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Dryness is among the limiting abiotic factors of plant productivity. Papaya skin extract
contains phytochemical antioxidants, such as phenolic compounds, flavonoids, and
vitamin C. The study aimed to analyze how papaya skin extract affects mungbean grown
under drought stress conditions. The experiment was arranged in a factorial randomized
block design. The first factor was drought stress consisting of 3 levels (100% Field
Capacity (FC) = control, 70% FC = mild stress, and 40% FC = medium stress), the second
factor was papaya skin extract consisting of 4 concentration levels (0%, 1%, 2%, and
3%), with 3 replicates. The results of the study showed a significant interaction effect of
papaya skin extract and drought stress on pod size and the number of seeds (p = 0.05).
Independently, the growth rate and the dry seed were influenced by drought stress. An
increase in drought stress from 100% to 40% FC resulted in increased stunted growth, as
reflected in the decrease in plant height and leaf area, as well as a decrease in seed yield
to 28.3% compared to the control. In addition, the components of growth and yield were
significantly affected (p = 0.05) by papaya skin extract. In comparison to the control, the
use of papaya skin extract improved plant growth and potentially increased seed yields
by 11.2%. These findings suggest that papaya skin extract has the potential to mitigate
drought stress in mungbean cultivation.

1. INTRODUCTION

Mungbean, a member of the legume family, is an important
grain crop widely cultivated in Asia and has a variety of
market segments, including dry grains, sprouts, transparent
noodles, and paste [1]. Mungbean is the third most important
leguminous crop in Indonesia and the world, next to soybean
and peanuts, with a productivity of 1.14 t ha™ in 2021 [2].
Mungbean contains a complete set of nutrients that are
beneficial to health. In addition to protein, mungbean also
contains carbohydrates, vitamins, minerals, and fats [3]. The
protein content of mungbean ranges from 20.9% to 31.3%,
which is higher than that of soybean. It also contains about
55% carbohydrates, along with various minerals and vitamins,
and approximately 14.5% to 24.5% dietary fiber [3].
Flavonoids, phenolic acids, and other organic acids are
bioactive compounds also present in mungbean [4, 5], which
are beneficial for health as antioxidants, antidiabetic agents,
anti-inflammatory  agents,  anti-obesity  agents, and
antimicrobials [3, 6], making mungbean a functional food [4].
The increasing demand for mungbean should be accompanied
by a rise in its production. Increasing mungbean production
can be done through intensification, extensification and
increasing planting intensity [7]. As agricultural land
continues to decrease due to land conversion, increasing plant
intensity is one of alternative choices to increase production,
accordingly however it needs more available water, moreover,
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global warming worsens water availability.

Recently, in tropical regions, especially in Indonesia, the
initial growing season, especially in dryland areas is difficult
to predict. The wet season is shortened and the dry season is
prolonged due to climate change [8]. One of major obstacles
that limits growth and productivity of plants is climate change
[9]. Global warming, CO; levels up, and dryness impact on
food insecurity [10]. Global warming raises water loss through
evaporation and worsens dryness conditions [11]. Water
deficit limits plants to achieve maximum productivity.
Drought and high-temperature stress can reduce plant yield by
50% [12, 13], especially for leguminous which is categorized
as drought stress sensitive-plant [14]. Plants' growth,
productivity and harvest quality are reduced in drought stress
conditions [12, 14]. Soybean yields reach 3.6 t ha in optimum
environmental conditions, while in water deficit conditions the
yield only reaches 2.0 t ha* [15]. Depending on the growth
phase and level of drought, soybean yield losses vary by 46-
71% [16].

The drought stress occurrence likely affects the plants
cultivation on dry land. The plants’ morphology, physiology,
and biochemistry are affected by drought stress [17] besides
hampers plants growth, they can also cause harvest failure [12].
Legumes are plants that are sensitive to drought stress,
whether stress in the vegetative or generative phase, which
will disrupt growth and reduce the harvest quality and quantity
[14]. Drought stress negatively impacts on reduced uptake of
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water and nutrients, causing stomata to close, and lowering the
activity of Rubisco enzymes or inhibiting photosynthesis as
well as oxidative damage [18-20]. The stress of drought also
affects the metabolic processes of plants and causes reactive
oxygen species (ROS) to increase production [19, 21], which
is causing oxidative damage to the cells [22, 23]. ROS, as free
radicals, have fragility and reactivity which may affect the
components of cells like proteins, fats, carbohydrates,
nucleated acids, and enzymes [21, 24, 25]. ROS breaks down
DNA, oxidizes proteins, inhibits enzyme activity, causes fat
peroxidation, and kills plant cells [24-27]. To protect from cell
damage due to ROS (free radicals), plants respond through an
antioxidant defense system, both enzyme antioxidants and
non-enzyme antioxidants [21, 24, 25, 28], increase the
synthesis and buildup of secondary metabolites, such as
phenols, flavonoids, and vitamins [29]. Antioxidants can
protect plant cells either directly or indirectly by counteracting
the absorbances of ROS and increasing the number of other
antioxidants [20, 24]. However, to compensate for the
damaging effect of ROS, endogenous antioxidants produced
by plants are often insufficient [26]. Therefore, an exogenous
infusion of antioxidants is needed. Several techniques have
been developed to reduce the negative impacts of drought on
the growth and development of plants, including genetic
engineering, biochar application, plant growth regulators,
plant growth-promoting microbes, fertilizers, seed priming,
and seaweed [30-32]. These approaches primarily work by
reducing oxidative stress in plants through ROS scavenging,
stimulating the production of enzymatic and non-enzymatic
antioxidants such as total phenols, enhancing photosynthetic
efficiency, promoting the accumulation of sugars and
osmoregulators, and minimizing ionic imbalances as well as
lipid peroxidation [32, 33]. Because seaweed is a source of
food material, there will be competition in its use as a food
source, so it is necessary to look for other non-food materials.
Papaya is a popular fruit that is widely consumed in
Indonesia and contains nutrients that are good for health.
Papaya is also rich in antioxidants, including phenolics,
carotenoids, also vitamin C [34]. In 2021, papaya production
reached 1.2 million tonnes [2]. Papaya skin, which is not
edible, is often thrown away as waste to the environment.
Papaya skin makes up about 12% of the fruit [35], so there
were about 44,000 tons of papaya skin waste in Indonesia in
2021. Papaya skin contains different phytochemicals, such as
phenols, flavonoids, and vitamin C with very potent
antioxidant activity [35, 36]. Phenolics are produced in plants
as defense compounds from biotic and abiotic stress including
drought stress [37]. Phenolic compounds, as antioxidants,
enable of acceptance or donation of electrons or hydrogen
atoms, to stabilize free radicals and prevent oxidative stress
[37]. The skin of papaya contains higher levels of
phytochemicals and higher levels of antioxidants than that of
fruit flesh [36, 38]. Papaya skin extract has the potential to
alleviate drought-induced oxidative stress and enhance
mungbean growth under water-deficient conditions. There are
still few studies on the use of papaya skin, it is only used as a
mixture for animal feed [35], and as an adsorbent for
methylene blue removal [39]. However, research on the
possible benefits of papaya skin for reducing drought stress in
mungbean is not available. To mitigate the drought stress
impact on mungbean, this research is aimed at studying papaya
skin extract. The novelty of this study is papaya skin extract,
which mitigates the impact of drought stress on mungbeans.
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2. MATERIAL AND METHODS
2.1 Location of study and source of material

The study was carried out in a field experiment at the
Faculty of Agriculture Siliwangi University Tasikmalaya
West Java Indonesia. Papaya fruit comes from the local market
in Tasikmalaya, West Java, Indonesia. The papaya is already
in the ripe category, while the mungbean seeds come from
Balitkabi Malang, East Java, Indonesia.

2.2 Material preparation and applied treatments

Papaya skin extract is prepared through the maceration
method [40] with modification: A total of 9.7 kg of wet papaya
skin is washed under running water and then dried in the sun
for 3 days. Next, the papaya skin is ground into powder, and
800 g is obtained. Then, the 800 g powder is dissolved in 8 L
of ethanol (1:10 w/v), stirred, and filtered to get a filtrate. After
heating the filtrate to 60°C until a thick fluid is produced,
yielding about 287.3 g. Then, concentrations of 1%, 2%, and
3% were applied as treatments. Before planting, mungbean
seeds (Vima-2 variety) are first soaked in a solution of papaya
skin extract (0, 1, 2, and 3%) for 12 hours, then rinsed with
water and air-dried, and planted in polybags. Papaya skin
extract was applied at 14, 21, and 28 days after planting. At
the same time, the FC is determined by the gravimetric method
based on the treatment, i.e., 100% FC, 70% FC, and 40% FC.
The experiment was arranged in a factorial randomized block
design. The first factor is drought stress consists of 3 levels
(100% FC = control, 70% FC = mild stress, and 40% FC =
medium stress), the second factor is papaya skin extract
consists of 4 levels (0, 1, 2, and 3%), and is replicated 3 times.
During the experiment, the plants were maintained by
receiving NPK fertilizer 0.75 g polybag™ (equivalent to 300
kg ha) and hand-weeding. Data collected included the height
of the plant, area of leaves, yield of seed, and components of
yield. The height of plants and area of leaves data were taken
at 40 days after planting, while the yield of seed and
component of yield data were taken at harvest. Leaf area data
were taken using the Image-J application referred to Li et al.
[41] consists of two stages, namely the first stage of taking leaf
images, and the second stage of processing image data with
Image-J software. The second stage consists of 4 stages,
namely (1) importing leaf images into ImageJ software, (2)
determining the boundaries of the image whose area will be
calculated, (3) converting leaf images to binary and inverting,
and (4) detecting leaf area [42]. The data were analyzed using
ANOVA and continued with Duncan's multiple range test (p
= 0.05).

3. RESULT AND DISCUSSION
3.1 Results

Mungbean plants under drought stress change their green
leaves to yellow, which indicates that the plant is under severe
drought stress (Figure 1). Drought stress experienced by plants
results in the overproduction of free radicals, causing oxidative
damage to cells, including chlorophyll [19], leading to
chlorophyll degradation and yellowing. The color change from
green to yellow is mainly caused by ROS action on
carotenoids and chlorophyll [43]. Drought stress leads to leaf



senescence, stomatal closure, and a decrease in the amount and
activity of the Rubisco enzyme, thus inhibiting photosynthesis
[44, 45]. This, in turn, limits CO; fixation in the Calvin cycle
and reduces the production of photo-assimilates [45]. In
addition, drought stress reduces photosynthetic capacity,
thereby reducing crop productivity. Statistical analysis
indicated a significant interaction between papaya skin extract
and drought stress on the number of pods and seeds per plant,
while other variables showed no significant interaction effects.

Figure 1. The plant appearance at (a) 100% FC, (b) 70% FC,
and (c) 40% FC

Table 1. Effect of papaya skin extract on mungbean plant
height and leaf area under drought stress conditions

Treatments Plant HEIthLeaf Area (cm?)
(cm)
Papaya skin
extract
0% (Control) 38.2a 4559a
1% 418D 512.2a
2% 41.7b 512.6a
3% 409b 494.6 a
Drought stress
100% FC 493 ¢ 563.3b
70% FC (mild stress) 47.1b 491.1ab
40% FC (medium stress)  44.7a 426.9 a

Note: Numbers followed by the same letter in the same column are not
significantly different according to Duncan’s test at a 5% significance level.

Table 1 indicates that papaya skin extract significantly
affects the plant height, however, papaya skin extract
insignificantly affects the leaf area. On the other hand, drought
stress significantly affects both the height of plants and the leaf
area. The administration of papaya skin extract increased the
height of mungbean plants by 9.4% to 41.8 cm compared to
control plants, which reached only 38.2 cm in height.
Although statistically insignificant, the administration of
papaya skin extract can expand the leaf area by 12.4% to 512.6
cm? compared to the leaf area of the control, which reaches
only 455.9 cm?.

The statistical test indicates a significant interaction
between papaya skin extract and drought stress in influencing
the number of pods per plant (Table 2). In general, increasing
drought stress from 100% FC to 40% field capacity decreases
the number of pods. The administration of 3% papaya skin
extract at 70% field capacity prevents the reduction of the pod
number.
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As with the pod number, the statistical test indicates that the
number of seeds per plant was also significantly influenced by
the interaction of drought stress and papaya skin extract (Table
3). Increasing the level of water availability from 100% FC to
40% FC the number of seeds per plant is reduced at all levels
of papaya skin extract application. However, administering
3% papaya skin extract at 70% and 100% FC does not show a
significant difference.

Table 2. Effect of papaya skin extract on the number of pods
per plant under drought stress conditions

Panava SKin Drought Stress
B 100% 70% FC 40% FC
FC (Mild Stress)  (Medium Stress)
8.08 a 6.92 a 7.92a
0,
(0% (Control) A A A
10.50 b 6.92 a 7.17a
0,
1% B A A
9.50 ab 6.58 a 6.25a
2% B A A
8.42a 9.33b 6.25a
3% B B A

Note: Numbers followed by the same lowercase letters in the vertical
direction and the same capital letters in the horizontal direction are not
significantly different according to Duncan's test at a 5% significance level.
FC = Field capacity.

Table 3. Effect of papaya skin extract on the number of seeds
per plant under drought stress conditions

Panava Skin Drought Stress
Ex)t/ ract 100% 70% FC 40% FC
FC (Mild Stress)  (Medium Stress)
68.33 a 54.75a 56.25 a
0,

0% (Control) A A A
88.58 b 59.92 ab 52.75a

1% B A A
75.17a 46.25a 43.08 a

2% B A A
66.83 a 74.58 b 4383 a

0,
3% B B A

Note: Numbers followed by the same lowercase letters in the vertical
direction and the same capital letters in the horizontal direction are not
significantly different according to Duncan's test at a 5% significance level.

Table 4. Effect of papaya skin extract on the weight of 100
dry seeds and dry seed yield of mung beans under drought
stress conditions

Weight of 100 Dry Seed Yield per

Treatment Seeds (9) Plant (g)

Papaya skin extract

0% (control) 8.3a 45a

1% 84a 50a

2% 85a 48a

3% 8.0a 49a

Drought stress

100% FC 8.2a 53¢

70% FC (mild stress) 84a 440

40% FC (medium 83a 382

stress)
Note: Numbers followed by the same letter in the same column are not
significantly different according to Duncan's test at a 5% significance level.

Table 4 shows that the papaya skin extract does not have a
significant effect on the weight of 100 dry seeds and the seed
yield per plant. Meanwhile, drought stress has a significant
effect on seed yield but not significantly on the weight of 100
dry seeds.



3.2 Discussion

In general, the research results indicate that papaya skin
extract stimulates the growth of mungbean. This is strongly
suspected to be related to the content of phytochemical
compounds contained in papaya skin extract which have a
positive impact on plant growth. Papaya skin contains various
minerals such as nitrogen, phosphorus, potassium, calcium,
sodium, and magnesium [35], which increase the availability
of nutrients to mungbean. In addition, papaya skin extract also
contains phytochemical compounds that are antibacterial and
antioxidant [40], which protect plant growth from potential
disease and environmental factors [37]. Phytochemicals
contained in papaya skin extract include phenolic compounds,
flavonoids, and vitamin C [35, 36]. Phenolic compounds,
including flavonoids, have a key role as compounds that
protect cells from the impact of abiotic stress, with antioxidant
properties that are more effective than ascorbic acid [46].
Phenolic compounds show antioxidant activity because they
can accept or provide electrons or hydrogen atoms that can
stabilize free radicals and prevent oxidative damage [37, 47].
In addition, phenolic compounds can also improve
photosynthetic performance by increasing chlorophyll and
carotenoid contents [47]. Meanwhile, ascorbic acid also has a
significant role in eliminating ROS and allows plants to be
more tolerant to oxidative stress [48]. Ascorbic acid
contributes to improving the antioxidant defense system,
increasing the stability of cell membranes, preventing damage
to chlorophyll and carotenoids, increasing stress resistance,
and improving plant growth [49]. Therefore, the growth rate
of mungbean increases after being treated with papaya skin
extract, as evidenced by increased plant height and leaf area.
Conversely, plant development is generally hindered by
drought stress. Reduced plant height and leaf area are signs of
the mungbean plants' progressively curtailed growth as a result
of the increased drought stress they are experiencing. In
comparison to plants that were not stressed by drought, which
reached a height of 49.3 cm, mungbeans that were subjected
to drought stress saw a 9.3% reduction in plant height, to 44.7
cm. Similarly, compared to the leaf area of unstressed plants
with a height of 563.3 cm?, leaves have been reduced by 24.2%
to reach 426.9 cm?. Droughts cause limited water and nutrients
for plants to absorb and decrease turgor pressure [19, 20], so
the process of cell biosynthesis is hampered. In addition,
drought stress causes changes in plant metabolic processes by
producing more free radicals (ROS), which are destructive to
cells. The main location of ROS production occurs in the
chloroplast, so the chloroplast has the potential to experience
early damage, followed by the closing of stomata, which
subsequently decreases the photosynthetic capacity [43].
Drought stress also has a negative effect on the tricarboxylic
acid cycle and ATP biosynthesis in the mitochondria, which
results in a decreased respiration rate [45], so that the amount
of energy available for growth becomes limited.) Besides that,
by oxidizing proteins, peroxidation fats, and damaging DNA,
ROS will attack and damage cell components [21, 24, 25], so
it will inhibit the rate of vegetative growth of plants, such as
reducing leaf area and plant height.

Drought stress on mungbean impacts both the vegetative
and generative stages of growth. Plants under increasing
drought stress will undergo several biochemical alterations,
such as lipid peroxidation, damage to cell membranes, and an
increase in ROS generation [20], which disrupt metabolic
processes at the generative phase that affect pod formation and
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seed filling. The study's findings demonstrate that using
papaya skin extract can potentially alleviate the adverse effects
of drought stress. To prevent pod and seed reduction due to
drought stress of 70% FC and even to produce a higher number
of pod and seed compared to plants not suffering from drought
stress of 100% FC, the use of 3% papaya skin extract was
found to be effective. It is due to the role of various
phytochemical compounds contained in papaya skin extract,
including phenolic compounds, flavonoids, and vitamin C [35,
36]. Phenolic compounds help plants cope with drought stress
through various mechanisms, including enzymatic and non-
enzymatic antioxidant activity, detoxification of ROS,
regulation of physiological and metabolic processes, and
maintenance of cell integrity [50]. Additionally, phenols
function as osmoprotectants, aiding in the balance of water and
soil moisture within plants [50]. Flavonoids are widely
recognized for their protective role, as they can inhibit ROS
formation or detoxify ROS produced under stress conditions,
thereby reducing oxidative damage [21, 51] and neutralizing
free radicals [21]. Vitamin C helps to maintain cell
homeostasis [21] and prevents DNA damage caused by free
radicals [52]. Papaya skin also contains micronutrients such as
Fe, Zn, and Cu as cofactors of antioxidant enzymes so that it
can increase the performance of antioxidants in detoxifying
free radicals (ROS) [35, 53]. Several antioxidant enzymes,
such as superoxidase dismutase, glutathione peroxidase, and
catalase, can detoxify free radicals, including hydrogen
peroxide (H202), through a series of processes that ultimately
convert them into water and oxygen [54]. Therefore, the
addition of papaya skin extract increases antioxidant defenses
against free radical attacks that result from drought stress [54]
and prevents oxidative damage in the seed-filling phase.
Meanwhile, in severe stress (40% FC), the addition of papaya
skin extract was unable to prevent a decrease in the number of
pods and seeds. It is suspected that the production and
destructive power of ROS exceeds the ability of the
phytochemical compounds of papaya skin extract to prevent
free radicals at this level of severe stress, resulting in a
decrease in pod and seed production. Similar research has been
conducted by EI Boukhari et al. [32] using seaweed extract on
other legume plants (Faba bean), successfully overcoming the
negative impacts of water deficit. The seaweed extract can
improve plant biomass under deficit water conditions. From
this study, it is also known that the improvement in plant
growth is closely related to the accumulation of proline and
soluble sugars as osmoprotectants and osmoregulators,
improvement in relative water content in plant tissues,
increased phenol levels, and reduction of lipid peroxidation.
In addition, an increase in drought stress from 100% FC to
40% FC resulted in a decrease in seed yield. The yield was
reduced by 28.3% compared to non-stressed plants, which
reached 5.3 g plant™, while plants stressed by drought obtained
a seed yield of 3.8 g plant*. This condition shows that abiotic
stress has a negative effect on plant performance. Drought
stress limits plant growth, reduces net photosynthesis, reduces
photosynthate translocation, affects seed formation [12, 14],
and reduces seed yield. Meanwhile, seed size (the weight of
100 grains) is not affected by environmental conditions. The
size of the seeds seems to be more influenced by genetic
factors, as the characteristics of superior varieties in general
are that those have superior genetic characteristics, including
seed size. The mungbean (Vima-2 variety) used in this
experiment is categorized as a superior variety (the weight of
1000 grains > 61g) [55]. Therefore, environmental influences



will not be too significant.

Papaya skin extract has no significant effect on seed yields.
However, the seed yield trend increased due to the addition of
papaya skin extract. The potential increase in seed yield varies
from 6.6% to 11.2% compared to that not given extract, which
reached 4.5 g plant™. This is due to the role of phytochemical
compounds contained in papaya skin extracts, such as vitamin
C, vitamin A, riboflavin, phenolic compounds, flavonoids,
saponins, and tannins [35, 38]. In general, these phytochemical
compounds, apart from being antioxidants, also function as
antimicrobials [53]. These phytochemicals can counteract or
detoxify ROS [37], therefore, oxidative damage in the
generative phase can be inhibited or prevented and influence
seed yield. The increase in seed yields is due to its potential
protection against biotic disturbances.

4. CONCLUSIONS

Drought stress inhibits growth and reduces mungbean seed
yield by 28.3%. Conversely, papaya skin extract application
can mitigate the effects of water scarcity and increase
mungbean growth and yield. Papaya skin extract can enhance
seed yield by 11.2% compared with control plants. The
research results can contribute to mitigating the negative
impacts of global climate change.
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