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Abstract: Due to the current water scarcity in the world, it is extremely important to improve the use of this natural and
exhaustible resource in agriculture, by contributing to increase agricultural production and sustainability. Several models of
crop growth simulation were developed to predict the edaphoclimatic effects on crop yield. These models are calibrated and
validated for a given region using the data generated from field experiments.
calibrate and validate the FAO AquaCrop model for yacon (Smallanthus sonchifolius) crop in a tropical climate.

Therefore, the objective of this study was to
The
experiment was conducted in an experimental area located in the municipality of Ibatiba, state of Espirito Santo (Brazil) during
the years of 2013 and 2014. The calibration was done using the Autumn planting and validation with the Winter and Spring
plantings. For the statistical analysis, the coefficient of determination, Willmott concordance index, bias for the systematic
In general, the FAO

AquaCrop model predicted the root yield, total biomass and harvest index with acceptable accuracy, and with deviations of less

error, root mean square error and the mean absolute error to test the model performance were used.

than 6% for total and root biomass.

Late planting of yacon showed a reduction in yield as well as total biomass.
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1 Introduction

The management of water resources demands detailed studies,
since fresh water is an indispensable and exhaustible natural
resource, with a fundamental role in the development of living

beings!"?.

Therefore, many agrometeorological models have
been developed to assist in water resources planning and decision
making, and they are used by several researchers in different parts
of the world.

Among them, we can mention CropWatl), DSSATM,
AquaCrop®7, CropSyst!®. In addition, they are widely used for
the purposes of agroclimatic zoning and irrigation management,

Received date: 2019-03-03 Accepted date: 2020-03-17

Biographies: Ramon Amaro de Sales, PhD, Plant Sciences, research interests:
agrometeorology and plant production, Email: ramonamarodesales@gmail.com;
Alexandre Candido Xavier, PhD, Irrigation and Drainage, research interests:
remote sensing and geoprocessing, Email: alexandre.candido.xavier.ufes@
gmail.com; Evandro Chaves de Oliveira, PhD, Applied Meteorology, research
interests: agrometeorological modeling and water resources, Email:
echoliveira@gmail.com; Fabio Luiz de Oliveira, PhD, Plant Sciences, research
interests: organic management and olericulture, Email: fabiocapi@yahoo.com.br;
Diego Mathias Natal da Silva, PhD, Plant Production, research interests:
organic management and soil and water management and conservation, Email:
diegoufvim@yahoo.com.br; Savio da Silva Berilli, PhD, research interests: soil
fertility and seedling production, Email: berilli@ gmail.com.

*Corresponding author: Ramon Amaro de Sales, PhD, Plant Sciences,
research interests: agrometeorology and plant production. Mailing address:
Federal University of Vigosa, CEP: 36570-900, Minas Gerais, Brazil. Tel: +55
27 99700-0143, Email: ramonamarodesales@gmail.com.

Int J Agric & Biol Eng, 2020; 13(3): 123-128.

since the correct management and use to add or supplement the
water demand of the crop can result in higher yields[g‘lo]. Thus,
the use of crop growth models is crucial for the optimization of
agricultural practices and, even more importantly, for modeling
plant cover variations on an annual scale!'!].

The AquaCrop model, developed by FAO, provides a good
balance between robustness, simplicity and precision of the output,

[12,13]

and it can be used for a wide variety of crops using few input

parameters. Although they are found in the literature on potato
studiest"*'®] there is still limited information on modeling with
yacon.

Yacon (Smallanthus sonchifolius) is a tuberous root-producing
plant from the Andes that stores carbohydrates in the form of
fructooligosaccharides. This is one of the reasons because yacon
is considered a functional food with high nutraceutical potential'”.

The water demand of the crop has been pointed out as the most
determinant factor for the production of tuberous roots!'®.
Therefore, the use of agrometeorological models, aiming to assist
in the planning of water resources and the decision making for the
fulfillment of crop water demand, can result in higher yields.
However, prior to the direct use of any model, calibration activity
is fundamental to meet specific characteristics of each crop or
variety and efficiently simulate its growth and development in
particular pedo-climatic conditions.

Validation is the second fundamental activity before model
applicative use; it is performed through model tests calibrated at
other sites and/or seasons in order to test the model’s ability to

simulate climatic fluctuations. Thus, the objective of this study
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was to calibrate and validate the AquaCrop model for yacon crops
in a tropical climate.

2 Materials and methods

2.1 Climatic characteristics and location of the experiment

The field experiments were installed and conducted in an
agricultural area, in the municipality of Ibatiba (20°17'S, 41°37'W,
837 m in altitude) located in the state of Espirito Santo, Brazil
(Figure 1), in a randomized block design, with four replicates.

The treatments were constituted by three planting seasons of
yacon in 2013: Autumn (April 20), Winter (July 20) and Spring
(September 20).
station belonging to the Capixaba Institute for Research, Technical
Assistance and Rural Extension - INCAPER located near (10654 m)
the experimental area was used. The behavior of the maximum
and minimum air temperatures, as well as the precipitation,

For meteorological monitoring, a meteorological

occurred along the crop cycle in their respective plantations, which
can be observed in Figure 2.
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Figure 1 Geographic location of the state of Espirito Santo, in

Brazil, with emphasis on the municipality of Ibatiba
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Figure 2 Maximum and minimum air temperatures and precipitation during the three planting seasons: Autumn, Winter and Spring.

Bottom and upper continuous lines refer to lower (Tb) and upper (TB) basal temperatures, respectively

Using the daily data of maximum and minimum air
temperatures, potential evapotranspiration was calculated by
Thornthwaite method"'” on a monthly scale, since it uses only
average air temperature data as input data, it is inserted into the
AquaCrop model, according to Equations (1)-(6).

ETP:16><[10><?) 0°C <T;<26°C 1

ETo=-415.85+32.24xT, —0.43xT? Ti>26°C  (2)
where, ETP is the potential evapotranspiration, mm/mon; T; is the
monthly mean air temperature, °C.

| is the thermal index imposed by the local climate regime,
calculated by:

I = i(o.z xTp) (€)

a=6.75x107 x1°=7.71x 10 x 1> +1.7912x 1072 x | +0.49239
4)
where, suffix i represents the month of the year (i=1, 2, ..., 12).
After obtaining the ETP value, the correction was performed
according to the real number of days and the photoperiod of the
month by means of Equations (5) and (6).
ETP = ETP x Cor )

ND N
Cor = (%j X (E] 6)

where, ND is the number of days in the month in question, and N is

the average photoperiod of that month.
2.2 Cultivation practices

The soil was prepared by plowing at 30 cm depth followed by
harrowing.
grooves using rhizophores of approximately 35 g at a depth of
10 cm, obeying the desired spacing. 180 g of tanned bovine
manure per plant were placed. Bovine manure contained the
following nutrients: 14.21 g/kg N; 4.75 g/kg P; 5.28 g/kg K;
4.29 g/kg Ca and 1.92 g/kg Mg. During the cultivation cycle,
conventional sprinkler irrigation was used, maintaining the crop
always in the field capacity. The local soil was classified as
red-yellow latosol

The planting method was manual, performed in

The local soil was classified as medium texture Red-Yellow
Latosol®™, and the sample was submitted to the CCAE/UFES Soil
Laboratory for chemical and physical analysis. A sample
collected from 0-20 cm, was analyzed and showed the following
characteristics. =~ pH (water): 6.20; Phosphorus Mehlich 1:
53.99 mg/de; Potassium: 80.00 mg/de; Calcium: 2.12 cmolc/dm?;
Magnesium: 0.87 cmolc/dm®; Aluminium: 0.0 cmolc/dm®; Sum of
bases: 3.24 cmole/dm®; CTC effective: 3.24 cmolc/dm’; Total
organic carbon: 1.83%; Total nitrogen: 0.15%.

In order to estimate the soil variables, pedotransfer functions
(PTF) were used, thus obtaining the saturation humidity, field
capacity, permanent wilting point and saturated hydraulic
conductivity required for simulation by the AquaCrop model.

Using the methodology proposed by Tomasella®"! were derived
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from the soil variables of the present study region were, and
presented in Table 1.
Table 1 Soil properties used as an input in the AquaCrop
model for yacon simulation in Ibatiba-ES

Layers Depth/m PWP/% FC/% Saturation/%  Kg/mm d!
1 0.00-0.20 11.0 26 53 280.8
2 0.20-0-50 11.0 26 53 280.0

Note: PWP: permanent wilting point; FC: field capacity; Ksat: saturation and
saturated hydraulic conductivity.

The experimental unit consisted of five planting lines of 8 m,
spaced 1.0 m between rows and 0.5 m between plants, totaling 16
yacon plants per planting line, and they were evaluated every 30 d
after the emergence. Every 30 d after the emergency, two plants
per experimental unit, randomly chosen within the central lines,
except for the borders, were collected for evaluation. The total
dry mass and root mass data were obtained in a forced air
circulation oven at (70£5)°C until constant mass, and they were
converted to biomass by land area, considering the plant density of
each plot (2 plants/m?).

2.3 Brief description of the AquaCrop model

The model is based on the soil-plant-atmosphere components
of the soil, atmosphere, crop characteristics and crop
management' ', The model calculates the daily water balance
and separates its evapotranspiration in evaporation and
transpiration, and the transpiration of the crop is linked to the
canopy cover (proportional to the extension of the soil cover),
while evaporation is proportional to the area of uncovered soill®?l.

AquaCrop simulates the daily production of biomass and the
yield of the crops according to the water demand of the crop and
the agronomic management'). The details of the simulated
processes are provided in a set of three articles!'>'*?%, which were
published by Irrigation and Drainage No. 66 ‘Results of crop yield
to water’ and the reference manual®. Figure 3 shows the
interface of the AquaCrop version 6.0 model used.
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Figure 3 Window that illustrates the database system for the
simulation of AquaCrop model

2.4 Adjustment of crop parameters

The development of the canopy was measured in terms of
growth phases, through leaf area, total biomass and root biomass on
monthly basis after the emergence of 80% of the plants. The
yacon variables used for the calibration of the AquaCrop model are
presented in Table 2. The same values of this set of variables
were used to evaluate the performance and robustness of AquaCrop
in the Winter and Spring plantings.

Table 2 Selected crop variables and values for AquaCrop
calibration for yacon

Variables Value
Base temperature/°C 12.5
Upper temperature/°C 34.0
Relative weed coverage/% 5.0
Canopy growth coefficient — CGC/%-d 8.5
Canopy decline coefficient CDC/%-d" 1.08

Soil water depletion threshold for canopy expansion-Upper threshold ~ 25.0
Soil water depletion threshold for canopy expansion-Upper threshold ~ 55.0

Shape factor for Water stress coefficient for canopy expansion 3.0
Soil depletion factor for stomatal control 0.50
Shape factor for Water stress coefficient for stomatal control 3.0
Soil water depletion factor for early canopy senescence 0.55
Cold stress/°C 5.0
Standard water production WP*/g-m™ 15.0
Harvest index/% 56.0
Plant density/plants-hm™ 20000.0
CCo initial coverage cover/% 0.10
Maximum canopy growth/% 83.0
Time to maximum canopy coverage (GD) 1135.0
Time for senescence (GD) 1767.0
Time to maturity (GD) 1862.0
Maximum effective rooting depth/m 0.35

2.5 Parameterization and validation of the model

To determine the performance of the adjustment in the model
in the parameterization and validation, the observed values of total
dry biomass, root yield and harvest index observed in the field were
The results are
presented and discussed by planting seasons (Autumn, Winter and

compared with those simulated by the model.

Spring) in which simulated and observed values of accumulated
biomass, root yield and harvest index were compared.

The calibration of the AquaCrop was done through an iterative
process that introduced the values that best simulated the primary
growth variables of the crop, such as canopy cover, harvest index,
total dry matter content and root dry matter content, which
occurred in Autumn. The validation of AquaCrop was carried out
In addition, after the
parameters calibrated for the Autumn crop, the conservative and

by plantations in the Winter and Spring.

non-conservative parameters, which depend on the cultivar of the
crop, were considered constant.

The statistical indexes used were: linear regression analysis
and determination coefficient R?>, Willmott’s concordance index
d?®! the bias for the systematic error, root mean square error
(RMSE) and mean absolute error (MAE) (Equations (7)-(11)).

2

> (E-ENIO-0)

RZ = n = n P~ (7)
V2 E-Er{Y) ©-0y
d =1-— Z?(gl - Ei)2 . (8)
(B -O[+]G-0]J)
>0 -E)
BIAS = — ©)
- 12
RMSE = ;”"’_O‘) (10)

N
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where, O;, Ei, O and E represent the observed values in the
field, the values simulated by AquaCrop, and the average of the
values observed and simulated by AquaCrop; N is the number of
observations. The entire statistical procedure was performed with
the aid of the R program®®”.

3 Results and discussion

In Table 3, the deviations obtained between the values
observed and simulated by the AquaCrop model for the three
planting seasons in Ibatiba, Espirito Santo, that were done at the
end of the experiment, are presented. It is observed that the value

calibrated in the Autumn showed a deviation of —8.6% for the HI,
while the Winter and Spring plantings, times used to validate the
model showed 7.6% and —1.4% of deviation, respectively.

The values of harvest index (HI) obtained in the field tests
were similar to those obtained by other authors®®>***! for common
potato (Solanum tuberosum). Values above 7% in the harvest
index for Autumn and Winter plantings are due to climate changes,
such as the temperature, since in both dates, there were higher
frequencies of minimum temperatures below the lower basal
temperature. As observed by Hanks™” and Struik and Ewing!*"},
HI is sensitive to major changes in climate, in which temperature
and photoperiod are the main climatic factors affecting the rate of
biomass accumulation, as well as partitions between the leaves,
stems, roots and tubers.

Table 3 Percentage deviation for harvest index, total biomass and simulated root yield observed for yacon crop at the end of the
experiment, for the three planting seasons, in the region of Ibatiba, Espirito Santo, Brazil, 2013

HI Total Biomass Root Yield
Planting
Obs Sim Deviation/% Obs/thm®  Sim/thm®  Deviation/%  Obs/t-hm™ Sim/t-hm™ Deviation/%
Autumn 0.52 0.56 -8.67 17.85 17.21 3.59 9.27 9.74 -5.08
Winter 0.61 0.56 7.65 13.54 14.04 -3.97 8.30 7.97 3.92
Spring 0.55 0.56 -1.43 13.63 13.91 2.03 7.61 7.60 0.17

Note: HI: Harvest Index; Obs, Sim refer to the values observed in the field and simulated by the AquaCrop model.

The total biomass value presented a deviation of 3.5% in the
calibration (Autumn). The adjusted model presented satisfactory
results in the respective Winter and Spring plantings, with
deviations of —3.9% and 2.0%, respectively. It is noteworthy that
the Autumn and Spring plantings presented final values of total
biomass overestimating the simulated value, being corroborated by
the bias (Table 4), with respective values of 0.64 t/hm* and
0.21 t/hm? for the Autumn and Spring plantings.

When the root yield was evaluated, a negative value is
observed for the deviation obtained during Autumn planting.
These values are corroborated by the systematic error (Table 4),
presenting the value of —0.47 t/hm>. However, the deviations
obtained at the end of the experiment were good, with values below
6.0% for all simulations.

Table 4 Results of root mean square error (RMSE), absolute

mean error (MAE) and Bias for yacon total biomass and root

yield observed and simulated for three planting seasons in the
Ibatiba region, ES, Brazil, 2013

Total Biomass/t-hm™ Root Yield/t-hm?

In Figure 4, the regression analysis for observed and simulated
root yield during the cycle, as well as its coefficient of
determination and concordance index at different planting times, is
graphically observed. According to the regression analysis, the
AquaCrop model overestimated the values of dry root biomass at
all planting times, when comparing the entire data set along the
cycle, with low dispersion of the data and presenting values of R*>
0.92.

This shows that the simulation of the model explained more
than 92% of the variability of the data observed in the field.
addition, there was high agreement among the data, with d=0.98 in
all planting seasons.
due to the availability of soil cover data, which enabled the model
to have a good response to the total yacon biomass (Table 3). The
transpiration rate of a crop was affected by the canopy cover and,
consequently, the accumulation of biomass, thus, the correct

simulation of this variable results in a better performance of
[33]

In

The good parameterization of the model is

AquaCrop
For the error analysis obtained in this experiment, the value of
2.5 and 2.4 t/hm® for RMSE and MAE, respectively, for total

Plantin . . . . .
¢ RMSE Bias MAE RMSE Bias MAE biomass (Table 4) is observed in the calibration (Autumn) phase.
However, for root yield, these errors are reduced to 1.2 and
Autumn 2.50 0.64 2.39 1.22 -0.47 0.74 P .
0.74 t/hm~ for RMSE and MAE, respectively.
Winter 1.30 -0.53 1.18 0.89 0.32 0.60 C .
The validation of the model presented lower errors than after
Spring 0.82 0.21 0.79 0.71 0.01 0.59

Although a larger number of days were observed with
minimum temperature values below the lower basal temperature
(Figure 2) in the Autumn and Winter plantings, the production of
both had higher values than the Spring planting. This is due to the
increase in the yacon cycle duration during these planting seasons
(Autumn and Winter), since the average temperature during the
whole cycle was lower than the Spring planting, resulting in an
increase in the required days for the end of the cycle and,
consequently, for the green leaf areal®. The model was able to
respond with precision to this increase in the root yield as a
function of the increase in the duration of the crop cycle.

the calibration, with a value of 0.82 t/hm? of total biomass (RMSE)
and 0.71 t/hm? of root yield for the Spring planting. These results
are close to those found by Montoya!'® for potato (Solanum sp.),
which were irrigated maintaining 100% field capacity, with RMSE
of 1.32 t/hm’  Although the metric statistics express the
prediction error of the model, the differences between the RMSE
and the MAE values are due to the increase in the penalty obtained
by the RMSE error when there are larger differences between the
observed and simulated values.

In general, the AquaCrop model presented good results to
simulate the root yield in the region of Ibatiba, Espirito Santo,

Brazil. By running the model under different planting time
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scenarios, it is possible to optimize the planting date of the yacon,
making AquaCrop a promising tool for predicting yacon root yield
cultivated out of season in Ibatiba, as well as to estimate the
irrigation need.
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Figure 4 Relationship between the observed and simulated values
for yacon root yield in Autumn (a), Winter (b) and Spring (c) crops
during cycle

4 Conclusions

For the first time, the AquaCrop model was used to simulate
yacon total biomass and root yield. AquaCrop version 6.0
adequately simulated the harvest index as well as total biomass and
yacon root yield at different planting times, with deviations below
6% for total and root biomass.

The model can be used to mitigate the effects of climate
change, evaluating in advance the optimal planting time.

AquaCrop can be used to model yacon production as well as
strategic irrigation planning and for agroclimatic zoning.
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