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Abstract 

The present experiment entitled “Effect of foliar application of micronutrients and growth regulator on 

yield of aonla (Emblica officinalis Gaertn.) cv. Gujarat Aonla-1” was carried out at Polytechnic in 

Horticulture, Junagadh Agricultural University, Junagadh during 20178-2018-19. The experiment was 

laid out in Factorial Completely Randomized Block Design (FCRD) consisting two factors with three 

replications. Five treatments of micronutrients and three treatments of growth regulator were considered 

as treatment combinations. The results indicated that the foliar application of micronutrients and growth 

regulator combination of borax @ 0.5% + NAA @ 20 ppm at three intervals; first spray on 15th May, 

second spray on 15th June and third spray on 15th July. Borax and NAA significantly increased overall 

fruiting and yield attributes including fruit set, fruit retention, fruit length, fruit diameter, average fruit 

weight, fruit volume and fruit yield, reduced the incidence of fruit drop (Borax @ 0.5% 19.11% as 

against 45.47% in control and NAA @ 20 ppm 28.43% as against 32.15% in control pooled ), resulting 

in increased fruit set (Borax @ 0.5% 68.75% as against 62.80% in control and NAA @ 20 ppm 70.91% 

as against 58.39% in control). The said combinations of micronutrients and growth regulator were also 

associated with fruiting parameters and higher fruit yield (120.20 kg/tree). 
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Introduction 

Aonla or Indian gooseberry (Emblica officinalis Gaertn.) is one of the most important 

indigenous fruit of India, which belongs to family Euphorbiaceae and sub family 

Phyllanthaidae with the chromosome number 2n=28. It is originated from Tropical region of 

South-East Asia, particularly in Central and Southern India (Morton, 1960) [10]. Naturally 

growing aonla has been reported from Ceylon, Cuba, Puertorico, Hawaii, Florida, Iran, Iraq, 

Jawa, West Indies, Trinidad, Pakistan, Malaya and China. The fruit is known for Kayakalp 

(restore health and vitality) and has been recognized as ‘Amritphal’ in ancient Indian 

mythological literatures like Vedas, Puran, Ramayan, Kadambari, Charak Shmhita etc. It is 

regarded as sacred tree. 

Gujarat is an excellent pocket for aonla cultivation. Some major problems regarding its 

cultivation are slow plant growth, less fruiting, premature fruit drop, poor yield and quality of 

fruits. These can be controlled by improvement in agro-techniques. Fruit drop and necrosis is a 

major problem in reducing yield and quality of aonla fruit. Despite initial high fruit set, the 

ultimate retention of fruits is quite low in aonla.  

There is a problem with three waves of flower and fruit-drop due to lack of pollination. The 

second drop is that of young fruitlets at the time of dormancy break. The third drop of the 

fruits due to embryological and physiological factors is spread over the entire period of the 

developing fruit starting from latter half of August to harvest in which plant growth regulators 

may be useful to increase the fruit set. Plant growth regulators sprayed near the terminal buds 

of trees increased the rate of growth by stimulating enzymatic activities during its growth. 

Therefore, plant growth regulators are used mainly to delay and reduce unwanted fruit 

abscission, to delay these nascence and to inhibit the growth of suckers on the trunk. The plant 

growth regulator like GA3 is also useful to increase the fruit set per branch, number of fruits 

per tree, fruit weight and ultimately increase the fruit yield (Shinde et al., 2008) [17]. 

Application of NAA checks the fruit drop and thereby increased the fruit retention (Singh and 

Chohan, 1984) [21]. 

Now a days, use of plant growth regulators has become more popular in increasing the yield 

particularly in horticultural crops. Hence, keeping this in mind the present investigation was 

conducted to assess of effects of foliar application of micronutrients and plant growth regulator 

on fruit yield of aonla cv. Gujarat Aonla-1.  



 

~ 134 ~ 

Journal of Pharmacognosy and Phytochemistry 
Materials and Methods 

A field experiment to study the “Effect of foliar application of 

micronutrients and growth regulator on yield and quality of 

aonla (Emblica officinalis Gaertn.) cv. Gujarat Aonla-1” was 

conducted at Polytechnic in Horticulture, Junagadh 

Agricultural University, Junagadh during the seasons of 2017-

18 and 2018-19. The trial was laid out in Factorial 

Completely Randomized Block Design (FCRD) with 15 

treatments and three replications. The different treatments 

were; T1: Control, T2 -M1G2 : Water spray + NAA @ 10 

ppm/tree, T3: Water spray + NAA @ 20 ppm/tree, T4: 

ZnSO4@ 0.2% + Water spray, T5: ZnSO4@ 0.2% + NAA @ 

10 ppm/tree, T6 : ZnSO4@ 0.2% + NAA @ 20 ppm/tree, T7 : 

ZnSO4@ 0.5% + Water spray, T8 : ZnSO4 @ 0.5% + NAA @ 

10 ppm/tree, T9: ZnSO4@ 0.5% + NAA @ 20 ppm/tree, T10: 

Borax @ 0.2% + Water spray, T11: Borax @ 0.2% + NAA @ 

10 ppm/tree, T12: Borax @ 0.2% + NAA @ 20 ppm/tree, T13: 

Borax@ 0.5% + Water spray, T14: Borax@ 0.5% + NAA @ 

10 ppm/tree and T15: Borax @ 0.5% + NAA @ 20 ppm/tree. 

The first foliar spray was done on 15th May in the morning 

hours. The second spray on 15th June and the third spray on 

15th July in the morning hours. The uniform spraying was 

carried out with the help of the foot sprayer; the leaves on 

both sides were completely wet with the spray solution. The 

total amount of solution required to be sprayed on 

experimental trees was decided by representative aonla trees. 

 

Results and Discussion 

Effect of micronutrients on fruiting parameters 

The data pertaining to fruit set, fruit drop and fruit retention 

were depicted in Table 1. Significantly maximum fruit set 

(68.75%), minimum fruit drop (19.11%) and maximum fruit 

retention (33.57%) were recorded with an application of 

borax @ 0.5% (M5) in pooled. Whereas, minimum fruit set 

(62.80%), maximum fruit drop (45.47%) and minimum fruit 

retention (29.85%) were noticed in control (water spray) 

(Table 1). The possible reason for this acceleration of fruit 

growth might be due to the effect of boron on transportation 

of carbohydrates in plant. It is also essential for cell division 

and cell development. Boron is necessary for calcium 

metabolism. It probably facilitates the translocation of sugar. 

Maximum fruit set, maximum fruit retention and minimum 

fruit drop is might be due to boron being main constituent of 

cell wall, which plays an important role in strengthening of 

pedicel attached to proximal end of fruit resulted in less fruit 

drop. Thus, boron is essential as important as macronutrients 

to have better growth, fruit set, minimum fruit drop and fruit 

retention in fruit crops. It also enhance the auxin level of 

plant, thus the increased auxin content reduced the level of 

abscisic acid in plant and formation of abscission layer of fruit 

adjacent which reduces the fruit drop and increased fruit 

retention. The results are in conformity with those obtained 

earlier by Meena et al. (2014) [24], Verma et al. (2016) [23], 

Mishra et al. (2017) [9] and Abhijith et al. (2018) [1] in aonla. 

 

Effect of growth regulator on fruiting parameters 

The data pertaining to fruit set, fruit drop and fruit retention 

were depicted in Table 1. Significantly maximum fruit set 

(70.91%), minimum fruit drop (28.43%) and maximum fruit 

retention (35.65%) were recorded with an application of NAA 

@ 20 ppm (G3) in pooled. Whereas, minimum fruit set 

(58.39%), maximum fruit drop (32.15%) and minimum fruit 

retention (25.70%) were noticed in control (water spray) 

(Table 1). An increase in fruit retention by NAA application 

may further attributed to the reason that plants remain 

physiologically more active to build up sufficient food stock 

for the developing fruits, ultimately resulted into increased 

fruit retention. It also enhance the auxin level of plant, thus 

the increased auxin content reduced the level of abscisic acid 

in plant and formation of abscission layer of fruit adjacent, 

which reduces the fruit drop and increased fruit retention. 

These results are in accordance with findings of Singh and 

Singh (2015) [19] and Jangid et al. (2018) [7] in aonla. 

 

Interaction effect of micronutrients and growth regulator 

on fruiting parameters 

The data pertaining to fruit retention were depicted in Table 2. 

The data revealed that the maximum fruit retention (36.25%) 

was registered with the combined application of borax @ 

0.5% + NAA @ 20 ppm (M5G3) in pooled. Whereas, 

minimum fruit retention (18.24%) were noticed in control 

(water spray) (Table 2). The results may be due to positive 

interactive effect of boron with growth regulator. Combined 

foliar application of growth regulator with boron might have 

helped to the pre harvest fruit drop may occur due to pre 

mature formation of an abscission layer in the stalk. The 

abscission has been reported to occur as a result of natural 

exhaustion of growth regulators, therefore the foliar 

application of growth regulators and boron increase 

physiological activities, because auxin and boron being main 

constituents of cell wall (middle lamella) of plant cell in the 

form of calcium pectate, which play important role in 

strengthening of pedicel attached to proximal end of fruit 

resulted less fruit drop and increased fruit retention. These 

results are in accordance with Shukla et al. (2011) [18] in 

aonla; Rakesh kumar et al. (2013) in guava and Jagtap et al. 

(2013) in citrus. 

 

Effect of micronutrients on yield atrributes 

The data pertaining to fruit length, fruit diameter, average 

fruit weight, fruit volume and fruit yield were depicted in 

Table 3. Significantly maximum fruit length (3.02 cm), 

maximum fruit diameter (4.18 cm), maximum average fruit 

weight (42.65 g), maximum fruit volume (41.42 cc), 

minimum peel thickness (1.08 g) and maximum fruit yield 

(99.78 kg/tree) were recorded with an application of borax @ 

0.5% (M5) in pooled. Whereas, minimum fruit length (2.66 

cm), minimum fruit diameter (3.19 cm), minimum average 

fruit weight (36.17 g), minimum fruit volume (34.79 cc), 

maximum peel thickness (1.27 g) and minimum fruit yield 

(73.64 kg/tree) were noticed in control (water spray) (Table 

3). The increase in physical attributes might be due to boron 

as a constituent of cell membrane is essential for cell division 

and elongation and being an essential trace element for plants 

is involved in many enzymatic reactions and is necessary for 

good growth and development. Moreover, boron plays a vital 

role in active photosynthesis, which ultimately helps to 

increase the fruit weight and peel weight. The higher yield 

obtained with boron may be attributed to its beneficial role in 

synthesis of amino acids and proteins and translocation of 

sugars and starch to growing fruits, which ultimately leads to 

higher production of dry matter and consequently more yield. 

The results are in conformity with those obtained by Meena et 

al. (2014) [24], Verma et al. (2016) [23], Mishra et al. (2017) [9] 

and Abhijith et al. (2018) [1] in aonla; Gurjar et al. (2015) [6] 

and Shaban et al. (2017) [15] in mango; Rajkumar et al. (2014) 

[14] and Yadav et al. (2014) [24] in guava and Maji et al. (2017) 

in pomegranate. 
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Effect of growth regulator on yield atrributes 

The data pertaining to fruit length, fruit diameter, average 

fruit weight, fruit volume and fruit yield were depicted in 

Table 3. Significantly maximum fruit length (3.24 cm), 

maximum fruit diameter (4.03 cm), maximum average fruit 

weight (43.03 g), maximum fruit volume (41.52 cc) and 

maximum fruit yield (97.18 kg/tree) were recorded with an 

application of NAA @ 20 ppm (G3) in pooled. Whereas, 

minimum fruit length (2.15 cm), minimum fruit diameter 

(3.10 cm), minimum average fruit weight (34.64 g), minimum 

fruit volume (33.32 cc) and minimum fruit yield (68.48 

kg/tree) were noticed in control (water spray) (Table 3). The 

increase in fruit weight and volume can be attributed to the 

exogenous supply of NAA, which might have increased the 

mobilization of food materials and minerals from other parts 

of the plant towards developing fruits that are extremely 

active metabolic sinks which, in turn, could have increased 

the fruit weight and volume. Increase in fruit weight may be 

attributed to the strengthening of middle lamella and 

consequently cell wall, which later may have increase the free 

passage of solutes to the fruits. Confirmed the effective role 

of NAA in increasing fruit weight. This might have led to 

more length and diameter of fruit and also larger weight of 

individual fruit. There was a positive and significant 

correlation between the length of fruit and weight of fruit and 

the diameter of fruit with weight of fruit. The increase in yield 

per plant was obviously due to the increase in volume and 

weight of fruit with the application of NAA. These results are 

in accordance with findings of Yadav et al. (2010) [8], Singh 

and Singh (2015) [19] and Jangid et al. (2018) [7] in aonla; 

Painkra et al. (2012) [12] in mango; Prajapati and Singh (2018) 

in guava; Anawal et al. (2016) [2] in pomegranate; Sweety et 

al. (2018) [22] in citrus; Arora and Singh (2014) [3] in ber and 

Chavan et al. (2009) in sapota. 

 

Interaction effect of micronutrients and growth regulator 

on yield atrributes 

The data pertaining to fruit retention were depicted in Table 2. 

The data revealed that the maximum fruit diameter (4.76 cm), 

maximum average fruit weight (48.06 g), maximum fruit 

volume (46.74 cc) and maximum fruit yield (120.20 kg/tree) 

were registered with the combined application of borax @ 

0.5% + NAA @ 20 ppm (M5G3) in pooled. Whereas 

minimum fruit diameter (3.03 cm), minimum average fruit 

weight (32.68 g), minimum fruit volume (31.91 cc) and 

minimum fruit yield (61.88 kg/tree) were noticed in control 

(water spray) (Table 4). These results are in accordance with 

Shukla et al. (2011) [18] in aonla; Rakesh kumar et al. (2013) 

in guava; Jagtap et al. (2013) in citrus; Tagad et al. (2018) in 

citrus; Desai et al. (2017) in sapota and Bagul and Masu 

(2017) in custard apple. 

 
Table 1: Effect of micronutrients and growth regulator on fruiting parameters in aonla (Pooled) 

 

Treatments Fruit set (%) Fruit retention (%) Fruit drop (%) 

Levels of micronutrients (M) 

M1 Control (Water spray) 62.80 29.85 45.47 

M2 ZnSO4 @ 0.2% 65.43 29.96 36.02 

M3 ZnSO4 @ 0.5% 65.16 32.58 28.97 

M4 Borax @ 0.2% 67.85 33.04 21.50 

M5 Borax @ 0.5% 68.75 33.57 19.11 

S.Em. + 1.10 0.74 0.78 

C.D. at 5% 3.13 2.11 2.22 

Levels of growth regulator (G) 

G1 Control (Water spray) 58.39 25.70 32.15 

G2 NAA @ 10 ppm 68.69 34.05 30.05 

G3 NAA @ 20 ppm 70.91 35.65 28.43 

S.Em. + 0.86 0.58 0.61 

C.D. at 5% 2.42 1.63 1.72 

Interaction (M x G) 

S.Em. + 1.51 1.29 1.36 

C.D. at 5% NS 3.65 NS 

CV% 7.10 9.94 11.02 

 
Table 2: Interaction effect of micronutrients and growth regulator on fruiting parameters in aonla (Pooled) 

 

Treatment combinations Fruit retention (%) 

M1G1 18.24 

M1G2 35.50 

M1G3 35.82 

M2G1 23.61 

M2G2 31.47 

M2G3 34.81 

M3G1 28.87 

M3G2 33.65 

M3G3 35.22 

M4G1 28.85 

M4G2 34.08 

M4G3 36.18 

M5G1 28.92 

M5G2 35.54 

M5G3 36.25 

S.Em. + 1.29 

C.D. at 5% 3.65 

C.V.% 9.94 
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Table 3: Effect of micronutrients and growth regulator on yield and yield attributes in aonla (Pooled) 

 

Treatments Fruit length (cm) Fruit diameter (cm) Average fruit wt. (g) Fruit volume (cc) Fruit yield (kg/tree) 

Levels of micronutrients (M) 

M1 Control (Water spray) 2.66 3.19 36.17 34.79 73.64 

M2 ZnSO4 @ 0.2% 2.67 3.44 37.29 36.65 79.26 

M3 ZnSO4 @ 0.5% 2.88 3.59 40.49 36.94 86.27 

M4 Borax @ 0.2% 2.89 4.08 41.76 39.22 93.06 

M5 Borax @ 0.5% 3.02 4.18 42.65 41.42 99.78 

S.Em. + 0.06 0.09 0.84 0.94 2.38 

C.D. at 5% 0.17 0.24 2.39 2.67 6.73 

Levels of growth regulator (G) 

G1 Control (Water spray) 2.15 3.10 34.64 33.32 68.48 

G2 NAA @ 10 ppm 3.08 3.97 41.35 38.57 93.55 

G3 NAA @ 20 ppm 3.24 4.03 43.03 41.52 97.18 

S.Em. + 0.05 0.07 0.65 0.73 1.84 

C.D. at 5% 0.13 0.19 1.85 2.07 5.22 

Interaction (M x G) 

S.Em. + 0.10 0.15 1.46 1.63 4.12 

C.D. at 5% NS 0.42 4.14 4.63 11.66 

CV% 8.76 9.76 9.02 10.59 11.67 

 
Table 4: Interaction effect of micronutrients and growth regulator on yield and yield attributes in aonla (Pooled) 

 

Treatment combinations Fruit diameter (cm) Average fruit wt. (g) Fruit volume (cc) Fruit yield (kg/tree) 

M1G1 3.03 32.86 31.91 61.88 

M1G2 3.22 38.27 35.36 79.68 

M1G3 3.32 37.39 37.11 79.36 

M2G1 2.91 34.69 34.83 69.60 

M2G2 3.71 39.16 35.28 91.13 

M2G3 3.70 38.02 39.83 77.05 

M3G1 2.87 35.11 33.85 72.22 

M3G2 3.95 42.33 37.61 91.05 

M3G3 3.95 44.01 39.35 95.55 

M4G1 3.46 35.33 32.43 73.59 

M4G2 4.36 42.30 40.67 91.83 

M4G3 4.41 47.65 44.56 113.75 

M5G1 3.20 35.23 33.56 65.10 

M5G2 4.59 44.66 43.95 114.04 

M5G3 4.76 48.06 46.74 120.20 

S.Em. + 0.15 1.46 1.63 4.12 

C.D. at 5% 0.42 4.14 4.63 11.66 

C.V.% 9.76 9.02 10.59 11.67 

 

Conclusion 

The foliar application of micronutrients and growth regulator 

had effective response in fruiting parameters and yield and 

yield attributes of aonla and in increasing the yield. The 

findings revealed that borax @ 0.5% (M5) and NAA @ 20 

ppm (G3) recorded the maximum fruit set, fruit retention, fruit 

volume, fruit length, fruit diameter, average fruit weight and 

fruit yield and also minimum fruit drop. The interaction effect 

of borax @ 0.5% and NAA @ 20 ppm (M5G3) showed 

significant effect on fruit retention, fruit diameter, fruit 

volume, average fruit weight and fruit yield of aonla. It is 

concluded that borax @ 0.5% + NAA @ 20 ppm (M5G3) was 

the best combination and showed superiority over other 

combination with respect to borax and NAA. 
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