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Effect of Weather on Physiological Aspect and Quality of Kinnow Mandarin under Sub-Tropics Foothill Himalayas
ABSTRACT
Weather conditions, particularly temperature, exert a profound influence on the physiological performance and fruit quality of Kinnow mandarin. Variations in maximum and minimum temperatures significantly affect key physiological processes such as chlorophyll retention, leaf water balance, and metabolic activity, which in turn determine the accumulation of sugars, acids, and antioxidants in the fruit. However, the stage-specific impacts of these climatic factors across different phenological phases remain insufficiently understood. A two-year field experiment (2014–2015) was conducted on eight-year-old, drip-irrigated Kinnow mandarin trees under subtropical Himalayan foothill conditions. Meteorological parameters including maximum temperature (Tmax), and minimum temperature temperature (Tmin), relative humidity (RH), rainfall, and evaporation were correlated with physiological traits such as chlorophyll content, relative leaf water content, and leaf water concentration, as well as fruit quality parameters including total, reducing, and non-reducing sugars, acidity, ascorbic acid, total phenols, and flavonoids. Results revealed that Tmax, Tmin, and evaporation during the First fruit set to maximum fruit set stage ( K3), and evaporation during the flowering to first fruit set ( K2), positively influenced leaf water content in Kinnow mandarin. Furthermore, fruit quality parameters such as total sugars, reducing sugars, non-reducing sugars, and ascorbic acid were positively affected by Tmax and Tmin at the First fruit set to maximum fruit set stage ( K3), and by Tmax and RH at the MAXIMUM FRUIT SET TO FRUIT HARVEST STAGE (K4)  stage. In contrast, acidity, total phenols, and total flavonoids were positively influenced by rainfall and Tmin at the First fruit set to maximum fruit set stage ( K3), and by rainfall at the MAXIMUM FRUIT SET TO FRUIT HARVEST STAGE (K4)  stage. These findings indicate that specific climatic factors at particular developmental stages play a decisive role in regulating physiological performance and fruit quality, emphasizing the importance of stage-specific, weather-based orchard management to produce high-quality Kinnow mandarin fruits.
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INTRODUCTION

Citrus is the imperative and leading fruit crops of the world. Among the different commercially grown citrus fruits, cultivation of kinnow mandarin, a first generated hybrid of King Orange (♂) and Willow Leaf (♀) developed by Dr. H. B. Frost in 1915 in California (USA) has assumed most prized status among citrus fruit grower of North-Western regions of the India. Citrus ranks as the third most important commercial fruit crop in India, following mango and banana. With an area of approximately 1.095 million hectares and a production of around 14.8 million metric tons, the productivity is estimated at roughly 13.5 metric tons per hectare. (Anonymous, 2022). Considering the nutritional value, the magnitude of fruit production and array of commercial product made the citrus may be consider as a number one fruit of the world. It has a great variety of beverage, industrial, and medicinal uses and has assumed special economics importance and export demand being acknowledged for its high juice contents, special flavor, and delicious taste and being a rich source of Vitamin C, it is widely used for juices, squashes, jams, jellies and marmalade. It also provides some micronutrients such as calcium, phosphorous and iron. In spite of such qualities and scope, the Kinnow production throughout the world suffers from a multitude of environmental challenges. The crop productivity is subjected to number of stress and potential yields are seldom achieved with stress (Dolkar et al. 2017). 
Climate is interrelated with citrus quality and quantity. In sub-tropical regions, the fruit growth rate is rapid, but the fruit quality of oranges and mandarin is poor, with typical green peel colour and a pale light yellow juice colour (Makinde et al., 2011). Moreover, while elevated temperatures throughout the year may reduce sugar accumulation in Kinnow at harvest, moderate temperatures and high humidity during early stages (pre-flowering, fruit-set) foster better growth and fruit quality (Dolkar et al., 2018). A nine-year case study in subtropical Yunnan, China, showed that high rainfall (>220 mm) combined with low cumulative temperature (< 3150 °C) promotes higher titratable acidity in young sweet orange fruits, whereas low rainfall, high cumulative temperature, and large diurnal temperature ranges (> 14 °C) favour the accumulation of soluble solids (sweetness) during fruit growth (Dong et al., 2024). Climate variability to be, the principal source of fluctuations in global food production in developing countries. Elevated temperatures during flowering and fruit maturation stages in satsuma mandarin have been shown to delay peel pigmentation and cause physiological disorders such as "peel puffing", resulting in poorer external appearance and reduced market value (Satoa and Ikoma, 2020). The temperature increase affected the photosynthesis, causes alternation in sugar, organic acid, firmness as well as post harvest quality of the fruit (Moretti et al., 2010) and higher temperature also resulted in physiological problems in flower and fruit development. Exposure of mandarin fruits to low (5 °C) or high (32 °C) storage temperatures significantly inhibits proper peel coloration: at low temperature chlorophyll degradation is delayed due to cycling, and at high temperature carotenoid synthesis is suppressed (Ge et al., 2022). Further, minimum temperature and rainfall during the maximum fruit set to fruit harvest stage (K4) were found to positively correlate with peel percentage and pulp percentage in Kinnow mandarin, while evaporation also showed a positive effect, indicating that both moisture availability and thermal stress balance influence internal fruit quality (Dolkar et al., 2025). Climatic parameters such as temperature, relative humidity, rainfall, and evapotranspiration showed significant correlations with growth, yield, and fruit quality traits of Kinnow mandarin, indicating that even slight variations in weather conditions can markedly influence overall productivity (Dolkar et al., 2017). Current and forecast global warming is expected to change climate in the classic regions of fruit tree cultivation. Hence, the recent investigation was carried out to find out the impact of weather parameters on physiological aspect at different phenological stages and qualityduring fruit developmental stages of kinnow mandarin under sub-tropical foot-hill Himalayas conditions.
MATERIALS AND METHODS
Experimental site

The field experiment was conducted for two consecutive year 2014 and 2015 at Research Farm Chatha, Division of Fruit Science, Faculty of Agriculture, Sher-e-Kashmir University of Agricultural Sciences and Technology-Jammu, India. The experimental orchard at Chatha is situated in the sub-tropical zone at latitude 32o 43' North, longitude of 74o 54' East  and altitude 332 meters above mean sea level. Annual rainfall is about 1110 mm, out of which most of the rains are received during July to October. The mean annual maximum and minimum temperatures are 29.7 and 16.3 oC, respectively. Summer months are hot with temperature and humidity ranging from 23.5 to 35.5 oC and 53.0  to 73.5%, respectively. The winter months experience mild to severe cold conditions with an average temperature ranging from 6.5  to 21.7 oC. December is the coldest month, when minimum temperature touches to 4 oC. The highest temperature is recorded in the month of June (45 oC). Daily maximum and minimum values of temperature, evaporation rate rises from February onwards up to June drop during July to September with a slight peak in October and then drop progressively up to December.
Experimental design and treatments

The experiment was conducted on 08 year-old plants, uniformly growing and bearing habit trees of ‘Kinnow’ mandarin, which were drip-irrigated from initial year of planting. The experiment was laid out according to randomized block design, plant to plant spacing in a row and within the row was 5 m and 5 m, respectively. Three plants from each replication were selected randomly for periodic identification of phenological events. The stages were taken into consideration for purposes of identifying some critical stages required for this study. These stages were identified on the basis of external morphological characteristics of Kinnow mandarin which included (i) Pre-flowering stage (K1), (ii) Flowering to first fruit set (K2), (iii) First fruit set to maximum fruit set (K3) and (iv) Maximum fruit set to fruit harvest (K4). 
Plant sampling and analysis

In the experiment, the phenophasewise correlation studies of growth, yield and quality with various parameters were carried out separately with the help of methodology described by Gomez and Gomez (1984) for the crop on first, second, third and four stages. The meteorological parameters included were maximum temperature (Tmax), minimum temperature(Tmin), maximum relative humidity(RHmax) and minimum relative humidity (RHmin), rainfall (Rf) and Evapotranspiration (Ev) whereas physiological aspect and quality parameters, viz. chlorophyll content, relative leaf water content, leaf water concent,  total sugar, reducing sugar, non-reducing sugar,  sugar: acid ratio, total phenol, total flavonoid. Chlorophyll content in leaves of kinnow mandarin crop was determined by the use of chlorophyll meter SPAD-502 and the data expressed as per cent. For determining relative leaf water content (RLWC) and leaf water concentration (LWC), For determining relative leaf water content (RLWC), two leaves per plant from near the trunk or a main scaffold branch were detached once in a fortnight at mid-day in early fruit growth period. The leaves were cut into small pieces (approximately 1 cm2 area) and weight of the leaflets was measured known as fresh weight (FW). Afterwards, the leaflets were placed in distilled water (for 3-4 hours) until they gained a constant weight known as turgid weight (TW). The dry weight (DW) was determined by placing the leaflets in an oven at 60 οC (for 1-2 days) till a constant weight had been achieved.

 RLWC and LWC were estimated following the procedures suggested by Bowman (1989) using the formula:

	RLWC (%) =
	{(FW − DW)/(TW − DW)}x 100       

	LWC (%) =
	{(FW − DW)/(FW)}x100    


Sugar (total sugar, reducing sugar, non-reducing sugar) were calculated by the procedure described in A. O. A. C. (1995).
	Total sugars (%) =
	Factor x Dilution
	x 100

	
	Aliquot used x Sample weight
	


	Reducing sugars (%) =
	Factor x Dilution
	x 100

	
	Aliquot used x Sample weight
	


	Non-reducing sugars (%) =
	(Total sugars-Reducing sugars) x factor



Ascorbic acid content was determined by the procedure described by Sadasivam and Manicham (1996).
	Ascorbic acid (mg/100 g) =
	Titre x dye factor x volume made up (ml)
	x 100

	
	Aliquot of extract taken (ml) х Weight of sample (g)
	


 The total phenolics were determined by the Singleton et al. (1999) method. The content of total flavonoids was measured according to Dewanto et al. (2002), with the modifications of Tounsi et al. (2011).
Data analysis

 The statistical correlation analysis of data was done using SPSS 16.0 software. The test of significance was done at p<0.01, 0.05 and 0.005 level. 
RESULTS AND DISCUSSION
Climate of crop cultivated region influence the physiological aspects of the crops and quality of the fruits, but its impact on crop is complex and is combined with other factors and hence, it become very difficult to single out any particular meteorological parameters for describing its influence. However, the emphasis was given on main climatic factors that influenced either individually or jointly the growth and quality of kinnow mandarin. These factors include maximum temperature, minimum temperature, maximum relative humidity and minimum relative humidity, rainfall, evaporation during both the crop growing seasons 2014 and 2015, which are depicted in Fig 1 and 2.
Effect of climatic factors on physiological aspect of kinnow mandarin fruit

The chlorophyll content of Kinnow mandarin exhibited distinct stage-specific associations with climatic parameters, reflecting the sensitivity of chlorophyll metabolism to variations in temperature, humidity, and moisture dynamics. During the pre-flowering stage (K1), chlorophyll content showed a positive correlation with both maximum and minimum temperatures as well as relative humidity (r = 0.69*, 0.72* and 0.71*, 0.73*, respectively), indicating that moderate warmth and adequate moisture levels favor chlorophyll biosynthesis and retention. Optimal temperatures during this stage enhance the activity of key enzymes such as δ-aminolevulinic acid dehydratase and protochlorophyllide reductase, promoting chlorophyll accumulation and efficient photosynthetic development in young leaves. Similarly, the positive association observed at the First fruit set to maximum fruit set stage (K3) between chlorophyll content and temperature (Tmax and Tmin) (r = 0.71* and 0.77*, respectively) suggests that moderate thermal conditions at mid-fruit development sustain photosynthetic efficiency and leaf greenness. Evaporation, which also correlated positively at the flowering to first fruit set ( K2)and First fruit set to maximum fruit set stage ( K3) (r = 0.71* and 0.77*, respectively), may contribute indirectly by maintaining optimal leaf temperature through transpirational cooling, thereby supporting pigment stability and chloroplast integrity. Chlorophyll content had negative correlation with minimum temperature and evaporation at The maximum fruit set to fruit harvest stage (K4) (r = –0.80** and –0.73*). Elevated evaporation during late fruit maturity can lead to leaf water deficit and photooxidative stress, accelerating chlorophyll breakdown through enhanced chlorophyllase and peroxidase activities. This result are in line with the finding of Begum and Nessa (2014), who reported that among all climatic factors chlorophyll content of wheat crop is more influenced by temperature and decreased with increase in temperature. Further, rainfall at K3 and the maximum fruit set to fruit harvest stage (K4) (r = –0.76* and r = –0.79*) also exerted negative correlation on the leaf chlorophyll content of kinnow mandarin fruit plants. As excess moisture or cloudy conditions reduce light interception and suppress chlorophyll synthesis.
The relative leaf water content of kinnow mandarin had positive correlation with both maximum and minimum temperature at the pre-flowering stage  (K1) and first fruit set to maximum fruit set stage ( K3) (r = 0.71*, 0.73* and 0.75*, 0.80**, respectively), with  maximum relative humidity at the pre-flowering stage (K1) and maximum fruit set to fruit harvest stage (K4) (r = 0.73* and 0.70*) suggesting that moderate thermal conditions favor active water uptake and transpirational balance. Optimal temperature enhances root hydraulic conductivity and promotes efficient stomatal regulation, maintaining favorable leaf water potential and cell turgor.  And a significant positive correlations with minimum relative humidity at the pre-flowering stage  (K1) stage (r = 0.74*) and with evaporation at the flowering to first fruit set ( K2) and first fruit set to maximum fruit set stage ( K3) (r = 0.83** and 0.85**). Indicate that higher atmospheric moisture reduces transpiration demand, thereby conserving leaf water status. At the same time, the strong positive association with evaporation during the K2 and K3 stages may reflect an adaptive compensatory mechanism, wherein increased evaporative demand stimulates root absorption and transpirational flux, maintaining leaf hydration under moderate vapor pressure deficits. However, relative leaf water content was negatively influenced by minimum temperature and evaporation at maximum fruit set to fruit harvest stage (K4)  (r = –0.76*, and – 0.71*), and rainfall at K3 and K4 stage (r = –0.77* and –0.81**) with evaporation at the flowering to first fruit set ( K2) (r = 0.84**) and with minimum temperature and evaporation at First fruit set to maximum fruit set stage ( K3) (r = 0.70* and 0.77*, respectively). Whereas, at K4 stage, climatic factor like minimum temperature, evaporation and rainfall (r = –0.85**, –0.79* and –0.73*, respectively) and at first fruit set to maximum fruit set stage ( K3) rainfall (r = –0.84**) expressed negative impact on leaf water content of kinnow mandarin. In contrast, the negative correlations reflect the onset of water stress and senescence processes during late fruit maturation. Lower nighttime temperatures can impair root water absorption and induce membrane rigidity, while high evaporation intensifies water loss through stomata, leading to cellular dehydration. Similarly, excessive rainfall may cause temporary soil saturation, reducing oxygen availability in the rhizosphere and limiting root water uptake efficiency.
Effect of climatic factors on quality of kinnow mandarin fruit

The data pertaining to the effect of different climatic factors on quality of kinnow mandarin fruit at fruit growth stage are presented in Table 2. The sugar content (total sugar, reducing sugar, non-reducing sugar) of kinnow mandarin fruit crops were positively associated by maximum and minimum temperature at first fruit set to maximum fruit set stage ( K3) (r = 0.77*, 0.71* 0.75* and 0.81**, 0.76*, 0.77*, respectively) indicate that temperature plays a pivotal role in regulating carbohydrate metabolism and sugar accumulation. Elevated temperatures promote photosynthesis and the activity of enzymes such as invertase and sucrose synthase, leading to higher sugar synthesis and translocation from leaves to fruits. Favorable night and day temperatures also sustain metabolic activity, resulting in greater sugar accumulation and improved fruit sweetness. Thus, moderate thermal conditions during fruit growth are critical for optimal sugar formation and better fruit quality in Kinnow mandarin. Salvador et al. (1998) reported that Elegant Lady peach and Fantasia nectarine fruits from Santiago (with higher maximum and minimum temperature) had higher content of sucrose percentage as compared to the fruits obtained from Mendoza. Lizana et al. (2007) reported higher sugar in Thompson Seedless from temperature treated berries. Zheng et al. (2009) reported that fructose, glucose and citric acid in Mortti and Ola cultivars of black currants was correlated positively with the average temperature from the start of the growth season until the day of harvest. Further, maximum relative humidity at maximum fruit set to fruit harvest stage (K4) (r = 0.86**, 0.85** and 0.74*, respectively) exerted positive impact on sugar content (total sugar, reducing sugar, non-reducing sugar). This may be due to higher humidity helps reduce transpiration and water stress, promoting efficient carbohydrate translocation to fruits. Such conditions maintain leaf turgor and enhance enzyme activity involved in sugar metabolism, leading to greater accumulation of total, reducing, and non-reducing sugars in Kinnow mandarin. These findings are supported by Jianfu et al. (2002) who stated that high relative humidity reduced peroxidase enzyme activity and increased super oxide dismutase activity, pollen vigour and fertility as well as sugar and starch accumulation, which resulted in increased yield and quality in macadamia plants, while rainfall at maximum fruit set to fruit harvest stage (K4) (r = –0.84**, = –0.81** and = –0.74*, respectively) negatively influenced the sugar content of kinnow mandarin fruit. This could be attributed to excessive moisture dilutes soluble solids and hampers carbohydrate accumulation. High rainfall may reduce photosynthetic efficiency and limit translocation of sugars to fruits, resulting in lower total, reducing, and non-reducing sugar levels in Kinnow mandarin. Peng et al. (2000) reported that among climatic factors, the rainfall in the month of September and October affects the soluble solid content of Naval orange whereas less rainfall in this period will increased the soluble solids. However, evaporation at First fruit set to maximum fruit set stage ( K3) (r = 0.83**, 0.78* and 0.76*, respectively) were positively correlated with total sugar, reducing sugar, non-reducing sugar, respectively. This might have resulted from moderate evaporative demand enhances transpirational flow and assimilate transport from leaves to fruits. This improved translocation likely promotes the accumulation of total, reducing, and non-reducing sugars in Kinnow mandarin.
The acidity content in fruit was positively affected by minimum temperature at maximum fruit set to fruit harvest stage (K4) (r = 0.819**) suggests that cooler night conditions slow down organic acid degradation, leading to higher acid retention. Malic acid synthesis was more sensitive to high temperature exposure during growth (Kliewer and Lider, (1970); Lakso and Kliewer, (1975), as malate is respired during ripening and that respiration rate is increased by temperature (Coombe, 1987). Redalen et al. (1993) observed that titratable acids contents were highest in ‘Katja’ apple fruits from normal Stockholm climate (at about 60°N), and lowest in fruits from Frankfurt climate (at 50°N). The acidity content was negatively affected by maximum relative humidity at maximum fruit set to fruit harvest stage (K4) (r = –0.69*) suggests enhanced respiration and acid utilization under moist conditions, whereas rainfall at K3 and maximum fruit set to fruit harvest stage (K4)  stage (r = 0.78* and 0.73*) were positively associated with the acidity content of kinnow fruit crop indicates that increased soil moisture may promote organic acid synthesis and retention in Kinnow mandarin fruits. High precipitation near harvest increased titratable acidity in plum (Vangdal et al., 2007). Acidity content of kinnow mandarin fruit was positively influence by evaporation at maximum fruit set to fruit harvest stage (K4) (r = 0.76*) but negatively influence at first fruit set to maximum fruit set stage (K3) (r = –0.76*).

Ascorbic acid content in fruits of kinnow mandarin was negatively affected by minimum temperature at maximum fruit set to fruit harvest stage (K4) (r = –0.79*) but positively affected by maximum and minimum temperature at First fruit set to maximum fruit set stage ( K3) (r = 0.69* and 0.75*). The positive association of ascorbic acid with temperature during (K3) suggests enhanced biosynthesis of vitamin C under warmer conditions. Conversely, the negative effect of low temperature at (K4) indicates reduced metabolic activity and possible degradation of ascorbic acid in fruit crops. Temperature governs the enzymatic systems involved in biogenesis and catabolism of ascorbic acid (Rathore, 1979), which might be related to these differential response. Chen et al. (1999) reported that vitamin C content was lower in pear fruit collected from the low temperature region of China as compared to high temperature. Singh and Dhaliwal (2004) found higher vitamin C content in narrowly spaced trees and in the lower part of tree canopy in Sardar guava under warm and dry weather. Njoku et al. (2011) observed that lower the temperature better the concentration of Vitamin C in fruit juice of kinnow mandarin fruit crops. Further, maximum relative humidity at maximum fruit set to fruit harvest stage (K4) (r = 0.73*) was positively correlated with ascorbic acid content in fruits of kinnow mandarin. The higher ascorbic acid in fruit may be ascribed to better uptake of potassium, which might increase the synthesis of this acid. However, evaporation and rainfall at maximum fruit set to fruit harvest stage (K4) and rainfall at First fruit set to maximum fruit set stage ( K3) (r = –0.78*, –0.73*, –0.77*, respectively) exerted negative impact on ascorbic acid content of kinnow mandarin fruit crops, while evaporation at first fruit set to maximum fruit set stage ( K3) showed positive correlation thus indicates that moderate water stress may stimulate ascorbic acid synthesis as part of the fruit’s antioxidative defense mechanism in Kinnow mandarin.
Among all the climatic factors, minimum temperature and rainfall at maximum fruit set to fruit harvest stage (K4) and rainfall at first fruit set to maximum fruit set stage ( K3) (r= 0.70*, 0.85** and 0.70*, respectively) were the only climatic factors that correlated positively with the total phenol content of kinnow mandarin fruit crops whereas, maximum and minimum temperature at first fruit set to maximum fruit set stage ( K3) (r = –0.73* and –0.79*), maximum relative humidity at maximum fruit set to fruit harvest stage (K4)  stage (r = –0.77*) and evaporation at First fruit set to maximum fruit set stage ( K3) (r = –0.83**) were negatively correlated with the total phenol content of kinnow mandarin. This may be due to mild stress and cool conditions favor phenolic accumulation, possibly through enhanced activation of phenylpropanoid pathways. Conversely, higher temperatures, humidity, and evaporation likely suppress phenolic synthesis by reducing oxidative stress signals or accelerating phenol degradation, thereby lowering total phenol content. 

The total flavonoid content of kinnow mandarin were negatively influenced by minimum temperature (r = –0.73*) and evaporation (r = 0.83**) at first fruit set to maximum fruit set stage ( K3) and maximum relative humidity at maximum fruit set to fruit harvest stage (K4)  (r = –0.76*). However minimum temperature at maximum fruit set to fruit harvest stage (K4) associated positively with the total flavonoid content in fruits of kinnow mandarin. Similarly rainfall at K3 and maximum fruit set to fruit harvest stage (K4) showed positive correlation with the total flavonoid content of kinnow mandarin.
CONCLUSION                                                                                                                       On the basis of above study, it can be concluded that there was a strong relationship between weather parameters and quality of kinnow mandarin fruit crops. Temperature, particularly during the fruit development and maturation stages, positively affected chlorophyll content, relative leaf water content, sugars, and ascorbic acid, highlighting its key role in enhancing photosynthetic efficiency and carbohydrate metabolism. Conversely, excessive rainfall and humidity were associated with reduced sugar and ascorbic acid content, possibly due to dilution effects and suppressed metabolic activity under high moisture conditions. Phenolic and flavonoid compounds responded favorably to moderate temperature and rainfall, reflecting their stress-induced synthesis through the phenylpropanoid pathway. Furthermore, the prevailing climatic conditions of a region play a decisive role in determining fruit quality and marketable size. Based on this study we can provide the optimum crop environment at different phenological stage of kinnow mandarin fruit crops by doing proper crop management based on weather conditions for producing good quality fruits having high market demand with more prices.
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Fig. 1: Temperature and relative humidity recorded during crop growing period (2014 & 2015) 
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Fig. 2: Rainfall  and evaporation  recorded during crop growing  period (2014 & 2015) 

Table1: Correlation between weather parameter and physiological aspect of kinnow mandarin at phenological stage during crop growing period 2013-14 and 2014-15

	Climatic factors
	Pre-flowering stage  (K1) 

	Flowering to first fruit set (K2) 

	First fruit set to maximum fruit set (K3) 

	Maximum fruit set to fruit harvest (K4) 


	
	Chlorophyll
	RL

WC


	LWC
	Chlorophyll
	RLWC
	LWC
	Chlorophyll
	RL

WC
	LWC
	Chlorophyll
	RLWC
	LWC

	Tmax 
	0.69* 
	0.71* 
	0.61
	0.23
	0.19
	0.28
	0.71* 
	0.75* 
	0.64
	-0.22
	-0.18
	-0.33

	Tmin 
	0.72* 
	0.73* 
	0.65
	0.56
	0.52
	0.57
	0.77* 
	0.80** 
	0.70* 
	-0.80** 
	-0.76* 
	-0.85** 

	RH 1
	0.72* 
	0.73* 
	0.64
	-0.16
	-0.19
	-0.07
	-0.11
	-0.10
	-0.07
	0.68* 
	0.70* 
	0.56

	RH 2
	0.73* 
	0.74* 
	0.67
	-0.12
	-0.15
	-0.04
	0.07
	0.12
	-0.02
	0.31
	0.35
	0.16

	RF
	0.56
	0.58
	0.58
	-0.33
	-0.34
	-0.32
	-0.76* 
	-0.77* 
	- 0.84** 
	-0.79* 
	-0.81** 
	-0.73* 

	EV 
	0.60
	0.60
	0.47
	0.87** 
	0.83** 
	0.84** 
	0.82** 
	0.85** 
	0.77* 
	-0.73* 
	-0.71* 
	-0.79* 


*Significant at p<0.05

** Significant at p<0.001

Table2: Correlation between weather parameter and quality of kinnow mandarin at fruit growth stage during crop growing period 2013-14 and 2014-15

	Climatic factors
	
	First fruit set to maximum fruit set (K3) 

	Maximum fruit set to fruit harvest (K4) 


	
	Total sugar
	Reducing Sugar
	NonReducing Sugar
	Acidity
	Vitamin C
	Total Phenol
	Total Flavonoid
	Total sugar
	Reducing Sugar
	Non-Reducing Sugar
	Acidity
	Vitamin C
	Total Phenol
	Total Flavonoid

	Tmax 
	0.77* 
	0.71* 
	0.75* 
	-0.63
	0.69*
	-0.73*
	-0.67
	0.09
	0.05
	0.26
	0.23
	-0.17
	0.07
	0.06

	Tmin 
	0.81** 
	0.76* 
	0.77* 
	-0.70* 
	0.75*
	-0.79*
	-0.73*
	-0.56
	-0.61
	-0.24
	0.82** 
	-0.79*
	0.70*
	0.69*

	RH 1
	-0.03
	0.01
	-0.15
	0.14
	-0.10
	0.11
	0.14
	0.86** 
	0.85** 
	0.74* 
	-0.69* 
	0.73*
	-0.77*
	-0.76*

	RH 2
	0.25
	0.15
	0.47
	0.04
	0.04
	-0.13
	-0.06
	0.63
	0.59
	0.66
	-0.31
	0.38
	-0.44
	-0.43

	RF
	-0.57
	-0.62
	-0.20
	0.78* 
	-0.77*
	0.70*
	0.68*
	-0.84** 
	-0.81** 
	-0.74* 
	0.73* 
	-0.78*
	0.85**
	0.82**

	EV 
	0.83** 
	0.78* 
	0.76* 
	-0.76* 
	0.80*
	-0.83**
	-0.77*
	-0.52
	-0.57
	-0.21
	0.76* 
	-0.73*
	0.63
	0.62


*Significant at p<0.05

** Significant at p<0.001
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