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Influence of Gibberellic Acid Concentrations and Dipping Durations
on Growth and Yield of Bitter Gourd
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Abstract | This research was carried out at Horticulture Research Farm, The University of Agriculture
Peshawar, during 2016. The experimental design was Randomized Complete Block Design (RCBD) with
two factors, replicated three times. Factor A was gibberellic acid concentrations i.e. 0, 20, 40 and 60 mglL-
!, while factor B was comprised of dipping durations i.e. 0, 6, 12, and 18 hours respectively. Gibberellic
acid concentrations and dipping durations had significant effect on the growth and yield of bitter gourd.
Gibberellic acid concentration at @ 60 mgL* significantly reduced days to emergence and days to first flower,
while increased germination percentage, number of fruits plant™, fruit length, fruit weight, plant height, yield
plot, total yield and survival percentage. In case of dipping durations, seeds dipped for 18 hours significantly
reduced days to emergence and days to first flower, while increased germination percentage, number of
fruits plant™, fruit length, fruit weight, plant height, yield plot™ and total yield. Interaction was found non-
significant for all the studied parameters except days to emergence, germination percentage and survival
percentage. Seeds dipped in gibberellic acid at a level of 60 mgL.* for 18 hours significantly reduced days to
emergence, while increased germination percentage and survival percentage. From results it is concluded that
seeds dipped for 18 hours in 60 mgL* of gibberellic acid concentrations showed best results on growth and
yield of bitter gourd under the agro-climatic conditions of Peshawar.
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Introduction Pakhtunkhwa, the area under cultivation is 894

hectares, where the production is 6483 tons during
2008-09 (MINFAL, 2009). Likewise, nutritional
values of other cucurbits, bitter gourd is exceptional
in vitamins and considered to be a rich source of

Bitter gourd (Memordica charantia L.), commonly
called karela, balsam pear or bitter cucumber,
belongs to cucurbitaceae family. Bitter gourd is

monoecious, having pistillate and staminate flowers at
different nodes in same plant. Bitter gourd is initiated
in eastern Asia (Minraj et al., 1993) and is extensively
distributed in China, Malaysia, India, Pakistan,
Bangladesh and tropical Africa (Baloch, 1994). Its
total area under cultivation is 6080 hectares, whereas

its overall production is 56239 tons. In Khyber

vitamin A and C (Palada and Chang, 2003). It is also
considered as a valued vegetable because of its high
healthful value.Its fruitstem,leaves and roots have been
used in different medicines to treat hyperlipidemia
microbial infections, digestive disarray (Yibchok et
al., 2006). Bitter gourd lowers the blood sugar and
is considered to be useful for diabetic treatment. It
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is also used for treatment of cancer because of its
anti-noxious possessions (Grover and Yadav, 2004).
Bitter gourd is generally known as annually grown
plant but can be grown as perennial in frost free areas.
In plain areas, summer season crop can be grown
from January to June. As long as the soil medium is
concerned, it tolerates a wide range of soil such as
well-drained sandy loam soil and alkaline soils. The
ideal soil pH for bitter gourd is 6.0-6.7. Bitter gourd
needs a balance of organic and inorganic nutrients.
However, the rates of nutrients depend upon the soil
medium, level of fertility and the organic contents of
soil (Palada and Chang, 2003). The major problems
of restrictive yield of bitter gourd are poor seedling
germination, hindered emergence and slow growth
rate due to seed coated embryo. However, temperature
25-28 °C is ideal for germination of bitter gourd
seeds (Peter et al., 1998). Seed soakings in various
solutions with high osmotic potential enhances the
metabolic processes required for germination (Nawaz
etal.,2013). Priming is a technique in which seeds are
presoaked before planting to enhance germination.
'The benefits of priming include activation of enzymes,
softening of seed coat, breaking of seed dormancy.
Priming decrease the time necessary for germination
(Nawaz et al.,, 2013). The germination rate can be
enhanced by these treatments (Khan, 2005). A plant
hormone called Gibberellic acid (GA,) plays a very
important function in plant growth and development
like germination of seed, elongation of stem and
development of flower. Different kinds of stimuli
such as developmental, environmental and hormonal
regulates GA, biosynthesis. Soaking seeds with
suitable concentrations of GA, have positive effect
on germination, growth and producing various plant
varieties (Davies, 1995). The current research has been
devised in the light of importance of seed soaking and
dipping treatments to overcome the limiting yield
and growth of bitter gourd.

Materials and Methods

The land was prepared with suitable moisture
conservation before sowing the seed. The land was
divided into experimental units according to the
experimental layout. Recommended basal dose of
NPK @120: 80: 80 kg ha™ was applied to the soil.
For Solution preparation calculated concentration of
gibberellic acid was dissolved in 5% ethanol and then
raised the volume up to one liter. All the solutions
were prepared by the same procedure. Seeds of bitter

gourd were dipped in GA, concentrations (20, 40
and 60 mgL?) for 0, 6, 12 and 18 hours respectively.
The seeds were then dried in tissue folds and sown
at next day. All the treated seeds of bitter gourd
cultivar (Jaunpuri) were sown 30 c¢cm apart on the
ridges. Two to three seeds at a depth of 2.5cm were
sown. Thinning was also done to keep one plant after
seedling emergence. Row to row distance was kept 2
meters. All the cultural practices were practiced in the
field uniformly and timely. Randomized Complete
Block Design (RCBD) with two factors, replicated
three times was used as experimental design. Factor A
was GA, Concentrations (G, = control, G, = 20 mg/L,
G, =40 mg/L and G, = 60 mg/L), while factor B was
Dipping durations (D,= Control, D = 6hrs, D= 12hrs
and D,= 18hrs). The data of following experimental
parameters was calculated. Number of days taken to
emergence was recorded from sowing to emergence
of seedlings. Similarly, germination percentage was
recorded by dividing the number of germinated seeds
on total seed sown. The formula is as under:

Number of germinated seeds
X 100

Germination percentage =
p g Number of total seed sown

Furthermore, number of days to first flower was
calculated by counting the number of days from
sowing to first flower appearance of randomly
selected five plants and their average was calculated.
While numbers of fruits plant™ of randomly selected
five plants were recorded and their average was
calculated. Average fruit length was calculated using
the fruit picked from randomly selected five plants.
In case of fruit weight (g), average fruit weight of
randomly selected five plants was recorded and their
average was calculated. Similarly, plant height (cm)
was determined by selecting randomly five plants
from each treatment and their average was calculated.
Furthermore, Average fruit yield plant™ of randomly
selected five plants was measured and their averages
were calculated. Then total fruit yield plot® was
recorded and the yield (tons ha™) was computed by
the following formulae:

plot vield (kg) x 10000 T"ZI./{]_OOO

Yield (tons ha 1) = T e

While Survival percentage (%) was obtained by using
the following formulae:

Total number of plant survived
% 100

Survival tage =
UIVIVAL PErCemtase = o tal number of plant germinated
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Statistical analysis
For statistical analysis Statistix 8.1 was used and for
mean comparison LSD- test was applied (Steel et al.,

1997).
Results and Discussions

Days to emergence

The interactive effects of GA3 concentration and
dipping duration of seed significantly reduced days
to emergence. Maximum earliest emergence was
observed in the seeds dipped in 90 ppm GA3 for
18 hours (Figure 1). Regarding GA, concentrations
mean table shows that minimum days to emergence
(7.15) were observed in the seeds dipped in 60 mgL*
while maximum (8.67) were observed in seeds dipped
in distilled water. While comparing means of different
dipping duration’s minimum days to emergence (7.50)
were observed in seeds dipped for 18 hours while
maximum (8.39) was observed in untreated seeds.
Regarding interaction, minimum days to emergence
(6.88) were observed when the seeds were dipped in
60 mgL."! for 18 hours while maximum (10.33) were
observed when seeds were kept untreated. The success
of crop is viewed from its emergence. Seed viability
has an important contribution in emergence. The
result of this study is in line with the work of Arif
et al. (2005), Bradford (1998), who reported that the
possible reason for the primed seeds early emergence
might be the conclusion of pre-germinative metabolic
activities. Priming stimulates enzymes like amylase
and lipase which activate storage materials in seeds.
These results are in agreement with the findings of
Farooq et al. (2005). Every specie needs a specific
amount of time for germination in lag phase. (Pazdera

and Hosnedl, 2002).

Germination percentage (%)

The interactive effects of GA3 concentration and
dipping duration of seed significantly improved
germination percentage. Maximum germination
of seeds was observed when seed dipped in 90
ppm GA3 for 18 hours (Figure 2). Regarding GA,
concentrations, maximum germination percentage
(79.1%) was observed when seeds were dipped in
60 mgL?' solution, while minimum germination
percentage (54.0) was observed when seeds were
dipped in distilled water. In case of Dipping durations,
maximum germination percentage (75.1%) was
observed in seeds dipped for 18 hours and minimum
germination percentage (59.0 %) was recorded in
unprimed seeds. regarding interaction maximum

(88.9%) germination percentage was observed in
seeds soaked for 18 hours in 60 mgL'solution of
gibberellic acid while the minimum germination
percentage (44.7%) was recorded in un-primed seeds.
'The induction of membrane integrity and quantitative
changes of seeds biochemical contentis due to priming.
During seed germination, the physiological activities
are also enhanced because of priming. These results
have been justified the reason for higher germination
percentage was the pre-soaking treatment with GA,
as pre-soaking stimulates biochemical processes
such as hydrolysis, metabolism of growth inhibitors,
enzymes activation required for germination of plant.
Also, rehydration causes early germination because all
pre-germinative processes have already been occurred.
The reason for increased germination with increase
in dipping duration is because of that each specie
needs an optimum level of water in germination lag
phase where all pre-germinative processes taken place

(Pazdera and Hosnedl, 2002).

100 ~ —e— GAj3 Conc. 0 ppm
—0— GAj3 Conc. 20 ppm
95 - —w— GAj3 Conc. 40 ppm

—y— GAjz Conc. 60 ppm

90

85 1

80

75 1

Days to Germination

70 1

65

60 T T T T T T T T T T

*Fig:1 Dipping Duration
Figure 1: Effect of GA3 concentrations and dipping duration on
days to germination of bitter gourd.

Days to first flower

Regarding GA, concentrations, mean table shows
that minimum days to first flower (36.8) was observed
in the seeds dipped in 60 mgL' while maximum
(43.3) was observed when seeds dipped in distilled
H,O. While comparing means of difterent dipping
durations, minimum days to first flower (36.6) was
observed when seeds were dipped for 18 hours while
maximum (43.0) were observed in untreated seeds.
Days to flowering determines the period of maturity

(Table 1). It is highly linked with physiological
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maturity. Days to flowering can be measured as
the extinction of vegetative cycle and initiation of
reproductive cycle. The seeds dormancy is broken in
chemical priming. Growth hormones are secreted
and the speed of growth becomes much more rapid
than normal, likewise reported by Murungo et al.
(2004). During their experiments, they found that
primed crop emerges fast, flower earlier and give high
yield. Mauromicale et al. (2000) investigated seed
osmopriming as a mean to get early flowering, and
thus increase the yield of summer squash (Cucurbita
pepo L). The results of this study are also interrelated
with Harris et al. (2000) who showed that rice
priming causes earlier flowering in the crops and
hence improved the yield.

Table 1: Days to emergence, Germination %age, Days to
1st flower, No of fruits and Fruit Length as affected by seed
priming of bitter gourd as affected by GA3 concentrations
and dipping duration.

GA3 Con- Daysto  Germina- Daysto No of Fruit

centrations emergence tion %age 1stflower fruits Length

0 8.67 a 54.0d 43.3a 10.6d 13.1d
20 7.97 b 68.0 c 41.1b 12.6 ¢ 14.1¢
40 7.61b 74.3b 39.2 ¢ 151b 15.1b
60 7.15c 79.1a 36.8d 17.5a 16.5a
LSD at 5% 0.45 3.21 1.69 0.63 0.54
Dipping Duration

0 8.39 a 59.0 ¢ 43.0a 12.9¢ 13.2d
6 7.97ab  70.0b 41.0b 13.8b 14.2 ¢
12 7.54bc 713D 39.8b 14.1b 152D
18 7.50 ¢ 75.1a 36.6 c 15.0a 16.3a
LSD at 5% 0.45 3.21 1.69 0.63 0.54

Number of fruits

According to the mean values of GA, concentrations,
maximum number of fruits (17.5) were observed
when seeds were dipped in 60 mgLsolution, while
minimum number of fruits (10.6) when seeds were
dipped in distilled water, were recorded. In case of
Dipping durations, maximum number of fruits (15.0)
was observed in plots in which seeds were dipped for
18 hours followed by (14.1) when seeds were dipped
for 12 hours while the minimum number of fruits
(12.9) was recorded in untreated seeds (Table 1).
Number of fruits per plant is a main factor for final
yield determination. Number of fruits and number of
leaves has direct connection. The results are in line
with the findings of Ullah et al. (2002) which shows

that yield parameters such as number of primary

branches per plant, no of fruits per plant are increased
because of priming. The possible reason for increase in
fruits is subjected to improved emergence and better
seedlings growth as accepted by several researchers

(Harris et al. 2000).

100 — —*— GAj Conc. 0 ppm
—0— GAj3 Conc. 20 ppm
95 4 —w— GAj3 Conc. 40 ppm
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90

85

80 1

Germination (%)

75 A

70

65 A

60 T T T T T T T T T T

*Fig:2 Dipping Duration

Figure 2: Effect of GA3 concentrations and dipping duration on
germination percentage of bitter gourd.

Table 2: Fruit Weight, Plant height, Yield plot, Yield
ton hec”! and Survival %age as affected by seed priming
of bitter gourd as affected by GA3 concentrations and
dipping duration.

GA,Con- Fruit Plant Yield Yieldton Survival
centrations Weight height plot perhec  %age
0 86.2d 1943d 46d 12.7d 69.5d
20 963c 2008c 6.1c 169c 77.0 c
40 1059b 209.5b 8.0b 222b 83.1b
60 115.0a 216.2a 10.1a 28.0a 88.2a
LSD at 5% 3.43 3.9 0.4 112 2.72
Dipping Duration

0 96.0c 1963d 63c 17.6¢ 73.6 ¢
6 99.8b 2004c 7.0b 19.4b 79.6 b
12 101.3b 209.1b 73b 20.2b 80.5b
18 106.3a 2151a 81la 225a 84.1a
LSD at 5% 3.43 3.9 0.4 1.12 2.72

Fruit length (cm)

According to the mean values of GA, concentrations,
maximum fruit length (16.5cm) was observed when
seeds were dipped in 60 mgL* solution and minimum
fruit length (13.1cm) was recorded when seeds were
dipped in distilled water. In case of dipping durations,
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dipped for 18 hours, while the minimum fruit length
(13.2cm) was recorded in un-soaked seeds. This
increase in fruit length is due to better accumulation
of carbohydrates due to greater photosynthesis which
caused the fruit to increase in length. These results are
supported by the findings of (Uddain and Hossain,
2009). The longer fruits under GA, might be due
increased cell division and cell elongation which
would have special uptake of water and nutrients. A
similar effect with gibberellic acid application was
reported by Singh et al. (2006) (Table 1). The increase
in fruit length is due to activating cell division and
cell elongation along with increasing the metabolic
activity. Prabhu and Natarajan (2006) recorded
maximum fruit length in Ivy gourd when GA, and
NAA were applied. Similarly, Ashrafuzzaman et al.
(2010), Rajasekar (2015) also reported higher fruit
length in bitter gourd.

Fruit weight (gm)

According to the mean values of GA, concentrations,
maximum fruit weight (115.0g) was observed when
seeds were dipped in 60 mgL™? solution, whereas
minimum fruit weight (86.2g) was recorded when
seeds were dipped in distilled water. In case of
Dipping durations, maximum fruit weight (106.3
g) was recorded in seeds dipped for 18 hours and
minimum fruit weight (96.0 g) was observed in un-
primed seeds (Table 2). This increase in fruit weight
is assigned to GA,, since by its distinctiveness asset
(cell elongation) it has promoted the growth of all
vegetative parts and as a result more food substances
for fruit development was created by such plants
and fruits with superior weight were obtained.
The increasing fruit weight as a result of GA,
application has also been obtained by (Uddain and
Hossain, 2009). Results related observation was also
reported by Nagamani et al (2015), Ashrafuzzaman
et al (2010), Rajasekar (2015) in bitter gourd.

Plant height (cm)

According to the mean values of GA, concentrations,
maximum plant height (216.2 c¢m) was observed
when seeds were dipped in 60 mgL' solution and
minimum plant height (194.3 cm) was observed
when seeds were dipped in distilled water. In case of
Dipping durations, maximum plant height (215.1
cm) was observed in seed dipped for 18 hours, while
the minimum plant height (196.3 cm) was recorded
in untreated seeds (Table 2).The possible reason could
be faster growth rate of seedlings which generate

the competency amongst plants for nutrients, light,
water and space and resulted in taller plants. The
results are in conformity with Rashid et al. (2004),
who evaluated that seed priming improves the plant

growth and yield.

Yield plot™ (kg)

According to the mean values of GA concentrations,
maximum yield plot™ (10.1 kg) was observed when
seeds were dipped in 60 mgL™' solution, whereas
minimum yield plot? (4.6 kg) when seeds were
dipped in distilled water. In case of Dipping durations,
maximum yield plot™ (8.1 kg) was observed in seeds
dipped for 18 hours and minimum yield plot™ (6.3
kg) was recorded in untreated seeds. The probable
reason could be increase in number of fruits, fruit
length and weight. Yield is concluding production
of any crop. It depends upon various factors such as
genetic makeup, soil types and environmental factors.
'The improved yield due to priming in spinach is due
to early seedling growth and better plant nutrition,
Zhang et al. (1998). Uniform and vigorous seedling
growth improves yield of primed seeds and ultimately
results higher grain yield as reported by Harris et al.
(2000). The findings of the current research are in
line with Basra et al. (2003) who found that priming
treatment appreciably enhanced and plant weight
unlike with control.

Yield (tons ha™)

According to the mean values of GA, concentrations,
maximum yield (28.0 tons) was observed when seeds
were dipped in 60 mgL? solution, while minimum
yield (12.7 tons) when seeds were dipped in distilled
water, was recorded. In case of Dipping durations,
maximum yield (22.5 tons) was observed in seeds
dipped for 18 hours and minimum yield (17.6 tons)
was recorded in un-soaked seeds. Early seedling
growth and better plant diet results superior yield
due to priming in spinach as reported by Zhang et
al. (1998). The improved yield of primed seed plants
is due to consistent and substantial growth of seeds,
well developed root system and competent successive
growth. This led to higher grain yield as reported by
Harris et al. (2000). The results are similar with the
findings of Basra et al. (2003) who investigated that
priming treatment noticeably improved plant weight
as compared with control.

Survival percentage (%)
The interactive effects of GA3 concentration and
dipping duration of seed significantly increased
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survival percentage. Maximum survival of plants was
observed when seed dipped in 90 ppm GA3 for 18
hours (Figure 3). According to the mean values of
GA, concentrations, maximum survival percentage
(88.2%) were observed when seeds were dipped in 60
mgL* solution, while minimum survival percentage
(69.5%) when seeds were dipped in distilled water.
In case of Dipping durations, maximum survival
percentage (84.1%) was observed in plots having
seeds dipped for 18 and minimum survival percentage
(73.6 %) was obtained in untreated seeds. However
according to their interaction, maximum (97.0%)
survival percentage was observed in plots with seeds
soaking for 18 hours in 60 mgL" solution of gibberellic
acid while the minimum survival percentage (63.2%)
was recorded in un-primed seeds. Survival percentage
depends upon the quality of seeds. Seeds are mostly
infected by different pathogens. Due to infection, seed
germination percentage is decreased and chances of
plant survival are reduced. Phosphorus inactivates the
pathogens to avoid early seedling infection resulting
more survival percentage of primary seeds. The results
of this research study are aligned with Musa et al.
(2001) who worked on seed priming in chickpea in
which the damage caused by collar rot (Sclerotium
rolfsii) is significantly reduced. Recent work of Rashid
et al. (2004) also studies mungbean (Vigna radiate).
‘These mungbean grown from seed primed in water.
It showed serious symptoms of infection due to

Mungbean Yellow Mosaic Virus.

—e— GAj3 Conc. 0 ppm
100 3 pp:

—0— GA3 Conc.20 ppm
—w— GAj3 Conc.40 ppm

%1 —y— GA3 Conc.60 ppm

90

85 -
80 -
75 4
70 4
65 -

60

Survival (%)

*Fig:3 Dipping Duration

Figure 3: Effect of GA3 concentrations and dipping duration on
survival percentage of bitter gourd.

Conclusions and Recommendations

It is concluded that seeds of bitter gourd give best
results after priming with gibberellic acid (GA3)

for 18 hours. So, it should be practiced to boost the
production of bitter gourd in Peshawar valley.
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