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Drought is one of the most serious issues since it reduces plant development and, as a result, yield sig-
nificantly. This research is an attempt to provide an organic solution to combat the global issue of plant
stress due to drought. To reduce the impact of drought on Cyamopsis tetragonoloba, the traditional prepa-
ration Panchagavya was used, and its effects on growth, photosynthetic and non-photosynthetic pigment
synthesis, thylakoid protein composition, antioxidant activity, anatomy, and yield were investigated.
Initially, drought had a negative effect on plant growth and other activities; however, as the duration
of the treatment increased, the effect of drought decreased significantly. The plants that were under
drought stress and were provided with nutrients, showed more plant growth and yield. Flavonoid and
anthocyanin production was 50% higher in the plants under drought stress with nutrient supplementa-
tion than in the plants under drought stress and the control plants. The accumulation of 55, 47, 33, 27,
and 20 kDa polypeptides of thylakoid protein also increased under nutrient conditions. Drought stress
reduced overall fruit output by 10% relative to the control group (well irrigate plants). Nutrition manage-
ment increased plant performance under stress conditions. Fresh & dry pod weights of control, drought
stress, and drought with nutrients were recorded at 3.2 g & 0.6 g, 3 g & 0.52 g, and 4.5 g & 1.2 g, respec-
tively. Under drought stress with nutrients, plants had more stomata per unit than control plants. This is
the first study in which Panchagavya was used to alleviate drought. With the addition of beneficial nutri-
ents, water use efficiency can be improved, and drought’s negative impacts can be mitigated tangentially
by activating plant physiological, biochemical, and metabolic processes. This study will add the crucial
information required to determine the response of plants under drought stress conditions as well as
how to alleviate its effects in a traditional organic way.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The abiotic stress of drought has many different effects on
plants at different levels of organization. Crops in temperate and
other tropical areas also experience seasonal water stress, particu-
larly in the summer, even though drought or a shortage of water in
the soil are more frequent in the semi-arid tropics. The severity,
duration, and stage of development of water stress are factors that
indicate how plants respond to it (Farooq et al., 2009).

Photosynthetic pigments are an essential factor in plant growth.
Chlorophyll concentration is known as a means of detecting stress-
related changes Chlorophyll content is an essential component of
photosynthesis that is affected by drought stress. The photosystem,
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electron transport component, oxidative phosphate ATPase, stom-
atal closure, and chloroplast ultrastructure were also among the
genes that discovered to have differential expression (Hu et al.,
2023). Therefore, its depletion is considered an unstable factor in
drought- and heat-resistant and sensitive plants. The concentra-
tion of chlorophyll and carotenoids is associated with the stress
tolerance of plants (Qaderi et al., 2023).

An excess of anthocyanin accumulation increases the plant’s
resilience to these stresses (Nakabayashi et al., 2014). Conversely,
plants have developed a range of acclimation mechanisms that
enable them to grow and survive in dry environments. Examples
include osmotic adaptation and antioxidant defence systems. Sol-
uble sugars and proline build up as osmolytes in plants when they
lack water to maintain the integrity of membrane proteins and
increase their resistance to drought stress. Drought sensitivity var-
ies by genotype, physiological stage, treatment duration, and the
use of various compounds (Ors et al., 2021).

Additionally, plants can sustain severe internal water deficits
and desiccation while still retaining enough metabolic activity to
survive (Ennajeh et al., 2010).

Even in fields that have been fertilized, drought can cause nutri-
ent deficiencies because the physiochemical characteristics of the
soil can restrict the movement and absorption of specific nutrients
(Amtmann and Blatt, 2009). However, it has been demonstrated
that fertilising crops with micronutrients is a successful method
for reducing the effects of drought on crops. The introduction of
drought-tolerant plants with high nutrient utilization is one poten-
tial technical approach to address or at least ameliorate this issue
(Ahmed et al., 2022). Strategies for reducing the damage caused
by drought and the resulting nutrient deficit by providing exoge-
nous fertilisers can be developed. It protects the plant from nutri-
ent deprivation. Panchagavya and vermicompost are organic
products that have the ability to promote plant development and
immunity. Application of Panchagavya leads to increased plant
growth, yield, and quality (Choudhary et al., 2014). This field
study’s objective was to assess Cyamopsis tetragonoloba L. reaction
to drought stress in a semi-arid environment when used as a ver-
micompost input. We compared growth, the synthesis of photo-
synthetic and non-photosynthetic pigments, the stomata index,
and morphological features under the fertiliser treatments in this
study.
2. Material and methods

2.1. Plant growth and experimental treatment

Certified seeds of C. tetragonoloba, purchased from the Depart-
ment of Agriculture, Chennai, are presented in the experimental
fields. The seeds were immersed in running water overnight. The
seeds were planted in the experimental fields of Pachaiyappa’s Col-
lege. During the trial, they were watered regularly and precautions
were taken to avoid microbial or insectoid contamination. The
plants are treated at the first leaf stage.

When the seedling was 5 days old, the following treatment was
administered:

1. One group of plants was kept as control and irrigated.
2. The second group of plants was exposed to water stress on

alternate days.
3. The third group of plants was subjected to water stress using

the recommended amount of vermicompost and panchagavya.
An amount of 30 ml of panchagavya, mixed with one litre of
water, was given to the plants. For the experiment, only pan-
chagavya were given to plants; they were not treated with
any biofertilizer or pesticides.
2

Panchagavya is a traditional nutrient mixture for plants pre-
pared with cattle by-products and other local organic products.
The ingredients in it were cow by-products, milk, curd, jaggery,
ghee, banana, tender coconut, and water (Choudhary et al., 2014).

2.2. Determination of growth

The uprooting of the seedlings was followed by measurements
of their shoot length and fresh weight. After drying the plants for
24 h at 90 �C, the dry weight is recorded.

2.3. Estimation of pigments

2.3.1. Chlorophylls
The absorbance at 645 and 663 nm and 470 nm was used to cal-

culate the total amount of chlorophyll and carotenoids, respec-
tively, present in the 80% acetone extract (Mackinney 1941;
Maclachlan and Zalik, 1963). The following formula was used

Chlorophyll a (mg/l): (12.21 � A663) � (2.81 � A645)
Chlorophyll b (mg/l): (20.13 � A645) � (5.03 � A663) Total
chlorophyll (mg/l): 7.18 � A663 + 17.32 � A646

2.3.2. Carotenoids

Carotenoids mg=lð Þ : 1000A470 � 3:27 Chl að Þ � 104 Chl bð Þ
229
2.3.3. Flavonoids
Pieces of fresh leaves weighing 100 mg were incubated in 5 ml

of 80% acidified methanol (80:20:1 of methanol:water:HCl) at 4 �C
for a whole night. The flavonoid concentration was calculated as a
function of the leaf’s fresh weight using the absorbance at 315 nm
after centrifugation to remove debris (Mirecki and Teramura,
1984).

2.3.4. Anthocyanins
The leaves were ground in acidified methanol (80%) to extract

the anthocyanins (80:20:1 of methanol:water:HCl). According to
Mancinelli et al. (1975) the clear extract was centrifuged, and the
absorbance at 530 and 657 nm was used to calculate the quantity
of anthocyanin A/g fresh weight: (A530) � (0.3 � A657).

2.4. Analysis of stomatal density

After taping off the peltate trichomes, the abaxial epidermis
was painted with nail polish so that the stomatal density (SD)
could be determined. The dried coating of nail polish was pulled
off using adhesive tape, mounted on a microscope slide, and exam-
ined using a light microscope and a camera linked to a computer.
The ratio of stomata to leaf area and trichome scars to leaf area
were then determined. Each treatment had ten leaves chosen from
it, and those leaves were counted three times by three different
people.

2.5. Leaf anatomy analysis

Using the free hand sectioning technique, the anatomical char-
acteristics of leaves were examined.

2.6. Isolation of thylakoid membrane

Freshly collected leaf samples were homogenized in a semi-
frozen isolation buffer containing 50 mM Tricine, pH 6.9, and



Fig. 1. Morphological variations of Cyamopsis plants cultivated in well irrigated (1),
Drought (2) and Drought with nutrient conditions (3).
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400 mM sucrose for 10–20 s at maximum speed in a Sorvall
homogenizer. The homogenate was filtered through eight layers
of cheesecloth after being spun for five minutes at 3,000 g at
4 �C. The pellet was resuspended in a pH 7.5 solution of 100 mM
sucrose, 5 mMMgCl2, and 20 mM Tris following a five-minute cen-
trifugation at 10,000 g. The resulting pellet was a representation of
thylakoid membranes.

2.7. Protein analysis

SDS-PAGE analysis of thylakoid polypeptides was performed on
a 15% acrylamide slab gel. At 20�Celsius and an SDS-Chl ratio of
20:1, samples were solubilized in 2% SDS containing 60 mM DTT
and 8% sucrose for 5 min.

2.8. DPPH radical scavenging assay

The following equation, which is a modified version of the
method that was previously presented (Brand-Williams et al.,
1995), was used to estimate the radical-scavenging capacity of
each fraction at various concentrations. The DPPH radicals EC50
value is equal to mg of extract mol1. To confirm the calibration
curve at 514 nm (y = 1.145E�2–4.192E�3, r = 0.9999, where y = ab-
sorbance and x = concentration of DPPH), a value of 92.18 mol/L of
DPPH was measured in the reaction system. Every investigation
went through three separate runs.

2.9. Hydrogen peroxide scavenging assay

The concentration of hydrogen peroxide was 2 ml, TCA, when
100 mg of fresh tissue was soaked in 0.1% trichloroacetic acid.
0.5 ml of the supernatant were combined with 0.5 ml of 10 mm
of potassium phosphate buffer (pH 7.0) and 1 mm of potassium
iodide (1 ml) after the homogenate was centrifuged at 12,000g
for 15 min. At 390 nm, a reasonable top in absorbance was seen
(Velikova et al., 2000).

2.10. Determination of proline

The amount of proline was calculated using Bates et al. (1973)
technique. Using a mortar and pestle, the leaves (0.2 g) were
ground with 3 ml of sulphosalicylic acid (3% w/v), and then cen-
trifuged the mixture at 18,000g for 15 min. An acidic ninhydrin
solution and 2 ml of glacial acetic acid were then added to the
supernatant in the test tube. The test tubes were warmed to room
temperature after being incubated at 100 �C for one hour in a water
bath. A vortex mixer was used to combine the 4 cc of toluene for
20 s. After carefully pipetting the toluene phase into a glass tube,
the absorbance at 520 nm was measured using a UV–Vis spec-
trophotometer. A proline standard curve was used to calculate
the quantity of proline, which was then represented as lg/g FW.

2.11. Yield analysis

The yield was determined by harvesting pods from mature
plants. The following data were recorded: number of pods pro-
duced by each plant; number of seeds in each pod; weight of 100
seeds; length of pod; fresh and dry weight of seeds. Data was
recorded from 100 plants at various times of the year.

3. Results

In this study, the effects of drought stress on shoot growth traits
were investigated in plants with and without nutrients. The results
were compared with plants that were well irrigated (control). All
3

irrigation regimes showed significant differences. Plants that were
well watered and exposed to drought stress with nutrients grew
faster than plants that were exposed to drought stress. Height
increased at all stages of development. There was a significant dif-
ference between the treatments on the 20th and 25th days. The
greatest increase in height was observed in the drought-stress
treatment with fertilizer plants (Figs. 1 and 2A).

As the water deficit increased, the root-to-shoot weight ratio
increased. The extremely stressed seedlings had much higher val-
ues than the well-watered plants. Compared to the control plants,
the development of water stress and water stress with nutrients
was more widespread (Fig. 2B and C).

Under water stress, the supply of nutrients increases the total
chlorophyll content of Cyamopsis throughout the growth cycle.
Chlorophyll production was 50% higher in plants supplemented
under water stress compared to other plants and peaked after
22 days. Chlorophyll synthesis was greater in the early stages of
the drought-stressed plants, but later it was similar to that of the
control plants. The results show that plants receiving drought
and nutrients produce more chlorophyll than plants receiving only
drought (Fig. 3A).

In the current study, when the total chlorophyll content
increased, the carotenoid concentration remained constant during
the treatments. On day 20, the chlorophyll content of the C. tetra-
gonoloba leaves increased, and the high concentration of carote-
noid content changed at the same time. Compared to the plants
treated with drought, the well-watered plants have only a low
amount of carotenoids (Fig. 3A and B).

Estimates were made regarding the flavonoid content of the
leaves of plants that were given adequate water, drought, and
nutrient-rich drought. The total flavonoids that were found in
crude (unhydrolyzed) extracts of C. tetragonoloba plant leaves
(Fig. 4A) demonstrated that the plants subjected to drought stress
and given nutrients had a higher total flavonoid content than the
control plants and the plants subjected to drought stress. Flavonoid
accumulation throughout the growing season was the positive
response of the plants subjected to drought stress and supple-
mented with nutrients. Flavonoid production was 50% higher in



Fig. 2. Alterations in the Shoot length (A) fresh weight (B) and dry weight (C) of Cyamopsis plants grown in well irrigated (control), Drought and Drought with nutrient
conditions. Data is mean ± SE for n = 3.

Fig. 3. Variations in the total Chl (A) and Carotenoid (B) of Cyamopsis plants cultivated in well irrigated (control), Drought and Drought with nutrient conditions. Data is
mean ± SE for n = 3.
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the plants under drought stress with nutrient supplementation
than in the plants under drought stress and the control plants.
Flavonoid production was only slightly different in the control
plant and the drought-stressed plant. As can be seen in Fig. 4B,
anthocyanin content was increased in drought stress with nutrient
plants. From the initial stage, its production gradually increased. It
was found that productivity was 50% higher.

DPPH and hydrogen peroxide activities respond positively to
the severity of drought stress (Fig. 5A and B). Nevertheless, this
antioxidant activity was higher in plants receiving drought with
nutrients and 30% lower in plants receiving drought only. The
study proves that the level of antioxidants in the control plant
was normal and contributes to the plants’ ability to withstand
stress conditions.Proline was produced in large quantities when
the plant was exposed to drought. Proline production was highest
during drought in plants with nutrient supplementation (Fig. 6).
4

Plant water uptake was determined by stomata control, which
affects their ability to survive in a water-scarce environment.
Drought stress increases leaf stomata density and stomata index.
Under drought-stress nutrient conditions, stomata density, plant
growth, density, and leaf area increased compared to the control.
Under drought stress with nutrients, plants had more stomata
per unit than control plants (Fig. 7).

The asymmetric, heterogeneous structure of a C. tetragonoloba
leaf can be seen in cross-section (Fig. 8). There are two uneven pal-
isades as well as a spongy parenchyma. The first consists of a single
layer of compacted, elongated cells in contact with the upper epi-
dermis, while the second consists of numerous layers of relatively
elongated cells in contact with the lower epidermis. Variable leaf
anatomical characteristics, well-watered plants, and drought stress
(Fig. 8). Compared to drought and control plants, the length of pal-
isades and spongy mesophyll increased more under drought stress



Fig. 4. Variations in the amount of flavonoids (A) and anthocyanin (B) in Cyamopsis plants grown under well irrigated (control), Drought and Drought with nutrient
conditions. Data is mean ± SE for n = 3.

Fig. 5. Variations in the DPPH (A) and hydrogen peroxide (B) activity of Cyamopsis plants grown under well irrigated (control), Drought and Drought with nutrient conditions.
Data is mean ± SE for n = 3.

Fig. 6. Variations in the proline content of Cyamopsis plants grown in well irrigated
(control), Drought and Drought with nutrient conditions. Data is mean ± SE for
n = 3.
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with nutrients. It was 20% of the upper palisade and 50% of the
spongy parenchyma layers.

SDS-PAGE analysis of the thylakoid protein profile showed an
increase in the content of various high- and low-molecular-
5

weight polypeptides under conditions of drought stress with nutri-
ent supplementation (Fig. 9). The control and drought-stress
chloroplasts showed a significant decrease in the amount of
polypeptides (55, 43, 33, 29, 27, 23, and 17 kDa). At the same time,
the production of chloroplast protein content was higher in the
plant supplemented with drought nutrients, especially at 55, 43,
33, 23, and 17 kDa polypeptides. Drought stress caused a general
decrease in 55, 47, 33, 27, and 20 kDa polypeptides. The synthesis
of these chloroplast protein polypeptides was twice as high in
drought- and nutrient-stressed plants as in control plants. In par-
ticular, we found an increase in 33, 23, and 17 kDa polypeptides.

The overall effect of this plant was shown in its yield. Drought
increased all the activities of this plant in the initial stage, but later
the plant production started to decrease due to the effects of
drought (Fig. 10). At the same time, drought and nutrient supple-
mentation increased all the activities of the plant, as shown by
the length of the pods, their fresh weight, dry weight, and size.
Fresh & dry pod weights of control, drought stress, and drought
with nutrients were recorded at 3.2 g & 0.6 g, 3 g & 0.52 g, and
4.5 g & 1.2 g, respectively. The seeds (100) weights of control,
drought stress, and drought with nutrients were 3.5 g, 3 g, and
5.2 g, respectively (Fig. 10). The yield of the drought-stressed
plants decreased by 10% compared to the control drought, but at
the same time, it was 40% higher than the plants that received
nutrient supplementation due to the drought.



Fig. 7. Modification in the stomatal density of Cyamopsis plants cultivated in (A): well irrigated (control), (B): Drought (C): Drought with nutrient.
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4. Discussion

The lack of available water is a major environmental barrier to
farming. Losses in agricultural production due to drought are likely
the most consequential, with the intensity and length of the stress
being decisive factors. We have studied how drought stress affects
plant development, photosynthesis, stomatal conductance, and
yield.

The plants were newly collected at normal interval to evaluate
the different elements. When compared to the control, C. tetrago-
noloba shoots’ fresh and dry weights increased under drought
stress. On the other hand, the treatment with panchagavya and
exogenous vermicompost increased the fresh and dry weight of
C. tetragonoloba shoots throughout the growing season. Changes
in soil moisture outside of the optimal range can have an effect
on yield and grain quality (Ahmed et al., 2017).

The study found that when plants were stressed by drought,
their chlorophyll content was high in the early stages but
decreased in later stages. However, when plants were stressed by
drought and given nutritional supplements, their chlorophyll syn-
thesis increased from the early stages to the later stages. Drought
affects both the concentration of chlorophyll a and chlorophyll b.
Carotenoids and total chlorophyll displayed a strong positive cor-
relation. Under drought stress, chlorophyll levels either decreased
or remained constant (Farooq et al., 2009). Franzoni et al. (2021)
6

discovered a lower chlorophyll concentration in lettuce grown
under water-stress conditions. Carotenoids, a photoprotective pig-
ment, were shown to be present in greater amounts in plants
exposed to drought stress, and their production was slightly higher
in plants that received drought and nutrients. The main role of car-
otenoids is to inhibit the production of singlet chlorophyll by
directly quenching triplet chlorophyll.

These findings demonstrate that adequate water shortages
boost flavonoid synthesis and biomass accumulation. The concen-
tration of flavonoids was also markedly elevated by the inclusion of
nutrients. In comparison to the control, the plant with drought and
nutrient addition and the plant under 10% drought stress had the
highest flavonoid content, indicating that the rise in flavonoid pro-
duction was brought on by biomass accumulation. Flavonoids, a
kind of polyphenolic secondary metabolite, have been shown in
prior studies to assist with drought relief (Nakabayashi et al.,
2014). According to Amić et al. (2003) flavonoids’ superior molec-
ular qualities and antioxidant activity enable plants to adapt to a
wide range of conditions. Flavonoids may be crucial in responding
to different circumstances, such as drought. A key factor in
drought resilience is flavonoids. Flavonoids prevent the closing of
stomata by lowering the level of H2O2 in guard cells (Baozhu
et al., 2022).

Plants produce anthocyanins as part of their defense mecha-
nism in response to drought. The accumulation of anthocyanins



Fig. 8. Cross-sections of the leaves of Cyamopsis plants cultivated in (A): well irrigated (control), (B): Drought (C): Drought with nutrient.
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in drought-stressed plants, potentially as a consequence of osmotic
control and increased ABA content, suggests that these metabolites
can be used as helpful indicators of drought stress (Li et al., 2019).
The studies, however, do not rule out the possibility that antho-
cyanins have a photoprotective function and unquestionably
demonstrate the primary driver of anthocyanin accumulation
under drought stress or cold temperatures (Close and Beadle,
2003).

Under drought circumstances, stomatal density and stomatal
duration showed a positive correlation. Under a gradient of
drought, the stomatal density of the leaves of various jujube vari-
eties also exhibits a similar pattern: first it rises, then it falls
(Chen et al., 2014). Elevating antioxidant levels enhances plants’
resistance to environmental stresses (Abdel Latef et al., 2019).
Scavenging of plant free radicals has been postulated as a crucial
component of the stress protection mechanism, and antioxidant
enzyme activity is linked to osmotic resistance (Parida and Das.
2005). In general, adaptation to drought is dependent on the
antioxidant system maintaining relatively low ROS levels (Rahimi
et al., 2019). Regardless of the inherent resilience of plants to
7

drought stress, an adequate and balanced supply of minerals can
help mitigate the deleterious effects of drought.

Proline is an osmolyte that can develop intracellularly when
plants are stressed. Osmolytes can help plants cope with water
stress by balancing turgor pressure (Szabados and Savouré,
2010). The discovery that proline accumulation is triggered by
drought in many plant species leads to suggest that an additional
increase in proline accumulation could promote drought resistance
(Bhaskara et al., 2015). Proline accumulates during drought or is
administered exogenously to influence stress resistance in two
ways: reducing tissue dehydration and protecting cell membranes
and enzymes from the negative effects of dehydration (Per et al.,
2017).

Under dry conditions, these changes should help C. tetragono-
loba maintain vegetative growth and productivity while lowering
the mesophyll layer. Compared to plants not under stress, the
mesophyll layer became thicker under drought conditions. Pal-
isade parenchyma, sponge parenchyma, stomatal density, and tri-
chome density, in particular, could be viewed as important
structural adaptations that contribute to the observed intra-



Fig. 9. SDS –PAGE profile thylakoid protein in Cyamopsis plants cultivated in well
irrigated (control) (a), Drought (b) and Drought with nutrient (c). Each well was
injected with a 300 lg protein sample.
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specific diversity in olive tree responses to drought (Ennajeh et al.,
2010).

When the chloroplast protein profile was examined, this finding
was confirmed. Drought stress increases the ability of Cyamopsis to
Fig. 10. Quantitative changes in the fruit biomass and yield of the Cyamopsis plants grown
average of 50 samples.

8

collect light by increasing chlorophyll content. Drought stress
reduces the amount of photosynthetic pigment in the protein
membrane that forms the thylakoid. It reduces the photon-
capturing PSII proteins. Under drought, fertiliser caused their pro-
duction to double. Drought has a significant influence on the
chloroplast proteome, according to Tamburino et al. (2017).

When the plant we tested was subjected to dryness, it was dis-
covered that it was drought resistant in the beginning, but that the
effect deteriorated later and that the plant yielded badly compared
to the control plant. A lack of water has a substantial influence on
growth metrics such as number of leaves, dry root weight per plant
(Ahmed et al., 2017). We noticed that the plant grew more prolific
and drought resistant as a result of this small amount of nutrients.
The amount of nitrogen in the plant affects how well the leaf per-
forms photosynthetically Additionally, it has been demonstrated
that sufficient nutrition levels allow metabolic processes to con-
tinue despite decreased tissue water potential, which helps to les-
sen the harmful consequences of drought stress (Farooq et al.,
2009). According to several studies, plants’ response to water scar-
city can be tempered by providing enough nitrogen (de Freitas
et al., 2022).
5. Conclusion

The drought stress slowed down the development of the plant,
the formation of photosynthetic pigments, growth, yield, physio-
logical process and morphological development. Application of
panchagavya as a plant nutrient helped the plant overcome
drought stress. The plants under drought stress and treated with
panchagavya had higher plant growth, yield, secondary metabo-
lites, and chlorophyll content. With that, more numbers of stom-
ata, trichome palisade, sponge parenchyma, and thylakoid
proteins were recorded. Also, Panchgavya application helped to
maintain the high water potential of the tissue during drought
and improve drought resistance through osmotic adjustment. The
study suggests that the use of panchgavaya on drought-stressed
plants may help plants increase their water use competence and
minimize the detrimental properties of drought.
under well irrigated (control), drought and drought with nutrient. Values represent
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