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ABSTRACT
Brinjal (Solanum melongena L.) is an important warm-season vegetable crop whose growth, phenology, yield, and fruit quality are strongly influenced by prevailing weather conditions. This review synthesizes existing research on the effects of major weather parameters temperature, rainfall and soil moisture availability, relative humidity, solar radiation, sunshine duration, wind speed, and extreme weather events on the growth and yield of brinjal. Temperature emerges as a dominant factor regulating physiological processes, phenological development, and reproductive success, with both heat and cold stress during sensitive stages such as flowering and fruiting leading to significant yield reductions. Rainfall distribution and soil moisture availability critically affect nutrient uptake, biomass accumulation, and disease incidence, while extremes of relative humidity modify transpiration, pollen viability, and pest–disease dynamics. Solar radiation and sunshine duration govern photosynthetic efficiency, radiation use efficiency, and assimilate partitioning, thereby directly influencing fruit set, size, and yield. Wind speed and evaporative demand further alter crop microclimate, water use, and reproductive stability. The review also highlights the role of sowing time in aligning crop phenology with favourable agrometeorological windows, emphasizing the usefulness of thermal indices and weather-based yield prediction models in understanding yield variability. Additionally, the impacts of weather parameters on fruit quality traits and their interactions with crop phenology are discussed. Finally, adaptation and management strategies and key research gaps are identified, underscoring the need for integrated, climate-resilient approaches and predictive modeling to sustain brinjal productivity under increasing climate variability.
1.Introduction
Brinjal (Solanum melongena L.), also known as eggplant, is an important solanaceous vegetable crop cultivated extensively in tropical and subtropical regions of the world. It is valued for its high productivity, adaptability to diverse agro-climatic conditions, and nutritional importance, being a good source of vitamins, minerals, and antioxidants (Kalloo, 1993). In India, brinjal occupies a significant area among vegetable crops and contributes substantially to farmer’s income and food security. The growth and yield performance of brinjal are greatly influenced by environmental factors, particularly weather variables such as temperature, rainfall, relative humidity, and sunshine hours. These variables directly affect physiological and biochemical processes including photosynthesis, respiration, flowering, fruit set, and fruit development (Hatfield & Prueger, 2015). Crop growth parameters such as PAR interception, optimum LAI, dry matter production and wind speed influences the economic yield of brinjal (Ahad, 1986). Optimum temperature and moisture conditions are essential for proper vegetative growth and reproductive development, while deviations from favourable weather conditions can lead to reduced yield and poor fruit quality. Several studies have reported that weather parameters during different growth stages significantly influence yield attributes in vegetable crops. Temperature plays a critical role in determining phenological development, whereas rainfall and relative humidity affect soil moisture availability and disease incidence (Lobell and Gourdji, 2012). Brinjal is particularly sensitive to extreme temperatures and moisture stress, which can cause flower drop and reduced fruit set, ultimately affecting yield. In the context of increasing climate variability, understanding the relationship between crop growth, yield, and weather variables has become increasingly important. Analyzing these relationships can help identify critical weather factors influencing brinjal productivity and assist in developing suitable agronomic practices, crop scheduling, and yield forecasting models (Porter et al.,2014). The protected cultivation could solve the problem of low productivity during extreme weather conditions (Rajasekar et al., 2013).Therefore, the present study was undertaken to examine the relationship between growth and yield parameters of brinjal and prevailing weather variables during the crop growing period. The findings are expected to provide useful insights for improving brinjal production under variable climatic conditions and for developing climate-resilient vegetable cultivation strategies.
2.Methodology: 
The data for this review paper was collected by the related journals article research proceedings annual reports, thesis, review reports, survey reports and library books, etc.
3. Effect of weather parameters on growth and yield of Brinjal
3.1. Effect of Temperature 
Temperature is a key meteorological factor regulating the growth, phenology, and yield of brinjal. As a warm-season vegetable crop, brinjal exhibits optimum growth at temperatures ranging from 25 to 30°C during vegetative growth and 21–27°C during flowering and fruit development (Bose et al.,2002). Temperatures below 16°C constrain seedling growth and delay crop establishment, while excessively high temperatures (>30°C) can hamper fruit set and reduce yield ( due to increased flower drop and impaired pollen viability) (Adamczewska-Sowińska et al.,2016) Temperature governs physiological processes such as enzymatic activity, photosynthesis, respiration, and assimilate partitioning, thereby directly influencing crop productivity. High temperatures accelerate crop phenology, leading to early flowering and fruiting but often reduce fruit size and yield due to shortened growth duration and increased respiration losses (Hatfield and Prueger, 2015). Exposure to temperatures above 35°C during flowering adversely affects pollen viability and stigma receptivity, resulting in poor fruit set and increased flower drop (Sato et al.,2006). In hot arid conditions, temperatures above 35°C reduce pollen viability and fruit set significantly, necessitating breeding of heat-tolerant genotypes to sustain yields under thermal stress (Verma et al.,2024]). Early sowing often exposes seedlings to sub-optimal low temperatures, resulting in delayed germination, slow vegetative growth, and prolonged phenological stages. Conversely, late sowing exposes the crop to high temperatures during flowering and fruiting, causing pollen sterility, flower drop, and reduced fruit set (Santhiya et al.,2019). Accumulated Growing Degree Days (GDD) vary significantly with sowing dates, directly influencing crop duration and yield. Optimum sowing dates ensure efficient heat unit accumulation, which enhances biomass production and yield potential (Rajput et al.,1987; Katkar et al.,2023). Temperature also interacts with other environmental factors to determine phenology and yield. For example, research on greenhouse-grown plants found curvilinear responses of flowering and yield traits to combinations of temperature and light intensity, emphasizing the importance of climatic context in defining brinjal performance (Uzun et al., (2007) Thermal indices such as Growing Degree Days (GDD), Helio-thermal Units (HTU), and Photo-thermal Units (PTU) are widely used to quantify temperature effects on crop growth. Several studies have reported a strong positive relationship between accumulated GDD and brinjal yield up to an optimum thermal threshold, beyond which yield declines due to heat stress (Rajput et al.,1987). Efficient utilization of heat units during reproductive stages is a key determinant of higher yield and improved fruit quality. The timing of sowing determines the rate of phenological development in brinjal. Early sown crops generally require more calendar days but accumulate similar or higher thermal units compared to late sown crops. Delayed sowing shortens crop duration due to rapid heat unit accumulation, often resulting in reduced vegetative growth and yield (Hatfield and  Prueger,2015).Studies have reported that optimum sowing dates result in higher Heat Use Efficiency (HUE), indicating better conversion of thermal energy into economic yield. Late sowing reduces HUE due to exposure to thermal stress during reproductive stages, adversely affecting yield attributes such as fruit number and fruit weight (Katkar et al., 2023).

 3.2. Effect of Rainfall and Soil Moisture Availability
Rainfall plays a crucial role in determining soil moisture availability, nutrient uptake, and overall crop performance in brinjal. Adequate and well-distributed rainfall during vegetative and flowering stages enhances leaf area development, root growth, and biomass accumulation whereas excessive rainfall during flowering and fruiting leads to waterlogging, increased disease incidence, and yield reduction (Doorenbos et al.,1986). The mean plant height in brinjal under water-stressed conditions was 30.86% lower than that of non-stressed plants. This reduction in plant height can be attributed to restricted soil moisture availability, depletion of stem water reserves, shortened internodal length, suppressed cell division, and lower plant water potential (Ramasamy et al.,2017). Excessive rainfall, especially during fruiting stages, results in waterlogging, reduced root aeration, nutrient leaching, and increased incidence of diseases such as Fusarium wilt and Phomopsis blight (Agrios, 2005).Quantitative studies have shown a positive correlation between seasonal rainfall and brinjal yield up to an optimum level, beyond which yield declines due to excess moisture stress . Rainfall use efficiency and soil moisture indices are therefore important parameters for assessing yield variability under rainfed conditions.

 3.3. Effect of Relative Humidity
Relative humidity (RH) influences transpiration rate, stomatal conductance, photosynthetic efficiency, and disease incidence in brinjal. Moderate RH levels (60–70%) favour normal physiological activity and enhance crop growth, whereas high RH (>80%) promotes excessive vegetative growth and increases susceptibility to insect pests and fungal diseases. High RH during flowering reduces pollen viability and increases flower drop, leading to lower fruit set and yield (Sato et al.,2006). All the pests exhibited a negative correlation with maximum temperature, minimum temperature, minimum relative humidity, and rainfall, whereas maximum relative humidity showed a positive correlation with pest incidence.(Pal,1784). Extremes of humidity can lead to stress high RH reduces transpiration, increasing susceptibility to fungal and bacterial diseases, while low RH increases water loss, potentially causing flower and fruit abscission. Although specific studies on RH effects in brinjal are fewer, climatic studies underscore that combined humidity and temperature stress can contribute to reduced yield through altered transpiration rates and pest/disease dynamics. Moreover, disease incidence such as Phomopsis blight and leaf spot is closely associated with RH and temperature regimes, linking weather parameters to both plant physiology and crop health management outcomes in brinjal production systems (Sharma et al.,2013). Seasonal humidity trends also influence pest and disease pressures, such as higher incidence of wilt diseases under conditions of high RH and low rainfall during late crop phases (Gehlot et al.,2024) 

 3.4. Effect of Solar Radiation and Sunshine duration
Solar radiation is the primary energy source for photosynthesis and dry matter production in brinjal. Adequate sunshine hours enhance photosynthetic rate, leaf area index, and assimilate translocation to developing fruits. Sowing date governs radiation availability during critical growth stages. Brinjal sown at optimum dates intercepts higher Photosynthetically Active Radiation (PAR) during flowering and fruiting, leading to improved assimilate production and partitioning (Monteith, 1977). Higher radiation use efficiency (RUE) under favourable weather conditions indicates better conversion of solar energy into economic yield. Sunshine duration during flowering and fruit development stages is particularly critical for improving fruit set, size, and quality. In protected cultivation, modification of radiation through shading or greenhouse microclimate control can influence canopy temperature and yield components (Katkar et al.,2023). Insufficient light, especially when combined with suboptimal temperatures, delays flowering and can reduce both the number and weight of fruits per plant, directly affecting yield potential. While brinjal is generally considered day-neutral (i.e., flowering is not strictly controlled by photoperiod), variations in light intensity significantly influence crop vigour, early flowering, and ultimately yield. In controlled environment studies, higher radiation levels increased fruit set and fresh fruit weight, highlighting the importance of adequate light for maximizing yield components (Uzun et al.,2007)

3.5. Effect of Wind speed and Evaporative demand
Wind speed modifies the crop microclimate by influencing canopy temperature, transpiration rate, and boundary layer resistance. Moderate wind speeds enhance gas exchange and reduce canopy humidity, thereby lowering disease incidence. However, high wind speeds increase evapotranspiration losses, cause mechanical damage, and impair pollination and fruit retention (Hatfield and Prueger, 2015). In arid and semi-arid regions, high evaporative demand combined with strong winds intensifies moisture stress, leading to reduced growth and yield of brinjal. Wind speed influences micrometeorological conditions by enhancing air movement, which can improve transpiration and gas exchange at moderate levels, but high wind increases evapotranspirative demand and can cause mechanical stress. Within dense canopies, reduced air movement can raise humidity and promote disease, whereas moderate air flow helps stabilize leaf temperature and microclimate around the crop canopy, promoting growth and yield stability.

 3.6. Effect of Extreme Weather Events
The frequency of extreme weather events such as heat waves, droughts, cold spells, and heavy rainfall has increased due to climate change. Brinjal is highly sensitive to such weather aberrations, particularly during reproductive stages. Heat stress reduces pollen viability and fruit set, while cold stress delays phenological development and metabolic activity (Hatfield and Prueger, 2015). Heavy rainfall events lead to waterlogging and disease outbreaks, whereas prolonged drought severely limits growth and yield. Quantitative assessments indicate that yield losses are maximum when extreme weather coincides with flowering and fruiting stages (IPCC, 2021). Use of mulches improves soil temperature regulation and moisture conservation, mitigating adverse climatic effects and enhancing yields. Breeding for heat tolerance and developing climate-resilient varieties are also key approaches in adapting brinjal production to changing weather patterns. For example, identification and deployment of high temperature tolerant genotypes can maintain fruit set under extreme heat conditions common in arid climates (Verma et al.,2024). Although brinjal is generally regarded as a drought-sensitive crop (Chen et al., 2002), identifying eggplant cultivars with tolerance to drought or moisture stress is crucial. Such cultivars can help ensure sustainable production while also enabling more efficient use of irrigation water, thereby conserving water resources for other crops (Harish & Gobu, 2016).


3.7. Effect of Sowing time 
Understanding weather impacts on brinjal growth and yield informs climate-resilient management strategies. Adjusting planting dates can help avoid heat or cold stress during sensitive phenological stages. The effectiveness of any sowing date cannot be interpreted in isolation from environmental interactions. Weather variables such as rainfall distribution, relative humidity, radiation levels, and incidence of pests and diseases vary with calendar time and season. Sowing brinjal at a date that minimizes stress from extreme temperatures and pests leads to improved growth and stable yields (Sihag et al.,2025). For instance, very early sowings may align sensitive flowering stages with peak pest populations or high disease pressure, leading to yield penalties. Conversely, strategic sowing that avoids such stress windows while ensuring adequate moisture and thermal conditions optimizes crop performance. Identifying the optimum sowing window for brinjal is vital for region-specific crop planning. In tropical and subtropical regions, early autumn to late autumn sowing (e.g., late September to early October) is often recommended to ensure flowering and fruiting occur during thermally favourable periods (Gehlot et al.,2024; Katkar et al.,2023). Sowing date also affects qualitative characteristics such as fruit size, marketable yield, and shelf life. Optimal sowing periods are associated with better assimilation rates and carbohydrate partitioning, resulting in larger and firmer fruits with higher market acceptability.

4. Impact of weather parameters on Fruit Quality Traits 
Beyond yield, weather conditions influence fruit quality attributes such as size, shape, colour, firmness, and biochemical composition. Stress from extreme temperatures or moisture deficits can alter carbohydrate partitioning and secondary metabolite profiles, leading to smaller fruits with lower market value and altered nutritional quality. Changes in environmental conditions, particularly temperature and water stress, have been linked to variability in phenolic content and firmness in other solanaceous crops, suggesting similar impacts are likely in brinjal under climatic extremes (Miceli et al.,2024). 

5. Interaction of Agrometeorological Parameters with Crop Phenology
The response of brinjal to agrometeorological parameters varies across phenological stages. Temperature and moisture are critical during germination and vegetative growth, while radiation, RH, and thermal stress strongly influence flowering, fruit set, and yield (Rajput et al.,1987). Field evidence indicates that optimal planting dates that align crop phenology with favourable micrometeorological windows can improve growth and yield outcomes (Sihag et al.,2025; Katkar et al.,  2023).Agrometeorological indices integrated with phenological observations provide a robust framework for developing crop weather calendars and decision support systems. Weather variables rarely act in isolation temperature, light, humidity, and rainfall together influence physiological and biochemical processes in brinjal. For example, temperature and moisture regimes interact to affect flowering time, fruit set, and final yield, while temperature and humidity influence disease pressure. Integrated climate conditions influence phenotypic plasticity and stability of traits across seasons; genotype × environment studies show that seasonal climatic differences (such as summer vs. kharif) result in variation in growth habit, fruit shape, and yield stability, indicating the combined impact of climatic factors on brinjal biology and production outcomes.

6. Weather-Based Yield Prediction Models
Yield variability in brinjal is largely explained by sowing date (weather interactions). Multiple regression and correlation studies have demonstrated that combinations of temperature, rainfall, relative humidity, and sunshine hours during specific phenophases account for a significant proportion of yield variation (Rao et al.,2015). Weather-based yield prediction models incorporating sowing dates and agrometeorological indices have shown promise in forecasting brinjal yield and guiding adaptive management strategies under climate variability.

7. Adaptation and Management Strategies for climatic stress
· Selection of suitable cultivars with tolerance to specific weather stresses.
· Adjusting planting dates to avoid peak temperature stress during flowering.
· Mulching and moisture conservation to moderate soil temperature and preserve moisture.
· Shade nets and protective structures in regions with excessive light or heat stress.
· Efficient irrigation scheduling (e.g., drip irrigation) to cope with uneven rainfall.
These strategies help buffer adverse weather effects and optimize crop performance under variable climates.


9. Conclusion
Temperature, humidity, radiation, soil moisture, and wind collectively shape the plant’s physiological responses, phenology, and productivity. Optimizing these parameters through timely planting, microclimate management, and adaptive cultural practices can enhance yield performance under variable agroclimatic conditions. Future research should focus on precise quantification of these interactions and development of predictive models to guide decision support systems for brinjal cultivation.

8. Research Gaps and Future Directions
· While numerous studies document individual weather effects (e.g., temperature, humidity, rainfall), on brinjal, there is a need for integrated research that models multi-factor interactions across variable climates and genotypes. 
· Long-term impacts of climate change scenarios on brinjal physiology.
· Genotype × environment interactions across diverse agro-ecosystems.
· Mechanistic models linking weather parameters with crop phenology and yield.
· Integration of remote sensing and precision agriculture for weather-responsive management.
Future research that integrates physiological, molecular, and modeling approaches will support climate-resilient brinjal production systems. 
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