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ABSTRACT 
Background
Crop growth and productivity are largely governed by prevailing weather conditions, particularly temperature, rainfall, relative humidity, and solar radiation. Variability in these parameters affects physiological processes, phenological development, and yield formation in crops. Maize (Zea mays L.), a widely cultivated C₄ cereal, and onion (Allium cepa L.), an important vegetable crop with a shallow root system, respond differently to weather fluctuations due to their contrasting growth habits and climatic requirements. In maize–onion cropping systems, understanding crop–weather correlations is essential for improving resource-use efficiency, minimizing climate-related risks, and ensuring sustainable productivity under changing climatic scenarios.
Aims
To review the influence of major weather parameters on growth, phenology, and productivity of maize and onion and analyze crop–weather relationships at critical growth stages of both crops
Methodology
The review is based on a comprehensive analysis of published literature, including research articles, review papers, and agrometeorological studies related to maize and onion. Information was synthesized on the effects of temperature, rainfall, relative humidity, solar radiation, and weather-based indices such as growing degree days (GDD), heliothermal units (HTU), and photothermal units (PTU) on crop growth and yield. Comparative evaluation was carried out to identify common and contrasting crop–weather responses in maize and onion cropping systems.
Discussion
The analysis revealed that maize growth and yield are strongly influenced by temperature and moisture availability, with optimum weather conditions enhancing biomass accumulation and grain yield. Accumulation of heat units showed a positive correlation with phenological development and productivity, whereas extreme temperatures and moisture stress during tasseling and grain filling caused significant yield losses. Onion growth and bulb development were found to be highly sensitive to temperature, photoperiod, and soil moisture. 
Conclusion
Crop–weather correlations play a vital role in determining growth and productivity of maize and onion. Adoption of agrometeorological tools, optimized sowing schedules, and climate-smart practices can help mitigate weather-related risks and enhance productivity in maize–onion cropping systems under variable climatic conditions.
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1. Introduction
Agricultural productivity is inherently dependent on weather and climate, as crop growth, development, and yield formation are directly influenced by atmospheric conditions prevailing throughout the growing season. Among the various environmental factors, weather parameters such as temperature, rainfall, relative humidity, solar radiation, and wind play a dominant role in regulating physiological and biochemical processes in plants. Variations in these parameters determine the success or failure of crops, particularly in rainfed and semi-arid regions where agriculture is highly vulnerable to climatic fluctuations. In recent years, increased climate variability and the frequency of extreme weather events have further emphasized the need to understand crop–weather relationships for sustainable agricultural production.
Maize (Zea mays L.) is one of the most important cereal crops globally, serving as a staple food, feed, and industrial raw material. It is characterized by high yield potential and efficient utilization of solar radiation due to its C₄ photosynthetic pathway. However, maize productivity is highly sensitive to weather conditions, especially temperature and moisture availability during critical growth stages such as germination, tasseling, silking, and grain filling. Even short-term deviations from optimum weather conditions during these stages can cause substantial yield losses. Therefore, quantifying the relationship between maize growth and weather parameters is essential for improving yield stability and forecasting crop performance.
Onion (Allium cepa L.) is an economically important vegetable crop cultivated widely for fresh consumption, processing, and export. Unlike maize, onion is a shallow-rooted crop with a relatively long growing period and specific climatic requirements. Its growth and bulb development are strongly influenced by temperature, photoperiod, and soil moisture conditions. Onion exhibits high sensitivity to both moisture stress and excess rainfall, which can adversely affect bulb size, quality, and storage life. Moreover, weather conditions during bulb initiation and maturation stages play a decisive role in determining final yield and market value.
Cropping systems involving maize and onion are common in many irrigated and semi-irrigated regions due to their complementary growth habits and economic returns. In such systems, efficient utilization of weather resources across seasons is crucial for maximizing overall productivity and profitability. However, the contrasting climatic requirements of maize and onion necessitate a thorough understanding of their individual and combined responses to weather variables. Crop–weather correlation studies provide valuable insights into how different weather parameters influence crop performance and how these effects vary across growth stages and seasons.
Agrometeorological indices such as growing degree days (GDD), heliothermal units (HTU), and photothermal units (PTU) are widely used to quantify the relationship between crop development and accumulated heat and radiation. These indices help in predicting phenological events, assessing crop growth rates, and estimating yield potential under different weather scenarios. Integrating such indices into crop management practices enables better decision-making related to sowing time, irrigation scheduling, nutrient management, and pest and disease control.
In the context of climate change, understanding crop–weather correlations has gained greater significance. Rising temperatures, altered rainfall patterns, and increased incidence of heat waves and droughts pose serious challenges to maize and onion production. Anticipating crop responses to these changes through weather-based studies can aid in developing climate-resilient cropping systems. Therefore, a comprehensive review of crop–weather relationships in maize and onion cropping systems is essential to identify critical weather determinants of growth and productivity and to formulate adaptive management strategies for sustainable agriculture.
In recent years, increasing climatic aberrations such as heat waves, erratic rainfall, and prolonged dry spells have intensified the need to reassess established crop–weather relationships. Both maize and onion exhibit stage-specific sensitivity to weather extremes, which can lead to significant yield losses if not properly managed. Consequently, a comprehensive review of crop–weather correlations in maize and onion cropping systems is essential to identify critical weather thresholds, enhance yield prediction accuracy, and support the development of climate-resilient agronomic strategies. This review aims to synthesize existing research on the influence of weather parameters on growth and productivity of maize and onion, with emphasis on their comparative responses within cropping systems.
2. METHODOLOGY
The methodology adopted for this review was designed to systematically analyze and synthesize existing knowledge on crop–weather correlations influencing growth and productivity of maize and onion in different agro-climatic conditions. Emphasis was placed on understanding the individual and combined effects of weather parameters on crop phenology, growth dynamics, and yield formation, particularly within maize–onion cropping systems.
2.1 Literature Search and Data Sources
A comprehensive literature survey was carried out using peer-reviewed journals, research articles, review papers, conference proceedings, and technical bulletins related to agrometeorology, crop physiology, and cropping systems. Published studies focusing on maize and onion responses to weather parameters were collected from national and international sources. Priority was given to long-term field experiments, weather-based crop studies, and region-specific research conducted under tropical and subtropical environments.
2.2 Selection Criteria and Data Compilation
Relevant studies were selected based on their focus on:
· Quantitative relationships between weather variables and crop growth or yield
· Use of agrometeorological indices such as growing degree days (GDD), heliothermal units (HTU), photothermal units (PTU), and evapotranspiration
· Analysis of weather effects at different phenological stages
· Studies conducted under mono-cropping as well as cropping system approaches
Data on weather parameters including maximum and minimum temperature, rainfall, relative humidity, sunshine hours, solar radiation, and wind speed were compiled from the selected studies. Corresponding crop parameters such as days to emergence, leaf area index, dry matter accumulation, yield attributes, and final yield were extracted for comparative analysis.
2.3 Weather-Based Indices and Their Application
Weather-based indices reported in the literature were critically analyzed to assess their effectiveness in explaining crop growth and productivity. Growing degree days were evaluated to understand thermal requirements for different phenological stages of maize and onion. Heliothermal and photothermal units were analyzed to assess the combined influence of temperature and solar radiation or photoperiod on crop development. Where available, crop water requirement and evapotranspiration-based indices were also reviewed to understand moisture–weather interactions.
2.4 Analytical Approach
The methodology involved qualitative and quantitative synthesis of findings. Correlation and regression relationships reported between weather variables and crop growth or yield were compared across studies to identify consistent trends. Emphasis was placed on identifying critical growth stages where weather sensitivity was highest. Comparative evaluation was conducted to highlight contrasting responses of maize and onion to similar weather conditions, thereby elucidating system-level implications.
2.5 Cropping System Perspective
Studies focusing on maize–onion or similar sequential and diversified cropping systems were reviewed to assess how weather parameters influence overall system productivity. The methodology also included evaluation of sowing windows, seasonal weather variability, and carry-over effects of weather on succeeding crops. This approach helped in understanding resource-use efficiency and weather-driven interactions within the cropping system.

2.6 Climate Variability and Adaptation Analysis
Research addressing the impact of climate variability and extreme weather events on maize and onion was included to assess future risks. Adaptive strategies such as altered planting dates, use of weather-based advisories, and climate-resilient varieties reported in the literature were analyzed in relation to crop–weather correlations.
2.7 Synthesis and Interpretation
The final step involved synthesizing all information into a coherent framework highlighting key weather determinants of growth and productivity in maize and onion. The methodology ensured integration of agrometeorological concepts with crop physiology and management practices, providing a holistic understanding of crop–weather relationships relevant to sustainable maize–onion cropping systems.
3. Performance of crop growth and productivity
3.1. Influence of Weather Parameters on Crop Growth and Productivity
Weather parameters play a crucial role in regulating crop growth, development, and productivity by influencing key physiological and biochemical processes in plants. Temperature, rainfall, solar radiation, relative humidity, and wind speed govern photosynthesis, respiration, transpiration, and phenological progression, thereby determining yield formation. Variations in these parameters during critical growth stages can significantly enhance or limit crop performance.Understanding the influence of weather on crop productivity is increasingly important under changing climatic conditions, where frequent weather extremes and variability pose challenges to sustainable agriculture. Analysis of crop–weather relationships helps in identifying sensitive growth stages, improving yield prediction, and formulating weather-based management strategies for stable and efficient crop production.
Weather parameters regulate crop growth by influencing enzymatic reactions, photosynthesis, respiration, transpiration, and nutrient uptake. Variations in temperature, rainfall, humidity, and radiation determine crop adaptation across agro-climatic regions.Monteith and Moss (1977) demonstrated that crop productivity is largely a function of intercepted solar radiation and temperature-mediated radiation use efficiency.
Hatfield et al. (2011) emphasized that weather extremes such as heat waves and droughts significantly disrupt crop physiological processes and reduce yield stability.
Wallace et al. (1993) reported that temperature and radiation jointly determine biomass production through their effects on leaf area development and photosynthetic efficiency. Rosenzweig and Liverman (1992) highlighted that interannual climate variability significantly alters crop productivity, especially in regions dependent on monsoon rainfall. 
Lobell and Burke (2010) emphasized that weather-driven yield variability accounts for a major share of production uncertainty in cereal–vegetable systems.
3.2. Crop–Weather Relationship in Maize
3.2.1 Effect of Temperature on Maize Growth and Yield
Temperature is a key environmental factor that directly affects maize (Zea mays L.) growth, development, and yield. It influences physiological processes such as germination, leaf development, photosynthesis, and reproductive development. Optimal temperatures (generally 25–30°C) promote rapid growth, biomass accumulation, and grain formation, while deviations from the optimum can disrupt flowering, reduce kernel set, and shorten the grain-filling period. Understanding the effect of temperature on maize is essential for selecting suitable sowing dates, varieties, and management practices to achieve maximum productivity, especially under conditions of climate variability.
Maize phenology is highly temperature dependent, and thermal accumulation determines transition between growth stages.Muchow (1990) reported that high night temperatures increased respiration losses, reducing net photosynthesis and grain yield.
Schlenker and Roberts (2009) showed that maize yields sharply decline when temperatures exceed 29°C during the growing season .
Liu et al. (2013) observed that heat stress during tasseling reduced pollen viability and silk receptivity, leading to poor kernel set. Jones et al. (1984) reported that high temperatures during grain filling shortened crop duration and reduced assimilate translocation to kernels (Jones, 1984,). Cicchino et al. (2010) observed that elevated temperatures increased leaf senescence rate, thereby reducing radiation interception in maize. 
Tesfaye et al. (2015) showed that heat stress above 35°C caused irreversible damage to pollen viability and silk elongation.
3.2.2 Effect of Rainfall and Moisture Availability
Rainfall and soil moisture availability are critical determinants of crop growth, development, and yield. Adequate water supply supports physiological processes such as nutrient uptake, photosynthesis, and cell expansion, while water deficit during critical growth stages can limit vegetative growth, flowering, and yield formation. Conversely, excessive rainfall or poor drainage can lead to waterlogging, root damage, and increased disease incidence. Understanding the effect of rainfall and moisture availability is essential for optimizing irrigation scheduling, improving water-use efficiency, and ensuring stable crop productivity under varying climatic conditions.
Soil moisture availability directly affects leaf expansion, stomatal conductance, and dry matter accumulation in maize.Claassen and Shaw (1970) reported that moisture stress during silking caused irreversible yield losses even after re-watering.
Edmeades et al. (1993) found that drought stress during flowering reduced kernel number more than kernel weight.
Banziger et al. (2002) emphasized that drought-tolerant maize hybrids showed improved yield stability under variable rainfall conditions.
Denmead and Shaw (1960) established that maize yield response to water stress varies with growth stage, with flowering being the most sensitive phase (Denmead, 1960)
NeSmith and Ritchie (1992) reported that soil moisture deficit reduced leaf expansion more than photosynthesis, indirectly limiting yield. 
Aslam et al. (2013) highlighted that intermittent drought stress reduced harvest index even when total biomass was unaffected.
3.2.3 Weather-Based Indices and Maize Productivity
Weather-based indices, such as growing degree days (GDD), heliothermal units (HTU), and photothermal units (PTU), are widely used to quantify the relationship between climatic factors and maize (Zea mays L.) growth and productivity. These indices integrate temperature, solar radiation, and day length to predict crop phenology, biomass accumulation, and yield potential. By linking specific weather conditions to critical growth stages, weather-based indices help in optimizing sowing dates, irrigation, and nutrient management. Their use is particularly valuable under variable climatic conditions for improving yield forecasting and supporting climate-resilient maize production.
Weather indices integrate thermal and radiation effects and are widely used in maize growth modeling.Rajput et al. (1987) reported that maize phenology could be accurately predicted using accumulated growing degree days.
Hundal et al. (2004) observed a strong linear relationship between heliothermal units and maize biomass accumulation. Aggarwal et al. (2006) demonstrated that thermal indices effectively predicted maize phenology across different sowing dates (Aggarwal, 2006).
Bishnoi et al. (2014) reported strong associations between photothermal units and grain yield under irrigated maize.
4. Crop–Weather Relationship in Onion
4.1 Effect of Temperature on Onion Growth and Bulb Development
Temperature plays a vital role in regulating onion (Allium cepa L.) growth and bulb development. Being a cool-season crop, onion requires specific temperature ranges for vegetative growth, bulb initiation, and enlargement. Optimal temperatures (13–25°C) promote leaf development and carbohydrate accumulation in bulbs, while high temperatures can induce bolting, reduce bulb size, and impair quality. Conversely, low temperatures may delay growth and bulb formation. Understanding the effect of temperature is essential for selecting suitable varieties, determining planting dates, and managing cultural practices to achieve optimum bulb yield and quality.
Temperature and photoperiod jointly regulate onion bulb initiation and enlargement.Steer (1980) reported that higher temperatures accelerated bulb initiation but reduced bulb diameter. Rabinowitch (1990) highlighted that onion cultivars vary in thermal sensitivity, influencing adaptability across regions.
Tripathi et al. (2014) observed that prolonged heat stress reduced assimilate partitioning towards bulbs.	Khokhar (2008) emphasized that bulb initiation is highly genotype-specific and controlled by temperature–photoperiod interaction. 
Daymond et al. (1997) reported that high temperatures reduced dry matter accumulation in onion bulbs by accelerating leaf senescence (Daymond, A.J., Hadley, P. and Wheeler, T.R., 1997, Annals of Botany, 80: 609–615).
Lawande et al. (2009) observed that delayed planting exposed onion to higher temperatures, resulting in reduced bulb size and yield.
4.2 Effect of Rainfall and Relative Humidity
Rainfall and relative humidity are important climatic factors that influence crop growth, development, and yield. Adequate rainfall ensures sufficient soil moisture for physiological processes such as nutrient uptake, photosynthesis, and vegetative growth, while water deficits can limit growth and reduce productivity. Relative humidity affects transpiration, stomatal activity, and disease incidence, with high humidity often favoring fungal infections and low humidity increasing water stress. Understanding the effects of rainfall and relative humidity is essential for optimizing irrigation, managing crop health, and maintaining stable yields under varying climatic conditions.
Onion is extremely sensitive to both moisture deficit and excess rainfall.Doorenbos and Kassam (1979) emphasized that onion requires frequent but light irrigation due to its shallow root system (Doorenbos, 1979). Gupta et al. (2017) reported increased incidence of purple blotch and downy mildew under high humidity conditions.
Brewster (1994) reported that excess soil moisture reduced oxygen availability in the root zone, impairing nutrient uptake in onion (Brewster, 1994).
Sharma et al. (2016) found that high relative humidity during bulb maturity increased post-harvest losses due to neck rot and basal rot (Sharma, 2016).
Shock et al. (2000) emphasized precise irrigation scheduling to avoid moisture stress and waterlogging in onion.
4.3 Weather Indices and Onion Yield
Weather-based indices, such as growing degree days (GDD), heliothermal units (HTU), and photothermal units (PTU), are useful tools for understanding the impact of climatic factors on onion (Allium cepa L.) growth and yield. These indices integrate temperature, day length, and solar radiation to predict key developmental stages, such as leaf growth, bulb initiation, and enlargement. By correlating weather conditions with crop phenology and productivity, these indices help in optimizing planting dates, irrigation schedules, and management practices, enabling better yield forecasting and climate-resilient onion production.
Agrometeorological indices are useful tools for predicting onion yield and harvest timing.Khan et al. (2016) reported that bulb yield was positively correlated with growing degree days and sunshine hours (Khan, 2016).
Patel and Shekh (2018) demonstrated that photothermal units were effective in predicting onion maturity. Saha et al. (2014) reported that onion bulb yield showed strong positive correlation with accumulated GDD and sunshine hours.
Meena et al. (2017) demonstrated that thermal indices could accurately predict onion maturity under different agro-climatic conditions.
5. Comparative Crop–Weather Responses in Maize and Onion
Maize and onion exhibit distinct responses to weather parameters due to differences in their physiology, rooting depth, and growth patterns. Understanding their comparative crop–weather interactions helps optimize management practices and improve productivity in diverse climatic conditions.
Maize and onion differ markedly in their sensitivity to thermal and moisture stress.Jones et al. (1986) reported that maize exhibits greater heat tolerance due to its C₄ pathway compared to onion’s C₃ metabolism. Brewster and Salter (2001) emphasized that onion productivity declines sharply under high soil temperature and moisture stress.
Porter and Semenov (2005) highlighted contrasting heat tolerance mechanisms between cereals and vegetable crops.
Tubiello et al. (2007) reported that vegetable crops like onion are more vulnerable to temperature extremes compared to cereals such as maize.
6. Crop–Weather Interaction in Maize–Onion Cropping System
Crop–weather interactions in maize–onion cropping systems play a crucial role in determining growth, yield, and overall system productivity. Understanding these interactions helps optimize sowing dates, irrigation, and management practices for improved resilience under variable climatic conditions.
Sequential cropping systems are strongly influenced by seasonal weather transitions.Singh et al. (2019) reported that delayed maize harvest exposed onion seedlings to higher soil temperature stress.Rao et al. (2021) observed that weather-based crop planning improved system productivity by 15–20%.
Verhulst et al. (2012) reported that weather-driven residue management in maize affected soil moisture dynamics for succeeding crops.
Patil et al. (2020) observed that adjusting sowing windows based on seasonal weather forecasts improved maize–onion system productivity.



7. Climate Variability and Crop Productivity
Climate variability significantly influences crop growth and productivity by altering temperature, rainfall, and other weather patterns. Understanding its impact is essential for developing adaptive management strategies to sustain agricultural yields.
Climate change has intensified weather extremes affecting maize and onion yields.Challinor et al. (2014) emphasized that heat and drought stress could reduce global maize yield by up to 20% by mid-century. Srinivasarao et al. (2018) highlighted the need for climate-smart cropping systems integrating weather advisories.
Asseng et al. (2015) projected that global maize yields could decline by 10–25% under future warming scenarios.
Ortiz et al. (2008) emphasized breeding and management interventions to cope with climate-induced stress in cropping systems. Monteith (1991) emphasized that understanding crop–weather interactions is fundamental for yield prediction. Hatfield and Prueger (2015) concluded that weather-driven stress mitigation is central to sustainable cropping systems.
8. Effect of Climate Variability on Maize Cropping System
Climate variability significantly affects maize growth, phenology, and yield through changes in temperature, rainfall distribution, and frequency of extreme weather events. Elevated temperatures accelerate crop development, often shortening the grain-filling period and reducing yield. Irregular rainfall patterns increase the risk of moisture stress during critical growth stages such as tasseling and silking, which are highly sensitive to drought. Climate variability also influences pest and disease dynamics in maize, leading to increased biotic stress. Studies indicate that adoption of climate-resilient varieties, adjustment of sowing dates, and improved water and nutrient management can partially offset the negative impacts of climate variability on maize productivity (Cairns and Prasanna, 2018).
Onion is highly sensitive to climatic fluctuations, particularly temperature and moisture stress, which affect bulb initiation, size, and quality. High temperatures during bulb development can lead to premature maturity and reduced bulb size, while excessive rainfall or humidity increases the incidence of fungal diseases and post-harvest losses. Climate variability also affects water-use efficiency and nutrient uptake in onion, especially under rainfed conditions. Research highlights that climate-smart practices such as improved irrigation scheduling, mulching, and selection of stress-tolerant varieties are essential to sustain onion productivity under variable climatic conditions (Singh et al., 2017).
Conclusion
[bookmark: _Hlk204003461]	Crop–weather relationships strongly influence the growth and yield of maize and onion. Using agrometeorological tools, proper sowing times, and climate-smart practices can reduce weather risks and improve productivity in maize–onion cropping systems under changing climatic conditions.
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