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ARTICLE DETAILS ABSTRACT

Nepal's agricultural sector is crucial for employment generation and GDP, but it is vulnerable to adverse
weather and climatic conditions, particularly affecting rice production. The Decision Support System for Agro
Technology Transfer (DSSAT) uses the Cropping System Model (CSM)-CERES Rice to simulate rice growth
and development. This study used the DSSAT rice growth simulation model to assess rice production in the
Terai region of the eastern province, specifically Tarahara. Data was collected from 2013 to 2018, using the
NR 1190 (Radha-13) rice variety under long-term soil fertility experiments. The study found that increased
atmospheric temperature, solar radiation fluctuations, CO2 concentration variations, and rainfall fluctuations
negatively affected rice yield. Maximum temperatures increased rice yield proportionally, while decreased
minimum temperatures led to significant yield loss. Changes in solar radiation intensity also negatively
affected yields. The model indicated a linear increase in rice yield up to 600vpm of CO2 concentration, but
beyond which the yield plateaued. Precipitation changes exhibited decreasing trends in yield, and the
combined effect exacerbated the negative impact. The study also assessed best management practices (BMPs)
for rice production in the study region. The optimal conditions identified included planting ten days earlier,
an NPKratio of 120:40:50, and a plant density of 130 at transplanting, resulting in a 23.49% increase in yield
on applying all best management practices.
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services, paddy farmers can only achieve 76% of their potential output
(Choudhary et al, 2022). Improved management practices and the

1. INTRODUCTION

Nepal's agricultural sector holds paramount significance in the nation's
economy, providing substantial employment opportunities and
contributing significantly to the Gross Domestic Product (GDP). In 2022,
the agriculture sector's GDP contribution reached 23.95% %. A shift has
occurred over the years, with approximately 75% of the population
relying on agriculture in 2000, decreasing to 66% by 2022 % (Kaatya
Mishra, 2023).

Rice (Oryza sativa L.) is a critical staple food globally, particularly in Asia,
and plays a vital role in ensuring global food security. In Nepal, rice serves
as the primary staple crop, contributing substantially to income
generation for farmers. The Terai region of Nepal accounts for 73% of rice
production, while the hills and high hills contribute 24% and 4%,
respectively. Beyond its economic impact, rice plays a crucial role in food
and nutrition security, constituting 67% of total cereal consumption and
providing 23% of protein intake. It also contributes 20% to the
Agricultural Gross Domestic Product and 7% to the overall GDP,
accounting for 53% of total cereal food production (Joshi et al., 2020).

Rice consumption in Nepal averages around 120 kilograms of milled rice
annually, constituting one-third of the total calorie intake. The country's
predominantly rice-focused agriculture covers the largest land area, yet
yields remain relatively low. Despite improvements in agriculture-related

introduction of superior varieties can increase rice production. Modern
varieties have been developed and released for general cultivation across
production domains, with 45 varieties introduced after the establishment
of the Nepal Agricultural Research Council (Gairhe, et al., 2022). Despite
these efforts, rice imports in Nepal persist due to insufficient production,
preferences for fine rice, and increased road access in hilly areas with
rising income levels. The highest rice cultivation elevation is observed in
Chumchaur of Jumla (3050 m), offering a diet suitable for people with
diabetes due to its low carb content, high mineral content (iron, calcium,
phosphorous), fiber richness, and protein content. However, cultivation of
Jumli Marshi rice is decreasing due to low productivity and susceptibility
to blast (Gautam et al,, 2022).

The Decision Support System for Agrotechnology Transfer (DSSAT) is a
powerful tool that incorporates crop simulation models and tools,
including the CERES-Rice module of the Cropping System Model (CSM).
Developed by an interdisciplinary team, DSSAT is crucial in stimulating
growth, development, and yield in response to soil-plant-atmosphere
dynamics (DSSAT Foundation, 2023). This makes it an invaluable tool in
our research. Focusing on the Eastern Terai region of Nepal, particularly
Tarahara, this study assesses the impact of climate change on rice
production. The analysis model investigates climate factors, their
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variability, and associated consequences on rice production. The study
also discusses adaptive strategies and recommends management
practices for enhancing rice production efficiency amidst climate change.
Identifying the impacts of climate change on rice yield is crucial for
increasing the country's rice production through climate-smart
agricultural practices (Ray and Ray, 2018; Amgain et al,, 2022).

Against this backdrop, the primary objective of this study is to evaluate the
influence of climate change on rice production within the rice-wheat
cropping system in the Eastern Terai region achieved through the
following objectives:

To evaluate the sensitivity of rice yields under various climate change
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scenarios using the DSSAT CERES Rice model.

To analyze adaptation strategies and propose optimal management
practices for enhancing rice production in response to climate change.

2. BRIEF OVERVIEW OF CLIMATE OF STUDY AREA
2.1 Rainfall

As shown in Figure 1, the thirty years’ annual average rainfall is 1945.28
m. The monthly average rainfall is 162mm, the maximum average rainfall
is 494.52 in June and minimum is 3.95mm in November.
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Figure 1: Variation of monthly precipitation at Tarahara from 1993 to 2022.

2.2 Temperature

Figure 2 illustrates that the average maximum monthly temperature in
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Tarahara from 1993 to 2022 was 30.02°C, while the average minimum
monthly temperature was 18.4°C.
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Figure 2: Variation of monthly minimum and maximum temperature at Tarahara from 1993 to 2022. (DHM)

2.3 Solar Radiation

Figure 3 indicates that in Tarahara, the maximum average solar radiation
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occurs in April at 21.53 M]/m?/day, while the minimum is in January at
12.62 MJ/m?/day.
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Figure 3: Variation of Monthly Mean solar radiation at Tarahara from 1993 to 2022.
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3. METHODOLOGY

3.1 Research Design
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Figure 4: Flowchart of research methodology.

3.2 Study Area The Terai region of Nepal covers 33,998.8 square kilometers, about 23.1%
of Nepal's land area, at elevations between 67 and 300 meters. This area
includes over 50 wetlands and is bordered to the north by the Bhabar, a
continuous forest belt 8-12 km wide. The southern part of Koshi Province,
part of the Terai, features fertile agricultural plains with elevations
ranging from 70 to 1,000 meters and comprises the districts of Jhapa,
Morang, and Sunsari

Nepalis alandlocked country in South Asia, bordered by China to the north
and India to the south, east, and west. It covers 147,516 square kilometers,
situated between approximately 28°N latitude and 84°E longitude, within
the temperate zone north of the Tropic of Cancer. The country spans about
800 km from east to west and 150-250 km from north to south, with
extensive water systems draining south into India.
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Figure 5: Study Location Map.
3.3 Experimental design and layout Soil Science Unit at the Directorate of Agricultural Research (DoAR), Koshi

Province, the study used fertilizer doses as treatments. Each plot

The experiment employed a Randomized Complete Block Design (RCBD) measured 6m by 4m, with a spacing of 35 cm, as detailed in Table 1.

with nine treatments and three replications. Conducted on-station by the

Table 1: Details of experimental layout

Rice variety NR 1190(Radha-13)
Experimental Design RCBD
Treatments 9
Replications 3
Plot Size 6m x 4m
Plot Spacing 35cm
Harvested Area 15m?
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Table 2: Treatments used in the study

S.N. Treatments N P K
1 T1 100 30 30
2 T2 100 30 0
3 T3 100 0 30
4 T4 0 0 0

The above-mentioned treatments in Table 2 were chosen to examine both the inclusion and exclusion of every single and all NPK components.

3.4 Data Acquisition

The data required for the modeling are as following.
e Longterm Weather Data

e Soil data

e Experimental and crop management Data

Tarahara was selected as the study location due to the availability of long-
term data (1993 to 2022) maintained by the Department of Hydrology and
Meteorology (DHM), which can represent the eastern Terai of Nepal. DHM
Dharan provided daily minimum and maximum temperatures,
precipitation, and relative humidity. Since sunshine hours were
unavailable for the study period, data were downloaded from the NASA
Power website in MJ/m?/day for 1993 to 2022. These climate data were
then adjusted in Microsoft Excel 2016 to meet model requirements. Soil
analysis data, along with experimental and crop management data, were
collected from the Soil Science Unit at the Directorate of Agricultural
Research, Nepal Agricultural Research Council, Koshi Province, Tarahara,
Sunsari.

3.5 Calibration and Validation of CERES Rice

Given the availability of long-term crop management and experimental
data for the rice variety Radha-13, this variety was selected to calibrate
the model. Released by the Nepal Agricultural Research Council for rain-
fed conditions in the Terai and inner Terai, as well as irrigated conditions
up to 700m mean sea level, Radha-13's performance data were gathered
from the Soil Science Section of DoAR Tarahara. Additional data were
sourced from the Plant Breeding Unit and Annual reports.

From 2013 to 2018, Radha-13 was used by the Soil Science Unit of DoAR

Tarahara for research. This variety was transplanted with a row spacing

of 20 cm, maintaining a plant population density of 80 plants/m?. The soil
in research area was classified as silt loam. Fields were set up using a
randomized complete block design (RCBD), with fertilizer dosages used as
treatments: 1) 100:30:3 NPK kg/ha, 2) 100:30:0 NPK kg/ha, 3) 100:0:30
NPK kg/ha, and 4) 0:0:0 NPK kg/ha. These dosages were purposively
selected to include and exclude all NPK and each nutrient individually.

Daily weather data, including maximum and minimum temperatures,
rainfall, and relative humidity, were collected from DHM for DoAR
Tarahara. For model calibration, average crop/management data from
2013 to 2015 were used, while data from 2016 to 2018 were used for
validation.

3.6 Sensitivity Analysis and Adaptation Strategy

A widely accepted method for assessing the potential impacts of various
climate changes on crop yields involves quantifying the incremental
alterations in temperature, precipitation, CO: levels, and similar factors
and then uniformly applying these changes to a reference climate, such as
the daily climate data recorded at a weather station. (Islam et al,, 2016;
White et al,, 2011).

Following model calibration and validation, the sensitivity of rice yield to
variations in different climatic parameters was analyzed. The results were
visualized and compared with findings from other researchers globally to
standardize the outcomes of environmental modifications. Additionally,
varying fertilizer doses, transplanting dates, and plant density per square
meter were tested to determine the best management practices. The
optimal adaptation strategy was then developed by applying all individual
best options simultaneously.

4. RESULTS AND DISCUSSION

4.1 Seasonal weather of the Study region

Seasonal (June-October) weather for study period
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Figure 6: Weather detail for rice growing season within study period

The seasonal weather data presented in Figure 6 encompass six years
(2013-2018) for the months of June to October, corresponding to the rice-
growing season. Over this period, average solar radiation, maximum

temperature, and minimum temperature remained relatively stable.
However, there is a slight decreasing trend in average relative humidity
from 2013 to 2018. Rainfall exhibited significant variability, peaking in
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2016 and notably decreasing in 2018. This analysis indicates that while
some weather parameters remain stable, others, such as rainfall and

The model was calibrated using averages of the experimental data of the
years 2013, 2014 and 2015 and validated for years 2016, 2017 and 2018.

Using these data, genetic coefficients were calculated using Genotype
coefficients calculator. The calibrated genetic coefficients are presented in
Table 3.

relative humidity, exhibit greater variability over the study period.

4.2 Calibration of CERES-Rice model

Table 3: Genetic coefficients for Radha-13 rice variety

Genetic P1 P2R P5 P20 G1 G2 G3 PHINT THOT TCLDP TCLDF
coefficients
Value 209.2 36.3 779.8 11.3 65.7 0.023 0.81 83 29.7 15 15.5

observed yields were plotted, and the correlation coefficient was
determined to assess the model's efficiency, resulting in a value of
approximately 84%, as shown in Figure 7.

The genetic coefficients were calculated using GenSelect Wizard Version
4.8.0.0, which uses data reported for an array of experiments.

After calculating the genetic coefficients for the variety, the simulated and

Calibration using average of 2013/14/15

y = 0.2351x + 4039.3
R2 = 0.8381 “
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2500 4500

Figure 7: Calibration of CERES Rice model.

4.3 Validation of CERES-Rice model following its calibration. The model's predictive accuracy was assessed by
plotting simulated versus observed yields in scatter plots and calculating

Validation of the model was performed for the years 2016, 2017,and 2018, the correlation coefficient. The validation results obtained are as follows:

y = 1.4005x + 881.74
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s (o]
()] o
8 8
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Figure 8: validation of CERES Rice model for 2016
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Figure 9: Validation of CERES Rice model for 2017
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Figure 10: Validation of CERES Rice model for 2018.

The scatter plots presented in Figures 8, 9, and 10 demonstrate that the To develop resilient agricultural practices and adapt to shifting climatic
CERES Rice model achieved good validation efficiency, with correlation conditions, it is crucial to understand the sensitivity of rice production to
coefficients ranging from 86% to 90%. Thus, the model is reliable for various weather factors. To quantify yield variations resulting from
simulating rice yield and can be used to assess the impact of climate changes in these factors, the following combinations of parameters and
change on rice production also found the same (Alejo, 2021; Ansari et al., their associated yield impacts are analyzed.

2021).

4.4.1 Effect of temperature on yield of Rice
4.4 Sensitivity of rice yield to weather parameters
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Figure 11: Response of rice to change in maximum and minimum temperature.
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Figure 11 shows that an increase in temperature up to 5°C has a mild effect
on yield, but a further increase of 1°C results in a yield reduction of
approximately 47%. These findings align with previous studies, which
have linked elevated temperatures to reductions in grain weight and
quality (Krishnan et al,, 2011; Song et al,, 2022; Pasuquin et al., 2023).

6000.0
5000.0

Specifically, it reported decreased spikelet fertility, grain number, and
grain yield under higher daytime temperatures(Pasuquin et al., 2023).

4.4.2 Effect of solar radiation on yield of Rice
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Figure 12: Effect of change of solar radiation in rice yield.

Figure 12 illustrates that both increases and decreases in solar radiation
adversely affect rice yield, with decreases having a more severe impact.
For instance, a 2 MJ/m?/day increase in solar radiation results in a 3.6%
yield reduction, whereas a decrease of the same magnitude causes
approximately 6% yield reduction, which is twice as high. Similarly, a 4
M]/m?/day increase in solar radiation leads to a 4.4% yield reduction,
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25400
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while a 4 MJ/m?/day decrease results in a 17.5% yield reduction. This
indicates that greater variations in solar radiation amplify yield losses
exponentially.

4.4.3 Effect of incremental CO2 level on yield of Rice

1200

CO2 concentration (vmp)

—o—Rice yield

Figure 13: Impact of increased CO: level on rice yield

Figure 13 shows that doubling CO, levels from 380 ppm to 780 ppm
results in an average yield increase of 14%. This finding is consistent with
previous studies by (Krishnan et al, 2007 and Hu et al, 2021).
Additionally, while higher nutrient levels show a yield response to
elevated CO, that aligns with previous estimates, lower nutrient levels

initially exhibit a positive response to CO,, but this effect diminishes at a
rate inversely related to the CO, responsiveness observed under high
nutrient conditions.

4.4.4 Effect of precipitation (rainfall) on yield of Rice

Yield response to change in rainfall
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Figure 14: Variation of yield with change in rainfall.
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Figure 14 shows that both increases and decreases in rainfall adversely
affect yield, contrary to some literature suggesting that increased rainfall
boosts yield. This result may be attributed to the specific genetic
characteristics of the rice variety under study and the optimal water
management conditions in the current research trial. In contrast, other
studies indicate that decreased rainfall leads to yield loss at a rate of
approximately 8% per 2 mm/day reduction, up to about 16 mm/day

12000
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4000
2000
0

1 2

(Saseendran et al, 2000). Additionally, they reported an average yield
increase of 0.4% for every 10% increase in rainfall, while it noted that both
excessive rainfall and drought contribute to yield decline (Levine and
Yang, 2014; Shrestha et al,, 2022).

4.4.5 Combined effect of change in maximum, minimum temperature,
and solar radiation

Response of rice yield to combined effect

Gmeee
-----.--____
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See——a®
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Figure 15: Variation of rice yield in response to combined changes in weather parameters.

Figure 15 illustrates the variation in rice yield in response to combined
changes in weather parameters. This represents the impact of climate
change, which, as shown, has a negative effect on yield. Both incremental
and detrimental scenarios lead to decreased rice yield. Therefore, it can be
concluded that climate change adversely affects rice yield and threatens
food security. For adaption, climate resilient management
practices(shifting of planting date and adjustments in cropping pattern as
well as climate forecasting by using remote sensing and modeling can be
used to sought out the issues related to climate change (Anwar, 2020).

4.5 Evaluation of Adaptation Measures

It is crucial to assess adaptation techniques in climate change studies to
determine their efficacy, identify hurdles, and guide future responses.
Assessing the effectiveness and results of certain adaptation measures is
part of the assessment process.

In this study, adaptation strategies to changing climate conditions
involved varying aspects of rice cultivation, including transplantation
dates, plant population density at transplanting, and fertilizer doses. The
optimal combinations of these factors were applied simultaneously, and
the resulting yield was assessed.

4.5.1 Impact of change in transplanting date on Rice yield.

Variation of yield with change in transplanting date

Yield(kg/ha)
]
3

15-Jun 25-Jun 5-Jul

15-Jul

25-Jul 4-Aug  14-Aug

Date of transplanting

—T1

T3 =—T4

Figure 16: Variation of rice yield with change in transplanting date.
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Figure 16 indicates that shifting the transplanting date from July 5 to June transplanting date, according to the simulated yields, is June 25.

25 results in a yield increase of approximately 3%. Therefore, the optimal . . .
4.5.2 Impact of plant density on the yield of Rice

Variation of yield with change in seedling population

at planting
8000 6170

'S 6000 e
2 .//‘—._\
X 4000
k=
& 2000
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40 50 60 70 80 90 100 110 120 130 140 150 160 170
Seedling density at transplanting(no./m2)
——T1 T2 T3—e—T4

Figure 17: Variation of rice yield with change in plant density at transplanting.

Plant density at transplanting is critical for optimizing rice yield, in an approximate 18% yield increase. Thus, the optimal plant density for
particularly for low tillering varieties (source). For the variety Radha-13, transplanting is 130 plants per square meter, as illustrated in Figure 17.

increasing the number of plants per square meter from 80 to 130 results . o .
4.5.3 Impact of fertilizer (NPK) dose in Rice Production
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Figure 18: Variation of yield with fertilizer doses.
Figure 18 shows that, based on simulations of varying fertilizer doses, the irrigated transplanted rice in the eastern Terai region aligns with the
optimal fertilizer mix is 140:40:50 N:P:K, which results in a yield increase optimal dose identified in this study.

of less than 1%. However, in low-fertility regions, this increase can be

substantial. Notably, the recommended fertilizer dose by NARC for 4.5.4 Variation of yield with best management practices
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Figure 19: Variation of yield with best management practice.
Figure 19 indicates that adopting optimal management practices can lead to a yield increase of approximately 23.5%. This significant boost could
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substantially reduce import volumes, enhance food security, and
contribute to self-sufficiency in rice. Additionally, the use of newly
released high-yielding, climate-resilient, and disease-free rice cultivars
could further improve yields

5. CONCLUSION AND RECOMMENDATION

The model calibration achieved an R-squared value of approximately 83%,
and yield predictions were made with around 86% accuracy. Sensitivity
analysis was conducted by varying several factors:

e Air Temperature: Increasing maximum temperature by 1°C results
in a 1.33% yield reduction up to 4°C.

e Minimum Temperature: Each 1°C decrease in minimum
temperature causes an 8% yield loss up to 4°C.

e CO; Concentration: Doubling CO, levels from 380 ppm to 780 ppm
increases yield by 14%, after which the yield response plateaus.

e Solar Radiation: Both increases and decreases in solar radiation
negatively impact yield, with decreases having nearly double the
effect of increases. For instance, a decrease of 2 MJ/m?/day results in
a 5.9% yield reduction, whereas an increase of 2 MJ/m?/day results in
a 3.6% yield reduction.

The evaluation of best management practices (BMP) for rice production in
the study region indicated that the highest yield was achieved by
transplanting ten days earlier (shifting from July 5 to June 25), using an
NPKratio of 120:40:50, and a plant density of 130 plants per square meter.
Implementing these practices can improve yield by 23.49%.

Based on the study's findings, the following BMPs are recommended:
o Earlier Transplanting: Shift transplanting to June 25.
e Optimized Fertilization: Use an NPK ratio of 120:40:50.

e Increased Plant Density: Maintain a density of 130 plants per square
meter.

These adaptation practices are essential for achieving maximum yield
potential in response to climate change and enhancing overall production
and profitability.
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