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ABSTRACT

This study investigates long-term climatic trends and their influence on crop yields in the Prayagraj region of Uttar Pradesh, aiming to enhance understanding of weather–agriculture interactions for sustainable farming. Utilizing meteorological and crop yield data from 1997 to 2022, two complementary statistical approaches were employed. The non-parametric Mann-Kendall (MK) test was applied to detect significant trends in key weather variables—temperature, rainfall, and relative humidity. Trends were evaluated at 1%, 5%, and 10% significance levels. Concurrently, correlation analysis was conducted to examine the relationship between weekly weather parameters and the yields of five major crops: Maize, Wheat, Rice, Mustard & Rapeseed, and Potato. This analysis was aligned with crop-specific Standard Meteorological Weeks (SMWs) covering critical growth stages, and conducted at a 5% significance level to identify key climatic drivers of yield variability. The results highlight distinct seasonal trends and significant weather–yield relationships, offering vital insights for improving yield forecasting models, enhancing climate resilience, and supporting data-driven agricultural planning and risk management in the region.
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1.INTRODUCTION
Climate change has significantly influenced agricultural systems globally. India's climate, primarily tropical monsoon, exhibits considerable regional variation, with northern areas extending beyond the tropical zone. The year is divided into four distinct seasons: winter, summer, southwest monsoon, and post-monsoon. (GOI, 2022). 
Climate change's impact is felt most acutely in the rural economy, where the agricultural sector is the primary source of livelihood. The unpredictable weather patterns brought about by climate change, alongside resource depletion and environmental degradation, create a cycle of vulnerability that is difficult to break. This situation, further complicated by rapid population growth, industrialization, and the overexploitation of natural resources, poses significant challenges for the sustainability of India’s agricultural systems (Angom et al., 2021). These findings highlight the need for adaptive agricultural strategies.
Rice, a staple crop, is highly sensitive to climate change. Elevated maximum temperatures negatively affect rice yields, while lower minimum temperatures are beneficial. Rainfall variability further increases production risks (Guntukula et al., 2020). South Asian projections estimate a 1.4–1.8°C rise in maximum temperature by 2030 and 2.1–2.6°C by 2050, expanding heat-stressed areas and rendering nearly half of the Indo-Gangetic Plains unsuitable for wheat by 2050. A 1°C rise may reduce crop yields by 10%, with Indian studies showing up to 8% rice and 5.2% wheat yield reductions with less than 2°C rise (Mohanty et al., 2022).
Wheat, India’s second-largest crop, faces major risks from rising temperatures, evapotranspiration, and vapor pressure. Nearly all of India’s wheat area is affected by seasonal temperature variability, with February temperatures and March rainfall showing the most adverse effects. Climate variability explains about 78% of yield changes (Madhukar et al., 2022; Madhukar et al., 2020).
Maize, India’s third key cereal, is also climate-sensitive. Rising temperatures are projected to reduce monsoon and winter season yields, especially in the Mid Indo-Gangetic Plains and Southern Plateau, though yields may improve in cooler Upper Indo-Gangetic regions. Rainfall and minimum temperatures offer some mitigation, while maximum temperatures increase risk (Byjesh et al., 2010; Guntukula et al., 2020).
Potato, a temperate crop, suffers from high temperatures, drought, and erratic rainfall. Temperatures above 30°C hinder tuber growth. A 3°C rise by 2050 with 550 ppm CO₂ could reduce potato production by 13.72% (Jatav et al., 2017). Climate impacts also affect seed production and storage (Kumar et al., 2024).
Mustard, a vital oilseed crop, is also vulnerable to temperature and rainfall changes, particularly during its growth and pod-filling stages. India produces 11% of global mustard, making climate-resilient strategies essential (Kumar et al., 2024; Mishra et al., 2023).
Different statistical testing methods are used to detect trends in time series data, which can be generally divided into parametric and non-parametric tests (Chen et al., 2007). While parametric tests exhibit greater power, they necessitate data that is both independent and normally distributed, a condition that is seldom met in hydrological time series data. In contrast, non-parametric tests require independence of data, yet they are more accommodating of outliers (Sandhu et al., 2023). Temporal analyses frequently utilize non-parametric statistical methods such as the Mann–Kendall test (Mann, 1945; Kendall, 1975) to guarantee reliable trend identification in climate datasets.
The intensification of climate change, driven by human activities and environmental disasters, along with rapid population growth, has significantly increased the demand for food resources. This has underscored the importance of understanding the intricate connections between climate variability and agricultural yields. Accurate crop yield prediction is essential for modern agricultural planning, addressing challenges such as climate variability, pest infestations, and harvest planning. These predictions are crucial for government agencies to develop effective food policies, regulate market prices, and manage trade activities. Industries benefit from improved logistics, while timely and precise yield estimates enable farmers to make informed decisions and mitigate risks (Setiya et al., 2024).  
In this context, the present study aims to assess the long-term trends and variability of seasonal and annual temperature, rainfall, and relative humidity, as well as their weekly correlations with crop yields in the Prayagraj region of Uttar Pradesh. The combined analysis of climatic trends and crop-weather relationships offers valuable insights to support climate-resilient agricultural planning and the development of localized mitigation and adaptation strategies in response to emerging climate risks.

2.MATERIAL AND METHOD
2.1 Study area and Data collection
	Prayagraj is situated in the southern region of Uttar Pradesh, India, at coordinates 25.45°N latitude and 81.84°E longitude. The crop yield data for paddy, wheat, maize, potato, and (mustard & rapeseed) crops in Prayagraj from 1997 to 2022, including annual production and area under cultivation, were sourced from the Directorate of Economics and Statistics, Department of Agriculture and Farmers Welfare. Weather data, including daily maximum and minimum temperatures, relative humidity, and rainfall for the period 1997 to 2022, were obtained from NASA Power (https://power.larc.nasa.gov/data-access-viewer/). Weekly averages of these weather parameters during the crop growth period were calculated using standard meteorological weeks (SMW) data for analysis.

2.2 Climatic Variability Assessment.
This study employed a 26-year dataset of daily meteorological observations, which included maximum temperature (Tmax), minimum temperature (Tmin), rainfall, and relative humidity, to examine long-term patterns and variability in regional climate. To provide consistent seasonal and annual comparisons, the daily recordings were first combined into monthly values. To assess spatial-temporal variability, statistical analysis was performed on the monthly records for every climate variable. Descriptive statistics such the mean, standard deviation (SD), and coefficient of variation (CV) were calculated for the four parameters. These measurements functioned as the main markers of climatic fluctuation within and between years.
The formulas used for basic statistical evaluation are outlined below:

………. (1)

………. (2)

 Where,  denotes each observation,  represents the mean of the dataset, and n is the total number of observations.
………. (3)

2.3 Trend Analysis of Climatic and Yield Data.
2.3.1 Mann-Kendell Test:
The Mann-Kendall test is recognized as a non-parametric statistical method, which offers the significant advantage of not requiring any specific distributional assumptions regarding the data series. Its robustness is not compromised by the presence of breakpoints, and it demonstrates greater efficacy compared to parametric alternatives. Consequently, the World Meteorological Organization endorses its use for evaluating monotonic trends in hydro-meteorological time series. The foundation of this test lies in the null hypothesis (H0), which posits that the series under examination are independent, randomly ordered, and exhibit no discernible trend. The test statistics,  and β, are defined in straightforward terms. Specifically, the parameter  indicates the overall trend of the series for the data points (x1, x2, …, xn). (Tian et al., 2012).  

………. (4)
In which,
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                  ………. (7)

 follows the standard normal distribution. Therefore, Ho is rejected if  , which means there is a significant change trend for the series (abbreviated as R), while accepting  suggests no obvious trend for the series (abbreviated as A). Besides,  represents an upward trend of the series, while denotes a negative trend. In which,  is the significance level for the test; are the standard normal deviates. In this paper,was applied, .

The parameter β represents the Kendall gradient and serves as a measure for estimating the average rate of change within the series. This estimation relies on the premise that the series exhibits a monotonic change trend, indicating that the trend can be characterized as a linear function of time.
 ………. (8)

2.3.2 Sen's slope:
The method proceeds by calculating the slope as a change in measurement per change in time, 

   ………. (9)
Where: 
· Q′ = slope between data points
· = data measurement at time 
·  = data measurement at time t
 Sen's estimator of slope is simply given by the median slope, 

………. (10)

………. (11)

Where:
· N is the number of calculated slopes. (Shahid et al., 2010).  

2.4 Correlation Analysis.
Correlation analysis was used to quantify the association between the selected climatic variables and crop yields, illustrating how changes in one variable relate to changes in another. A positive correlation occurs when an increase or decrease in one variable corresponds with a similar change in the other variable. In contrast, a negative correlation is observed when an increase in one variable is associated with a decrease in the other, or vice versa. The correlation coefficient quantifies both the strength and direction of this relationship, with prevalent methods including Pearson’s correlation for (linear relationships), Spearman’s rank correlation (for non-parametric data), and Kendall’s Tau for (ordinal data). The observed correlations do not imply causality.
The correlation coefficient (r) is calculated using the formula:

   ………. (12)
where:
· are individual data points of variables X and Y, respectively.
· are the mean values of X and Y,
· ∑ denotes summation over all data points.

This formula represents Pearson’s correlation coefficient, which measures the strength and direction of a linear relationship between two continuous variables.
After knowing the association between two variables ‘r’ is to be tested for significance as under:
· t = ‘t’ value of ‘t’ distribution for 
· r = Correlation coefficient
· n = Number of paired observations
If calculated ‘t’ is greater than tabulated ‘t’ the ‘t’ is statistically significant.

3. RESULTS AND DISCUSSION
3.1 Trend Analysis of Weather Parameters for Prayagraj Region (1997-2022)
A non-parametric Mann-Kendall (MK) test was employed to detect trends within the time-series data. The choice of a non-parametric approach over a parametric one is justified by the nature of meteorological parameters, such as rainfall, which often exhibit positive or negative skewness and contain extreme values, thus deviating from a normal distribution. The MK test evaluates the null hypothesis of no trend against the alternative hypothesis that posits the presence of either an increasing or decreasing trend. A high positive value of the MK statistic τ (tau) signifies an upward trend, while a low negative value suggests a downward trend, with a value of zero indicating no trend. The p-value derived from the MK test serves to determine the statistical significance of any identified trends. Here, the trend analysis of meteorological parameters for Prayagraj region was conducted at a 95% confidence level, with significance levels set at 1%, 5%, and 10%. A positive estimator value reflects an increasing trend, whereas a negative value indicates a decreasing trend in the time series.
From the Table 1, it has been observed that the annual maximum temperature of Prayagraj for 26 years was 33.41 ℃ with standard deviation of ± 0.90 ℃ and variability of 2.68%. the average minimum temperature for the region lies at 20.43°C ± 0.45°C. The results indicate that temperature and humidity exhibit high variability for Prayagraj region. The results also reveal that the amount of rainfall for the region lies around 855.67 ± 189.14 mm, with 22% variability. The seasonal analysis revealed that highest amount of rainfall was observed during- monsoon season (743.97 ± 185.87 mm), followed by post monsoon (38.84 ± 47.20 mm). The maximum & minimum temperature trends for seasonal and annual has been presented in (Table 1). No systematic and significant trend has been observed in annual and seasonal analysis for maximum & minimum temperature. There is a significantly decreasing trend for winter season for maximum temperature only. In the case of average relative humidity annual, winter and pre-monsoon shows a positive trend.
Table 1: Trend analysis using weather parameters
	Average Maximum Temperature (℃)

	Time series
	Mean
	SD
	CV
	MK
	P-Value
	Slope

	Annual
	33.41
	0.90
	2.68
	-0.20
	0.16
	-0.04

	Winter
	26.32
	1.34
	5.07
	-0.24
	0.09*
	-0.05

	Pre-Monsoon
	40.34
	1.09
	2.70
	-0.05
	0.74
	-0.01

	Monsoon
	35.15
	1.30
	3.71
	-0.03
	0.84
	-0.01

	Post Monsoon
	30.17
	2.03
	6.71
	-0.15
	0.28
	-0.07

	Average Minimum Temperature (℃)

	Time series
	Mean
	SD
	CV
	MK
	P-Value
	Slope

	Annual
	20.43
	0.45
	2.19
	0.06
	0.69
	0.00

	Winter
	10.43
	0.72
	6.90
	-0.02
	0.91
	0.00

	Pre-Monsoon
	23.61
	0.79
	3.35
	0.18
	0.20
	0.02

	Monsoon
	27.03
	0.58
	2.14
	0.01
	0.96
	0.00

	Post Monsoon
	17.45
	1.13
	6.48
	-0.13
	0.37
	-0.01

	Average Relative Humidity (%)

	Time series
	Mean
	SD
	CV
	MK
	P-Value
	Slope

	Annual
	51.12
	4.52
	8.84
	0.37
	0.01**
	0.33

	Winter
	45.59
	8.48
	18.59
	0.34
	0.02**
	0.53

	Pre-Monsoon
	23.70
	5.18
	21.87
	0.30
	0.03**
	0.21

	Monsoon
	70.10
	5.74
	8.18
	0.09
	0.52
	0.09

	Post Monsoon
	62.56
	10.50
	16.78
	0.25
	0.08
	0.41

	Average Rainfall (mm)

	Time series
	Mean
	SD
	CV
	MK
	P-Value
	Slope

	Annual
	855.67
	189.14
	22.10
	0.18
	0.20
	8.93

	Winter
	35.00
	30.03
	85.78
	0.01
	0.98
	0.00

	Pre-Monsoon
	37.86
	32.71
	86.41
	0.05
	0.72
	0.26

	Monsoon
	743.97
	185.87
	24.98
	0.14
	0.33
	5.48

	Post Monsoon
	38.84
	47.20
	121.54
	-0.01
	0.95
	-0.13


Where:
*** 0.1 level of significance,
**0.05 level of significance, 
[bookmark: _Hlk194340483]* 0.01 level of significance.
3.2 Correlation Analysis Between Weather Variables and Crop Yield
The correlation analysis between weekly weather variables and the yields of Maize, Wheat, Rice, Mustard & Rapeseed, and Potato was conducted for the Prayagraj region using data from 1997 to 2022. The relationships were examined at a 5% significance level, with the correlation categorized based on the Standard Meteorological Week (SMW) to capture crop-specific growth phases influenced by climatic conditions. The analysis was performed for Maize (SMW 24 to 44), Wheat (SMW 42 to 11), Rice (SMW 28 to 48), Mustard & Rapeseed (SMW 40 to 8), and Potato (SMW 42 to 5). Understanding these correlations helps in identifying key weather parameters affecting crop productivity, which is essential for improving yield prediction models, enhancing climate resilience, and supporting better decision making in agricultural planning and risk management.
3.2.1 Correlation Between Weather and Maize Yield.
The correlation analysis between meteorological variables and maize yield reveals varying degrees of association. There is a significant negative correlation at the 5% level was observed between maize yield and maximum temperature in SMW 35 indicates a strong negative correlation between high temperature (HT) and maize yield. High temperature significantly reduces grain yield by 32.7–40.9% and grain starch content by 2.8–10.5%. The kernel development stage, particularly silking, blister, and milk stages; is the most vulnerable
period to high temperature stress. Among these, the milk stage is especially critical, as maize kernels are highly sensitive, leading to substantial yield losses. The negative correlation between high temperature intensity and yield reduction highlights the importance of both the duration and severity of heat stress in determining yield outcomes. (Niu et al., 2024). Increased
temperatures in the environment adversely influence the reproductive phases of anthesis, silking, and grain filling to the greatest extent in Maize. (Tiwari et al., 2019). While in RH in SMW 37 there is a significant positive relationship between relative humidity and yield. The positive correlation suggests that higher relative humidity may be associated with reduced heat stress effects on maize seeds by supporting pollen viability and increasing the silk emergence ratio. (Dong et al., 2024; Tchouandem et al., 2024).

[bookmark: _Hlk194341603]Table 2: Correlation Between Weather and Maize Yield

	Correlation Coefficient Matrix - Maize

	Stages
	SMW
	Tmax
	Tmin
	RF
	RH

	Sowing 
& Germination
	24
	-0.01
	-0.04
	-0.07
	0.07

	Emergence
	25
	-0.22
	-0.22
	0.27
	0.19

	Vegetative
	26
	-0.05
	0.07
	-0.15
	0.04

	
	27
	0.06
	0.04
	-0.03
	-0.01

	
	28
	0.02
	0.08
	0.13
	-0.03

	
	29
	0.02
	0.18
	-0.08
	-0.06

	
	30
	-0.22
	-0.13
	0.27
	0.19

	
	31
	-0.20
	-0.19
	-0.01
	0.18

	Grain Filling
	32
	-0.14
	-0.05
	-0.03
	0.14

	
	33
	0.10
	-0.06
	-0.21
	-0.04

	
	34
	-0.06
	0.04
	0.14
	0.06

	
	35
	-0.46*
	-0.03
	0.22
	0.31

	
	36
	-0.35
	0.18
	-0.24
	0.38

	
	37
	-0.33
	-0.16
	-0.07
	0.40*

	
	38
	-0.20
	-0.09
	0.22
	0.20

	Maturity
&
Harvest
	39
	-0.19
	-0.12
	0.03
	0.21

	
	40
	-0.28
	0.17
	0.03
	0.30

	
	41
	-0.17
	0.22
	0.06
	0.28

	
	42
	-0.11
	-0.02
	-0.11
	0.29

	
	43
	-0.05
	-0.30
	0.02
	0.14

	
	44
	0.09
	0.02
	-0.05
	0.08


Where: *Significant at 5% level.

3.2.2 Correlation Between Weather and Wheat Yield.
The correlation analysis between meteorological variables and wheat yield indicates notable relationships during specific standard meteorological weeks (SMW). A significant negative correlation was observed between maximum temperature and wheat yield in SMW 45 indicates high temperatures negatively impact the viability of productive tillers, leading to a decrease in yield. In wheat, heat stress has been linked to a significant reduction in grain yield by 53.57% and a 15.38% decline in the number of tillers. This decline in yield can be attributed to a decrease in the number of tillers per square meter, a reduction in 1000-grain weight, and a shortened duration of heading and maturity, ultimately affecting the grain filling process due to high temperatures. (Riaz-ud-Din et al., 2010) and rainfall during the milk stage can further negatively impact wheat growth and yield by promoting fungal diseases, reducing grain quality, and hindering proper grain filling. The grain filling phase, wheat crops that have lodged due to irrigation or unexpected rainfall are at a heightened risk of fungal infections. As the heads of these lodged plants fill with grain, they remain in prolonged contact with moisture, creating ideal conditions for multi-stage fungal diseases to spread such as Karnal bunt and black point. Thus, there is a negative correlation found between rainfall and wheat yield. There was significantly negative correlation between wheat yield and rainfall during SMW 3 and 9. During maturity excess moisture at this stage can lead to lightweight, shrivelled kernels, significantly affecting overall productivity. (Tyagi et al., 2013). The most significant quality deterioration occurred due to the intense rainfall experienced during the harvest maturity period.
Table 3: Correlation Between Weather and Wheat Yield
	Correlation Coefficient Matrix - Wheat

	Stages
	SMW
	Tmax
	Tmin
	RF
	RH

	Sowing 
& Germination
	42
	0.05
	0.13
	-0.17
	0.23

	Emergence
	43
	-0.03
	-0.08
	0.02
	0.17

	Vegetative
	44
	-0.17
	-0.16
	-0.22
	0.28

	
	45
	-0.39*
	-0.38
	-0.21
	0.29

	
	46
	-0.15
	0.11
	-0.14
	0.41*

	
	47
	-0.32
	-0.12
	-0.05
	0.29

	
	48
	-0.36
	-0.17
	-0.06
	0.27

	
	49
	-0.22
	0.02
	-0.13
	0.29

	Reproductive & 
Grain Filling
	50
	0.09
	0.33
	-0.08
	0.27

	
	51
	-0.26
	-0.20
	-0.19
	0.06

	
	52
	-0.16
	-0.22
	-0.12
	0.17

	
	1
	0.06
	0.13
	-0.09
	0.09

	
	2
	-0.14
	-0.20
	-0.28
	-0.01

	
	3
	-0.05
	-0.15
	-0.39*
	-0.12

	Maturity
&
Harvest
	4
	0.09
	-0.11
	-0.23
	-0.07

	
	5
	0.10
	0.02
	-0.06
	-0.06

	
	6
	0.00
	-0.03
	-0.17
	-0.18

	
	7
	0.04
	0.10
	-0.05
	0.05

	
	8
	0.16
	0.23
	0.10
	-0.08

	
	9
	0.26
	0.27
	-0.45*
	-0.17

	
	10
	0.07
	0.23
	0.14
	-0.02

	
	11
	-0.09
	-0.05
	0.24
	-0.01


Where: *Significant at 5% level.
One such process is natural shedding, where heavy rain causes mature grains to detach from spikelets, leading to immediate yield reduction. Another critical issue is quality downgrading, as extended exposure to moisture can trigger pre-harvest sprouting, fungal infestations, and grain discoloration, all of which diminish market value. Moreover, lodging caused by excessive rainfall complicates mechanical harvesting, potentially leaving some grain unharvested in the fields. Additionally, wet conditions can lead to header losses, as damp and lodged crops hinder harvesting efficiency, resulting in greater grain loss during combine operations. Harvest maturity rainfall loss not only reduces the total yield but also affects the overall grain quality. (Nawi et al., 2010). Additionally, RH in SMW 46 showed a significant positive correlation, implying that higher humidity in vegetative period benefits wheat growth. The Wheat Harvest System Simulation Model (WHSSM) study highlights that optimum harvest moisture content varies based on climatic conditions, with humid regions (e.g., Tamworth and Scaddan) requiring slightly higher moisture content (15–17%) for optimal returns. In contrast, drier regions (e.g., Goondiwindi) allow for more flexible harvest timing. This indicates that humidity can influence harvest timing strategies, helping growers balance yield, quality, and economic returns. (Nawi et al., 2010).  Moderate relative humidity (RH) can help reduce excessive drying of grains, preventing shattering losses and preserving grain weight. Additionally, adequate humidity levels minimize mechanical damage to grains during harvesting by maintaining kernel integrity.
3.2.3 Correlation Between Weather and Rice Yield.
In the case of rice crop, the correlation analysis between meteorological variables and rice yield reveals significant associations across different standard meteorological weeks (SMW). A strong negative correlation at the 5% level was observed between maximum temperature and rice yield in SMW 30- 31. During 30- 31 SMW rice crop will be in tillering stage or more broadened in vegetative stage. The tillering stage represents a vital phase in rice development, during which the plant initiates the formation of lateral tillers and reproductive structures. Exposure to elevated temperatures during this period can result in a decrease in tiller quantity, thereby impacting overall yield. Rice plants subjected to significant stress at the tillering stage exhibited a range of morphological changes, including wilting, curling, and yellowing of leaves, alongside a reduction in both tiller count and biomass. (Tao et al., 2024). High temperatures negatively affect leaf expansion and stem growth during the vegetative phase in rice. Additionally, there is a negative correlation between night temperature and grain yield in rice, which is associated with a decrease in spikelet number and impaired grain maturity with increasing night temperature. This falls under the similar pattern observed in case of minimum temperature & rice yield in this study.
Table 4: Correlation Between Weather and Rice Yield
	Correlation Coefficient Matrix – Rice 

	Stages
	SMW
	Tmax
	Tmin
	RF
	RH

	Sowing 
&
Germination
	28
	-0.19
	-0.18
	0.09
	0.25

	Emergence
	29
	-0.04
	0.01
	0.13
	0.11

	Vegetative
	30
	-0.39*
	-0.29
	0.41*
	0.43*

	
	31
	-0.51*
	-0.38
	0.10
	0.48*

	
	32
	-0.37
	-0.24
	0.32
	0.41*

	
	33
	-0.25
	-0.30
	-0.06
	0.29

	
	34
	-0.39
	-0.16
	0.23
	0.40*

	Reproductive
	35
	-0.30
	0.22
	-0.17
	0.42*

	
	36
	-0.22
	0.10
	-0.10
	0.29

	
	37
	-0.17
	0.37
	0.17
	0.31

	Grain Filling
	38
	-0.43*
	0.20
	0.58*
	0.49*

	
	39
	-0.46*
	0.04
	0.39
	0.49*

	
	40
	-0.34
	0.08
	0.15
	0.44*

	
	41
	-0.50*
	-0.03
	0.01
	0.57*

	
	42
	-0.34
	0.00
	-0.19
	0.44*

	
	43
	-0.40*
	-0.24
	-0.16
	0.50*

	Maturity
&
Harvest
	44
	-0.50*
	-0.40*
	-0.34
	0.52*

	
	45
	-0.68*
	-0.51*
	-0.30
	0.59*

	
	46
	-0.50*
	-0.20
	-0.16
	0.64*

	
	47
	-0.62*
	-0.39*
	-0.17
	0.55*

	
	48
	-0.54*
	-0.23
	-0.14
	0.57*


Where: *Significant at 5% level. 
Although the results were not statistically significant, a negative correlation was observed in rice yield with minimum temperature. The biomass of rice plant decreased by 16% when temperature increased from 25 to 27 °C. (Baker et al., 1993, Peng et al., 2004, Kanno et al., 2010, Hussain et al., 2019). Whereas, during SMW 38 to 48, grain filling stage is characterized by the growth and substantial development of rice grains. However, exposure to high temperature stress can impede this growth, adversely affecting the grains' size and quality. Additionally, elevated temperatures may result in uneven seed expansion, causing certain seeds to be smaller or even hollow. (Tao et al., 2024). Elevated temperatures during the heading stage, typically exceeding 35°C, frequently lead to floret sterility, ultimately resulting in decreased yields at harvest. Elevated temperatures also have resulted in a shortened growth cycle for rice and an increased rate of development. The response of the heading stage to temperature is most significant at 22 °C, and as temperatures rise to 30 °C, the developmental period is at its briefest. Beyond 30 °C, the impact of temperature on the heading stage begins to lessen. (Xie et al., 2012, Liu et al., 2025). Dough stage (Grains harden as starch accumulates), High temperature stress during grain filling reduces starch accumulation, thereby affecting yield, which is essential for sustaining the plant during phases when photosynthesis is not occurring. However, under conditions of high temperature, the rate at which starch granules degrade increases, thereby limiting the overall starch accumulation. This limitation ultimately deprives the rice plant of sufficient carbon resources necessary for its growth and development during the night or when photosynthesis is restricted. This week (SMW 38 to 43) lies with grain filling stage of rice. Additionally, high temperatures complicate the management of optimal grain moisture levels, which are essential for reducing damage during both harvesting and subsequent processing. (Liu et al., 2021); indicating that high temperatures during these weeks may adversely affect rice growth. Minimum temperature also showed significant negative correlations in SMW 44, 45, 47, this comes under the maturity stage of rice. During the rice harvesting phase, low temperatures can significantly hinder both the yield and quality of the crop. These conditions can primarily result in delays in grain ripening, which in turn postpones the harvest and raises the risk of damage from other unfavourable weather conditions. The quality of the harvested grains may also be compromised, with possible increases in chalkiness, alterations in texture, and a decrease in milling quality. Additionally, the risk of physical damage to the grains, such as cracking and breakage, is increased, particularly under freezing conditions. Low temperatures, often associated with high humidity, can also create challenges in achieving the optimal moisture content of the grains, leading to potential mold growth during storage. The optimum Temperature required for rice crop is 30-32 ℃,with maximum temperature of 36-38 ℃ and minimum temperature of 10-12 ℃. Extreme low-temperature stress can negatively affect the nutritional quality of amino acids in rice. (Yoshida et al., 1981, Kang et al., 2022, Mavi HS., 2022, Hossain et al., 2023, Pang et al., 2024). Rainfall (RF) exhibited significant positive correlations in SMW 30 & 38, SMW 30 falls under tillering stage while SMW 38 lies in during grain filling stage Rainfall occurring at the tillering and stem elongation stages significantly benefits rice plants, promoting a higher rate of tillering and consequently increasing overall rice production. highlighting its beneficial role during these growth periods. (Abbas et al., 2021). In case of relative humidity (RH) showed a very strong significant positive correlation with rice yield in SMW 30 to 32, 34 & 35 then SMW 38 to 48. These standard meteorological weeks fall under vegetative, reproductive, grain filling and maturity stages of rice respectively.  Similar to rainfall effects in tillering & booting stage. The optimal relative humidity (RH) during the maturation phase of rice is essential for preserving both grain quality and yield. It helps to prevent excessive moisture loss, which is vital for proper grain filling and minimizes the risk of shrivelling and weight reduction. Consistent RH levels also reduce the likelihood of grain cracking and fissuring, resulting in improved milling efficiency and enhanced grain texture. Furthermore, sufficient humidity facilitates starch accumulation, which boosts the nutritional, cooking, and eating quality of rice. Maintaining appropriate RH conditions is also beneficial in decreasing pre-harvest grain shattering, thereby maximizing grain retention prior to harvest. Additionally, it mitigates the risk of lodging and prevents excessive drying, which can complicate threshing and grain storage processes. Ultimately, sustaining an optimal humidity range during this stage leads to increased grain yield, superior processing quality, and diminished post-harvest losses. suggesting that higher humidity levels during these weeks play a crucial role in supporting rice production. Specifically, higher relative humidity in the morning hours was associated with greater yields, especially during the transition from panicle initiation to physiological maturity. (Bal et al., 2023, Lan et al., 1996, Jain et al., 1980).  

3.2.4 Correlation Between Weather and (Mustard & Rapeseed) Yield.
The correlation analysis between meteorological variables and mustard & rapeseed yield reveals significant associations across different standard meteorological weeks (SMW). A significant negative correlation at the 5% level was observed between maximum temperature and yield in SMW 45. Higher temperatures led to a reduction in the rates of shoot elongation and leaf appearance in case of mustard & rapeseed. Moreover, the shoot height of wild mustard was negatively affected, showing a decline at increased temperatures. (Huang et al., 2001).  In case of SMW 47, negative correlation was observed with maximum temperature. High temperature stress 35 °C (day) / 18 °C (night) significantly impacted seed yield and yield components of Brassica crops, with the severity of the effect depending on the developmental stage at which the stress occurred. Seed yield per plant was reduced by 15% when stress occurred during bud formation, 58% during flowering, and 77% during pod development, indicating that later-stage 
Table 5: Correlation Between Weather and (Mustard & Rapeseed) Yield
	Correlation Coefficient Matrix – Mustard & Rapeseed

	Stages
	SMW
	Tmax
	Tmin
	RF
	RH

	Sowing 
&
Germination
	40
	-0.29
	0.32
	0.15
	0.46*

	Emergence
&
Seedling Establishment
	41
	-0.26
	0.08
	-0.13
	0.37

	
	42
	-0.19
	0.04
	-0.41*
	0.26

	Vegetative
	43
	-0.17
	-0.10
	-0.20
	0.29

	
	44
	-0.36
	-0.36
	-0.29
	0.39*

	
	45
	-0.39*
	-0.24
	-0.03
	0.42*

	
	46
	-0.28
	0.00
	0.00
	0.49*

	
	47
	-0.43*
	-0.27
	-0.18
	0.39*

	
	48
	-0.33
	-0.07
	-0.06
	0.44*

	Reproductive
	49
	-0.34
	-0.23
	-0.26
	0.33

	
	50
	-0.01
	0.12
	0.10
	0.39*

	
	51
	-0.36
	-0.33
	-0.04
	0.21

	
	52
	-0.19
	-0.28
	-0.23
	0.26

	
	1
	-0.04
	0.13
	0.05
	0.25

	
	2
	-0.16
	0.14
	0.10
	0.35

	Grain Filling
&
Maturity
	3
	-0.24
	-0.36
	-0.48*
	0.00

	
	4
	-0.24
	-0.10
	0.09
	0.17

	
	5
	0.00
	-0.14
	-0.20
	0.05

	
	6
	-0.25
	-0.29
	-0.26
	-0.06

	
	7
	-0.05
	-0.04
	-0.08
	0.07

	
	8
	-0.05
	-0.03
	0.06
	0.04


Where: *Significant at 5% level. 
[bookmark: _Hlk201094961]stress had the most severe impact. (Gan et al., 2004). This indicates that high temperatures during these weeks may negatively impact mustard & rapeseed growth. Similarly, rainfall (RF) showed a significant negative correlation in SMW 42 & 3. Whereas SMW 42 comes under emergence & seedling establishment stage. Stem elongation, indicate that insufficient available water content (AWC) during the T1 and T2 stages results in a reduced number of nodes on the main stem, which in turn affects stem elongation (T1), the beginning of flowering (T2), and the silique formation phase (T3). Water stress at the T1 stage did not significantly influence the timing of flowering onset. This can be explained by a slower growth rate of the internodes, as water deficit during T1 and T2 stages led to a decrease in the number of nodes on the main stem. (BirunAra et al., 2011). And SMW 3 lies with grain filling & maturity stage of mustard & rapeseed. (Sudhansu et al., 2021) conducted similar research and it was observed from the study that the decrease in irrigation during the seed filling phase resulted in moisture stress, which in turn impacted the duration of the crop and its phenological development. This suggests that if the optimum amount of moisture is not available either from irrigation or rainfall, it will lead to negative effect on mustard & rapeseed crop yield. The excessive rainfall during grain filling or maturity stage will negatively impact mustard & rapeseed yield, as it will lead to water logging and poor seed filling. On the other hand, relative humidity (RH) exhibited significant positive correlations in, sowing & germination stage (SMW 40). Morning relative humidity observed during the germination and emergence phases demonstrates a significant positive correlation with the yield of mustard as elaborated in (Mishra et al., 2023). During stem elongation stage, higher RH levels, associated with reduced light intensity, may promote vegetative growth, potentially including stem elongation. The yield showed a significant positive link with the relative humidity observed in the morning as it lies in line with (Rao et al., 2011, Mishra et al., 2019).  Similar pattern was observed (SMW 47 to 50) in flowering stage, maintaining Relative humidity within the range of 30% to 60% has been found to promote flowering in Punjab region by (Kaur et al., 2022) highlighting its beneficial role in mustard & rapeseed production. 

3.2.5 Correlation Between Weather and Potato Yield. 
The correlation analysis between meteorological variables and potato yield reveals varying degrees of association. A significant negative correlation at the 5% level was observed between Tmin and potato yield in SMW 3 (-0.39), suggesting that low minimum temperature during the harvest maturity stage of potatoes can have several adverse effects on yield and quality. A significant drop in temperature (e.g., 10°C or lower) can inhibit plant growth, reducing chlorophyll content, photosynthetic efficiency, and overall plant vigor.  Additionally, cold stress can cause enzymatic imbalances, leading to leaf damage and reduced tuberization.


Table 6: Correlation Between Weather and Potato Yield
	Correlation Coefficient Matrix – Potato

	Stages
	SMW
	Tmax
	Tmin
	RF
	RH

	Planting
&
Germination
	42
	-0.15
	0.14
	0.14
	0.32

	Emergence
	43
	-0.09
	-0.07
	-0.14
	0.18

	
	44
	-0.18
	-0.14
	-0.23
	0.11

	Vegetative
	45
	-0.14
	-0.04
	0.02
	0.27

	
	46
	-0.21
	-0.04
	-0.13
	0.22

	
	47
	-0.05
	-0.10
	-0.24
	0.08

	
	48
	-0.14
	-0.24
	-0.12
	0.02

	Tuber Initiation 
&
Bulking
	49
	-0.10
	-0.09
	-0.23
	0.05

	
	50
	0.12
	-0.11
	-0.11
	-0.02

	
	51
	-0.09
	-0.24
	-0.19
	-0.08

	
	52
	-0.01
	0.19
	0.19
	0.16

	
	1
	0.23
	0.31
	-0.16
	0.13

	Maturity
&
Harvest
	2
	-0.02
	0.28
	0.11
	0.21

	
	3
	-0.25
	-0.39*
	-0.30
	-0.06

	
	4
	-0.01
	0.02
	0.05
	0.07

	
	5
	0.09
	-0.04
	0.00
	0.03


Where: *Significant at 5% level. 
In pigmented potatoes, low Tmin negatively affects tuber coloration, decreasing anthocyanin content and market value. Moreover, extreme cold during this stage increases the risk of frost injury, internal necrosis, and reduced storage quality (Chen et al., 2024). Temperature variables (Tmax and Tmin) generally exhibit weak or inconsistent correlations, indicating a complex relationship with potato yield. Relative humidity (RH) shows more positive correlations, particularly in earlier weeks, implying their potential role in supporting potato growth. 

4. CONCLUSION
[bookmark: _GoBack]Trend analysis conducted for Prayagraj region for annual and seasonal revealed a statistically significant decreasing pattern in average maximum temperature during the winter season, reflecting a gradual reduction in seasonal thermal extremes. Conversely, average relative humidity demonstrated a significant increasing trend on an annual basis, as well as during the winter and pre-monsoon seasons, reflecting a progressive increase in moisture presence within the atmosphere across this season. The correlation analysis between meteorological variables and crop yields in the Prayagraj region highlights the varying influence of climatic factors on different crops. Maximum temperature (Tmax) often exhibited significant negative correlations with yield, particularly for maize, wheat, rice, and mustard & rapeseed, indicating that excessive heat during critical growth stages can hinder crop development. Rainfall (RF) showed mixed effects, with negative correlations in some cases, such as wheat in SMW 3 and 9 and mustard & rapeseed in SMW 42 and 3, suggesting that excessive precipitation during certain periods may be detrimental. However, positive correlations with RF were observed in specific weeks for rice and potato, emphasizing its importance in supporting growth. Relative humidity (RH) played a crucial role in yield enhancement, especially for rice, wheat, mustard & rapeseed, and maize, where positive correlations were noted in multiple weeks. The findings suggest that while temperature extremes and excessive rainfall may negatively impact crop yields, optimal humidity levels can be beneficial. These insights are essential for developing climate-resilient agricultural practices and improving crop yield prediction in the region.
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