


STUDIES ON FOLIAR APPLICATION OF NUTRIENTS ON BIOCHEMICAL PROPERTIES OF KINNOW MANDARIN 


ABSTRACT
Kinnow mandarin is an important citrus fruit crop valued for its nutritional quality and economic significance. Improvement in fruit biochemical characteristics through efficient nutrient management practices, particularly foliar nutrition, has gained considerable attention in citrus production.  The objective of the study was to evaluate the effect of foliar application of different nutrients on the biochemical properties and fruit quality of Kinnow mandarin. The present investigation was conducted during 2023–25 on eleven-year-old Kinnow mandarin plants at the Department of Horticulture, CCS Haryana Agricultural University, Hisar. Eleven foliar nutrient treatments were evaluated in a randomized block design with three replications and a net plot size of 6.0 × 6.0 m. Observations were recorded on important biochemical quality parameters. The results revealed that foliar application of nutrients significantly influenced the biochemical characteristics of Kinnow fruits. Maximum values of juice content, total soluble solids, ascorbic acid, TSS:acid ratio, non-reducing sugars and total sugars, along with desirable acidity levels, were obtained with foliar application of K₂SO₄ at 2.0%. Minimum peel content, rag content and peel thickness were recorded with foliar application of ZnSO₄ at 0.4%. The study indicates that foliar application of potassium and micronutrients can effectively improve the biochemical quality of Kinnow mandarin fruits and may be recommended for enhancing fruit quality under similar agro-climatic conditions.
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1. INTRODUCTION
Citrus belonging to Rutaceae family is one of the major and economically important fruit crop grown worldwide primarily for its high vitamin C and antioxidant contents (Gorinstein et al., 2001). Kinnow is a high yielding hybrid between King mandarin (Citrus nobilis Lour) × Willow Leaf mandarin (Citrus deliciosa Tenore), cultivated widely in India. Mandarin is the most popular citrus fruit growing in India. It accounts for about 50% of the entire citrus area in India.
[bookmark: _GoBack]Fruit quality is regulated by both internal and external variables, and minimum parameters for palatability and commercial acceptability have been established over time (Davies and Albrigo, 1994). In citrus, external fruit quality depends on color, size, and peel texture, while internal characteristics include juice quantity and quality, seediness, vitamin C content, total soluble solids (TSS), titratable acidity (TA), and TSS:TA ratio (Saeed, 2006). The fruit must have good quality and proper size to gain more consumer acceptability. However, in India, productivity of horticultural crops is constant with a small per capita land holding in relation to differential nutrient application through plant root system. Thus, foliar application is the alternative and safe way of applying nutrients for quick absorption and maximum availability, and may play an important role in improving the productivity and quality of the fruit. (Babu and Lavania, 1985; Reetika et al., 2020).
Citrus nutrition depends on nutrients such as K, Ca, Zn, Fe and Cu which improve quality of fruits. Potassium (K) enhances fruit quality by improving juice content, color and juice flavor (Ashraf et al., 2010). Calcium improves the tensile strength of peel and also increase the postharvest shelf life of fruit (Zaragoza et al., 1996; Agusti et al., 2002). Similarly, lack of micronutrients (Zn, Cu and Fe) can affect the quality and result in fruit dropping of citrus crops (Ashraf et al., 2012). The physical and chemical properties of fruits are greatly improved by the application of ZnSO4 (El-Baz, 2003). 
In this experiment, the emphasis was made to study the effect of foliar application of nutrients on biochemical properties of Kinnow mandarin.

2. MATERIAL AND METHODS
The present study was conducted at experimental orchard, CCS Haryana Agricultural University, Hisar during 2023-25. The experiment was laid out in randomized block design with three replications comprising eleven treatments. Eleven-years-old uniformly grown trees, spaced at 6m  6m and raised on Rough lemon rootstock were selected for present study. They were kept under uniform condition of orchard management during the study period, where all the agronomical practices were carried out as per package of practicesviz., T1: Calcium nitrate 1.0%, T2: Calcium nitrate 2.0%, T3: Potassium sulfate 1.0%, T4: Potassium sulfate 2.0%, T5: Zinc sulfate 0.2%, T6: Zinc sulfate 0.4%, T7: Copper sulfate 0.2%, T8: Copper sulfate 0.4%, T9: Ferrous sulfate 0.2%, T10: Ferrous sulfate 0.4% and T11: Control (water spray) and the time of application was last week of February and last week of April.
 Quality parameters
1. Juice content (%)
2. Peel content (%)
3. Rag content (%)
4. Peel thickness (mm)
5. Total soluble solid (ºB)
6. Acidity (%)
7. Ascorbic acid (mg/100ml juice)
8. TSS-to-acid ratio
9. Reducing sugars (%)
10. Non reducing sugar (%)
11. Total sugar (%) 
3. RESULTS
3.1 Juice content
Data presented in Table 1 clearly indicated that juice content significantly increased with different concentrations of nutrients during both the years. In year 2023-24, juice content was found highest (49.75%) with potassium sulfate 2.0%, which was at par with potassium sulfate 1.0% (49.09%) and zinc sulfate 0.4% (47.64%) and minimum (42.44%) in control. In the year 2024-25, maximum juice content (50.25%) was found with potassium sulfate 2.0%, which was statistically at par with potassium sulfate 1.0% (49.56%), calcium nitrate 1.00% (48.77%), zinc sulfate 0.4% (48.16%) and copper sulfate 0.2% (48.07%) and minimum (43.59%) in control.
3.2 Peel content, rag content and peel thickness
	Data presented in Table 2 clearly indicated that peel thickness, peel content and rag content significantly influenced with different concentrations of nutrients during both the years.
In year 2023-24, minimum peel thickness (3.39 mm) was recorded with zinc sulfate 0.4%, which was at par with zinc sulfate 0.2% (3.42 mm) and copper sulfate 0.2% (3.47 mm) and maximum (3.82 mm) in potassium sulfate 2.0%. The minimum peel content (23.52%) was observed with foliar application of zinc sulfate 0.4%, which was at par with zinc sulfate 0.2% (23.59%), copper sulfate 0.2% (24.22%) and calcium nitrate 2.0% (24.49%) and maximum (29.05%) in potassium sulfate 2.0%. Rag content  was found to be lowest  (26.73%) with zinc sulfate 0.4%, which was at par with potassium sulfate 1% (26.69%), calcium nitrate 1% (27.02%), copper sulfate 0.2% (27.14%) and zinc sulfate 0.2% (27.32%) and highest (28.51%) in potassium sulfate 2.0%.
	In year 2024-25, minimum peel thickness (3.31 mm) was recorded with foliar application of zinc sulfate 0.4%, which was at par with zinc sulfate 0.2% (3.35 mm) and copper sulfate 0.2% (3.42 mm) and maximum (3.81 mm) in potassium sulfate 2.0%. The minimum peel content (23.13%) was observed with foliar application of zinc sulfate 0.4%, which was at par with zinc sulfate 0.2% (23.34%) and calcium nitrate 2.0% (24.15%) and maximum (28.03%) in potassium sulfate 2.0%. The rag content was found lowest (26.62%) with zinc sulfate 0.4%, which was at par with potassium sulfate 1% (26.65%), copper sulfate 0.2% (26.93%), ferrous sulfate 0.4% (26.72%) and zinc sulfate 0.2% (27.10%) and highest (28.38%) in potassium sulfate 2.0%. 
3.3 Total soluble solid, acidity and brix to acid ratio
	 Data given in Table 3 revealed that the TSS, acidity and brix to acid ratio were significantly affected with different concentrations of nutrients during both the years. In 2023-24, maximum TSS (11.10%) was recorded with potassium sulfate 2.0%, which was at par with potassium sulfate 1.0% (10.76%), calcium nitrate 2.0% (10.58%), zinc sulfate 0.2% (10.53%) and zinc sulfate 0.4% (10.42%) and minimum (9.71%) in control. Minimum acidity (0.77%) was recorded with potassium sulfate 2.0%, which was at par with potassium sulfate 1.0% (0.78%) and calcium nitrate 2.0% (0.78%) and maximum (0.87%) in control. The TSS/acid ratio was found maximum (14.41) with potassium sulfate 2.0%, which was at par with potassium sulfate 1.0% (13.79) and minimum (11.16) in control.
	Similar trends were recorded during the year 2024-25, showing maximum TSS (11.19%) was recorded with potassium sulfate 2.0%, which was at par with potassium sulfate 1.0% (10.86%) and minimum (9.76%) in control. Minimum acidity (0.75%) was recorded with potassium sulfate 2.0% and maximum (0.85%) in control. The TSS/acid ratio was found maximum (14.92) with potassium sulfate 2.0%, which was at par with potassium sulfate 1.0% (14.28) and minimum (11.48) in control.
3.4 Ascorbic acid 
	Data presented in Table 4 clearly indicated that ascorbic acid significantly increased with different concentrations of nutrients during both the years. In year 2023-24, maximum ascorbic acid (32.81 mg/100ml juice) was observed with foliar application of zinc sulfate 0.4% which was statistically at par with zinc sulfate 0.2% (32.03 mg/100ml juice) and minimum (28.75 mg/100ml juice) in control. 
	In the year 2024-25, maximum ascorbic acid (33.93 mg/100 ml juice) was observed in fruits from trees given foliar application of zinc sulfate 0.4% and minimum (29.83 mg/100ml juice) in control. 
3.5 Reducing sugars, non reducing sugars and total sugars
	The data depicted in Table 5 clearly showed that reducing sugars, non reducing sugars and total sugars were significantly affected with different concentrations of nutrients during both the years. In year 2023-24, the maximum reducing sugars (3.92%) were recorded with potassium sulfate 2.0%, which was at par with potassium sulfate 1.0% (3.81%). The control treatment had minimum reducing sugars percentage of 2.88 per cent. The non reducing sugars also followed the same pattern to that of reducing sugars.  The highest non reducing sugar content (3.13%) was recorded with potassium sulfate 2.0%, which was at par with potassium sulfate 1.0% (3.03%) and the lowest (2.57%) under control treatment. The maximum total sugars content (7.22%) was observed in potassium sulfate 2.0%, which was at par with potassium sulfate 1.0% (7.00%) and the minimum (5.59%) in control.
	During year 2024-25, maximum the maximum reducing sugars content (3.98%) was estimated with potassium sulfate 2.0%, which was at par with potassium sulfate 1.0% (3.90%)and minimum (2.99%) with control. The maximum non reducing content (3.36%) was recorded in potassium sulfate 2.0%, which was at par with potassium sulfate 1.0% (3.30%) and zinc sulfate 0.4% (3.20%) and minimum (2.76%) in control treatment. The significantly highest total sugar content (7.52%) was observed in potassium sulfate 2.0%, which was at par with potassium sulfate 1.0% (7.38%) as compared to control (5.90%).
4. DISCUSSION
The increase in juice percentage may be explained by the fact that potassium plays a regulating role in the mobilization of metabolites within a plant. It is a well-established fact that developing fruits act as highly active metabolic “sinks” which mobilize metabolites and direct their flow from vegetative structure. Results are in close conformity with that of Zaman et al. (2019) who obtained maximum juice percentage with ZnSO4 @ 4% in Kinnow mandarin. Singh et al. (2018), who also revealed that the maximum juice percent was recorded with K2SO4 0.2% among different nutrient spray. The quality of Kinnow mandarin fruits in terms of peel thickness, peel content and rag content was significantly affected by foliar application of different nutrient. Minimum peel thickness, peel content and rag content were recorded in zinc sulfate 0.4% and maximum with potassium sulfate 2.0%. Potassium was reported to strengthen the rind and synthesize pectic substances. The maximum peel thickness, peel content and rag content were observed with control. 
Highest  TSS,  TSS/acid ratio, non reducing sugars and total sugars with applications of  K2SO4 might  be  possible  due  to  the  reason  that  potassium  treatment could  be  attributed  to  improve  photosynthetic  efficiency  of  the  leaves  and  a possible  increase  in  translocation  of  assimilates to the fruit. Sugars increased significantly with potassium as potassium helps in translocation of photosynthates from source to the sink organ i.e fruits. Potassium spraying in Kinnow mandarin can lead to a decrease in fruit acidity primarily because it enhances sugar metabolism and translocation, leading to higher sugar content in the fruit. This increased sugar concentration dilutes the existing organic acids, resulting in a perceived decrease in overall acidity.  The reduction in acidity might be due to accumulation of reducing and non reducing sugars (Gurjar et al. 2018).
These results are in accordance with the findings of Singh et al. (2023) who obtained potassium significantly increased TSS, and TSS/acid ratio in Kinnow mandarin under Indian sub-tropical conditions.  Vijay et al. (2016) found that foliar application of KNO3 4% was most effective in improving quality of sweet orange (Citrus sinensis) cv. Jaffa. Zaman et al. (2019) obtained maximum ascorbic acid in Kinnow mandarin with zinc sprays. Gurjar et al. (2018), Liaquat et al. (2021) and Luxmi et al. (2024) also reported that zinc and potassium spray increased the ascorbic acid contents in Kinnow mandarin. Aly et al. (2015) found that 2 and 3% K2SO4 treatments were more effective in increasing vitamin C (mg/100 ml juice) content and TSS % than all other treatments.
Table 1: Effect of foliar application of nutrients on juice content of Kinnow mandarin
	Treatments 
	Juice content (%)

	
	2023-24
	2024-25

	T1: Calcium nitrate 1.0% 
	46.35
	48.77

	T2: Calcium nitrate 2.0% 
	47.18
	47.6

	T3: Potassium sulfate 1.0% 
	49.09
	49.56

	T4: Potassium sulfate 2.0% 
	49.75
	50.25

	T5: Zinc sulfate 0.2% 
	46.22
	46.93

	T6: Zinc sulfate 0.4% 
	47.64
	48.16

	T7: Copper sulfate 0.2% 
	47.03
	48.07

	T8: Copper sulfate 0.4% 
	46.76
	47.51

	T9: Ferrous sulfate 0.2% 
	45.29
	45.93

	T10: Ferrous sulfate 0.4% 
	45.59
	46.12

	T11: Control (water spray) 
	42.44
	43.59

	CD at 5% 
	2.37
	1.85


Table 2: Effect of foliar application of nutrients on peel thickness, peel content and rag content of Kinnow mandarin
	Treatments
	Peel thickness 
(mm)
	Peel content 
(%)
	Rag content 
(%)

	
	2023-24
	2024-25
	2023-24
	2024-25
	2023-24
	2024-25

	T1: Calcium nitrate 1.0% 
	3.68
	3.66
	25.55
	23.16
	28.10
	28.07

	T2: Calcium nitrate 2.0% 
	3.65
	3.61
	24.49
	24.15
	28.33
	28.25

	T3: Potassium sulfate 1.0% 
	3.42
	3.35
	23.59
	23.34
	27.32
	27.10

	T4: Potassium sulfate 2.0% 
	3.39
	3.31
	23.52
	23.13
	26.73
	26.62

	T5: Zinc sulfate 0.2% 
	3.48
	3.45
	25.66
	24.96
	28.12
	28.11

	T6: Zinc sulfate 0.4% 
	3.47
	3.42
	24.22
	25.91
	27.14
	26.93

	T7: Copper sulfate 0.2% 
	3.69
	3.68
	25.28
	25.28
	26.69
	26.65

	T8: Copper sulfate 0.4% 
	3.61
	3.58
	26.22
	24.63
	27.02
	27.86

	T9: Ferrous sulfate 0.2% 
	3.58
	3.53
	27.21
	26.63
	27.50
	27.44

	T10: Ferrous sulfate 0.4% 
	3.50
	3.47
	27.60
	27.16
	26.81
	26.72

	T11: Control (water spray) 
	3.82
	3.81
	29.05
	28.03
	28.51
	28.38

	CD at 5% 
	0.16
	0.13
	1.55
	1.31
	0.79
	1.24




Table 3: Effect of foliar application of nutrients on ascorbic acid of Kinnow mandarin

	Treatments 
	Ascorbic acid
(mg/100ml juice)

	
	2023-24
	2024-25

	T1: Calcium nitrate 1.0% 
	30.85
	30.97

	T2: Calcium nitrate 2.0% 
	30.95
	31.08

	T3: Potassium sulfate 1.0% 
	31.05
	31.18

	T4: Potassium sulfate 2.0% 
	31.13
	31.24

	T5: Zinc sulfate 0.2% 
	32.03
	32.12

	T6: Zinc sulfate 0.4% 
	32.81
	33.93

	T7: Copper sulfate 0.2% 
	29.91
	30.07

	T8: Copper sulfate 0.4% 
	30.74
	30.86

	T9: Ferrous sulfate 0.2% 
	30.66
	30.81

	T10: Ferrous sulfate 0.4% 
	30.91
	31.06

	T11: Control (water spray) 
	28.75
	29.83

	CD at 5% 
	1.17
	1.31





Table 4: Effect of foliar application of nutrients on total soluble solid, acidity and brix to acid ratio of Kinnow mandarin

	Treatments 
	Total soluble 
Solid (ºB)
	Acidity 
(%)
	Brix to 
acid ratio

	
	2023-24
	2024-25
	2023-24
	2024-25
	2023-24
	2024-25

	T1: Calcium nitrate 1.0% 
	10.49
	10.57
	0.80
	0.79
	13.11
	13.37

	T2: Calcium nitrate 2.0% 
	10.58
	10.65
	0.78
	0.77
	13.56
	13.83

	T3: Potassium sulfate 1.0% 
	10.76
	10.86
	0.78
	0.76
	13.79
	14.28

	T4: Potassium sulfate 2.0% 
	11.10
	11.19
	0.77
	0.75
	14.41
	14.92

	T5: Zinc sulfate 0.2% 
	10.53
	10.61
	0.81
	0.80
	13.00
	13.26

	T6: Zinc sulfate 0.4% 
	10.42
	10.53
	0.83
	0.82
	12.55
	12.84

	T7: Copper sulfate 0.2% 
	10.02
	10.26
	0.85
	0.84
	11.78
	12.21

	T8: Copper sulfate 0.4% 
	10.23
	10.34
	0.84
	0.83
	12.17
	12.45

	T9: Ferrous sulfate 0.2% 
	9.85
	9.96
	0.84
	0.83
	11.72
	12.00

	T10: Ferrous sulfate 0.4% 
	10.34
	10.44
	0.85
	0.84
	12.16
	12.42

	T11: Control (water spray) 
	9.71
	9.76
	0.87
	0.85
	11.16
	11.48

	CD at 5% 
	0.54
	0.37
	0.04
	0.03
	0.68
	0.59




Table 5: Effect of foliar application of nutrients on reducing sugar, non reducing sugar and total sugar of Kinnow mandarin

	Treatments 
	Reducing sugars
(%)
	Non - reducing 
sugars (%)
	Total sugars
(%)

	
	2023-24
	2024-25
	2023-24
	2024-25
	2023-24
	2024-25

	T1: Calcium nitrate 1.0% 
	3.25
	3.45
	2.92
	3.12
	6.33
	6.74

	T2: Calcium nitrate 2.0% 
	3.30
	3.49
	2.99
	3.17
	6.45
	6.83

	T3: Potassium sulfate 1.0% 
	3.81
	3.90
	3.03
	3.30
	7.00
	7.38

	T4: Potassium sulfate 2.0% 
	3.92
	3.98
	3.13
	3.36
	7.22
	7.52

	T5: Zinc sulfate 0.2% 
	3.51
	3.63
	2.93
	3.15
	6.60
	6.95

	T6: Zinc sulfate 0.4% 
	3.68
	3.77
	2.95
	3.20
	6.79
	7.14

	T7: Copper sulfate 0.2% 
	3.16
	3.29
	2.96
	3.13
	6.28
	6.59

	T8: Copper sulfate 0.4% 
	2.92
	3.19
	2.90
	2.98
	5.98
	6.33

	T9: Ferrous sulfate 0.2% 
	2.94
	3.10
	2.82
	3.03
	5.91
	6.29

	T10: Ferrous sulfate 0.4% 
	3.07
	3.22
	2.85
	3.03
	6.07
	6.41

	T11: Control (water spray) 
	2.88
	2.99
	2.57
	2.76
	5.59
	5.90

	CD at 5% 
	0.14
	0.13
	0.14
	0.18
	0.26
	0.28
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[bookmark: _Hlk219284361][bookmark: _Hlk198031404]5. CONCLUSION
The significant findings, as above, from the experiment carried out, bring the conclusion that foliar application of micronutrients had a substantial impact on eleven years old kinnow quality parameters. It is concluded that in foliar application of nutrients experiment, the quality parameters viz. juice content, total soluble solid, acidity, ascorbic acid, brix to acid ratio, non reducing sugar and total sugar  were recorded maximum with foliar application of K2SO4 2.0% whereas; minimum peel content, rag content, peel thickness were found with ZnSO4 0.4%. 
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