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Effects of NaCl and Alkaline pH Stress on Some
Morphophysiological and Biochemical Parameters
of Two Citrus Rootstocks
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ABSTRACT

Citrus is one of the most important fruits whose growth performance and production is
significantly affected by environmental stresses. Abiotic stresses, such as salinity and
alkaline pH, strikingly limit citrus growth and development. The aim of the present study
was to investigate the effect of four NaCl concentrations (0, 30, 60, 90 mM) and two pH
levels (6.5 and 8.2) on some of morphological, physiological, and biochemical parameters
of two citrus rootstocks (Sour orange and Bakraei rootstocks). The experiment was
conducted as factorial based on a completely randomized design with four replications, at
the Faculty of Agriculture, Shahid Chamran University of Ahvaz, Iran. The results
showed that the value of shoot dry weight, fresh and dry weight of roots, and
transpiration were significantly decreased in both Bakraei and Sour orange rootstocks
when receiving irrigation with 90 mM supplement of salinity at pH= 8.2. Proline and
carbohydrates of citrus rootstocks were considerably increased by increasing the levels of
salinity (90 mM NaCl) and alkaline stress (pH= 8.2) in each rootstock, at which condition
the photosynthesis rate of Sour orange and Bakraei also declined by 34.77 and 50.80%,
respectively. The activity of antioxidant enzymes such as peroxidase, catalase, and
superoxide dismutase were increased by 57.42, 42.10, and 45.86% in Sour orange
rootstock and 42.04, 26.78, and 37.92% in Bakraei rootstock, respectively. Overall, it can
be concluded that the growth performance of Sour orange rootstock is more suitable than
Bakraei to tolerate salt-alkali conditions.

Keywords: Abiotic stress, Antioxidant enzymes, Citrus aurantium, Salinity stress, Sour

orange.

INTRODUCTION

Citrus, as one of the important fruit crops,
has been widely cultivated in arid and semi-
arid regions where these trees are exposed to
chlorine toxicity and iron deficiency by salt-
alkali stress (Maldonado-Trres et al., 2013;
Cimen and Yesiloglu, 2016). Several studies
reported the citrus trees as salt and alkali-
sensitive plants (Maas, 1993; Bafuls and
Primo-Millo, 1992; Boman, 1993; Kelley and
Thomas, 1920). Fang et al. (2021) noted that
simultaneous salinity and alkaline stresses
severely  reduced  microelements  and

macronutrients absorption, which could be
considered one of the most important
restrictions  affecting plant growth and
development (Boukari et al., 2019). Gentile et
al. (2020) reported that exposure of citrus trees
to abiotic stress, including salinity, increased
the ratio of Na'/Ca™ and Na'"/K', resulting in
disruption of water absorption from the soil by
the plant roots and reduced growth. According
to Snoussi et al. (2022), several physiological
processes in plants can be affected by salinity
stress, such as oxidative mechanism, and ion
toxicity. Furthermore, this abiotic stress can
cause membrane disruption, nutritional
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disorders, metabolic process changes, and
decreased cell division and expansion. The
imbalance of ions and water potential in citrus
plant cells results in stunted plant growth
under saline conditions (Khalid ef al., 2022).
Cimen and Yesiloglu (2016) stated that
citrus production was affected by abiotic
stresses, such as drought, salinity, temperature,
and alkalinity. These stresses can extremely
influence growth and development of both
rootstocks and/or scions of citrus trees.
Ibrahim et al. (2018) reported that abiotic
stresses have negative effects on citrus root
growth rate, chlorophyll content and catalase
enzyme activity. Numerous reports have
indicated that combination of salinity and
alkaline stresses in the soil lead to decline
osmotic regulatory capacity and inhibition of
the antioxidant system in which consequently
enforced to cease the plant growth severely
(Fang et al., 2021; Wang et al., 2017). Several
research studies have demonstrated that
response of citrus trees to salt-alkaline stress
could be dependent on type of rootstock and
interaction between the combinations of
rootstock and scion (Syvertsen and Yelenosky,
1988; Zekri and Parsons, 1992). One way to
increase citrus resistance under stress is to use
rootstocks with different tolerances over the
harsh conditions (Khoshbakht et al, 2014).
Cimen and Yesiloglu (2016) argued that
rootstocks play a key role in the rapid
development of citrus and the production of
new tolerant cultivars against soil limiting
factors such as abiotic stresses. Appropriate
rootstocks can control tree vigor and size, to
let high-density planting, and reduce the
negative effects of stress on citrus plants to
provide tolerance to disease and abiotic
stresses (Snoussi et al., 2022). Some citrus
rootstocks are tolerant to various stresses such
as water shortage, chilling, nutrient deficiency
and salinity. Accordingly, these seedlings can
accumulate low amounts of toxic ions under
salinity (Khalid et al., 2022). Citrus rootstocks
have been reported to increase stress tolerance
by excluding chlorine (Khalid et al., 2022).
Similarly, Maldonado-Torres et al. (2013)
state that the use of compatible rootstocks can
increase the tolerance of citrus trees against
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abiotic stress, iron deficiency, and control
chlorosis. Sing et al (2014) also have
demonstrated that selection of stress-resistant
rootstock is an effective strategy to reduce the
adverse impacts of harsh environments on
commercial cultivars. Physiological
performance of rootstocks against abiotic
stresses was associated with changes in root
growth, gas exchange, carbohydrate, and plant
water potential (Pedroso et al., 2014).

Considering the importance of citrus
rootstocks for stress tolerance and the limited
information on these rootstocks under
simultaneous stress, the aim of this study was
to evaluate the morphological, physiological,
and biochemical changes of two citrus
rootstocks (Sour orange and Bakraei) under
salinity and alkaline stress conditions.

MATERIALS AND METHODS

Plant Culture and Experimental Site

Sour orange (Citrus aurantium) and
Bakraei (Citrus reticulata x Citrus limonia
Osbeck) seeds were provided from Citrus
Research Center and planted in small plastic
pots (height 15, diameter 10, and bottom 8
cm) containing sand bed, on November 2,
2019. The sands were sieved with sieve
number 2, and 4 seeds were planted in each
pot. When seedlings reached the four-leaf
stage, they were transferred into 5-liter pots
containing sand; then, irrigated the seedlings
with Hoagland nutrient solution. Plants grew
in the greenhouse (Latitude= 31.30592968,
Longitude= 48.65828650 and Altitude= 18
m) of the Faculty of Agriculture, Shahid
Chamran University, Ahvaz, Iran during the
2019-2020. The mean day/night temperature
was 27-35/19-25°C, relative humidity of 50-
70%, and light intensity of 7500 lux.

Treatments

After acclimatization of the Sour orange and
Bakraei to new conditions, salinity and
alkaline treatments were applied to 7-month-
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old seedlings. The treatment of salinity stress
consisted of concentrations of 0, 30, 60, and 90
mM sodium chloride, which were used
gradually at three stages in order to prevent
osmotic shock to plants. In this way, first, all
plants were exposed to 30 mM sodium
chloride, then 60 mM NaCl and the end 90
mM was applied. Alkaline stress was also
applied by increasing the pH of the nutrient
solution using sodium carbonate from 6.5 to
8.2 in irrigation water. Plants were exposed to
both treatments at various levels for 70 days.
The pots were irrigated three times per week
using 500 mL of Hoagland solution in order to
prevent salt accumulation around the plant
roots, and the bed was washed-out with
distilled water every 10 days. At the end of the
experiment, the fully and healthy expanded
leaves were collected and immediately frozen
in liquid nitrogen to measure biochemical
properties.

Morphological Parameters

The shoot was separated from the root at
the end of the experiment. Using a digital
scale (model EK-600, Japan), we measured
the fresh weight of shoots and roots. (After
washing the roots and removing excess
water, the fresh weight of the roots was
measured). To measure dry weight, the plant
samples were placed in the oven at 70°C for
48 hours (Haddoudi et al., 2021).

Gas Exchange Parameters

Net photosynthetic rate (A) and
transpiration (E) were measured with a
portable gas exchange device (Lci Console
model, UK). Measurements were performed
in full light conditions (morning at 8 to
10:30 AM) on leaves of 3-6 nodes.

Chlorophylls and Carotenoids

Lichtenthaler (1987) method was used to
measure total chlorophyll and carotenoids
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after extraction with 10 mL acetone 80%
and centrifuged for 10 minutes at 3,000 rpm.
Then, samples absorbance was record at
663.6, 646.6, and 470 nm by visible
ultraviolet spectrophotometer (7315 model,
Jenway, UK). Calculation of chlorophyll
concentration in mg g' FW was used
according to the Porra (2002) relation.

Free Proline and Total Soluble
Carbohydrate

Proline content was determined using 0.5 g
of fresh leaves homogenized in 15 mL of the
95% ethanol. Then, equal volumes (2 mL) of
glacial acetic acid and ninhydrin were added to
2 mL of homogenate mixed and was placed in
a hot water bath for 1 hour. After placing in
cold water, toluene was added to the mixture
and samples were vortex for 30 seconds. After
15 minutes, the absorbance of samples was
record at 520 nm by visible ultraviolet
spectrophotometer (7315 model, Jenway, UK)
according to Bates et al. (1973).

Total soluble carbohydrate was measured
according to the Irigoyen et al. (1992). Briefly,
3 mL of freshly Antron reagent was added to
100 pL of the alcoholic extract. The mixture
was placed in a boiling water bath (Grant JB2
model, UK) for 10 minutes. After cooling, the
absorbance of samples was read at 625 nm
with a visible ultra violet spectrophotometer
(7315 model, Jenway, UK).

Hydrogen Peroxide (H,0;) and
Malondialdehyde (MDA).

The amount of H,O, was determined as
described by Loreto and Velikova (2001).
Briefly, 0.5 g of the fresh leaf was
homogenized in 5 mL of 1% TCA. After
centrifuged 1 mL 1M KI was added to equal
value (0.5 mL) of supernatant and 10 mM
potassium phosphate buffer (pH 7.0). Then,
sample absorbance was read by visible ultra
violet spectrophotometer (7315 model,
Jenway, UK) at 390 nm.
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MDA was measured according to the
method of Heath and Parker (1968): 0.1 g of
the leaf was homogenized in 5 mL of 0.1%
TCA solution and centrifuged for 15
minutes at 15,000 rpm. One mL of the
solution containing 20% trichloroacetic acid
(TCA) and 0.5% thiobarbituric acid TBA
was added to 1 mL homogenate mixed.
After placing in boiling water bath and ice
water, the absorbance of samples was read at
532 and 600 nm.

Antioxidant Enzymes Activity

Citrus fresh leaves (0.5 g) were
homogenized on ice with 100 mg
polyvinylpyrrolidone and 3 mL of extraction
buffer (potassium phosphate buffer, and
sodium metabisulfite). The obtained solution
was centrifuged at 4 °C, at 15000 rpm for 25
min. Subsequently, the supernatant was used
as an extract to assay antioxidant enzymes
such as Peroxidase (POD), Catalase (CAT),
Ascorbate  Peroxidase  (APX), and
Superoxidase Dismutase (SOD).

Peroxidase (POD) Enzyme Activity

POD activity was calculated by Hemeda
and Klein (1990) method. The reaction
mixture (1 mL) for measuring POD
contained 810 pL of 50 mM potassium
phosphate buffer (pH= 6.6), 90 pL 1%
guaiacol, 90 pL 0.3% hydrogen peroxide,
and 10 pL enzyme extract. The enzyme
activity was measured by a visible
ultraviolet spectrophotometer (7315 model,
Jenway, UK) at 470 nm (¢ = 26.6 mmol’
cm ).

Catalase (CAT) Enzyme Activity

CAT activity was assayed according to the
disappearance of H,O, at 240 nm for 2 min
(e= 39. 4 mmol™' cm™) as described by
Beers and Sizer (1952). Accordingly, 10 puL
Leaf enzyme extract was added to a reaction
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mixture containing 870 pL of sterile distilled
water, 100 pL 1 mM potassium phosphate
buffer (pH= 7.8), and 20 pL 1M hydrogen
peroxide. The reaction mixture with no
enzyme extract was used as blank.

Ascorbate Peroxidase (APX) Enzyme
Activity

APX activity of the leaves was measured
according to Nakano and Asada (1978).
First, the enzyme extract (10 pL) obtained
from the leaves was added to the reaction
mixture containing 100 uL 1 mM potassium
phosphate buffer (pH 7.8), 50 pL 10 mM
ascorbate, 50 pL 10 mM H,0,, and 790 pL
sterile distilled water. APX enzyme activity
was recorded by spectrophotometer at 290
nm (e= 2.8 mmol ' cm ™) for 2 min.

Superoxidase Dismutase (SOD) Enzyme
Activity

The activity of Superoxidase Dismutase
(SOD) enzyme was determined by
monitoring its ability to prevent the
photochemical reduction of nitroblue
tetrazolium (NBT) at 560 nm according to
the Dhindsa et al. (1981). The reaction
mixture contained 50 mM potassium
phosphate buffer (pH= 7.8), 13 mM
methionine, 75 pM NBT, 0.1 mM EDTA,
and enzyme extract. Subsequently, a mixture
of riboflavin (100 pnL) with a concentration
of 12 mM was added to each reaction and
vortexed. The reaction mixtures were then
placed under a fluorescent lamp for 15
minutes. Eventually, the absorbance was
recorded by a  visible ultraviolet
spectrophotometer (7315 model, Jenway,
UK) at 560 nm.

Experimental Design and Statistical
Analysis

Treatments were set up as factorial in a
completely randomized design, with four
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replications (two plants per replicate). Data
were analyzed using SAS (v. 9.1) software
and Duncan’s multi-range test at the 5% (P<
0.05) level.

RESULTS
Growth Parameters
Fresh and dry weight of shoot

As shown in Table 1, fresh and dry
weight of the shoot decreased by
increasing salinity and alkalinity pH.
Shoot fresh weight significantly decreased
in Sour orange rootstock treated with pH=
6.5 at 90 mM NaCl solely, while pH
increasing to 8.2 this parameter
significantly decreased at all salinity
concentrations. In Bakraei rootstock, the
shoot fresh weight also decreased
significantly at all treatments. In the pH=
8.2, 90 mM NaCl treatment, shoot fresh

weight of both rootstocks (Sour orange
and Bakraei), decreased by 34.6 and
70.5%, respectively. The highest dry
weights of shoot were obtained in Sour
orange treated with pH= 6.5 and 0 mM
NaCl, and the lowest for Bakraei at pH=
8.2 and 90 mM NaCl, respectively.

Fresh and dry weight of root

The results revealed that salinity and
alkalinity stress significantly decreased root
fresh and dry weight in both root stocks,
which caused both rootstocks to have the
lowest fresh and dry weight at the most
severe salinity concentration. Root fresh
weight decreased up to 57.79% due to
application of pH= 8.2, 90 mM NaCl in Sour
orange and 76.28% (pH=8.2, 90 mM NaCl)
in Bakraei as compared to the control, at
pH= 6.5 and 0 mM NacCl. Furthermore, the
highest (12.19 g) and lowest (2.23 g) root
dry weight was observed in the Sour orange
rootstock treated with pH= 6.5 and 0 mM

Table 1. Effect of salinity and alkalinity stress on the fresh and dry weight of shoot and fresh and dry

weight of root in two citrus rootstocks. ¢

Alkalini Salinity

Rootstocks ty (mM Shpot fresh Shoot dry Rqot fresh Rpot dry
(pH) NaCl) weight (g) weight (g) weight (g) weight (g)

Sour 6.5 0 51.25a 23.76a 38.5a 12.19

orange

30 48.5ab 23.41a 34ab 9.51b

60 47.25abc 20.48bc 22.5d 6.08d

90 36.5¢ef 16.95¢ 21.75d 6.11d

8.2 0 45.25bc 19.39cd 31bc 7.97bc

30 43cd 16.66¢ 33.25b 8.26b

60 37.5ef 13.06f 27.75¢ 6.42cd

90 33.5fg 11.35fg 16.25¢ 3.98ef

Bakraei 6.5 0 51.75a 21.98ab 39a 11.98a

30 46.25bc 19.40cd 15.5¢f 4.19¢

60 38.75de 18.38cde 13.25efg 3.57ef

90 30g 17.88de 11.75efg 3.42¢f

8.2 0 39.5de 18.88cde 21.5d 6.25cd

30 20.5h 9.61gh 11.5¢fg 3.04ef

60 17hi 8.12hi 10.25fg 2.78ef

90 15.25i 6.99i 9.25g 2.23f

“ (a-1) Means with at least one same letter (in the same column) are not significantly different at the 5%

level (P< 0.05) using Duncan's multiple range test.
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NaCl and Bakraei treated with pH= 8.2 and
90 mM NaCl (Table 1).

Gas Exchange Parameters

The result showed that gas exchange
including photosynthesis rate (A) and
transpiration rate (E), significantly declined
in both rootstocks under salt-alkali stress
(Table 2). In Sour orange seedling treated
with pH= 8.2, the rate of photosynthesis
decreased 34.77% by increasing salinity
concentration as compared to the control. In
Bakraei, the photosynthesis rate decreased
50.80% under both pH levels. Similarly, the
rate of transpiration decreased dramatically
with increasing salinity concentration in
both cultivars with pH 8.2 and 6.5. The
highest (1.14 mmol m™s™) and lowest (0.85
mmol m? s') rate of transpiration was
observed in Sour orange (pH= 6.5, 0 mM
NaCl) and Bakraei (pH= 8.2, 90 mM NaCl)
(Table 2).

Danacifar et al.

Chlorophyll (Chl) and Carotenoid
(CAR)

The results illustrated a negative
relationship between salinity-alkalinity
treatments and chlorophyll content (Table
2). With increasing NaCl concentration
and pH level, chlorophyll content
significantly decreased to 41.17% and
64.88% in Sour orange and Bakraei,
respectively, under pH= 8.2 and 90 mM
NaCl compared to the control. The highest
(1.7 mg g' FW) and lowest (0.59 mg g’
FW) Chl content was obtained in Sour
orange (pH= 6.5, 0OmM Nacl) and Bakraei
(pH= 8.2, 90 mM NaCl). The CAR content
also decreased under salt-alkali stress.
Although  this  reduction was not
significant in sour oranges, but it
decreased significantly ~ under  all
treatments in Bakraei. The lowest (0.02
mg g FW) and highest (0.24 mg g"' FW)
CAR content was observed in Bakraei
with (pH= 6.5, 0 mM NaCl) and (pH= 8.2,
0 mM NacCl), respectively.

Table 2. Effect of salinity and alkalinity stress on the photosynthesis rate (A), transpiration rate (E) chlorophyll
and carotenoid in two citrus rootstocks.

Rootstocks Alkalinity Salinity Photosynthesis ~ Transpiration ~ Chlrophyll Carotenoids
(pH) (mM NaCl) (umol m?s™")  (mmol m?%s’) (mgg'FW) (mgg' FW)
Sour orange 6.5 0 12.28a 1.14a 1.70a 0.15bc
30 11.73ab 1.09¢ 1.49b 0.17b
60 11.43b 1.05d 1.43bc 0.15bc
90 9.95cd 0.97g 1.33cd 0.15bc
8.2 0 11.32b 1.04e 1.27de 0.15bc
30 10.11c 0.94h 1.21e 0.13bcd
60 9.14e 0.91i 1.09f 0.15bc
90 8.01f 0.89j 1.00fg 0.14bcd
Bakraei 6.5 0 11.85ab 1.12b 1.68a 0.24a
30 10.25¢ 1.03e 1.48b 0.17b
60 9.23e 1.00f 1.35¢cd 0.11cd
90 8.22f 0.96g 0.99fg 0.05e
8.2 0 9.47de 0.99f 0.85h 0.10cd
30 8.20f 0.91i 0.90gh 0.02e
60 7.13g 0.87k 0.79h 0.05¢
90 5.83h 0.851 0.591 0.04e

“ (a-1) Means with at least one same letter (in the same column) are not significantly different at the 5% level

(P< 0.05) using Duncan's multiple range test.
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Proline Content

Salt-alkaline stress significantly increased
the amount of proline in both rootstock
leaves. This enhancement was greater in
Sour orange than Bakraei. The highest
proline content up to 26.35 mmol g' FW
was obtained in the Sour orange rootstock
when treated with pH= 8.2 and 90 mM
NaCl, while the proline content up to 7.02
mmol g' FW was observed in sour orange
rootstock receiving pH= 6.5 and 0 mM NaCl
(Table 3).

Total Soluble Carbohydrate

As shown in Table 3, total soluble
carbohydrate significantly increased at high
NaCl concentration and alkalinity levels.
However, the amount of total soluble
carbohydrate significantly increased in both
rootstocks treated with pH 8.2 under all
salinity treatments as compared to the
control. But, this index was significantly
higher in Bakraii when treated with pH= 6.5
and 90 mM NaCl. The highest (10.40 mg g’

FW) and lowest (3.36 mg g' FW) total
soluble carbohydrate content was obtained
in Sour orange under (pH= 8.2 and 90 mM
NaCl) and (pH= 6.5 and 0 mM NaCl),
respectively.

Malondialdehyde (MDA) and Hydrogen
Peroxide (H202)

Our result demonstrated that salt-alkali
treatments increased accumulation of MDA
in both rootstocks. According to the results,
the increase rate of MDA content was higher
in Bakraei than Sour orang. The greatest
amount of MDA (16.43 mM g' FW) was
obtained in the Bakraei treated with pH= 6.5
and 90 mM NaCl (Table 3). The present
study indicated that H,O, increased under
salinity and alkalinity stress in both
rootstocks and strongly suggested that such
enhancement was directly due to stress
intensity. The highest amount (129.97 mmol
L") of H,0, was record in Bakraei with pH=
8.2 and 90 mM NaCl. This index tended to

increase to 42.83
respectively,

Bakraei

and 32.38% in,

and Sour

orang

Table 3. Effect of salt-alkali stress on proline, total soluble carbohydrate, Malondi Aldehyde (MDA) and the

content of hydrogen peroxide.

Alkalinit . Proline Total MDA Hydroge

Rootstocks y Salinity (mmol g'1 soluble (mmol g"1 n peroxide
(pH) (mM NacCl) FW) carbohydrate FW) (mmol L)

(mg g FW)

Sour orange 6.5 0 7.02h 3.36d 4.65¢f 93.07g
30 13.42efg 7.75b 4.65f 107.10f
60 22.41abc 9.71a 8.53¢ 116.46de
90 23.71ab 10.14a 9.69bcde 120.61cd

8.2 0 21.05bed 8.00b 10.46bcde 108.66f
30 23.57ab 9.54a 11.63b 111.26ef
60 24.18ab 10.31a 11.24bc 122.69bc
90 26.36a 10.40a 10.85bcd 123.21bc

Bakraei 6.5 0 9.95gh 3.73d 4.65f 90.99g
30 11.31fgh 3.90d 10.85bcd 108.66f

60 13.42efg 4.50d 9.69bcde 114.90e
90 18.26¢cde 5.95¢ 8.53¢ 123.73bc
8.2 0 13.97efg 4.41d 9.30cde 112.30ef
30 15.54ef 5.95¢ 8.91de 122.17bc
60 17.24de 6.04c 8.91de 127.89ab

90 22.00abcd 9.90a 16.43a 129.97a

“ (a-h) Means with at least one same letter (in the same column) are not significantly different at the 5%

level (P< 0.05) using Duncan's multiple range test.
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rootstocks when treated with pH= 8.2 and 90
mM NaCl, (Table 3).

POD, CAT, APX, and SOD Activities
Peroxidase (POD) Activity

Antioxidant  enzyme  activities  are
enhanced with an increase in salt-alkali
stress (Table 4). All the treatments
significantly increased the activity of
peroxidase. POD activity in the leaves
of Sour orange and Bakraei significantly
increased at various levels of NaCl and pH
up to 57.42 and 42.04% in the Sour orange
and in the Bakraei rootstock, respectively.
Moreover, the highest (32.76 U mg’"
protein) POD activity were detected at pH=
8.2 and 90 mM NaCl in both cultivars.

Catalase (CAT) activity

As shown in Table 4, increasing salinity
concentration and pH levels significantly
enhanced the activity of CAT in the leaves

of Sour orange and Bakraei rootstocks.
Increased CAT activity was significant in all
treatments for both rootstocks with the
amount of 42.10% in the Sour orange and
26.78% in the Bakraei rootstock. On the
other hand, the highest (0.81 U mg™ protein)
and lowest (0.56 U mg™' protein) activity of
CAT enzyme was obtained in Sour orange
and Bakraei, respectively (Table 4).

Ascorbate Peroxidase (APX) Activity

The present study revealed a positive
relation between the activity of APX and the
intensity of stress. APX activity enhanced in
both Sour orange and Bakraei rootstocks
under salt-alkali stress as compared to the
control. Salinity stress induced APX activity
in both pH levels. However, there was no
significant difference between 0 mM NaCl
and 30 mM NaCl, while the highest (22.84
U mg' protein) and lowest (5.79 U mg’
protein) APX activity was observed in Sour
orange and Bakraei, respectively (Table 4).

Table 4. Effect of salt-alkali stress on the activity of Peroxidase (POD), Catalase (CAT), Ascorbate
Peroxidase (APX), and Superoxidase Dismutase (SOD) in leaves of two citrus rootstocks.

Alkalinity Salinity Peroxidglse Catalas_le APX_1 SOD_1
Rootstocks (pH) (mM NaCl) (U mg (U mg (U mg (Umg
protein) protein) protein) protein)
Sour orange 6.5 0 20.81i 0.57e 5.88¢g 72.801
30 24.15fgh 0.61d 8.37efg 80.51ghi
60 27.07d 0.63d 11.05de 86.76efgh
90 28.70c 0.69¢ 13.36¢cd 88.22efgh
8.2 0 23.57gh 0.62d 8.34efg 77.58hi
30 26.55de 0.71bc 13.95cd 94.85cdef
60 28.72¢ 0.74b 16.23bc 98.67bcde
90 32.76a 0.81a 22.84a 106.19abc
Bakraei 6.5 0 21.36i 0.56e 5.79g 84.85fghi
30 22.97h 0.56e 7.74fg 83.19fghi
60 24.95fg 0.56e 11.20de 89.08defgh
90 26.87d 0.62d 9.57ef 93.68cdefg
8.2 0 24.54fg 0.57e 9.97ef 106.47abc
30 25.18ef 0.64d 11.52de 101.94bcd
60 27.70cd 0.72bc 14.81bc 108.91ab
90 30.34b 0.71bc 17.64b 117.03a

“ (a-) Means with at least one same letter (in the same column) are not significantly different at the 5%

level (P< 0.05) using Duncan's multiple range test.
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Super Oxidase Dismutase (SOD) Activity

SOD activity revealed an increasing trend
at more severe salinity and pH levels (Table
4). This enhancement was not significant
between 0 mM NaCl and 30 mM NaCl in
both cultivars. It elucidated that the increase
in SOD enzyme activity were 45.86 and
37.92% in Sour orange and in Bakraei,
respectively. Salinity stress induced SOD
activity in both pH levels, in both cultivars.

DISCUSSION

Findings of this study indicated that
morphological factors could decrease under
salinity and alkalinity stresses. In addition,
the results showed that the morphological
indices were affected by the rootstocks,
while the Sour orange had less decrease than
Bakraei. These results are in agreement with
the report documented by Safdar et al.
(2019) who asserted that environmental
stresses reduced photosynthesis, and the
event depended on stress intensity and plant
species; and the end result ultimately
inhibited plant growth performance and
development. Also, Feng et al. (2021) stated
that salt-alkali stress decreased fresh and dry
weight of shoot by inducing high osmotic
pressure, ion toxicity, inhibited the net
Photosynthetic rate (Pn), reduced
chlorophyll and carotenoid, and had
negative effect on the absorption of light
energy. Several studies demonstrate that
salinity stress reduces nutrient uptake and
plant water availability, soil-plant osmotic
imbalance, oxidative stress and, ultimately,
reduces shoot and root dry weight (Zarei and
Paymaneh, 2014; Safdar et al., 2019). Lin et
al. (2017) also reported that salt-alkali stress
reduced the fresh and dry weight of Leymus
chinensis by reducing water uptake by the
roots. Similarly, Hassan and Ali. (2014)
reported the decrease in plant height,
number of branches, number of leaves, fresh
and dry weight of jojoba plant under salinity
stress was due to a decrease in cell division,
cell elongation, and ionic toxicity. It was
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stated by Snoussi er al. (2022) that stress
conditions affect all aspects of plant
development and  decrease  growth,
development, and survival in citrus trees. It
is possible to grow citrus under different
environmental ~ conditions by  using
convenient rootstocks, which can improve
tolerance to such restrictions. According to
the present study, rootstocks affected
physiological parameters such as
photosynthesis and transpiration rate under
salt-alkali stress. The rate of photosynthesis
and transpiration in Sour orange was higher
than Bakraei. Rootstocks can increase
tolerance to stress conditions by excluding
sodium and chlorine, increasing the
absorption of essential elements such as
nitrogen and potassium, (Khalid et al., 2020
a), and enhancing photosynthetic pigments
and gas exchanges (Roussos et al., 2013).
One of the primary responses of plants to
stress is stomatal closure, which limits gas
exchange between the atmosphere and
leaves (Mafakheri ef al., 2010; Golbashy et
al., 2010). Shahid et al. (2019) found that
salinity stress reduced photosynthetic rate
and stomatal conductance in sensitive citrus
rootstocks more than in tolerant rootstocks.
The reduction of gas exchanges is a major
factor in reducing plant growth under stress
conditions. This phenomenon could be
explained by decreased cell swelling and
accumulation of sodium chloride in leaves,
which alters enzyme activity (Tabatabaei,
2006). Additionally, another explanation
could be the decrease in the content of
chlorophyll and carotenoids, which reduces
the enzyme activity of Rubisco. Generally,
photosynthesis is an important indicator of
physiologic susceptibility to abiotic stress,
which is significantly reduced in salt-alkali
environments. (Lin et al., 2017). These
results are consistent with previous
researches  (Mafakheri et al, 2010;
Golbashy et al., 2010). The rate of
chlorophyll content decreased under salt-
alkali stress conditions leading to decreased
photosynthesis (Taibi et al., 2016; Manzari
etal., 2016; Ye et al., 2019). Several factors
affect chlorophyll and CAR content, such as


http://dx.doi.org/10.22034/JAST.26.2.371
https://jast.modares.ac.ir/article-23-62996-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-25 ]

[ DOI: 10.22034/JAST.26.2.371]

Danaceifar et al.

nutrition imbalance, the increasing amount
of Na, decreasing absorption of K, Mg, and
other elements involved in chlorophyll
synthesis under salinity stress. In addition,
an increase in the activity of antioxidant
enzymes, a decrease in the activity of
enzymes involved in the synthesis of
photosynthetic pigments, an increase in the
rate of active oxygen species, formation of
proteolytic enzymes such as chlorophyllase
have been reported as the other effects of
salt stress that could decrease the amount of
chlorophyll and carotenoids (Hassan and
Ali, 2014; Zarei and Paymaneh, 2014). The
present study demonstrated that salt-alkaline
stress significantly enhanced the proline
content in both rootstocks. The proline
content enhancement in Sour orange was
higher than Bakraei. These results are
consistent with those of Zarei and Paymaneh
(2014), who reported that proline is one of
the most common changes in stress that, as
an osmolyte, can protect cytosolic enzymes
and cellular organelles and maintain normal
osmotic conditions. Ye ef al. (2019) reported
that plants can increase their tolerance to
salinity-alkaline stress through a variety of
biochemical pathways, such as the
production of proline, dynamic osmotic
metabolites, and certain proteins that
manage ion and water flow. Proline, an
osmotic regulator in plants, can stabilize
subcellular structures and eliminate free
radicals and protect membranes and
enzymes from oxidative stress. It has been
widely reported that proline may play a role
in adapting to intracellular stress. Increased
proline levels due to stress are well known
(Hassan and Ali, 2014). Under stress
conditions, the amount of soluble sugar
increases to regulate the osmotic potential,
maintain metabolism, increase energy, and
promote recovery after stress. Moreover,
salinity stress could increase the activity of
sucrose phosphate synthetase, as a key
enzyme in the sucrose pathway synthesis,
and finally, soluble sugars could be
increased (Hassan and Ali, 2014). These
findings are similar to a previous
study (Stoop and Pharr, 1994; Amirjani,
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2011). When the plant faces a reduction in
photosynthesis, there is an accumulation of
ROS in the cell organelles, which affects
cell metabolism in the chloroplasts and
mitochondria and leads to cell death. To
determine the damage to cell membranes,
we determined lipid peroxidation by
measuring MDA (Khalid et al., 2022). Salt-
alkali treatments increased MDA
accumulation in both rootstocks, but this
increase was greater in Bakraei than in Sour
Orange. These results are consistent with
previous studies (Ye et al, 2019) who
reported MDA is the breakdown product of
unsaturated fatty acids in cell membranes. In
other words, under stress conditions, the cell
membrane is damaged and increased MDA
levels are generated because of changes in
reactive oxygen species (Soltabayeva et al.,
2021). Therefore, it could be a valuable
indicator to assess the severity of oxidative
damage. To protect cellular systems from
reactive oxygen species, plants under stress
conditions increase the concentration of
active non-enzymatic compounds and the
activity of antioxidant enzymes (Khalid et
al., 2020b). Our findings indicated that
antioxidant enzyme activities enhanced
under abiotic stress, and the increase in sour
orange was higher than in Bakraei rootstock.

Similar results were reported by Apel and
Hirt (2004) and M'barek et al., (2007), who
found that stress conditions increased POD
enzyme activity to prevent the toxic effects
of Reactive Oxygen Species (ROS) and lipid
and protein oxidation. Antioxidant enzymes
play an important role in the plant's defense
mechanism against oxidative damage caused
by stress. The changes in the activity of
antioxidant enzymes is the defense system
against abiotic stresses (Ghasemi et al.,
2014). In response to alkaline stress, plants
stimulate antioxidant defense systems,
including POD, CAT, APX, and SOD to
remove excess ROS from their cells. These
results are consistent with the findings of
Naliwajski and Sklodowska (2021), who
reported that there was a positive correlation
between the activity of CAT and the
intensity of salt stress, suggesting that the
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increase in enzyme activity is proportional
to the concentration of NaCl. Nevertheless,
long-term ROS production under stress may
exceed the antioxidant defense capacity and
result in oxidative damage to seedlings
(Zhang et al., 2017). Likewise, increased
activity of antioxidant enzymes such as APX
under salinity stress was reported by (Zhang
et al., 2013). The increased activity of
antioxidant enzymes under saline and
alkaline stress conditions reduces reactive
oxygen species and provides balance in the
plant (Ye et al., 2019). Similarly, Hassan
and Ali (2014) demonstrated production of
ROS, including singlet Oxygen ('02),
superoxide anion (O”), Hydrogen peroxide
(H20,), and Hydroxyl radicals (HO), causes
oxidative stress. Following the production of
ROS, plant cells must activate an antioxidant
defense system, including the enzymatic
antioxidant, to inhibit reactive oxygen
species. Therefore, mechanisms that reduce
ROS and increase the antioxidant enzyme
system in plants play an important role in
plant tolerance to environmental stress.
Sarker et al. (2020) found that SOD activity
increases under stress conditions due to its
role in salt tolerance, which increases the
conversion of superoxide radicals into H,O,.
Stress causes an imbalance of reactive
oxygen species due to a disruption of the
electron transfer chain during light cessation
or a reduction in water potential. ROS
increase dramatically with salt stress, and
their first reaction is an oxidative explosion.
Higher levels of ROS are toxic to cells,
leading to cell damage and death.
Furthermore, ROS act as a signaling
molecule that may alter transcription. It is
well documented that the amount of ROS is
regulated by increasing the activity of
enzymes such as peroxidase, catalase, and
ascorbate peroxidase (Soltabayeva et al.,
2021). Furthermore, abiotic stresses can
cause unfavorable physiological,
morphological, and biochemical effects on
various organs of the citrus tree (Snoussi et
al., 2022). The use of rootstocks that
exclude sodium and chlorine ions is one way
citrus trees tolerate stress conditions (Khalid
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et al., 2020 a). Rootstocks have different
effects on growth, development, and
response to stress due to their particular root
structure, ion uptake, xylem anatomy, and
hormonal and biochemical processes
(Snoussi et al., 2022).

CONCLUSIONS

The present study indicated that salinity
and alkaline stress reduced morpho-
physiological characteristics, and increased
osmotic regulators and antioxidant enzyme
activity in both Sour orange and Bakraei
rootstocks. Overall, it can be concluded that
Sour orange rootstock can be more suitable
than Bakraei under salt-alkali conditions.
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