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ABSTRACT : A field experiment was conducted to investigated the effect of foliar application of boron and GA3

on the physico-chemical composition, yield and cost benefit ratio of phalsa. The trial was undertaken at the
Horticulture Garden of Department of Horticulture, Chandra Shekhar Azad University of Agriculture and
Technology, Kanpur during 2015-16 and 2016-17. There were 4 levels each of boron and GA3 i.e. 0, 30, 40, 50
ppm and 0, 10, 20, 30 ppm, respectively tried in a Factorial Randomized Block Design replicating thrice. First
foliar application of the respective treatments was given when the flower buds were fully swollen and it was
super imposed after three weeks. Observations were recorded on juice content, T.S.S., ascorbic acid, acidity
and yield. Boron and GA3 in increasing concentration increased all the attributes profoundly barring acidity
content. Foliar application of boron at 50 ppm improved the above attributes significantly expressing 50.59,
49.87% juice, 19.58, 19.770 Brix T.S.S., 30.95, 31.33 mg/100g ascorbic acid and 56.72, 59.88q/ha fruit yield
against the minimum of 44.89, 44.92%; 17.89, 18.06° Brix; 27.21, 27.53mg/100g and 46.76, 49.17 q/ha
registered under control (B0). GA3 treatments also proved profoundly effective in increasing the above
parameters and application of 30 ppm recorded 51.25, 51.28% juice, 19.94, 20.13° Brix T.S.S., 30.42, 30.81
mg/100g ascorbic acid and 59.88, 63.27 q/ha fruit yield against 44.78, 44.06%; 17.70, 17.87° Brix; 28.06,
28.38mg/100g and 39.35, 41.21 q/ha values respectively under control. 50 ppm Boron or 30 ppm GA3
produced less acidic fruits recording 1.450, 1.540% and 1.375, 1.440% acidity content against phalsa bushes
deprived of foliar sprays of boron or GA3 (producing most acidic fruits) revealing 1.662, 1.160% and 1.830,
1.860% during corresponding years. It is obviously observed that cost benefit ratio increased progressively in
increasing levels of boron and GA3. The cost benefit ratio was calculated on average data of 2015-16 and
2016-17. In this regard the maximum levels of boron (50 ppm), GA3 (30 ppm) and their interaction (B G3 3)
recorded 2.13, 2.34 and 2.63 cost benefit ratio and their control exhibited 1.68, 1.38 and 1.21 ratio,
respectively.
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Phalsa (Grewia subinaequalis D.C.) is a

sub-tropical fruit distributed in tropical and sub-tropical

regions of the world. In India, it is grown in Punjab,

Haryana, Rajasthan, Uttar Pradesh, Madhya Pradesh,

Bihar and West Bengal (Zeeshan and Singh, 21). It

produces fruits in clusters in the axil of leaves of the

current season growth. Despite its hardy fruits, high

nutritional and medicinal values. Phalsa has not

received the deserving attention due to its uneven

ripening, small fruits and high periciability creating a

problem in marketing and storage. Phalsa a hardy fruit

plant well suited for cultivation under adverse climatic

conditions. The bushes rearly receive cultural

practices, manuring and irrigation. However, no

schedule base nutritional approach has yet been

standardized neither for major or minor elements.

Therefore, the conventional cultivation practices

followed in the orcharding need to be improved or

replaced by appropriate resource-conserving

technologies to enhance fruit productivity and input use 

efficiency on a sustainable basis, improve growers

income and livelihood and conserve the resource base

and protect the environment as well. Boron though a

trace element plays pivotal role in fruit production. It

regulates carbohydrate metabolism and is involved in

translocation of photosynthetis, cell wall development

and RNA metabolism (Nijjar, 10). Its deficiency and

sufficiency symptoms, however, vary with kind and age

of the plants and conditions of growth.

Plant growth regulators are signal molecules
produced within the plant and occur in extremely low
concentrations. Hormones regulate cellular processes
in targeted cells locally and when moved to other
locations, in locations of the plant. Among the growth
regulators GA 3 is reported to be very effective
manipulating physiological events e.g. flowering,
fruiting and yield of fruit crops. Its use has been
exploited in cell alongation, formation of chlorophyll
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and photosynthetic activities thereby improving quality
and yield of fruit plants (Choudhary et al., 2) in
mandarin.

MATERIALS AND METHODS 

A field experiment was conducted at the
Horticulture Garden of Department of Horticulture,
Chandra Shekhar Azad University of Agriculture and
Technology Kanpur during 2015-16 and 16-17. The
experiment comprised of 16 treatments viz. Boron- 0,
30, 40, 50 ppm and GA 3-0, 10, 20, 30 ppm replicating
thrice in a Factorial Randomized Block Design. Pruning 
of the experimental phalsa bushes was done on
December 20, during both the years. Organic manure
@ 10 kg per bush  alongwith R.D.F., irrigation, weeding 
hoeing, and plant protection measures were adopted
timely. Other experimental details are the same as
reported earlier by Zeeshan and Singh (21).
Observations were recorded on juice content, T.S.S.,
ascorbic acid, acidity percentage, yield per hectare.
Juice content was extracted by routine method. Total
soluble solids was determined by hand refractometer
and acidity content was estimated as per A.O.A.C.(1).
Ascorbic acid was determined as suggested by
Ranganna (14). The yield of subsequent harvests were 
summed up to obtain yield per hectare during both the
years. For cost benefit ratio; cost incurred on each
treatment and their gross and net income were
calculated to infer cost benefit ratio.

RESULTS AND DISCUSSION 

Juice content

The juice content an important parameter of
phalsa in the present investigation improved favourably 
by foliar sprays of boron and GA 3 applied separately.
Foliar application of both in increasing concentrations
improved juice content during both the years of study.
Boron at 50 ppm concentration revealed 50.52 and
49.87% juice followed by 40 ppm (49.80 and 49.86%).
Both of these treatments, however, remained
statistically at par when compared between themself.
The plants in the control expressed significantly lowest
i.e. 44.89 and 44.92% juice. Application of boron at 30,
40 and 50 ppm improved it to the tune of 4.43, 10.94,
7.52% and 5.50, 11.00, 7.68% in respective years
(table-1). The present finding are in agreement with the 
reports of Topno et al., (19) in litchi and Prabu and
Singaram (11) in grapes. The beneficial role of boron
may be ascribed to better vegetative growth causing
better translocation of food material there by improving

fruit quality in respect of fruit size and weight caused by 
optimal doses of boron nutrition which ultimately
enhanced the juice content. Application of GA3 at 10,

20 and 30 ppm recorded juice content of 46.52, 46.70;
49.53, 59.58 and 51.25, 51.28% during 2015-16 and
16-17. However, the spray treatments caused
improvement of the order of 3.88, 10.61, 14.45 and
5.99, 12.50, 16.39% over control which exhibited 44.78 
and 44.06% juice respectively. The superiority obtained 
in this regard may be attributed to bigger and plump
fruits harvested from the bushes treated with higher
concentration. The results are in line with the reports of
Kacha et al. (5) in phalsa and Ramteke et al. (13) in
grapes. Foliar application of 50 ppm boron in
association with 30 ppm GA 3 maximized (56.34 and
56.36%) the juice content significantly when compared
with than the rest of interactive treatments during both
the years of study.

Total Soluble Solids

The highest concentration of both boron (50 ppm)
and GA 3 (30 ppm) individually proved significantly
effective in enhancing the T.S.S. content of phalsa
fruits when compared with rest of the treatments
barring 40 ppm boron during both the years. The
treatments of 50, 40 and 30 ppm boron revealed 19.58, 
19.77; 19.13, 19.26 and 18.42, 18.60° Brix. Phalsa
bushes deprived of boron and GA3 treatments
recorded 17.89, 18.06 and 17.70, 17.870 Brix T.S.S..
Interactive treatment of 50 ppm boron in association
with 30 ppm GA 3 revealed 20.88 and 21.080 Brix
T.S.S. which showed maximum values against the all
interactive treatments of boron and GA 3. The plants
under deprived of boron and GA 3 (B G0 0) gave
minimum T.S.S. recording 16.75 and 16.910 Brix
during corresponding years respectively. Foliar feeding 
of boron at 30, 40 and 50 ppm increased the T.S.S.
content by 1.54, 5.46, 7.94% and 1.58, 5.19, 7.97%
over control respectively. These findings are in line with 
the reports of Kundu and Mitra, (9) and Trivedi et al.,
(20) in guava, Katiyar et al. (6) and Singh et al. (18) in
aonla. 

When efficacy of GA 3 at varying concentrations
were examined, increasing levels of growth regulator
enhanced the T.S.S. content during both the years.
Foliar spray of 30 ppm GA 3 induced 19.94 and 20.130
Brix being significantly more effective than rest of GA 3
treatments during both the years. The treatment of 20
and 10 ppm though proved significantly effective than
control but did not differ when compared in between.
Application of 10, 20 and 30 ppm increased the T.S.S.
containt to the 5.48, 5.76, 12.64% and 5.20, 5.71,
12.65% against its control (17.70, 17.87°Brix) during
corresponding years respectively. The findings are in
accordance with the reports of Katiyar et al.(6) in ber,
Kacha et al.(4) in phalsa and Rajput et al.(12) in guava.
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Ascorbic acid 

Foliar application of boron and GA 3 increased the

ascorbic acid content of phalsa fruits profoundly during

2015-16 and 16-17. Boron at 30, 40 and 50 ppm

recorded 28.45, 30.32, 30.95 mg/100g and 28.80,

30.68, 31.33 mg/100g ascorbic acid against

significantly lowest values of 27.21 and 27.53 mg/100g

under control. The increase in this regards due to 50

ppm boron was noted of the order of 13.74 and

13.80%. These findings are in accordance with the

observations of Katiyar et al. (6) in aonla and Khan et

al. (7) in kinnow mandrin.

GA3 at 10, 20 and 30 ppm enhanced the ascorbic

acid content and registered 28.81, 29.64, 30.42% and

29.14, 30.00, 30.81% values (Table-1). These

treatments increased the vitamin ‘C’ content to the tune 

of 2.67, 5.77, 8.37% and 2.68, 5.71, 8.56% in

respective years against control which showed the

minimum content of 28.06 and 28.38 mg/100g during

respective years. These results are in accordance with

the reports of Kacha et al. (4 and 5) in phalsa and Kher

et al. (8) in guava. Efficacy of the interactive treatment

of 50 ppm boron and 30 ppm GA 3 contrary to acidity

enhanced ascorbic acid content to the tune of of 32.07

and 32.51 mg/100g, respectively. 

Acidity

The plants under boron control produced most

acidic fruits exhibiting 1.662 and 1.660% acidity being

significantly greater than the rest of boron treatments

during both the years. The foliar treatments of 30, 40

and 50 ppm boron induced 1.547, 1.482, 1.450% and

1.595, 1.567, 1.540% acidity during respective years.

The plants under control contained 6.95% and 7.23%

more acidity in their fruits as compared to 50 ppm

treatment. Deterioration in acidity might be due to

optimal concentration of boron which being responsible 

for increased translocation of carbohydrates might

have increased metabolism converting acid to

sugar.As regards GA 3, the minimum acidic fruit

containing 1.375 and 1.440% acidity were observed

with 30 ppm GA 3 treatment during respective years.

The phalsa bushes treated with 10, 20 and 30 ppm 

GA 3 caused 1.475, 1.462, 1.375% and 1.562, 1.550,

1.440% acidity (Table-1) showing a reduction of 19.40,

20.11, 24.86% and 16.02, 16.66, 22.58% over control

(1.83 and 1.86%). The findings are in accordance with

the reports of Kacha et al. (4 and 5) in phalsa and Singh 

and Singh (16) in Indian gooseberry. 

Yield 

The yield of phalsa fruit per hectare under the

influence of foliar sprays of boron and GA 3 obviously

enhanced owing to yield per plant (Zeeshan and Singh, 

21). Boron at 30, 40 and 50 ppm yielded 51.12, 55.61,

56.72q and 53.56, 58.36, 59.88q during 2015-16 and

16-17. Phalsa bushes deprived of the boron treatment

produced lowest yield of 46.76 and 49.17q (Table 1).

Due to the beneficial role of boron in the present

investigation yield per hectare enhanced by 9.32,

18.93, 21.30% and 8.93, 18.69, 21.78% against control 

respectively. The findings are in line with the reports of

Trivedi et al. (20) in guava and Seedkolai et al. (15) in

orange.

GA 3 at 10, 20 and 30 ppm produced significantly

greater yield than control  and revealed 53.09, 57.89,

59.88q and 55.61, 60.88, 63.27q produce per hectare

respectively. Untreated plants of phalsa gave 39.35

and 41.21 q yield per hectare in respective years of

study. The yield of phalsa per hectare obviously

enhanced by 34.92, 47.11, 52.17% and 34.94, 47.73,

53.53% during corresponding years. These results are

in close conformity with the reports of Kacha et al. (5)

and Singh et al. (17) in phalsa and Gill and Ball (3) in

Ber.

Cost benefit ratio

Systematic data regarding treatmentwise are

presented in Table 2. Cost of production, Gross

income, Net return and cost benefit ratio. It is obviously

clear that  increasing levels of boron gave increased

cost benefit ratio. It was derived under control-1.68, 30

ppm-1.87, 40 ppm-2.05 and 50 ppm-2.13 with average

data of 2015-16 and 16-17. Regarding GA 3, cost

benefit ratio varied as control-1.38, 10 ppm-1.88; 20

ppm-2.13 and 30 ppm-2.34 respectively. The most

remunerative treatment was found to be GA 3-30 ppm

expressing gross return of ` 547544.50 followed by 20

ppm GA 3 giving 499628.75 (Table 2). Thus, it may be

inferred that investing one rupee one may gain rupees

2.13 and 2.34 under 50 ppm boron and 30 ppm GA 3.

The cost benefit ratio under the different interactive

treatments particularly higher concentration each of

boron and GA 3 was enhanced owing to increased yield 

and superior quality of berries. The intrective treatment 

B G3 3 fetched the highest cost benefit ratio of 2.63

followed by B G2 3 (2.49). These findings are in line with

reports of Rajput et al. (12) in guava.
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Table 1 : Effect of Boron, GA3 and their interactions on  the Juice, T.S.S., ascorbic acid, acidity content and

        yield/ha of phalsa.

                                   2015-16                                Juice content(%)                         2016-17

                      B         
G 

B0

(Control)

B1

(30ppm)
B2

(40ppm)

B3
(50pp

m)

Mea
n

B0

(Control)

B1

(30ppm)

B2

(40ppm)

B3

(50ppm)
Mean

G 0  (Control)    41.50 43.95 46.35 47.33 44.78 41.53 43.98 46.38 44.35 44.06

G 1 (10ppm) 43.90 45.65 48.80 47.75 46.52 43.93 45.88 48.89 48.11 46.70

G 2 (20ppm) 46.70 48.82 51.95 50.65 49.53 46.74 48.86 52.04 50.67 49.58

G 3 (30ppm) 47.45 49.12 52.10 56.34 51.25 47.48 49.16 52.14 56.36 51.28

Mean 44.89 46.88 49.80 50.52 44.92 46.97 49.86 49.87

B G B × G B G B×G

C.D.  (P = 0.05) 0.17 0.17 0.34 0.215 0.215 0.43

T.S.S. Content (°B)   

G 0  (Control) 16.75 17.25 18.15 18.65 17.70 16.91 17.41 18.32 18.83 17.87

G1 (10ppm) 16.95 18.65 19.33 19.75 18.67 17.12 18.83 19.31 19.94 18.80

G 2 (20ppm) 18.77 18.25 18.80 19.05 18.72 18.95 18.42 18.98 19.23 18.89

G 3 (30ppm) 19.10 19.55 20.25 20.88 19.94 19.28 19.74 20.44 21.08 20.13

Mean 17.89 18.42 19.13 19.58 18.06 18.60 19.26 19.77

B G B×G B G B×G

C.D. (P = 0.05) 0.57 0.57 N.S. 0.63 0.63 N.S.

Ascorbic acid Content (mg/100g)

G 0  (Control) 26.08 27.45 28.97 29.75 28.06 26.37 27.76 29.30 30.08 28.38

G1 (10ppm) 26.75 27.95 29.90 30.65 28.81 27.05 28.27 30.25 31.01 29.14

G 2 (20ppm) 27.67 28.80 30.75 31.35 29.64 28.02 29.15 31.12 31.72 30.00

G 3 (30ppm) 28.33 29.60 31.67 32.07 30.42 28.67 30.03 32.05 32.51 30.81

Mean 27.21 28.45 30.32 30.95 27.53 28.80 30.68 31.33

B G B×G B G B× G

C.D. (P = 0.05) 0.55 0.55 N.S. 0.69 0.69 N.S.

                                                                                                         Acidity content 

G 0  (Control) 1.970 1.810 1.790 1.750 1.830 2.000 1.850 1.810 1.780 1.860

G1 (10ppm) 1.700 1.420 1.400 1.380 1.475 1.610 1.570 1.550 1.520 1.562

G 2 (20ppm) 1.510 1.480 1.440 1.420 1.462 1.550 1.520 1.480 1.450 1.550

G 3 (30ppm) 1.470 1.480 1.300 1.250 1.375 1.480 1.440 1.430 1.410 1.440

Mean 1.662 1.547 1.482 1.450 1.660 1.595 1.567 1.540

B G B×G B G B×G

C.D. (P = 0.05) 0.044 0.044 N.S. 0.057 0.057 N.S.
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