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Abstract

The research experiment entitled “Effect of foliar application of growth regulators and micronutrients on 
fruit yield and quality of mango (Mangifera indica Linnaeus) cv. Mallika” was conducted at the Horticulture 
Orchard Institute of Agriculture and Animal Science (IAAS), Paklihawa, Rupandehi during March to July 
2023. The experimental design was laid out in Randomized Complete Block Design (RCBD) with three 
replications and seven treatments. The different treatments used were T1 (NAA 20 mgl-1 + ZnSO4 0.5%), 
T2 (NAA 20 mgl-1 + Borax 0.2%), T3 (NAA 40 mgl-1 + ZnSO4 0.5%), T4 (NAA 40 mgl-1 + Borax 0.2%), T5 (GA3 
25 mgl-1 + ZnSO4 0.5%), T6 (GA3 25 mgl-1 + Borax 0.2%), T7 (Control – water spray). The foliar application 
of growth regulators and micronutrients were done at pea and fruit development stage of mango. The 
maximum fruit retention (9.81 %) and minimum fruit drop (90.18%) was observed on of NAA 20 mgl-1 
+ ZnSO4 0.5%. The maximum average fruit weight (282.18 g), average stone weight (34 g), average peel 
weight (39.67 g), average pulp weight (208.51 g) and TSS (11.4° Brix) were observed on NAA @ 20 mgl-1 
+ ZnSO4 @ 0.5% while maximum fruit yield per tree (9.36 kg per tree) was obtained in GA3 @ 25 mgl-1 + 
Borax @ 0.2%. The aforementioned micronutrient and growth regulator combinations were also linked 
to fruiting characteristics and increased fruit production.

Highlights

mm A combination of NAA @ 20 mgl-1 and ZnSO4 @ 0.5% significantly reduces the fruit drop in mango 
and increase the quality.

Keywords: Mango, growth regulators, micronutrients, fruit drop, yield and quality

Mango (Mangifera indica Linnaeus) is one of the 
significant and well-known tropical fruit crops 
belonging to the family Anacardiaceae. It was 
the first tropical and sub-tropical fruit to be 
domesticated, now grown in more than 100 different 
nations including Southern Asia, particularly 
eastern India, Burma and the Andaman Islands. It 
is the second-most widely farmed tropical fruit and 
the sixth-largest fruit crop in the world (UNCTAD, 
2016). Due to its color, scent, outstanding flavor, 
and nutritional content, it is also regarded as one 
of the most expensive and appealing tropical fruits 

and called “The king of fruits”. Additionally, it 
is a great source of carbohydrates, minerals like 
Fe, P, Ca, and K, carotenoids, vitamins A, C, E, B, 
riboflavin, niacin, and thiamin (Maldonado-Celis et 
al. 2019). In Nepal, 51681 ha area are under mango 
cultivation and 43688 ha is the total productive 
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area from which 466266 Mt mangoes are produced 
with productivity of 10.67 Mt/ha (MoALD 2021). 
In Lumbini province, 6092 ha land is under mango 
cultivation with productivity of 8.55 Mt/ha, in which 
Rupandehi district contributes 600 ha of land under 
mango cultivation with productivity of 8.67 Mt/ha 
(MoALD 2021).
The enormous loss of fruits (99.9%) during various 
developmental phases is one of the most significant 
production bottlenecks for mangoes. The numerous 
drops go through natural stages. Additionally, it 
will be brought on by a few natural disasters. A 
key factor in mango fruit growth and fruit drop 
is naturally occurring hormones (Ram 1992). Fruit 
drop can be caused by a variety of factors, such 
as adverse weather patterns, poor fruit set, fruitlet 
competition, drought or inadequate irrigation, 
nutrient deficiencies, and the occurrence of harmful 
pests and diseases (Shainika & Tambe 2020). The 
increase in fruit quality could be attributed to the 
catalytic effect of micronutrients, especially when 
present in higher concentrations. Micronutrient foliar 
treatments accelerated the uptake of macronutrients 
in tissues and organs, which enhanced the quality 
of the fruit harvest (Anees et al. 2011). Foliar 
application of micronutrients and growth regulators 
is a standard practice to solve such deficits and 
enhance fruit quality. Micronutrients and plant 
bio-regulators applied topically have a significant 
positive impact on fruit set, production, and quality. 
Additionally, it helps fruit trees that have nutritional 
and physiological problems recuperate. To meet 
the functional need for nutrition, foliar treatment 
relies on the idea that nutrients are swiftly absorbed 
by leaves and distributed to various regions of 
the plant (Amrapali 2018). Zinc activates several 
metabolic enzymes, whereas gibberellin is primarily 
employed for regulating multiple physiological 
events and is commercially exploited to increase the 
quality of fruits. In addition, zinc plays a crucial role 
in the system of proteinases and peptidase enzymes. 
Zinc is utilized to encourage early flowering, 
which enhances fruit size, growth, and quality. The 
metabolism of hormones, photosynthetic processes, 
cellular development, and water absorption in 
plant sections are all thought to be fundamentally 
dependent on boron. Additionally, it participates 
in recombination, pollen tube germination, and 
fertilization (Chandra et al. 2022). Foliar application 

of nutrients is typically quicker for plants to absorb 
nutrients than soil application (Hasani et al. 2012). 
The experiment was conducted to examine the 
effects of various PGRs and micronutrients, on the 
fruiting, yield, and quality features of the mango 
cv. Mallika in Terai condition of Nepal.

Methodology
The research was conducted at Horticulture Orchard, 
Institute of Agriculture and Animal Science (IAAS), 
Paklihawa, Rupandehi, Nepal from March to July 
2023 on a Mallika cultivar of mango. The selected 
trees for research purposes were almost 5 years old 
and uniform in size. The research experiment was 
set in a Randomized Complete Block Design (RCBD) 
with three replications and seven treatments. The 
treatments were T1 (NAA 20 mgl-1 + ZnSO4 0.5%), 
T2 (NAA 20 mgl-1 + Borax 0.2%), T3 (NAA 40 mgl-1 

+ ZnSO4 0.5%), T4 (NAA 40 mgl-1 + Borax 0.2%), 
T5 (GA3 25 mgl-1 + ZnSO4 0.5%), T6 (GA3 25 mgl-1 
+ Borax 0.2%), T7 (Control – water spray). All the 
treatments were applied as a foliar spray at the pea 
and fruit development stage of the mango. The first 
and second application was done on 6th April and 
21st April respectively. Before conducting research 
the canopy of tree covered with grasses were cleared 
and basin was formed around each tree. FYM 20 
kg plant-1 along with 100:100:100 gram NPK were 
applied and thoroughly irrigated. From each tree 
data were recorded in every fifteen-day interval 
till harvesting. The harvesting was done on July 15, 
2023 and fruits were left at the central lab of IAAS 
Paklihawa campus at 22°C for uniform ripening 
and observations of change in peel color were done 
every day till it developed 100% yellow peel color. 
Three marketable fruits were randomly chosen from 
each experimental tree from each treatment, and 
their weights were recorded independently during 
harvest. The average fruit weight was reported in 
grams. The different observations recorded during 
the experiment were fruit drop percentage, fruit 
retention percentage, fruit weight, stone weight, 
peel weight, pulp weight, fruit length, fruit breadth, 
fruit yield per tree, firmness and quality parameters 
viz. Total Soluble Solids (TSS), Titrable Acidity (TA) 
and pH content of juice.
Utilizing the computer program R-studio (4.3.1), 
statistical analysis of the results was performed. 
Data were statistically examined using the analysis 
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of variance (ANOVA) and the least significant 
difference (LSD) at the 5% level of probability was 
used to compare the significant difference between 
treatment means.

Results and Discussion

Fruit drop and retention percent

There was a significant increase in fruit retention 
percentage and reduced fruit drop with the use of 
micronutrients and plant growth regulators (Table 
1). The pre-harvest application of NAA 20 mgl-1 + 
ZnSO4 0.5% (9.81% and 90.18% respectively) was 
followed by the application of NAA 40 mgl-1 + Borax 
0.2 % (9.39% and 90.61%, respectively) to achieve 
the highest fruit retention and the lowest fruit drop 
percentage. This increase in fruit retention and 
decrease in fruit drop percentage may be brought 
on by the plant’s increased endogenous auxin and 
other metabolite levels as well as the inhibition of 
ABA production (Maurya et al. 2020). As a result, 
an exogenous application of auxin and gibberellins 
may have increased fruit retention and decreased 
drop percentage. The weakening and eventual 
fracture of the middle lamella of the cell in or near 
the abscission layer and low auxin levels cause the 
pre-harvest decline of mature fruits. Thus, adding 
auxin to the fruit stops these alterations in the 
middle lamella; this is probably accomplished by 
inhibiting the enzymes that make pectin soluble. 
Zinc sulfate applied topically to leaves in modest 
concentrations may aid plants in maintaining better 

nutritional status, which will ultimately enhance 
fruit retention and prevent drop (Tripathi 2020). 
Gami et al. (2019) reported increase in fruit set 
percentage with the application of NAA + KNO3 
+ ZnSO4 in Ber. The increase in fruit retention and 
decreased fruit drop in Dashehari mango with 
the application of NAA + GA3 was reported by 
Darshan et al. (2022). Application of Zn + Ca + NAA 
+ B in Alphonso variety of mango has higher fruit 
retention percentage as reported by Merwad et al. 
(2016).

Fruit size

There is significant variation in fruit size among 
different treatments. The highest fruit length and 
diameter were found in GA3 @ 25 mgl-1 + Borax 
0.2% (12.77 cm fruit length and 19.06 cm fruit 
diameter). The minimum fruit length (9.42 cm) 
and fruit diameter (15.16 cm) were observed in 
Control (water spray). The effective accumulation of 
metabolites in the early stages of developing fruits 
may be the cause of this increase in fruit size with 
spraying of plant bio-regulators and micronutrients. 
Spraying plant bio-regulators and micronutrients 
may have enhanced absorption and regulated 
cell-wall permeability, allowing more water to 
go through fruits and resulting in a larger fruit 
size. The results were in close conformity with the 
findings of Tripathi and Tiwari (2015) who reported 
increased fruit size of mango with application of 
GA3@ 50 ppm. The findings are in line with Kumar 
et al. (2018) in mango, Bhadauria et al. (2018), and 

Table 1: Effect of micronutrients and plant growth regulators on fruit drop and retention percentage

Treatment number Treatments Fruit Drop (%) Fruit retention (%)
T1 NAA 20 mgl-1 + ZnSO4 0.5% 90.18a 9.81a

T2 NAA 20 mgl-1 + Borax 0.2% 95.52a 4.48a

T3 NAA 40 mgl-1 + ZnSO4 0.5% 92.38a 7.62a

T4 NAA 40 mgl-1 + Borax 0.2 % 90.61a 9.39a

T5 GA3 25 mgl-1 + ZnSO4 0.5 % 96.92a 3.08a

T6 GA3 25 mgl-1 + Borax 0.2% 91.09a 8.91a

T7 Control (water Spray) 98.29a 1.71a

SEm (±=) 0.98 0.98
LSD(0.05) 9.03 9.03
CV (%) 5.42 78.99
F probability ns ns
Grand mean 93.57 6.43
Note: SEm = Standard error of mean, LSD = Least Significant Difference, CV = Coefficient of Variations, s = Significant, ns = Non-significant. 
Treatments means are separated by Least Significant difference (LSD) and the columns are represented by the same letter(s) and are non-
significantly different from each other at a 5 % level of significance.
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Tripathi (2018) in aonla and Tripathi and Shukla 
(2020) in strawberry.

Fruit Yield

There is a significant difference on fruit weight, 
stone weight, peel weight among treatments were 
found but no significant difference found in pulp 
weight and fruit yield per tree (Table 3). The average 
fruit weight (282.18 g), average stone weight (34 
g), average peel weight (39.67 g) and average pulp 
weight (208.51 g) were found maximum in NAA @ 
20 mgl-1 + ZnSO4@ 0.5% followed by GA3 @ 25 mgl-1 

+ Borax @ 0.2%. The minimum average fruit size 
(192.12 g), average stone weight (19.33 g), average 
peel weight (26.33 g), and average pulp weight 
(146.45 g) were found in control (water spray). 
The Fruit yield per tree was found maximum in 
GA3 @ 25 mgl-1 + Borax @ 0.2% (i.e. 9.36 kg per 
tree) followed by NAA @ 20 mgl-1 + ZnSO4@ 0.5%. 
The minimum fruit yield per tree was found in 
control (i.e. 7.10 kg per tree) (Table 3). The increase 
in fruit output brought on by the foliar feeding of 
micronutrients and plant bio-regulators by plant 
leaves may be linked to earlier, more luxuriant 
vegetative growth, which later leads to the synthesis 

Table 2: Effect of plant growth regulators and micronutrients on physical parameters of mango

Treatment number Treatments Fruit Length (cm) Fruit Diameter (cm)
T1 NAA 20 mgl-1 + ZnSO4 0.5% 12.57a 17.56ab

T2 NAA 20 mgl-1 + Borax 0.2% 11.21ab 17.45ab

T3 NAA 40 mgl-1 + ZnSO4 0.5% 10.73ab 16.34ab

T4 NAA 40 mgl-1 + Borax 0.2% 11.78a 16.15ab

T5 GA3 25 mgl-1 + ZnSO4 0.5% 11.76a 18.11ab

T6 GA3 25 mgl-1 + Borax 0.2% 12.77a 19.06a

T7 Control (water Spray) 9.42b 15.16b

SEm (±=) 0.23 0.34
LSD(0.05) 2.12 3.14
CV (%) 10.39 10.32
F probability s ns
Grand mean 11.46 17.12
Note: SEm = Standard error of mean, LSD = Least Significant Difference, CV = Coefficient of Variations, s = Significant, ns = Non-significant. 
Treatments means are separated by Least Significant difference (LSD) and the columns are represented by the same letter(s) and are non-
significantly different from each other at a 5 % level of significance.

Table 3: Effect of plant growth regulators and micronutrients on fruit yield of mango

Treatments Average fruit 
weight (g)

Average stone 
weight (g)

Average peel 
weight (g)

Average pulp 
weight (g)

Fruit Yield per 
tree (kg)

NAA 20 mgl-1 + ZnSO4 0.5% 282.18a 34a 39.67a 208.51a 9.28a

NAA 20 mgl-1 + Borax 0.2% 213.08ab 24.67bc 32abc 156.41a 8.6a

NAA 40 mgl-1 + ZnSO4 0.5% 210.64ab 22c 31bc 157.63a 8.76a

NAA 40 mgl-1 + Borax 0.2% 213.91ab 24.67bc 29.67bc 159.58a 9.09a

GA3 25 mgl-1 + ZnSO4 0.5 % 221.29ab 25.67bc 29bc 166.63a 7.59a

GA3 25 mgl-1 + Borax 0.2% 267.29ab 30.33ab 35.67ab 201.29a 9.36a

Control (water spray) 192.12b 19.33c 26.33c 146.45a 7.10a

SEm (±=) 8.36 0.88 0.86 7.53 0.33
LSD(0.05) 77.31 8.11 7.93 69.65 3.049
CV (%) 19.00 17.67 13.97 22.90 20.066
F probability ns s s ns s
Grand mean 228.64 25.81 31.90 170.93 8.54
Note: SEm = Standard error of mean, LSD = Least Significant Difference, CV = Coefficient of Variations, s = Significant, ns = Non-significant. 
Treatments means are separated by Least Significant difference (LSD) and the columns are represented by the same letter(s) and are non-
significantly different from each other at a 5 % level of significance.
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of more metabolites for developing fruits. The 
increased yield of litchi with the application of 
Borax @ 0.5% was reported by Gupta et al. (2022). 
Similar findings were reported by Tripathi and 
Tiwari (2015) in mango, Dhakad et al. (2020) in 
mulberry, Weight (2005) in strawberry and Badal 
and Tripathi (2021) in guava.

Quality parameters

A maximum amount of total soluble solids (TSS) 
was found in the fruits treated with NAA @ 20 
mgl-1 + ZnSO4 @ 0.5% (11.4° Brix) followed by NAA 
@ 40 mgl-1 + ZnSO4 @ 0.5% (10.93° Brix). Similarly, 
the maximum titratable acidity percent (0.0723%) 
and PH (4.90) were recorded in fruits which were 
produced from the plants kept under control while 
minimum titratable acidity (0.0298%) was recorded 
from GA3 @ 25 mgl-1 + Borax @ 0.2% and minimum 
PH (4.22) was recorded from NAA @ 20 mgl-1 + Borax 
@ 0.2% (Table 4). Increased content in total soluble 
solids in fruits may be the result of enough NAA 
levels improving the auxin content, which catalyzed 
the oxidation process. The increased active role that 
borax and zinc played in the mobilization of food 
material may have contributed to the accumulation 
of quality ingredients like carbohydrates, which in 
turn helped to enhance the quality attributes, as seen 
by the increase in TSS. This is in close conformity 
with the results of Dhakad et al. (2020) in mulberry, 
Liaquat et al. (2023) in mandarin fruits.

Utilizing a plant bio-regulator and micronutrients 
reduced the titratable acidity content of fresh fruits. 
This could result from an increase in the metabolic 
conversion of acids to sugars by the reversal 
reaction of the glycolytic pathway, which is used 
in numerous physiological functions, as well as 
an increase in the translocation of photosynthates 
(carbohydrates). The similar results were reported 
by Gupta et al. (2022) in litchi, Tripathi (2018) in 
Aonla.

Conclusion
The pre-harvest application of growth regulators 
and micronutrients has been experimented on 
mango to improve the fruit yield and quality. In 
above experiment, the combination of NAA @ 20 
mgl-1 and ZnSO4 @ 0.5% gives greater significance 
over other treatments. The further investigation 
with growth regulators and micronutrients alone 
or by combining these in suitable proportion will 
be done to reduce fruit drop thereby increasing the 
yield and quality.
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