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Optimizing the dose and foliar application frequency of growth regulators such as
gibberellic acid (GAs;) may play an important role in ensuring food security under
changing climate scenarios by boosting grain yield of food legumes such as
mungbean. A trial was conducted to evaluate the growth promoting effect of foliage
applied gibberellic acid (GAz) at various spraying frequencies for mungbean crop.
The employed treatments included four gibberellic acid levels (0, 100, 200, and
300ppm) and two application frequencies (single spray at 30days after sowing DAS,
and two sprays at 30 and 40 DAS). Water relations, yield contributing characteristics
and mungbean grain yield were among the response variables investigated. The
research findings revealed that GA; (200ppm applied twice at pre-flowering and
post-flowering stages) significantly improved the water relations, morphological and
yield attributes of mungbean. This treatment combination remained unmatched by
producing the highest relative water content in the stem (85.52), water retention
capacity in the stem (17.24), and water uptake capacity in the stem and leaf (2.35).
Furthermore, the same treatment combination resulted in the maximum plant
height (50.04cm), pods per plant (11.07), pod length (6.62cm), grains number per
pod (11.00), 100-grains weight (3.789), grain yield per plant (4.57g), and a minimum
water saturation deficit. Thus, GA; foliage application at 200ppm at 30 and 60 DAS
has the potential to stimulate growth and increase the yield attributes and grain
yield of mungbean. However, additional in-depth field trials with various doses of
GA; sprayed at a higher frequency may be required before recommending GA; for
general adoption to mungbean growers.
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gibberellic acid (GA;), growth regulators, water relations, grain yield, functional
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1. Introduction

Globally, legumes are being cultivated as crop rotation crops with
cereals for imparting sustainability to the modern commercial-oriented
farming systems because these have potential to reduce the
environmental concerns due to limited nitrogen (N) needs. In the root
nodules, legumes fix atmospheric N through a symbiotic fixation
process carried out by host-specific strains of rhizobia (Islam et al.,
2022). Symbiotic rhizobia can boost yields by accelerating flowering and
fruit ripening along with improving soil N in a biologically viable way
(Igbal et al., 2021b; Islam et al., 2021a). Mungbean [Vigna radiata (L.)
Wilczek] is an important food legume crop in South Asian countries like
India, Pakistan and particularly in Bangladesh (Islam et al., 2017a,b),
where it ranks first in terms of acreage and production (Igbal et al.,
2021a). It occupies pivotal position in Bangladesh owing to high dietary
and nutritional value as well as low-cost source of easily digestible
dietary protein (Islam et al., 2017b). Its grains are enriched with protein
(25.67%), fat (1-3%), carbohydrates (5.4%), fibers (3.5-4.5%), and ash
(4.5-5.5%; Islam et al., 2017¢; Igbal et al., 2018, 2019). Mungbean
protein is highly digestible because it contains low sulfur containing
amino acids especially lesser methionine is present than lysine (Islam
etal, 2017b; Igbal et al., 2021a). It may become a major source of protein
for the rapidly growing population of Bangladesh, which heavily relies
on low protein cereal-based diet leading to malnutrition. Because the
country relies on rice to meet its basic food needs, the cultivation of
mungbean is being shifted to less fertile and/or problematic soils where
sub-optimal management practices are carried out. As a result,
mungbean grain yield in Bangladesh continues to remain very low in
comparison to neighboring countries. This situation necessitates
developing farmer-friendly, biologically viable and scientifically tested
agronomic practices to increase growth and yield of mungbean in a
sustainable manner.

The plant growth hormones (PGHs) are organic substances
produced in extremely high, concentrations within the plant which
regulate cellular activities in response to signals. The PGHs also regulate
and standardize the growth and development of flowers, stems, leaves,
leaf shedding, and grain maturity. Contrastingly, plants could have
remained a clump of undifferentiated cells if hormones were absent or
present in very small amounts. The foliar applied PGHs aided in the
restoration of water content retardation in mungbean plants subjected
to a water deficit condition (Das et al., 1994). Gibberellic acid (GA;) is
one of the most PGHs which synergistically improved crop growth and
grain yield of wheat (Islam et al., 2014), and mungbean (Chakraborti
and Mukherji, 2003; Islam et al, 2021b). Additionally, GA; also
remained effective in improving soybean growth, development, and
yield when it was applied as seed priming agent before crop sowing
(Deotale et al., 1998) or as foliar application for various crops (Naidu
and Swamy, 1995; Haque and Haque, 2002).

Interestingly, gibberellins (GAs) effectively promoted the seedling
emergence, plant growth and development in soybean (Maske et al.,
1997), common bean, cowpea and pigeon pea (Khafagi et al., 1986),
black gram and horse gram (Chauhan et al., 2009). Furthermore, GAs
tend to breakdown seed dormancy and initiate the mobilization
endosperm reserves (Mahmoody and Noori, 2014). Likewise, GAs
trigger stem elongation by stimulating cell division, flower formation
and fruit development in many legume crops (Silva, 2004; Taiz and
Zeiger, 2010). Moreover, GA; improved crop performance and
productivity under normal and sub-optimal growth conditions
(Chakraborti and Mukherji, 2003), increased the size and production of
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grapevine fruit (Abu-Zahra, 2010) and improved the productivity and
quality of lily cut flowers (Sajid et al., 2009). Besides, it increased the
fiber yield of cotton (Copur et al., 2010) protein content of field peas
(Bora and Sarma, 2006), chemical constituents in Croton (Soad et al.,
2010), fruit size in Molina (Vwioko and Longe, 2009), floral buds in
Jojoba (Prat et al., 2008), and suppressed the undesirable compounds in
mungbean (Chakrabarti and Mukherji, 2002). Additionally, GA,
increased the leaf area index, dry weight, crop growth rate, relative
growth rate, net assimilation rate and yield in Allium cepa (Hore et al.,
1988), tree species (Naidu and Swamy, 1995), and mungbean (Haque
and Haque, 2002; Islam et al., 2021b).

More importantly, it increased the pigment content of Vicia faba
(Aldesuquy and Gaber, 1993), and the water use efficiency of wheat
(Aldesuquy and Ibrahim, 2001) by alleviating the adverse effects of
salinity. Another vital role of GA; is promotion of photosynthesis by
increasing the carboxylase activity of Rubisco in broad bean and
soybean (Yuan and Xu, 2001), along with boosting the rates of cyclic and
non-cyclic phosphorylations in tree species (Naidu and Swamy, 1995),
and regulated thetransport of ions in plants (Karmoker, 1984). It
increased water uptake in plant tissues, causing cell expansion and
diluting the sugars in the tissues under water scant conditions (Salisbury
and Ross, 1996). The hydrolysis of starch into reducing sugars by GA;
led to accumulation of sugar which improved the water balance and
osmotic potential of gerbera cut flowers. Moreover, the GA; decreased
transpiration and triggered transition from juvenile to mature stage
along with induction of flowering in cut flowers (Emongor, 2004), as
well as sex determination and fruit set establishment in horticultural
crops (Taiz and Zeiger, 2004). Likewise, GA; tend to boost protein
content by increasing nitrate reductase activity in cowpea (Singh and
Sharma, 1996), wheat (Aldesuquy and Ibrahim, 2001), black cumin
(Shah, 2004), and mungbean (Islam et al., 2021b). It has been reported
to be directly linked with the regulation of flower senescence in cut
flowers (Halevy and Mayak, 1981). Contrastingly, GA; decreased the
number of flowers and fruit set by boosting vegetative biomass, which
led to higher transmission of photo-assimilates to fruits during the
pre-blooming stage of soybean (Birnberg and Brenner, 1987). This
findings are supported by King et al. (2000), who recorded increased
in Fuschia hibrida and Pharbitis nil, which
inhibited flowering.

stem growth

Thus, the exogenous application of growth regulators like GA; may
become a viable tool for increasing crop productivity in a biologically
viable manner. However, the efficiency of GA; is dependent on the
concentration and frequency of application in relation to crop growth
stage, and there is very little information available on the exogenous
application of GA; for mungbean. We hypothesized that exogenous
application of GA; at various concentrations and frequencies hold
potential to boost grain yield of mungbean by improving water relations
and yield attributes. As a consequence, the current study was designed
to evaluate the effects of GA; and spraying frequency on mungbean
growth and yield with an ultimate aim to optimize the dose of GA; and
sort out the most productive application frequency.

2. Materials and methods
2.1. Plant genetic material

The mungbean variety BART Mung-8 was obtained from the Pulse
Research Center, Regional Agricultural Research Station, Ishurdi, Pabna,

frontiersin.org


https://doi.org/10.3389/fevo.2023.1048768
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org

Islam et al.

Bangladesh. It was developed in 2015 by the Bangladesh Agricultural
Research Institute andis being grown widely due to growth robustness
during all seasons (Rabi, Kharif-1, and Kharif-2), short life span
(58-60days), higher plant height (55-60 cm), moderate grain size (TSW
25-32g), deeply yellow grain color, high tolerance to yellow mosaic
virus and leaf spot diseases, and higher grain yield (1.6-1.7 tha™'; BARI
(Bangladesh Agricultural Research Institute), 2019).

2.2. Experimental site and design

An experiment was carried out at the Agronomy Pocket House,
Department of Agronomy, Hajee Mohammad Danesh Science and
Technology University (HSTU), Dinajpur, Bangladesh to determine the
effect of gibberellic acid on the growth, physiology and yield of
mungbean. The earthen pots were used to grow mungbean plants until
they were harvested. The study was planned according to completely
randomized design (CRD), and replicated five times of each treatment.
The experiment was completed within the period of March to May 2018.

2.3. Experimental treatments

The study included two factors of factor A: four gibberellic acid
(GA;) levels (0, 100, 200, and 300 ppm), and factor B: two spraying
frequencies (one time at 30 days after sowing: DAS, and two times at 30
and 40 DAS). Gibberellic acid was obtained from Nanjing Loyal
Chemical Co. Ltd., China imported by M/S Rahman Scientific Store,
Balubari, Dinajpur, Bangladesh, was used as a plant growth regulator.

2.4. Meteorological features of the study site

The crop was grown during Kharif-1 season, and the weather data
including temperature, rainfall and relative humidity (RH) were
recorded at the HSTU Meteorological Station, HSTU, Dinajpur during
the experimental period, and are shown in Table 1. The average monthly
temperatures (minimum and maximum), relative humidity, and rainfall
gradually increased with from March to May. The maximum rainfall
occurred between 55 and 61 DAS, corresponding to the grain
filling period.

2.5. Soil

The soil samples were collected from the Agronomy Research Field
at HSTU, Dinajpur, and analyzed by following the prescribed
procedure. The soil was sandy loam with a low nutrients status. Total
soil N was 0.07 per cent, available K was 0.10meq 100g™" soil, and
available P and S were 10.43 and 7.46 ppm, respectively. According to
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the critical value, the experimental soil had a low N and K content, a
moderate available S content, and a high P content. The organic carbon,
organic matter content, and soil pH values were 0.479, 0.925, and
5.61%, respectively. The physical and chemical properties of the soil are
shown in Table 2.

2.6. Execution of trial

Each plastic pot (17 cm x 19.5 cm) was filled up with approximately
10kg of well-pulverized air dried soil which was sandy loam type with
25.8% field capacity and 1.49 g/cc bulk density. The soil was mixed
with the recommended doses of fertilizers viz., 50, 90, 40 and 55 kg/ha
from Urea, TSP, MOP, and gypsum, respectively (BARI (Bangladesh
Agricultural Research Institute), 2019). Fertilizers were calculated on
basis of pot size and applied into the soil as a basal dose. Fifteen
mungbean seeds were sown separately in each pot at the desired
moisture level after sterilizing with 0.1% mercuric chloride solution
for 2min, and subsequently washing with tap water (Saminathan,
2013). Each pot was irrigated with a watering can in the evening, as
needed. Excess or stagnant water was effectively drained away by
leaking the pots at the bottom. Numerous intercultural operations like
thinning, weeding were conducted to improve growth and
development of the mungbean following seedling establishment. To
ensure optimal growth and development, the first weeding occurred
at 20 DAS followed by second at 35 DAS. Thinning was done gradually
in accordance with plant development, with the goal of retaining three
homogenous plants for harvesting. Plant protection measures were
taken as necessary such as Caterpillars infested the pots, which were
eradicated by hand (15g/L
Cypermethrin) twice at a concentration of 20 ml/500 ml of clean water.
Various doses of GA; (0, 100, 200, and 300 ppm) were applied as foliar
sprays at 30 and 40 DAS according to treatment specifications. The

successfully spraying Ripcord

crop was harvested manually from each pot on 31 May, 2018 at full
maturity. The harvested crop from each plot was bundled together,
tagged and transported to the threshing floor. Mungbean seeds were
harvested, threshed and cleaned with care.

2.7. Measurement of plant water status

The shoots of mungbean were separated at 45 DAS and fresh weights
of fully expanded third trifoliate leaves and stems were taken. The plant
parts were immersed in distilled water for 24 h at room temperature in
the dark. The turgid weights of those plant parts were measured, and
then all of the materials were oven-dried at 80°C for 72h to obtain dry
weight. The fresh, turgid and dry weights of the plant segments were
used to calculate the relative water content (RWC), water saturation
deficit (WSD), water retention capacity (WRC) and water uptake
capacity (WUC) according to Saneoka et al. (1995):

TABLE 1 Monthly average temperature (minimum, maximum, and average), relative humidity (%), and rainfall (mm) during the experiment.

Months Temperature (°C) Relative humidity Total rainfall
Minimum Maximum Average v i)

March 16.6 30.7 237 69 1.0

April 20.4 35.2 27.8 76 7.0

May 235 343 289 81 179.0
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TABLE 2 Physical and chemical properties of the soil used in the experiment.

10.3389/fevo.2023.1048768

Characteristics Value Critical level Extraction methods

Sand (%) 50.8 - -

Silt (%) 324 - -

Clay (%) 16.8 - -

Textural class Sandy loam - Hydrometer method (Black, 1965). Determined by Marshall’s triangular coordinates
by USDA system

pH 5.61 - Glass-electrode pH meter with 1:1.25 soil-water ratios (Page et al., 1982)

Organic carbon (%) 0.479 - ‘Wet oxidation method (Black, 1965)

Organic matter (%) 0.925 - Wet oxidation method (Black, 1965). Calculated by Van Bemmelen factor 1.73 (Piper,
1966)

Total N (%) 0.07 0.10 Micro-Kjeldahl method (Bremner and Mulvaney, 1982)

Available P (ppm) 10.43 8.00 Molybdate blue ascorbic acid (Bray and Kurtz, 1945)

Exchangeable K (me 100~ g soil) 0.03 0.08 Determined by flame photometer

Available S (ppm) 7.46 8.00 Turbidity method using BaCl, (Fox et al., 1964)

Source: Soil Resources Development Institute (SRDI) Noshipur, Dinajpur.

Fresh weight — Dry weight %100

Relative Content (RWC) = Turgid weight — Dry weight

Water Saturation Deficit (WSD) =100 —RWC

Water Retention Capacity (WRC) = M
Dry weight

Turgid weight — Fresh weight

Water Uptake Capacity (WUC) = 5 -
ry weig

2.8. Data collection

At the harvesting stage, plant height was measured from the base to
the top of the plant. Three plant samples were taken from each pot and
means were calculated. The number of pods per pot was manually
counted at harvest, and their average was calculated. The length of pods
was measured from the base to the tip using a measuring tape. The
number of grains in each pod was counted. In that case, each pod from
each pot was removed and the means were computed. The number of
grains was counted from 10 randomly selected pods of three plants from
each plot, and the mean number was expressed per pod. A total of
hundred cleaned sun dried grains were counted and weighted using an
electrical balance. The grains were separated by threshing them in pots.
The sample was then sun dried and weighed. Grain yield was adjusted
to a moisture content of 12% (Hellevang, 1995), and grain yield per plant
was calculated by dividing the value by the number of plants in each pot.
The harvest index was calculated by dividing the seed yield and
biological yield (seed + stover yield) from the same area and multiplying
the result by 100 (Gardner et al., 1985).

Frontiers in Ecology and Evolution

2.9. Functional relationship

Grain yield and GA; levels were analyzed using regression analysis
(Payne et al., 2001), and the relationship were quadratic by polynomial
function defined as Y=a+bx—cx’. There are four coefficients of
regression in this equation: Y'=dependent variable (yield attributes),
a=Intercept (constant), b and c=Regression coefficients, and
x=Independent variable (nutrient element). The polynomial regression
equation developed by Gomez and Gomez (1984) was used to calculate
yield the optimum level of GA; for maximum grain yield with the help
of formula as given below:

Optimum GAj level for maximum yield of mungbean = ;—
c.

Grain yield was also predicted against optimum GA; levels using a
functional relationship that was developed.

2.10. Statistical analysis

The statistical analysis of recorded data was performed using
computer-run statistical package of MSTAT-C (version 2.1, Michigan
State University, United States), and the results were presented as
mean + SE (n=3). Subsequently, Duncan’s Multiple Range Test (DMRT)
was employed at a 5% level of probability for determining the
significance among treatments (Gomez and Gomez, 1984).

3. Results and discussion
3.1. Water relations of mungbean
3.1.1. Relative water content

The relative water content (RWC) of leaves is an important
characteristic, which has significant relationship with yield and plant stress
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tolerance (Merah, 2001; Almeselmani et al., 2012). The results revealed that
GA, foliar application in different concentrations and frequencies
significantly increased RWC in different parts of the mungbean (leaf and
stem; Table 3). The highest RWC (85.52%) in mungbean was recorded for
twice application of GA, (200 ppm) compared to the control (75.06%). This
treatment combination resulted in 9.94% increase in RWC than control.
These findings are consistent with the conclusion made by Hossain et al.
(2015) who inferred that GA; application at different growth stages had a
positive effect on relative water content of chick pea (Lobato et al., 2009).
Likewise, spraying of GA, increased RWC in plant tissues causing cell
expansion and diluting the sugars in the tissues (Salisbury and Ross, 1996).
The hydrolysis of starch into reducing sugars caused by GA, results in sugar
accumulation which tend to improve the water balance and osmotic
potential of gerbera cut flowers. Moreover, it has also been inferred that GA,
application decreasing transpiration in cut flowers which might be ascribed
to higher RWC and productivity (Emongor, 2004). In this study, twice foliar
spraying of GA, remained more effective than single spray and these
findings are in concurrence with number of previously reported research
findings (Aldesuquy and Ibrahim, 2001; Ashraf and Foolad, 2007).

3.1.2. Water saturation deficit

Water saturation deficit (WSD) exhibits an inverse relationship
with RWC and indicates the degree of water deficit in plants (Islam,
2001). The application of GA; at various growth stages significantly
reduced the water saturation deficit (WSD) in leaf and stem of
mungbean (Table 3). The highest WSD (36.73) was found in the leaves
and stems under control conditions (without application of GA;), while
the lowest (21.45) was found after foliar spraying GA; at 200 ppm levels
at 30 and 40 DAS. The lowest WSD values indicated relatively vigorous
plant growth, which resulted in significantly higher mungbean yield.
Previously, it was reported that GA; application as seed priming
remained effective in increasing seed water uptake, germination and
early seedling growth in sugar beet under salt stress (Jamil and Rha,
2007). Besides that, GA; counteracted the negative effects of saline by
increasing water uptake in Vicia faba seeds (Shukry and El-Bassiouny,
2002). Furthermore, GA; increased water absorption in plant tissue,
and reduced water saturation deficit which aided in boosting growth
traits and grain yield of food legumes (Salisbury and Ross, 1996).

3.1.3. Water retention capacity
Water retention capacity (WRC) is a turgid weight: dry weight ratio
which depicts the capacity of a plant cell to retain water at a specific

10.3389/fevo.2023.1048768

growth stage and thus it can be used as a critical and reliable indication
of plant growth and health (Islam, 2001). The WRC of mungbean leaves
and stems increased significantly in our trial as a result of foliar
application of GA; and spraying frequencies (Table 4). The WRC of
mungbean grew up to 200 ppm when GA; was sprayed on it, and
thereafter it dropped significantly. Spraying GA; at 30 and 40 DAS
resulted in higher WRC values than one time spraying (at 30 DAS) for
all treatments, including control. The highest WRC (17.24) was observed
after two sprayings of GA; at a concentration of 200 ppm, while the
lowest (7.54) was evidenced at control and the rate of increment was
approximately 129% over control. According to Hossain et al. (2015),
GA,; application gradually improved water retention capacity of cowpea.
In addition, GA; remained effective in increasing K uptake which
improved water and nutrient transport through the xylem and thus
influenced a variety of biochemical and physiological traits such as
photosynthesis, respiration, protein synthesis, cell extension, and wall
thickness and stability (Abbas et al., 2011). Furthermore, it tends to
activate various enzymes and facilitates adenosine triphosphate (ATP)
biosynthesis, which in turn regulates the rate of photosynthesis (Atkin
and Macherel, 2009). The plant transport system uses gibberellin to
promote growth by stimulating cells for quick division, as well as
elongation which is followed, by hydrolysis of starch to sugar, resulting
in a reduced water potential and allowing water to enter the cell. The
growth promoting effect of GA; on germination and seedling growth
may be attributed to its indirect effect on membrane permeability to
water (Shivanna et al., 2007) as water uptake was significantly improved
by GA; exogenous application.

3.1.4. Water uptake capacity

The WUC measures the capacity of plant cells to absorb water per
unit dry weight at a specific growth stage of plants (Islam, 2001). The
GA, foliar sprays significantly increased the WUC of mungbean plants.
The dose of 200 ppm of GA; applied twice at 30 and 40 DAS resulted in
the highest WUC (Table 4). These findings are in concurrence with
previously reported conclusions where GA;significantly increased the
WUC in wheat (Aldesuquy and Ibrahim, 2001), mustard (Banyal and
Rai, 2003), and cut flowers (Emongor, 2004). According to Salisbury and
Ross (1996), GA, effectively increased water uptake in plant tissue by
lowering the water potential of the cells and allowing water to enter the
cells more quickly. Furthermore, with the application of GA;, the NPK
content in the leaves and pods increased significantly, which could be a
sign of increased water uptake in pea plant (Fouda, 2017).

TABLE 3 The RWC and WSD in different plant parts of mungbean in response to exogenously applied different concentrations of GA; at varying frequencies.

Doses of Water relations
GA; (PPM) RWC WSD

Stem Leaf Stem Leaf

One time  Two times One time Two times Onetime  Two times One time Two times

0 75.06 d 75.40 d 63.27d 65.23d 24942 24.60a 36.73a 3477a
100 77.06 cd 81.35b 66.01 cd 76.23a 22.94ab 18.65 ¢ 33.99 ab 23.77d
200 80.99 b 85.52a 71.22b 78.55a 19.01 ¢ 14.48d 28.78 ¢ 21.45d
300 79.22 be 78.74 be 69.68 be 7747 a 20.78 be 21.26 be 30.32 be 22.53d
LSD 2.49%:* 4.18% 2.49%:* 4.18%
cv 1.36 331 4.80 8.10

RWG, relative water content; WSD, water saturation deficit. Data followed by same letter are not significantly different by DMRT test at p <0.05. * = Significant at p = 0.05, ** = Significant at p=0.01 ppm.
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3.2. Morphological and yield components of
mungbean

3.2.1. Plant height

The plant height of mungbean was significantly affected by the GA,
application at different frequencies, while 200 ppm dose applied twice
remained unmatched by producing the tallest (50.0 cm) plant (Table 5).
GA,; application near the terminal bud of the plant stimulated growth
and development. It might be inferred that taller plants by foliar
application of GA,might have triggered cell division which led to
increased plant height. Similar growth stimulating effects were observed
in mungbean (Abdel et al,, 2011; Keykha et al., 2014; Islam et al., 2017a),
chickpea (Igbal et al., 2001), cowpea (Emongor, 2007), and field peas
(Singh et al., 2015). Likewise, the growth promoting effect of GA; on the
plant height has also been reported in soybean (Leite et al., 2003), black
gram and horse gram (Chauhan et al., 2009), and linseed (Ayala-Silva
etal., 2005; Rastogi et al., 2013). It has been suggested that the impact of
GA; may be due to increased internode length as a result of increased
cell multiplication and cell number. In this study, GA; had pronounced
stimulatory effect on plant water status, such as RWC, RUC and WRC
(Tables 3, 4), which could be due to improved nutrient transport
through the xylem, influencing photosynthesis, respiration, and cell
extension, and thus increasing plant height. The results revealed that two
applications of GA; are preferable than one in terms of mungbean plant
height which might be attributed to GA,; critical role in regulating cell
division in meristematic tissues, resulting in the creation ion of new cells
and accelerated plant development (Emongor, 2007). It has been
reported earlier that plant growth and development was regulated by
various exogenous and endogenous factors, including the growth
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regulators (Taiz and Zeiger, 2010). The GA; are found in those tissues
that are elongating the most rapidly, such as stems, petioles, and flower
inflorescences (Ayala-Silva et al., 2005). Ross et al. (2003) noted that GA,
promotes stem elongation by increasing the physiological levels of auxin,
either by increasing auxin production or decreasing the destruction
of auxin.

3.2.2. Total pods per plant

The results of this trial explored that the GA; spraying at different
doses and frequencies had a significant effect on the total pods plant™
in mungbean (Table 5). The total pods increased up to 200 ppm and then
decreased significantly. At 100 and 200 ppm of GA;, two applications
increased total pods plant™ by 28 and 37%, respectively, compared to
single application. The maximum number of pods plant™ (11.07) were
recorded at 200 ppm GA; with two applications, while the minimum
number of pods plant™ (6.053) was recorded for control treatment.
These findings are consistent with those reported for mustard (Khan
et al,, 1988), pea (Bora and Sarma, 2006; Fouda, 2017), cowpea
(Emongor, 2007), and mungbean (Islam et al., 2021b). It has been
inferred that GA; @ 100 ppm produced the highest pods per plant
(8.49% increase over control) in mungbean (Abdel et al., 2011), while @
200 ppm produced the highest pods per plant in peas (Singh et al., 2015).
This could be attributed to crop genetic variability. The exogenous GA;
application increased vegetative and reproductive growth parameters
especially total pods per plant as per data recordings of this study which
is consistent with the findings of Ilias et al. (2007). Through
intermingling with other growth promoting hormones in mungbean,
the GA, appears to have demonstrated the performance of leaf growth
and reproductive organs (Abdel et al., 2011). On the contrary, it has been

TABLE 4 The WRC and WUC in different plant parts of mungbean in response to exogenously applied GA; in different doses and frequencies.

Doses of Water relations
GA; (PPM)

Stem Leaf Stem Leaf

Onetime  Two times One time Two times Onetime  Two times One time Two times

0 7.54g 8.78 530h 6.00g 1.63e 1.91d 1.58d 1.74cd
100 944 ¢ 12.21b 6.45 f 9.09¢ 1.94 cd 2.09 bed 1.85¢ 1.92 be
200 12.20b 17.24a 8.22d 11.41a 2.13be 2.35a 2.08 ab 223a
300 1043d 11.15¢ 739 9.69b 1.96 bed 2.16 ab 1.94 be 1.96 be
LSD 0.17%% 0.21%% 0.20% 0.24*
cv 0.64 1.10 5.49 5.99

WRC, water retention capacity; WUC, water uptake capacity. Data followed by same letter are not significantly different by DMRT test at p<0.05. * = Significant at p = 0.05, ** = Significant at p=0.01 ppm.

TABLE 5 Reproductive yield attributes of mungbean as influenced by exogenously applied GA; in different concentrations and frequencies.

Doses of Plant height (cm) Total pods Pod length (cm) No. of grains pod—
GA; (PPM) Onetime  Two times Onetime  Two times Onetime Twotimes Onetime  Two times
0 29.15¢ 34.17d 6.05 ¢ 7.00 de 4.97 f 5.47d 7.02d 8.09 cd
100 38.53 ¢ 39.34 ¢ 7.01 de 9.00 be 511e 578 ¢ 8.09 cd 9.10 be
200 42.09b 50.04 a 8.05 cd 11.07 a 574 ¢ 6.62a 9.01 be 11.00 a
300 37.21¢ 43.44b 7.30d 9.50 b 5.49d 5.99b 8.50 bed 9.70 ab
LSD 2.92 1.06 0.115 1.49
cv 3.66 6.98 0.74 6.80
Data followed by same letter are not significantly different by DMRT test at p <0.05.
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determined that GA; decreased the total pods per plant in common
bean (Emongor, 2002).

3.2.3. Pod length

The length of pods varied significantly due to exogenous application
of GA; in various concentrations and frequencies. The dose of 200 ppm
applied twice and control treatment produced the longest (6.617 cm)
and the shortest (4.97 cm) pod lengths, respectively (Table 5). The pod
enlargement might be due to active cell division induced by exogenously
applied GA; (Inglese et al., 2005). Similar findings have been reported
for garden pea (Singh et al., 2015) and mungbean (Islam et al., 2021b).
According to Emongor (2007), the application of GA; to cowpea plants
significantly increased pod length. The GA,; spraying significantly
increased pod lengths in mungbean (Bhadra, 2004) and rape (Ancha
and Morgan, 1996). In contrast, Abdel et al. (2011) inferred that the
increase in pod length (3.71% over control) with the application of GA;
in mungbean was statistically significant with control treatment.
Emongor (2002) also stated that GA; treatments had no effect on the
pod lengths of bean plant. The GA; treatment at 50 and 100 ppm, on the
other hand, resulted in a significant reduction in pea yield traits
(El-Shraiy and Hegazi, 2009). These contrasting findings might
be interpreted by varying plant-growth regulator-environment
interaction which resulted in contradictory findings (Hedden and
Thomas, 2012).

3.2.4. Grains per pods

The different concentrations of foliar applied GA; at different
frequencies significantly influenced the number of grains pod™ of
mungbean. The maximum number of grains pod™" (11.07) was obtained
for twice application of GA; in200ppm concentration, while the
minimum number (7.05) was acquired for the control treatment
(Table 5). Nonetheless, the increase in grains pod™" exaggerated by GA,
was significantly greater in dual spraying during the growing season than
in single spraying. GA; @ 200 ppm application resulted in the highest
number grains pod™" in mungbean (Islam et al., 2021b), and in garden
pea (Singh et al., 2015). Rastogi et al. (2013) confirm that exogenous GA;
application significantly increased grain yield in linseed. Cowpea yielded
similar results (Emongor, 2007). Gibberellin stimulates flowering and
can cause fruit set by initiating fruit growth, which is followed by
pollination (Gupta and Gupta, 2005). Gibberellin has been shown to play
a significant role in tomato fruit development and gene expression (Jong
etal., 2009). The GA; also played an important role in stem elongation
and leaf expansion, as well as reducing maturation time, and increasing
flower and fruit set in food legumes (Roy and Nasiruddin, 2011).
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3.2.5. 100-grains weight

The 100-grains weight was also influenced by the GA; doses and
frequency of exogenous application. The highest 100-grain weight
(3.78 g) was obtained when GA,; was applied twice at a concentration of
200 ppm, while the lowest corresponding value (2.79 g) was obtained for
control treatment (Table 6). However, GA; @ 200 ppm applied as two
foliar sprays remained unmatched by resulting in the greatest 100-seed
weight (35.48%). Similar to our findings, Groot et al. (1987) found that
the exogenous application of GA; increased grain weight gradually. As
reported by Bora and Sarma (2006), the seed index was gradually
increased with the foliage applied GA; up to 250 ppm. Similar trends
have also been reported in mungbean (Bhadra, 2004; Islam et al., 2021b)
and cowpea (Emongor, 2007). It has been reported that GA; application
exogenously contributed to increase the endogenous GA; level in
developing grains that might have increased the 100 seed weight (Nagar
etal, 2021). GA; also enhances the grain filling duration which ensures
long time transportation of photo-assimilates to the grain (sink),
consequently increases the 100 grain weight (Wang et al., 2006).

3.3. Grain and biomass yield, and harvest
index

3.3.1. Grain yield per plant

The application of GA; at various concentrations and frequencies
significantly increased grain yield plant™ which ranged from 1.19 to
4.57g plant™ (Table 6). The maximum and minimum grain yields
plant™ were recorded for foliar applied GA; @ 200 ppm in two sprays
and the control treatments, respectively. The findings also revealed that
GA, remained effective in increasing the grain yield up to a certain
concentration (200 ppm), and that increasing spraying frequencies (two
times) always promoted grain yield more than one time spraying. These
findings corroborate with those of previously reported results where
GA, foliar application significantly promoted seed development and
yield in mungbean (Bhadra, 2004; Abdel-Mouty and El-Greadly, 2008;
Keykha et al., 2014; Islam et al., 2021b). Exogenous application of GA;
also remained effective in increasing grain yield of black gram (Islam
et al,, 2010), field peas (Swain et al., 1997; Bora and Sarma, 2006),
cowpea (Emongor, 2007), and linseed (Faizanullah et al., 2010; Rahimi
et al., 2011; Rastogi et al., 2013). Our results revealed that the GA;
improved the yield attributes such as the plant height, total pods plant™,
pod length, number of grains pod™ and 100-grains weight which
ultimately increased the grain yield of mungbean. Rastogi et al. (2013)
found that linseed seed yield was strongly related to the plant height, and

TABLE 6 The 100-grain weight, grain and biomass yield, and harvest index of mungbean in response to foliage applied GA; in varying concentrations and
frequencies.

Doses of 100-grain weight (g) Grain yield (g plant™?) Biomass yield (g plant™?) HI (%)

GA; (PPM) Onetime Twotimes Onetime Twotimes Onetime Twotimes Onetime  Two times
0 279e 2.97 cde 119d 1.67 cd 098 f 103 f 5484 61.85d
100 2.89 de 3.16 be 1.62 cd 2.58 be L12e 1.01f 59.12d 71.87b
200 3.12bed 378a 2.24 be 457a 127d 1.62b 63.82¢ 73.83a
300 2.98 cde 332b 1.84cd 3.06b 148 ¢ 1982 5542 60.71d
LSD 0.244 0.935 0.141 2.56

cv 4.66 534 8.09 2.65

Data followed by same letter are not significantly different by DMRT test at p <0.05.
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Copur et al. (2010) inferred that plant height increment indirectly affects
seed yield in cotton via number of nodes and sympodia branches
development. Foliar application of GA; at pre-flowering, increased
sunlight trapping, which increased mustard dry matter and grain yield
(Khan et al., 1988). These improved traits by foliar applied GA; tend to
increase assimilates production which is directly related to yield. The
application of GA; at 10°M on 30 days old plants increased mustard
seed yield (Hayat et al., 2001), but GA; 100 ppm concentration produced
the highest soybean seed yield (Maske et al., 1997; Deotale et al., 1998).

3.3.2. Biomass yield

The frequency and doses of GA; applied to the foliage had a
significant impact on the biomass yield of mungbean (Table 6). GA; @
300 ppm produced the highest biomass yield as compare to other doses
of GA;, and two times application exhibited higher biomass yield than
one time application. Nonetheless, the maximum biomass yield (1.98 g
plant™) was obtained after twice applying GA; @ 300 ppm, while the
minimum biomass yield (0.98 g plant™) was obtained for the control
treatment. It was reported in many studies that GA; enhanced the plant
growth by increasing fresh and dry weights of leaves, number of leaves
per plant (Azab, 2018; Iftikhar et al., 2020), plant height, biomass, stem
weight, stem diameter, and the number of stems (Ullah et al., 2017).
Previously, a significant effect of GA; on the biological yield, stover yield
and harvest index was observed in mungbean (Beall et al., 1996; Uddin,
1999; Alam et al., 2018; Rahman et al., 2018).

3.3.3. Harvest index (%)

The frequent application of GA; gradually influenced the harvest
index (HI) of mungbean. Application of GA; gradually increased the HI
up to 200 ppm concentration, and this level of GA; showed the highest HI,
while the lowest was in 0 ppm (control). On the other hand, frequency of
application had significant effect on the HI. However, the highest harvest
index (73.83%) was obtained from two applications of GA; @ 200 ppm,
while the lowest (54.84%) was obtained from the control (Table 6). The
GA; application on a regular basis had a significant impact on mungbean
harvest index, as proven in mungbean (Uddin, 1999; Alam et al., 2018),
and bean (Beall et al., 1996). The present finding are conformity with
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FIGURE 1

Correlation coefficients of seed yield per plant with other yield
contributing characteristics of mungbean under different
concentrations and frequencies of GAs (PH, plant height; TP. total pods
plant™*; PL. pod length; GPP, grains pod=*; HGW, hundred grains weight;
GY, grain yield).
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Verma et al. (2016) where they found 12.79% increment of HI due to
addition of 150ppm GA; over control condition. Contrariwise, this
finding is not consistent with the results of Nagar et al. (2021) who
reported that GA; is unable to increase the HI remarkably of wheat.

3.4. Coefficient of correlation

The varying doses and frequency of GA; foliar application had a
significant influence on the correlation coefficient of yield and yield
components of mungbean (Figure 1). Positive correlation was found
between the plant height and total pods plant™ (p<0.01). In addition,
significantly positive correlation existed between the total pods plant™,
pod length, grains plant™', hundred grain weight and grain yield. The
hundred grain weight and grain yield were positively correlated with the
pods plant™ and grains plant™'. Similar to the current study, a positive
correlation between harvest mode and seed yield was observed in
mungbean (Malik et al., 1986; Khan, 1988; Natarajan et al., 1988; Patil
and Deshmukh, 1988; Singh et al., 1988; Naidu and Satyanarayana,
1993), and in mash (Vigna mungo L.; Patil and Narkhede, 1987; Ghafoor
etal,, 1990). A significant positive correlation between plant height and
seeds pod™" was found in mungbean (Naidu and Satyanarayana, 1993),
lending support to the current study.

3.5. Functional relationship between grain
yield and applied GA; level

The functional equation fits the grain yield data as well as it was
influenced by the different levels and frequencies of GA; application
(Figure 2). Estimated optimum doses of GA; for maximum grain yield
and their corresponding yields were calculated using the two regression
equations (one and two times application of GAj Table 7). The
coefficients of determination R*=87 and 76, respectively, expressed the
yield response of mungbean to GA; application of approximately 87 and
76 per cent. The application of 1 ppm GA; increased grain yield by 0.008
and 0.024 g plant™', respectively.

3.6. Optimum level of GA;

Based on the developed function, the estimated optimum dose of
GA; was 200 ppm when applied once and twice, and the maximum grain
yield was 1.92 and 3.84 g plant™, respectively (Table 7). It implies that
the grain yield was increased with increasing GA; dose up to 200 ppm,
respectively, and that further application of higher doses tend to reduce
mungbean grain yield.

4. Conclusion

Based on recorded findings, it is inferred that results remained
in concurrence with the postulated hypothesis remained asGA;
stimulated various morpho-physiological parameters of mungbean,
including water relations (RWC, WSD, WRC, and WUC), growth
and yield contributing characteristics (plant height, total pods
plant™, pod length, grains per pod, total grains plant™', and
100-grains weight) of mungbean. Moreover, the GA; foliar
application significantly increased grain yield and biomass
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Functional relationship between GA; (concentrations and frequencies) and grain yield of mungbean.

TABLE 7 The impact of different doses of GA; applied at varying frequencies
on grain yield of mungbean.

Predicted
optimum dose

Maximum grain
yield at optimum
level (g plant™)

from response
function (ppm)

One time application 200 1.92

Two times application 200

3.84 ‘

productivity along with harvest index of mungbean. According to
the findings, the exogenous application of GA; in 200ppm
concentration twice during the pre-flowering and post-flowering
stages preserved critical water status and yield attributes, resulting
in significantly higher mungbean grain yield. As a result, it may
be recommended for general use by mungbean growers; however,
additional in-depth trials for optimizing GA; doses and application
frequency for mungbean are recommended.
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