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temperature, Biomass, Challenges to global agriculture. Among the various climate-related factors, increased
AquaCrop, Climate temperature and heat stress have been identified as major threats to crop productivity,
change. particularly for crops that are sensitive to thermal fluctuations. Maize (Zea mays L.), a vital
cereal crop cultivated worldwide for food, feed, and industrial purposes, is notably
. vulnerable to high temperatures during key phenological stages. As temperature rises above
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15 May 2025 the phys1olpglcal thr'esholds of the crop, adverse effects on photosynthesis, pollination, grain
set, and ultimately yield become more pronounced.
Revised: In light of these concerns, this study was conducted to assess the effects of temperature stress
18 June 2025 on maize growth, specifically focusing on two temperature-related indicators: (1) average
maximum temperature and (2) cumulative temperature above the thermal threshold. The
Accepted: overarching goal was to develop linear regression models that could quantify and predict the
1 July 2025 impact of these parameters on maize yield and biomass at both seasonal and phenological

stage levels. Such models could be instrumental in climate risk assessments and adaptive
management strategies for maize cultivation in semi-arid regions like Qazvin, Iran.
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Materials and Methods

The study area comprised six maize fields within the Magsal Agro-Industrial Complex in Qazvin Province,
characterized by a semi-arid climate. The single-cross maize hybrid SC 704 was selected due to its
widespread cultivation in Iran and its known sensitivity to temperature stress during reproductive stages.
Field-level data on crop growth, soil characteristics, management practices, and daily weather variables were
collected. The AquaCrop model (developed by FAO) was used to simulate crop development, yield, and
biomass. Model calibration was performed using observed data for flowering and maturity dates, biomass
accumulation, and final yield.

To quantify thermal stress, two key indicators were calculated: (1) the seasonal average of maximum daily
temperature, and (2) the cumulative number of days with maximum temperature exceeding a defined
threshold based on the physiological limits. Regression analyses were conducted to relate these indicators to
observed yield and biomass, both at the full-season level and within four specific growth stages (vegetative,
flowering, grain filling, and maturity). Model performance was evaluated using statistical metrics including
RMSE (Root Mean Square Error), NRMSE, MBE (Mean Bias Error), R?, and adjusted R2. To further assess
uncertainty, the F-factor and R-factor indices were applied.

Result and Discussion

Calibration of the AquaCrop model demonstrated reliable performance in simulating maize development, with
RMSE values between 4.6 and 6.3 for flowering and maturity predictions. When regression models were
developed using seasonal indicators, average maximum temperature was found to be a strong predictor of
yield (R? = 0.79, RMSE = 0.84), while cumulative high-temperature days better explained biomass variation
(R2=10.67, RMSE = 0.72).

However, the stage-based models consistently outperformed seasonal models in accuracy. Yield prediction
models that incorporated maximum temperature and cumulative thermal stress during specific stages had R?
values of 0.90 and 0.88, with corresponding RMSE values of 0.57 and 0.68, respectively. Similarly, biomass
was best predicted using maximum temperature during critical stages (R? = 0.83, RMSE = 0.52). All
regression coefficients were negative, indicating that temperature was associated with reductions in both yield
and biomass. The flowering stage was identified as the most temperature-sensitive period, with high
temperatures disrupting pollen viability and grain set.

Simulated scenarios also showed that increased temperatures during sensitive stages could lead to a 13-25%
reduction in final yield. Uncertainty analysis using F-factor (0.1602) and R-factor (0.1944) demonstrated
strong agreement between the model outputs and observed data, affirming the robustness of the developed
regression models.

Conclusion

This study highlights the detrimental effects of temperature stress on maize productivity, particularly during
flowering and grain filling stages. It emphasizes the need for stage-specific modeling approaches rather than
seasonal averages, as stage-wise models provided more accurate predictions of yield and biomass. The
regression models developed in this research can be integrated into decision support systems for better climate
risk management and crop planning.

Given the observed yield losses under projected temperature scenarios, adaptive strategies such as adjusting
planting dates, selecting heat-tolerant hybrids, and modifying irrigation schedules should be prioritized. These
findings also underscore the importance of integrating crop modeling tools such as AquaCrop with climate
data to improve resilience and sustainability in maize production under future warming trends.
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Fig 1. Geographical location of Magsal agro-industrial farms.
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Table 5. Regression coefficients for estimating yield and biomass.
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Fig 2. Biomass uncertainty resulting from the relationship between modeling and ground-based data
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