


Impact of foliar application of growth regulators, Urea, Zinc Sulphate, Bavistin and Combinations on yield and fruit parameters of Kinnow Mandarin.

ABSTRACT
The present experiment entitled “Impact of foliar application of growth regulators, Urea, Zinc Sulphate, Bavistin and their Combinations on yield and fruit parameters of Kinnow Mandarin” was conducted at the experimental orchard, Department of Horticulture, CCS Haryana Agricultural University, Hisar during 2019-20 and 2020-21 to find out the best concentration of foliar application of growth regulators, nutrients and fungicides in improvement of yield and fruit parameters. There were eighteen treatments, i.e., 2,4-D @ 10 ppm, 2,4-D @ 15 ppm, GA3 @ 15 ppm, GA3 @ 20 ppm, Urea 1%, Urea 1.5%, Zinc Sulphate 0.5%, Zinc Sulphate 0.75%, Bavistin @ 1000 ppm and their combinations with three replications by taking one replication per plant on using 9-year-old Kinnow. The foliar spray was done two timesapplied twice i.e., first in the last week of May and second in the last week of July. 
	The foliar application of growth regulators, nutrients and fungicides treatments and their combinations had significant effect on yield and quality of Kinnow mandarin. Fruit length, fruit breadth and fruit weight were found maximum with foliar application of GA3 20 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin 1000 ppm. Foliar application of 2,4-D 15 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin 1000 ppm was significantly improved the number of fruits per tree (502.67 and 516.33 during 2019-20 and 2020-21, respectively) and  yield (75.46 kg/plant and 78.92 kg/plant during 2019-20 and 2020-21, respectively).
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1. INTRODUCTION
Among citrus group, Kinnow is a hybrid between King mandarin (Citrus nobilis Lour) X Willow Leaf mandarin (Citrus deliciosa Tenora), is considered as one of the major citrus fruit crops. It was developed by H.B. Frost in 1915 and released in 1935 in California (USA) and introduced toin India by Dr. J.C. Bakhshi in 1958 at the Regional Fruit Research Station, Abohar (Punjab). Kinnow has attained a prime position in North India due to its consumer appeal, good tree vigourvigorous tree growth, high cropping potential, wider adaptability, more higher economic return and better performance than other citrus fruits (Kumar et al., 2017). 
Flower and fruit drop is aare major issue faced by citrus growers (Modise et al., 2009) and it has become a limiting factor in citrus production. 
	Plant growth regulators serve as mobilizers of nutrients from other plant sections to the metabolic sinks that are actively growing (Agusti et al., 2002), which enhance the rapid changes in physiological and biochemical characteristicss and improves crop productivity. Auxin prevents the abscission and facilitated facilitates the ovary to remain attached with to the shoot and resulted resulting in lower fruit drop (Jat and Kacha, 2014). Foliar treatment of GA3 has been reported to increase production by reducing the per cent fruit drop percentage (Ullah et al., 2014), influence influencing vegetative growth, flowering, fruiting, promotinges cell elongation and cell growth and improve improving fruit retention and fruit quality. 
Nitrogen is the most important component for Citrus growers as it has a greater impact on tree growth, appearance and fruit quality than any other element (Obreza, 2001). Due to deficiency of nutrientsnutrient deficiency, some healthy orchards are converting into low production with poor quality. The use of growth regulators and chemical fertilizer sprays has become an important component of agro-technical procedures for most of the cultivated plants and especially for fruit plants (Prasad et al., 2017). Micronutrients can significantly increase crop yield and quality and improve the post-harvest life of produce. They play a significant role in disease resistance and lignin biosynthesis, since they function as enzyme activators (Parmar et al., 2017). In Haryana, State citrus quality production is declining due to deficiency of these trace elements caused by soil alkalinity, lower organic matter content and competition from other nutrients (Bhanukar et al., 2018). 
Zinc is required for the activity of several enzymes, including dehydrogenases, aldolases, isomerases, transphosphorylases, RNA and DNA polymerases which are involved in the synthesis of tryptophan, cell division, maintenance of membrane structure and acts as a regulatory cofactor in protein synthesis (Sharathkumar et al., 2022). The foliar feeding of fruit trees has gained much importance in recent years as fertilizers application through soilsoil applied fertilizers are needed in greater amount, because some portion leaches down and some does not become available to the plant due to complex chemical reactions (Bisen et al., 2020). 
It was alsois known that the use of different fungicides was plays a crucial role in growth, development and quality of fruits with longer shelf life (Sukrampal et al., 2022). 
	Hence, the selection of an appropriate combination of the plant growth regulators and nutrients is essential to produce high-quality citrus fruits and reduce citrus fruit drop (Kaur et al., 2016). So, keeping in view the above facts and considering the importance of fruit retention to increase enhance the productivity, the present investigation has been framed. 
2. MATERIALS AND METHODS
The present experiment was carried out in the experimental orchard of the Department of Horticulture, CCS Haryana Agricultural University, Hisar on nine years old Kinnow mandarin trees and the chemical analysis was undertaken in the laboratory of the Department of Horticulture and Soil Science, CCS HAU, Hisar during the year 2019-20 and 2020-21. 
	The experiment was laid out in randomized block design with three replications, comprising 18 treatment combinations i.e. T1: 2,4-D @10 ppm; T2: 2,4-D @ 15 ppm; T3: GA3 @ 15 ppm; T4: GA3 @ 20 ppm; T5: Urea 1%; T6: Urea 1.5%; T7: Zinc Sulphate 0.5%; T8: Zinc Sulphate 0.75%; T9: Bavistin @ 1000 ppm; T10: 2,4-D @ 10 ppm + Urea 1% + Zinc Sulphate 0.5% + Bavistin @ 1000 ppm; T11: 2,4-D @ 15 ppm + Urea 1% + Zinc Sulphate 0.5% + Bavistin @ 1000 ppm; T12: GA3 15 ppm + Urea 1% + Zinc Sulphate 0.5% + Bavistin @ 1000 ppm; T13: GA3 @ 20 ppm + Urea 1% + Zinc Sulphate 0.5% + Bavistin @ 1000 ppm; T14: 2,4-D @ 10 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin 1000 ppm; T15: 2,4-D @ 15 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin @ 1000 ppm; T16: GA3 15 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin @ 1000 ppm; T17: GA3 @ 20 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin @ 1000 ppm; T18: Control. Foliar treatment was done applied two times, first in the last week of May and second in the last week of July. (It is recommended to present these treatments in a tabular format with Table no.1 and with table heading)
2.1 Observation recorded
Fruit length and breadth of five randomly selected fruits per replication were measured with the help of Digital digital Vernier’s Calipers and the average value was calculated and expressed in centimeters (cm).
For fruit weight five randomly selected fruits from different positions of the tree were picked and weighed on a top pan electric balance. The average weight was calculated by dividing the total fruit weight by total number of fruits taken and expressed in gram (g). The numbers of fruits per tree were calculated by visually dividing the canopy of the tree into two equal halves and then counting the number of fruits on both halves and total number of fruits is was obtained by adding the number of fruits of two halves. The total fruit yield per tree was calculated by multiplying total number of fruits per tree with the average fruit weight and expressed in kilograms per tree (kg/tree).
3. RESULTS AND DISCUSSION 
The data presented in table 1 exhibit that fruit length, fruit breadth and fruit weight were significantly affected by various foliar applications of growth regulators, nutrients and fungicides and their combinations. Maximum fruit length (6.45 cm and 6.52 cm during 2019-20 and 2020-21, respectively), fruit breadth (7.20 cm and 7.30cm during 2019-20 and 2020-21, respectively) and fruit weight (150.58 g and 153.92 g during 2019-20 and 2020-21, respectively) were observed with T17 (GA 20 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin 1000 ppm) closely followed by T15, T16, T14 and T13 during both the years. Minimum fruit length (5.01 cm and 5.04 cm during 2019-20 and 2020-21, respectively), fruit breadth (5.27 cm and 5.32 cm during 2019-20 and 2020-21, respectively) and fruit weight (140.11 g and 141.59 g during 2019-20 and 2020-21, respectively) were recorded in control. 
The results on fruit size (length and breadth) and fruit weight were found significant with foliar application of plant growth regulators, nutrients and fungicides in Kinnow mandarin. The highest fruit length, breadth and weight were observed with GA (20 ppm) + Urea (1.5%) + Zinc Sulphate (0.75%) + Bavistin (1000 ppm). The increase in fruit weight due to application of plant growth regulators and nutrients might be due to correcting the deficiencies of micronutrient and easy availability of growth promoting substances (Bagri et al., 2021). Gibberellins helps in fruit size increment might be due to cell division initially and cell enlargement in the later stages. The increment in fruit weight might be due to accumulation and transportation of photosynthates resulted in better fruit development and due to cell division, elongation and enlargement and increase in inter cellular spaces in mesocarpic cells. Plant growth hormones act as mobilizers of the nutrients from other parts of the plant to the actively growing metabolic sink i.e., fruits which may also be an important factor contributing to improved size. Zinc treatment may have boosted fruit weight by boosting tryptophan synthesis as well as the creation and translocation of carbohydrates and carbohydrates enzymes. Urea promotes vegetative development, increasing photosynthetic efficiency and buildup of carbohydrates necessary for fruit growth (Prasad et al., 2015).
Table 1:	Effect of foliar application of growth regulators, nutrients and fungicides on fruit length (cm), fruit breadth (cm) and fruit weight (g) of Kinnow mandarin
	Treatments
	Fruit length (cm)
	Fruit breadth (cm)
	Fruit weight (g)

	
	2019-20
	2020-21
	2019-20
	2020-21
	2019-20
	2020-21

	T1: 2,4-D 10 ppm 
	5.91
	5.98
	6.40
	6.45
	145.77
	147.36

	T2: 2,4-D 15 ppm
	5.89
	5.95
	6.36
	6.42
	145.64
	147.64

	T3: GA3 15 ppm
	5.43
	5.48
	6.14
	6.20
	143.24
	146.87

	T4: GA3 20 ppm
	6.02
	6.11
	6.50
	6.54
	145.88
	147.59

	T5: Urea 1%
	5.32
	5.41
	5.83
	5.90
	142.20
	143.86

	T6: Urea 1.5%
	5.84
	5.90
	6.24
	6.29
	145.20
	146.87

	T7: Zinc Sulphate 0.5%
	5.38
	5.45
	6.09
	6.13
	142.64
	144.38

	T8: Zinc Sulphate 0.75%
	5.27
	5.39
	5.77
	5.81
	142.13
	143.73

	T9: Bavistin 1000 ppm
	5.12
	5.16
	5.52
	5.67
	141.12
	143.41

	T10: 2,4-D 10 ppm + Urea 1% + Zinc Sulphate 0.5% + Bavistin 1000 ppm
	5.87
	5.91
	6.25
	6.31
	145.27
	147.18

	T11: 2,4-D 15 ppm + Urea 1% + Zinc Sulphate 0.5% + Bavistin 1000 ppm
	6.08
	6.16
	6.62
	6.68
	146.18
	148.96

	T12: GA3 15 ppm + Urea 1% + Zinc Sulphate 0.5% + Bavistin 1000 ppm
	6.18
	6.25
	6.66
	6.71
	147.48
	150.18

	T13: GA3 20 ppm + Urea 1% + Zinc Sulphate 0.5% + Bavistin 1000 ppm
	6.21
	6.29
	6.73
	6.80
	148.74
	150.48

	T14: 2,4-D 10 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin 1000 ppm
	6.26
	6.37
	6.91
	7.02
	148.91
	151.41

	T15: 2,4-D 15 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin 1000 ppm
	6.35
	6.45
	7.11
	7.18
	150.12
	152.84

	T16: GA3 15 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin 1000 ppm
	6.29
	6.43
	7.03
	7.11
	149.95
	152.18

	T17: GA3 20 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin 1000 ppm
	6.45
	6.52
	7.20
	7.30
	150.58
	153.92

	T18: Control
	5.01
	5.04
	5.27
	5.32
	140.11
	141.59

	CD at 5%
	0.26
	0.26
	0.29
	0.29
	4.07
	4.14



	 The results of present study are in line with the findings of Singh and Kaur (2018) who stated that the plants treated with GA3 (25 ppm) had the maximum fruit length, breadth and weight of baramasi lemon. Sweety et al. (2018) reported that fruit size and weight was highest with foliar application of GA3 (30 ppm) of sweet orange cv. Jaffa. Bagri et al. (2021) who reported trees sprayed with NAA (20 ppm) + ZnSO4 (0.5%), resulted in increased fruit length and fruit weight and NAA (20 ppm) increased breadth.

Table 2:	Effect of foliar application of growth regulators, nutrients and fungicides on number of fruits per plant and yield (kg/tree) of Kinnow mandarin
	Treatments
	Number of fruits per plant
	Yield (kg/tree)

	
	2019-20
	2020-21
	2019-20
	2020-21

	T1: 2,4-D 10 ppm 
	475.67
	485.67
	69.34
	71.57

	T2: 2,4-D 15 ppm
	477.67
	486.33
	69.57
	71.80

	T3: GA3 15 ppm
	427.33
	435.00
	61.21
	63.89

	T4: GA3 20 ppm
	429.33
	436.33
	62.63
	64.40

	T5: Urea 1%
	471.67
	480.33
	67.07
	69.10

	T6: Urea 1.5%
	477.67
	487.67
	69.36
	71.62

	T7: Zinc Sulphate 0.5%
	431.67
	439.33
	61.57
	63.43

	T8: Zinc Sulphate 0.75%
	433.67
	440.67
	61.64
	63.34

	T9: Bavistin 1000 ppm
	427.67
	433.33
	60.35
	62.14

	T10: 2,4-D 10 ppm + Urea 1% + Zinc Sulphate 0.5% + Bavistin 1000 ppm 
	492.33
	503.33
	71.52
	74.08

	T11: 2,4-D 15 ppm + Urea 1% + Zinc Sulphate 0.5% + Bavistin 1000 ppm 
	500.67
	508.67
	73.19
	75.77

	T12: GA3 15 ppm + Urea 1% + Zinc Sulphate 0.5% + Bavistin 1000 ppm 
	480.33
	493.33
	70.84
	74.09

	T13: GA3 20 ppm + Urea 1% + Zinc Sulphate 0.5% + Bavistin 1000 ppm 
	481.33
	492.33
	71.59
	74.09

	T14: 2,4-D 10 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin 1000 ppm 
	498.67
	510.33
	74.26
	77.27

	T15: 2,4-D 15 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin 1000 ppm 
	502.67
	516.33
	75.46
	78.92

	T16: GA3 15 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin 1000 ppm 
	496.33
	503.67
	74.42
	76.65

	T17: GA3 20 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin 1000 ppm 
	499.33
	505.00
	75.19
	77.73

	T18: Control
	422.67
	426.67
	59.22
	60.41

	CD at 5%
	21.17
	21.54
	3.09
	3.20


	Data on the number of fruits per plant and yield (kg/tree) were recorded and results are presented in table Table 2. Different foliar treatments positively influenced the number of fruits per plant and yield. The maximum number of fruits per plant (502.67 and 516.33 during 2019-20 and 2020-21, respectively) and  (75.46 kg/plant and 78.92 kg/plant during 2019-20 and 2020-21, respectively) were recorded with T15 (2,4-D 15 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin 1000 ppm) which was found to be at par with T11, T17, T14 and T16 during both years. The mMinimum number of fruits per plant (422.67 and 426.67 during 2019-20 and 2020-21, respectively) and yield (59.22 kg/plant and 60.41 kg/plant during 2019-20 and 2020-21, respectively) were observed in the control.
	The plants treated with the foliar application of 2,4-D (15 ppm) + Urea (1.5%) + Zinc Sulphate (0.75%) + Bavistin (1000 ppm) had exhibited higher numbers of fruits per plant and yield (kg/tree). An increase in fruit retention may be the cause of an the increase in fruit yield, number of fruits, average weight of fruits and a decrease in fruit drop (El-Kobbia et al., 2011). Due to accretionThe accumulation of more food material in the trees leads to an more efficient exploitation of the same for development ofutilization for fruit development, fruit which leads toresulting in better fruit diameter and yield. Nutrient management can augment enhance the fruit yield by increasing fruit number, retention and reducing fruit drop (Saleem et al., 2005; Ashraf et al., 2010). 
	The results of the present study are in confirmation with the findings of Prasad et al. (2015) who reported the maximum number of fruits per plant and yield with foliar application of urea 1% + zinc sulphate 0.4% + 2,4-D (20 ppm) in Kinnow mandarin, Neware et al. (2017) obtained the highest number of fruits per plant and yield in sweet orange cv. Mosambi with foliar application of 2,4-D, ZnSO4, FeSO4 and MnSO4, Pooja et al. (2019) who found highest number of fruits per plant and yield with foliar application of 2,4-D 20 ppm in Kinnow mandarin, Singh et al. (2017) who recorded maximum number of fruits per tree and yield in urea (1%) + 2,4-D (15 ppm) in Khasi mandarin, Bharti et al. (2020) observed that 2,4-D applied @ 20 ppm increased the number of fruits per plant and yield in Kinnow mandarin.                                                                                                                                                
4. CONCLUSION
The fruit length, fruit breadth and fruit weight were influenced effectively with by the foliar application. The mMaximum fruit length, fruit breadth and fruit weight were recorded with T17 (GA 20 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin 1000 ppm) and minimum were recorded in the control. Among the foliar treatments maximum number of fruits per tree and yield were recorded with T15 (2,4-D 15 ppm + Urea 1.5% + Zinc Sulphate 0.75% + Bavistin 1000 ppm) and lowest in the control. Numerically higher values were obtained in 2019-20 over 2020-21.
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