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Abstract 

An investigation on “Effect of plant growth regulators on growth, yield and quality of sweet orange 

[Citrus sinensis (L.) Osbeck] cv. Phule Mosambi” was carried out at Horticultural Research Farm, Anand 

Agricultural University, Anand, during March to October, 2018. The growth attributing characters like 

incremental plant height (8.17 cm), plant spread N-S (8.33 cm) and E-W (8.17 cm) were obtained 

maximum with GA3100 mg/l. NAA 100 mg/l and NAA 150 mg/l significantly increased fruit retention 

(68.67%). The maximum number of fruits per plant (184.67) and yield per plant (42.47 kg) recorded with 

NAA 150 mg/l. The quality parameters like juice content (48.62%) and ascorbic acid (40. 67 mg/100 ml 

juice) were found maximum with GA3 100 mg/l. The significantly higher TSS (10.00 ̊ Brix) and lower 

acidity (0.47%) were recorded with 2, 4-D 30 mg/l. The maximum reducing sugar (4.48%) was obtained 

with GA3 150 mg/l. Application of NAA 100 mg/l gave maximum non reducing sugar (3.11%) and total 

sugar (7.14%) than control. 
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Introduction 

Citrus fruits rank second in area and third in production in India (Anonymous, 2019). Sweet 

orange [Citrus sinensis (L.) Osbeck] is a subtropical fruit, belongs to family Rutaceae and sub 

family Aurantioideae. Sweet Orange is native of Southern China. It is now widely distributed 

and naturalized in sub tropical zone of India. In India, sweet orange occupies an area of 185 

thousand hectares and production of 3266 thousand MT has been achieved with a productivity 

of 17.6 metric tonnes ha-1 (Anonymous, 2019) [1]. 

The citrus productivity depends on various factors, among these the plant growth regulators 

holds a prime position. The use of plant growth regulators has become an important 

component in the field of citriculture because of the wide range of potential roles they play for 

increasing the productivity of crop per unit area. Plant growth regulators have been used in 

citrus fruit production for influencing flowering, fruit set, reducing fruit drop and play a major 

role in fruit growth and abscission. These regulators have also been used to influence fruit 

quality factors like juice quality and to improve total soluble solids in different citrus species 

(Bons et al., 2015) [2]. The plant growth regulator 2, 4-D play a vital role in checking pre 

harvest fruit drop and ultimately increasing yield without adversely affecting the fruit quality 

(Kaur et al., 2000) [8]. GA3 increases the fruit length, fruit diameter, fruit weight ultimately the 

yield was increased (Shinde et al., 2008) [13]. NAA checking the fruit drop and increasing the 

fruit retention and increasing the fruit weight and TSS of the fruit (Ghosh et al., 2012) [5]. 

 

Materials and Methods 

The experiment was laid out in Completely Randomized Design replicated thrice with ten 

treatments at Horticultural Research Farm, Anand Agricultural University, Anand, Gujarat 

during March to October, 2018. The treatments consisted different concentrations of plant 

growth regulators viz., T1: NAA 100 mg/l, T2: NAA 150 mg/l, T3: NAA 200 mg/l, T4: GA3 50 

mg/l, T5: GA3 100 mg/l, T6: GA3150 mg/l, T7: 2, 4-D 10 mg/l, T8: 2, 4-D 20 mg/l, T9: 2, 4-D 

30 mg/l and T10: control. Plant growth regulators were applied as foliar application as per 

treatments on trees by foot sprayer. First spray was given on 19th March 2018 (at pea stage of 

the fruit) and second spray was applied one month after first spray. The data collected for 

different observations were subjected to statistical analysis of variance technique as described 

by Panse and Sukhatme (1967) [11].  
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Result and Discussion 

Growth parameters 

The data pertaining to growth parameters clearly indicated 

that the sweet orange trees showed different response towards 

the plant growth regulators treatments. The foliar application 

of GA3 100 mg/l (T5) found significantly higher in respect to 

incremental plant height (8.17 cm), plant spread N-S (8.33 

cm) and E-W (8.17 cm).  

The increase in plant height by GA3 might be due to it 

stimulates rapid cell elongation in part to the activation of 

intercalary meristematic region of the growing shoots and also 

increases inter nodal length of the branches. The increase in 

plant spread might be due to the beneficial effect of GA3 with 

proper amount which increases uptake of water and nutrients 

and there by favour better development of plants resulting in 

more number of branches per plant and ultimately the greater 

plant spread. Similar types of observations were obtained by 

Dwivedi et al. (2018) [3] and Singh et al. (2018) [12] in Kinnow 

mandarin. 

 

Table 1: Effect of plant growth regulators on growth of sweet orange cv. Phule Mosambi 
 

Tr. No. Treatments Incremental plant height (cm) Incremental plant spread N-S (cm) Incremental plant spread E-W (cm) 

T1 NAA 100 mg/l 6.83 7.33 7.17 

T2 NAA 150 mg/l 7.33 7.50 7.50 

T3 NAA 200 mg/l 7.00 7.67 6.50 

T4 GA3 50 mg/l 7.83 8.17 7.83 

T5 GA3 100 mg/l 8.17 8.33 8.17 

T6 GA3 150 mg/l 7.67 7.67 7.67 

T7 2, 4-D 10 mg/l 6.00 6.83 6.67 

T8 2, 4-D 20 mg/l 6.50 7.33 6.33 

T9 2, 4-D 30 mg/l 6.67 6.83 5.83 

T10 Control 5.67 6.00 5.17 

 

S.Em± 0.42 0.38 0.50 

CD (0.05) 1.24 1.13 1.47 

CV% 10.48 9.02 12.51 

 

Yield parameters 

The results of yield attributing parameters (Table 2) revealed 

that application of NAA 100 mg/l (T1) and NAA 150 mg/l 

(T2) significantly increased fruit retention (68.67%). 

Increasing fruit retention by exogenous application of auxin 

can be attributed making up of auxin and preventing the 

formation of abscission layer and thus increasing fruit 

retention. Similar beneficial effect of NAA on fruit retention 

was also recorded by Ghosh et al. (2012) [5] and Manju and 

Rawat (2015) [9] in sweet orange.  

The maximum number of fruits per plant (184.67) and yield 

per plant (42.47 kg) recorded with treatment T2 i.e. NAA 150 

mg/l than control. Higher number of fruits per plant might be 

due to the beneficial role of plant growth regulators 

application in reducing fruit drop. Due to increase in number 

of fruits per tree and weight of individual fruit, there was 

significant increase in yield per tree. Similar observations 

were also noted by Sweety et al. (2018) [14] in sweet orange 

and Jagtap et al. (2013) [6] in acid lime. 

While, effect of different plant growth regulators on fruit 

weight and volume were found non–significant because of 

five fruits was selected in each plant for weight and volume 

and may be more or less equal and hence statistical value was 

found non-significant. 
 

Table 2: Effect of plant growth regulators on yield of sweet orange cv. Phule Mosambi 
 

Tr. No. Treatments Fruit retention (%) Number of fruits per plant Fruit yield per plant (kg) Weight of Fruit (g) Fruit volume (cc) 

T1 NAA 100 mg/l 68.67 178.23 40.44 225.79 219.50 

T2 NAA 150 mg/l 68.67 184.67 42.47 229.30 224.50 

T3 NAA 200 mg/l 63.67 167.67 37.63 226.44 222.83 

T4 GA3 50 mg/l 62.67 177.20 40.01 224.43 223.33 

T5 GA3 100 mg/l 63.33 180.17 41.59 230.27 227.00 

T6 GA3 150 mg/l 61.33 162.77 35.13 216.97 220.50 

T7 2, 4-D 10 mg/l 66.00 178.53 41.03 227.70 219.83 

T8 2, 4-D 20 mg/l 63.33 163.83 34.89 215.76 217.83 

T9 2, 4-D 30 mg/l 62.00 158.00 32.46 210.09 210.33 

T10 Control 48.00 137.63 29.96 211.53 210.00 

 S. Em± 2.38 8.60 2.71 15.15 8.05 

CD (0.05) 7.023 25.36 8.00 NS NS 

CV% 6.58 8.82 12.50 11.83 6.35 

 

Quality parameters 

The data (Table 3) indicated that treatment T5 i.e. GA3 100 

mg/l gave maximum juice content (48.62%). It might be due 

to the essential role of plant growth regulators as mobilizers 

which preferentially direct the flow of nutrients and various 

organic metabolites from the other parts of the plants to the 

actively growing metabolic sinks. This result is in close 

conformity with those of Nawaz et al. (2008) [10] in Kinnow 

mandarin and Jain et al. (2014) [7] in Nagpur mandarin. 

The higher TSS (10.000 Brix) was recorded in the treatment 

T9 (2, 4-D 30 mg/l). Auxins have been known to be involved 

in synthesis of α-amylase which converts starch in sugars and 

consequently, increases osmotic pressure of the cell which 

results in accumulation of water and other solutes and 

increases TSS. The similar result was observed by Sweety et 

al. (2018) [14] in sweet orange, Kaur et al. (2000) [8] and 

Nawaz et al. (2008) [10] in Kinnow mandarin. 

The minimum acidity (0.47%) was recorded in the treatment 

T9 i. e. 2, 4-D 30 mg/l. Whereas, maximum acidity (0.70%) 
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was observed in control (T1). The reduction in acidity directly 

related to metabolic changes with fast conversion of starch 

into sugars and their derivatives by Nawaz et al. (2008) [10] 

and Jain et al. (2014) [7]. 

The significantly higher reducing sugar (4.48%) was recorded 

with T6 (GA3 150 mg/l). The beneficial effect of GA3 in 

increasing reducing sugar might be due to hydrolysis of 

complex polysaccharides into simple sugars and mobilization 

of carbohydrates from source to sink and ultimately results in 

increased reducing sugar. Similar results were reported by 

Jain et al. (2014) [7] in Nagpur mandarin. 

The maximum non reducing sugar (3.11%) and total sugar 

(7.14%) were recorded in the treatment T1 i. e. NAA 100 

mg/l. The spraying of NAA might have influenced the 

physiological processes particularly increased accumulation 

of carbohydrates and breakdown of complex polymer into 

simple substance, which ultimately leads to accumulation of 

more dry matter and minerals due to more total sugars in 

fruits and increased in sugar conversion of reserved starch and 

other polysaccharides into soluble form of sugar. These 

findings are supported by the results obtained by Garasiya et 

al. (2013) [4] in guava. 

A preview of the data indicated that sweet orange plants 

treated by GA3100 mg/l (T5) registered higher ascorbic acid 

(40. 67 mg/100 ml juice). The increase in ascorbic acid with 

gibberellic acid may be due to catalytic influence of 

gibberellic acid on its biosynthesis from its precursor glucose-

6-phosphate or the inhibition of its conversion to dehydro-

ascorbic acid by ascorbic acid or both. These observations are 

in close agreement with the reports of Jain et al. (2014) [7] in 

Nagpur mandarin, Shinde et al. (2008) [13] and Jagtap et al. 

(2013) [6] in acid lime.  
 

Table 3: Effect of plant growth regulators on quality of sweet orange cv. Phule Mosambi 
 

Sr. 

No. 
Treatments 

Juice 

(%) 

TSS 

(̊ Brix) 
Acidity (%) Reducing sugar (%) 

Non-reducing sugar 

(%) 

Total sugar 

(%) 

Ascorbic acid (mg/100 ml 

juice) 

T1 NAA 100 mg/l 47.11 8.67 0.59 4.03 3.11 7.14 32.20 

T2 NAA 150 mg/l 47.50 8.50 0.53 3.83 2.97 6.80 36.15 

T3 NAA 200 mg/l 44.22 9.83 0.57 3.63 3.10 6.73 38.98 

T4 GA3 50 mg/l 47.17 9.50 0.55 4.25 2.47 6.72 38.41 

T5 GA3 100 mg/l 48.62 9.17 0.51 4.37 1.98 6.35 40.67 

T6 GA3 150 mg/l 46.26 9.67 0.53 4.48 2.34 6.82 33.33 

T7 2, 4-D 10 mg/l 43.22 9.50 0.55 4.39 2.45 6.84 34.46 

T8 2, 4-D 20 mg/l 44.09 9.67 0.61 4.04 2.26 6.30 34.46 

T9 2, 4-D 30 mg/l 42.91 10.00 0.47 4.17 2.39 6.56 38.98 

T10 Control 41.50 8.33 0.70 3.92 2.11 6.03 37.85 

 

S.Em± 1.13 0.34 0.04 0.13 0.12 0.13 0.93 

CD (0.05) 3.32 1.01 0.11 0.38 0.34 0.38 2.74 

CV% 4.31 6.37 11.92 5.41 7.97 3.37 4.40 

 

Conclusion 

From the results it can be concluded that application of plant 

growth regulators exhibited beneficial effect on growth, yield 

and quality of sweet orange. The application of NAA 150 

mg/l was found better in improving fruit retention, number of 

fruits per plant and fruit yield per plant. Whereas, GA3100 

mg/l was found superior for growth parameters as well as 

juice, ascorbic acid content of fruits. While, 2, 4-D 30 mg/l 

gave higher TSS and lower acidity. 

 

References 

1. Anonymous. Area and production of horticulture crops 

for 2017-18, (Final), NHB, Gurgaon, Haryana, 2019. 

2. Bons HK, Kaur N, Rattanpal HS. Quality and Quantity 

Improvement of Citrus: Role of Plant Growth Regulators. 

International Journal of Agriculture, Environment and 

Biotechnology. 2015; 8(2):433-447. 

3. Dwivedi A, Prasad VM, Shabi M, Tripathi Y, Pandey P. 

Effect of plant growth regulators on growth, flowering 

and fruit set of 4 year old Kinnow Mandarin (Citrus 

reticulata Blanco.) plant. Journal of Pharmacognosy and 

Phytochemistry. 2018; 7(4):3065-3068. 

4. Garasiya VR, Patel NM, Bhadauria HS, Wankhade VR. 

Effect of plant growth regulators on quality of winter 

season guava (Psidium guajava L.) cv. L–49. The Asian 

Journal of Horticulture. 2013; 8(1):447-449. 

5. Ghosh SN, Bera B, Roy S. Influence of plant growth 

regulators on fruit production of sweet orange. Journal of 

Crop and Weed. 2012; 8(2):83-85. 

6. Jagtap VM, Patel HC, Nehete DS, Godage SS. Effect of 

foliar application of plant growth regulators and 

micronutrients on yield and quality of acid lime cv. Kagzi 

(Citrus aurantifolia Swingle). The Asian Journal of 

Horticulture. 2013; 8(1):57-59. 

7. Jain MC, Choudhary HD, Sharma MK, Bhim Singh. 

Yield andquality attributes of Nagpur Mandarin as 

affected by use of different plant growth regulators. 

Environment & Ecology. 2014; 32(3A):1141-1145. 

8. Kaur N, Monga PK, Thind SK, Thatai SK, Vij VK. 

Effect of growth regulators on periodical fruit drop in 

Kinnow Mandarin. Haryana Journal of Horticultural 

Sciences. 2000; 29(1, 2):39-41. 

9. Manju, Rawat SS. Effect of bioregulators on fruit growth 

and development of Local Malta (Citrus sinensis Osbeck) 

under valley conditions of Gharhwal Himalaya. 

International Journal of Plant, Animal and Environmental 

Science. 2015; 5(2):105-108. 

10. Nawaz MA, Ahmad W, Ahmad S, Khan MM. Role of 

growth regulators on preharvest fruit drop, yield and 

quality in Kinnow Mnadarin. Pakistan Journal of Botany. 

2008; 40(5):1971-1981. 

11. Panse VG, Sukhatme PV. Statistical methods for 

Agricultural Workers, ICAR Publication, New Delhi. 

1967, 167-174. 

12. Singh P, Kachwaya DS, Singh MC, Singh S, Singh A. 

Impact of foliar application of growth regulators and 

micronutrients on fruit yield and quality of Kinnow. 

International Journal of Chemical Studies, 2018; 

6(6):2545-2549. 

13. Shinde BB, Ingle HV, Dhawale DU, Hajare AR, Dhobe 

SG. Effect of plant growth regulators on size, yield and 

quality of acid lime. Journal of Soils and Crops. 2008; 

18(1):117-120. 



 

~ 2089 ~ 

International Journal of Chemical Studies 

14. Sweety, Rana GS, Reddy GC. Effect of growth regulators 

on yield and quality of sweet orange (Citrus sinensis L. 

Osbeck.) cv. Jaffa. International Journal of Current 

Microbiology and Applied Sciences. 2018; 7(12):2963-

2967.  


