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ABSTRACT. To overcome the challenges encountered in banana cultivation, such as the high cost of
production due to high water consumption by the banana plant, efficient management practices are being
adopted. The use of agricultural forecasting techniques is an alternative that has been gaining attention in
rural areas. One way to manage and improve agricultural productivity is the use of technologies that allow
the monitoring of production. The implementation of computational tools as software to aid processes,
such as irrigation management, is gradually taking up space in the agricultural sector. In this light, herein,
the present study aimed to develop a model using STELLA 8.0 software to estimate the growth and
productivity of irrigated banana (Musa sp.). For this, the physiological processes and water demand were
calculated using reference evapotranspiration (ETo) and culture evapotranspiration (ET.) in the first banana
cycle for the climatic conditions of the Jaiba Project (Jaiba, Minas Gerais State, Brazil). The data of the
climatic conditions were obtained from the National Institute of Meteorology. It was verified that the
average monthly ETo was 5.78 mm day'. In addition, the water requirement of the plant corresponded to a
blade equivalent to 65% of ETo. The verified productivity was 8.93 t ha!, which is considered adequate for
the simulated conditions. The model responded efficiently to the proposed application and was
characterized as a prognostic tool of reality through simplified representation.
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Introduction

Banana is prominent in world agriculture and is among the ten most produced and exported crops (FAO,
2015). It is one of the fruits present in the meals of the Brazilian population, demonstrating its relevance in
the national agribusiness (Gongalves et al., 2008).

With world productivity at around 117.9 million tons in 2015 (Kissel, van Asten, Swennen, Lorenzen, &
Carpentier, 2015), the cultivation of bananas exhibited an expressive growth when compared to the world
production in 2007 of only 70 million tons, according to Rodrigues and Leite (2008). However, according to
Olivares et al. (2020), banana productivity varies depending on the producer country and variety of bananas.

According to Kissel et al. (2015), water scarcity is expected to affect the agricultural sector, thus causing
evident droughts in areas planted with bananas. In most Brazilian regions where the fruit is produced,
precipitation is insufficient, resulting in reduced fruit quality and quantity. Because the water consumption
of the banana plant is high, it is essential to use irrigation to keep its tissues hydrated and meet its
morphological needs.

Irrigated agriculture is one of the largest consumers of water on the planet (Christofidis, 2013). High
agricultural water consumption is often associated with the low efficiency of water use systems, as well as the
inapplicability of irrigation management methods (Bernardo, Mantovani, Silva, & Soares, 2019).

According to Coelho, Filho, and Oliveira (2005), the environmental sustainability of irrigated agriculture
will only be possible if there is an efficient use of water to make irrigated projects feasible. This entails the
management and adoption of appropriate management techniques, in addition to the implementation of new
methodologies that favor their correct use.

According to Albuquerque (2012), the agricultural sector has a variety of computational tools for different
functionalities and processes, including irrigated activity. Moreover, Jame and Cutforth (1996) considered the
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technological progress of computing responsible for creating interactions by combining factors; in particular,
quantitative organization of the soil, plants, and climatic conditions to accurately establish cultural
productivity through simulation models.

The models are defined as a base formed by mathematical equations that reproduce a physical system, for
example, the soil-water—atmosphere. It is possible to represent the performance of a culture in the field and
estimate the growth of its constituents to quantitatively inform the fundamental processes for its growth and
development. Thus, the validated model can be used as an instrument for agricultural forecasts and
productivity management (Jame & Cutforth, 1996).

The crop yield models available on the market may present some limitations in the simulation of the data,
owing to factors, such as the inadequacy of the type of culture to be modeled, lack of data validation and
calibration, and the complexity of use.

The simplicity and practicality of STELLA characterize it as an efficient software for modeling and
understanding complex systems. Researchers, such as Ouyang et al. (2014) and Ouyang (2008) have proven
the effectiveness of the software in system dynamics.

The objective was to develop a simulation model capable of predicting the development, productivity, and
water demand of the irrigated banana plant using a computational model developed by STELLA 8.0 software.

Material and methods

STELLA 8.0 software (Isee Systems, 2017) was used to model the growth and production of the irrigated
banana tree (Musa sp.). The field data for comparison between the simulation and experimental values were
obtained from the studies by Figueiredo et al. (2006).

Data Collection

The input data of the model referring to the environmental conditions were obtained from online
databases, made available by the National Institute of Meteorology (INMET, 2017) of the Mocambinho
Station, Minas Gerais State, Brazil. These data refer to the daily precipitation records, solar radiation,
maximum and minimum temperatures, relative humidity, and wind speed, corresponding to the period from
April 1999 to May 2001. The soil data were based on the characteristics of the sandy soil found in an area
located in the Jaiba Project (15°20' S and 43°40' W), as described by Figueiredo (2006).

To determine the cultural coefficients of the different phenological phases, the values established by
Figueiredo et al. (2006) were parameterized in comparison with the data recommended by Allen et al. (1998).
The phases were defined based on the accumulated temperature (thermal integral), taking the base
temperature and maximum temperature described by Coelho (2012) as the reference.

The water depth applied in the irrigation was obtained from the soil water balance, which refers to the
difference between the inputs and outputs. Therefore, to determine the soil water balance, the values of crop
evapotranspiration and precipitation data were considered.

Model Structure

The architecture of the model consists of submodels, such as the soil water balance, thermal integral,
liquid photosynthesis, dry plant weight, and organizational structure throughout the system.

The soil water balance submodel includes soil, climate, and crop conditions, as well as reference
evapotranspiration (Penman—-Monteith FAO 56 equation; Allen et al., 1998). The integral thermal submodel
was based on modeling the phenological state of the banana from the accumulated temperature.

Productivity analysis was performed using the net photosynthesis and dry matter production submodel of
the plant, involving cultural growth, calculation of gross and net photosynthesis, respiration, and partitioning
of cultural components. All this information was defined for the temporal characterization in days.

Soil Water Balance Submodel

To characterize this submodel, information regarding the field capacity, permanent wilt point, saturation
point, and root depth of the banana tree was introduced. Soil water inflow was defined by infiltration, and the
soil water outflow data were characterized by percolation, surface runoff, reference evapotranspiration (ETj),
and culture evapotranspiration (ET.). ET, was calculated from the following evapotranspiration equation
(Penman—Monteith FAO 56 equation; Allen et al., 1998).
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ET,= 0,408 (Rn-G)+ yma=ty (e5- €)
A+y(1+0,34uy)
where:

ET, - reference evapotranspiration (mm day);

Rn - balance of radiation to the crop surface (M] m? day!);

G - soil heat flux density (M] m% day!);

T - air temperature at 2 m high (°C);

u; - wind speed at 2 m in height (m s7!);

e; - saturation vapor pressure (kPa);

e, - partial vapor pressure (kPa);

A - slope of saturation vapor pressure curve (kPa °C); and

Y - psychrometric coefficient (kPa °C™').

The culture evapotranspiration of the crop (ET.) was established from the reference evapotranspiration
product (ETo) using the respective crop coefficient (K.) of the current phase of the plant. The adopted Kc is
characterized as a model parameter. In the case of water deficit, the coefficient of soil moisture deficit was
considered in the calculation of ET,. The K.was divided into three phenological phases: Kc;, Kcs, and Kcz. Kc;
and Kcs are fixed values obtained from the calibration of the values indicated by Allen et al. (1998) and

Figueredo et al. (2006), whereas Kc; corresponds to a rising line representing phase II and is expressed as:

M

Kc, = Ko+ (Kes- Kep) Xiz (2)

where:

Kc; - cultural coefficient of phase II;

Kc; - cultural coefficient of phase I;

Kcs - cultural coefficient of phase III;

t - time from the start of phase II (d); and

X, - duration of phase II (d).

The water content in the soil was determined by the balance between inflows and outflows. The inflows
were characterized by precipitation and irrigation, while the outflows were characterized by drainage and
evapotranspiration of the crop. Only the portion of the water from the precipitation that contributed to the
reduction of the water deficit up to the limit of the field capacity was considered. Particularly, the water
infiltration dynamic is effective when the soil water content is lower than the saturation moisture, a condition
assumed for the inflow of water. For the outflow, the criterion adopted for the water lost through drainage
refers to a water content greater than the moisture content of the field capacity.

Irrigation was carried out according to the needs observed with the results of this balance for theoretical
purposes, as described by Figueiredo et al. (2006).

Thermal integral submodel

The thermal integral or thermal accumulation used in the model was based on Equation (3), as established
by Arnold (1959).

(Tmax + Tmin) “Tb (3)
2

GD =

where:

GD - degrees-day (°C day!);

Tmax - maximum temperature (°C);

Tmin - minimum temperature (°C); and

Tb - base temperature (°C).

To dynamize the model, the phenological state of the banana plant was defined by the difference between
the thermal integral of each phase depending on the conditions of the place where the plant was inserted.
Thus, to calculate the thermal integral, the values of base temperature (Tb), average temperature (Tmed), and
average duration (in days) were established. Accordingly, an approximate thermal duration (°C day!) was
obtained for each phase, as shown in Figure 1.

According to Robinson and Satco (2010) and Coelho (2012), the base temperature for bananas is 14°C;
however, Turner and Fortescue (2010) and Coelho (2012) classified vegetative zero at 13°C in the tropics.
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Therefore, the value for the variable Tb was defined by the mean values proposed by the authors (13.5°C).
The mean maximum temperature was approximately 37°C (Coelho, 2012) which was inserted into the
base model.
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Figure 1. Schematic representation of the banana plant cycle. Durations of phenological phases for banana type Prata-ana. F =
Emission of inflorescence; C = Harvest of the bunch; GD = Degrees-day. Source: adapted from Coelho (2012).

Net photosynthesis submodel

This submodel was developed by calculating the daily net photosynthesis, obtained from the difference
between crude photosynthesis and respiration (Lakso & Johnson, 1990). Thus, Equation (4), which expresses
the crude photosynthesis, was adapted from the exposition by Charles-Edwards (1982) as follows:

GP= RUE~RADx|(1-exp(-k.IAF))|xFTxFH,0 4)

where:

GP - gross photosynthesis (g CO, m? day!);

RUE - radiation use efficiency (g MJ™);

RAD - incident solar radiation (M] m2);

k - canopy light extinction coefficient;

IAF - leaf area index;

FT - temperature factor; and

FH,0 - water availability factor.

The radiation use efficiency or the active photosynthetic efficiency used for the modeling was 2.68 g MJ !
(Melo, Fernandes, Sobral, Brito, & Dantas, 2010). For the canopy light extinction coefficient, the value of 0.9
was accepted, because Coelho (2012) stated that "90% of the radiation is intercepted by the leaf canopy”.
The leaf area index was determined using Equation (5).

IAF = 2,357In(time)-10,30 (5)

where time is calculated in days.

The temperature factor (FT) varied between 0 and 1. FT values were estimated from the FT versus Tméd
plot, which represents the behavior of the plant in response to temperature in the following intervals: 2-20°C
(linear increase of FT), 20-25°C (FT = 1), and 25-45°C (linear decrease in FT).

The availability of water in the soil affects the photosynthetic process and is fully interconnected with
plant development. When the soil moisture is in the field capacity, the value of FH;O will be equal to 1. When
there is a water deficit, the value of FH,0 will be equal to the coefficient of water stress (Ks).

The determination of Ks, for converting ETc into actual crop evapotranspiration (ETr), was based on the
relationship proposed by Pierce, who concluded that ETr will remain above 90% of ETc as long as soil moisture
is more than one-third of the available water; then, it will fall rapidly in an exponential form until the soil
moisture reaches a permanent wilting point (Bernardo, Mantovani, Silva, & Soares, 2019).

Net photosynthesis was calculated as shown in Equation (6).
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Pn=GP - GR (6)

where:
Pn- net photosynthesis (g CO, m2 day!);
GP - gross photosynthesis (g CO, m? day!); and
GR - growth respiration (g CO; m? day!).
The respiration of growth was obtained from Equation (7) as follows:

GR=GP xr, )

where r. is the respiration coefficient.
The established value for the respiration coefficient was 0.05. This parameter was first estimated based on
values taken from the literature, then calibrated for our data through numerical optimization (calibration).

Dry matter production and distribution submodel

In this submodel, the weights of the dry plant biomass were determined. For each organ, a partition
coefficient was defined for each phenological phase of the plant. The product of the partition coefficient and
net photosynthesis corresponded to the growth of each organ.

The plant's dry matter is directly related to its growth and development within the cycle, assuming
different values depending on the plant component. The partitioning of biomass or dry weight characterizes
the growth differentiation process, as it is determined by coefficients that vary according to the phenological
period. Thus, the partition coefficients were adjusted based on the plant’s dry mass values described in the
literature and subsequently calibrated for the model.

The inputs of this submodel were the initial weight and growth of the organ, and the outputs were the
maintenance breath that was obtained by multiplying the organ weight, respiration coefficient, and
temperature factor.

Based on the premise that each part has a different response to the weight and growth in each phase of the
cycle, the partition coefficients assumed different values in each phenological phase, that is, 0.28 for the
juvenile phase, 0.17 for the flowering phase, and 0.16 for the harvesting phase. For the stem, dry matter
partition coefficients of 0.30, 0.40, and 0.39 were established, following the respective phases previously
mentioned. The coefficients adopted for the root partition were 0.04, 0.04, and 0.02 for the juvenile, flowering,
and harvesting phases, respectively. In the partition of the fruit, the value 0.25 was adopted, referring only to
the stage of flowering when the fruits start filling.

Statistics for model evaluation

According to Soltani and Sinclair (2012), some statistics can be used to test the robustness of a model, such
as bias. Bias is obtained by calculating the average deviation between the model predictions and the system
measurements as follows:

Bias=)(Yi- Xi)/n

where Xi is the measured value, Yi is the simulated value, and n is the number of pairs of measured and
simulated values that are used in calculating bias.

The mean relative error (MRE) determines the magnitude of errors in relative terms and is expressed as a
percentage of:

100 0;— P;
MRE: 22 yn | i |
n Zl_l 0;

where Oi and Pi are the observed and predicted values by the model, respectively; n is the number of
observations, and i is the time interval.

Results and discussion

Determination of Cultural Evapotranspiration (ETc)

The water requirement of the crop was obtained by calculating the evapotranspiration based on the
climatic data of the Jaiba Project region for the simulated period. The cultural evapotranspiration was
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calculated by multiplying the average monthly evapotranspiration value (ET,) by the Kc of the phenological
phase of the plant. Thus, different values of cultural coefficients were attributed to the distributed months
depicted in the Table 1 below, with the month of planting being December 1999.

Table 1. Distribution of Kc, ETo and ETc in the banana plant cycle.

Plant age (month) Kc ETo(mm day™) ETc (mm day!)

1 0.70 3.96 2.77

0.70 4.16 291
3 0.70 6.14 4.29
4 0.74 5.03 3.72
5 0.81 5.89 4.77
6 0.88 5.52 4.86
7 0.95 5.39 5.12
8 1.02 5.87 5.98
9 1.09 7.53 8.20
10 1.10 7.66 8.42
11 1.10 7.95 8.74
12 1.10 4.44 4.88
13 1.10 3.24 3.56
14 1.10 6.94 7.63
15 1.10 6.95 7.64

The results of the crop coefficients were higher than those recommended by the FAO, ranging from 0.56
to 0.85. However, the values were close to those recommended by Allen et al. (1998), which established a
variation between 0.5 and 1.1. There was only a subtle difference in the initial Kc, which was higher than the
recommended value. However, it resembles the initial Kc obtained by Figueiredo et al. (2006) of 0.71, while
the region analyzed by the author corresponds to the one simulated in the model with the climatic data
referring to the same evaluation period.

The higher the frequency of irrigation, the higher the initial Kc (Bernardo, Soares, & Mantovani, 2008),
considering that frequency of irrigation depends on the evapotranspiration demanded and the soil moisture
of the site. Based on the values defined for Kc, the respective ETc values were obtained, as shown next to the
reference evapotranspiration (ET,) in Figure 2.

mm day-!

Days

Figure 2. Reference evapotranspiration (ETo) and culture evapotranspiration of the crop (ETc) throughout the cycle. In the graph, the
blue line (1) depicts reference evapotranspiration, the red line (2) characterizes the crop evapotranspiration, and the pink line (3)
represents the distribution of the cultural coefficients.

The average reference evapotranspiration (ET,) simulated by the model during the first cycle of the plant
was 5.78 mm day!. This value is close to the usual value (5.5 mm day!) obtained in the region according to
Figueiredo (2006). This small variation may be due to the climatic variability that occurs every year and the
difference in climatic seasons in which the data were collected.
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In the hottest months of the year in the region (August, September, and October), the highest
evapotranspiration values were observed. The evapotranspiration of the crop was highest in October, which
is the eleventh month of the plant age, as shown in Table 1. This response is due to the climatic conditions of
the region because October is characterized as the driest month.

Bezerra et al. (2017) proved the high evapotranspiration value of crops in the driest month. The authors
pointed out that the region of Missao Velha, located in the state of Ceara (Brazil), which has the same climatic
characteristics as the simulated region, showed the highest evapotranspiration rate of the banana in October
and November.

The water demand was characterized by the accumulation of crop evapotranspiration (ETc) during the
simulated period, which corresponded to 2,360 mm. This result is within the expected range for the banana
tree because the crop requires consumption of approximately 150 to 200 mm of water per month as stated by
Coelho (2012). Furthermore, the water consumption is dependent on different conditions (climate, soil,
irrigation management) to which the plant is submitted.

In addition, Figueiredo (2006) obtained a similar water requirement, corresponding to 1,999.43 mm. The
quantity of irrigated water in the simulation, intended to meet the water requirements of the crop, was
equivalent to approximately 65% of ET,.

Soil characteristics and water content

The soil water balance submodel is represented by a flowchart, also called the Forrester diagram (Forrester,
1992). It describes the schematization of the model by levels and flows, as presented in Figure 3.
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Figure 3. Structure of the soil water balance in the soil by STELLA 8.0 software. Scheme for describing soil water balance, where Swc corresponds to soil
water content, fc - field capacity (mm), pwp - permanent wilting point (mm), p - availability factor, Z - root depth (mm), WAF - water availability factor,
and Sat is the saturation of soil water.

The simulated soil is characterized as sandy, with the values of field capacity and permanent wilting point
corresponding to 8.72% and 2.37% of humidity, respectively. The effective depth of the root system was assumed
to be 30 cm. These values were based on a study by Figueiredo (2006). Thus, the water availability factor (WAF) of
soil water (mm) was determined. As shown in Figure 4, the value of the blade to be irrigated was calculated to
prevent water deficit and maintain the plants in water availability factor (WAF) of soil water (mm).

The soil water limit was 16.93 mm, which was satisfactory when compared to the 16.7 mm value found by
Figueiredo (2006). The water layer applied to the soil was 17.60 mm, considering a gap related to the average
ET,. This value is slightly higher than that used by Figueiredo (2006), with a difference of 20%. This behavior
may be associated with the difference in some readings of climatic conditions of the analyzed period because

Acta Scientiarum. Agronomy, v. 45, e58947, 2023



Page 8 of 13 Silva et al.

the climatic data collected by the author came from an automatic station installed at the planting site. In
addition, the mean ET, observed by Figueiredo (2006) was lower than that reported previously. Thus, high
consumption of water by evapotranspiration results in high demand for water to supply the needs of the plant.
A few blue peaks are observed in the graph presented in Figure 4, referring to the elevation of soil water
content (Swc), which is justified by the concentration of rain in this interval.

Figure 5 shows the amount of rain during the period simulated by the software. It was verified that there
was a greater concentration of rain in the months of January, October, and December than in the other
months. This indicates that there is a great need for irrigation to meet the water demand of crops in the region.
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Figure 4. Soil water balance using STELLA 8.0 software. Graphical representation of the water limits in the soil where 1 - Swc - Water
content in the soil (blue line) at a depth of 30 cm, 2 - fc - Field capacity (red line), 3 - Effective irrigation (yellow line); 4 - WAF - Water
availability factor (green line), and 5 - Pr - Precipitation (orange line).
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Figure 5. Precipitation values of the Jaiba Project from December 1999 to April 2001.

Phenological indices from the thermal integral

The phenological distribution corresponding to the amount of temperature accumulated at each stage of
the plant was obtained, as illustrated in Figure 1.
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Figure 6 illustrates the following variables that describe the classification of phenological stages: Base T -
base Temperature (13.5°C); Med T - average temperature (according to climatic data of the simulated period)
and Max T - maximum temperature (37°C). The increasing trend of the thermal integral in the cycle associated
with the distribution of the phenological phases can be observed in Figure 7. The values defined according to
the phenological division in degree-day (°C day!) for juvenile, flowering, and harvesting phases were 1,300°C
day’, 3,320°C day’}, and 5,200°C day!, respectively.

TranSplaht_ date Thermal integral

= e
LGa—" =

Accumulation temp Phenological stage ITF .E‘Q
< N X ; - o

Base T Max T " e~ spc ~ fpc

Figure 6. Interface of the temperature accumulation process using STELLA 8.0 software. Structure of the dynamics of the division of
the phenological stages of the first cycle of the banana plant. ITF - Integral of flowering, IJ - Integral juvenile, HI - Harvest Integral.

1: Phenological stage Thermal integral
B L T 1
700000
_ Ao =
T;-. i 1 ) //
S 2
g 150 e - "/ ...........................
=, 3500007 e
-%I’ -l
@ 1 P
2 7
53 o O ST oot T PO SRS TSP PSS T TP PNIY SPTURETPPPPPP
= /’/
- /
0 JU ,—2/
0,004
1.00 111.00 221.00 331.00 41.00
Days

Figure 7. Distribution of the phenological stage of the plant based on the thermal integral. In the graphical representation, the blue
line (1) refers to the phenological stage, with the three constant lines representing the juvenile, flowering, and harvesting phases,
respectively. The red line (2) characterizes the increase in the thermal integral.

The degree-day values differed from the values established by Figueiredo (2006). The authors obtained
shorter phases with smaller thermal integrals. However, according to Coelho (2012), the average temperature
for the crop cycle is 27°C, which is close to the simulated mean temperature of 28°C.

Photosynthesis and dry matter partition

The plant growth was provided based on the net photosynthesis and dry matter production submodels of
the plant, in which the partition coefficients for the plant organs were determined. As shown in Figure 8, few
divergences were observed between gross and net photosynthesis because net photosynthesis is only
influenced by plant respiration.

From Figure 8, it can be observed that the photosynthetic rate is affected by the light incidence which
increases proportionally. This idea was reinforced by Coelho (2012) who stated that CO2 retained per square
meter of soil occupied by the canopy increases with increasing light.

Acta Scientiarum. Agronomy, v. 45, e58947, 2023



Page 10 of 13 Silva et al.
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Figure 8. Effect of radiation on the behavior of net photosynthesis. The graphical representation illustrates the following: 1 - Gross
photosynthesis (blue line), 2 - Net photosynthesis (red line), 3 - RAD - extraterrestrial solar radiation (pink line), and 4 - Rate of growth
respiration (green line).

From the net photosynthesis, it was possible to determine the dry matter for the plant organs, as shown
in Figure 9, using the Forrester diagram (Forrester, 1992). This was built on the dry matter production
submodel of the plant, resulting in the values described in Table 2.
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Figure 9. Dry matter for the plant organs using STELLA 8.0 software. Forrester diagram for the simulated dry matter partitioning of
different organs.

Table 2. Distribution of the dry matter values of the aerial parts of the plant.

Dry biomass (g plant™)

Value given by Leaf Stem Fruit
Melo et al. (2010) 953.77 2,305.84 1,662.11
Simulated 964.00 2,315.00 1,689.00

MRE (%) 1.07 0.40 1.62
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Interconnections with the other submodels is demonstrated by the graph generated in Figure 10, which
characterizes the growth of each part of the plant throughout the first cycle.
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Figure 10. Dry matter of vegetative organs of the plant. The graph illustrates the dry matter production and distribution between plant
tissues as follows: 1 - stem dry matter (blue line), 2 - leaf dry matter (red line), 3 - fruit dry matter (pink line), and 4 - root dry matter
(green line).

The simulated dry matter values were compared with those observed in the field by Melo et al. (2010), who
studied in detail the growth and development of the organs of the cultivar Prata-Ana, conducted under similar
experimental conditions. However, Melo et al. (2010) considered the effects of nutrients on plant growth.

The dry matter response is satisfactory because it is similar to the values highlighted by Melo et al. (2010), as
evidenced by the low MRE values shown in Table 2. Thus, from the dry matter production, a moist bunch with a
weight of 6.70 kg was obtained because the moisture content of the banana was 74.8% (Bezerra & Dias, 2009).

An estimated productivity of 11,169 kg ha! was obtained for the 3.0 x 2.0 m spacing (1,667 seedlings ha™).
According to Pereira et al. (2000), this is the most appropriate spacing for the first production cycle in the Jaiba region.

However, considering the 3.0 x 2.5 m spacing used by Figueiredo (2006), the productivity reached in the
model was 8.93 t ha'! which is lower but close to the productive average of 9.32 t ha! verified by the author,
for the mean of the irrigated blade of water of 60-80% ET,. Accordingly, it is justified that the simulated
productivity is adequate for the crop because the productivity in the first cycle is inferior (Coelho, 2012) with
a bias of 0.39 from the model, which indicates a good fit of the data.

Conclusion

The analysis of shoot dry biomass values (leaf phytomass + stem biomass + fruit phytomass) found in the
simulation of STELLA 8.0 corroborates the efficiency of plant modeling growth and production. The simulation of
the water demand of the culture matches the assumptions through the simplified representation of reality by
obtaining satisfactory values when compared with the real ones. The results of the dry weights of the plant in
relation to productivity achieved the objective proposed in the model, with acceptable values. However, the
simulation of the thermal integral should be better adjusted for the cycle, considering that simulation of the
thermal integral submodel was based on only a small range of climatic data and does not represent the history of
years in the region. The crop productivity model is characterized as an efficient tool for agricultural optimization
and management, emphasizing the possibility of predicting future events based on past data.
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