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Simulation of corn (Zea mays L.) production in different 
agricultural zones of Colombia using the AquaCrop model

Simulación de la producción de maíz (Zea mays L.) en diferentes 
zonas agrícolas de Colombia con el modelo AquaCrop

Javier García Á.1, Néstor Riaño H.2, and Stanislav Magnitskiy3

ABSTRACT RESUMEN

Due to climate changes and increasing food needs, it is impor-
tant to develop simple models of wide application to determine 
the irrigation needs. The aim of this study was to calibrate and 
validate the AquaCrop model in maize crop of the variety ICA 
V156 in different locations of Colombia, such as Chinchina 
(Caldas), Palmira (Valle del Cauca) and Cerete (Cordoba), situ-
ated at altitudes of 20, 900, and 1,340 m a.s.l., respectively. As 
part of the model calibration, the biomass, harvest index, and 
grain yield were recorded. After the calibration, the Pearson 
correlation coefficient and the respective analysis of variance 
were calculated for each variable. The biomass, harvest index 
and grain yield were different in each study site, with the 
highest grain obtained in Cerete, followed by Chinchina and, 
finally, Palmira. The modeling in each of the locations showed 
similarity between the field data and the simulated data in 
each of the sites. In the calibration, Palmira had the highest 
grain yield (4.9 t ha-1), followed by Chinchina (4.83 t ha-1) and 
Cerete (4.15 t ha-1). The validation in each location allowed for 
the determination of the grain yield, harvest index, biomass 
and the amount of water needed for crop growth, which aver-
aged 3.45 kg of biomass per m3 of evapotranspired water and 
was reflected in an average yield of 1.26 kg of grain per m3 of 
evapotranspired water.

Debido al cambio climático y el aumento de las necesidades 
de alimentos, es importante desarrollar modelos simples de 
amplia aplicación para determinar las necesidades de riego. El 
objetivo del estudio fue calibrar y validar el modelo AquaCrop 
en el cultivo de maíz de la variedad ICA V156 en las condi-
ciones de tres localidades de Colombia: Chinchiná (Caldas), 
Palmira (Valle del Cauca) y Cereté (Córdoba), ubicadas a las 
altitudes de 20, 900 y 1.340 msnm, respectivamente. Como 
parte de la calibración del modelo se registró la biomasa, el 
índice de cosecha y el rendimiento. Después del calibrado, se 
realizó el cálculo de coeficiente de correlación de Pearson y los 
respectivos análisis de varianza para cada una de las variables. 
La biomasa, el índice de cosecha y el rendimiento del grano 
fueron diferentes en cada sitio de estudio, siendo la localidad 
de Cereté (Córdoba) la de mejor rendimiento de grano, seguida 
de Chinchiná y por último Palmira. La modelación en cada 
una de las localidades mostró similitud entre la información de 
campo y la simulación en cada uno de los sitios evaluados. En 
la calibración, Palmira mostró el mayor rendimiento de grano 
(4,9 t ha-1), seguido por Chinchiná (4,83 t ha-1) y por último 
Cereté (4,15 t ha-1). La validación en cada una de las localidades 
permitió determinar el rendimiento, el índice de cosecha, la 
biomasa y la cantidad de agua necesaria para el desarrollo del 
cultivo, la que fue en promedio de 3,45 kg de biomasa por m3 
de agua evapotranspirada, la que se reflejó en un rendimiento 
medio de 1,26 kg de grano por m3 de agua evapotranspirada.

Key words: irrigation, crop growth, yield, soil water, simulation. Palabras clave: riego, crecimiento del cultivo, rendimiento, 
agua del suelo, simulación.

Introduction 

According to Fenalce (2013), corn is the cereal crop which 
occupies the second largest area in Colombia, with 538,569 
ha and a production of around 1.8 million t. The area oc-
cupied by white maize corresponds to 33.2% and yellow 
corn occupies 66.8%; the 50% of these crops use technified 

production (use of certified seeds, application of agrochem-
icals and fertilizers) and the remaining area employs the 
traditional method (Fenalce, 2013). Technified production 
had a minor extension of its area, with a national average 
yield of 4.9 t ha-1, while the yields in traditional production 
were not higher than 1.5 t ha-1. Therefore, it is important 
to increase production in traditional method areas. That is 
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why it is necessary to find the causes of production decline 
with the support of mathematical models that determine 
the factors that influence yield.

The first models of agricultural prediction were used for the 
yield analysis of different crops (Porter et al., 2010). Over 
time, the models increased their complexity by including 
not only the deficiencies of nutrients and water but also 
the damage caused by pests, diseases, and abiotic processes 
that affect the dynamics of the nutrients in soil (Smith et 
al., 2010) and influence plant development (Porter et al., 
2010). With the use of modeling in Albacete (Spain), the 
importance of the irrigation water level for yield was dem-
onstrated, where the water level was able to increase yield 
performance by between 4 and 6.8% when the irrigation 
was modeled (López-Mata et al., 2010). Given that fresh-
water is important in agriculture and the role of irrigation 
is projected to increase in view of climate changes and 
increasing food needs, it is important to develop simple 
models of wide application to determine the irrigation 
needs over the short term and improve the management 
of water resources, a key factor in irrigation. For irrigation, 
modeling is necessary to determine corn development in 
many areas of the world (Grassini et al., 2009).

Climate changes impact crop production; crop manage-
ment has to adapt to these new conditions and models can 
be used to mitigate this situation. The inaccuracy of input 
data, such as precipitation values, implies that models do 
not work well and provide erroneous data. Therefore, to be 
used properly, models must proceed through various stages, 
such as calibration and validation with experimental data 
(Abedinpour et al., 2012). With the support of modeling, 
yield and water use by crops over time were determined 
(López-Mata et al., 2010; Ma et al., 2012). Typically, grower-
generated data are very inaccurate, which makes the use of 
models a tool to observe the actual information, for which 
calibration and adjustment (Raman et al., 2011) are neces-
sary. The aim of this study was to calibrate and validate 
the AquaCrop model for maize var. ICA V156 (Zea mays 
L.) crops under the conditions of Colombia.

Materials and methods 

The data used to run this model were obtained from corn 
(Zea mays L.) cultures of variety ICA V156 in three loca-
tions in Colombia, i.e. Chinchina (Caldas), Palmira (Valle 
del Cauca), and Cerete (Cordoba), selected for having dif-
ferent altitudes, light conditions, temperatures, relative 
humidity, and soils. Plants were sown in the field at a rate 
of 44,444 plants/ha. The plant agronomic management 

involved timely phytosanitary control and plant nutrition, 
consistent with the results of foliar and soil analyzes in each 
site. The daily climate information during the crop develop-
ment was taken from the Corpoica (Cerete, Palmira) and 
Cenicafe (Chinchina) weather stations for the years 2003 
and 2004. With the obtained agro-climatic information, 
this model was calibrated and validated in each location.

The producing areas in Chinchina, Palmira, and Cerete 
were located at altitudes of 20, 900, and 1,340 m a.s.l. 
The experimental plots consisted of plants sown under a 
split-plot design at each altitude with four replicates and 
two treatments that consisted of a combination of two 
genotypes and one sowing density.

At each site, the phenological development of maize was 
studied by recording the days to plant emergence and time 
for vegetative and reproductive development, for which 
destructive and non-destructive samplings were performed 
weekly. The phenological characterization in marked 
plants was determined in days to plant emergence (50% of 
the population), days to male and female fertility (50% of 
flowering plants with spikes and stigmas emitted), days of 
grain filling, and days of harvest. To establish the rate of 
growth and development, plant height from the ground 
to the point of insertion of last two leaves and upper ear 
(cm), stem diameter (at 20 cm from the ground), canopy 
diameter (cm), leaf area (cm), and total number of leaves 
were measured. The leaves (including leaf sheath and 
blade), stem, cob (including bracts and calyx weight, cobs, 
and grains), and spike were dried at 60°C and their dry 
weight was obtained. The yield (kg ha-1) of dry grains (11% 
water content) was measured at physiological maturity. To 
estimate the yield components, rows per ear, kernels per 
row, kernels per ear, kernels per plant, and dry weight of 
100 grains were measured and the data were used to find 
the grain:cob ratio. The management of pests, diseases, 
and weeds was undertaken according to the local practices.

The data were subjected to analysis of variance; the method 
used to compare the mean was the Fisher significant dif-
ference (LSD) at 95% and the final data modeling was cor-
related by the Spearman method. The Pearson test (P≤0.05) 
was applied to determine the correlations between the 
experimental data and the data obtained from the model.

For validation, different weather conditions and produc-
tion were taken at the three altitudes. Likewise, AquaCrop 
(FAO-Italy) analyzed the canopy development starting 
from seedling emergence and lasting until the end of the 
cycle or harvest (Raes et al., 2011). The starting point for 
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calculation of the physiological development of corn, ac-
cording AquaCrop, was 8°C, as it was below this tempera-
ture that the growth and development of the plants were 
inhibited (Steduto et al., 2009).

Results and discussion

Calibration-biomass
Figure 1A shows the biomass in Cordoba for the experi-
mental and modeled data, with the experimental data of the 
final biomass at 12.48 t ha-1, whereas the model presented 
14.49 t ha-1. The biomass increased daily until flowering, 
which ceased vegetative growth and started reproductive 
growth. The measured and modeled biomass were not 
statistically different at the 5% level, which shows that the 
calibration was performed successfully (Tab. 1). According 
to the experimental data and simulation of the biomass, 
the biomass increased at the final period of grain filling. 
It was found that AquaCrop adequately simulated the 
biomass for the tested conditions, but a higher biomass 
performance could be possible with increased irrigation 
(Araya et al., 2010). 

The relationship between biomass, yield and amount of 
water used to produce the grain for Cerete indicated an 
increase in water consumption at the start of grain for-
mation (Fig. 2A). In maize, the AquaCrop model, under 

conditions of drought and high soil moisture, showed that 
the highest water use efficiency by the plants was found in 
drought conditions (Stricevic et al., 2011) and the higher 
variability was found with excessive moisture levels in the 
soil (Salemi et al., 2011). The simulation provided a biomass 
potential of 16,248 t ha-1, which, possibly, could be reflected 
in a higher yield. At the same time, the high amounts of 
biomass did not always result in a higher yield, as was found 
by Salmerón et al. (2012), who simulated plant densities in 
maize and obtained an increase of biomass per unit of area, 
but the yield was not increased. 

Similarly, García-Vila and Fereres (2012) calibrated AquaC-
rop in southwestern Spain for corn and found that the 
biomass produced by corn ranged between 25.07 and 30.94 
t ha-1 for the observed values and between 28 and 30 t ha-1 
for the simulated values, which differed from the observed 
values and showed a potential for biomass production that, 
possibly, reflects a higher yield potential.

Calibration-harvest index 
The harvest index showed (Figs. 1B, 2B) the affinity bet-
ween the modeled and field data, giving rates of 33.9% 
(simulation) and 35.2% (obtained) of the final harvest. The 
calibration for the harvest index was confirmed with the 
analysis of variance, where no statistical difference between 
the measured and modeled values was found (Tab. 1). 
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FIGURE 1. Comparison between estimation by AquaCrop and experimental data of corn in Cerete (Cordoba, Colombia) for model calibration. A, 
biomass; B, harvest index; C, yield. Bars indicate standard error.

TABLE 1. ANAVA variables for dry biomass, harvest index and yield in the calibration of the AquaCrop model for corns crop (Cordoba, Colombia).

Source Sum of squares G L Quadratic mean F calculated P value

Between biomass 1.06818 1 1.06818 0.1435 0.7114
Within biomass 89.30010 10 7.44168
Between indices 0.401817 1 0.40181 0.02 0.8771
Within indices 193.176 10 19.31
Between yields 0.00225831 1 0.00225831 0.001 0.9710
Within yields 19.617 10 1.63475
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Likewise (Fig. 2B), the appearance of inflorescences coin-
cided with the cessation of canopy development, indicating 
the starting point for the formation of harvest index; for 
the current year, this value was obtained at day 62 after 
emergence. This information coincides with the start of the 
harvest index and the cessation of the leaf emission rate in 
plants of determinate growth, such as maize (Fageria et al., 
2006). Equally, it was observed in maize that a longer grain 
filling was associated with a higher yield (Bolaños, 1995).

Calibration-yield 
The calibrated and experimental values of yield were on 
average 4.9 and 4.3 t ha-1, respectively, in Cerete (Fig. 1C). 
The statistical analysis showed no difference between the 
yields (Tab. 1). The modeling indicated a potential yield 
that could be obtained through crop management and 
fertilization, which is one of the advantages of the model, 
as suggested by Sommer et al. (2007), who evaluated the 
importance of different forms of soil preparation and fer-
tility for maize production in Mexico. 

The modeling suggested potential increases in the biomass 
and harvest index consistent with the efficient use of water 
for conversion in the biomass (Fig. 2C), with 3.45 kg of bio-
mass produced per 1 m3 of evapotranspired water, this, in 

turn, resulted in an average yield of 1.26 kg grain per 1 m3 
of evapotranspired water (Figs. 2A, 2C). Similarly, Garcia 
and Garcia et al. (2008), calibrating AquaCrop for corn in 
Spain, found that the observed yield varied between 12.7 
and 16.9 t ha-1 and the yield simulated by the model was 
between 12.9 and 17 t ha-1, which indicated a potential 
production.

Table 2 shows the Pearson rank correlations between each 
pair of variables, measured and modeled. The correlation 
coefficient ranged from 0.76 to 1.00 and measured the 
strength of the association between the variables (Wilks, 
2011), yielding positive values close to 1.00, which indicated 
that both variables (measured and simulated) were posi-
tively correlated with time. Likewise, its proximity to 1.00 
showed the high correlation between the field data and the 
data obtained in the calibration exercise for the variables 
of biomass, harvest index, and yield (Tab. 2).

Validation-biomass 
Figure 3A shows the development of corn biomass in the 
validation exercise in Cordoba. The modeled biomass was 
high in both the calibration and validation, with values du-
ring the production cycle of 14.7, 14.48, and 12.49 t ha-1 for 
validated, calibrated, and measured biomass, respectively. 

FIGURE 2. Water consumption for corn in Cerete (Cordoba, Colombia) during the calibration of the AquaCrop model. A, biomass produced per 1 m3 of 
evapotranspired water (WPet) and transpired water; B, harvest index (HI) and canopy cover (CC); C, water use, yield and yield water consumption.
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TABLE 2. Pearson correlation coefficients (P≤0.05) for the variables of biomass, harvest index, and yield of corn in the calibration of the AquaCrop 
model.

Simulated biomass Measured biomass Measured  
harvest index 

Simulated  
harvest index Simulated yield Measured yield

Simulated biomass 1.00000      0.98372              0.91410             0.87096               0.87589              0.84830
Measured biomass 0.98372 1.00000 0.84102        0.79156        0.79320        0.76701
Measured harvest index 0.91410 0.84102 1.00000 0.98608 0.99115 0.97479
Simulated harvest index 0.87096 0.79156 0.98608 1.00000 0.99738 0.99787
Simulated yield 0.87589        0.79320 0.99115 0.99738 1.00000 0.99402
Measured yield 0.84830 0.76701 0.97479 0.99787 0.99402 1.00000
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In Chinchina, which had a higher availability of soil water 
during the crop cycle, the highest biomass varied between 
13.6 and 15.18 t ha-1 (Fig. 3B), presenting, possibly, a more 
than sufficient consumption of water as found by Steduto 
et al. (2009) in corn and other plant species with a high 
availability of water in the medium. 

The biomass validated for Palmira was 10.2 t ha-1, while the 
measured and calibrated biomass were 9.73 and 14.48 t ha-1, 
respectively (Fig. 3C). As seen in the validation, the biomass 
was lower, possibly, because of a water shortage observed 
in Palmira at that time, with only 293 mm of rainfall, de-
fining a low biomass as found by Pérez et al. (2009). The 
trend in the validation and calibration was overestimating 
the biomass, possibly because the mathematical structure 
of the model assumes that the plant is constantly growing, 
even after the emission of the inflorescence, which stops 
the leaf emission rate; the results were obtained not with 
AquaCrop but with Apex (Wang et al., 2008) and other 
models (Geerts et al., 2010; Zhang et al., 2010; Powers et 
al., 2011; Coll et al., 2012).

Validation-harvest index 
The harvest index for Cerete (Cordoba) was 33.9% (va-
lidated), 35.2% (measured) and 34.9% (calibrated) (Fig. 
4A). Echarte et al. (2011) mentioned that the harvest index 
depends on different factors, primarily genetic conditions 
of seed material and, secondly, the amount of soil water, 
so that a higher amount of water in the soil is very likely to 
result in a lower harvest index; situations that may be asso-
ciated with the validating data for Cerete (Cordoba). The 
harvest index in the validation for Chinchina (Caldas) was 
35.9%, which is comparable with the calibrated (35.23%) 
and the measured harvest indexes (33.9%) (Fig. 4B). Also, 
the validation harvest index was 34.6% for Palmira (Fig. 
4C), while the calibrated and measured ones were 35.23 and 

FIGURE 3. Biomass obtained in the validation of the AquaCrop model, compared with the measured and calibrated data. A, Cerete; B, Chinchina; C, 
Palmira.
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33.9%, respectively, a trend that has been presented in each 
of the evaluated locations. It is possible that, according to 
Gambín et al. (2006), the amount of water available in the 
soil, at the time of flowering and the start of grain filling, 
was sufficient to completely form the ear and did not affect 
the harvest index. 

Validation-yield
The yield obtained in Cerete during the validation was 
4.15 t ha-1, less than the calibrated value of 4.9 t ha-1 and 
intermediate to the measured yield of 4.3 t ha-1 (Fig. 5A). 
Our results are similar to those reported by Abedinpour et 
al. (2012), who evaluated various corn hybrids and varieties 
and found that the yields obtained in the validation were 
similar to the yields from both the modeled and measured 
data. Additionally, Domínguez et al. (2012), in a corn crop 
in Spain, found that the Mopeco model simulated the yield 
and water use by the crop equal to AquaCrop.

The yield obtained when validating the model in Chinchina 
was 5.06 t ha-1, the calibrated yield was 4.9 t ha-1 and the 
measured yield was 4.34 t ha-1 (Fig. 5B). The harvest values 
showed that it is possible to reach a higher yield, although 
Sadras and Slafer (2012) suggested that it is necessary 
to consider grain size when evaluating the yields in the 
modeling. 

 In the validation of the model for Palmira (Valle de Cauca), 
the yield was 5.69 t ha-1, the measured yield was 4.7 t ha-1, 
and the calibration yield was 4.9 t ha-1 (Fig. 5C). It is likely 
that the water deficit that occurred in this location affected 
the yield and canopy development.

Water use-Cerete 
The amount of water used in Cerete (Tab. 3) to form 1 kg 
of biomass was 2.5 m3. This value can be considered a high 
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one, possibly because corn plants use more water for the 
formation of biomass than other species, as reported by 
Singh and Singh (1995) and Echarte et al. (2011), who stu-
died maize, sorghum, and millet, and observed that maize 
used more water to form 1 kg of biomass than sorghum 
under the same conditions. 

TABLE 3. Data generated by AquaCrop for biomass, canopy, harvest in-
dex, and yield in the validation for the three locations of Colombia.

Location
Maximum 

canopy
(days)

Water 
biomass
(kg m-3)

Water
yield

(kg m-3)

Yield
(t ha-1)

Cerete 60 2.5 0.34 4.15

Chinchina 69 1.79 0.63 4.15

Palmira 80 2.3 0.32 5.06

For yield formation, 1 m3 of water was used to form 0.34 
kg of dry grain (Tab. 3); however, the amount of water in 
plants at grain filling is a determining factor for yield and 
might have more effect on yield formation than soil water 
level or fertilization (Fernández et al., 1996). The amount of 
water in a plant allows for the development of biomass that 
ultimately will be reflected in better grain filling (Gambín 

et al., 2006). Likewise, the density and the amount of water 
presented in the soil can directly influence the development 
and production of maize as found by Salmerón et al. (2012) 
in a simulation of model DSSAT-CERES-Maize in dry 
soil conditions in Zaragosa (Spain), where the population 
density and depth of irrigation influenced the grain yield 
at between 28 and 77%. 

Part of the water used by the plants participates in the pro-
cess of respiration; we found that plants consumed about 
2.13 mm of water per day for this purpose (data not shown), 
with a low water consumption at the initial stages, probably 
due to a lack of canopy development and increased solar 
radiation above the ground. After flowering and up to 63 
d, there was a water deficit (Fig. 6A) that was repeated be-
tween 65 and 80 d, which affected the formation of biomass 
(Steduto and Albrizio, 2005).

To calculate a balance, the amount of rainfall throughout 
the crop cycle was taken into account, with 311.9 mm of 
rainfall during the crop cycle and a crop requirement of 
134.9 mm of water to complete the cycle. Consequently, the 
required water amounts should be applied on days 6, 13, 
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FIGURE 4. Harvest index (HI) at three altitudes in the validation of the AquaCrop model for corn crop. A, Cerete; B, Chinchina; C, Palmira.

FIGURE 5. Yield obtained at the beginning of flowering during validation of the AquaCrop model for corn crop. A, Cerete; B, Chinchina; C, Palmira.
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and starting from days 22 to 28, 34 to 35, 37 to 45, 55; 70 to 
94, to avoid affecting the yield (Fig. 6A). In that sense, Ma 
et al. (2012), in Colorado (USA), found, when calibrating 
a RZWQM2 model for corn, that evapotranspiration data 
was a tool to determine irrigation schedules for corn and 
to increase yield.

The database generated by AquaCrop showed that the 
total crop transpiration was 198.6 mm during the crop 
cycle, with an average of 2.13 mm d-1, and the total evapo-
transpiration was 342.2, with an average of 3.49 mm d-1 
(Fig. 6B). Ding et al. (2013) and Fernández et al. (1996) 
estimated the evapotranspiration of maize in a semi-arid 
area and found that the highest values of evapotranspi-
ration corresponded to those periods when direct solar 
radiation was higher and crop development was less. The 

results of these authors coincide with the findings of the 
present study, where a lower altitude area had the highest 
values of solar radiation (data not shown).

Water use-Chinchina 
Based on the output from the AquaCrop model in the 
validation, no additional water requirements were shown, 
since the amounts of rainfall were sufficient for the deve-
lopment and productivity of plants in this location. The 
amount of biomass formed per 1 m3 of used water was 
1.79 kg, so the total biomass was 16.2 t ha-1 and the water 
used to form the yield was 0.63 kg m-3 (Tab. 4). The data-
base showed that the overall transpiration of the plants 
was 222.4 mm during the cycle, with an average of 1.78 
mm d-1 (Fig. 7); similarly, the total evapotranspiration 
was 212.9 mm.

FIGURE 6. Net water requirements for corn in the validation of the AquaCrop model in Cerete (Cordoba, Colombia). A, irrigation needs; B, evapo-
transpiration and maximum crop transpiration.
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Water use-Palmira
Although rainfall for this area during the crop cycle was 
296.3 mm of water (less than for Chinchina), it was suffi-
cient for crop development and yield; therefore, a water 
need for these growth conditions was not reported by the 
modeling. The relationship between evapotranspiration 
and crop transpiration in this area had the same behavior 
as observed in the other locations (Fig. 7), despite having 
different temperatures and rainfall regimes. At the begin-
ning of crop cycle, the evapotranspiration exceeded the 
transpiration (Fig. 7A and B) due to the lack of soil cover 
by the crop, allowing solar radiation to directly reach the 
ground, evaporating more water. In Palmira (Fig. 7B), the 
high evapotranspiration by the plants in the final third 
of the crop cycle was possibly due to high temperatures 
and low rainfall, which could indicate less time between 
physiological maturity and harvest maturity.

Our study showed that AquaCrop can be applied from 
two perspectives; assessment of crop yields in monitoring 
and evaluating crop development daily, weekly, decadal, 
monthly, or as desired, since the model allows for modeling 
of these situations. For the first case, one can get results 
from simulations of biomass production and final crop 
yield and adjustment of some non-conservative param-
eters. For the second case, simulation parameters can be 
adjusted from a statistical evaluation which refers to the 
actual agronomic performance of the crop; for example, 
monitoring the development of the canopy cover or canopy, 
dry biomass, and grain yield throughout the growth season.

Conclusions

Using secondary information, AquaCrop described the 
behavior of corn var. ICA V156 evaluated under Colombian 
conditions well, showing a yield similar to that measured. 

AquaCrop is a robust model, with relatively few parameters; 
it is intuitive and has a wide spectrum of applications that 
can help optimize agricultural production. 

This model permits the determination of the water deficit 
and schedule for supplemental irrigation, and facilitates 
the evaluation of the irrigation impact, fixed level of irri-
gation water and fixed intervals under different irrigation 
methods. 

This model focuses on the efficiency of the water require-
ment of the plants because it is the key driver of agricultural 
production as it tracks the continuous movement of water 
from the absorbing roots to the leaves.
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