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Abstract

Maize (Zea mays L.) is the most vital upland cereal and a cornerstone of food security in Sri Lanka. The crop is
extensively cultivated in the dry zone, a region highly vulnerable to climate change. Nevertheless, current nitrogen (N)
fertilizer rates have not been recently climate-optimized, reducing yield efficiency and increasing environmental impacts.
The objectives of this study were to model and optimize N fertilizer rates for maize, under current and future climate
conditions for 2050 and 2100 by testing different nitrogen management scenarios by utilizing the Agricultural Production
Systems Simulator (APSIM). Simulations were conducted using 30 years of past climate data from Mahailluppallama
local weather station and 2023 IPCC climate projections to test multiple nitrogen management strategies. Results
showed that the current Department of Agriculture recommendation of 315-425 kg ha™ N can be optimized to 345-435
kg ha™ under present conditions, increasing yields while reducing leaching losses. Under future climates, optimal N
rates rose slightly to 375-465 kg ha™ to maintain productivity, though leaching risks increased. Findings highlight the
importance of adaptive, climate-responsive N management strategies to sustain maize yield and minimize environmental
impacts. The outcomes provide valuable guidance for developing data-driven, climate-smart fertilizer recommendations
for dry zone of the Sri Lanka.
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1. Introduction like soil degradation and water pollution , while also ensuring

Maize (Zea mays L.) is the second-most important cereal crop
cultivated in Sri Lanka. Farmers favor hybrid varieties, and in
recent years, the cultivation of hybrid crops has expanded due
to their high production potential [1]. Maize is predominantly
regarded as a crop suited to the dry zone. It is cultivated both as
a monoculture and as part of mixed cropping systems in settled
highland areas. Nitrogen is the most yield-limiting nutrient for
maize, as its deficiency delays plant growth and development,
thereby reducing grain yield [2]. Therefore, to achieve high maize
yields, nitrogen fertilization and management techniques remain
important agronomic procedures [3]. Careful management of
nitrogen fertilizer is essential to mitigate environmental risks

that farmers see a substantial return on their investment before
purchasing fertilizers [4].

The twenty-first century has seen climate change emerge as a
critical environmental concern, with agriculture being one of the
most vulnerable sectors. As climatic conditions change, it becomes
imperative to adjust agricultural practices to ensure food security
and sustainable farming [5]. Agricultural systems models, such
as the Agricultural Production Systems Simulator (APSIM), are
increasingly used worldwide to explore strategies that address
food security, optimize resource use, and adapt to climate change
impacts [6]. APSIM, in particular, is a powerful tool for simulating
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crop-soil-climate interactions and guiding decisions on agronomic
practices, such as optimizing nitrogen fertilizer applications. This
capability is particularly relevant for dry zone of Sri Lanka, where
maize production is sensitive to both nutrient management and
changing climatic conditions [7].

APSIM allows for the evaluation of different management
practices, including nitrogen fertilizer application, under both
current and projected climate scenarios. For this study, an APSIM
model that has been previously calibrated and validated for
maize cultivation under similar environmental conditions were
utilized [8]. This previously calibrated model provides a reliable
foundation for accurately simulating maize growth in the dry zone
of Sri Lanka. By building on this established model, the research
focused on optimizing nitrogen fertilizer rates and projecting these
rates under future climate scenarios. This approach helped to
identify sustainable practices that can enhance maize productivity
while mitigating environmental impacts.

Even though maize is a key crop for food security and smallholder
livelihoods in Sri Lanka’s dry zone, but productivity is limited
by inefficient nitrogen (N) management. Farmers lack precise
guidance on optimal N rates, leading to under-application, which
reduces yields, or over-application, causing economic losses,
environmental damage, and increased greenhouse gas emissions
[9]. Existing fertilizer recommendations from the Department
of Agriculture are outdated and do not reflect recent changes in
climate and farming practices. Increasingly unpredictable weather,
rising temperatures, altered rainfall patterns, and extreme events
further complicate N management, highlighting the need for
updated, climate-responsive fertilizer guidelines. This study aimed
to develop a nitrogen (N) fertilizer optimization model for maize
cultivation in Sri Lanka’s dry zone using APSIM, which had been

previously calibrated for comparable environmental conditions.
By simulating a range of N application scenarios, the research
identified optimal fertilizer requirements under future climate
projections, offering strategies to improve maize yields while
minimizing the environmental impact of nitrogen use. The study
also generated evidence-based recommendations for policymakers
and extension services to support the development of updated,
sustainability-oriented fertilizer guidelines. Overall, the findings
contribute to enhancing the resilience of maize farming in the dry
zone, helping farmers adapt more effectively to the challenges
posed by climate change.

2. Materials and Methods

2.1. Study Area and Data Collection

The research focused on maize cultivation in the dry zone of Sri
Lanka, specifically using daily weather data, including maximum
(TMAX) and minimum (TMIN) temperatures, rainfall, and
sunshine hours from the weather station at Field Crop Research
and Development Institute (FCRDI) at Mahailuppallama. Soil
characteristics for the study area were obtained from [10]. Soil
data for individual layers were incorporated into the model when
available, while default model values were applied for the deeper
subsoil layers. The collected data serves as the basis for simulating
maize growth under various nitrogen management scenarios.
Adjustments to key climate variables, including maximum
temperature (TMAX), minimum temperature (TMIN), rainfall,
and CO2 concentration, were made using projections from climate
change models. The data was derived from the Representative
Concentration Pathways (RCP) 8.5 scenario, which was outlined
in the Intergovernmental Panel on Climate Change, 2023 synthesis
report [11]. This scenario represents a high-emission pathway,
reflecting the potential trajectory of climate change without
significant mitigation efforts. (Table 1)

Climatic factor Scenario

2022 (Current) 2050 2100
Rainfall (Increased) 0 10% 20%
TMAX (Increased) 0 1.7 3.6
TMIN (Increased) 0 1.7 3.6
CO, Concentration 415 ppm 550 ppm 940 ppm

Table 1: IPCC Future Climate Projections (RCP 8.5 Scenario)

2.2. Simulation Model (APSIM)

APSIM, or the Agricultural Production Systems Simulator (version
7.10), is used to simulate maize growth under a range of nitrogen
fertilizer rates. To ensure accurate simulation, a maize model
previously calibrated and validated under similar environmental
conditions was obtained from and used in this study [5]. The
study tested 784 different nitrogen fertilizer application scenarios,
adjusting total rates of application from 0 kg ha' to 810 kg ha™'.
This included simulations for both the Yala and Maha growing
seasons, allowing the research to cover the two primary planting

seasons in Sri Lanka. All management practices were determined
in accordance with the guidelines provided by the Department of
Agriculture, Sri Lanka (2013). This involved identifying specific
recommendations for planting dates, planting methods (such as
direct seeding), and irrigation practices for Yala season in dry
zone. These management practices were then integrated into the
model simulations, ensuring that the simulated crop growth and
development reflected real-world agricultural practices observed
in dry zone, Sri Lanka.
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3. Results and Discussion

Under the present climate scenario, maize yield increased
proportionally with nitrogen application up to a threshold.
The Department of Agriculture recommends a total nitrogen
application of 315 kg ha'! in the Maha season (Fig.1) and 425 kg

3500

ha' in the Yala season (Fig.2), which yielded 2597.67 kg ha' and
3168.84 kg ha'', respectively. Corresponding leaching rates were
14.80 kg ha™! for Maha and while it was only 0.55 kg ha™' for Yala,
demonstrating lower leaching risks in drier conditions.
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Figure 1: Fertilizer Rate Evaluation for Yala Season Under Present Climate Scenario
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Figure 2: Fertilizer Rate Evaluation For Maha Season Under Present Climate Scenario

Simulation results suggested that modest increases in total nitrogen
inputs up to 345 kg N ha™ for Maha and 435 kg N ha™* for Yala
could slightly improve yields up to 2625.10 kg ha™ in Maha
and 3174.46 kg ha™ in Yala, while decreasing leaching losses in
Maha to 11.3 kg ha™!, and maintaining relatively constant minimal
leaching level in Yala. This indicates potential to enhance nitrogen
use efficiency for present climate conditions through optimized
application rates, particularly in the Maha season. In 2050 climate
scenario, nitrogen application for the Maha season remained the

same as in the present evaluation at 345 kg ha-1, yielding 2650.03
kg ha-1, while leaching losses increased to 13.75 kg ha! due to
projected climate variability (Fig.3). For the Yala season, total
nitrogen remained 435 kg ha'!, with a yield increase to 3182.09
kg ha'! and leaching losses rising slightly to 0.65 kg ha' (Fig.4).
The summary analysis of the 2050 scenario suggested that slightly
higher yield than the present, however with a cost of increased
nitrogen leaching in both seasons.
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Figure 3: Fertilizer Rate Evaluation for Maha Season Under 2050 Climate Scenario
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Figure 4: Fertilizer Rate Evaluation for Yala Season Under 2050 Climate Scenario

By 2100, adjustments to nitrogen rates were necessary to account  producing a yield of 3198.57 kg ha’!, with leaching losses rising to
for projected climate impacts. In the Maha season, the total 1.05 kg ha'. 2100 scenario evaluations highlighted the increasing
nitrogen applied increased to 375 kg ha’!, resulting in a yield of challenges of maintaining yields while mitigating environmental
2675.05 kg ha'! with leaching losses of 14.17 kg ha!. Similarly, in  impacts under changing climatic conditions.

the Yala season, the total nitrogen applied increased to 465 kg ha'!,
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Figure 5: Fertilizer Rate Evaluation for Maha Season Under 2100 Climate Scenario
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Figure 6: Fertilizer Rate Evaluation for Yala Season Under 2100 Climate Scenario

The findings of this study emphasize the critical importance of
adopting dynamic fertilizer recommendations tailored to seasonal
and climatic variability. Site-specific nitrogen management, rather
than generalized recommendations, is essential for optimizing
yields and minimizing environmental losses. Optimized nitrogen
fertilizer rates have been shown to significantly increase maize
productivity while reducing reactive nitrogen losses, such as
N:O emissions, NHs volatilization, and nitrate leaching [12].
This aligns with findings by, who demonstrated the significant
economic benefits of nitrogen optimization in maize production
[13]. However, nitrogen optimization alone is insufficient to ensure
sustainable maize production. Other critical factors such as water
management, soil health, and climate-smart practices which play
a pivotal role in enhancing productivity and resilience. Integrated
approaches that combine split fertilizer applications, irrigation
management and soil conservation techniques are essential to
improving nitrogen use efficiency and reducing environmental
losses [14-16]. This supports the argument by that holistic strategies
are necessary for sustaining crop productivity under changing
climates [17]. The use of localized data for weather, soil, and crop
parameters was a key strength of this study, as it enabled reliable
predictions and actionable insights. These findings align with,
who emphasized the importance of site-specific data for refining
agricultural practices [18]. Tailoring fertilizer rates to match local
conditions and future climatic scenarios minimizes environmental
risks, such as nitrogen leaching, which tends to increase with
higher nitrogen application rates [19]. Balanced fertilizer use,
integrated with climate-resilient strategies, is therefore crucial to
mitigating these risks while sustaining productivity.

This research underscores the value of simulation modeling as
a tool for developing location-specific recommendations. By
integrating simulation outputs with on-farm practices, farmers
and policymakers can enhance nitrogen use efficiency, reduce
environmental losses, and sustain maize productivity under
changing climatic conditions. Future studies should explore
the integration of water management, soil conservation, and
adaptive cropping systems to complement nitrogen optimization,
addressing its limitations when used in isolation. From a policy

perspective, dynamic fertilizer recommendations must be coupled
with farmer education and capacity-building programs to promote
the adoption of climate-smart practices [20]. Equipping farmers
with knowledge and tools for integrated nutrient management,
efficient water use, and soil health improvement is essential to
fostering resilient agricultural systems that can cope with climate
variability. Financial incentives, such as subsidies for high-quality
seeds and fertilizers and access to affordable credit for smallholder
farmers, can further enhance the economic feasibility of adopting
these practices [21]. These measures would ensure improved
productivity, environmental sustainability, and long-term viability
in the agricultural sector.

4. Conclusion

Adjustments in nitrogen application timing were suggested to
align with altered rainfall patterns. Reduced basal fertilizer and
increased nitrogen application four weeks after sowing improved
nutrient uptake and NUE during critical growth stages. Despite
these optimizations, nitrogen leaching increased under future
scenarios, especially during the Maha season, due to higher rainfall
intensity. The study emphasized the need for climate-resilient
nitrogen management strategies that integrate water management,
soil health, and climate-smart practices to enhance resilience
and minimize environmental impacts. Future research should
focus on optimizing nitrogen under water-limited conditions and
refining recommendations using localized soil and climate data.
In conclusion, the research provided a framework for adaptive
nitrogen management that balances productivity and environmental
sustainability, enabling farmers and policymakers to address
climate challenges while ensuring long-term agricultural viability.
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