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Abstract
Drought is a harmful abiotic factor that clearly affects the growth and production of plants. The negative impacts of drought 
can be reduced by ascorbic acid (AsA) which is an important non-enzymatic antioxidant in plants. The purpose of the cur-
rent investigation was to study the effects of different levels of drought and the external application of AsA on sweet pepper 
plants. The experiment had two factors, the first factor was drought: irrigation within the field capacity, moderate stress 
(irrigation within the 60% field capacity) and severe stress (irrigation within the 30% field capacity). The second factor 
was AsA: 0 mM sprayed with distilled water, 0.5 and 1 mM. The experiment had three replications. The results illustrated 
that drought stress reduced the fresh and dry weight of roots and shoots. It also reduced the relative water content (RWC), 
diameter and length of fruit, chlorophyll content and leaf area. Drought stress increased the activity of polyphenol oxidase 
and ascorbate peroxidase enzymes. It caused improvements in antioxidant properties, total phenolic content, ascorbate and 
electrical conductivity (EC) in the leaves of sweet pepper. Higher concentrations of AsA by foliar application significantly 
increased the values of all measured parameters except the EC. The interaction between ascorbic acid and drought stress 
showed that ascorbic acid significantly increased the shoot fresh weight, root dry weight, antioxidant properties, ascorbate, 
polyphenol oxidase and ascorbate peroxidase. However, it reduced the electrical conductivity. It is claimed that sweet pepper 
plants acquire tolerance to drought because AsA contributes to an increase in antioxidant properties.

Keywords  Antioxidant enzymes · Electrical conductivity · Relative water content

Introduction

Drought stress is a widespread environmental factor that 
causes anatomical, physio-biochemical changes in plants 
(Kasim et al. 2017). Relative water content can be noted 
from different aspects of physiological changes when being 
affected by drought stress (Tuna et al. 2010). It can induce 
various morphological responses that result in reduced leaf 
area (Hu and Xiong 2014), as well as a loss of fresh and dry 
weight of the roots and shoots (Kasim et al. 2017). In fact, 
drought stress reduces biomass by retarding cell growth (Xu 
et al. 2015). As an abiotic stress, drought can hamper the 

mechanism of photosynthesis in plants by changing the inner 
and outer structure of plant tissues (Mahmoud 2014) and the 
concentration of different pigments and biological molecules 
such as enzymes involved in this mechanism (Ashraf and 
Harris 2013).

It is notable that drought stress can lead to the formation 
of active oxygen species, including superoxide (O−2) and 
hydrogen peroxide (H2O2) radicals (Xu et al. 2015). Through 
increased leakage of electrons by molecular oxygen, it fol-
lows oxidative damage to the photosynthetic device and dis-
torts vital cellular macromolecules (Kolarovic et al. 2009). 
Plants synthesize several enzymatic antioxidants and non-
enzymatic antioxidants that defenses to protect them from 
oxidative injuries caused by ROS (Ashraf 2009; Shafiq et al. 
2014; Bayat and Moghadam 2019). The harmful effects of 
H2O2 can be reduced by ascorbate peroxidase (APX).

Non-enzymatic antioxidant such as AsA, have remark-
able antioxidant properties that act as electron donors and 
decreased accumulation of ROS (Noctor and Foyer 1998). 
They also perform in substructure reactions in the cycle 
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of enzyme production (Mittler 2002). Research on the 
use of plant growth regulators has partly been directed at 
overcoming the problems of drought stress (Farooq et al. 
2009). The available literature cites the importance of 
compounds with low molecular weight. These compounds 
include AsA (vitamin C), glutathione (GSH), carotenoids 
and flavonoids (Seminario et al. 2017). AsA plays a key 
role in stress signals and in other physiological mecha-
nisms (Wolucka et al. 2005) such as the regulation of cell 
division and photosynthesis (Smirnoff 1995). In addition, 
the free accumulation of AsA in plant cells is very impor-
tant for ROS elimination (Xu et al. 2015) and possibly for 
making plants more tolerant to photosensitive oxidative 
stress (Foyer et al. 1993; Smirnoff 1995). Since AsA plays 
a role in both enzymatic and non-enzymatic Mechanisms 
as well as in other important functions in plants, stud-
ies have been implemented on the physiological functions 
of leaf tissue in some plants treated with AsA when fac-
ing drought stress (Athar et al. 2008; Dolatabadian et al. 
2009). In a study, Pignocchi and Foyer (2003) showed 
that the foliar spray of AsA in plants under not stress and 
stress conditions can change the oxidative defense system 
of plants, improve plant growth and production, contribute 
to cell expansion, ion transport and other effective pro-
cesses. The impact of AsA as foliar application on growth 
improvement has been studied in different organs of plants 
under environmental stress (Khan et al. 2011). Also, sim-
ilar results were obtained from the investigation of the 
effect of ascorbic acid on sweet peppers (Shawky et al. 
2003). Various studies have exhibited that plant tolerance 
to drought stress is related with an increase in antioxidant 
properties in plants (Alam et al. 2014; Hoque et al. 2008). 
The foliar application of AsA in plants showed an increase 
in the amount of endogenous AsA in the plant. In general, 
it can be said that maintaining the antioxidant defense sys-
tem in plants is essentially necessary to counteract oxida-
tive damage by abiotic stresses (Qian et al. 2014). In a 
study on canola, AsA reportedly increased plant tolerance 
to abiotic stress (Bybordi 2012).

Peppers are a group of popular vegetables which have 
distinct features like color, flavor and nutritional proper-
ties. Different types of peppers contain a broad range of 
phytochemicals. They are a rich source of vitamin C and 
carotenoids which are important nutritional antioxidants in 
food (Byers and Perry 1992). These phytochemicals include 
phenols and flavonoids which are important antioxidants in 
plants (Byers and Perry 1992). The amount of AsA in pepper 
is reportedly higher than the amounts in many other fruits 
and vegetables (Korkutata and Kavaz 2015). Further to this 
endogenous feature of sweet peppers, the current study was 
carried out to determine the influence of AsA application on 
the physio-biochemical parameters of sweet pepper plants 
growing under drought stress.

Materials and methods

Plant material and growth conditions

This research was carried out as a factorial experiment in 
a completely randomized design (RCD) with two factors. 
The main factors were different levels of drought and AsA 
concentrations. Each treatment had three replications. The 
research was situated in a greenhouse at the Faculty of 
Agriculture, University of Ilam. It lasted 4 months, from 
seed cultivation to sampling. Seeds of sweet pepper were 
provided by the Faculty of Agriculture. The peppers seeds 
were sterilized by 1% sodium hypochlorite (NaOCl) for 
10 min before being washed with tap water for 1 min. Then, 
the seeds were sown in plastic pots that measured 20 cm in 
height and 23 cm in diameter. The pots were filled with fine 
sand, sand, leaf mold and garden soil with a ratio of 1:1:1. 
After filling, each pot weighed 7 kg. The soil samples were 
analyzed for different soil properties (Table 1).

The average temperature and relative humidity during 
plant growth were 18/25 °C (day/night) and 60–70%, respec-
tively. A small amount of Tween-20 (polyoxyethylenesorbi-
tan monolaurate) was added as a surfactant to a solution of 
AsA to increase adhesion between leaves. The AsA treat-
ment started at the fourth leaf stage. AsA was used at 0, 0.5 
and 1 mM. The AsA was sprayed onto the leaves so that 
both sides of each leaf became completely wet. The foliar 
spray was applied twice. The first instance of application was 
at 3 days before the drought stress. The second spray was 
applied 2 weeks after the drought stress began. In the early 
stages of plant growth, irrigation was complete. Accord-
ingly, 72 h after the foliar spray until sampling (it lasted 
approximately 4 months), all plants were exposed to three 
levels of drought stress: stress-free conditions (full irriga-
tion, i.e., the control group), moderate stress (60% of field 
capacity) and severe stress (30% of field capacity). We have 

Table 1   Physico-chemical properties of the experimental soil

Characteristics Units Values

Moisture content (%) 32
Phosphorus (P) (ppm) 3.47
Potassium (K) (ppm) 33.63
pH 7.3
Sand (%) 22
Clay (%) 11
Silt (%) 67
Soil texture Silty loam
Electronic content (EC) (ds/m) 0.7
Organic carbon (%) 0.42
Total nitrogen (%) 0.04
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not used any fertigation in this experiment. These conditions 
were maintained until the end of the experiment. All pots 
were weighed on a daily basis.

In this experiment, 27 sweet pepper plants were harvested 
at 80% maturity (in the green stage). Leaf samples consisted 
of three replicates. Each replicate was obtained from three 
pots, and therefore, a total of 9 plants existed in each treat-
ment group. The samples were quickly placed in liquid nitro-
gen after harvest. They were stored in the freezer (− 80 °C) 
before measuring the biochemical properties, the physiologi-
cal features and the activity of antioxidant enzymes.

Fruit physical properties

Pepper fruits were harvested and their morphological char-
acteristics (diameter and length of fruit) were recorded. The 
diameter and length of fruits were measured at their maxi-
mum width and length respectively. All measurements were 
performed by means of a Caliber (Setiamihardja and Knavei 
1990).

Growth parameters

To measure leaf area (LA), fully mature leaves that had 
developed from the main stem of the apical meristem were 
selected and the total leaf area was determined by an area 
meter (AM 300 Bio Scientific Ltd., UK) (Phimchan et al. 
2012). Leaf chlorophyll index (CHLI) was measured from 
the last fully developed leaf of sweet pepper by SPAD502 
(Wang et al. 2017). The fresh weight of the shoots of pep-
per seedlings was evaluated by a digital balance. The shoots 
dry weight was recorded after being dried at 60 °C (Ahmed 
et al. 2014). The roots of the sweet pepper plants were care-
fully separated from the pots and, after being washed with 
water several times, the fresh weight of roots was measured 
with a balance. Then, they were placed at 60 °C to calculate 
the dry weight of roots (Ahmed et al. 2014). A method by 
Ali and Ashraf (2011) was used for determining the rela-
tive water content (RWC) of leaves. In this method, fully 
developed leaves were selected and their fresh weight was 
recorded. Then, the leaves were placed in test tubes contain-
ing distilled water at room temperature for 3 h. Their turgid 
weights were recorded. The leaves dry weight was recorded 
after drying the leaves at 70 °C for 48 h. The leaf RWC was 
obtained using the equation below:

Determining the relative electrical conductivity

The electrical conductivity of pepper leaves was evaluated 
according to Barranco et al. (2005). The fresh leaves were 

RWC (%) = FW − DW∕TW − DW × 100.

cut into 0.1-g disks. Contaminants and residues on the sam-
ples were removed by distilled water. Then, the leaf sam-
ples were added to the test tubes with 10-ml distilled water. 
The tubes were incubated for 30 min at a temperature of 
30 °C and then the initial electric conductivity of the solu-
tion (EC1) was measured. The tubes were placed in a bath of 
water at 100 °C for 15 min and the secondary electric con-
ductivity (EC2) was calculated. Ultimately, the total electri-
cal conductivity was determined by the following equation:

Determination of non‑enzymatic antioxidants

Determination of AsA content

AsA content of pepper leaves was estimated by a modi-
fied procedure following a method by Luwe et al. (1993). 
Initially, pepper leaf samples (0.5 g) were poured in liquid 
nitrogen by mortar and pestle. They were homogenized into 
ice-cold trichloroacetic acid (TCA, 1% w/v). Then, the solu-
tion was centrifuged at 12,000 rpm for 20 min at a tempera-
ture of 4 °C. This was followed by adding 50 µl potassium 
phosphate buffer mixture (0.95 ml, 100 mm, pH 7.0) along 
with ascorbate oxidase (1 μl of 1 μl−1 unit) to the superna-
tant. Eventually, the absorbance was read at 265 nm.

Total phenolic content measurement

In sweet pepper plants, total phenol content was measured 
according to a method by Kahkonen et al. (1999). The fresh 
pepper leaves (0.4) were homogenized in 4 ml of metha-
nol and 0.1 Mol l−1 HCl mixtures. Then the homogenized 
material was centrifuged at 15,000 g for 20 min at 4 °C. 
This was followed by adding distilled water (1:10) and by 
mixing 2 ml diluted solution with 400 μl supernatant. Subse-
quently, 1.6 ml of sodium carbonate (7.5%) was added to the 
above compounds. The mixture was saved kept in the dark 
for 30 min and was centrifuged at 5000×g for 5 min. Finally, 
the absorbance was read at 765 nm. The total phenolic con-
tent was determined by Gallic acid mg ml−1 fresh material.

Antioxidant capacity

Antioxidant activity of pepper leaves was determined by the 
method described by Abe et al. (1998). The fresh leaves 
(0.2 g) were mashed by a pestle in a mortar containing 2 ml 
of ethanol at 4 °C. Half of the solution was mixed with a 
solution containing 0.25 ml of 0.5 mM DPPH in ethanol and 
0.5 ml of 100 mm acetate buffer (pH 5.5). The absorbance 
was read at 517 nm after 30 min. The antioxidant activity 
was determined using the following equation:

EL (%) = (EC1∕EC2) × 100.
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Determination of antioxidant enzyme activities

Preparation of extracts

The leaf tissue was added to mortar and pestle containing 
50-ml sodium phosphate buffer (pH 7.0) and then crushed. 
After being centrifuged at 16,000g at 10 °C, the above 
supernatant was used for measuring the activity of APX and 
PPO enzymes (Zhao et al. 2007).

Assaying polyphenol oxidase activity

The PPO activity was evaluated according to a method by 
Jiang et al. (2002). For this purpose, 100 μl of enzyme solu-
tion was added to a mixture containing [900 μl of catechol 
solution, which comprised 40 mM in a sodium phosphate 
buffer of 0.01 M (pH 6.8)]. Then, the absorbance was read 
at 400 nm in 25 °C for 3 min.

Determination of ascorbate peroxidase activity

APX activity was evaluated by the Asada (1992) method. 
The contents of the reaction mixture contained 0.1-ml ascor-
bate (0.5 mM), 0.1-ml enzyme extract, 0.2-ml H2O2 1% and 
2.5 ml of 50-mM potassium phosphate buffer. This solution 
was supplemented with 0.1-mM EDTA (pH 7.0). Finally, the 
absorbance was read at 290 nm at 25 °C.

Statistical analysis

The data obtained in this study were evaluated by analysis of 
variance (ANOVA) using SPSS statistical 10 software and 
Duncan’s multiple range tests. The analyses were carried 
out to determine significant variation between the means 
at a significance level of P < 0.05. Pearson’s correlation 
between different concentrations of AsA and various levels 
of drought stress were calculated by SPSS software.

Results

Correlation coefficient

The correlation coefficient was used for determining the 
natural and extensive relationships between the studied 
traits in this research. According to the results, some of the 
studied traits were significant (Table 2). A positive signifi-
cant correlation was reported between fresh weight of shoot 
and dry weight of shoot, fresh weight of root, dry weight of 

Antioxidant capacity (%) =

(

1 −
ASample (517 nm)

AControl (517 nm)

)

× 100.
root, RWC, fruit diameter, fruit length, chlorophyll index 
and leaf area index. Also, the fresh weight of shoots had a 
significant, negative correlation with total phenol, polyphe-
nol oxidase and ascorbic peroxidase. Meanwhile, the dry 
weight of shoots had a positive significant correlation, with 
root fresh and dry weight, fruit length, chlorophyll index and 
leaf area index. However, these traits correlated negatively 
with the total phenol content and ascorbate peroxidase. In 
the present study, the fresh weight of roots showed signifi-
cant positive correlations with the dry weight of roots, fruit 
diameter, fruit length, relative water content and chlorophyll 
index. Meanwhile, a high significant correlation was found 
between root dry weight and relative water content, fruit 
diameter, fruit length, chlorophyll index and leaf area index. 
The root dry weight had a significant negative correlation 
with total phenol content. In addition, a significant and posi-
tive correlation existed between RWC and fruit diameter, 
fruit length, chlorophyll index and leaf area index. However, 
RWC had a significant and negative correlation with total 
phenol content.

Also, a significant positive correlation was apparent 
between fruit diameter, fruit length and chlorophyll index, 
but these correlated negatively with total phenol content and 
ascorbate peroxidase. A positive and significant correlation 
was observed among fruit length, chlorophyll index, leaf 
area index, whereas these parameters correlated negatively 
with the total phenol content. A significant but negative 
correlation was observed between electrical conductivity, 
ascorbic acid and polyphenol oxidase. Antioxidant capacity 
showed a significant positive correlation with total phenol, 
polyphenol oxidase, ascorbate peroxidase and ascorbic acid. 
In studies on leafy vegetables (Wangcharoen and Morasuk 
2007) and chili (Sahitya et al. 2018), it was observed that 
there was a significant correlation between the DPPH radi-
cal scavenging activity and the amount of total phenols. In 
fact, the amount of total phenols correlated positively and 
significantly with the amounts of polyphenol oxidase, ascor-
bate peroxidase and AsA. Ultimately, a correlation analysis 
showed that polyphenol oxidase has a positive and signifi-
cant correlation with ascorbate peroxidase and AsA. The 
correlation analysis showed that ascorbate peroxidase has 
a positive correlation with AsA. In a study on apples, Pear-
son’s correlation analysis revealed that antioxidant activity 
can be seen as a function of the total phenolic measurement 
because the relationship between total phenolic content and 
activity of antioxidant was reportedly significant (Candrawi-
nata et al. 2014).

Growth parameters

The analyses of data obtained from the factors of this 
section are shown in Tables 3 and 4. Statistical results 
showed that severe levels of drought stress led to the 
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decrease in fruit diameter and length, leaf area index, 
chlorophyll index, and the fresh and dry weight of roots 
and shoots. As shown in Tables 3 and 4, the application of 
AsA markedly enhanced the parameters mentioned above 
at all levels of drought stress. Investigating the interac-
tion between ascorbic acid and drought stress showed that 
ascorbic acid treatment significantly increased the fresh 
weight of shoots (Fig. 1a) and the dry weight of roots 
(Fig. 1b).

Relative water contents (RWC)

Drought stress reduced relative water contents in sweet 
pepper plants (Table 4). The maximum decrease in this 
parameter was observed at the most severe level of 
drought stress; whereas, the application of AsA enhanced 
RWC at all levels of drought.

Electrical conductivity

Parameters such as electrical conductivity were analyzed so 
as to determine the severity of oxidative stress in sweet pep-
per plants under different levels of drought (Table 4). Elec-
trical conductivity was enhanced under drought stress. The 
highest value of this parameter was observed in response to 
the most severe drought stress as compared with the control. 
The foliar application of AsA markedly reduced the electri-
cal conductivity in stressed and non-stressed sweet pepper 
plants (Table 4). A study of the interaction between drought 
stress and foliar application level of ascorbic acid showed 
that as drought stress becomes more severe, the electric con-
ductivity increases. On the other hand, using ascorbic acid 
reduces the electric conductivity (Fig. 2g).

Ascorbic acid

Drought stress significantly increased AsA content in 
sweet pepper plants when compared with control plants 
(Table 5). Accordingly, the amount of AsA increased by 
higher levels of drought stress. The exogenous application 
of AsA increased the AsA content inside the stressed and 
non-stressed sweet pepper plants (Table 5). The interaction 
between drought stress and ascorbic acid showed that ascor-
bic acid content in sweet pepper plants increases in response 
to higher levels of drought stress and ascorbic acid (Fig. 1d).

Total phenolic compounds

Total phenolic compounds increased considerably in sweet 
pepper plants under drought stress conditions (Table 5). The 
analysis showed that using different levels of AsA as foliar 
application increased total phenolic contents in sweet pepper 
plants under both stress and unstressed conditions (Table 5).

Table 3   Mean comparison 
of ascorbic acid and drought 
stress effects on morphological 
parameters of pepper plants

FWSH fresh weight shoot, SHDW dry weight shoot, RFW fresh weight root, RDW dry weight root, DF fruit 
diameter, FL fruit length
The same letters in each column indicate no significant difference at the 5% probability level according to 
the Duncan test

Treatments FWSH (g) DWSH (g) FWR (g) DWR (g) FD (mm) FL (mm)

Ascorbic acid
 0 mM (control) 39.43a 18.60b 15.62a 12.46b 34.19b 46.14b
 0.5 mM 41.82a 20.76b 16.04a 11.70b 39.42a 48.27ab
 1 mM 39.39a 23.44a 18.39a 18.13a 41.46a 51.71a

Drought stress
 0 (control) 57.43a 33.65a 22.33a 19.20a 49.78a 62.25a
 60% 26.46c 11.37c 12.3b 9.14c 25.48c 37.30c
 30% 36.75b 17.79b 15.40b 13.94b 39.82b 46.57b

Table 4   Mean comparison of ascorbic acid and drought stress effects 
on morphological parameters of pepper plants

LAI leaf area index, CHLI chlorophyll index, RWC​ relative water con-
tent, EC electrical conductivity
The same letters in each column indicate no significant difference at 
the 5% probability level according to Duncan test

Treatments LAI (cm2) CHLI RWC (%) EC (%)

Ascorbic acid
 0 mM (control) 18.53a 29.10c 40.56b 36.06a
 0.5 mM 19.10a 38.98b 44.65a 21.58b
 1 mM 20.19a 44.71a 47.72a 21.55b

Drought stress
 0 (control) 22.2a 48.07a 60.32a 25.90a
 60% 17.41b 24.89c 33.64c 26.87a
 30% 18.20b 39.83b 38.96b 26.42a
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Antioxidant capacity

The endogenous content of antioxidant activity markedly 
increased in sweet pepper plants parallel to increasing lev-
els of drought compared with control conditions (Table 5). 
It markedly enhanced the content of antioxidant activity in 
sweet pepper plants when foliar AsA was applied on pep-
per seedlings (Table 5). The interaction between drought 
stress levels and concentrations of ascorbic acid showed that 
exacerbating the drought stress and increasing the amount 
of ascorbic acid led to higher levels of antioxidant capacity 
(Fig. 1c).

Antioxidant enzyme activities

To identify the antioxidant response to drought stress 
in sweet pepper plants, changes of antioxidant enzymes 
action were assayed. The activities of antioxidant enzymes 

measured in this study include those of PPO and APX. 
The activities of these enzymes in sweet pepper plants 
were lower under normal conditions, compared to the con-
siderably higher levels of enzymes activities under stress 
conditions (Table  5). The application of AsA signifi-
cantly increased the PPO activities and APX in all levels 
of drought (Table 5). Investigating the interaction between 
drought stress and ascorbic acid showed that with increas-
ing the drought stress and foliar utilization of ascorbic acid, 
the content of polyphenol oxidase and ascorbic peroxidase 
increased in sweet pepper plants (Fig. 2e, f).

Discussion

It was obvious that plant growth limitation under drought 
stress conditions due to a number of alterations in the 
physio-biochemical processes (Akram et al. 2009; Kosar 

b
a a

b b b
c c

d

0

10

20

30

40

50

60

70
FW

SH
(g

)

ASA concentrations (mM)

a 100% FC

60% FC

30% FC

100% FC

60% FC

30% FC

100% FC

60% FC

30% FC

100% FC

60% FC

30% FC

bc b

a

bc bcd

b

cd

d
bcd

0

5

10

15

20

25

30

35

D
W

R
 (g

)

ASA concentions (mM)  

b

d

abc
ab

bc
c

abc
abc abc

a

0

10

20

30

40

50

60

70

80

90

A
C

 (%
)

ASA concentrations (mM)

c

0                  0.5                 1 

i

f

c

h

e

b

g

d

a

0

10

20

30

40

50

60

70

80

90

100

A
SA

 (
m

ol
g-1

fw
)

ASA concentrations (mM)

d

0                 0.5                1

0                0.5                10 0.5 1

Fig. 1   Effects of foliar application of AsA and drought stress on some 
factors of sweet pepper plants. FWSH fresh weight shoot, DWR dry 
weight root, AC antioxidant capacity, AsA ascorbic acid. Variations 

between different factors were determined by univariate analyses fol-
lowed by post hoc analysis. Means with the similar letters are not sig-
nificantly different using Duncan’s test
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Fig. 2   Effects of foliar application of AsA and drought stress on some 
factors sweet pepper plants. PPO polyphenol oxidase, APX ascorbate 
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factors were determined by univariate analyses followed by post hoc 
analysis. Means with the similar letters are not significantly different 
using Duncan’s test

Table 5   Mean comparison 
of ascorbic acid and drought 
stress effects on morphological 
parameters of pepper plants

AC antioxidant capacity, TPC total phenol content, ASA ascorbic acid, PPO polyphenol oxidase, APX 
ascorbate peroxidase
The same letters in each column indicate no significant difference at the 5% probability level according to 
Duncan test

Treatments AC (%) TP (mg of GAE 
g−1 FW)

ASA 
(µmol g−1 FW)

PPO (unit 
g−1 min−1)

APX (unit 
mg−1 pro-
tein)

Ascorbic acid
 0 mM (control) 63.92b 2.74b 19.76c 15.74c 2.95b
 0.5 mM 69.32a 2.73b 43.15b 26.18b 3.05b
 1 mM 74.02a 3.46a 73.37a 38.59a 4.24a

Drought stress
 0 (control) 66.48b 2.53b 37.55c 20.74c 2.57c
 60% 73.72a 3.65a 54.32a 33.59a 4.35a
 30% 67.06b 2.76b 44.41b 26.18b 3.32b
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et al. 2015). In numerous economically important agricul-
tural products, a substantial decrease in growth and devel-
opment can be caused by drought stress (Tesfamariam et al. 
2010). In most plants, ROS is usually caused by cellular 
activities, such as respiration and photosynthesis, especially 
under conditions of various environmental stresses (Tripathy 
and Oelmuller 2012). The free radicals and reactive oxygen 
species prevent cell division and proliferation, thereby caus-
ing cell death (Dolatabadian et al. 2009).

Dolatabadian et al. (2010) stated that under stress condi-
tions in corn plants, AsA could have a positive effect on 
protecting cells against active species of oxygen and free 
radicals in the metabolism of plants. Using AsA on plants as 
an antioxidant has reportedly reduced the adverse effects of 
drought stress. Also, a previous work demonstrated that AsA 
is one of the most important growth regulators that have 
potential use in the development of resistance to various 
stresses (Shafiq et al. 2014). In the present study, the protec-
tive role of ascorbic acid as an antioxidant system in sweet 
pepper was investigated under drought stress conditions.

Some reviews have shown the adverse impacts of drought 
stress on some parameters include fresh and dry weight of 
plants like sunflower (Hossain et al. 2010) and canola (Tes-
famariam et al. 2010), which can be explained by changes 
that occur at the biochemical and physiological levels of 
the plant because of drought (Ashraf et al. 2011) (Shafiq 
et al. 2014). Water in any plant is one of the most important 
compounds that can be used as a product, reactant, solvent 
and carrier. It plays a major role in the transfer of nutrients in 
plants (Furlan et al. 2013). Also, weight reduction in sweet 
pepper plants can be due to the reduction of the turgor pres-
sure (Ahmed et al. 2014) which is in line with the results of 
our experiment.

As our study showed, drought stress has a remarkable 
effect on the growth parameters of pepper plants and fruits. 
By increasing the drought stress, there were reductions in 
growth parameters such as fresh weight of shoots, root dry 
weight (Table 3), fruit length and diameter (Table 3) leaf 
area (Table 4) and chlorophyll index (Table 4). In the cur-
rent study, the effects of AsA on pepper have been effective 
in both the control group and in drought stress conditions. 
Therefore, according to the obtained data, the exogenous 
application of ascorbic acid increased all growth factors 
(Tables 3 and 4). The results of the present study are con-
sistent with the results obtained by (Khan et al. 2011) which 
showed that the use of ascorbic acid reduced the adverse 
effects of drought stress on growth parameters of wheat.

Leaf area index (LAI) is the principal mean biogeo-
chemical cycles for light interception and is an important 
photosynthesis parameter for the plant. Furthermore, it is 
considered as the best measure for photosynthesis capac-
ity of plants regarding the area occupied by plant biomass 
(Breda 2003). Reduction of leaf area index in drought stress 

conditions is attributed to reduced cell growth and cell divi-
sion rates in the plant. In such a condition, the absorption of 
sunlight and the amount of photosynthesis of the plant are 
reduced. Ultimately, the dry matter of the plant decreases 
(Ahmed et al., 2014). The results of the present experiment 
were consistent with previous findings (Kasim et al. 2017) 
on Vigna unguiculata where it was stated that plant growth 
parameters such as leaf area in each plant decreased due to 
soil moisture reduction. In another study by Hamama and 
Murniati (2010) on maize plants under drought stress and 
ascorbic acid treatments, it was shown that the leaf area of 
the plant increased significantly parallel to the increase in 
ascorbic acid.

Drought stress reduced the content of chlorophyll and 
photosynthesis in wheat (Anjum et  al. 2011), which is 
consistent with the current results (Table 4). In this study, 
the external application of ascorbic acid improved growth 
parameters such as chlorophyll index and fruit length and 
diameter in drought conditions (Tables 3 and 4). The results 
of Singh et al. (2001) showed that using ascorbic acid on 
cassia leads to an increment in the content of chlorophyll, 
which is consistent with our results on pepper.

Relative water content (RWC) is a parameter by which 
the metabolic activity in tissues of plants can be estimated 
(Soltys-Kalina et al. 2016). In this study, RWC was remarka-
bly reduced by drought stress conditions (Table 4). However, 
the use of AsA led to an increment in RWC (Table 4). The 
results of the analysis of AsA effect in cucumber seedlings 
under drought stress showed that the positive effects of AsA 
in the studied traits can be attributed to improving the AsA 
efficiency in water absorption, which can ultimately improve 
the turgor pressure and maintain a water balance in the tis-
sues of cucumber (Tuna et al. 2010).

Electrolyte leakage is one of the parameters that is used 
for measuring the damaged membrane index. The amount 
of electrolyte leakage increases during stress which can be 
explained by the peroxidation of saturated fatty acids in 
the phospholipid membrane. So, electrolyte leakage can be 
calculated as a norm for estimating the damage of the bio-
membrane (Lukatkin and Anjum 2014). Data presented in 
Table 4 shows that electrolyte leakage increases in response 
to higher levels of drought stress. Hemmati et al. (2018) 
reported that damage to cell membranes in pot marigold 
plants can be due to drought stress condition. The results 
of the current experiment showed that AsA reduced the 
negative effects of ROS and increased plant tolerance to 
drought stress. When canola plants are exposed to water 
deficit, the molecules with antioxidant properties such as 
AsA can increase the antioxidant capability of the plant, and 
thus ascorbic acid reduces the generation of active oxygen 
species and ameliorates their effect on the cell membrane, 
which is alignment with the results of a study by Shafiq et al. 
(2014) and is also consistent with our results.
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In this study, the amounts of two antioxidants of AsA and 
polyphenol in sweet pepper plants increased significantly 
parallel to the increase in drought stress (Table 5). One of the 
highlights non-enzymatic antioxidants in plants are phenols 
that are a part of the antioxidant system of plants (Sahitya 
et al. 2018). Phenolic compounds protect oxidative damage 
to cells and increment the stability of cell membranes (Heim 
et al. 2002). The AsA and polyphenol content increased in 
sweet pepper plants with foliar application of AsA when 
compared with control plants (Table 5). AsA improved these 
biomolecules in drought stress conditions. In a research by 
Hasanuzzaman and Fujita (2011) on canola plants, the pro-
lific synthesis of ascorbic acid resulted in an increase in the 
total amount of phenols in drought tolerant plants, which is 
consistent with our results in pepper. Increasing the AsA in 
the plant may occur due to the breakdown of proteins, as 
well as the response to osmotic changes in cellular content. 
AsA accumulation is very important for osmotic regulation 
in the cells and osmotic modification is one of the highlights 
mechanisms in plants that can reduce the harmful effects of 
water deficit (Jaleel et al. 2007). Results obtained by Ghor-
banli et al. (2013) in tomato plants showed that AsA treat-
ment has a considerable effect on the amount of endogenous 
AsA at times of drought stress. These results are alignment 
with the results of this study.

To assay the antioxidant activity of sweet pepper, the 
DPPH test is widely used (Batra et al. 2017). In the current 
study, we saw that increasing the AsA concentration and 
the levels of drought led to an increment in the antioxidant 
activity (Table 5). In a study on the effects of AsA on tea 
plants (Majchrzak et al. 2004) and in another study on pep-
per (Sahitya et al. 2018), it was observed that drought stress 
and ascorbic acid together caused an increase in antioxidant 
activity in plants. In addition to phenolic compounds, fla-
vonoids and AsA play a role in total antioxidant activity in 
plants.

In addition to non-enzymatic compounds, enzymatic 
compounds play a role in eliminating ROS. The removal 
of ROS in plants is important in their tolerance to oxidative 
stress, and it is also possible that an enhanced antioxidant 
activity can increase the resistance to drought stress (Jaleel 
et al. 2007; Mittler 2002). Accordingly, in this investigation, 
the activity of the PPO and APX enzymes were measured, 
along with the activity of both enzymes which increased 
under both normal and drought situation. The combination 
of drought stress and AsA can cause changes in sweet pepper 
plants (Table 5), which is consistent with a report published 
by Tsaniklidis et al. (2014) about Chrysotile Tomato. The 
increase in PPO activity in stressed plants could decrease the 
harmful effects of drought stress. PPO activity reduces the 
amount of H2O2 and maintains membrane integrity. In this 
study, the activity of APX enzyme was seen as similar to the 
findings observed by Wang et al. (2014) on Oryza sativa L. 

under salt stress. Furthermore, Khanna-Chopra and Selote 
(2007) reported similar results in studying wheat under 
drought stress condition. In a work by Wang et al. (2014) 
showed that APX is an important enzyme in the elimina-
tion of H2O2. Therefore, adding ascorbic acid as an electron 
donor resulted in an increase in APX activity, which eventu-
ally results in the conversion of H2O2 into water.

Conclusion

The results of the current investigation on pepper showed 
that ascorbic acid content in plants enhances in reply to 
higher levels of drought. The AsA causes changes in the 
level of antioxidant enzymes activity such as PPO and APX. 
We concluded that AsA directly reduced the harmful effects 
of drought stress and, by exacerbating the activity of anti-
oxidant enzymes, ultimately increased drought tolerance in 
sweet pepper plants.
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