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Introduction
Maize (Zea mays L.) cultivation in dry zone of Sri Lanka, which covers approximately 32% of the country’s land area, is a vital component of national food and feed production. However, this region is increasingly threatened by climate variability and projected climate change, posing significant risks to maize productivity and sustainability. The region, characterized by bimodal rainfall patterns with Maha; the northeast monsoon from September to December and Yala; the southwest monsoon from March to June seasons, receives annual precipitation of 600-1200 mm, often marked by prolonged dry spells and high evapotranspiration demands (Mrf and Hmkcw, 2025). Climate projections under high-emission scenarios indicate temperature increases of 1.5 - 4°C by year 2100, altered precipitation regimes, and heightened drought frequency, potentially compressing optimal crop growth windows and exacerbating yield volatility (IPCC, 2023).
Current Department of Agriculture sowing recommendations, primarily empirical, fail to account for these shifts, leaving farmers vulnerable to suboptimal planting decisions. Crop simulation models like Agricultural Production Systems sIMulator (APSIM) offer a robust solution, enabling evaluation of management strategies across historical and future climates without costly field trials. Previous APSIM validations for Sri Lankan maize varieties confirm model accuracy (R=0.92 - 0.97 for yield prediction) under rainfed conditions (Amarasingha et al., 2017). Pacific maize, a widely adopted hybrid in the dry zone, exhibits moderate drought tolerance but remains sensitive to sowing date-induced thermal stress during critical phenological stages.
This study addresses the critical gap in sowing date optimization under Representative Concentration Pathway (RCP) 8.5 scenarios, evaluating five planting dates per season to identify climate-resilient strategies. By integrating 30 years of site-specific weather data from Mahailupallama with IPCC projections, the research provides evidence-based recommendations for sustaining maize productivity amid climate uncertainty. Such adaptations are vital for dry zone farming systems, where maize contributes significantly to livestock feed and food security. 
Materials and Methods
The study utilized the APSIM version 7.10 maize module, calibrated and validated for Pacific variety (Zea mays L.) using field data from prior experiments (Amarasingha et al., 2017). Model performance showed RMSE of 0.68 t ha⁻¹ and R²=0.94 for grain yield prediction under rainfed dry zone conditions.
Historical weather data comprised 30 years of daily records from Mahailupallama meteorological station, representative of Anuradhapura district's dry zone climate. Variables included maximum/minimum temperatures, rainfall, solar radiation, and vapor pressure deficit. Future scenarios followed IPCC Synthesis Report (2023) RCP 8.5 projections.
Table 1: Future climate predictions for Sri Lanka by IPCC 2023 synthesis report - RCP 8.5 emission scenario
	Climatic Factor
	2025 (Current)
	2050
	2100

	Rainfall 
	0%
	+10%
	+20%

	TMAX 
	0
	+1.8
	+3.7

	TMIN 
	0
	+1.8
	+3.7

	CO₂ Concentration
	415 ppm
	550 ppm
	1100 ppm



Soil profile represented typical dry zone red-brown earth: sandy clay loam texture, 150 cm depth, 120 mm plant-available water capacity, 1.2% organic carbon, and baseline NPK fertility from literature (Mapa et al., 2010). Five sowing dates per season were tested based on Department of Agriculture guidelines:
· Maha: 20 Sep, 30 Sep, 10 Oct, 20 Oct, 30 Oct
· Yala: 20 Mar, 30 Mar, 10 Apr, 20 Apr, 30 Apr
Simulations outputs included grain yield (kg ha⁻¹) and days to flowering (anthesis). Analysis used Microsoft Excel for descriptive statistics; optimal dates identified as maximum yield per scenario.


Results, Discussion & Conclusions
Maha season outcomes show that under the present climate, the sowing window of 30th September maximized yield at 5066.65 kg ha⁻¹, with flowering at 29 days after planting, outperforming later sowing windows by 5-11% due to escape from terminal moisture stress. By 2050, under RCP 8.5 emission scenario, yields declined 12-20% across sowing windows, with the optimal sowing window of 30th September yielding 4463.49 kg ha⁻¹, reflecting accelerated flowering at 26 days after planting from +1.8°C warming, which shortened grain filling duration. Recovery to 4735.68 kg ha⁻¹ by 2100 suggests precipitation stabilization offsets extreme heat impacts.
Yala season showed higher productivity compared to Maha. Under the current climate, the peak yield reached 6555.80 kg ha⁻¹ on 30th March, flowering at day 29, which is 29% higher than the Maha season. Future projections indicate that yields will remain stable or even increase, with a 1.6% rise to 6,659.94 kg ha⁻¹ by 2050 and a 6.5% increase to 6,983.40 kg ha⁻¹ by 2100. These gains are mainly due to the better alignment of the sowing window with the increasing pre-monsoon rainfall under the RCP 8.5 emission scenario.
Table 2: Simulation summary
	Season
	Climate
	Optimal
Sowing Window
	Yield (kg ha⁻¹)
	Flowering (DAP)

	Maha
	Present
	30 Sep
	5,066.65
	29

	Maha
	2050
	30 Sep
	4,463.49
	26

	Maha
	2100
	30 Sep
	4,735.68
	26

	Yala
	Present
	30 Mar
	6,555.80
	29

	Yala
	2050
	30 Mar
	6,659.94
	28

	Yala
	2100
	30 Mar
	6,983.40
	28



These findings align with (sanjeewa et al., 2025), who reported 15-25% yield penalties from late-Maha sowing due to post-flower drought. Yala's resilience mirrors regional patterns where southwest monsoon intensification benefits early planting. Flowering time shortening under warming climate matches APSIM's thermal-time sensitivity, risking heat stress at flowering if unadjusted. The clear difference between Maha and Yala highlights seasonal climate impacts under RCP 8.5 emission scenario. Maha experiences combined drought and heat risks, while Yala benefits from changes in rainfall and water availability.
This simulation study demonstrates that maize production in dry zone of Sri Lanka requires strategic seasonal shifts to maintain productivity under projected climate change. The Yala season emerges as the most climate-resilient pathway, delivering 30%-45% higher yields than Maha across all scenarios and showing yield stability or gains due to favorable alignment with projected pre-monsoon rainfall increases. In contrast, Maha season faces substantial vulnerability, with optimal yields projected to decline 12% by 2050 before partial recovery by 2100, primarily driven by accelerated flowering time and terminal drought risks. These differential responses highlight the value of APSIM simulations for identifying sowing date optima without extensive field experimentation, confirming model predictions against prior validations. Overall, the findings validate adaptive sowing as a low-cost, immediately implementable strategy for dry zone maize systems.
Recommendations
Agricultural extension services should prioritize Yala maize cultivation with 30 March sowing window as a key climate adaptation strategy and integrate this guidance into farmer training and seasonal calendars. Farmers continuing Maha cultivation must follow 30 September sowing window to ensure yield stability. Policymakers should embed these evidence-based sowing windows in Sri Lanka’s National Adaptation Plan for Agriculture and fund on-farm demonstration trials to validate model results. Further work is needed on multi-site field validation, and economic comparisons of Yala and Maha systems, including irrigation costs. Developing short duration hybrids and implementing real-time advisory systems linked to weather forecasts would strengthen climate resilience.
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