


Response of lemon plants to foliar spray of chemical and growth regulators on flowering, fruit quality and yield attributes


ABSTRACT
In the current investigation, plant growth regulators and chemical were sprayed on 4th week of December, 2021 at Horticulture Research Station, Mondouri, Bidhan Chandra Krishi Viswavidyalaya, Nadiain Randomized Block Design (RBD) with an objective to find out the reproductive behavior, yield, physical and chemical characters of lemon. Early flowering was observed in KNO3 2%, the highest flowering duration, maximum number of flowers shootlet-1, fruit set (%) as well as fruit retention (%) and lowest fruit drop (%) were noted in plants treated with CCC 1000 ppm. A significant variation also noticed in physical parameters and chemical parameters of fruits, where CCC 1000 ppm showed the best result compared to Control. The maximum percentage increase of yield plant-1 over control (23.5%) also noticed in CCC 1000 ppm. So, it can be concluded that KNO3 2% can be used for early flowering and CCC 1000 ppm can be used in lemon for more flowering, better fruit quality and production.
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Introduction:
Citrus is the world’s most important fruit tree crop and as such has a huge economic, social and cultural impact on our society. Citrus crop belonging to the family Rutaceae; it can thrive in both tropical and subtropical areas as well as some temperate sections of the world due to its high tolerance to a variety of environmental conditions. The third-largest worldwide fruit industry is the citrus industry, occupying about 6% of the total area under fruit production. Lemon is generally utilized as a fresh fruit, which belongs to the class of acid fruits (Bhatt et al., 2016). India ranks 1st position in lemon production (3,717.00 MT) (Anon, 2022). Due to their high vitamin-C content and decent levels of vitamins A and B, as well as minerals like phosphorus, calcium and iron, lemon fruits have both significant therapeutic value and industrial utility (Khehra and Bal, 2014). Lemons are used to make a variety of products and byproducts, including squash, pickles, jam, candies, jelly and marmalades, all of which are sold at a premium price (Ahmed et al., 2007). Citric acid, that is utilized in medicines and aerated liquids, is found in lemons, which are a good supply of this substance. Lemons are becoming more and more popular in India due to their many uses, year-round production and resistance to citrus decline as well as other citrus disorders. Its production must be multiplied many times over to fulfil the demands of the growing population. The main constraint in lemon cultivation is the peak and lean production in the same year, farmers don’t get the high return in the time of peak production due to high availability of fruits and the time of lean production due to low quality fruits and disease infestations, less production of the fruits farmers again faced loss economical condition. Lemons also experience a very serious issue with fruit cracking in the summer, which significantly reduces the amount of marketable produce and results in a significant financial loss for the grower each year.
Plant growth regulators, also known as phytohormones, are organic compounds made naturally in higher plants that regulate growth as well as additional physiological activities at a location far from the plant’s source and are only minutely active. They have pronounced effects on the growth and development phenomena in citrus cultivation (Huchche, 2008). Citrus biology places a high value on plant growth regulators, which can influence flowering, fruit setting, fruit drop control, fruit size and fruit shape in addition to playing a significant part in the increased production of high-quality fruits (Berhow, 2000).
Lemons, however, are a crop with a rather high nutritional requirement, and nutrient excess or deficit can result in fruits of lower quality. Through optimal nourishment and upholding internal hormonal balance, yield must be increased. To increase fruit yield as well as quality, a good combination of chemical and growth regulators can reduce excessive fruit drop. Usually, the foliar application is considered economical than soil application because the efficiency is more and absorption through foliage is easier and effective and the phenomenon of antagonism is avoided. Hence, keeping in view of the above, the present research programme was undertaken to study the influence of foliar spraying of chemical and growth regulators on flowering, fruit set, fruit quality as well as yield attributing characters in lemon.
MATERIALS AND METHODS
Location of research site and treatment details:
The current research was undertaken at Horticultural Research Station, Mondouri, Department of Fruit Science, Bidhan Chandra Krishi Viswavidyalaya, Nadia, West Bengal during the period from 2021-2022. The site of the experiment is located at 23.5° North latitude and 89° East longitude. These trees are uniform in height and of 3.5 years old. A Randomised Block Design (RBD) was used to set up the experiment and it was replicated thrice with eleven treatments such as T1 - KNO3 1%, T2 - KNO3 2%, T3 - Ethephon 250 ppm, T4 - Ethephon 500 ppm, T5 - Cycocel (CCC) 500 ppm, T6 - Cycocel (CCC) 1000 ppm, T7 - Paclobutrazol 500 ppm, T8 - Paclobutrazol 1000 ppm, T9 – Benzyladenine (BA) 50 ppm, T10 - Benzyladenine (BA) 100 ppm, T11 - Control (Water spray).
Method and time adopted for spraying:
The plant growth regulators and chemical, as per the treatments were implemented as a foliar spray with the assistance of hand sprayer. The spraying was carried out during calm and sunny day in the morning time on 4th week of December, 2021.
Recommended package of practices:
To keep the plot free from weed, weeding was done twice. Irrigation was applied during flowering stage to maturity stage. Proper care for plant protection measures were taken such as monocrotophos (0.05%) and phosphamedon (0.02%) were sprayed for the control of aphid, leaf minor and white fly and carbaryl (0.2%) solution was sprayed for the control of lemon butterfly.
Measurement of plant reproductive parameters:
The duration of flowering was noted through the average calculated duration value of three replication of the same particular treatment.
Flowering duration = Date of start of flowering – End of flowering
Percentage of fruit set was calculated by using the following formula:
Fruit set (%) =	×100
Percentage of fruit drop was calculated by using the following formula:
Fruit drop (%) = 
The percentage of fruit retention was calculated by using the following formula:
Fruit retention (%) = 
Calculation of fruit physical parameters:
The fruit weight as well as peel weight were recorded using an electronic scale, the length and diameter of the fruits were measured using digital Vernier Calipers. Peel (%) was measured by utilizing the following formula:
Peel (%) =  ×100
Juice was measured using digital electronic balance. The percentage of juice content was measured by utilizing the following formula:
Juice (%) = ×100
Measurement of fruit bio-chemical parameters:
Among the bio-chemical parameters, TSS was evaluated by utilizing Hand Refractometer, titratable acidity, total sugar and reducing sugar were measured by the method described in A.O.A.C. (1980) and lastly, ascorbic acid content was measured by Assay method given by Ranganna (1977).
Statistical analysis:
The data were analyzed statistically following the analysis of variance (ANOVA) technique as suggested by Panse and Sukhathme (1985).
RESULTS AND DISCUSSION
Impact of chemical and growth regulators on reproductive parameters of lemon
The date of start of flowering as evidence from Table 1 varied from 16th February, 2022 to 24th February, 2022 among different treatments, being earliest (16th February) in KNO3 2% followed by CCC 1000 ppm (17th February). The end of flowering was early in Paclobutrazol 1000 ppm (11th March) followed by KNO3 2% (12th March). Highest (24.3) duration of flowering was obtained in CCC 1000 ppm, while it was lowest (18.3) in Control. Increased zeatin or zeatin riboside concentrations, which are flower induction promoters present in potassium nitrate, may be the cause of the increase in the percentage of trees treated with it that flower. Because it encourages vigorous flowering in mature shoots, potassium nitrate (KNO3 2%) produced better results than other treatments in this study’s case of early flowering. Similar results were obtained by Gurjar et al. (2015) in Kinnow mandarin, Bhati et al. (2016), Rai et al. (2018) in acid lime and Dheeraj et al. (2016) in mango cv. Banganpalli.
The highest number (17.7) of flowers per shootlet, fruit set percentage (65.1) were recorded in the CCC 1000 ppm, while lowest were recorded in Control. It was observed that CCC 1000 ppm recorded the minimum percentage of fruit drop (46.9%), while the maximum (53.1%) was recorded in Control. The fruit retention percentage varied from 46.9% to 53.1%. Growth inhibitor Cycocel (CCC) works as an anti-gibberellin substance, preventing the development of vegetative buds, nucleic acid synthesis as well as protein metabolism through particular antimetabolites that promote flower formation. Identical results were also observed by Debbarma and Hazarika (2016) in acid lime.
Table 1: Effect of chemical and growth regulators on date of start of flowering, end of flowering and duration of flowering in lemon
	Treatment
	Start of flowering
(date)
	End of flowering
(date)
	Duration of flowering
(days)

	KNO3 1%
	18.02.2022
	13.03.2022
	23.7

	KNO3 2%
	16.02.2022
	12.03.2022
	24.0

	Ethephon 250 ppm
	22.02.2022
	16.03.2022
	22.7

	Ethephon 500 ppm
	20.02.2022
	13.03.2022
	21.3

	CCC 500 ppm
	21.02.2022
	15.03.2022
	22.0

	CCC 1000 ppm
	17.02.2022
	14.03.2022
	24.3

	Paclobutrazol 500 ppm
	21.02.2022
	12.03.2022
	20.7

	Paclobutrazol 1000 ppm
	19.02.2022
	11.03.2022
	22.3

	BA 50 ppm
	23.02.2022
	15.03.2022
	20.3

	BA 100 ppm
	22.02.2022
	16.03.2022
	21.7

	Control
	24.02.2022
	14.03.2022
	18.3

	SE(m) ±
	-
	-
	0.73

	LSD (0.05)
	-
	-
	2.16



Table 2: Effect of chemical and growth regulators on no. of flowers/shootlet, fruit set, fruit drop and fruit retention of lemon
	Treatment
	Flowers shootlet-1
	Fruit set (%)
	Fruit drop (%)
	Fruit retention (%)

	KNO3 1%
	12.7
	64.3
(53.2)
	47.8
(43.7)
	52.2
(46.2)

	KNO3 2%
	11.3
	63.0
(52.5)
	48.7
(44.2)
	51.3
(45.7)

	Ethephon 250 ppm
	15.7
	58.7
(50.0)
	52.1
(46.0)
	47.9
(43.8)

	Ethephon 500 ppm
	14.3
	61.5
(51.7)
	49.9
(45.0)
	50.1
(45.1)

	CCC 500 ppm
	15.3
	63.3
(52.7)
	48.1
(43.9)
	51.9
(46.1)

	CCC 1000 ppm
	17.7
	65.1
(53.8)
	46.9
(43.2)
	53.1
(46.7)

	Paclobutrazol 500 ppm
	13.3
	62.1
(52.0)
	49.1
(44.5)
	50.9
(45.5)

	Paclobutrazol 1000 ppm
	11.7
	59.3
(50.3)
	51.3
(45.7)
	48.7
(44.3)

	BA 50 ppm
	10.3
	60.2
(50.9)
	50.8
(45.4)
	49.2
(44.5)

	BA 100 ppm
	10.7
	59.0
(50.2)
	52.7
(46.6)
	47.3
(43.4)

	Control
	9.3
	57.8
(49.5)
	53.1
(46.7)
	46.9
(43.2)

	SE(m) ±
	0.86
	0.52
	0.34
	0.29

	LSD (0.05)
	2.56
	1.53
	1.01
	0.86


*Datain the parenthesisa reangular transformed value
Impact of chemical and growth regulators on yield parameters of lemon
Control had the lowest number fruits per plant (68.7), while CCC 1000 ppm had the most (79.7). Highest yield (8.33 kg) was obtained by CCC 1000 ppm, whereas the lowest (6.75 kg) was recorded with Control (Table 3). All the treatments of chemical and growth regulators significantly increased the percentage of ‘fruit yield/plant (kg)’ over Control treatment (Fig. 1). It varied widely from 4.7% to 23.5%. The increased yield may be the result of better flowering, fruit set and the translocation of additional metabolites to the sink, or fruits, as well as the inhibition of vegetative growth. Similar favorable effect of CCC on number of fruit/shoot and thereby yield was also observed in acid lime (Lakshmi et al., 2014; Prabhu et al., 2017).
Table 3: Effect of chemical and growth regulators on fruit yield of lemon
	Treatment
	Number of fruits plant-1
	Yield/plant (kg)

	KNO3 1%
	78.3
	8.03

	KNO3 2%
	76.7
	7.68

	Ethephon 250 ppm
	72.3
	7.36

	Ethephon 500 ppm
	75.3
	7.53

	CCC 500 ppm
	77.3
	7.98

	CCC 1000 ppm
	79.7
	8.33

	Paclobutrazol 500 ppm
	75.7
	7.47

	Paclobutrazol 1000 ppm
	73.7
	7.31

	BA 50 ppm
	74.7
	7.35

	BA 100 ppm
	70.0
	7.07

	Control
	68.7
	6.75

	SE(m) ±
	1.26
	0.13

	LSD (0.05)
	3.75
	0.38














Fig 1: Effect of chemical and growth regulators on increase of yield/plant (kg) over control (%) of lemon

Impact of chemical and growth regulators on physical parameters of lemon
The plant treated with CCC 1000 ppm produced the largest average fruit weight (104.6 g), whereas the minimum (98.3 g) was recorded in Control. Fruit length and diameter of lemon were found to be in significant range of 7.03 to 7.86 cm and 5.06 to 5.81 cm, respectively. The maximum fruit length and diameter were observed in CCC 1000 ppm and minimum in Control (Table 4). The highest peel weight (33.0 g) and maximum weight of juice (30.8 g) were recorded with CCC 1000 ppm, whereas the lowest were observed with Control (Table 5). The use of Cycocel resulted in an increase in physical parameters, which may be explained by an increase in assimilate accumulation as well as its distribution and better partitioning towards reproductive growth. The findings are close in agreement in case of physical parameters in Cycocel with the results reported by Nath and Baruah (2001) in Assam lemon, Ahalle et al. (2010), Pawar et al. (2016), Prabhu et al. (2017) in acid lime.
Table 4: Effect of chemical and growth regulators on fruit weight, fruit length and diameter of lemon
	Treatment
	Fruit weight (g)
	Fruit length (cm)
	fruit diameter (cm)

	KNO3 1%
	102.5
	7.58
	5.44

	KNO3 2%
	100.2
	7.71
	5.62

	Ethephon 250 ppm
	101.8
	7.38
	5.39

	Ethephon 500 ppm
	99.9
	7.36
	5.30

	CCC 500 ppm
	103.2
	7.76
	5.69

	CCC 1000 ppm
	104.6
	7.86
	5.81

	Paclobutrazol 500 ppm
	98.7
	7.52
	5.19

	Paclobutrazol 1000 ppm
	99.3
	7.45
	5.12

	BA 50 ppm
	98.5
	7.25
	5.19

	BA 100 ppm
	100.9
	7.31
	5.19

	Control
	98.3
	7.03
	5.06

	SE(m) ±
	0.61
	0.08
	0.07

	LSD (0.05)
	1.82
	0.22
	0.20



Table 5: Effect of chemical and growth regulators on peel weight and juice weight of lemon
	Treatment
	Peel weight
(g)
	Peel
(%)
	Juice weight
(g)
	Juice
(%)

	KNO3 1%
	27.3
	26.7
	25.7
	25.1

	KNO3 2%
	27.5
	27.4
	27.8
	27.8

	Ethephon 250 ppm
	28.5
	28.0
	23.5
	23.1

	Ethephon 500 ppm
	28.6
	28.6
	24.7
	24.7

	CCC 500 ppm
	32.2
	31.2
	29.2
	28.3

	CCC 1000 ppm
	33.0
	31.5
	30.8
	29.5

	Paclobutrazol 500 ppm
	30.3
	30.7
	24.8
	25.1

	Paclobutrazol 1000 ppm
	29.5
	29.7
	26.2
	26.4

	BA 50 ppm
	27.0
	27.4
	24.5
	24.9

	BA 100 ppm
	26.9
	26.6
	25.5
	25.3

	Control
	26.0
	26.5
	22.5
	22.9

	SE(m) ±
	0.33
	0.43
	0.20
	0.27

	LSD (0.05)
	0.98
	1.28
	0.61
	0.79



Impact of chemical and growth regulators on bio-chemical parameters of lemon
All chemical and growth regulator treatments significantly increased the TSS, titratable acidity and TSS: acid ratio in fruits of lemon compared to the control (Table 6). Control had the lowest TSS (6.87°Brix), while CCC 1000 ppm had the highest TSS (8.20°Brix). The application of Cycocel stimulates the activity of several enzymes involved in physiological processes, which most likely contributed to an increase in TSS in the treatment. The findings are close in agreement with the results of Parthiben et al. (2010) in acid lime. Highest titratable acidity (5.53%), total sugar (3.17%), reducing sugar (1.39%) and ascorbic acid content (47.6 mg/100 ml juice) were noticed in CCC 1000 ppm whereas, the lowest were shown in Control. Increases in both total sugar as well as reducing sugar levels may have resulted from fruits becoming riper, which is linked to significant metabolic changes in the fruit that cause the conversion of complex polysaccharides into simple sugars. Cycocel (CCC) may have speed up fruit ripening and hydrolytic enzyme activity, raising the sugar content of the fruit as a result. The growth regulators’ catalytic effect on ascorbic acid biosynthesis from its precursor glucose-6-phosphate or inhibition of ascorbic acid oxidase’s conservation to de-hydro ascorbic acid enzyme, or both, may be to blame for the rise in ascorbic acid content. These observations are in close agreement with the findings reported by Brahmachari and Rubby (2001) in Litchi.
Table 6: Effect of chemical and growth regulators on TSS, acidity and TSS: acid ratio of lemon
	Treatment
	TSS
(°Brix)
	Titratable acidity
(%)
	TSS: acid

	KNO3 1%
	7.93
	5.41
	1.47

	KNO3 2%
	7.60
	5.34
	1.42

	Ethephon 250 ppm
	7.30
	5.18
	1.41

	Ethephon 500 ppm
	7.47
	5.20
	1.44

	CCC 500 ppm
	7.83
	5.38
	1.46

	CCC 1000 ppm
	8.20
	5.53
	1.48

	Paclobutrazol 500 ppm
	7.53
	5.29
	1.42

	Paclobutrazol 1000 ppm
	7.43
	5.23
	1.42

	BA 50 ppm
	7.27
	5.31
	1.37

	BA 100 ppm
	7.10
	5.22
	1.36

	Control
	6.87
	4.96
	1.38

	SE(m) ±
	0.09
	0.03
	0.02

	LSD (0.05)
	0.27
	0.08
	0.05



Table 7: Effect of chemical and growth regulators on total sugar, reducing sugar and ascorbic acid content of lemon
	Treatment
	Total sugar
(%)
	Reducing sugar
(%)
	Ascorbic acid
(mg 100-1 ml juice)

	KNO3 1%
	3.00
	1.26
	43.9

	KNO3 2%
	2.84
	1.34
	44.1

	Ethephon 250 ppm
	2.76
	1.32
	40.1

	Ethephon 500 ppm
	2.79
	1.21
	40.4

	CCC 500 ppm
	2.90
	1.21
	45.7

	CCC 1000 ppm
	3.17
	1.39
	47.6

	Paclobutrazol 500 ppm
	2.75
	1.24
	41.7

	Paclobutrazol 1000 ppm
	2.86
	1.19
	40.9

	BA 50 ppm
	2.91
	1.33
	42.2

	BA 100 ppm
	2.93
	1.28
	42.7

	Control
	2.47
	1.04
	39.1

	SE(m) ±
	0.02
	0.04
	0.50

	LSD (0.05)
	0.07
	0.01
	1.49



CONCLUSION
[bookmark: _GoBack]In the present investigation, chemical and plant growth regulators were sprayed to study the reproductive behavior, yield, physical and chemical characters of lemon. There were eleven treatments with different dose of chemical and plant growth regulators. Among different treatments, KNO3 2% was most effective for early flowering in lemon. The reproductive characters except the start of flowering and the physiochemical parameters were maximum in CCC 1000 ppm. This knowledge of reproductive and physiochemical characters will be useful for producing the quality fruits. Considering the maximum number of matured fruits plant-1, highest yield/plant and maximum increase percentage of yield over Control, CCC 1000 ppm may be utilized for spraying in lemon. Among different treatments, CCC 1000 ppm most effective in increasing fruit production with better fruit quality that ultimately leading to better consumer acceptance and gives higher return to the growers.
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Increase of yield/plant (kg) over control (%)
KNO₃ 1%	
Increase of yield/plant over control	19.100000000000001	KNO₃ 2%	
Increase of yield/plant over control	14.1	Ethephon 250 ppm	
Increase of yield/plant over control	9.3000000000000007	Ethephon 500 ppm	
Increase of yield/plant over control	11.7	CCC 500 ppm	
Increase of yield/plant over control	18.5	CCC 1000 ppm	
Increase of yield/plant over control	23.5	Paclobutrazol 500 ppm	
Increase of yield/plant over control	10.8	Paclobutrazol 1000 ppm	
Increase of yield/plant over control	8.4	BA 50 ppm	
Increase of yield/plant over control	9	BA 100 ppm	
Increase of yield/plant over control	4.7	Control	
Increase of yield/plant over control	0	Treatments
Percentage (%)






