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ABSTRACT

Rice (Oryza sativa L.) paddies in the Long Xuyen Quadrilateral Region of Vietnam have regularly met the increased 
risks under the impacts of climate change (ICC), resulting in a decline in crop productivity. The objective of this study 
was to determine the suitable times for broadcasting rice crops in the rice cultivation paddies belonging to Long Xuyen 
Quadrilateral as a mitigation solution to the negative ICC. To conduct this research, crop model namely the FAO-AquaCrop 
(Version 6.0) was selected to simulate grain yields of rice crops based on different scenarios of crop broadcasting calendar 
(CBC). The results point out that the grain yield of winter-spring (WS) and summer-autumn (SA) cropping seasons 
can increase up to 6.2% and 5.3% if the CBC is delayed from 7 to 14 d compared to the current broadcasting calendar 
(baseline) in the two experimental areas while the grain yield of the autumn-winter (AW) cropping season can increase 
6.4% if the CBC is shifted 14 d compared to the baseline. In general, a shift in the CBC for all rice broadcasting crops 
compared to the baseline can be considered as an effective solution to minimize the negative impacts of weather factors 
as well as contribute to improve rice productivity.
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INTRODUCTION

In recent years, precipitation has strongly varied in many areas of the world (MNRE, 2016; Lee and Dang, 2019c), 
resulting in drought often appear in the dry season, flooding occur in the wet season (Asia Pacific Network, 2010; MNRE, 
2016), and off-season precipitation leading to rice crop failure (Asia Pacific Network, 2010; Lee and Dang, 2020). Kotir 
(2011) stated that the potential risks for agriculture sector under the impacts of climate change (ICC) are attracting the 
attention of mankind in the 21st century. According to Ministry of Natural Resources and Environment (MNRE, 2016), 
Vietnam is valued as one of the top countries which will be seriously affected by climate change. The Consultative Group 
for International Agricultural Research (CGIAR) Research Program on Climate Change, Agriculture and Food Security-
Southeast Asia (CGIAR-CCAFS SEA, 2016) identified that climate change will strongly affect many parts of Asia in 
the 21st century, especially agricultural drought and off-season precipitation are expected to increase in frequency and 
intensity. CGIAR-CCAFS SEA (2016) has also predicted that approximately 7.2% of agricultural land area of Vietnam 
will be impacted by agricultural drought and saline intrusion as part of climate change.
 Climate change is expected to shift in the crop broadcasting calendar (CBC) in many regions of the world (Kim et 
al., 2013; Deb et al., 2016; Adnan et al., 2017). Therefore, determination of the right time for broadcasting crop season 
will help to mitigate the adverse impacts as well as contribute to improve crop productivity (Jaliya et al., 2008; Deb et 
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al., 2016). As a recognition of the importance of determining the appropriate time to broadcast rice crops in the context 
climate change, studies on shift in the CBC have conducted in many countries around the world (Jibrin et al., 2012; Deb 
et al., 2016; Babel et al., 2019). For example, a study on CBC and cultivar effect on dryland maize production conducted 
by Kamara et al. (2009) reported that selection of the suitable cultivars and right time for broadcasting crop seasons 
contribute to increase crop productivity. Dharmarathna et al. (2014) conducted a study on a shift in the CBC for four 
rice varieties sown in Kurunegala District of Sri Lanka. Their results carried out that the grain yield of dry season would 
increase compared to the base condition if the CBC is delayed 30 d for all four broadcasting varieties under two scenarios, 
A2 and B2. A study on the rice yield in Ca Mau Province of Vietnam under the ICC and brackish irrigation water carried 
out by Deb et al. (2016). They reported that a decline in the grain yield varying from 1.6% to 23.6% compared to the 
baseline for A2 scenario is recorded of the summer-autumn (SA) cropping season. Shrestha et al. (2016) investigated the 
ICC on rice (Oryza sativa L.) yield of the winter-spring (WS) and SA cropping seasons and proposed several adaptation 
solutions to overcome the negative ICC on rice production in Quang Nam Province, Vietnam. Their results stated that a 
shift in the CBC combined with supplementary irrigation and proper nutrient management can be suitable rice cultivations 
in the context of climate change. Further, Wang et al. (2017) investigated the suitable broadcasting crop and fertilizer 
application rates for two rice cultivars in Cambodia under the ICC. Their results pointed out that a delay in the CBC for 
two cultivars can achieve the higher yields in the future. 
 As a useful tool in supporting decision making, crop models such as Crop Syst-Cropping Systems Simulation Model, 
CERES-Crop Environment Resource Synthesis Sorghum, APSIM-Agricultural Production Systems Simulator, WOFOST-
World Food Studies Crop Growth Model, CropWat, EPIC-Environmental Policy Integrated Model, SAFYE-Simple 
Algorithm for Yield-Evapotranspiration, AquaCrop, and ALMANAC-Agricultural Land Management Alternatives with 
Numerical Assessment Criteria have been commonly applied in many regions of the world (Jibrin et al., 2012; Saab et 
al., 2015; Yue et al., 2015; Babel et al., 2019). For example, Chatterjee et al. (2012) used the CropWat model (Land and 
Water Development Division, FAO, Rome, Italy) to simulate irrigation water demand in the Gangetic West Bengal. 
Dharmarathna et al. (2014) used the DSSAT crop model to study the CBC for four rice varieties sown in Kurunegala 
District of Sri Lanka. Further, Saab et al. (2015) used the AquaCrop and CropSyst models to predict the growth process 
and yield. A study on water use requirement in the Ca Mau Peninsula of Vietnam using the FAO-AquaCrop model was 
conducted by Deb et al. (2016). Wang et al. (2017) used the CERES crop model to define the CBC in Cambodia under 
the ICC. Cheng et al. (2018) applied the WOFOST model to investigate soil available nutrients in the northeast area of 
China. Recently, Babel et al. (2019) evaluated the irrigation water demand and manure application rates of maize in the 
Himalayan Region of India combining the AquaCrop model with DSSAT-CERES model. 
 The rice paddies in the Long Xuyen Quadrilateral have faced drought, saline intrusion and off-season precipitation 
events over the last two decades, due to the ICC, resulting in crop yield decline (MNRE, 2016; Lee and Dang, 2020). 
Farmers must re-broadcast rice crops if a precipitation event with high intensity just occur after the seeds have broadcasted 
in the rice fields (Deb et al., 2016; Lee and Dang, 2020). Further, in the harvesting stage of the SA cropping season, 
heavy precipitation events with intensity reach up to 20 mm appear suddenly, resulting in the obtained crop yield to be 
strongly decreased (Asia Pacific Network, 2010; Deb et al., 2016). The aim of this work, therefore, was to determine the 
crop broadcasting calendar using the FAO-AquaCrop model for the main rice crops in the Long Xuyen Quadrilateral to 
mitigate the negative impacts of weather factors as well as contribute to improve crop productivity.

MATERIALS AND METHODS

Study area
Long Xuyen Quadrilateral lies in the northwestern of Mekong Delta (09°57’-10°42’ N, 104°29’-105°29’ E) (Figure 1). 
Long Xuyen Quadrilateral is one of the two major deltas in the Mekong Delta, with a total of 490 000 ha area for 
agriculture belonging to a part of An Giang, Kien Giang and Can Tho Provinces (Vu et al., 2018; Lee and Dang, 2019c). 
Yearly, this delta region provides up to 4.9 million tons of rice (Oryza sativa L.), resulting in abundant irrigation water 
and soil rich in nutrients (Kontgis et al., 2019; Lee and Dang, 2019a).
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 In the Long Xuyen Quadrilateral, rice is broadcasted in the paddies from two to three cropping seasons per year 
depending on the topographic conditions, irrigation water and local precipitation. The weather condition is consistent for 
planting rice crops with daily sunshine reach up to 6.3 h, air temperature varies from 27 to 29 °C, mean air humidity reach 
about 80% and mean annual precipitation reach approximately 1700 mm yr-1 (Vu et al., 2018; Lee and Dang, 2020). Rainy 
season often lasts from mid-May to late November and accounting for 85% of annual rainfall (Figure 2). Precipitation is 
not evenly distributed among the sub-regions of the study area. It highly concentrates in the western and southern sub-
regions (Tan Hiep, Ha Tien, Kien Luong and Rach Gia), with values up to 2000 mm yr-1, while eastern and northern sub-
regions (Chau Doc, Tri Ton, Xuan To and Long Xuyen) receive only approximately 1400 mm yr-1 (Table 1). According 
to Lee and Dang (2019c), for the three last decades, a significant change in precipitation has been recorded in the Long 
Xuyen Quadrilateral. Specifically, a slight upward trend in annual precipitation is recorded in the eastern and northern 
sub-regions, whereas a significant downward trend is found in the western and southern sub-regions, and this may be 
negatively impacted, leading to drought and flooding in the Long Xuyen Quadrilateral (Lee and Dang, 2019a; Kontgis et 
al., 2019). For example, in 2016 and 2019, the two extreme drought events in 90 and 93 yr were recorded in the Mekong 
Delta, resulting in a widespread irrigation water shortage and seriously hampered for rice paddies in the entire Mekong 
Delta (CGIAR-CCAFS SEA, 2016; Lee and Dang, 2020). Long Xuyen Quadrilateral has relatively low terrain with 
ranges from 0.5 to 2.0 m a.s.l. (Mainuddin et al., 2013; Vu et al., 2018). Therefore, the agricultural activities often face 
the challenges from salt intrusion due to sea level rise and waterlogging due to heavy precipitation as well as off-season 
precipitation, as part of climate change (CGIAR-CCAFS SEA, 2016; Deb et al., 2016; Lee and Dang, 2019a). Based on 
topographical conditions and precipitation distribution, the study area is divided into the two main experiment areas. 
Specifically, Area I includes Chau Doc, Xuan To, Tri Ton Districts and Long Xuyen City while Area II includes Tan 
Hiep, Kien Luong, Ha Tien Districts and Rach Gia City (Figure 1).

Figure 1. Illustration of the study area.
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FAO-AquaCrop model description
The FAO-AquaCrop is a crop model which was developed by the Food and Agriculture Organization (FAO). It is assessed 
as a useful tool for predicting the typical meteorological characteristics such as reference evapotranspiration (ETo), actual 
evapotranspiration (ETc) and simulating biomass, grain yield of different plant kinds in response to water (Steduto et al., 
2009; FAO, 2015). Compared to other crop models, FAO-AquaCrop model requires a significantly smaller number of 
input data. In the climate module, the FAO-AquaCrop model used the Penman-Monteith formula to calculate ETo. 
 In the FAO-AquaCrop model, ETo is calculated as follows:
 
     [1]

where Rn is the net radiation at the soil surface (MJ m-2 d-1); G is a soil heat flux density (MJ m-2 d-1); T is the average air 
temperature (°C); u2 is wind speed at 2.0 m height (m s-1); es is the saturation vapor pressure (kPa); ea is the actual vapor 
pressure (kPa); Δ is the slope of the vapor pressure curve (kPa °C-1); and γ is psychrometric constant (kPa °C-1).
 Actual evapotranspiration (ETc) is calculated based on ETo and the crop coefficient (Kc) (FAO, 2015). ETc is calculated 
as follows:
  [2]

In the Equation 2, Kc coefficient is defined depending on each type of the plant and each growth stage. 
 In the FAO-AquaCrop model, grain yield (GY) is defined as the product of biomass yield (Bi) and harvest index (HI) 
(Jin et al., 2014; FAO, 2015). Grain yield (GY) is calculated as follows:
   
  

[3]

where Bi (kg ha-1) is calculated by                       , WP* is the crop water productivity (g m-2), Tri is the daily crop 
transpiration (mm), and EToi is the daily ETo (mm). While HI is considered a conservative parameter. In the crop module, 
HI is continuously adjusted during grain yield formation.

Figure 2. Mean monthly precipitation at observation stations in the 19 yr period (2000-2018).

Table 1. Average annual precipitation (AAP) and standard deviation (SD) at observation stations.

 mm     mm  
Chau Doc 1321.6 84.5 10°42’ 105°08’
Tri Ton 1456.7 98.7 10°23’ 104°59’
Xuan To 1435.8 89.9 10°35’ 104°56’
Long Xuyen 1576.8 99.3 10°22’ 105°25’
Tan Hiep 1698.4 105.9 10°06’ 105°16’
Ha Tien  2643.5 145.2 10°23’ 104°29’
Kien Luong 2205.6 139.8 10°18’ 104°38’
Rach Gia 2098.7 137.4 10°01’ 105°05’

AAPStation Longitude (E)SD Latitude (N)

Bi = WP* ∑
Tri

EToi

ETc = ETo * Kc

ETo =
0.408 Δ (Rn – G) +

Δ + γ (1 + 0.34 u2)

γ u2 (eS – ea)900
T + 273

GY = Bi * HI
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Data collection
In the FAO-AquaCrop model, to simulation run the climate module, meteorological data including solar radiation, sunshine 
duration, daily maximum and minimum temperatures, relative humidity, wind speed and precipitation is required. In 
this study, meteorological data at observation stations were collected from the Southern Regional Hydro-meteorological 
Center of Vietnam (SRHC) in the 19 yr period (2000-2018). Similarly, to simulation run the crop module, information on 
the soil features such as the moisture content at saturation (SAT), field capacity (FC), permanent wilting point, saturated 
hydraulic conductivity and total available soil water are required. The analyzed results of the soil features in the surface 
soil layer (0-120 cm) applying the Soil Water Characteristics software (Oyeogbe and Oluwasemire, 2013; Silvestro et al., 
2017) are presented in Table 2. To simulation run the crop management module, detailed information about broadcasting 
and harvesting time, density at broadcasting, and fertilizer application rate are also required. Crop data were obtained 
from the Department of Agriculture and Rural Development of An Giang, Kien Giang and Can Tho (Table 3). In the 
Long Xuyen Quadrilateral, the paddies are often broadcasted ‘OM6976’ in the third week of December and harvested 
in the first week of April for the winter-spring (WS) cropping season. For the summer-autumn (SA) cropping season, 
rice is broadcasted in the third week of April and harvested in the fourth week of July while the autumn-winter (AW) 
cropping season began in the third week of August and ended in the fourth week of December (Table 3). An advantage 
of ‘OM6976’ is that it is valued with high productivity, easy to germinate, less pests and a life-cycle varying from 90 to 
103 d, depending on local weather conditions. 

RESULTS AND DISCUSSION

Sensitivity analysis
For almost modelers, sensitivity analysis of the crop models to detect the optimal parameters is considered as a major 
challenge (Adnan et al., 2017; Silvestro et al., 2017). Sensitivity analysis is commonly conducted to find the optimal 
values of the key parameters and then they are applied for running simulation the models (Archontoulis et al., 2014; 
Silvestro et al., 2017). In the FAO-AquaCrop model, the sensitivity of the parameters is appraised and presented in Table 
4. The results show that the three key parameter groups found include: high sensitivity (e.g., canopy growth, water stress, 
length of the flowering stage and harvest index), moderate sensitivity (e.g., canopy decline coefficient, stomatal stress 
coefficient, water stress coefficient, and base temperature) and low sensitivity (e.g., maximum canopy cover, maximum 
effective rooting depth, water stress coefficient curve shape, aeration stress coefficient and canopy senescence stress 
coefficient) (Table 4). 

Moisture content at saturation, % 47
Field capacity, % 32
Permanent wilting point, % 20
Saturated hydraulic conductivity, mm m-1 120
Total available soil water, mm d-1 225
Curve number 46

Table 2. Relevant soil characteristics analyzed in the study area.

Soil description Values

    kg ha-1        
WS 20 Dec  5 Apr OM6976 160 Broadcast 8 16 25 40  70 80 50
SA               20 Apr              30 Jul OM6976 180 Broadcast 8 18 30 45 100 70 50
AW 20 Aug 30 Nov OM6976 170 Broadcast 8 15 25 38   80 70 50

Table 3. Information about crop calendar, fertilizer schedules and application rate for rice broadcasting crops.

Crop Harvest

WS: Winter-spring; SA: summer-autumn; AW: autumn-winter; I, II, III, IV: days after broadcasting.

Crop calendar Density at 
broadcast

Rice 
variety

Planting 
methodBroadcast I II III IV Urea NPK K

Nr days fertilizer after broadcasting
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Performance assessment of the FAO AquaCrop model 
The performance of the crop models was often appraised based on the statistical indicators to evaluate the agreement 
between the simulated model and observed data (Khov et al., 2017; Lee and Dang, 2019b). In this study, error indices 
namely coefficient of determination, an index of agreement and root mean square error were used to assess the performance 
of the FAO AquaCrop model.
 Coefficient of determination (R2) is calculated as follow:
  

[4]

where Si and Oi are the simulated results and observed data, respectively.
 The index of agreement (d) is defined by the Equation 5:
   
  [5]

where Ōi is the mean value of Oi and n is the number of data points. 
 Root mean square error (RMSE) is calculated by the Equation 6:
   
  [6]

 In most practical applications, the RMSE is used as a measure of absolute error between the calculated results and 
observed data (Khov et al., 2017; Silvestro et al., 2017). 
 In this work, the FAO-AquaCrop model was calibrated comparing the observed grain yield with simulated results 
during period 11 yr (2000-2010). The calibrated results indicate that a high correlation (Figures 3a, 3b and 3c) is obtained 
with d = 0.81-0.91, R2 = 0.88-0.93 and RMSE = 0.18-0.43, respectively (Table 5). The results of model calibration with 
the high values of d and R2 indices and the low values of RMSE index affirm that the FAO-AquaCrop model is suitable to 
apply in the Long Xuyen Quadrilateral. Similarly, the FAO-AquaCrop model validation was also conducted comparing 
the observed grain yield with simulated results in the period of 8 yr (2011-2018). The validated results point out that 
a good fit is defined between the simulated model and observed grain yield (Figures 3d, 3e and 3f) with d = 0.84-0.93, 
R2 = 0.87-0.95, and RMSE = 0.19-0.37, respectively for all rice broadcasting seasons (Table 5). The results of model 
validation also obtain the high values of d and R2 and the low values of RMSE. Based on the finding, it can affirm that the 
FAO-AquaCrop model satisfies the evaluation criteria. 

Table 4. Sensitivity analysis of the parameters in the FAO-AquaCrop model.

  1 Base temperature, ºC Moderate
  2 Soil water depletion factor for stomatal control Low
  3 Length of the flowering stage, d High
  4 Maximum canopy cover (CCx) Low
  5 Canopy growth coefficient High
  6 Canopy decline coefficient Moderate
  7 Maximum rooting depth Low
  8 Upper threshold water stress coefficient Moderate
  9 Lower threshold water stress coefficient High
10 Upper threshold of canopy senescence Moderate
11 Water stress coefficient curve shape Low
12 Upper threshold stomatal stress coefficient Moderate
13 Aeration stress coefficient Low
14 Harvest index of leaf growth before flowering High
15 Harvest index of leaf growth after flowering High

ParametersNr Sensitivity level

R2 = si*oi – si*        oiΣ i = 1
n Σ i = 1

nΣ i = 1
n

oi
2 – (            oi)2Σ i = 1

n Σ i = 1
nsi

2 – (       si)2 *    Σ i = 1
n Σ i = 1

n

d = 1 – (si – oi)2 Σ i = 1
n

(si – ōi)2 Σ i = 1
N

RMSE = (si – oi)2 Σ i = 1
n

n
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Relationship between crop broadcasting calendar and grain yield
Based on the findings, the grain yield of all rice broadcasting crops can increase if the CBC is changed compared to 
the baseline. Specifically, the rice yield of the WS and SA cropping seasons can increase up to 6.2% (approximately 
7.4 t ha-1) and 5.3% (reach 6.5 t ha-1) in the two experiment areas (Figure 4) if the CBC is delayed from 7 to 14 d compared 
to the baseline (Figures 5a and 5b). While the rice yield of the AW cropping season can achieve 6.7 t ha-1 in the first 
experiment and 7.1 t ha-1 (increase 6.4%) in the second experiment if the CBC is shifted 14 d earlier compared to the 
baseline (Figure 5c). The simulated results also show that the grain yield of the AW cropping season can achieve up to 
the optimal level if the rice seeds are broadcasted on 5 to 10 September (Table 6). The results of the study are consistent 
with a study previously published by Deb et al. (2016). Their results showed that the forward and backward shifts in the 
crop broadcasting calendar to be beneficial to enhance the crop yield under the ICC.

Figure 3. Comparison of simulated and observed grain yield for model calibration of the winter-spring (a), summer-
autumn (b), autumn-winter (c) cropping seasons in the first experiment (Area I) and winter-spring (d), summer-autumn 
(e), autumn-winter (f) cropping seasons in the second experiment (Area II) during period 2000-2010.

Area I WS 0.91 0.18 0.92 0.89 0.19 0.95
 SA 0.85 0.36 0.88 0.86 0.31 0.91
 AW 0.87 0.27 0.89 0.84 0.28 0.93
Area II WS 0.86 0.20 0.93 0.93 0.26 0.91
 SA 0.81 0.43 0.88 0.85 0.37 0.87
 AW 0.84 0.33 0.91 0.82 0.30 0.90

Area

Table 5. Statistics of model performance for the calibration period (2000-2010) and validation period (2011-2018) 
base on the d index, RMSE and R2.

WS: Winter-spring; SA: summer-autumn; AW: autumn-winter.

Crop RMSE
Calibration period (2000-2010)

d R2 RMSE
Validation period (2011-2018)

d R2



475CHILEAN JOURNAL OF AGRICULTURAL RESEARCH 80(4) OCTOBER-DECEMBER 2020

Figure 4. Comparison of simulated and observed grain yield of the winter-spring (a), summer-autumn (b), autumn-winter 
(c) cropping seasons in the first experiment and winter-spring (d), summer-autumn (e), autumn-winter (f) cropping 
seasons in the second experiment for the model calibration during period 2011-2018.

Figure 5. Change in grain yields with different broadcasting calendars of the winter-spring (a), summer-autumn (b), 
autumn-winter (c) cropping seasons in the two experiment areas with error bars show the change in grain yield due to 
the shift of the crop broadcasting calendars. 

 t ha-1 t ha-1  t ha-1

Area I WS 6.3 6.5 6.4 6.6 6.7 6.8 7.4 7.2 7.2 7.0 6.9
 SA 6.0 5.8 5.8 6.0 6.1 6.3 6.5 6.5 6.5 6.4 6.3
 AW 6.5 6.7 6.7 7.0 6.7 6.5 6.5 6.4 6.2 6.3 6.4
Area II WS 6.1 6.2 6.3 6.2 6.3 6.4 6.8 6.7 6.6 6.6 6.5
 SA 5.9 5.7 5.6 5.8 5.7 5.8 6.2 6.2 6.1 6.1 6.1
 AW 6.2 6.4 6.4 6.7 6.4 6.2 6.0 5.9 5.8 5.9 6.0

Area Crop Current
Backward (d)

-35
Forward (d)

-28 28-21 21-14 14-7 7 35

Table 6. Crop yield under shift in the crop broadcasting calendars compared to the baseline for the winter-spring 
(WS), summer-autumn (SA) and autumn-winter (AW) cropping seasons.

Grain yield with the difference in broadcasting dates
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CONCLUSIONS

The study was conducted to define the suitable broadcasting time for rice paddies in the Long Xuyen Quadrilateral in 
the context of climate change. Based on the findings, the grain yield of the winter-spring and summer-autumn cropping 
seasons can improve if the crop broadcasting calendars are delayed from 7 to 14 d while the autumn-winter cropping 
season will approach a maximum grain yield if the crop broadcasting calendar is shifted 14 d earlier compared to the 
baseline. In general, the grain yield of rice paddies in the Long Xuyen Quadrangle can be significantly improved if the 
crop broadcasting calendars are changed (forward or backward) compared to the baseline. It can assert that the current 
broadcasting calendar of three rice broadcasting crops in the Long Xuyen Quadrangle is no longer suitable for weather 
conditions.
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