultivars ‘Pérola’, ‘Ouro Negro’ 
and ‘Ouro Vermelho’ in Viçosa, State of Minas Gerais, Brazil. The coefficients were adjusted based on two 
experiments that were performed in 2003 with irrigated and nonirrigated water regimes. An additional 
experiment with irrigation was conducted in 2004. After calibration, the model simulated the bean yield for 
the period from 1975 through 2006. The simulations were based on daily data on maximum and minimum 
air temperatures, total precipitation and global solar radiation. The physical and hydric characteristics of the 
soil and crop management practices were also included. The results show that the crop model can correctly 
reproduce the observed yield. This finding may indicate that the model is a useful tool to evaluate the crop 
response to variability and changing climate. 
Keywords: computer simulation, DSSAT, cultivars, Phaseolus vulgaris, yield, forecast date. 

Desempenho do modelo CROPGRO-Dry bean na simulação do rendimento de feijão 
(Phaseolus vulgaris L.) 

RESUMO. O presente trabalho teve como objetivo avaliar o modelo CROPGRO-Dry bean como 
ferramenta de previsão de rendimento de feijão (Phaseolus vulgaris L.), tendo como base as cultivares 
‘Pérola’, ‘Ouro Negro’ e ‘Ouro Vermelho’, cultivados em Viçosa, Estado de Minas Gerais. O ajuste dos 
coeficientes genéticos do modelo foi obtido a partir de dois experimentos realizados em 2003, um 
conduzido com irrigação e outro em condições de sequeiro. Além destes, outro experimento foi conduzido 
em 2004, com irrigação. Após o ajuste dos coeficientes, realizou-se a simulação do rendimento do feijoeiro 
com base em dados de 31 safras entre o período de 1975 a 2006. As simulações foram baseadas em dados 
meteorológicos diários de temperaturas máxima e mínima do ar, precipitação pluvial e radiação solar global, 
características físico-hídricas do solo e dados de manejo da cultura. Por meio das análises realizadas nas 
simulações, verificou-se que o modelo mostrou-se viável como ferramenta para a previsão de rendimento 
do feijão, obtendo-se estimativa adequada de rendimento com 30 dias de antecedência da colheita. 
Palavras-chave: simulação por computador, DSSAT, cultivares, Phaseolus vulgaris, produtividade, previsão de safra. 

Introduction 

The State of Minas Gerais is the second-highest 
producer of dry bean (Phaseolus vulgaris L.) in Brazil 
(IBGE, 2010). The most important groups of bean 
cultivated in Minas Gerais are “carioca” and “black” 
(VIEIRA et al., 2005). In the northern, southern and 
northwestern regions of the State, carioca cultivars are 
preferred. In the Zona da Mata region, some cultivars 
of the “red” group are also raised (RAMALHO et al., 
1993). At some times of the year, the price of red beans 
may be twice the price of other beans (VIEIRA, 2005). 
The production of dry beans is one of the most 

important economic and social agricultural activities in 
Brazil. This activity employs approximately seven 
million people during the growing season and involves 
up to 295,000 growers (BORÉM; CARNEIRO, 2006).  

The prediction of bean yield is an activity of 
great interest to the government, family farmers and 
agri-business companies. To improve the strategy of 
crop yield prediction, new methods may be adopted. 
These methods incorporate quantitative factors to 
improve the precision of estimation. Computational 
models to estimate crop yield allow the estimation of 
yield as a function of the soil management practices 
and climatic conditions that occur during the 
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growing season. It should be emphasized that these 
models are usually composed of sub-modules that 
aim to represent different processes occurring in the 
soil-plant-atmosphere system to simulate crop 
growth, development and yield. 

The last two decades have been marked by the 
development of more sophisticated crop models. 
These models include improved representations of 
crop phenology as a function of accumulated heat 
units (e.g., the CERES and EPIC models) and 
relatively detailed soil biogeochemical processes for 
carbon and nitrogen (e.g., Century, DNDC and 
EPIC). Recently, process-based models with 
different levels of complexity have been developed 
to estimate crop yield in different regions (BETTS, 
2005; COSTA et al., 2009; HANSEN, 2005). The 
Decision Support System for Agrotechnology 
Transfer (DSSAT) includes a set of models of crop 
growth and has been widely used in recent years as a 
useful computational tool in the evaluation of 
management options associated with environmental 
conditions (HOOGENBOOM et al., 2003). The 
modular structure of the DSSAT includes an 
outstanding model known as CROPGRO. This 
generic model for legumes allows the simulation of 
the growth and development of several crops, such 
as the dry bean, cowpea, peanut and soybean crops. 

Examples of the simulation efficiency of 
CROPGRO were presented by Ruíz-Nogueira et al. 
(2001), who used the model to evaluate soybean 
growth and yield under water limitation conditions 
for three cultivars in different climatic conditions of 
northeast Spain. Hartkamp et al. (2002) evaluated 
the performance of CROPGRO to predict 
phenology, growth, senescence and nitrogen 
accumulation in locations that represented different 
scenarios of environmental and agronomic 
management. The evaluation involved sensitivity 
analysis of various regimes of temperature and 
precipitation to identify regions suitable for the 
production of Mucuna aterrima as green manure. 
Jagtap and Jones (2002) tested the performance of 
CROPGRO in predicting soybean yield and 
observed that the model achieved a performance 
criterion of 95% in predicting interannual variations 
in yield.  

In Brazil, Faria et al. (1997) used simulations 
with CROPGRO-Dry bean to evaluate different 
strategies for the irrigation management of beans in 
the State of Paraná. Meireles et al. (2003) calibrated 
the CROPGRO-Dry bean model to quantify 
decreases in the yield of beans sown on 36 sowing 
dates in Santo Antônio de Goiás, Goiás State. In a 

study conducted in Maringá, State of Paraná, 
Dallacort et al. (2005) used the model’s simulation 
of the growth and development of the bean to 
determine the best sowing times for the cultivar 
IAPAR 57 from 1980 through 2000. 

Sensitivity experiments with CROPGRO to 
evaluate the effect of meteorological variables on the 
growth, development and yield of beans may 
contribute to improved management practices and 
to a better understanding of the interactions 
between climate and plants (COSTA et al., 2009; 
JONES et al., 2003). 

In this sense, this study may serve as a tool for 
small farmers, agro-industrial companies, extension 
institutions, technical assistance and research 
institutions, government agencies and development 
and funding institutions to help in planning 
agricultural activities with less risk of adverse 
weather effects. 

In view of the importance of beans (Phaseolus 
vulgaris L.) for the State of Minas Gerais and Brazil 
and the need for a system of yield prediction, this 
study was conducted to evaluate the CROPGRO-
Dry bean model as a crop-yield forecasting tool for 
the bean cultivars ‘Pérola’, ‘Ouro Negro’ and ‘Ouro 
Vermelho’ in Viçosa, Zona da Mata region (State of 
Minas Gerais, Brazil). 

Material and methods 

The simulations were performed with the 
CROPGRO-Dry bean model, included in the 
DSSAT system, version 4.0.2.0 (HOOGENBOOM 
et al., 2004), which simulates the growth, 
development and yield of beans (Phaseolus vulgaris 
L.), Figure 1. The construction of the required files 
for the simulation was described in detail by Boote 
et al. (1998a, 1998b and 2003). The model allows 
simulations of the specific conditions of each soil for 
the principal physical and physiological processes 
associated with the crop. These processes include 
photosynthesis, respiration, biomass accumulation 
and partitioning, phenology, soil water extraction, 
evapotranspiration and common bean growth and 
leaf area for both stems and roots as a function of 
daily climatological variables (rainfall, solar radiation 
and maximum and minimum temperatures). 

Simulations were performed based on field 
experiments conducted in the Prof. Diogo Alves de 
Melo experimental area. This area is part of the 
Federal University of Viçosa (UFV), Viçosa, Minas 
Gerais State, located at latitude 20° 45'S, longitude 
42° 51'W and an altitude of 690 m. 
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Figure 1. Window illustrating the atmosphere-soil-plan database system for the CROPGRO-Dry bean simulation in DSSAT.  

 
 

Data used in the simulation 

Daily weather data and edaphic and crop 
management information were used as input data 
for the model. The set of daily weather input 
variables were taken from 1975 through 2006 and 
included precipitation, maximum and minimum air 
temperatures and solar radiation. These data were 
provided by the 5th District of Meteorology (5 DISME) 
of the National Institute of Meteorology (INMET). 
The location evaluated was Viçosa, Minas Gerais State. 
The soil of the experimental area is classified as red-
yellow podzolic Cambic. Its chemical and physical 
characteristics are shown in Table 1. 

Table 1. Results of sample analysis and classification of the soil 
(0-40 cm depth) of the experimental area. The chemical and 
physical analyses were performed at the Laboratory of Soil 
Analysis (UFV). 

H + Al Al Ca Mg K P OM    Soil fraction (%) pH in  
H2O Cmol(+) dm-3 μg dm-3 dag kg-1  Grit Fine 

Sand Silt Clay

5,9 3.3 0 2.3 0.9 42 9 2.2  19 14 21 46 
Texture Class – Clayey; Soil Classification – Red-Yellow Podzolic Cambic (LRd); 
Organic Matter (OM). 

The bean cultivars ‘Pérola’ (carioca group), 
‘Ouro Negro’ (black group) and ‘Ouro Vermelho’ 
(red group) were chosen owing to their economic 
importance. Fertilization was applied as 
recommended by Ribeiro et al. (1999). The control 

of weeds and pests was performed in accordance 
with the recommendations for the crop. The sowing 
dates were March 27, 2003 and March 20, 2004 
for the experiments conducted with irrigation. 
November 20, 2003 was chosen for the 
experiment conducted during the rainy season 
and without irrigation. 

The sowing was done at a 3-cm depth after the 
soil was prepared in a conventional manner. The 
experimental design was completely randomized, 
with three replications and plots consisting of four 
rows 0.5 m apart and 4 m long. The average values 
for adjustment of the genetic coefficients of the 
model were obtained from these plots.  

Calibration and testing of CROPGRO-Dry bean 

The calibration and testing of the CROPGRO-
Dry bean model for the experimental conditions 
were performed by adjusting genetic coefficients 
that characterize the essential aspects of beans, as 
recommended by Hoogenboom et al. (2003) and 
Jones et al. (2003). 

The sequence of the procedures for the 
calibration of the genetic coefficients was as follows: 
1) the genetic coefficients were selected from a given 
genotype from those in the same maturity group or 
similarly adapted; 2) the model was run for location, 
cultivar or treatment; and 3) the values were 
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assigned to specific genetic coefficients for growth, 
beginning with the parameters for phenology and 
followed by the growth parameters of the crop 
(HOOGENBOOM et al., 1992). This procedure 
was performed by a trial-and-error process, i.e., a 
process in which values were assigned to each factor 
by determining whether the model generated results 
close to those measured under field conditions. 

The experiment conducted without irrigation in 
2003 was used to perform the calibration of 
CROPGRO-Dry bean, whereas the experiments 
conducted in the rainy season (2003) and in 2004 
were used as independent data for evaluation.  

The observed dates of flowering and 
physiological maturity and yield were statistically 
compared to the simulated values with the 
coefficient of determination (r2), the index of 
agreement (d) (WILLMOTT et al., 1985) and the 
mean square error (RMSE) (LOAGUE; GREEN, 
1991). 

Simulation of yield 

To evaluate the model as a tool for forecasting 
bean yield, simulations were performed using a 31-
year time series of climate data for the area (1975-
2006). The model was developed to simulate the 
bean yield for the November 20, 2003 sowing date 
(test year). In the first step, the daily weather data 
observed during the base year were used. In the 
second step, the same sowing date was used with a 
seasonal analysis of the data for all years of the series. 
In the third step, the seasonal analysis was 
performed with climate data from the test year for 
the initial phase of the cycle (first 20 days) and for 
the rest of the cycle with data for all years of the 
series. Finally, the historical data were replaced by 
weekly data that were observed for the year of 
interest to test the physiological maturity of the 
crop. The values of the crop yield obtained with 
simulations using the observed data for the full 
year were compared with the values obtained by 
substituting part of the climate data for the 
historical data. Thus, it was possible to generate a 
crop yield forecast and define the period of 
prediction. 

Results and discussion 

The seasonal temperature and rainfall patterns in 
the two experimental years were different (Table 2). 
In 2003, the average air temperature was 1.1 and 
0.9°C above that observed in 2004 and in the historic 
series of 1975-2006, respectively. The total 
cumulative seasonal rainfall was 17% (2003) and 
40% (2004) in relation to the historical average from 

1975 through 2006. However, after the rainy season 
(November through February), irrigation was 
required from May through July. In 2003, 263 mm 
of water was applied, and 120 mm was applied in 
2004. 

Table 2. Mean air temperature and monthly and seasonal rainfall 
in 2003 and 2004. Viçosa, Minas Gerais State, Brazil. 

Year Nov Dec Jan Feb Mar Apr May Jun Jul Seasonal
Temperature (°C)         Average
2003 22.5 24.6 24.3 25.1 24.7 22.5 20.3 19.2 17.4 22.8 
2004 22.5 22.8 23.0 23.2 23.2 22.3 20.0 17.0 17.8 21.7 
(1975-2006) 22.4 23.0 23.5 23.9 23.3 21.9 19.8 17.8 17.5 21.9 
Precipitation (mm)         Total 
2003 163.8 252.1 432.7 27.9 81.4 16.6 21.2 0.0 7.5 1023.5 
2004 195.9 276.0 405.9 388.4 174.4 136.7 41.6 40.7 35.6 1725.8 
(1975-2006) 215.9 239.2 237.9 187.9 141.6 57.4 38.2 15.7 16.3 1234.0 
Irrigation (mm)         Total 
2003 - - - - 0.0 0.0 59.0 152.0 52.0 263.0 
2004 - - - - 0.0 0.0 38.0 61.0 21.0 120.0 
Data not collected (-). 

Test of the CROPGRO-Dry bean model 

Table 3 presents the genetic coefficients of the 
three bean cultivars for the calibration of the 
CROPGRO-Dry bean model for the estimation of 
the growth and development of the plants in the soil 
conditions and climate of Viçosa, Minas Gerais 
State. Seven coefficients define the life cycle 
development characteristics, and eight coefficients 
define the growth characteristics (BOOTE et al., 
2003). According to Didonet and Silva (2004), the 
Brazilian bean cultivars are generally insensitive to 
photoperiod (PPSEN = 0), i.e., their development 
and growth are controlled only by the air 
temperature, with thermal requirements in 
photothermal  days (dft). 
The three cultivars exhibited differences in the 
following genetic coefficients: the duration of the 
period between the emergence of the seedlings and 
the appearance of the first flower; the duration of 
the period between the appearance of the first flower 
and the first pod; the duration of the period between 
the appearance of the first flower and the onset of 
seed formation; and the duration of the period 
between the beginning of the formation of seeds and 
physiological maturity. 

The CROPGRO-Dry bean model showed high 
sensitivity to variation in the genetic coefficients. 
The simulated yields varied under the same climate 
and soil conditions. Similarly, Dallacort et al. (2006) 
reported that a sensitivity analysis of the 
CROPGRO model showed a marked response 
owing to changes in the genetic coefficients of the 
soy cultivars CD 202, CD 204, CD 206 and CD 210 
for the municipality of Palotina, State of Paraná. 
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Table 3. Genetic coefficients used for the calibration of the 
CROPGRO-Dry bean model for three cultivars. 

Cultivars Coefficients 
Pérola Ouro Negro Ouro Vermelho 

CSDL 12.17 12.17 12.17 
PPSEN 0.0 0.0 0.0 
    

Development parameters 
EM-FL 35.5 32.0 34.0 
FL-SH 6.0 5.0 6.0 
FL-SD 11.0 9.0 10.0 
SD-PM 17.0 15.5 16.0 
FL-LF 18.0 18.0 18.0 
LFMAX 1.0 1.0 1.0 

    
Growth parameters 

SLAVAR 270.0 270.0 270.0 
SIZLF 100.0 100.0 100.0 
XFRT 1.0 1.0 1.0 
WTPSD 0.256 0.255 0.255 
SFDUR 9.0 9.0 9.0 
SDPDV 5.0 5.0 5.0 
PODUR 6.5 6.5 6.5 
CSDL – critical day length, above which reproductive development is not affected (h); 
PPSEN – response inclination for the development of the photophase over time (1 h-1); 
EM-FL – period between plant emergence and the appearance of the first flower (R1) 
(photothermal days); FL-SH – period between the appearance of the first flower and 
the first pod (R3) (photothermal days); FL-SD – period between the appearance of the 
first flower and the start of seed formation (R5) (photothermal days); SD-PM – period 
between the start of seed formation and physiological maturity (R7) (photothermal 
days); FL-LF – period between the appearance of the first flower (R1) and the end of 
leaf expansion; LFMAX - maximum leaf photosynthesis rate at an optimal temperature 
of 30 ºC; SLAVARN - specific leaf area under standard growth conditions (cm2); SIZLF 
– maximum size of a completely expanded leaf (cm2); XFRT – maximum fraction of 
the daily growth that is partitioned between the seed and the pod; WTPSD – maximum 
weight per seed (g); SFDUR – duration of the grain swelling period in the pods under 
standard growth conditions (photothermal days); SDPDV – mean seeds per pod under 
standard growth conditions (photothermal days); PODUR – time necessary for the 
cultivar to reach ideal pod conditions (photothermal days). 

Estimated duration of the phenological stages of the bean 

Considerable agreement was evident between 
the observed and simulated values of the number of 
days from sowing to flowering and from sowing to 
maturity for these three bean cultivars (Figure 2). 
The simulated number of days from sowing to 
flowering (SF) showed a high coefficient of 
determination between the simulated and observed 
values. In addition, the agreement index (d) showed 
values as high as 0.99. Moreover, the mean square 
error (RMSE) was 2.97%. These findings show that 
the CROPGRO-Dry bean model effectively 
simulated the phenology of the three bean cultivars. 
The same outcome was observed for the period 
from sowing to maturity (SM). As shown in Figure 

2, the model accurately estimated the period from 
sowing to physiological maturity and showed high 
values for the coefficient of determination (r2 = 
0.99) and for the index of agreement (d = 0.99). In 
addition, the RMSE was low (2.47%). These results 
are consistent with previous studies that showed that 
the model appeared to simulate the phenology of the 
bean cultivars adequately (FARIA et al., 1997; 
MEIRELES et al., 2002). 
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Figure 2. Relationship between the number of observed and 
simulated days from sowing to flowering (SF) and sowing to 
physiological maturity (SM) for three bean cultivars in trials 
conducted in 2003 and 2004 in Viçosa, Minas Gerais State, Brazil. 

Estimated crop yield 

Crop yield was satisfactorily simulated by the 
CROPGRO-Dry bean model for the three bean 
cultivars (Table 4). For ‘Perola’ and ‘Ouro Negro’, 
the observed and simulated values were very similar. 
The percentage of deviation of the estimate ranged 
from -5.58 to 6.24%, with rates of agreement that 
were (d) high (between 0.88 and 0.99) and values of 
the mean square error (RMSE) under 5%. The 
performance of the model for the cultivar ‘Ouro 
Vermelho’ was lower than that for the other two 
cultivars. The value of the RMSE was 12.63%, and 
the value of d was 0.91. These differences may be 
related to the spatial variability of the experimental 
data.  
 

Table 4. Mean values of the simulated and observed grain yield with the CROPGRO-Dry bean model in the calibration phase for three 
bean cultivars. Viçosa, Minas Gerais State, Brazil. 

Cultivars Experiment Simulated Observed PD(1) RMSE d 
  (kg ha-1) (kg ha-1) (%) (%)  

Rainy season 2003 1792 1898 -5.58   
No irrigation 2003 2222 2125 4.56 4.85 0.88 Perola 

2004 2166 2074 4.44   
Rainy season 2003 1600 1545 3.56   
No irrigation 2003 2249 2261 -0.53 3.88 0.99 Ouro Negro 

2004 1908 1796 6.24   
Rainy season 2003 1767 1603 10.23   
No irrigation 2003 2558 2801 -8.68 12.63 0.91 Ouro Vermelho 

2004 2230 2653 -15.94   
(1) PD (%) = [(Estimated - Observed) / Observed] x 100. 
 

 2.47 
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In 2004, a delay in sowing (March 20, 2004) 
compared with the previous year (February 27, 
2003) may have caused the flowering of the bean 
cultivars in 2004 to occur during a prolonged period 
of low air temperatures. It is probable that these low 
temperatures contributed to a decrease in yield from 
2125 to 2074 kg ha-1 (2.4%) for ‘Pérola’, 2261 to 
1796 kg ha-1 (20.6%) for ‘Ouro Negro’, and 2801 to 
2653 kg ha-1 (5.3%) for ‘Ouro Vermelho’. In the 
simulation, the CROPGRO-Dry bean exhibited the 
same trend in yield for the three cultivars. However, 
it showed reductions of up to 2.5 and 12.8% for 
‘Pérola’ and ‘Ouro Vermelho’, respectively. The 
‘Ouro Negro’ cultivar was slightly lower (15.1%) 
compared with the experimental data. 
Forecast of the bean yield 

Based on the meteorological data for 2003, a 
simulation of the bean yield from December 5 to 
February 20 was performed. Figure 3 shows the 
estimates of the yield for the three bean cultivars and 
the standard deviations of the estimates. We 
performed simulations based on weather data for the 
three cultivars for December 5th through February 
20th. The simulation that used the beginning of the 
growing season as its initial data exhibited unrealistic 
values of the yield and high standard deviations. 
Because no irrigation was used, it is possible that this 
result was associated with the shortage of water.  

In contrast, the simulation of the phenological 
stages for better-established cultivars showed 
predicted yields close to the observational data and 
standard deviations close to zero. The standard 
deviations of the estimates of yield for December 20th 
and January 20th for ‘Pérola’, ‘Ouro Negro’ and ‘Ouro 
Vermelho’ ranged from 494 to 222 kg ha-1, 401 to 89 kg 
ha-1 and 411 to 131 kg ha-1, respectively. The most 
reliable estimates of yields with CROPGRO-Dry bean 
could be made 30 days in advance of the harvest for the 
three cultivars. These results are promising because 
farmers and decision makers could have access to 
accurate yield forecasts prior to the final harvest. 
Similarly, the results obtained by Thornton et al. 
(1997) and Soler et al. (2007), using similar 
methodology, showed that the accuracy of the 
estimates of expected income increased toward the end 
of the growing season. Soler et al. (2007) reported that 
the CSM-CERES-Maize model can be a promising 
tool for yield forecasting for maize hybrids grown 
off season in Piracicaba, São Paulo State, Brazil. An 
accurate yield forecast was obtained approximately 
45 days prior to harvest. 
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Figure 3. Yield and standard deviations for beans cultivated in the 
rainy season of 2003 for the ‘Pérola’ (a) ‘Ouro Negro’ (b) and 
‘Ouro Vermelho’ (c) cultivars. 

Conclusion 

The CROPGRO-Dry bean model accurately 
simulated the phenological development and yield 
of the bean cultivars ‘Pérola’, ‘Ouro Negro’ and 
‘Ouro Vermelho’ for the soil conditions and climate 
of Viçosa, Minas Gerais State, Brazil.  

In addition, the model showed high sensitivity to 
genetic variation coefficients and exhibited differences 
between cultivars in the simulations of phenological 
development and yield and proved to be viable as a tool 
for forecasting the yield of beans cultivated in the rainy 
season. Good estimates of the yield were obtained 30 
days in advance of the harvest for the bean cultivars 
‘Pérola’, ‘Ouro Negro’ and ‘Ouro Vermelho’. 

a

b

c

  Simulated yield 
  Observed yield 

  Simulated yield 
  Observed yield 

  Simulated yield 
  Observed yield 
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