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Abstract

Background The bitter gourd fruit yields are not at a desirable level due to maleness. Maleness is one of the big-
gest difficulties with bitter gourd, reducing fruit yields substantially. On the other hand, plant stages are the most
important consideration for PGR application because of their sensitive responsiveness. Therefore, it is necessary to
determine how bitter gourd plants respond to plant growth regulators, namely PGR, (control: application of water
as control treatment), PGR, (GA;-Gibberellic acid, 100 mgL”), PGR, (NAA-Naphthalene acetic acid, 100 mgL”), and
PGR; (MH- Maleic hydrazide, 100 mgL~") at three application phases, S;: soaking of seeds; S,: four-leaf; and S;: flower
bud in terms of vegetative development, male—female flower sex alteration, and fruit features including bioactive
compounds.

Results Physiological, floral and yield characteristics of bitter gourd exposed significant changes by GA; and MH

at various stages. The number of leaves plant™', the fresh mass of the plant, and the fresh mass of fruit and fruit dry
matter content were enhanced remarkably for MH application at the seed soaking stage except for plant height and
the number of branches plant™'. MH increased the number of female flowers plant™', the number of fruits plant™'
and the yield at the 4-leaf stage of application. PGRs substantially influenced the quantity of sugar, chlorophyll, total
carotenoids, protein, and water content at various phases of their application but not on ascorbic acid, TSS, or total
phenol concentration.

Conclusions For sex expression and yield attributes, 100 mgL™' MH at the 4-leaf stage would be effective in bitter
gourd. Exogenous NAA showed a considerable dual influence on plant development and antioxidant enzyme activity
in bitter gourd fruits.
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Background

The pleading for vegetable cultivation has stamped up
rapidly due to accomplishing great financial interest
worldwide. People are becoming more concerned about
their health and continuously favor requiring vegeta-
bles, cucurbitaceous, for their fundamental therapeutic
and nutritional qualities (Gayathry and John 2022). Bit-
ter gourd (Momordica charantia L.) belongs to the family
Cucurbitaceae and is a tendril bearing vine type herba-
ceous plant and one of the most popular crops in Bang-
ladesh. Fruits are highly nutritive and high in antibiotic,
antimutagenic, antioxidant, antiviral, antidiabetic and
immune-enhancing properties (Anayat 2020). Its extract,
obtained from leaves and fruits, is useful for controlling
higher blood sugar and treating infections, wounds and
fevers (Ahmad et al. 2019). However, flowering behav-
ior may shift with cultivar, and climatic conditions and
sex expression in cucurbits can be modified by hor-
monal factors (Moniruzzaman et al. 2019; Reddy et al.
2020; Shailendrakumar et al. 2017). Fruit yields are not
increasing satisfactorily according to Bangladesh’s rising
demand. Total production of bitter gourd in 2020-2021
was about 59,313.35 metric tons on around 26,810.75
acres of land (BBS 2022). Like other cucurbits, maleness
is one of the major problems in the bitter gourd, signifi-
cantly reducing fruit yields.

The contemporary farming paradigm, including agri-
cultural advancement, pressures researchers to find
novel ways to intensify agricultural production, enhance
quality metrics, and minimize adverse environmen-
tal consequences (Caradonia et al. 2022). The usage of
biostimulants, in accordance with (Mousavi et al. 2022),
reduces the adverse impacts of biotic and abiotic stress-
ors. Plant growth regulators, including growth promot-
ers and retardants, are another class of biologically active
compounds. These agents work primarily by boosting
growth while retaining the inherent ability to produce
plants, including improved roots, yield, and chemical
properties (Kolodziejc and Gwo 2022). Generally, they
are used for enhancing flowering, especially for sex
expression. They also enhance the source-sink relation-
ship and stimulate photoassimilate translocation to help
better the fruit set (Moniruzzaman et al. 2019; Reddy
et al. 2020; Shailendrakumar et al. 2017). The exog-
enous application of gibberellic acid actively influenced
many plants’ physiological activities, including cell divi-
sion, cell elongation and cell expansion, which stimulate
plant growth (Sprangers et al. 2020). Altering the flower-
ing sequence and sex ratio is the most important in the
sex modification of cucurbits. Maleic hydrazide affected
the growth and sex expression in bottle gourd (Sarkar
et al. 2019). NAA is also used to change the sex ratio and
sequence, which affects a plant’s ability to develop and
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produce traits that contribute to its yield (Gerdakaneh
et al. 2018).

Different plant stages are the prime consideration
for PGR’s application because of their sensitivity. Plant
growth regulators significantly enhance early flowering,
harvesting, and maximum fruit setting when applied at
the 2-leaf and flower initiation stage (Sarkar et al. 2019).
Plant growth regulators positively influenced vegeta-
tive, flowering, modification of sex expression and fruit
traits in bitter gourd when sprayed twice at various stages
(Sarkar et al. 2019). So, PGRs might have potentialities
to influence plant growth in terms of use in the suitable
stage. Although PGRs have been utilized effectively in
many crops, their precise effects during critical stages of
development, such as seed germination, leaf expansion,
and flower bud formation in bitter gourd, are still mostly
unclear. Because of their wide spectrum effectiveness
on every aspect of plant growth, the present experiment
aimed that plant growth regulators have a useful poten-
tiality to determine the sex ratio for increasing the yield
and quality of bitter gourd and to evaluate the perfor-
mances of PGR at various stages.

Methods

Experimental site

The experiment was carried out from February to June in
open field provision at the Horticulture Farm of Sher-e-
Bangla Agricultural University, Bangladesh, 24.09°N and
90.26°E longitude with an elevation of 8.20 m from sea
level. The soil was loamy, and the site was characterized
by three distinct seasons: winter (November to Febru-
ary), pre-monsoon (March to April) and monsoon (May
to October).

Experimental design and application of PGRs

The experiment was laid out following Randomized
Complete Block Design with four replications. Four
levels of plant growth regulators were studied as PGR;
control (0 mgL™!), PGR;: GA, (Gibberellic acid 100
mgL '), PGR,: NAA (naphthalene acetic acid100 mgL ™)
and PGR;: MH (maleic hydrazide 100 mgL™!) at three
application stages viz. S;: seed soaking, S,: 4-leaf and S
flower bud. Plant growth regulators were applied at every
stage, beginning with the soaking of the seeds and con-
tinued until the beginning of the flowering phase. Each
plant received roughly 20 mL of solution. A commercial
hand-held sprayer was used to completely cover the plant
by spraying the abaxial and adaxial surfaces of the leaves.

Growing conditions

Seeds of BARI Karala-1, a variety of bitter gourd, were
collected from the Horticulture Research Centre of
Bangladesh Agriculture Research Institute and used as
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planting material. The plot was opened in the second
week of February with a power tiller and displayed to
the sun for a week. Pits 45 x 45 x 40 cm sized were ready
1.5 m apart during a single row on the bed. Inorganic fer-
tilizers- N, P, K, S, Zn and B and organic fertilizers were
used for commercial production in the form of urea,
triple superphosphate, muriate of potash, gypsum, zinc
sulfate, boric acid, and cow dung, respectively. Healthy
about 20 day-old seedlings were selected, and only those
with at least four true leaves were transplanted in the
prepared pit on the second week of March. Intercultural
operations were done as per requirements. Bitter gourd
fruits were harvested while they were still green, just
about full size but before the skin began changing color.

Data collection

The number of days it took for seeds to germinate, the
final height of each plant, and the total number of leaves
and branches were all recorded. Floral data such as days
to first blooming, the numbers of male and female flow-
ers and their ratio per plant were recorded. Since PGRs
were applied at three different times, namely the seed
soaking stage, the 4-leaf stage, and the flower bud stage,
floral parameters were only recorded after the flowers
had fully blossomed. The roots and fruits were sepa-
rated, and the fresh and dry biomass weights were deter-
mined using a delicate balance. The chlorophyll content
of the leaves was determined using the method described
in Lee et al. (2000). To summarize, 0.2 g of fresh leaves
were mashed in a mortar with 3 mL of acetone (80 per-
cent v/v). After that, the pellet was re-extracted with a
10 mL acetone solution till discoloration appeared. The
uppermost phase of the solution was filtered, and the
absorbance was measured at 645 and 663 nm with a
spectrophotometer to determine chl a and chl b.

Extraction and determination of fruit biochemical
composition

After immediate harvesting, fresh fruit samples were
taken to evaluate bioactive compounds. Sugar contents
were estimated by the Fehling reagent method (AOAC
2005). The carotenoid content of the fruits was deter-
mined using the same method for chlorophyll content
described earlier (Lee et al. 2000), where the absorbance
was measured at 470 nm with a spectrophotometer. The
Folin—Ciocalteu method was used to determine total
phenolic content, as defined by Jayaprakasha et al. (2001).
In brief, a 5 g sample was extracted with 100 mL 80%
methanol for 24 h in a shaking bath. Next, 7.9 mL distilled
water, 0.1 mL extract, and 0.5 mL Folin—Ciocalteu rea-
gent (1:1 with water) were mixed in a 10 mL tube. Next,
1.5 mL sodium carbonate (10%) was added after 1 min
and thoroughly mixed, and the absorbance was measured
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at 765 nm. The total phenolic content is expressed as mg
g~ ! fresh extract. The Kjeldahl method was used to deter-
mine the protein content (Motsara and Roy 2008). The
proportion of total nitrogen (%TN) was measured first,
followed by the fraction of non-protein (%NPN). The dif-
ference between % NPN and % TN was used to calculate
the proportion of protein nitrogen (%PN). The actual pro-
tein (total N- non-protein N) x 6.25 was calculated. For
the determination of total N, 0.5 g sample, 5.0 g sodium
sulfate (Na,SO,), and 0.5 g copper sulfate (CuSO,) were
heated for around 2 h with 11 mL of concentrated sulfu-
ric acid (H,SO,) until the color of the digested mixture
changed to colorless. After cooling the digestion mixture,
around 10 ml of water was added to dissolve the digestion
product. 35 ml of sodium hydroxide (40%) was added to
that digested result. The ammonia gas was absorbed with
20 mL of 1 M HCL in another big capillary tube. The
intensity of HCL was measured with a standard sodium
carbonate solution and methyl orange as an indicator. A
0.2 g sample was obtained and dissolved in 20 ml of water
and 30 ml of 20% trichloroacetic acid to determine non-
protein nitrogen (NPN). The filtrate was then mixed with
5.0 g of sodium sulfate (Na,SO,), 0.5 g of copper sulfate
(CuSO,), and 8.0 ml concentrated sulfuric acid (H,SO,).
The NPN was calculated from the change in HCI con-
centration using the previously stated technique for total
nitrogen determination. The indophenol method out-
lined by Nielsen (2017) was used to estimate vitamin C
content. Briefly, using a mortar and pestle, 30 g of fresh
fruits were mashed with 10 mL of trichloroacetic acid
(6%) (TCA) added. The extract was brought to 100 mL
with the TCA mixture after being ground and strained.
The samples were titrated separately with the indophenol
dye solution until a light rose pink color persisted for 5 s.
TSS (°Brix) was measured directly in the juice with a dig-
ital hand refractometer (ERMA, Tokyo, Japan) at room
temperature in a 58—92% range.

Statistical analysis

Analysis of variance was performed to evaluate the signif-
icance of the effect of plant growth regulators and their
application stage in bitter gourd’s growth physiology and
quality. LSD test was used to determine variances among
the treatments where P <0.05 was considered significant.

Results

Growth features

Plant growth regulators at different application stages
showed significant effects on days to germination (Fig. 1),
plant height, number of leaves and number of branches
plant™! of bitter gourd (Table 1). The findings on the time
needed for germination completion were considerably
longer under PGR; (7.63 days) conditions applied in the
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Fig. 1 Effect of plant growth regulators at different stages on days to germination (%). Abbreviations are as follows: PGRy: 0, PGR;: 100 mgL~" GA,,
PGR,: 100 mgL~" NAA and PGR5: 100 mgL~" MH (maleic hydrazide), S;: seed soaking stage, S,: 4-leaf stage and S;: flower bud stage. Different letters

in the same column indicate significant differences between treatments (p <0.05). Vertical bars indicate standard errors

Table 1 Plant height (cm), number of leaves and number of branches per plant as influenced by plant growth regulators at different

stages

Growth regulators Application stage Plant height Number of leaves Number of branches
S, 388.7543.20¢ 325254726 20.75+£063"

PGR, S, 401.2543.59 344.75+1.89¢ 24.25+025¢
S, 388.2540.48¢ 351.7546.06% 22.7540.48°
S, 4585042537 365.00+ 7,63 25254048

PGR, S, 45400+3.76° 361.2542.78% 22754+063°
S; 457.0049.26° 372.7546.135¢ 26.500.29°
S, 451504686 374.00+9.16°¢ 23.004041¢

PGR, S, 409.75+4.33¢ 388.75 4345 25.5040.29°
S, 439.25+6.29° 371,50+ 563 24504029
S, 353.2544.64" 426,00+ 22.00° 17.7540.259

PGR, S, 37425+1.11¢ 391.25+8.20° 28004041
S, 360.50 +4.35¢f 423754692 20004041

LSD 05 13.95 2559 123

V% 236 475 367

P value 0.00 0.04 0.00

PGR,: 0, PGR;: 100 mgL~" GA;, PGR,: 100 mgL~' NAA (naphthalene acetic acid) and PGR;: 100 mgL~" MH (maleic hydrazide), S,: seed soaking stage, S: 4-leaf stage
and S;: flower bud stage. Different letters in the same column indicate significant differences between treatments (p < 0.05). Values are mean 4 SE

seed soaking stage. Maleic hydrazide induces dormancy,
whereas gibberellic acid reduces dormancy and acceler-
ates germination. It takes 5.25 days to germinate when
the bitter gourd seed is treated at the seed soaking stage
(Fig. 1). Different phases of bitter gourd and GA; appli-
cation rates interacted highly with plant height (Table 1).
The maximum plant height (458.50 cm) was recorded in
the seed soaking stage (Table 1). In comparison, a signifi-
cant relationship between NAA and various application

stages was also noticed in bitter gourd plant height, with
a peak in the seed soaking stage (451.50 cm). The maxi-
mum number of leaves (426.00) and branches (28.00)
plant™! was recorded in PGR, (maleic hydrazide) applica-
tion in the stage of S; and S, respectively, being signifi-
cantly superior among different treatment combinations
at harvesting (Table 1).
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Floral features

The number of female flowers plant™' respond nota-
bly in variation by different PGRs when treated at seed
soaking, 4-leaf stage and flower bud stage of bitter gourd
(Table 2). In any case, days to first flowering, the num-
ber of male flower plants™' and the male—female ratio
did not respond significantly. The number of female
flowers in plant™! increased by around 29.9% and was
highest (27.83) with PGR,S, though the lowest (19.5) in
PGR,S,; (Table 2). No statistically significant difference
in the male—female flower ratio was influenced by MH
(Table 2).

Physiological attributes

Fresh plant mass, single fruit weight, fruit dry matter
content and root dry matter content exhibited significant
variation by PGRs at different application stages of bitter
gourd except for fresh root mass (Table 3). Plants grow-
ing in PGR;S, showed the highest fresh mass of plant
(14.08 kg) and fruit dry matter content (10.37%), while
the lowest fresh mass of plant (9.11 kg) in PGR;S; and
fruit dry matter content (6.80%) was attained in PGR,S,
at harvesting.

Yield components

Data regarding the number of fruits plant™!, single fruit
weight, fruit length (Table 4) and fruit yield (Fig. 2) of
bitter gourd under PGRs conditions at different stages
were significantly higher among treatment combinations
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where fruit setting (%) showed non-significant. How-
ever, compared to the control treatment in the 4-leaf
stage and flower bud stage, except for the seed soaking
phases, fruit diameter in MH (maleic hydrazide) treated
plants exhibited reduced diameter (Table 4). The maxi-
mum number of fruits plant™ was recorded in PGR,S,
at harvest, 35.9% more than PGR0OS1, where the mini-
mum number was found (Table 4). GA; was distinct from
other growth regulator treatments for bitter gourd fruit
weight enhancement (Table 4). All growth regulators as
treatments differed considerably from the control regard-
ing fruit weight gain. The interaction of GA; application
and bitter gourd stages was an important factor for fruit
weight (Table 4). When 100 mgL ™' GA, was sprayed in
the 4-leaf stage of bitter gourd, the fruit weight increased
by 52.74% compared to the control (Table 4). Moreover,
the fruit yield ranged between 25.42 t ha™! in PGR,S, to
11.26 t ha™* PGR,S, at harvest, showing 55.7% enhance-
ment (Fig. 2). Present results showed that the number of
fruits plant™! and fruit yield was highest in plants receiv-
ing MH at the 4-leaf stage. Meanwhile, plants grow-
ing under PGR;S, exhibited the topmost fruit length
(19.52 cm) and fruit diameter (4.99 cm), respectively, fol-
lowed by PGR,S, and PGR,S,. However, the undermost
fruit length (9.97 cm) and fruit diameter (3.35 cm) were
attained in PGR,S, respectively, at harvesting (Table 4).

Table 2 Effect of plant growth regulators on days to flowering, number of male and female flowers (plant™") and their sex ratio at

various stages

Growth regulators Application stage Days to first flowering

Number of male flowers Number of female Male-

flowers Female
flower ratio
S 43.754£048° 552541.18° 19.5040.20" 2.8340.04°
PGR, S, 42.25+0.85% 56.75+1.03° 21.3240.27% 267 +0.06°
S; 42754+063° 56.2541.25° 20.8340.50¢ 2.7040.08°
S 39.75+0.85° 61.00+1.08° 2260+0.36° 2.704+0.04°
PGR, S, 39.254048° 61.754+1.18° 24.4040.24¢ 2.5340.05%
S; 39.254048° 62.2541.10° 24.7540.25% 2.5240.04°
S 40.00+041° 59.50+1.04° 22.2740.50° 2.68+0.08°
PGR, S, 39.5040.65% 62.0041.41° 25.5040.29° 2434007°
S5 39.75+048° 61.75+0.85° 240040359 2.58+£0.06%
S 38754063 60.004+1.78° 23.7540.32¢ 25340112
PGR; S, 38.50+£0.65° 61.00+1.58° 27.83+0.25° 2.1940.08°
S; 40.00+£041° 58.254+2.06° 26.2540.43° 2.2240.06%
LSD 005 178 248 1.02 0.15
CV% 3.07 2.89 301 4.15
P value 0.63 0.31 0.02 0.32

PGR,: 0, PGR;: 100 mgL™! GA;, PGR,: 100 mgL~" NAA (naphthalene acetic acid) and PGR;: 100 mgL~" MH (maleic hydrazide), S,: seed soaking stage, S,: 4-leaf stage
and S;: flower bud stage. Different letters in the same column indicate significant differences between treatments (p < 0.05). Values are mean & SE
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Table 3 Influenced of different plant growth regulators on the fresh mass of plant (kg), fresh root mass (g), fruit dry matter content (%)

and root dry matter content (%) at various stages of bitter gourd

Growth regulators Application stage Plant fresh mass

Root fresh mass Fruit dry matter Root dry matter content

content
S, 9.2840.30°f 9.70+£0.24° 6.80=0.09" 1164062
PGR, S, 109840415 9654028 8564 0.05¢ 12.1340.38°
S, 9.81 4045 9.93+042° 7.0940.069 112540401
S 10.53 064> 1097 +132° 8224007¢ 13304051
PGR, S, 14.084047° 9124051 10.374005° 12404054
S, 11.184043° 9244074 8500.13% 11.78 40415
S, 10.24 40,360 10.59+0.58° 86640019 12.314008>
PGR, S, 10.75 4048 10.094048° 9.3840.14° 12.1840.37°
S 9144036 855+0.89° 8.9940.09 12.58+0.22%
S, 9.114037" 9.44+033° 6.96+0.049" 12.1540.30°
PGR, S, 10.3540.350 100940712 867+0.109 12.5340.39°¢
S, 9444 0.40%" 9.8840.72° 7.8140.20' 12.5340.38%¢
LSD (005, 119 1.88 027 095
V% 7.98 13.40 229 538
P value 002 026 000 0.05

PGR,: 0, PGR;: 100 mgL~" GA;, PGR,: 100 mgL~' NAA (naphthalene acetic acid) and PGR;: 100 mgL~" MH (maleic hydrazide), S,: seed soaking stage, S: 4-leaf stage
and S;: flower bud stage. Different letters in the same column indicate significant differences between treatments (p < 0.05). Values are mean 4 SE

Table 4 Influenced of different plant growth regulators on fruit setting (%), number of fruits (plant™"), single fruit weight (g), fruit
length (cm) and fruit diameter (cm) at various application stages in bitter gourd

Growth regulators Application Fruit setting Number of fruits Single fruit weight Fruit length Fruit diameter
stage
S, 84644170 16.5040.29" 102.3040.80" 9.97+0.20 3354001

PGR, S, 911941912 19454053 122.7340.93¢ 1508043 418+001d°
S, 8647 +1.24° 18000419 119.7041.419 13454051¢ 406+001¢
S, 918541242 20.7540.25%f 137.1943.19° 14.134043% 4024003¢

PGR, S, 88.18+205° 21504029 156.2643.33° 195240317 499+0.16°
S, 92.564339° 22904080 14872 42.29% 16.4240.52° 4144002%
S, 89.844303° 200040.71¢f 132474375 1407 +0.24% 4324007

PGR, S, 91.56+£333° 2332+068° 149.9841.99° 16.6140.24° 476+0.02°
S, 880642572 21.2040.59% 140,00+ 2.69% 14944028 4384006
S, 84.67+£3.14° 20.1040.72%f 140164 1.34% 14.1841.00% 36240039

PGR, S, 925340942 257540252 147.96 41515 16.5940.26° 4314006
S, 811043022 21.25+048% 1436741.35¢ 15304035 3854011

LSD (o05) 6.79 142 539 1.06 0.19

V% 533 472 274 488 318

P value 0.06 0.00 0.00 0.00 0.00

PGR,: 0, PGR;: 100 mgL™" GA;, PGR,: 100 mgL~' NAA (naphthalene acetic acid) and PGR;: 100 mgL™" MH (maleic hydrazide), S,: seed soaking stage, S: 4-leaf stage

and S;: flower bud stage. Different letters in the same column indicate significant differences between treatments (p < 0.05). Values are mean 4 SE

Biochemical attributes

Non-reducing sugar, total carotenoid, total phenol
concentration, ascorbic acid and TSS were not signifi-
cantly influenced by PGRs at various phases of appli-
cation (Table 5). The reducing sugar content (Table 5),
chlorophyll content (Fig. 3), and water content (Fig. 4)
in bitter gourd cultivars is considerably influenced

by the interaction between PGRs and the applica-
tion stages. When treatment PGR,: 100 mgL™' NAA
was sprayed to the flower bud stage in bitter gourd, it
significantly enhanced the amount of reducing sugar
(1.98 mg) and protein (1.75 mg) compared to control
and other treatments (Table 5). The treatment of PGRs
at various stages, including seed soaking and flower
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Fig. 2 Fffect of plant growth regulators at various application stages on fruit yield (tha™") in bitter gourd. Abbreviations are as follows: PGRy;: 0, PGR;:
100 mgL™! GA; (gibberellic acid) PGR,: 100 mgL~" NAA (naphthalene acetic acid) and PGR;: 100 mgL~™" MH (maleic hydrazide), S;: seed soaking
stage, S,: 4-leaf stage and S;: flower bud stage. Different letters in the same column indicate significant differences between treatments (p < 0.05).

Vertical bars indicate standard errors

Table 5 Biochemical composition in bitter gourd fruits under different growth regulators conditions at various stages

Growth Application Reducing Non-reducing  Total Total phenol Protein Ascorbic acid TSS (%)

regulators stage sugar sugar carotenoid content

PGR, S, 1644003° 3714002° 2.5440.02° 9554021°  1.33£002 10650+236° 4.73£0.16°
S, 1.734£0.04% 3.6940.04° 2524004 94540.18° 12340019 104.684+024° 47540107
S; 1784001 3784005 2584002 955+4021° 12840019 102504247° 4.88=+0.05°

PGR, S, 1.90£0.04% 3.8540.06° 26640.02° 95840.18° 1484001 109754085 4884008
S, 1784001 3.8040.06 26240.02° 10.134£030° 13640049 105.0041.22* 4.9040.06°
S, 1834£001°¢ 38940017 2724002° 983+£009° 1434001%"  104504166° 4.90+0.06°

PGR, S, 1.90 +0.04% 3.8340.04° 2684001° 9884008  164+003%® 109.0041.22° 493+002°
S, 1834005°¢ 38840017 2724001° 990+£007° 15240019 107.004122% 495+0.03°
S, 1984009 403+£002° 2.754003° 9944003 175+002° 107.504050° 493 +0.05%

PGR, S, 1.934£0.05% 3.9640.04 2.7340.02° 9.7840.09° 1594001 111.254125 4984005
S, 17540039 37840017 2624002° 985+006° 1454003%"  109504096° 4.98+0.02°
S, 1.85+0.04% 3.9840.06° 2.724002° 99440417 1654006 107.254+131° 51040047

LSD 05 0.12 0.12 0.06 0.55 0.08 346 0.21

CVo% 443 216 162 3.91 374 225 298

P value

003 0.12 007 0.73 0.01 063 0.89

Sugar content and total phenol are expressed as mg g~ fresh extract, and total carotenoids, protein content and ascorbic acid as mg 100 g~ fresh extract.
Abbreviations are as follows: PGR;: 0, PGR;: 100 mgL~" GA,, PGR,: 100 mgL~" NAA (naphthalene acetic acid) and PGR;: 100 mgL~' MH (maleic hydrazide), S;: seed
soaking stage, S,: 4-leaf stage and Ss: flower bud stage. Different letters in the same column indicate significant differences between treatments (p <0.05). Values are

mean =+ SE

bud development, affects these biochemical composi-
tions. Reducing sugar (Table 5) and chlorophyll (Fig. 3)
content were higher when NAA was treated during the
seed soaking stage and flower bud stage. In contrast,

protein content was higher during the flower bud

stage (Table 5). Chlorophyll levels (chl a 1.51 and chl
b 0.55 mg) were higher in the PGR,S, treatment than
in the other treatments (Fig. 3). Although water con-
tent was substantially higher in control, there were
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considerable reductions (89.64%) when treatment
with 100 mgL~' NAA was used during the 4-leaf stage
(Fig. 4).

Discussion

Exogenous plant hormones may potentially influence
the germination process. Maleic hydrazide (MH) acts as
a plant growth inhibitor and has activities that oppose
gibberellic acid. MH modestly suppresses the sprouting

process of the seed of the broomrapes plant (Venezian
et al. 2017). Maleic hydrazide may serve as an antimi-
totic agent, inhibiting cell division but not expansion. As
a result, the bitter gourd seed may have delayed cellular
proliferation and taken longer to germinate (Fig. 1). The
result is supported by Haber and White (1960) previ-
ous studies, which suggested that MH influences mitosis
in a system where GA does not and that MH does not
affect cell growth in a system where GA is active. On the
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other hand, the significant influence of GA; (Fig. 1) on
seed germination may be linked to its role in the func-
tioning of alpha-amylase, which catalyzes the breakdown
of starches into simple CHO and releases energy stored
that is required in embryonic stimulation. The external
application may have accelerated plant development by
enhancing cell proliferation and extension with internal
gibberellin generated by the seed embryo, leading in fast
plant growth (Guzman et al. 2021). The results are in line
with those of Chen et al. (2020), who claimed that cell
division or cell growth patterns are commonly altered
to generate alterations in tomato fruit morphology and
ripening.

The fast and quick emergence may have contributed
to the seedlings’ strong development throughout the
succeeding growth phase. The highest plant height in
GA; could have come about due to cellular differentia-
tion and expansion, which could have boosted the inter-
nodal length of the bitter gourd plant (Table 1). The
results are consistent with the statement that GA posi-
tively increases plant height (Han et al. 2018). Varying
plant growth regulators considerably impact the num-
ber of branches and foliage. The increase in the num-
ber of leaves might be due to the reduced plant height,
which upgraded side branching. Results indicated that
maleic hydrazide application at seed soaking hindered
plant height (Table 1) but contributed to the maximum
number of leaves. MH application marginally limits the
advancement of apical tissue and causes diminishment
in plant height. Similar findings in cucumber were also
associated (Sarkar et al. 2019).

Maleic hydrazide treatment differed considerably
from other treatments for altering sex expression in
bitter gourd flowers (Table 2). It happened due to the
response of MH that equivalenced the sex by reducing
respiration and advancing photosynthates accumula-
tion in plants. The results were following the findings of
Sarkar et al. (2019), who observed that the application
of MH enhanced female flowers in cucumber by lower-
ing respiration and increasing photosynthates in plants.
These results also corresponded with the statement of
Gosai et al. (2020), where pistillate flowers of cucum-
ber increased with MH application at 450 uM/] concen-
trations. Plant growth regulators did not significantly
influence the male—female flower ratio (Table 2). The
reduction of the sex ratio following MH treatment might
be attributable to the formation of additional branches
on which female flowers bloomed in large numbers.

The effectiveness of plant growth regulators on physi-
ological characteristics, including the fresh plant mass
and dry matter content of fruit and root, varied consider-
ably between phases of the bitter gourd plant (Table 3).
The increased number of branches and leaves might be
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attributed to PGRs assisting in the exuberance of plant
metabolic processes and the stimulatory action of chemi-
cals in forming new leaves more quicker. The mobiliza-
tion of nutrients and water moved faster, which may have
enhanced more photosynthesizing products and translo-
cation to various plant parts, resulting in better seedling
growth and, thus, more fresh and dry weight (Table 3).
Exogenous use of PGRs has also been demonstrated to
support source-sink relationships with increased fresh
biomass and dry matter buildup in bitter gourd fruit pro-
duction. PGRs can translocate and partition nutrients
from sources to sinks (Jan et al. 2023). Each treatment’s
biomass may indicate the potential of certain hormones
to improve photosynthesis rate and photosynthates
translocation effectiveness (Mbandlwa et al. 2019). Gib-
berellic acid has been focused on many plant species to
enhance biomass, yields, and dry matter accumulation
(Prajapati et al. 2021; Whitehead and Edwards 2015).
However, a significant increase in fruit’s fresh biomass
after applying GA; might be attributed to both improved
genetic features and GA;-mediated increased nutritional
intake, which would then support the leaves’ ability for
photosynthetic respiration (Saleem et al. 2021).

Fruit weight responds to the PGRs variedly at differ-
ent stages of bitter gourd (Table 4). The increase in sin-
gle fruit weight with GA; 100 mgL ™" at the 4-leaf stage
might be attributed to auxins’ propensity to trigger
physiological changes in plants, primarily increased fruit
weight and enhanced photosynthetic activity, synthesis,
and metabolite translocation from source to sink sites
(Table 4). It was validated by the findings, stating that
the favorable effects of growth regulators were evident in
cucurbits growth, fruit productivity, and its characteris-
tics (Moniruzzaman et al. 2019; Reddy et al. 2020; Sarkar
et al. 2019; Shailendrakumar et al. 2017). Plant growth
regulators are recognized to have an impact on crop phe-
nology and vyield, with gibberellic acid (GA;) and NAA
being the most notable PGRs that have an impact on the
yield component in the bitter gourd in the current exper-
iment (Fig. 2). GAs improves plant growth, floral organs
and yield (Hifny et al. 2017). It also affects the antioxi-
dant enzyme activities in fruits (Anwar et al. 2018). Fruit
production increased because plants produced more
fruit. Another cause for higher fruit productivity owing
to MH treatments might be a boost in the number of
branching, which is linked to increased production of
pistillate flowers in cucumber in bitter gourd (Sarkar
et al. 2019). In this experiment, the number of female
flowers (Table 2) was increased by MH application,
which might be the reason for accelerating the number
of fruits (Table 4). These results are in accordance with
the statement of (Sarkar et al. 2019), who stated that fruit
number and their percentage depend on the number of
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female flowers plant™'. Likewise, Ries and Stutte (1985)
concluded that the application of MH enhanced female
flowering and fruit yield by regulating C:N ratio in plants.
Yield, the actual economic trait of any crop, is primarily
decided by the number of fruits plant™. The highest fruit
length and diameter were found from plants sprayed with
GA,; at the 4-leaf stage (Table 4). Exogenous application
of GA; enhanced fruit length and diameter due to the
stimulation of the metabolic activity of plants along with
cell division and cell enlargement. Similar results were
reported by Ahmad et al. (2019, Chen et al. (2020).

Naphthalene acetic acid and Gibberellic acid in bitter
gourd boosted biochemical substances as their exog-
enous application in various phases of plant growth
and development (Table 5). Fruit biochemical attributes
of bitter gourd might be improved as a consequence of
more active food utilization, higher photosynthesized
product, enhanced nutrients and water ingestion, low-
ered transpiration, and higher translocation due to the
application of plant growth regulators. According to
earlier research, either singly or in combination, plant
growth regulators control the transcription of genes,
enhancing the synthesis of a particular hormone to cre-
ate proteins (Zhao et al. 2023). However, by stimulating
the formation of phenolic compounds, GA; treatment
can increase the antioxidant activity of plants (Didi et al.
2022). Gibberex, when applied exogenously and at higher
concentrations, has two effects on bitter gourd plants:
first, it improves plant growth and yield (Hifny et al. 2017;
Rajashree and Deepanshu 2022), and second, it affects
the antioxidant enzyme activities in fruits (Abbas et al.
2020; Anwar et al. 2018). Chlorophyll concentration may
rise or decrease depending on the application stage of
plant growth regulators (Fig. 3). The increased photosyn-
thesis rate conferred by GA; treatment might be linked
to improved plastid ultra-structural morphogenesis and
increased rubisco activity (data not taken). The result is
supported by the previous findings that fluctuation in
chlorophyll concentration owing to growth regulator
treatment is attributable to less chlorophyll degradation
and/or enhanced chlorophyll synthesizing (Mbandlwa
et al. 2019; Talal and Al-Chalabi 2020).

Conclusions

Plant growth regulators, which influence the process
from seed germination to fruit development, includ-
ing fruit quality through multiple physiological mech-
anisms, can modify the bitter gourd plant’s growth
pattern. Growth, yield and fruit dry matter content
in bitter gourd were significantly enhanced by PGRs
application at seed soaking, 4-leaf, and flower bud
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stage. Under different PGRs, MH application at the
seed soaking stage showed significant differences in the
number of leaves plant™!, the fresh mass of the plant,
the fresh mass of fruit, and the fruit dry matter content
of the bitter gourd. Besides, MH application also exhib-
ited remarkable differences in sex expression and fruit
yield at the 4-leaf stage. Meanwhile, MH had no signifi-
cant effect on the biochemical attributes of bitter gourd
in terms of various application stages. Thus, among dif-
ferent PGRs, 100 mgL~' MH application at the 4-leaf
stage would be the better option for sex expression and
yield enhancement of bitter gourd. The application of
GA; resulted in a considerable increase in bitter gourd
leaf chlorophyll content and individual fruit weight.
Naphthalene acetic acid significantly impacted both
plant growth and antioxidant enzyme activity in bitter
gourd fruits. Further study on PGR levels and stages
of application on bitter gourd will indeed be required
to have a better knowledge of how plants respond to
growth regulators or retardants.

Abbreviations
% Percentage

uM/L Micromoles per liter

AOAC Association of Official Agricultural Chemists
B Boron

BARI Bangladesh Agricultural Research Institute
BBS Bangladesh Bureau of Statistics
Chl Chlorophyll

CHO Carbohydrate

cm Centimeter

CusO, Copper sulfate

cv Coefficient of variation

g Gram

GA; Gibberellic acid

H,S0, Sulfuric acid

HC Hydrochloric acid

K Potassium

Kg Kilogram

LSD Least Significant Difference
mglL™! Milligram per liter

MH Maleic hydrazide

N Nitrogen

Na,SO,  Sodium sulfate

NAA Naphthalene acetic acid
NPN Non-protein

P Phosphorus

P Probability

PGR Plant growth regulator

PN Protein nitrogen

S Sulfur

SE Standard error

TCA Trichloroacetic acid

tha™' Ton per hectare

™ Total nitrogen

TSS Total soluble solids

Zn Zinc
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