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Abstract: Arachis hypogaea L. ‘Sen’ is a local peanut cultivar that exhibits desirable
agronomic traits to be a promising crop in Nghe An province. The present study aimed to
evaluate the antioxidant responses of Sen plants under drought conditions. Drought
triggered oxidative stress that was recorded by a burst of superoxide anion radical (O;”)
and hydrogen peroxide (H>O3) in Sen peanut leaves. A progressive enhancement in the
activities of antioxidative enzymes, including superoxide dismutase (SOD), catalase (CAT)
and peroxidase (POX), was consistently observed throughout the experiment, effectively
facilitating the detoxification of excess endogenous O~ and H>O:. Furthermore, an
increased accumulation of proline appeared to be part of the defense mechanism of Arachis
hypogaea L. ‘Sen’ against oxidative stress caused by drought.
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1. Introduction

Drought is recognized as one of the most serious abiotic factors affecting plant
growth and development. Under water-deficit conditions, plants often face overproduction
of reactive oxygen species (ROS) such as hydrogen peroxide (H»0.), superoxide anion
radical (O27), which can trigger oxidative stress leading to cellular damage [2]. To mitigate
these negative effects, plants activate antioxidative defense mechanisms including
antioxidative enzymes such as superoxide dismutase (SOD, EC 1.15.1.1), catalase (CAT,
EC 1.11.1.6) and peroxidase (POX, EC1.11.1.7), which regulate ROS production and
facilitate its detoxification [14]. Additionally, proline, a nitrogen-containing amino acid
with antioxidant properties, also is known to play a crucial role in enhancing plant tolerance
under drought stress [8].

Sen (also known as “Sen Nghe An”), a local cultivar of peanut (4Arachis hypogaea
L.), exhibits desirable agronomic traits, including high yield, large and uniform seeds, thin
seed coat, and adaptability to various soil conditions in Nghe An province. To date,
information on its physiological defense mechanisms against abiotic stresses is limited.
Therefore, this study aimed to evaluate the antioxidant responses of Sen peanut plants to
drought via assessing accumulation of O»~, H>O», and enhanced activity of SOD, CAT,
POX as well as content of proline.

!'Faculty of Agricultural, Forestry and Fishery, Hong Duc University; Email: maivanchung@hdu.edu.vn
2 Vinh University

13



Antioxidant responses of Arachis hypogaea L. ‘Sen’ plants to drought

2. Materials and Methods

2.1. Material and experiment

The antioxidant expression of Sen cultivar was evaluated by using L20, a drought-
tolerant peanut cultivar, as the control. Seeds of Sen and L.20 peanuts were provided by the
Nghe An Agricultural Extension Center.

For each peanut cultivar, uniform seeds were placed on Petri dishes and incubated in
the dark at 20°C for 3 days to ensure germination. Seedlings were cultured in 30 cm pots
containing alluvium added macro minerals (each experimental formula included 30 pots;
3 seedlings per pot), and placed under controlled conditions with temperature of 23+2°C,
65-70% relative humidity, and light intensity of 100-110 umol photons m™ s with a 12h
light/12h dark photoperiod.

Experiments included two equal parts:

Drought-treated plants: Seedlings were subjected to drought stress by withholding
water at the plantlet stage (40 - 50 days after planting) and the flowering stage (70 - 80 days
after planting). Watering of the drought-treated plants were withheld until tensiometer (USA,
model 2725 ARL 12, plug in pot about 15 cm deep) reached -80 kPa, then watered again.

Control plants: Peanut seedlings were kept in 70% soil moisture.

Leaves were carefully collected before drought treatment, at the plantlet stage and at
the flowering stage for subsequent analyses.

All experiments were conducted in the specialized labs of Vinh University in the
years of 2024 - 2025.

2.2. Analytical methods

Relative accumulation of O~ in peanut leaves was determined by spectrophotometry
based on its ability to reduce nitro blue tetrazolium (NBT, a chemical compound composed
of two tetrazole moieties, served as the oxidant) according to the procedure described in
[4] and modified in [8]. Generation of H>O, was analyzed following the eFOX (ferrous
oxidation-xylenol orange) assay [9].

Activity of SOD (EC 1.15.1.1) was measured spectrophotometrically through its
inhibitory effect on the photochemical reduction of NBT [1]. Activity of CAT (EC
1.11.1.6) was determined by monitoring the decomposition of H>O, over in a specified
incubation period [5]. Activity of POX (ECI1.11.1.7) was assessed using a
spectrophotometric method as described previously [10].

Proline content was determined following the colorimetric analysis [11].

2.3. Statistical analysis

All measurements were performed in three independent experiments. Analysis of
variance (ANOVA) was conducted to determine whether means from independent analyses
differed significantly, with the significant level as P-value < 0.05. Data presented in tables
are expressed as means and standard errors (s.e.) of triplicates for each treatment.
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3. Results and discussion

3.1. Drought-triggered reactive oxygen species

Drought triggered the strong generation of endogenous ROS in Sen and L20 peanut
plants (Table I and Table 2).

Table 1 shows that a significant accumulation of O,~ was observed in leaves of Sen
peanut under drought conditions. The generation of that free radical increased from the
beginning of the experiment (before drought treatment) to the flowering stage, at which the
highest level of 0>~ was 1.97 Asgo g”' FW (fresh weight). That level was 3.79-fold higher than
in the beginning of the experiment and 2.32-fold higher than that in control plants at the same
stage. Compared with the L20 cultivar, levels of O> in Sen plants were always higher in all
investigated time points. It is noted that, O>~ content in drought-treated plants of both Sen and
L20 cultivars differed significantly from that of the respective control plants (P<0.05).

Table 1. Relative accumulation of superoxide anion radical in the leaves of Sen

and L20 peanut plants
Peanut Relative accumulation of superoxide anion radical (4550 g/ FW)
cultivars Treatments | Before drought Drought-treated stage
treatment Plantlet Blossom
Control 0.67 £ 0.08° 0.85 £ 0.09*
:l: C
Sen Th ought 0.56+0.09 0.92 £ 0.06° 1.97 £ 0.13°
Control d 0.59 +0.07% 0.65 £+ 0.08°
+
120 Drought 0.53%0.06 0.73+£0.10° 1.41 +0.16

Note: Values are means £ s.e. (n = 3). Different letters within the same peanut cultivar
indicate significant differences according to ANOVA at P < 0.05.

Similar to O>~ generation, the content of H2O2in Sen and L20 cultivars showed similar
trends. A significant accumulation of H>O; in drought-treated plants was observed to increase
throughout experiments. The maximum content obtained in leaves of Sen plants at flowering
stage was 18.41 uM g”! FW (Table 2). Compared to the L20 cultivar, the content of this ROS
in the Sen cultivar was also much higher at all investigated time points. It is noteworthy that
the significant differences in H>O, content between drought-treated plants and the controls
were recorded in both Sen and L20 cultivars throughout experiment (P<0.05).

Table 2. Relative accumulation of hydrogen peroxide in the leaves of Sen and L20 peanut plants

Peanut Relative accumulation of hydrogen peroxide (uM g’ FW)
cultivars Treatments Before drought Drought-treated stage
treatment Plantlet Blossom
Control d 8.36 £0.91° 9.82 £0.76°
Sen T rought 6.27+0.95 1527£096° | 1841 % 1.24°
Control . 6.45 +0.59% 7.87 +0.93¢
L20° M Drought 4.99+0.82 11.86 + 1.06° 13.12 + 1.46°

Note: Values are means £ s.e. (n = 3). Different letters within the same peanut cultivar
indicate significant differences according to ANOVA at P < 0.05.
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3.2. Drought-induced activity of antioxidative enzymes

Drought-accumulated activities of antioxidative enzymes such as SOD, CAT, and
POX in both peanut cultivars were presented in Tables 3, 4 and 5.

Biosynthesis of SOD in the Sen cultivar increased significantly from the beginning
of the experiment to the flowering stage. However, the enhanced SOD activity in Sen plants
was always lower than that in L20 cultivar (7able 3). The highest SOD activity in the leaves
of Sen plants at the flowering stage was 24.76 nkat mg™! protein, which was 2.38- and 1.63-
fold higher than in the beginning and the control, respectively. Significant differences in
SOD activity between drought-treated plants and controls were observed across all
experimental stages (P<0.05).

Table 3. Activity of SOD in the leaves of Sen and L20 peanut plants

Activity of SOD (nkat mg™ protein)
cﬂftzi‘iil::s Treatments| Before drought Drought-treated stage
treatment Plantlet Blossom
Control 12.39 + 1.07¢ 14.97 £ 1.16°
Sen T ought 10.41 + 1.26* 22.91 +2.50° 24.76 + 2.87°
Control 12.70 + 1.43% 13.46 + 1.53¢
L20 o ought 11.07 1.33¢ 2646+ 2.07° 31,624 2.03°

Note: Values are means + s.e. (n = 3). Different letters within the same peanut cultivar
indicate significant differences according to ANOVA at P < 0.05.

Similar to the changes in SOD accumulation, generation of CAT was also induced
under drought conditions, and increased during the experiments. However, CAT activity
in the Sen cultivar was always lower than that in the L20 cultivar at all investigated times
(Table 4). The highest CAT activity in Sen plants was 18.08 nkat mg™' protein at the flowering
stage, which was 1.23- and 1.92-fold higher than that in the control and at the beginning of the
experiment, respectively. Interestingly, the significant differences between enzyme
activities in drought-treated and control plants were obtained in both two peanut cultivars
during the experimental time (P<0.05).

Table 4. Activity of CAT in the leaves of Sen and L20 peanut plants

Peanut Activity of CAT (nkat mg”' protein)
ean
cul tiV:rs Treatments Before drought Drought-treated stage
treatment Plantlet Blossom
Sen Control 9.42 4 0684 10.59 + 0.98 14.67 + 1.86°
Drought ' ' 12.53 £ 1.84°¢ 18.08 + 1.34°
L20 Control d 10.81 +0.81°/ | 15.37+1.35°
Drought 846=0.77 17.07£1.02° | 22.10 £ 2.47°

Note: Values are means + s.e. (n = 3). Different letters within the same peanut cultivar
indicate significant differences according to ANOVA at P < 0.05.
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The activity of the enzyme POX in Sen peanut leaves was also enhanced under
drought conditions (7able 5). The drought-accumulated activity of POX continuously
increased throughout the experimental period. The highest activity of POX obtained at the
stage of blossom was 9.84 nkat mg™! protein, which was 1.28-fold higher than in the control
and 1.98-fold higher than at the beginning of the experiment, respectively. Although POX
activity in Sen plants was similar to that observed in L20 cultivar, activities of POX in
drought-treated plants in both two peanut cultivars significantly differed from those in
controls (P<0.05).

Table 5. Activity of POX in the leaves of Sen and L20 peanut plants

Activity of POX (nkat mg”’ protein)
Peanut
. Treatments Before drought Drought-treated stage
cultivars
treatment Plantlet Blossom
Control 5.81 +0.53 7.66 £ 0.63¢
4.98 +0.47¢
Sen Drought 98+ 0.47 8.07 = 0.63° 9.84+0.77°
120 Control 176+ 0.61° 5.72+047% 8.41 +0.86™
Drought ' ' 7.98 £0.52° 10.02 + 0.73%

Note: Values are means + s.e. (n = 3). Different letters within the same peanut cultivar
indicate significant differences according to ANOVA at P < 0.05.

Among the antioxidative enzymes, SOD converts the toxic O radical to HO», after
which CAT catalyzes the decomposition of H2O> to O and water as a by-product of
photoreactions [7]. Meanwhile POX utilizes H>O; to drive a variety of oxidation reactions
in plant cells [3]. In the present study, increased antioxidant enzyme activities were
generally associated with lower ROS accumulation, and vice versa. Compared with the
L20 drought-tolerant cultivar, Sen plants exhibited lower activities of SOD and CAT
together with higher accumulation of O~ and H»>O,, suggesting a relatively lower
efficiency of ROS detoxification in this cultivar. Nevertheless, drought stress still markedly
induced the activities of SOD, CAT and POX in Sen plants, indicating the activation of an
adaptive antioxidative defense mechanism to maintain cellular redox homeostasis under
water deficit conditions.

These findings suggest that drought tolerance in peanut is closely associated with the
efficiency of the antioxidant defense system. Although the antioxidative capacity of Sen
cultivar appeared lower than that of L20, the substantial induction of antioxidative enzymes
demonstrates that Sen peanut possesses a moderate physiological adaptation to drought stress.

3.3. Drought-enhanced content of proline

The content of the amino acid proline in Sen and L20 drought-treated plants
increased continuously from the beginning of drought treatment till the flowering stage,
whereas that amino acid in control plants changed slightly in lower levels during
experiments. However, lack of the statistical difference between values of proline in Sen
and L20 cultivars was recorded although the content of that amino acid in the leaves of Sen
plants was always higher than that in L20 plants (7able 6).
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Table 6. Content of proline in the leaves of Sen and L20 peanut plants

Content of proli lg' FW,
Peanut Experimental ontent of proline (umol g )
. Before drought Drought-treated stage
cultivars formulae
treatment Plantlet Blossom
Control 11.84 + 1.04% 13.18 £ 1.12°¢
10.71 +0.95¢
Sen Drought 071095 1453+ 1.36° | 20.69 +2.06°
Control q 11.72 £1.17% 12.51 £ 1.27°
.62 £0.
L20 Drought 10.62+0.97 13.96 + 1.20° 18.90 + 1.74°

Note: Values are means +s.e. (n = 3). Different letters within the same peanut cultivar
indicate significant differences according to ANOVA at P < 0.05.

Our results are consistent with previous studies showing that proline accumulation
is an important component of plant defense mechanisms under drought stress [6, 12, 13].
The remarkable increase in proline content observed in Sen drought-stressed plants
suggests an adaptive metabolic adjustment to water deficit conditions. Proline is known to
function as an osmoprotectant by regulating cellular osmotic balance and improving water
retention capacity in stressed tissues [6]. In addition, proline contributes to membrane
stabilization, protection of protein structure and scavenging of reactive oxygen species,
thereby helping maintain cellular integrity under oxidative stress conditions [13]. The
higher proline accumulation recorded in Sen plants compared with L20 may indicate that
proline metabolism plays a compensatory protective role in this cultivar when the activities
of enzymatic antioxidants such as SOD and CAT are relatively lower.

4. Conclusion

Drought triggered oxidative stress in Sen peanut leaves through an increased
accumulation of O;~and H>O;. The enhanced activities of antioxidative enzymes, including
SOD, CAT and POX, and the increased content of the amino acid proline were essential
elements in the antioxidative mechanism to protect Sen cells from damages of the excess
of O2”and H>O;. It is initially recorded in Sen drought-treated plants that the activities of
antioxidative enzymes such as SOD and CAT were significantly lower, and the proline
content was higher, whereas POX activity was similar to that in L20, a drought-tolerant
cultivar. Those physiological and biochemical responses suggest that the Sen peanut
cultivar possesses a moderate adaptive capacity to drought stress and may represent a
valuable local genetic resource for future peanut breeding programs targeting drought-
prone regions under climate change conditions.
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