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HIGHLIGHTS:
Crop yield areas expected to decline under the adverse effects of climate factors.
Applying suitable cultivation periods (SCPs) may help improve crop yields.
SCPs create higher potential grain yields compared to the baseline.

ABSTRACT: The Plain of Reeds is a large floodplain in the Mekong Delta, where natural disasters such as droughts,
off-season rainfall and floods have dramatically increased, leading to declining in crop yields. The objective of this study
was to evaluate the adverse impacts of climate factors (ICF) on grain yield of the main growing crops in the Plain of
Reeds to define the suitable cultivation period (SCP) for rice-growing areas as an adaptation solution to minimise the
adverse impacts of climate factors. To conduct this research, a crop model was applied to define the suitable cultivation
periods based on simulating the grain yields of each rice-growing season. When the suitable cultivation periods were
deployed, the grain yield of all simulated growing crops improved significantly compared to the current cultivation
periods (baseline), which, for the main growing crops in the Plain of Reeds, are no longer suitable for the current
weather conditions that have been deeply affected by climate variability in recent years.
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RESUMO: A Planicie de Reeds é uma grande planicie de inundagio no Delta do Mekong, onde os desastres naturais
aumentaram drasticamente, como secas, chuvas fora de temporada e inundagdes, levando ao declinio na produtividade
das colheitas. O objetivo deste estudo foi avaliar os impactos adversos dos fatores climéticos (ICF) na produtividade de
graos das principais culturas na Planicie de Reeds para definir o periodo de cultivo adequado (SCP) para areas de cultivo
de arroz, como uma solu¢io de adaptagio para minimizar os impactos adversos dos fatores climaticos. Para realizar
esta pesquisa, um modelo de cultura foi aplicado para definir os periodos de cultivo adequados com base na simula¢éo
da produtividade de graos de cada cultura de arroz. Quando os periodos de cultivo adequados foram implantados, a
produtividade de graos de todas as safras simuladas melhorou significativamente em compara¢io com os periodos
de cultivo atuais (linha de base), os quais, para os principais cultivos na Planicie de Reeds, ndo sio mais adequados
para as atuais condi¢des climaticas, que foram profundamente afetadas pela variabilidade climatica nos ultimos anos.
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INTRODUCTION

In recent decades, global climate variability has changed
climate factors in most parts of the world (Shrestha et al.,
2016). Among climatic factors, precipitation is assessed to
change significantly under the impacts of climate factors (ICF)
(Kontgis et al., 2019). Variation in precipitation results in water
shortages for irrigation in the dry growing crops whereas
flooding of the wet growing crops causing a decline in grain
yield (Dang, 2020). According to Kotir (2011), one of the main
human concerns in the 21* century is the ICF on agricultural
activities. Climate variability has affected approximately 7.0%
of the total agricultural land area of Vietnam due to drought,
extreme precipitation and flooding. Shah et al. (2011) indicated
that precipitation is one of the major climate factors that
directly affect agricultural activities as well as crop yields.

In the context of climate variability (CCV), the evaluation
of the suitable cultivation period (SCP) for rice crops is
considered an effective solution to minimise the ICF (Adnan
et al,, 2017; Dharmarathna et al,, 2014). In recent years, rice
cultivation paddies in the Plain of Reeds often face adverse
weather conditions such as drought, off-seasonal rainfall and
flooding as a part of climate variability (Deb et al., 2015).
Farmers in the area have to occasionally replant their crops
due to drought leading to the lack of irrigation water or heavy
rainfall resulting in floods after sowing (Lee & Dang, 2019).
In the context of an increasing frequency and intensity of
adverse weather events, studies on the ICV of crop growing
seasons to define the SCP for rice cultivation paddies in the
Plain of Reeds is considered as an optimal solution for limiting
the impacts of climate factors and increasing crop yields.
Therefore, the objective of this study is to determine the SCP
for rice cultivation crops in the Plain of Reeds by applying the
AquaCrop model to capture weather variability as a climate
variability adaptation solution.

Figure 1. Illustration of the study area
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MATERIAL AND METHODS

Thap Muoi Plain, also called the Plain of Reeds, is a
floodplain belonging to the Mekong Delta (10°04’ 56” to 11°
00’ N latitude and 105°03’ 15” to 106°09’ 33” E longitude) with
an altitude of 2.5 m (Vu et al., 2018), encompassing the parts
of Dong Thap, Tien Giang and Long An Provinces (Figure 1).

In most of the rice cultivation paddies in the Plain of Reeds,
there are two to three rice crops sown each year, including the
winter-spring crop called “Vu Xuan’, the summer-autumn crop
called “Vu He” and the autumn-winter crop called “Vu Thu”
The growing and harvesting periods can be modified depending
on each crop season. The Plain of Reeds is dominated by the
East Asian monsoon in the wet season (May to November)
with main features of heat and humidity and abundant
precipitation, whereas the dry season in the area (October to
April) is dominated by the northeast monsoon that brings dry
air and hot from the Siberian centre of high-pressure, creating
little precipitation. Temperatures oscillate between 26.0
and 28.2 °C, with mean annual precipitation varying from
1287 mm at Hong Ngu station to 1643 mm at Moc Hoa station
and 85% of which falls in the wet season (Table 1).

The study area is divided into two sub-areas based on
topographical conditions and irrigation water channel systems
(Figure 1).

In the AquaCrop model, ET, is defined as Eq. 1.

Table 1. Mean annual precipitation (MAP) and standard
deviation (SD) at observation stations in the Plain of Reeds
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where:

R -radiation at the soil surface, MJ m~day;
G - soil heat flux density, M] m2day™;
T - average daily temperature, °C,
u - wind speed measured in 2.0 m height, m s
e - saturation vapour pressure, kPa;
e, - the actual vapour pressure, kPa;
A -theslope of the vapour pressure curve, kPa °C'; and,
y - psychrometric constant, kPa °C-'.

Crop evapotranspiration (ETc) is calculated based on
multiplying the crop coefficient (K ) with ET, (Steduto et al.,
2009; Shah et al., 2015) by Eq. 2.

ET, =ET, K, (2)

Grain yield (Y) is obtained by multiplying the total
aboveground biomass (B,) with a harvest index (Boudhina et
al., 2019). Crop yield is defined by Eq. 3.

Y =B, HI (3)
where:
Y - cropyield, kg ha'; and,
B, - aboveground biomass production, kg ha™.

In Eq. 3, HI is considered as a conservative parameter, and
its values are constantly adjusted in the crop module during
yield formation in response to water/temperature stresses
(Steduto et al., 2009; Greaves & Wang, 2016). The B, is defined
based on Eq. 4:

T
B, =WPY 1 (4)
ET,;
where:
Tr, - daily crop transpiration in, mm;
ET, - daily reference evapotranspiration, mm; and,

WP* - the normalised biomass water productivity, g m=
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Climate data in the period 2000-2019 were collected from
the Southern Regional Hydrometeorological Centre, Vietnam,
except the ET, data that were calculated based on the Penman-
Monteith equation. Specifically, weather data in the period of
2000-2010 (Figure 2A) was applied for validating the AquaCrop
model, while weather data in the period of 2011-2018 (Figure
2B) was used for calibrating, and weather data in 2019 was
applied for running the model.

The soil module requires soil characteristics that were
obtained from the field surveys at the locations in the area
and analysed following standard international procedures
(Silvestro et al., 2017; Oyeogbe & Oluwasemire, 2013). The
results showed that the sandy loam to loamy sand dominated
in the soil samples, whose features are presented in Table 2.

For crop and management modules, the AquaCrop model
requires information about the growth phases of the plant, the
length and growing density, the amounts of fertilisers provided
and irrigation application depth as well as the timing of the
water applications. Crop characteristics were obtained from
the Department of Agriculture and Rural Development of
provinces such as Dong Thap, Tien Giang and Long An, and
detailed information is presented in Table 3.

Assessment of the performance of the AquaCrop model was
conducted comparing the simulated and field measurements

Table 2. Soil characteristics of the study area

Table 3. Characteristics of three rice crop seasons in the study area

K - Potassium fertiliser; U - Urea fertiliser; N - NPK fertiliser; Vu Xuan - Spring crop
season; Vu He - Summer crop season; Vu Thu - Winter-autumn crop season; DAP - Days
after planting

B.

Figure 2. Data for model validation (A) in the period 2000-2010 and model calibration (B) in the period 2011-2018
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of grain yield. Specifically, the validation procedure was
performed comparing the simulated and measured grain
yield in the period 2000-2010. The model calibration was
then conducted based on a comparison between the simulated
model and harvested grain yield in the period 2011-2019. The
deployment was an iterative process of adjusting sensitive
parameters in the AquaCrop model. For each adjustment in
the input data, simulations were iterated running the calibrated
climate and crop file. To assess the relevance of the applied
model, error statistics such as the coeflicient of determination
(R?), the index of agreement (E), and the root mean square
error (RMSE) (Egs. 5, 6 and 7) were used in this study (Khov
et al., 2017; Kamara et al., 2009).

D 50,->'8>°0,
i=1

R2 — i i=1 i=1 (5)

The E index is as follows:

E=1 —‘:nl— (6)
(8:-0;)°
i=1
where:
S, and 0O, - simulated and harvested results, respectively;
O, - mean value of O; and,
n - number of data points.

The RMSE can be used as a measure of absolute error
between the simulated and harvested results. The RMSE is
described as follows:

Areal A B.

Areall D. E.
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7)

Sensitivity analysis was performed by increasing or
decreasing the value of parameters in the crop model to
seek the optimal values. In this study, the key parameters of
the AquaCrop model were defined by changing the value of
parameters to optimise the simulation run time of the applied
AquaCrop model.

RESULTS AND DISCUSSION

Sensitivity analysis of the key parameters of the AquaCrop
model is presented in Table 4.

The validated results point out the goodness of fit between
the simulated model and harvested rice yield through the
high correlation (Figures 3A, B, C, D, E, F) of the statistical
variables (E =0.81-0.91, R*=0.86-0.91 and RMSE = 0.18-0.39)
for both sub-area I and the sub-area II. Based on the results,
the AquaCrop model satisfies the model validation criteria.

The calibrated results indicate that an acceptable fit
between the simulated model and harvested rice yield for all

Table 4. Sensitivity analysis of the key parameters in the
AquaCrop model

Vu Xuan - Spring crop season; Vu He - Summer crop season; Vu Thu - Winter-autumn crop season
Figure 3. The model validation and calibration for (A) Vu Xuan spring, (B) Vu He summer and (C) Vu Thu winter-autumn
crop seasons in the sub-area I and for (D) Vu Xuan spring (E), Vu He summer (F) and Vu Thu winter-autumn crop seasons in

the sub-area II

Rev. Bras. Eng. Agric. Ambiental, v.25, n.9, p.591-596, 2021.
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Table 5. Performance of the AquaCrop model through the validation and calibration procedures based on the RMSE, E and R?

E - Index of agreement; RMSE - Root mean square error; R*- Coefficient of determination; Vu Xuan - Spring crop season; Vu He - Summer crop season; Vu Thu - Winter-autumn crop season

Table 6. Grain yield of the main growing crops under the suitable cultivation periods

Vu Xuan - Spring crop season; Vu He - Summer crop season; Vu Thu - Winter-autumn crop season

A. B.

Vu Xuan Vu He

Vu Thu

Vu Xuan - Spring crop season; Vu He - Summer crop season; Vu Thu - Winter-autumn crop season

Figure 4. Suitable cultivation periods in three seasons simulated based on the AquaCrop model to obtain the optimal crop

yields for the rice-growing crops in the Plain of Reeds

rice growing seasons based on the statistical variables with
E =0.78-0.89, R* = 0.75-0.88 and RMSE = 0.19-0.46 (Table 5).
One of the major causes creating a difference between the
simulation results and harvested data is that in 2014-2016, the
Plain of Reeds suffered the worst drought event in the history
of 90 years, resulting in the lack of irrigation water and salinity
intrusion almost occurring in the rice paddies.

In the Plain of Reeds, farmers are accustomed to traditional
cultivation activities that have not yet adapted to change in
climate factors under the ICV. The crop yield has, therefore,
strongly decreased due to the inappropriate cultivation
periods. The analysis of the relationship between the
cultivation periods and grain yield of the main growing crops
in the Plain of Reeds is illustrated in Figure 4. Specifically, the
rice yield of the Vu Xuan crop season can achieve from 6.9
to 7.5 t ha! for both the sub-area I and II (Table 6) when the
SCP was fixed on December 2 to 14. This means that the grain
yield of the Vu Xuan crop season increases approximately 1.4
to 10.3%, respectively, compared to the baseline (Figure 4A).
For the Vu He crop season, the results indicated that grain
yield can achieve from 6.5 to 6.9 t ha! (increase from 1.6 to

6.3%) for the sub-area I and 5.9 to 6.3 t ha'! for the sub-area
II (Table 6) when the SCP is established from April 29" to
May 6™ (Figure 4B).

For the Vu Thu crop season, the SCP is defined as varying
from July 15 to August 05 (Figure 4C) when grain yield can
reach from 6.7 to 7.3 t ha! (an increase from 1.5 to 6.3%) for
the sub-area I and from 6.3 to 6.7 t ha! (increase from 3.1 to
8.1%) for the sub-area II (Table 6).

In general, the grain yield of the growing crops in the
Plain of Reeds can be improved positively if the rice-growing
crop area is sown within the SCPs. The seasonal variation due
to the ICV has negatively affected the growth phases of rice
crops in the Plain of Reeds. Therefore, it is recommended that
farmers in the rice cultivation areas of the Plain of Reeds soon
need to alter the cultivation habits to adapt to change in the
current weather conditions.

CONCLUSIONS

1. The rice yield of three rice-planting crops significantly
improved after applying the suitable cultivation periods.

Rev. Bras. Eng. Agric. Ambiental, v.25, n.9, p.591-596, 2021.
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2. The AquaCrop model is suitable to define the suitable
cultivation periods for paddies in the Plain of Reeds through
the validation and calibration procedures.

3. The cultivation periods of all rice-growing crops in the
Plain of Reeds are not suitable, and farmers are being exposed
to the high risks of crop failure because of the unfavourable
weather factors during the grain-filling and harvesting stages.
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