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ABSTRACT

The experiment was conducted at the Vikrant Agriculture Research and Development Centre,
Sakatpura, Vikrant University, Gwalior (Madhya Pradesh) during the study period 2024-25. Aimed to
assess the effect of PGR combination on yield, quality and economics of pomegranate. The treatment
comprising eight treatments in randomized block design with three replications. Viz., The treatment
comprising ten treatments with thrice replication. 77- Water spray (Control), 7>- GA3 (25 ppm), 73-
NAA (20 ppm), T4- GA3 (25 ppm) + NAA (20 ppm), T5- GA3 (50 ppm), Tg- NAA (40 ppm), T7- GA3
(50 ppm) + NAA (40 ppm), Tg- GA3 (75 ppm), Tg - NAA (60 ppm) and T1o- GA3 (75 ppm) + NAA
(60 ppm). The result revealed that Yield parameters viz., number of flowers per plant (180.07), fruit set
(52.66%), fruit length (8.67 cm), fruit width (8.95 cm), number of fruits per plant (49.43), fruit weight
(224.84 g), yield per plant (11.11 kg) and yield (185.09 g/ha) were highest recorded under treatment 77
[GA3 (75 ppm) + NAA (60 ppm)] followed by 77 [GA3 (50 ppm) + NAA (40 ppm)]. Similarly quality
parameters of pomegranate maximum [(viz., total soluble solids (15.27 °Brix), TSS:acid ratio (47.33),
juice content (51.43%), ascorbic acid (14.88 mg/100 g) and anthocyanin content (16.47 mg/100 g))]
were recorded under treatment 7' [GA3 (75 ppm) + NAA (60 ppm)], followed by 77 [GA3 (50 ppm) +
NAA (40 ppm)]. Similarly, the minimum acidity (0.38%) was recorded under treatment 7Ty [GA3
(75 ppm) + NAA (60 ppm)], followed by 77 [GA3 (50 ppm) + NAA (40 ppm)] with 0.40% and Ty [GA3
(25 ppm) + NAA (20 ppm)] with 0.43% acidity. cost of cultivation, gross returns, net returns and
benefit:cost ratio of pomegranate cultivation. The highest gross returns (3277638.9/ha), net returns
(F217734.9/ha) and benefit:cost ratio (3.63) were recorded under treatment 77 [GA3 (75 ppm) + NAA
(60 ppm)], followed by 77 [GA3 (50 ppm) + NAA (40 ppm)].

Keywords: Pomegranate, Plant Growth Regulators, Gibberellic acid, Naphthalene Acetic Acid, Fruit
quality

Introduction

Pomegranate (Punica granatum L.) is one of the most important fruit crops of tropical and subtropical re-
gions and belongs to the family Punicaceae. The somatic chromosome number of Punica granatum is
2n = 2x = 16, 18. It is popularly referred to as the “fruit of paradise” due to its attractive appearance, pleas-
ant flavour and high nutritional value. The crop is believed to have originated in Iran, Afghanistan and has
spread widely across the Mediterranean region, Asia and other parts of the world. (Gajbhiye ez al., 2022;
Naik, 2022) [1- 2], Pomegranate fruits are highly valued for their nutritional richness and medicinal proper-
ties. The edible portion consists of juicy arils which are a good source of carbohydrates, organic acids, vita-
mins and minerals. The fruits contain appreciable amounts of sugars (12-16%), organic acids, vitamin C and
bioactive compounds such as anthocyanins, tannins and polyphenols, which contribute to their antioxidant
potential (Meena et al., 2018) [31.

Despite its economic importance, the productivity and quality of pomegranate in many growing regions re-
main below their potential due to several constraints. Imbalanced and excessive use of chemical fertilizers
has led to deterioration of soil health, reduced nutrient use efficiency and increased incidence of physiologi-
cal disorders and pest problems. Continuous monocropping and inadequate organic matter application have
resulted in declining soil fertility, poor microbial activity and reduced water-holding capacity, ultimately af-
fecting plant growth, yield and fruit quality. Moreover, irregular flowering, heavy fruit drop and variability
in fruit size and quality are common challenges faced by pomegranate growers, which directly influence
marketability and profitability (Davarpanah et al., 2017) [4].

Plant Growth Regulators (PGRs) have been widely studied for their influence on flowering, fruiting and fruit
growth and development in different fruit crops. In pomegranate, the use of PGRs such as Gibberellic acid
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(GA3) and Naphthalene Acetic Acid (NAA) have been reported to in-
crease fruit size and yield through cell elongation and cell enlarge-
ment. NAA is found effective in reducing flower and fruit drop, re-
sulting in better retention of fruits on the plant and proper hormonal
regulation. The application of GA3 and NAA improved fruit quality
by increasing sugar content, juice percentage, and colour. Results
from different studies demonstrated that different concentrations of
GAj3 and NAA, as well as their different combinations, affected the
yield and fruit quality attributes differently. However, the optimum
levels of GA3 and NAA for improved fruit yield and quality, as well
as their interaction under different agro-climatic conditions, are not
well established. Therefore, it is necessary to evaluate the perfor-
mance of pomegranate to different concentrations and combinations
of GA; and NAA to identify the most effective growth regulator for
improved productivity. (Gajbhiye et al., 2020) 51, However, research
on their combined effect in pomegranate plants remains limited. This
study evaluates their impact on yield and quality and economics per-
formance, aiming to identify the best combinations for improved
propagation, plant establishment and productivity.

Methods and Material

The experiment was conducted at the Vikrant Agriculture Research
and Development Centre, Sakatpura, Vikrant University, Gwalior
(Madhya Pradesh) during the study period 2025-26. The experimental
site is located at 26°13' North latitude and 76°14’ East longitude, at an
altitude of 211.52 meters above mean sea level in the Gwalior district
of the Gird region of northern Madhya Pradesh. The region falls un-
der a semi-arid and sub-tropical climatic zone characterized by ex-
treme weather conditions, including hot and dry summers and cold
winters. The monsoon generally commences in the last week of June,
with an average annual rainfall of 700-800 mm, most of which is re-
ceived between late June and mid-December. Winter rainfall is spo-
radic and uncertain. During the experimental period, the maximum
temperature ranged between 45-47 °C in summer, while the minimum
dropped to 5.0-5.5 °C in winter. Occurrence of frost is also expected
from the last week of December. Typically, the monsoon begins in the
second fortnight of June and continues until September. Occasional
light showers may occur during winter, with the majority of rainfall
(around 700 mm) received from July to September. The treatment
comprising ten treatments with thrice replication. T- Water spray
(Control), Tr- GA3z (25 ppm), T3- NAA (20 ppm), T4- GA3 (25 ppm)
+ NAA (20 ppm), Ts- GA3 (50 ppm), Tg- NAA (40 ppm), T7- GA3
(50 ppm) + NAA (40 ppm), Tg- GA3 (75 ppm), Tg - NAA (60 ppm)
and T1g9- GA3 (75 ppm) + NAA (60 ppm). The foliar application of
plant growth regulators (PGRs) was carried out as per the treatment
schedule using gibberellic acid (GAj3) and naphthalene acetic acid
(NAA) at different concentrations, applied alone and in combination.
The required quantity of each PGR was accurately weighed and first
dissolved in a small volume of suitable solvent (GA3 in a small
amount of alcohol and NAA in a few drops of NaOH), and then the
volume was made up with distilled water to obtain the desired con-
centration (ppm). The spraying was done using a hand-operated knap-
sack sprayer, ensuring uniform coverage of the foliage. A small quan-
tity of sticking agent (such as Tween-20 @ 0.1%) was added to the
spray solution to enhance adhesion and absorption. Observations on
yield parameters, quality and economics of pomegranate fruits under
different treatments were recorded following standard procedures pre-
scribed for each character. The experimental data were statistically
analyzed using Fisher’s analysis of variance (ANOVA) method as
outlined by Panse and Sukhatme (1967). The significance of treat-
ment effects was tested using ‘F” and ‘t’ tests at the 5 per cent proba-
bility level (p = 0.05).
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Result and Discussion

Effect of PGR combination on yield parameter of
pomegranate

The data pertaining to yield parameter of pomegranate are presented
in Table 1. The observations were statistically analysed and the results
indicated a significant effect of different concentration of plant
growth regulators treatments on yield parameters. Yield parameters
viz., number of flowers per plant (180.07), fruit set (52.66%), fruit
length (8.67 cm), fruit width (8.95 cm), number of fruits per plant
(49.43), fruit weight (224.84 g), yield per plant (11.11 kg) and yield
(185.09 g/ha) were highest recorded under treatment Tjg [GAj3
(75 ppm) + NAA (60 ppm)] followed by T7 [GA3 (50 ppm) + NAA
(40 ppm)]. Similarly results revealed that the minimum fruit drop
(36.63%) was recorded in treatment Ty [GA3 (75 ppm) + NAA
(60 ppm)] which was found to be significantly superior over all other
treatments. This was followed by T7 [GA3 (50 ppm) + NAA
(40 ppm)]. It might due to the combined foliar application of GAj
(75 ppm) + NAA (60 ppm) significantly enhanced flowering, fruit set,
fruit size, fruit weight, and overall yield while reducing fruit drop in
pomegranate. The improvement may be attributed to the synergistic
action of GA43, which promotes cell division, cell elongation, and as-
similate translocation, and NAA, which reduces abscission by main-
taining endogenous auxin levels and improving fruit retention.
Consequently, better fruit retention and enhanced sink strength re-
sulted in higher fruit number and yield. Similar findings have been re-
ported by several researchers, who observed that the combined appli-
cation of GA3 and NAA significantly improved yield attributes and
minimized fruit drop in pomegranate. Similar findings were also re-
ported by Merwad et al. (2016) (0], Jhade ef al. (2020) [7), Hussain et
al. (2021) I8, Firoz et al. (2021) 1, Mishra ez al. (2022) [191 Raigond
et al. (2024) '] and Moradinezhad er al. (2024) [12],

Effect of plant growth regulators on number of
flowers per plant, fruit set (%) and fruit drop (%)
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Effect of plant growth regulators on fruit weight
(g), yield per plant (kg) and yield (q/ha)
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Effect of plant growth regulators on quality parameters of
pomegranate

The data pertaining to quality parameter of pomegranate are presented
in Table 2. The results revealed that different combination of plant
growth regulator treatments significantly influenced the quality pa-
rameter of pomegranate. Maximum [(viz., total soluble solids (15.27
°Brix), TSS:acid ratio (47.33), juice content (51.43%), ascorbic acid
(14.88 mg/100 g) and anthocyanin content (16.47 mg/100 g))] were
recorded under treatment T1y [GA3 (75 ppm) + NAA (60 ppm)], fol-
lowed by T7 [GA3 (50 ppm) + NAA (40 ppm)]. Similarly, the mini-
mum acidity (0.38%) was recorded under treatment Ty [GAj
(75 ppm) + NAA (60 ppm)], followed by T7 [GA3 (50 ppm) + NAA
(40 ppm)] with 0.40% and T4 [GA3 (25 ppm) + NAA (20 ppm)] with
0.43% acidity. It might due to the combined application of GAj
(75 ppm) + NAA (60 ppm) significantly enhanced the quality parame-
ters of pomegranate fruits such as TSS, TSS: acid ratio, juice content,
ascorbic acid and anthocyanin contents and reduced the fruit acidity.
The improvement in fruit quality could be due to the synergistic ac-
tion of GA3 and NAA, which increased the photosynthetic activity,
carbohydrate translocation from source to sink and conversion of
starch to soluble sugars, resulting in increased TSS and improved
TSS:acid ratio. The reduction in titratable acidity may be due to the
use of organic acids in respiration and the conversion of organic acids
to sugars during fruit maturation. Similar findings were also reported
by Mandal et al. (2012) [13], Hasani er al. (2012) [14], Eiada et al.
(2013) [151 Prakash er al. (2014) 101, Kumar er al. (2015) 17,
Narayanswamy et al. (2019) (18] Hussain et al. (2021) [8], Mishra et
al. (2022) 191 and Pal et al. (2024) [191 in pomegranate.

Effect of plant growth regulators on quality
parameters of pomegranate
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Effect of plant growth regulators on economics of
pomegranate

The data pertaining to economics of pomegranate are presented in
Table 3. The economic analysis indicated that different plant growth
regulator treatments significantly influenced the cost of cultivation,
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gross returns, net returns and benefit:cost ratio of pomegranate culti-
vation. The highest gross returns (3277638.9/ha), net returns
(R217734.9/ha) and benefit:cost ratio (3.63) were recorded under
treatment T1g [GA3 (75 ppm) + NAA (60 ppm)], followed by Ty
[GA3 (50 ppm) + NAA (40 ppm)] with gross returns of ¥244902.0/ha,
net returns of T188466.0/ha and B:C ratio of 3.34. Treatment T4 [GA3
(25 ppm) + NAA (20 ppm)] also performed better with gross returns
of ¥209416.2/ha, net returns of ¥156448.2/ha and B:C ratio of 2.95.
The minimum gross returns (¥111705.0/ha), net returns (362205.0/ha)
and B:C ratio (1.26) were observed under T| [Water spray (Control)].
The higher economic returns under T may be attributed to increased
fruit yield, better fruit weight and improved fruit quality parameters
obtained due to the combined application of GA3 and NAA, which ul-
timately enhanced marketable yield and profitability. The better per-
formance of T7 and T4 might also be associated with improved flow-
ering, fruit set and reduced fruit drop, resulting in higher economic
gains. These findings are in close conformity with the reports of
Digrase ef al. (2016) 201, Narayanswamy et al. (2019) (18], Jhade et
al. (2020) [7], Hussain ez al. (2021) [8], Murthy ez al. (2021) 211 and
Mishra et al. (2022) (191 in pomegranate, who also observed higher
profitability and economic returns with the application of plant

growth regulators.

T10
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Conclusion

It can be concluded that different combination plant growth regula-
tors, particularly treatment T1g [GA3 (75 ppm) + NAA (60 ppm)] was
found to be the most effective in improving yield, quality and eco-
nomic parameters of pomegranate, followed by T7 [GA3 (50 ppm) +
NAA (40 ppm)]. Treatment T; recorded the highest gross returns
(¥277638.9/ha), net returns (¥217734.9/ha) and benefit:cost ratio
(3.63), whereas the control treatment T| [Water spray] exhibited the
lowest performance for most of the observed parameters under the
prevailing agro-climatic conditions.
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Table 1. Effect of plant growth regulators on yield parameters of pomegranate

Treatments Number  Fruitset Fruit drop Fruit Fruit Number Fruit Yield per Yield
of flowers (%) (%) length width of fruits  weight (g) plant (kg) (q/ha)
per plant (cm) (cm) per plant

T- Water spray (Control) 160.42 40.17 45.36 6.28 6.87 26.60 168.39 4.47 74.47
T»- GA3 (25 ppm) 164.73 45.95 45.13 6.65 7.51 35.66 173.87 6.20 103.29
T3- NAA (20 ppm) 163.85 45.38 45.08 6.41 7.22 35.03 172.15 6.03 100.46

T4- GA3 (25 ppm) + NAA 175.33 48.22 40.14 7.88 8.43 43.33 193.47 8.38 139.61

(20 ppm)
T5-GAj3 (50 ppm) 170.23 46.36 42.09 7.07 7.86 39.31 182.34 7.16 119.29
Te-NAA (40 ppm) 167.55 46.03 42.75 6.83 7.74 37.63 178.35 6.71 111.79
T7-GA3 (50 ppm) + NAA 178.35 49.85 38.67 8.45 8.77 45.05 217.68 9.80 163.27
(40 ppm)
Tg-GAj3 (75 ppm) 173.01 47.16 40.33 7.47 8.15 42.67 191.66 8.17 136.11
Ty -NAA (60 ppm) 171.57 46.87 42.02 7.23 8.04 39.85 184.06 7.33 122.12
T10-GA3 (75 ppm) + NAA 180.07 52.66 36.63 8.67 8.95 49.43 224.84 11.11 185.09
(60 ppm)
S.E(m)x 5.56 1.53 1.49 0.18 0.22 1.20 6.20 0.17 3.53
C.D. at 5% 15.85 437 4.26 0.50 0.61 3.40 17.67 0.48 11.22

Table 2. Effect of plant growth regulators on quality parameters of pomegranate

Treatments Total soluble  Acidity (%) TSS:acid Juice content Ascorbic acid Anthocyanin
solid (°Brix) ratio (%) (mg/100g) content
(mg/100g)

T1- Water spray (Control) 13.24 0.54 26.72 37.35 11.42 13.41
T,- GA3 (25 ppm) 14.01 0.51 28.86 40.51 12.46 14.32
T3- NAA (20 ppm) 13.97 0.52 28.34 38.47 12.24 14.17
T4- GA3 (25 ppm) + NAA (20 ppm) 14.88 0.43 38.84 48.66 13.28 15.47
T5-GAj3 (50 ppm) 14.64 0.48 33.65 43.35 12.86 14.84
Te-NAA (40 ppm) 14.34 0.5 30.27 41.33 12.64 14.68
T7-GA3 (50 ppm) + NAA (40 ppm) 14.95 0.4 43.56 50.89 14.34 16.04
Tg-GAj3 (75 ppm) 14.82 0.45 38.48 47.95 13.21 15.23
Ty -NAA (60 ppm) 14.67 0.47 34.02 45.32 12.89 15.03
T10-GA3 (75 ppm) + NAA (60 ppm) 15.27 0.38 47.33 51.43 14.88 16.47
S.E(m)+ 0.31 0.009 0.86 1.21 0.28 0.36
C.D. at5% 0.87 0.025 2.46 3.44 0.79 1.03

Table 3. Effect of plant growth regulators on economics of pomegranate

S. No. Treatment details Total cost of cultivation (Rs/ha) Gross returns (Rs/ha) Net returns (Rs/ha)  B:C ratio
T;  Water spray (Control) 49500.0 111705.0 62205.0 1.26
T, GAj3 (25 ppm) 51999.0 154935.0 102936.0 1.98
T3 NAA (20 ppm) 50469.0 150689.7 100220.7 1.99
T4 GAj3 (25 ppm) + NAA (20 ppm) 52968.0 209416.2 156448.2 2.95
Ts  GAj3 (50 ppm) 54498.0 178928.4 124430.4 2.28
T¢ NAA (40 ppm) 51438.0 167682.9 116244.9 2.26
T7  GAj3 (50 ppm) + NAA (40 ppm) 56436.0 244902.0 188466.0 3.34
Tg  GAj3 (75 ppm) 56997.0 204168.3 147171.3 2.58
Tg NAA (60 ppm) 52407.0 183176.7 130769.7 2.50
Tio GAj3 (75 ppm) + NAA (60 ppm) 59904.0 277638.9 217734.9 3.63
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