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Reduction of Drought Stress Effects on Guar (Cyamopsis
tetragonoloba L.) using Ascorbic Acid and Calcium Carbonate
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ABSTRACT
Background: How plants respond to stress conditions can play an important role in the establishment and increasing crop yield. The
results of researchers’ reports indicate that extensive morphophysiological and biochemical changes occur in plants under drought
stress conditions. This study aimed to investigate the effects of ascorbic acid (AA) and calcium carbonate (CC) on guar under
different soil moisture conditions.
Methods: The experimental treatments included three drought stress levels (30%, 50% and 70% field capacity, FC) and three foliar
application levels (no application, foliar application with CC and AA with 0/003 concentration).
Result: Drought and calcium caused an increase in the sugar content relative to the other treatments. An increase in drought
intensity led to an increase in proline content, soluble protein and ascorbate peroxidase (APX) enzyme activity. On the other hand,
Leaf relative water content (RWC) decreased significantly. AA and CC increased the soluble protein content and RWC relative to the
control condition. In general, moisture availability below 70% FC seems to induce drought stress countermeasures in guar. Foliar
application with AA and CC can effectively mitigate drought stress effects on this plant.
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INTRODUCTION
Among abiotic stresses, drought is considered the most
critical stress affecting the reduced crop yield, especially in
arid and semi-arid areas, as well as the major production
limitation in these regions (EL Sabagh et al., 2019). Drought
disrupts the physiological and biochemical balance in the
plant, resulting in photoinhibition and the production of
reactive oxygen species (ROS) (Gill and Tuteja, 2010). Non-
enzymatic defense systems such as carotenoids, ascorbate
and enzymatic ones including catalase, superoxide
dismutase, ascorbate peroxidase and polyphenol oxidase
are activated under ROS conditions and decrease the effects
of drought stress in plants. Studies have shown that
increasing ascorbic acid (AA) is one of the critical defense
mechanisms in plants against different stresses, which plays
a role in ROS detoxification (Akram et al., 2017). The
existence of few millimoles of AA in leaves shows the vital
role of this compound as a part of the antioxidant defense
system (Noctor and foyer, 1998). AA prevents the oxidation
and destruction of protein structures by direct and indirect
removal of free radicals. Oxygen free radicals produced
during the stress cause destruction of cell membranes,
nucleic acids and cell proteins because of their high reactivity
with proteins and lipids (Akram et al., 2017; Peltzer et al.,
2002). AA increases the protein content in roots and aerial
organs, which contributes to remove oxygen free radicals
(Kerepesi and Galiba, 2000). Furthermore, calcium (Ca),
despite being immobile, is an essential element for plant
growth and has several electrochemical, structural and
catalytic tasks in plants (Jones, 1997). Neutralizing the acidic
radicals, adjusting cell permeability, acting as a messenger
in plant tissues, making pectocellulose  walls and activating

certain enzymes and their reaction with plant hormones are
the electrochemical, structural and catalytic roles of Ca
(Grenzi et al., 2021).

Plants keep the osmotic potential more negative in
growing cells and meristematic zones by accumulating
secondary metabolites such as sugars, amino acids and
proteins, thereby maintaining water absorption and
turgescence for these cells (Chimenti et al., 2006). Studies
have shown that these compounds can form under drought
stress by hydrolyzing polysaccharides and oligosaccharides
such as starch, fructan, etc. (Chimenti et al., 2006).

Guar (Cyamopsis tetragonoloba L.) is an annual plant
from the Legume family, which can be used as a potential
substitute crop in dry plains due to its resistance to salinity
and drought (Grover et al., 2016). This plant is an essential
source of galactomannan extracted from the plant’s
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endosperm and jellifies by dissolving in water. For this
feature, Guar has various applications in different industries
(Pathak and Roy, 2015). Despite some studies on the effects
of drought on the Guar plant, there are limited studies on
this plant on the effects of AA and Calcium Carbonate (CC)
under drought stress. Therefore, this study aimed to
investigate the application of AA and CC to improve growth
and decrease drought effects on this plant.

MATERIALS AND METHODS
Planting method and experimental treatments
This study was done as a factorial experiment with two
factors using a completely randomized design with three
replications in the research greenhouse; the experiment was
conducted during February to May 2020 at Saravan Higher
Education Complex. Experimental treatments included three
drought levels (70%, 50% and 30% field capacity, FC) and
three foliar application levels (no application, foliar
application with CC and CC with 0/003 concentration). Guar
seeds were initially sown in seedling trays and then
transported to the main pots after germination; drought stress
levels were also applied simultaneously. The pots were
irrigated with distilled water until the flowering stage. To
measure FC using the weight method, three pots were filled
with the experimental soil to determine the moisture
percentage in FC conditions. The pots were heated in an
oven at 90C for 72 h to measure the dry soil weight and
then the pots were saturated with water. Next, pot surfaces
were covered to prevent evaporation and the pots were
weighed daily until the readings were constant for two days.
Moisture percentage at FC was calculated and applied by
the difference between the current pot weights and their
weights after drying in the oven (Arshadi, 2011). The foliar
application was done twice with a one-week interval in the
five-leaf stage. At the end of the flowering stage, the plants
were collected and transferred to the laboratory to measure
the experimental traits.

Measurement of traits and analysis of data
The traits of total sugar (McCready et al., 1950), amino acids
(Yemm and Cocking, 1955), proline (Bates et al., 1973),
soluble protein (Bradford, 1976), ascorbate peroxidase
activity (APX) (Chen and Asada, 1992) and relative water
content (RWC) were calculated in this study. To this end, a
developed young leaf was separated from the top of the
plant; its fresh weight was measured and soaked in water
for 24 h (at 4C in the dark). Then, the saturated weight and

dry weight (after 24 h at 75C) of the leaf were determined
using Equation 1 (Ritchie and Neguyen, 1990).

Data were analyzed using Minitab 17 software. Mean values
were compared with the LSD method at a 5% probability level.

RESULTS AND DISCUSSION
Total sugar
The interaction of drought and foliar application significantly
affected the plant’s total sugar content (TSC) (Table 1). The
treatment with 30% FC and Ca foliar application contained
the utmost TSC (0.62 mg/g of leaf fresh weight, LFW). In
the other treatments, TSC was lower than 0.55 mg/g LFW.
In 30% FC, foliar application of AA significantly increased
TSC compared to no application. Similarly, Ca foliar
application significantly increased the TSC compared to AA
application. Generally, TSC also showed an increasing trend
with increasing drought stress intensity from 70% to 30%
FC (Table 2). These sugars are a valuable source for storing
organic carbon and play a role in osmotic regulation and
maintaining osmotic pressure (Chimenti et al., 2006). In fact,
osmotic regulation occurs more effectively in plants that
accumulate soluble sugars in response to drought stress
(Slama et al., 2007).

Proline
The Guar’s proline content was significantly affected by the
interaction effect of drought and foliar application (Table 1).
The proline content (11.4 μg/g LFW) was maximized in the
treatment with 30% FC and no spraying, which was the only
treatment in which proline content exceeded 11 μg/g LFW.
In treatments with 30 and 50% FC and foliar application of
Ca and AA, proline content decreased significantly
compared to no foliar application conditions and the same
FC levels (Table 2). In these two drought treatments, foliar
application with AA decreased the proline content more than
that of Ca application. Generally, proline content increases
in plants parallel to the rise of damage to cell membranes
and the plant tries to mitigate the damage to membranes by
increasing the proline level in its tissues (Shinde et al., 2016;
Xu et al., 2022).

Amino acids
The interaction of drought and foliar application significantly
affected Guar’s amino acid content (Table 1), with the

RWC= FW-DW
TW-DW

 100
.....(1)

Table 1: ANOVA for studied traits of Guar.

S.O.V df Total sugar Proline Amino acid APX activity Soluble protein RWC

Drought stress (D) 2 0.041** 96.5** 2028** 87.2** 49.3** 568**
Spraying (S) 2 0.020** 4.21** 20.5ns 5.47** 16.2** 120**
D  S 4 0.002* 4.83** 57.9** 2.10* 0.439 ns 19.4ns
Error 18 0.0006 0.155 7.06 0.595 1.68 8.67

ns: Non-significant, *Significant in 5% level and **Significant in 1% level.
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uppermost level (49.6 mg/g LFW) measured in the treatment
of 30% FC and no foliar application. Generally, amino acid
levels increased with the intensity of drought stress (Table 2).
With each drought stress level of 30 and 50% FC, AA and
Ca application resulted in a significant decrease of amino
acids compared to no foliar application conditions. As with
the proline content result, the application of AA and Ca
significantly increased amino acid amounts in 70% FC
treatment compared to no application conditions (Table 2).
The decreased levels of amino acids in moderate and high
stresses are apparently caused by the plant’s reduced ability
to perceive the stress condition or to synthesize new proteins
to strengthen the plant’s ability to resist drought stress. Plants
use drought stress mitigating mechanisms by engineering-
like changes in the formation or decomposition of primary
and secondary metabolites. Plants adapt to stresses
because of changes in the amounts of these metabolites
(e.g., amino acids) (EL Sabagh et al., 2019).

APX activity
The Guar’s APX activity was significantly influenced by the
interaction effect of drought and foliar application (Table 1).
There was no significant difference between foliar application
levels in the treatment with 70% Fc and at this stress level,
APX activity did not reach even 3 μmol/min/g LFW (Table 2).
APX activity also increased significantly with an increase in
drought stress from 70% to 30% FC. The utmost activity of
APX was observed in the treatment with 30% FC and no
foliar application (Table 2). APX activity decreased
significantly in 50% FC with AA and Ca application. A similar
trend to the 50% FC was observed in 70% FC. APX activity
decreased significantly with the foliar application of AA and
Ca, but there were no significant differences between AA
and Ca application levels (Table 2). Based on our findings,
AA and Ca application under drought stress conditions
probably reduces APX activity. The explanation of this
observation is that the foliar application causes the uptake
of these compounds through stomata and their accumulation
in the apoplast and extracellular environment (Akram et al.,
2017; Atta et al., 2022). The AA and/or extracellular Ca form
the first line of defense against external oxidants (Zechmann,

2011). Thus, this induces a signal in the plant that the
presence of these compounds in intercellular space assists
in confronting the oxidants and the plant reduces the
expression of the APX gene (Akram et al., 2017). This
phenomenon can result in less expense for the plant to
express the gene and synthesize less APX to focus more
on producing and storing more dry matter.

Soluble protein
The interaction of drought significantly affected Guar’s
soluble protein content (SPC) (Table 1), which was
maximized (>11.5 mg/g LFW) in the 30% FC treatment. In
the other two treatments, SPC was lower than 10.2 mg/g
LFW (Table 3). SPC was significantly lower in 50% and 70%
FC treatments (40.7%) than 30% FC (63.6%). SPC
significantly increased by 28.6% in 50% FC relative to 70%
(Table 3). The increase of soluble protein can indicate the
drought-resistance mechanism in the plant. The effect of
AA and Ca foliar application significantly increased Guar’s
SPC (Table 1 and 4). It has been shown that the external
application of some antioxidants such as AA effectively
increases the resistance of plants against drought and
subsequent secondary stresses such as oxidative stress
(Alayafi, 2020).

RWC
The drought stress significantly influenced Guar’s RWC
(Table 1), with the highest level (>86%) observed in the 70%
FC treatment (Table 3). Significantly lower RWC was
recorded in 50% (9.36%) and 30% (18.4%) FC treatments
than in 70% FC. Moreover, RWC decreased significantly
(9.94%) in 30% FC treatment relative to 50% (Table 3). The
decreased RWC under drought stress may result from a
decrease in leaf water potential, an increase in leaf
evaporation and a decrease in root water uptake so that the
plant has to face a reduction in RWC in such conditions
(Ahmadizadeh, 2013; Jincy et al., 2022) (Table 4). Studies
have shown that Ca consolidates the cell membrane and
causes more negative osmotic potential by accumulating
cytosol-compatible osmolytes and improving RWC (Naeem
et al., 2017).

Table 2: Mean comparisons of interaction of drought stress and spraying on traits of total sugar, proline, amino acid and APX activity in Guar.

Drought stress Spraying Total sugar Proline Amino acid APX activity
based on FC (%) (3%) (mg gFW -1) (μg gFW -1) (mg gFW -1) (μmol min-1 gFW -1)

70 Non-spraying 0.38f 2.23g 12.1e 2.50e
AA 0.40ef 3.60f 18.7d 2.87e

CaCO3 0.43de 3.53f 18.3d 2.77e
50 Non-spraying 0.44cde 8.50bc 41.2b 7.20c

AA 0.47c 6.26e 32.4c 5.23d
CaCO3 0.52b 7.00d 36.4c 4.40d

30 Non-spraying 0.46cd 11.4a 49.6a 10.1a
AA 0.54b 8.23c 42.8b 8.67b

CaCO3 0.62a 9.10b 44.7b 8.03bc

Means that have a common letter, have not significantly different together at 5% based on LSD test.
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CONCLUSION
Altogether, this study showed that a reduction in soil moisture
led to increased soluble sugar, proline and APX activity and
the application of CC significantly increased the TSC. Proline
content and APX activity significantly decreased with
decreasing soil moisture and the application of AA and CC.
Reduced soil moisture was followed by a significant increase
in SPC and a significant decrease in RWC. These results
demonstrate that foliar application with AA and CC is useful
in mitigating the effects of drought stress on this plant.

Conflict of interest: None.

REFERENCES
Ahmadizadeh, M. (2013). Physiological and agro-morphological

response to drought stress. Middle-East Journal of
Scientific Research. 13: 998-1009.

Akram, N.A. Shafiq, F. and Ashraf, M. (2017). Ascorbic acid-A
potential oxidant scavenger and its role in plant development
and abiotic stress tolerance. Frontiers in Plant Science.
8: 613

Alayafi, A.A.M. (2020). Exogenous ascorbic acid induces systemic
heat stress tolerance in tomato seedlings: Transcriptional
regulation mechanism. Environmental Science and
Pollution Research. 27: 19186-19199.

Arshadi, J. (2011). The effect of seed priming on germination and
seedling growth of chickpea (Cicer arietinum). Advances
in Environmental Biology. 5: 3030-3035.

Atta, K., Sen, J., Chettri, P. and Pal, A.K. (2022). Antioxidant
responses of ricebean [Vigna umbellata (Thunb.) Ohwi
and Ohashi] seedling under Iso-osmotic potential of
salinity and drought stress. Legume Research. 45(4):
429-434. DOI: 10.18805/LR-4551.

Bates, I.S. Waldern, R.P. and Teare, I.D. (1973). Rapid determination
of free proline for water stress studies. Plant and Soil.
39: 205-207.

Bradford, M.M. (1976). A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Analytical Biochemistry.
7: 248-254.

Chen, G.X. and Asada, K. (1992). Inactivation of ascorbate peroxidase
by thiols requires hydrogen peroxide. Plant and Cell
Physiology. 33: 117-123.

Chimenti, C.A. Marcantonio, M. and Hall, A.J. (2006). Divergent
selection for osmotic adjustment results in improved
drought tolerance in maize (Zea mays L.) in both early
growth and flowering phases. Field Crops Research. 95:
305-315.

El-Sabagh, A., Hossain, A., Barutcular, C., Gormus, O., Ahmad, Z.,
Hussain, S., Islam, M., Alharby, H., Bamagoos, A., Kumar,
N., Akdeniz, H., Fahad, S., Meena, R.S., Abdelhamid, M.,
Wasaya, A., Hasanuzzaman, M., Sorour, S. and Saneoka,
H. (2019). Effects of drought stress on the quality of major
oilseed crops: Implications and possible mitigation
strategies. A review. Applied Ecology and Environmental
Research. 17: 4019-4043.

Gill, S.S. and Tuteja, N. (2010). Reactive oxygen species and
antioxidant machinery in abiotic stress tolerance in crop
plants. Plant Physiology and Biochemistry. 48: 909-930.

Grenzi, M. Resentini, F. Vanneste, S. Zottini, M. Bassi, A. Costa,
A. (2021). Illuminating the hidden world of calcium ions
in plants with a universe of indicators. Plant Physiology.
187: 550-571.

Grover, K. Singla, S. Angadi, S. Begna, S. Schutte, B. and Leeuwen.
D. (2016). Growth and yield of guar (Cyamopsis tetragonoloba
L.) genotypes under different planting dates in the semi-
arid southern high plains. American Journal of Plant
Sciences. 7: 1246-1258.

Jincy, M., Prasad, V.B.R., Senthil, A. Jeyakumar, P. and Manivannan,
N. (2022). Physiological divergence in green gram
[Vigna radiata (L.) Wilczek] genotypes for drought and
high temperature stress tolerance during f lowering
phase. Legume Research. 45(8): 960-967. DOI: 10.1880
5/LR-4314.

Jones, J.B. (1997). Hydroponics, A Practical Guide for the Soilless
Grower. St. Lucie Press Boca Raton, Florida.

Kerepesi, I. and Galiba, G. (2000). Osmotic and salt stress induced
alternation in solute carbohydrate content in wheat
seedlings. Crop Science. 40: 482-487

McCready, R.M. Guggolz, J. Silviera, V. and Owens, H.S. (1950).
Determination of Starch and Amylose in Vegetables. Anal.
Chem. 22:  1156-1158.

Naeem, M. Naeem, M.S. and Ahmad, R. (2017). Foliar-applied
calcium induces drought stress tolerance in maize by
manipulating osmolyte accumulation and anti oxidative
responses. Pakistan Journal of Botany. 49: 427-434.

Noctor, G. Foyer, C.H. (1998). Ascorbate and glutathione: Keeping
active oxygen under control. Annual Review of Plant
Physiology and Plant Molecular Biology. 49: 249-279.

Pathak, R. and Roy, M.M. (2015). Climatic Responses, Environmental
Indices and Interrelationships between Qualitative and
Quantitative Traits in Cluster Bean [Cyamopsis tetragonoloba
(L.) Taub.] under Arid Conditions. Proceedings of the National
Academy of Sciences, India Section B: Biological Sciences.
85(1): 147-154.

Table 3: Mean comparisons of drought stress on traits of soluble
protein and RWC in Guar.

Drought stress Soluble protein RWC
based on FC (%) (mg gFW -1) (%)

70 7.21c 86.5a
50 10.1b 78.4b
30 11.8a 70.6c

Means that have a common letter, have not significantly different
together at 5% based on LSD test.

Table 4: Mean comparisons of spraying on traits soluble protein
and RWC in Guar.

Spraying Soluble protein RWC
(3 %) (mg gFW -1) (%)

Non-spraying 8.2b 74.4b
AA 10.1a 79.8a
CaCO3 10.8a 81.4a

Means that have a common letter, have not significantly different
together at 5% based on LSD test.



 Volume 46 Issue 2 (February 2023) 175

Reduction of Drought Stress Effects on Guar (Cyamopsis tetragonoloba L.) using Ascorbic Acid and Calcium Carbonate

Peltzer, D. Dreyer, E. and Polle, A. (2002). Differential temperature
dependencies of anti oxidative enzymes in two contrasting
species. Plant Physiology and Biochemistry. 40: 141-
150.

Ritchie, S.W. and Nguyen, H.T. (1990). Leaf water content and
gas exchange parameters of two wheat genotypes
differing in drought resistance. Crop Science. 30: 105-
111.

Shinde, S. Villamor, J.G. Lin, W. Sharma, S. and Verslues, P.E.
(2016). Proline coordination with fatty acid synthesis and
redox metabolism of chloroplast and mitochondria. Plant
Physiology. 172: 1074-1088.

Slama, I. Ghnaya, T. Hessini, K. Messedi, D. Savouré, A. and
Abdelly, C. (2007). Comparative study of the effects of
mannitol and PEG osmotic stress on growth and solute
accumulation in Sesuvium portulacastrum. Environmental
and Experimental Botany. 61: 10-17.

Xu, H., Li, Y., Zhong, H. and Li, X. (2022). Role of osmotic regulation
and cryoprotectant substances in the freezing tolerance
of alfalfa in cold, dry conditions. Legume Research. 45(8):
952-959. DOI: 10.18805/LRF-684.

Yemm, E.W. and Cocking, E.C. (1955). The determination of amino-
acids with ninhydrin. Analyst. 80: 209-214.

Zechmann, B. (2011). Subcellular distribution of ascorbate in plants.
Plant Signal Behavior. 6:  360-363.


