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A B S T R A C T

The salinity susceptible CoC-671 and salinity tolerant sugarcane genotype CoM-265 were evaluated for Perox-
idase (POX), Esterase (EST) and Alcohol Dehydrogenase (ADH) isozymes and soluble protein profiling by SDS
and native-PAGE at salinity levels 0.41 dSm-1, 2.31 dSm-1, 4.21 dSm-1, and 8.01 dSm-1 maintained by NaCl
solution. The plant height, number of leaves and seedling diameter got reduced in salinity susceptible sugarcane
genotype CoC-671 as well as salinity tolerant sugarcane genotype CoM-265 with increase in salinity levels.
However, reduction in plant height, number of leaves and seedling diameter was less in salinity tolerant sug-
arcane genotype CoM-265 as compared to salinity susceptible sugarcane genotype CoC-671. The POX isozyme
profiling revealed that salinity susceptible CoC-671 and salinity tolerant sugarcane genotype CoM-265 had
variation in soluble protein band intensity at different salinity levels with relative mobility (Rm) 0.137. The
present study could be useful for genetic variability analysis in sugarcane genotypes differing in salinity stress
tolerance capability.

1. Introduction

Sugarcane (Saccharum officinarum L.) plays an important role in
world economy. Abiotic stresses such as drought, salinity, extreme
temperatures (low and high), chemical toxicity and oxidative stress are
serious threats to agriculture and major limiting factors for sugarcane
productivity [1]. In the hot and dry regions, the soils are becoming sa-
line with low agricultural potential with inadequate irrigation man-
agement practices that results salinization [2]. Soil salinity occurrence
may be due to poor water management, high evaporation, heavy irri-
gation and pre-exposure to sea water at some extent [3]. Salinity stress
alters various morphological, physiological and biochemical processes
depending on severity and duration of the stress and ultimately adver-
saly impact sugarcane productivity [4,5]. The salinity tolerance limits of
sugarcane ranges from 1.7 to 2.3 dSm-1 [6] . Sugarcane is considered
highly sensitive to salinity and it has been reported earlier that EC of soil
greater than 1.7 dSm− 1 at critical growth stages significantly reduces
cane length, girth, and ultimately yield [7]. Every unit increase beyond

1.7 dS m− 1 limits 5.9 % yield in sugarcane [3]. Whereas EC > 8 dS m− 1
caused significant reduction in growth and physiological traits and ul-
timately negatively impacted yield by 50 % [8–9]. In sugarcane, salinity
at critical stages particularly at formative phase leads to physiological
disorders due to increase of toxic salts in the root zone, reducing the
osmotic potential of the soil and water uptake [10,11], which conse-
quently hampers normal physiology and entire metabolic processes at
cellular levels [12–13]. Dhansu et al. [4] evaluated plant growth and
survival rate of sugarcance genotypes Co 0118, Co 05011, Co 12029, Co
15027 and Co 09022 under salinity stress conditions. He found that Co
0118 and Co 05011 showed>33.3% survival, whereas Co 12029 and Co
15027 showed only 5 % survival and Co 09022 did not survive at 12
dSm-1 salinity level. The effects of salinity stress was characterized by
stunted and slow growth, leaf area reduction and decrease in physio-
logical traits particularly gas exchange attributes along with water status
(RWC).

Preet et al. [5] determined salinity tolerance potential in sugarcane
genotypes Co 13035, Co 0118, and Co 0238 based on
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morpho-physiological, biochemical, and yield traits. He found that plant
height, leaf area, stem diameter, number of internodes, and internodal
length were negatively impacted at 4, 8 and 10 dS/m salinity levels.
Genotypes Co 13035 and Co 0118 maintained higher plant water status.
Proline concentration increased in Co 0238 and Co 13035. The geno-
types that were most resistant to salinity stress were Co 13035, Co 0238,
and Co 0118, which had low Na+/K+ ratio [5] . Preet et al. [5] observed
that genotype Co 13035 had highest survival rate, low Na+/K+,
maintained higher water content and osmolyte accumulation, better
chlorophyll content. Salinity also causes accumulation of Na+ and Cl-

and inhibition of mineral nutrients uptake and ultimately causes ionic
imbalance. Accumulation of soluble proteins in cultured plant cells
occured when subjected to salinity stress [14–16]. The levels of protein
differ in salinity tolerant and sensitive genotypes under salinity stress
and salinity tolerant genotype revealed extra protein bands, while it was
absent in salt sensitive genotype [17]. Protein-based method like SDS
PAGE is cost effective, simple and extensively used biochemical tech-
nique to determine the protein levels [18]. Furthermore, SDS-PAGE is
considered as a reliable technology that can be used to evaluate and
characterize salinity affected and unaffected plants [19]. Salinity
tolerant plants have lower rate of Na+ and Cl- transport to leaves as
compared to salinity sensitive plants and these ions are compartmen-
talized into vacuoles to prevent salt toxicity [20].

Isozymes and soluble protein banding pattern and their intensity are
considered critical for biochemical molecular markers [21]. Electro-
phoretic protein analysis technique has potential in characterizing
sugarcane genotypes for genetic variability [22]. Biochemical markers
such as isozymes have been used to distinguish homozygous and het-
erozygous lines and to estimate the level of genetic variability in plant
population in several crops [14–16]. The isozyme analysis has been used
in evolutionary systematic studies and allows the genomic study in
certain species [23]. In the present study, we comprehensively evaluated
sugarcane genotypes CoM-265 (salt tolerant), and CoC-671 (salt sensi-
tive) for their salinity tolerance ability using peroxidase (POX), esterase
(EST) and alcohol dehydrogenase (ADH) isozymes and soluble protein
profiling in leaves at different salinity levels, i.e., 0.41, 2.31, 4.21 and
8.01 dSm-1. Present study revealed that the isozyme profiling patterns of
POX, EST and ADH got altered in sugarcane leaf under salinity condi-
tions. The differential levels of isozymes was correalated with salt
tolerance or salt susceptibility in sugarcane genotypes. Some isoforms of
isozymes were increased significantly as salinity levels increased. This
increase was prominent in salt-tolerant as compared to salt-sensitive
sugarcane genotype. Reclamation of saline soils is tedious due to
continuous expansion of saline area and also due to scarcity of good
quality water. Considering these facts, identification of salinity tolerant
sugarcane varieties would greatly help to reduce the loss in cane pro-
ductivity under saline soils. Present study would provide the genetic
basis to characterize and identify the sugarcane genotypes suitable for
growing in saline soil.

2. Materials and methods

2.1. Planting materials

The salinity susceptible CoC-671 and salinity tolerant sugarcane
genotype CoM-265 were used for isozyme and protein profiling in order
to evaluate salinity tolerance ability of sugarcane genotypes at varying
salinity levels. Sugarcane genotypes used in the present study are
depicted in Table 1.

Plant salt tolerance can be analyzed based on the relative plant
growth rate and the plant survival rate after exposure to a range of salt
concentrations or after a treatment with a defined salt concentration. In
the present investigation, four salinity levels, i.e., 0.41, 2.31, 4.21 and
8.01 dSm-1 attained by NaCl solution, were used. Fifty gram of soil was
measured and 100 mL distilled water was added into it and stirred at
regular interval for 1 h. The content was allowed to settle for 30 min and
electrical conductivity was measured by dipping electrode into the su-
pernatant and the procedure repeated twice to confirm the EC. The
standard NaCl stock solution of 32 dSm-1 and 62 dSm-1 was used to
optimize desired EC. Two eye bud sets of salinity susceptible CoC-671
and salinity tolerant genotype CoM-265 were planted and grown in
pots (15 × 15 cm) containing 5 kg of soil and salinity treatment was
imposed 60 days after planting. Third leaf samples of salinity susceptible
CoC-671 as well as salinity tolerant sugarcane genotype CoM-265 were
collected under no salinity stress as well as at different salinity levels, i.
e., 0.41, 2.31, 4.21 and 8.01 dSm-1 after 75 days of planting.

2.2. Levels of salinity in soil, growing condition and morphological
analysis of sugarcane plants under different salinity levels

Soil was maintained at salinity levels of 0.41 dSm-1, 2.31 dSm-1, 4.21
dS m-1, and 8.01 dS m-1 with NaCl solution. The two eye bud sets of
sugarcane genotype CoC-671 (salinity susceptible) and CoM-265
(salinity tolerant) were planted in pots containing 5 kg soil (15 × 15
cm) and allowed to grow upto 60 days. After 60 days of planting salinity
treatment was imposed and maintained for next 15 days. The plant
height, number of leaves per plant and seedling diameter was measured
75 days after planting.

2.3. Leaf soluble proteins profiling by SDS PAGE and native PAGE

Extraction of protein from leaves was carried out by using 0.5 M Tris-
HCl buffer. Soluble proteins in the leaves were determined by the
colorimetric method using bovine serum albumin as a standard protein
by Lowry et al. [24]. The soluble proteins were resolved by SDS and
native PAGE. The band intensity was assessed as faint or intense bands
and as absence or presence of specific bands. The relative mobility (Rm)
of resolved protein bands were determined using the following formula:

Table 1
Sugarcane genotypes used in the present study.

Sr.
No

Parameters Sugarcane genotypes

CoM- 265 (salinity tolerant
genotype)

CoC- 671 (Salinity
susceptible genotype)

1. Maturity
group

Mid-late Early

2. Pedigree Co- 87044 GC Q 63 x Co- 775
4. Cane Yield

(t/ha)
199.80 135.00

5. CCS (t/ha) 26.68 17.50
6. Sucrose (%) 19.33 19.50
7. Sugar

recovery (%)
13.41 14.20

8. Special
characters

Matures in 12–16 months,
tolerant to drought and
salinity, sugar recovery not
affected even after late
harvesting

Matures in 9–10 months,
high sugar content, gives
higher ratoon yield (265
ton/ha).

Rm =
Distance migrated by protein band (cm)

Distance migrated by tracking dye from the top of the separation gel (cm)
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2.4. Peroxidase, esterase and alcohol dehydrogenase isozyme profiling

The peroxidase (POX), esterase (EST) and alcohol dehydrogenase
(ADH) isozymes were extracted from the third leaf of salinity susceptible
and tolerant sugarcane genotypes and estimated by Lowry et al. [24].
The peroxidase (POX), esterase (EST) and alcohol dehydrogenase (ADH)
isozymes were resolved using polyacrylamide gel electrophoresis.

After electrophoresis, the peroxidase isozyme PAGE gel was imme-
diately transferred into staining solution for a period of 60 min. Staining
solution for peroxidase isozyme PAGE gel was prepared by dissolving 20
mg 3-amino-9-ethyl carbazole, 2.5 mL N, N‑diethyl-formamide, 5 mL
acetate buffer (1 M, pH 4.65), 1 mL of 0.1 M CaCl2 solution in 50 mL
distilled water. Just before use, 1 mL 0.7 %H2O2 solution was added and
incubated for 60 min as described by Glaszmann et al. [25]. When the
bands were stained sufficiently, the reaction was arrested by immersing
the gel into 7 % acetic acid solution for 10 min and the bands in gel were
visualized and photographed immediately using gel documentation
system.

After electrophoresis, the esterase isozyme PAGE gel was immedi-
ately pre-soaked in 0.2 M Tris-HCl buffer, pH 7.1 for 10–15 min and then
transferred into staining solution for a period of 30 min until the clear
bands appeared. Staining solution for esterase isozyme PAGE gel was
prepared by dissolving 2.8 g sodium dihydrogen phosphate, 1.1 g
disodium hydrogen phosphate, 0.2 g fast blue RR salt and 0.03 g alpha-
naphthyl acetate in distilled water and final volume was adjusted to 200
ml. The PAGE gels were fixed with 7 % acetic acid solution for 30 min
and then gel was washed with distilled water and photographed
immediately using gel documentation system.

After electrophoresis, the PAGE gel of alcohol dehydrogenase
isozyme was immediately transferred into staining solution for a period
of 30 min. The staining solution for ADH isozyme was prepared by
mixing 0.25 mL ethanol, 5 mL 0.5 M Tris-HCl buffer, pH 8.5, 1 mL
β-nicotinamide adenine dinucleotide (10 mg/mL) and the volume was
adjusted to 50 mL. Just before use add nitroblue tetrazolium salt (10
mg/mL) and 1 mL phenazine methosulfate (1 mg/mL) was added and
care was taken to avoid light exposure and incubated for 30 min at 40◦C.
The stained PAGE gel of ADH were visualized and photographed using
gel documentation system.

2.5. Statistical analysis

The experiment was conducted three times. CD values were used to
ascertain the significance among treatments. The plants were allowed to
grow until they reached the vegetative stage, 60 days after germination
and were then exposed to NaCl salinity levels of 0.41 dSm-1, 2.31 dSm-1,
4.21 dSm-1, and 8.01 dSm-1 for another 15 days (75 days after emer-
gence of seedlings).

3. Results

3.1. Induction of different salinity levels and effect of induced salinity on
plant height, number of leaves and seedling diameter

Two sugarcane genotypes viz., salinity susceptible CoC-671 and
salinity tolerant CoM-265 were exposed to salinity levels of 0.41 dSm-1,
2.31 dSm-1, 4.21 dSm-1, and 8.01 dSm-1 in order to study the
morphology in terms of plant height, number of leaves and seedling
diameter, sixty days after planting and salinity was maintained for next
15 days. The effect of induced salinity on plant height, number of leaves
and seedling diameter were determined 75 days after planting (Fig. 1,
Tables 2–4). Under no salinity stress, the vegetative growth pattern was
almost similar in salinity tolerant sugarcane genotype CoM-265 and
salinity susceptible sugarcane genotype CoC-671 (Fig. 1).

Fig. 1. Effect of salinity on salinity susceptible CoC-671 and salinity tolerant CoM-265 sugarcane genotypes.

Table 2
Effect of different salinity levels on plant height in salinity susceptible genotype
CoC-671 and salinity tolerant genotype CoM-265.

Sr.
No.

Salinity levels
(dSm-1)

Plant Height (cm)

CoC-671 (Salinity
susceptible)

CoM-265 (Salinity
tolerant)

1 0.41 107.67 ± 0.9 113.33 ± 1.3
2 2.31 103.00 ± 0.8 (4.4 %) 110.67 ± 1.1 (2.3 %)
3 4.21 94.00 ± 0.5 (12.7 %) 106.00 ± 0.8 (6.5 %)
4 8.01 88.33 ± 1.2 (18.1 %) 102.00 ± 0.9 (10 %)
LSD < 0.05 1.5 2.1

Mean ± SE. Experiments were repeated three times. n= 3. The LSD values at P<
0.05 were applied to compare the significant differences among the mean values
for plant height. Values in parenthesis indicate percent decrease over control.
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3.2. Effect of salinity on plant height

The plant height of CoM-265 salinity tolerant sugarcane genotype
and susceptible sugarcane genotype CoC-671 at all salinity levels, i.e.,
0.41. 2.31, 4.21 and 8.01 dSm-1 have been mentioned in Table 2. In
salinity tolerant genotype CoM-265 at 0.41 dSm-1 salinity level, the
plant height was 113.33 cm, while at 2.31 dSm-1, 4.21 dSm-1and 8.01
dSm-1salinity levels, the plant heights were 110.67 cm, 106 cm and 102
cm, respectively. However, in salinity susceptible genotype CoC-671 at
0.41 dSm-1, 2.31 dSm-1 at 4.21 dSm-1and at 8.01 dSm-1, the plant
heights were 107.67 cm, 103 cm, 94 cm and 88.33 cm, respectively. In
the present study, reduction in plant height was observed with
increasing salinity levels, while more decline in plant height was
observed at 8.01 dSm-1 salinity level.

3.3. Effect of induced salinity on number of leaves

The data mentioned in Table 3 revealed effect of different salinity
levels on number of leaves in two sugarcane varieties viz., salinity sus-
ceptible CoC-671 and salinity tolerant CoM-265. The maximum number
of leaf (8 leaves per plant) was recorded in CoM-265 salinity tolerant
sugarcane genotypes as compared to CoC-671 salinity susceptible ge-
notype (7 leaves per plant) at 0.41 and 2.31 dSm-1 salinity level. At
salinity levels 4.21 and 8.01 dSm-1, 5 leaves per plant observed in
salinity susceptible genotype (Co-C671) as compared to salinity tolerant
genotype CoM-265, 7 and 6 leaves per plant at 4.21 and 8.01 dSm-1

salinity levels, respectively (Table 3). From current study, it was
observed that number of leaves got reduced as salinity levels increased,
while more decline in leaves per plant was observed at 8.01 dSm-1

salinity levels.

3.4. Effect of induced salinity stress on seedling diameter

The data given in Table 4 showed the effect of salinity on seedling
diameter in two sugarcane genotypes, viz., salinity susceptible CoC-671

and salinity tolerant CoM-265. Slightly higher seedling diameter was
recorded in salinity tolerant sugarcane genotype CoM-265 as compared
to salinity susceptible CoC-671 at all salt stress levels, i.e., 0.41. 2.31,
4.21 and 8.01 dSm-1 (Table 4). In CoM-265 salinity tolerant genotype,
the seedling diameter were 1.37, 1.30, 1.07 and 0.73 cm at salinity
levels 0.41, 2.31, 4.21 and 8.01 dSm-1, respectively. On the other hand,
in salinity susceptible sugarcane genotype CoC-671, the seedling
diameter were 1.23, 1.07, 0.93 and 0.67 cm, respectively. In the present
study, it was observed that seedling diameter was reduced with
increasing salinity levels, and more declines in seedling diameter was
observed at 8.01 dSm-1 salinity level in both salinity susceptible and
tolerant sugarcane genotypes. After exposure of plant under salinity
condition, morphological changes were observed like poor growth and
chlrosis in leaves. The intensity of the chlrosis of leaves increased with
increase in salinity levels. While, under control condition, proper growth
was observed and plants were found to be healthy and green. Between
the two genotypes CoC-671 (salinity susceptible) was found to have
more chlrosis in leaves than CoM-265 (salinity tolerant) sugarcane ge-
notype under salinity conditions. Salt susceptible genotypes showed
effects like chlorosis of leaves at 4.21 and 8.01 dSm-1 whereas, salt
tolerant genotypes showed only at 8.01 dSm-1 salinity levels. The sus-
ceptible genotypes showed chlorosis earlier than salinity tolerant ge-
notype. As the salinity levels increase, the height of plant decreases,
while at 8.01 dSm-1 the height, number of leaves and stem diameter of
plants was drastically reduced in CoC-671 (salinity susceptible)

Table 3
Effect of different salinity levels on number of Leaves per plant in salinity sus-
ceptible genotype CoC-671 and salinity tolerant genotype CoM-265.

Sr.
No

Salt Stress
(dSm-1)

Number of leaves per plant

CoC-671 (Salinity
susceptible)

CoM-265 (Salinity
tolerant)

1 0.41 7 ± 0.6 8 ± 0.7
2 2.31 7 ± 0.4 8 ± 0.5
3 4.21 5 ± 0.5 7 ± 0.6
4 8.01 5 ± 0.6 6 ± 0.4
LSD < 0.05 1.4 1.5

Mean ± SE. Experiments were repeated three times. n= 3. The LSD values at P<
0.05 were applied to compare the significant differences among the mean values
for number of leaves per plant.

Table 4
Effect of different salinity levels on seedling diameter in salinity susceptible
genotype CoC-671 and salinity tolerant genotype CoM-265.

Sr.
No

Salt Stress
(dSm-1)

Seedling diameter (cm)

CoC-671 (Salinity
susceptible)

CoM-265 (Salinity
tolerant)

1 0.41 1.23 ± 0.10 1.37 ± 0.20
2 2.31 1.07 ± 0.09 (13.1 %) 1.30 ± 0.15 (5.1 %)
3 4.21 0.93 ± 0.08 (24.4 %) 1.07 ± 0.11 (11.9 %)
4 8.01 0.67 ± 0.07 (55.5 %) 0.73 ± 0.09 (46.7 %)
LSD < 0.05 0.15 0.20

Mean ± SE. Experiments were repeated three times. n= 3. The LSD values at P<
0.05 were applied to compare the significant differences among the mean values
for seedling diameter.

Fig. 2. Zymogram of isozymes. A. Zymogram of peroxidase isozyme (POX)
extracted from leaves of sugarcane genotypes CoC-671 (salinity susceptible)
and CoM-265 (salinity tolerant) grown under different salinity levels. Lane 1-4
and 5-8 represent 0.41 dSm-1, 2.31 dSm-1, 4.21 dSm-1, and 8.01 dSm-1 salinity
levels, respectively. B. Zymogram of Esterase isozyme (EST) extracted from
leaves of sugarcane genotypes CoC-671 (salinity susceptible) and CoM-265
(Salinity tolerant) grown under different salinity levels. Lane 1-4 and 5-8
represent 0.41 dSm-1, 2.31 dSm-1, 4.21 dSm-1, and 8.01 dSm-1 salinity levels,
respectively. C. Zymogram of Alcohol dehydrogenase isozyme (ADH) extracted
from leaves of sugarcane genotypes CoC-671 (salinity susceptible) and CoM-
265 (salinity tolerant) grown under different salinity levels. Lane 1-4 and 5-8
represent 0.41 dSm-1, 2.31 dSm-1, 4.21 dSm-1, and 8.01 dSm-1 salinity levels,
respectively.
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sugarcane genotype as compared to salinity tolerant genotype CoM-265.

3.5. Effect of different NaCl salinity levels on peroxidase isozyme profile

The peroxidase isozyme (POX) was extracted from the leaves of CoM-
265 (salinity tolerant) and CoC-671 (salinity tolerant) sugarcane geno-
types exposed at 0.41, 2.31, 4.21 and 8.01 dSm-1 salinity levels. The
salinity condition caused quantitative changes in POX isozyme profile
(Fig. 2A, Table 5,). Band expression obtained from SDS-PAGE revealed
that CoM-265 and CoC-671 showed the same number of isoforms, but
the band intensity was different. Peroxidase enzyme band was more
intense in salinity tolerant CoM-265 genotype as compared to salinity
susceptible CoC-671 genotype and it was observed that band intensity
decreased with increasing salinity levels. However, decrease is POX
isozyme level was less in salinity tolerant CoM-265 with increase in
salinity levels as compared to salinity susceptible CoC-671 geneotype.
The POX isozyme pattern was observed in both the genotypes, salt
susceptible (CoC- 671) and salt tolerant (CoM-265) at different salinity
level with relative mobility (Rm) value 0.137. Less intense POX band
was observed in salinity susceptible CoC-671 genotype at 4.21 and 8.01
dSm1 salinity level, while moderately intense POX band was observed at
0.41 and 2.31 dSm1 saliniy levels. Intense POX band was observed in
salinity tolerant CoM-265 genotype under different salinity level, except
8.01 dSm-1 in which POX band was appeared moderately intense band.

3.6. Effect of different NaCl salinity levels on esterase isozyme profile

The esterase isozyme was extracted from the leaves of CoC-671 and
CoM-265 sugarcane genotypes exposed at different salinity levels, i.e.,
0.41, 2.31, 4.21 and 8.01 dSm-1. The salinity condition caused the
quantitative changes in esterase isozyme profile (Fig. 2B, Table 6).
Electrophoretic profile of esterase (E) isozyme showed two types of
bands with Rm value 0.152 (EST1) and 0.261 (EST2). More intense EST1
and EST2 bands were detected in salinity tolerant CoM-265 genotype as
compared to CoC-671 a salt susceptible genotype (Fig 2B, Table 6).

3.7. Effect of different NaCl salinity levels on alcohol dehydrogenase
isozyme profile

The alcohol dehydrogenase was extracted from the leaves of CoM-
265 (salinity tolerant) and salinity susceptible CoC-671 sugarcane ge-
notypes exposed at 0.41, 2.31, 4.21 and 8.01 dSm-1 salinity levels. The

effect of salinity on alcohol dehydrogenase isozyme (Fig. 2C, Table 7).
Alcohol dehydrogenase (ADH) isozyme system showed six isozymes
patterns viz., ADH1, ADH2, ADH3, ADH4, ADH5 and ADH 6 with
different bands intensity and Rm value. A high intense band ADH1 was
observed in salt susceptible (CoC-671) and salt tolerant (CoM-265) ge-
notypes of sugarcane at different salinity levels with relative mobility
(Rm) value 0.189. The faint band of ADH 2 with relative mobility 0.377
was observed in salt susceptible CoC-671 genotype at 0.41, 2.31 and
4.21 dSm-1 salinity level except at 8.01 dSm-1. However, ADH 2
remained absent in the salt tolerant CoM-265 genotype. ADH 3 as a faint
band was present in salt tolerant CoM-265 genotype at 0.41, 2.31, 4.21
and 8.01 dSm-1 salinity level with a relative mobility 0.382, however
remained absent in CoC-671 salinity susceptible genotype at all salinity
levels. ADH 4 as faint and fast migrating band was observed at 8.01 dSm-

1 salinity level in salinity susceptible CoC-671 genotype and not
appeared in other stress levels in CoC-671 a susceptible genotype and all
salinity levels in CoM-265 salt tolerant variety. ADH5 as a faint band was
observed in salinity tolerant CoM-265 variety at 4.21 and 8.01 dSm-

1salinity level with migration distance 0.452. It was not observed in
CoC-671 a salt sensitive genotype at all the salinity levels and in salt
tolerant CoM-265 genotype at 0.41 and 2.31 dSm-1 salinity level. ADH6
a fast migrating band having relative mobility 0.49 was detected at all
salinity levels in salinity susceptible CoC-671 genotype as a faint band
and in salinity tolerant CoM-265 genotype at 0.41 and 2.31 dSm-1

salinity levels. These results suggested a positive correlation between
ADH activity and genetic variation in salt tolerance in sugarcane geno-
types CoM-265 and CoC-671.

3.8. Effect of different NaCl salinity levels on soluble protein content

Results obtained for soluble protein content is depicted in Table 8.
The total soluble protein content ranged from 30 to 36.37 mg g-1FW in
salinity tolerant genotypes and 24 to 34 mg g-1FW in salinity susceptible
genotype. In susceptible sugarcane genotype CoC-671 less soluble pro-
tein content was found as compared to CoM-265 at 0.41, 2.31, 4.21 and
8.01 dSm-1 NaCl salinity levels. In salinity tolerant sugarcane genotypes
CoM-265, the soluble protein content was 36.67, 35, 32.67 and 30 mg g-
1FW at 0.41, 2.31, 4.21 and 8.01 dSm-1 salinity levels, respectively. In
salinity susceptible sugarcane genotype CoC-671, soluble protein con-
tent was 34, 31.67, 28, 24 mg g-1FW, respectively at 0.41, 2.31, 4.21 and
8.01 dSm-1 salinity levels (Table 8). It was observed that soluble protein
content got reduced with increasing salinity levels in salinity susceptible

Table 5
Peroxidase isozyme profile of sugarcane leaves in response to imposed salinity stress condition.

Band No. Genotypes Rm value

CoC-671 (Salinity tolerant) CoM-265 (Salinity susceptible)

Salinity levels (dSm-1) Salinity levels (dSm-1)

0.41 2.31 4.21 8.01 0.41 2.31 4.21 8.01

POX 1 +++ +++ ++ ++ +++ ++ + + 0.137
Total band 1 1 1 1 1 1 1 1

(+++ Intense, ++ Moderately intense, + Faint).

Table 6
Esterase isozyme profile of sugarcane leaves in response to imposed salinity stress condition.

Band No. Genotypes Rm value

CoC-671 (Salinity Susceptible) CoM-265 (Salinity Tolerant)

Salinity levels (dSm-1) Salinity levels (dSm-1)

0.41 2.31 4.21 8.01 0.41 2.31 4.21 8.01

EST 1 ++ ++ + + +++ +++ ++ +++ 0.152
EST 2 ++ ++ + – ++ +++ + ++ 0.261
Total bands 2 2 2 1 2 2 2 2 

(+++ Intense, ++ Moderately intense, + Faint, - Absent).
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CoC-671 as well as salinity tolerant sugarcane genotype CoM-265.
However, decrease in solouble protein was less in salinity tolerant ge-
notype CoM-265 as compared to salinity susceptible sugarcane genotype

CoC-671.

3.9. Effect of different NaCl salinity levels on SDS-PAGE protein profile

The soluble proteins extracted from the leaves of CoM-265 (salinity
tolerant) and CoC-671 (salinity susceptible) sugarcane genotypes
exposed to different salinity levels were resolved on 12.5 % SDS-PAGE.
It was observed 98.65 and 91.95 kD bands were detected only in salinity
tolerant genotype CoM-265 at salinity level 2.31 dSm-1 and interestingly
these bands were absent in salinity susceiptible genotype CoC-671 at
salinity levels 0.41, 2.31, 4.21 and 8.01 dSm-1 (Fig. 3A). A 85.75 kD
protein band was detected in salinity tolerant genotype CoM-265 at 0.41
salinity level, but not present in salinity susceptible genotype CoC-671
(Fig. 3A).

3.10. Effect of different NaCl salinity levels on Native-PAGE protein
profiling

The soluble proteins from the leaves of CoM-265 (salinity tolerant)

Table 7
Alcohol dehydrogenase isozyme profile of sugarcane leaves in response to imposed salinity stress condition.

Band No. Genotypes Rm value

CoC-671 (Salinity Susceptible) CoM-265 (Salinity Tolerant)

Salinity levels (dSm-1) Salinity levels (dSm-1)

0.41 2.31 4.21 8.01 0.41 2.31 4.21 8.01

ADH 1 +++ +++ +++ +++ +++ +++ +++ +++ 0.189
ADH 2 + + ++ – – – – – 0.377
ADH 3 – – – – + + ++ + 0.382
ADH 4 – – – + – – – – 0.389
ADH 5 – – – – – – + + 0.452
ADH 6 + + ++ ++ ++ ++ – – 0.490
Total bands 3 3 3 3 3 3 3 3 

(+++ Intense, ++ Moderately intense, + Faint, - Absent).

Table 8
Soluble proteins in sugarcane leaves under different salinity levels in salinity
susceptible genotype CoC-671 and salinity tolerant genotype CoM-265.

Sr.
No.

Salinity levels
(dSm-1)

Soluble protein (mg g-1 FW)

CoC-671 (Salinity
susceptible)

CoM-265 (Salinity
tolerant)

1 0.41 34.00 ± 1.77 36.67 ± 1.91
2 2.31 31.67 ± 1.64 (8.83 %) 35.00 ± 1.82 (4.55 %)
3 4.21 28.00 ± 1.55 (17.65 %) 32.67 ± 1.75 (12.2 %)
4 8.01 24.00 ± 1.65 (29.42 %) 30.00 ± 1.2 (18.19 %)
LSD < 0.05 1.2 1.5

Mean ± SE. Experiments were repeated three times. n= 3. The LSD values at P<
0.05 were applied to compare the significant differences among the mean values
for soluble protein levels.

Fig. 3. Soluble protein profiling. A. SDS-PAGE protein profiling of sugarcane varieties CoC-671(salinity susceptible) and CoM-265 (salinity tolerant). Left panel and
right panel represent profiling of soluble protein extracted from leaves of salinity susceptible sugarcane genotype CoC-671 and salinity tolerant sugarcane genotype
CoM-265, respectively grown at salinity levels at 0.41 dSm-1, 2.31 dSm-1, 4.21 dSm-1, and 8.01 dSm-1. Low range protein molecular weight marker of 14–97 kD was
used to detect size of protein bands B. Native-PAGE protein profiling of sugarcane genotypes CoC-671 (salinity susceptible) and CoM-265 (salinity tolerant) grown at
salinity levels 0.41 dSm-1, 2.31 dSm-1, 4.21 dSm-1, and 8.01 dSm-1. Low range protein molecular weight marker of 14–97 kD was used to detect size of protein bands.
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and CoC-671 (salinity susceptible) sugarcane genotypes under varying
salinity levels and non-saline conditions were resolved on 7.5 % native-
PAGE. It was observed that 98.65 kD band was present in salinity
tolerant genotype CoM-265 at salinity levels 0.41, 2.31, 4.21 and 8.01
dSm-1, however, this band was not detected in salinity susceptible CoC-
671 genotype. A 95 kD band was present in salinity tolerant genotype
CoM-265 at 2.31 dSm-1 salinity level, but not detected in salinity sus-
ceptible CoC-671 genotype. 91.95 and 61.00 kD bands were detected at
salinity level 4.21 dSm-1 in salinity tolerant genotype CoM-265, but not
present in salinity susceptible genotype CoC-671 (Fig. 3B). A 75 kD band
was present at salinity level 2.31 dSm-1 in salinity tolerant genotype
CoM-265, but not detected in salinity susceptible genotype CoC-671.
63.55 and 36.75 kD bands were present at salinity level 0.41 dSm-1 in
salinity tolerant genotype CoM-265, but not detected in salinity sus-
ceptible genotype CoC-671 (Fig. 3B). 52.90 kD band was present at
salinity levels 0.41 and 8.01 dSm-1 in salinity tolerant genotype CoM-
265, but not detected in salinity susceptible genotype CoC-671. 48.48
and 42.45 kD bands were detected at salinity levels 0.41, 4.21 and 8.01
dSm-1 in salinity tolerant genotype CoM-265, but not present in salinity
susceptible genotype CoC-671.

Interstingly, a 25.20 kD faint band was present in salinity susceptible
genotype CoC-671 at salinity levels 0.41, 2.31, 4.21 and 8.01 dSm-1

salinity levels, but not present in salinity tolerant genotype CoM-265
(Fig. 3B).

4. Discussion

Sugarcane genotypes CoC-671 (salinity susceptible) and CoM-265
(salinity tolerant) were evaluated for plant height, number of leaves
and seedling diameter at salinity levels 0.41 dSm-1, 2.31 dSm-1, 4.21 dS
m-1, and 8.01 dS m-1 75 days after planting. There was significant
reduction in plant height [88.33 cm ± 1.2 (18.1 %)], number of leaves
per plant (5 ± 0.6) at 8.01 dSm-1 salinity level in salinity susceptible
sugarcane genotype CoC-671. However, salinity tolerant genotype CoM-
265 showed less reduction in plant height, number of leaves and seed-
ling diameter. Plaut et al. [8] studied the effect of salinity on leaf growth,
initiation and senescence and transpiration rate in two sugarcane cul-
tivars H69-8235 and H65-7052 differing in salinity sensitivity. He found
that leaf dry weight and area decreased with increasing salinity, how-
ever, the decrease was less in salinity tolerant cultivar H69-8235 as
compared to salinity sensitive cultivar H65-7052. The average area per
leaf was less impacted in salinity tolerant cultivar, H69-8235 under
salinity, while in salinity sensitive cultivar H65-7052, the leaf area and
initiation of new leaves were sharply reduced by salinity [8]. Khaled and
Teixeira da Silva [21] reported decrease in the plant height, number of
leaves/plant, and stem diameter when salinity was imposed. Rashed
et al. [26] reported decrease in plant height with increase in salinity
levels in maize and sorghum, respectively. Salinity resulted decrease in
cell numbers in the meristem and a growth inhibition which negatively
impacted the leaf development and ultimately reduction in plant height
[27]. In the present investigation, the plant height of salinity tolerant
sugarcane genotype CoM-265 and susceptible sugarcane genotype
CoC-671 was studied at all salinity levels, i.e., 0.41. 2.31, 4.21 and 8.01
dSm-1 and it was found that salinity caused reduction in plant height as
mentioned in Table 2. The observation made in the present in-
vestigations are in line with observation made by Mohamed [28] who
reported altered morphology in plants exposed to 150 mM NaCl. In
addition to poor growth of shoots, the leaves became yellow, while
under control conditions, no growth retardation was observed. Salt
induced reduction in the shoot length caused reduction in growth
[29–30]. Santana et al. [9] reported that salinity negatively affects crop
growth inversely proportional to the salt concentration. Earlier, sugar-
cane varieties have been evaluated for physio-biochemical parameters
along with protein profile under normal and saline conditions [31].
Kasirajan et al. [32] assessed seven Saccharum spontateum clones for
relative water content.

The POX isozyme pattern was determined in both the salt susceptible
(CoC- 671) and salt tolerant (CoM-265) genotypes at different salinity
level. The CoM-265 (salinity tolerant) and CoC-671 (salinity susceip-
tible) genotypes showed the same number of POX isoform at different
salinity levels, but the band intensity was different. Low intense band
was detected in salinity susceptible sugarcane variety CoC-671 at 4.21
dSm-1 and 8.01 dSm-1 salinity stress level, while moderately intense
band was observed at 0.41 dSm-1 and 2.31 dSm-1 salinity levels. Intense
bands were observed in salinity tolerant CoM-265 genotype at all
salinity levels except 8.01 dSm-1, where a moderately intense band was
seen. Peroxidase is widely distributed in higher plants and plays crucial
role in lignification, auxin metabolism, salt tolerance and heavy metal
stress tolerance. Therefore, peroxidase has often served as a parameter
of metabolism activity during growth alteration and environmental
stress conditions [33]. The expression pattern of these isozymes varies in
different tissues of healthy plants and is developmentally regulated or
influenced by environmental factors [34]. Mohamed [28] studied
peroxidase isozyme pattern in maize in response to induced NaCl stress
condition and showed four activity zones among all samples. However,
in the present study, only one POX isozyme pattern was observed. In
wheat cultivar, three isoforms of POX was detected under salinity stress
condition. However, there were no specific increasing or decreasing
trend in the level of different isoforms of POX and also the interaction of
salinity and wheat genotype for all POX isozymes was not significant
[35]. In the present investigation, in salt tolerant CoM-265 genotype of
sugarcane under salt stress condition, intense and moderately intense
bands were observed indicating that increased in POX isozyme sustained
stressed condition. High peroxidase isozymic activity in the tissue of salt
stress reflects the changed mechanical properties of the cell wall which,
in turn could be related to salt adoption process [28]. Increase in total
peroxidase activity in salinity tolerant cultivar indicated involvement of
peroxidases in cell membrane integrity [28]. The extent of damage of
cells are controlled by the antioxidative systems like peroxidase which is
an important defence system of plants against oxygen free radicals [28].
The peroxidase enzyme which exists in both cytosol and chloroplast, can
effectively scavenge H2O2 which is produced under oxidative stresses
[35]. In the present investigation, the intense and moderately intense
bands observed in salt tolerant CoM-265 genotype under salinity stress
level indicating increase in the activity of this enzyme under stress is
probably a promising indicator of accumulation of H2O2 under salt
stress. Jain et al. [36] reported that micropropagated sugarcane plant-
lets showed identical number and position of the bands of peroxidases as
their donor plants. The similar results were observed in the present
investigation in respect of band colour intensity that salinity tolerant
CoM-265 variety had intense and moderately intense band under
salinity stress levels. Gao et al. [33] reported that in Jatropha curcas
seedlings, seven POX isoenzymes bands in cotyledons, and six POX
isozymes bands in the hypocotyls and radicals were observed. These
isozymes showed different intensities. In the present study, the POX
band from SDS-PAGE revealed single isoform both in salinity tolerant
genotype CoM-265 and salinity susceptible genotype CoC-671, but the
band intensity was different. Interestingly, peroxidase enzyme band was
more intense in salinity tolerant genotype CoM-265 as compared to
salinity susceptible genotype CoC-671 genotype and band intensity
decreased with increasing salinity levels. The decrease in POX isozyme
level was less in salinity tolerant CoM-265 with increase in salinity levels
as compared to salinity susceptible CoC-671 genotype. The POX band
was less intense in salinity susceptible CoC-671 genotype at 4.21 and
8.01 dSm1 salinity level, while moderately intense POX band was seen
at 0.41 and 2.31 dSm1 salinity levels. Abd El-baky et al. [37] showed
that one POX band was manifested higher densities and intensities in the
salt treated cultivars of onion than the cultivars grown under control
condition. Sreenivasulu et al. [38] detected high POX isozyme activity in
salt tolerant cultivar compared to salt susceptible cultivar of foxtail
millet which was related to salt adoption process. Zeeshan et al. [39]
compared wheat (salt-tolerant cv. Suntop and -sensitive Sunmate) and
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barley (salt-tolerant cv. CM72) cultivars and concluded that higher ac-
tivities of antioxidants (SOD, peroxidase; POD, APX, GR, and CAT) are
strongly correlated with the higher salt tolerance depicting a clear role
of antioxidant activities in mitigation of salt-induced oxidative stress.
Peroxidase plays diverse function in the plant life cycles such as plant
growth and development including cell wall metabolism, lignification,
suberization, reactive oxygen species (ROS) metabolism, auxin meta-
bolism and also in defense against pathogens etc. [40]. Cell wall
peroxidase also contributes to ROS generation particularly H2O2, where
H2O2 modulates NO, Ca2+ and MAPK pathways, which control plant
growth and development, as well as other cellular and physiological
responses under diverse abiotic stresses [41–44].

Electrophoretic profile of esterase (EST) isozyme showed two types
of bands with Rm value 0.152 (EST1) and 0.261 (EST2). Intensity of
EST1 and EST2 bands were higher in salinity tolerant CoM-265 genotype
as compared to CoC-671 a salt susceptible genotype. In the present
study, differences in band intensity were also observed between salt
tolerant CoM-265 and salt susceptible CoC-671 sugarcane genotypes.
Hassanein [45] observed that salinity increasde EST isozyme, the
highest numbers of esterases isozymes were detected under high NaCl
concentration. Mohamed [28] noticed the esterase isozymes differences
in density and number of bands among control and salt treated samples.
The results obtained in the present study are concomitant with these
earlier reports. The intense band appeared at 8.01 dSm-1 in salt tolerant
CoM-265 sugarcane variety and remained absent in salt sensitive
CoC-671 genotype may have adoptive mechanism against salt stress.

The alcohol dehydrogenase from the leaves of CoM-265 and CoC-671
sugarcane genotypes of the stressed and unstressed plants were detected
on 7.5 % native-PAGE. There was genetic variability in salinity sus-
ceptible CoC-671 and salinity tolerant CoM-265 with regard to presene
or absence of ADH bands and their intensity. Alcohol dehydrogenase
isozymes are widely distributed across all organism types [46–49].
These enzymes catalyze the interconversion between alcohols and al-
dehydes [50–51]. Salinity stress induces accumulation of ADH mRNA in
soybeans, grass peas and Arabiodopsis [52–55]. Langston et al. [56]
observed three alcohol dehydrogenase isozymes in the embryo of
germinating T. turgidum.However, in the present investigation six bands
were observed. Shi et al. [57] found that ADH1 overexpressing Arabi-
dopsis plants conferred enhanced resistance to salt, drought, cold and
pathogen infection. Overexpression of AtADH1 expression increased the
transcript levels of multiple stress-related genes like
dehydration-responsive element binding protein 2a (DREB2A), heat
shock protein 17.6 (HSP17.6), responsive to desiccation 29 (RD29B) at
300 mM NaCl level, accumulation of soluble sugars and callose de-
positions. An Alcohol Dehydrogenase gene from Synechocystis sp. con-
fered salt tolerance in transgenic Tobacco [52]. Yi et al. [58] analyzed
wild-type (WT) and transgenic tobacco plants to investigate whether the
constitutive expression of an Alcohol Dehydrogenase gene from Syn-
echocystis sp. confreres salt tolerance. Yi et al. [58] also assessed plant
growth in response to salinity in tobacco plants and he found that WT
plants exhibited chlorosis and growth retardation, whereas alcohol de-
hydrogenase from Synechocystis sp. (sysr1-OX) expressing tobacco
plants grew relatively well and demonstrated enhanced salinity toler-
ance. Yi et al. [58] also studied the effects of salinity stress on chloro-
phyll content using a floating leaf disk assay amd when leaf disks were
floated on a 300 mM NaCl solution for 5 days, the disks of WT plants
were bleached more intensely than those of sysr1-OX expressing tobacco
plants. Decreases in leaf disk chlorophyll levels were greater in WT
plants than in sysr1-OX tobacco plants [58]. In present investigation
ADH 3 (Rm value 0.382) and ADH 5 (Rm value 0.452) present in
CoM-265, a tolerant sugarcane variety under various salinity stress
condition may have role insalt stress tolerance, since these two bands
remained absent in CoC-671 susceptible genotype.

Salinity susceptible sugarcane genotype CoC-671 had less soluble
protein content as compared to CoM-265 at 0.41, 2.31, 4.21 and 8.01
dSm-1 salinity levels. There was reduction in soluble protein content

with increasing salinity levels in salinity susceptible CoC-671 as well as
salinity tolerant sugarcane genotype CoM-265. However, decrease in
solouble protein content was less in salinity tolerant genotype CoM-265
as compared to salinity susceptible sugarcane genotype CoC-671. In
sugarcane, increase in a NaCl salinity level resulted decrease in soluble
protein content [59]. The decrease in protein content with increase in
salt stress may be due to the increase in proteolysis and increase in the
level of amino acids particularly proline. The disruption in protein
synthesis appears to be an important cause of damage by Na+ [60]. One
characteristics of saline stress is the removal of potassium ions by plant
roots, which comes a physiological imbalance because potassium is
necessary for protein synthesis. Thus, in present study decrease in sol-
uble protein in sugarcane varieties may be due impairment of Na+/K+-

channel in the plants. The decrease in soluble protein in response to
salinity was also reported in Oryzasativa [61], Vicia faba [62], Amar-
anthus tricolor [63] and Brugniera parviflora [64]. A higher content of
soluble protein has been observed in salt tolerant cultivars of barley,
sunflower, finger millet and rice [65]. Murad and Muneer [66] exam-
ined the effects of different salinity levels on proteome level and anti-
oxidant capability and salt responsive gene expression profiling also
carried out profiling of isozymes of peroxidase enzyme by SDS and
native PAGE profiling. Reduction in content of soluble protein was
observed when plants were exposed to salinity stress. Passamani et al.
[67] reported salinity stress induced changes in the proteomic profile of
micropropagated sugarcane shoots.

A 98.65 and 91.95 kD bands were present only in salinity tolerant
genotype CoM-265 at salinity levels 2.31 dSm-1 and were absent in
salinity susceiptible genotype CoC-671 at salinity levels 0.41, 2.31, 4.21
and 8.01 dSm-1. A 85.75 kD protein band was detected in salinity
tolerant genotype CoM-265 at 0.41 salinity level, but not present in
salinity susceptible genotype CoC-671. These band could be considered
as a positive molecular marker for salt tolerance. This result is in line
with Khaled and Teixeira da Silva [21] and they reported that SDS page
electrophoretic pattern of water soluble protein fraction in the leaves at
72 days after planting for sugarcane varieties exhibited a maximum
number of 15 bands, which were not present in all sample.

In the present study a 98.65 kD band was present in only in salinity
tolerant genotype CoM-265 at salinity levels 0.41, 2.31, 4.21 and 8.01
dSm-1. A 95 kD band was detected at in salinity tolerant genotype CoM-
265 at 2.31 dSm-1 salinity level, but not found in salinity susceptible
CoC-671 genotype. 91.95 and 61.01 kD bands were also detected at
salinity level 4.21 dSm-1 in salinity tolerant genotype CoM-265, but not
found in salinity susceptible genotype CoC-671. A 75 kD band was
detected at salinity level 2.31 dSm-1 in salinity tolerant genotype CoM-
265, but not present in salinity susceptible genotype CoC-671. 63.55 and
36.75 kD bands were present at salinity level 0.41 dSm-1 in salinity
tolerant genotype CoM-265, but not detected in salinity susceptible
genotype CoC-671. A 52.90 kD band was detected at salinity levels 0.41
and 8.01 dSm-1 in salinity tolerant genotype CoM-265, but not found in
salinity susceptible genotype CoC-671. 48.48 and 42.45 kD bands were
present at salinity levels 0.41, 4.21 and 8.01 dSm-1 in salinity tolerant
genotype CoM-265, but not present in salinity susceptible genotype CoC-
671. Presence of these bands could be considered as a positive molecular
marker for salt tolerance. Interstingly, a 25.20 kD faint band was present
in salinity susceptible genotype CoC-671 at salinity levels 0.41, 2.31,
4.21 and 8.01 dSm-1 salinity levels, but not present in salinity tolerant
genotype CoM-265. Absence of this band could be correlated with
salinity tolerance in sugarcane genotypes. Hurkman and Tanaka [68]
studied change of protein banding pattern in barley roots under salinity
and observed no specific polypeptide bands under salinity stress. Spe-
cific protein bands linked with salinity stress tolerance were detected in
maize [29] and sorghum [69–70]. Sobhanian et al. [54] also reported
that density of the polypeptide band of 54 kD decreased at high salinity
concentration in all genotypes; however a band with 56 kD size
decreased in all cultivars except at 210 mM salinity. One of the possible
explanations for complete disappearance of some proteins under salt
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stress is that the gene(s) responsible for certain proteins had been
completely suppressed as a result of stress. It is also possible that the
gene(s) had not been completely suppressed, but inhibited as the result
of stress, and complete recovery of the inhibition was not achieved [28].
Talei et al. [71] reported that several proteins were differentially
expressed in seedling exposed to high salinity. In the present investi-
gation, it was observed that total number of expressed proteins in the
salt treated leaves was decreased, which might reflect the adverse effects
of salinity on growth and development of the plant. Many cellular and
metabolic processes of plants are known to be affected by salinity,
including the reductions in stromal value of chloroplast, generation of
reactive oxygen species (ROS), photosynthesis, respiration, biosynthesis
of proteins, nucleic acid, lipids and pigments [72]. Alamgir and Ali [61]
reported decrease in number of proteins in response to salinity in some
plant species such as Oryzasativa and Bruguieraparviflora.

5. Conclusion

The study of protein changes by electrophoretic analysis under
salinity treatment may be useful for understanding the salinity tolerance
in sugarcane. In esterase isozyme system, the intense band appeared at
8.01 dSm-1in salt tolerant CoM-265 sugarcane genotype and was not
detected in salt sensitive CoC-671 gentype. In the present investigation,
salt tolerant genotype of sugarcane CoM-265 under salt stress condition,
exhibited intense and moderately intense bands indicating that
increased in POX isozyme activities might be involved to sustain stressed
condition. The intense and moderately intense bands observed in salt
tolerant CoM-265 variety under salinity level indicating increase in the
activity of this enzyme under stress is probably a promising indicator of
salinity stress tolerance in sugarcane. The presence of specific ADH 3
(Rm value 0.382) and ADH 5 (Rm value 0.452) isoforms in CoM-265, a
tolerant sugarcane variety under various salinity stress condition may
have involvement to overcome the salt stress, since these two banding
patterns were absent in CoC-671 susceptible genotype.

CRediT authorship contribution statement

Manisha Rameshrao Patil: Writing – review & editing, Writing –
original draft, Validation, Resources, Methodology, Investigation,
Formal analysis, Conceptualization. A.A. Kale: Writing – review &
editing, Writing – original draft, Supervision, Methodology, Investiga-
tion, Formal analysis, Conceptualization. Ajay Kumar Singh:Writing –
review & editing, Writing – original draft, Formal analysis. Priyanka
Rameshrao Patil: Writing – original draft, Methodology. Shaheen
Badshah Inamdar: Resources, Formal analysis. R.D. Satbhai: Meth-
odology, Investigation, Conceptualization.

Declaration of competing interest

On behalf of all authors, the corresponding author states that there is
no conflict of interest.

Data availability

Data will be made available on request.

References

[1] S. Virupakshi, B.R. Manjunatha, G.R. Naik, In vitro flower induction in callus from
a juvenile explant of sugarcane, Saccharum officinarum L. Var CoC671, Curr. Sci.
832 (2002) 1195–1197.

[2] P. Shrivastava, R. Kumar, Soil salinity: a serious environmental issue and plant
growth promoting bacteria as one of the tools for its alleviation, Saudi. J. Biol. Sci.
22 (2014).

[3] V.P. Rao, R.S. Sengar, S. Singh, V. Sharma, Molecular and metabolic perspectives of
sugarcane under salinity stress pressure, Progress. Agri. 15 (1) (2015) 77–84.

[4] P. Dhansu, R. Kumar, A. Kumar, K. Vengavasi, A.K. Raja, S. Vasantha, M.R. Meena,
Differential physiological traits, ion homeostasis and cane yield of sub-tropical

sugarcane varieties in response to long-term salinity stress, Sustainability. 14 (20)
(2022) 13246, https://doi.org/10.3390/su142013246.

[5] K. Preet, P. Dhansu, N. Sehrawat, R. Kumar, C. Appunu, K. Vengavasi,
R. Arunkumar, R. Rana, S. Kumar, V. Joon, Morpho‑physiological analysis of
salinity tolerance in sugarcane genotypes, Plant Physiol. Rep. (2024), https://doi.
org/10.1007/s40502-024-00782-8.

[6] C. Brindha, S. Vasantha, R. Arunkumar, The response of sugarcane subjected to
salinity stress at differentgrowth phases, J. Plant Stress Physiol. 5 (2019) 28–33.

[7] E.V. Maas, G.J. Hoffman, Crop salt tolerance current assessment, J. Irrig. Drain.
Div. Amer. Soc. Civil Eng. 103 (1977) 115–134.

[8] Z. Plaut, F.C. Meinzer, E. Federman, Leaf development, transpiration and ion
uptake and distribution in sugarcane cultivars grown under salinity, Plant Soil. 218
(1–2) (2000) 59–69.

[9] M.J. Santana, J.A. Carvalho, K.J. Souza, A.M.G. Sousa, C.L. Vasconcelos, L.A.
B. Andrade, Lab effects of irrigation water salinity on sprouting and initial
development of sugarcane (Saccharum sp.) and in soils with different textural
levels, Rev. Cienc. Agríc. 31 (2007) 1470–1476.

[10] L. Taiz, E. Zeiger, I.M. Moller, A. Murphy, Fisiologia e Desenvolvimento Vegetal,
6th ed., ArtMed, Guelph, ON, Canada, 2017.

[11] A.M. Zuffo, F. Steiner, J.G. Aguilera, P.E. Teodoro, L.P.R. Teodoro, A. Busch, Multi-
trait stability index: a tool for simultaneous selection of soya bean in drought and
saline stress, J. Agron. Crop. Sci. 206 (2020) 815–822.

[12] W.L. Simoes, M. Calgaro, D.S. Coelho, D.B.D. Santos, M.A.D. Souza, Growth of
sugar cane varieties under salinity, Rev. Ceres. 63 (2016) 265–271.

[13] W.L. Simoes, D.S. Coelho, A.C. Mesquita, M. Calgaro, J.S. da Silva, Physiological
and biochemical responses of sugarcane varieties to salt stress, Rev. Caatinga. 32
(2019) 1069–1076.

[14] J. Padma, K. Sivasubramaniam, Characterization of chilli genotypes using SDS
PAGE proteinprofile, Int. J. Agri. Sci. 9 (2) (2013) 539–541.

[15] P.K. Nisha, P.B. Rao, Profiling the seed storage protein among different genotypes
of Trigonellafoenum graecum L. (Fenugreek), Legume Res. Int. J. 43 (5) (2019)
711–717.

[16] M. Ikram, B. Javed, N.I. Raja, Z.U.R. Mashwani, Biomedical potential of plant-
based selenium nanoparticles: a comprehensive review on therapeutic and
mechanistic aspects, Int. J. Nanomed. 16 (2021) 249–268.

[17] R. Gomathi, S. Vasantha, S. Shiyamala, P. Rakkiyappan, Differential accumulation
of salt induced proteins in contrasting sugarcane genotypes, European J. Biol. Sci. 6
(2013) 7–11.

[18] O.A. Kumar, S.S. Tata, SDS-PAGE seed storage protein profiles in Chili peppers
(Capsicum L.), Notulae Scientia Biologicae 2 (3) (2010) 86–90.

[19] L. Mondini, A. Noorani, M.A. Pagnotta, Assessing plant genetic diversity by
molecular tools, Assessment of Plant Genetic Diversity 1 (1) (2009) 19–35.

[20] R. Munns, M. Tester, Mechanisms of salinity tolerance, Annu Rev. Plant Biol. 59
(2008) 651–681.

[21] A.M. Khaled, J.A. Teixeira da Silva, Molecular profiling using proteins markers or
salt tolerance in sugarcane, Dynamic Biochem. Process Biotechnol. Mol. Biol. 4 (1)
(2010) 100–103.

[22] S. Srivastava, P.S. Gupta, SDS and Native-PAGE protein profile for identification
and characterization of elite sugarcane genotype, Sugar. Tech. 4 (2002) 143–147.

[23] S. Srivastava, P.S. Gupta, B.L. Shrivastava, Genetic relationship and clustering of
some sugarcane genotypes based on esterase, peroxidase and amylase isozyme
polymorphism, Cytologia (Tokyo) 70 (4) (2005) 355–363.

[24] O.H. Lowry, N.J. Rosebrough, A.L. Farr, R.J. Randall, Protein measurement with
folin phenol reagent, J. Biol. Chem. 193 (1951) 265–275.

[25] J.C. Glaszmann, B.G. de-los-Reyes, G.S. Khush, Electrophoretic variation of
isozymes in pumules of rice (Orizya sativa L.) a key to the identification of 76 alleles
at 24 loci, Int. Rice Res. Ins. 134 (1988) 1–13.

[26] M.A. Rashed, A. Abo-Doma, H. El-Rashidy, K.M.A. Khaled, Molecular genetics
characterization for some loci controlling salt tolerance in Sorghum bicolor (L),
Egyptian J. Genet. Cytol. 35 (2006) 145–155.

[27] J.P. Srivastava, S.C. Gupta, P. Lal, R.N. Muralia, A. Kumar, Effect of salt stress on
physiological and biochemical parameters in wheat, Ann. Arid. Zone 27 (1988)
197–204.

[28] A.A. Mohamed, Two-dimensional electrophoresis of soluble proteins and profile of
some isozymes isolated from maize plant in response to NaCl, Res. J. Agric. Biol.
Sci. 1 (1) (2005) 38–44.

[29] I. Hussain, M.A. Ashraf, F. Anwar, R. Rasheed, Biochemical characterization of
maize (Zea mays L.) for salt tolerance, Plant Biosyst. 148 (5) (2013), https://doi.
org/10.1080/11263504.2013.798369.

[30] S. Chaum, S. Chantawong, C. Mongkolsiriwatana, M. Ashraf, C. Kirdmanee, Field
screening of sugarcane (Saccharum spp.) mutant and commercial genotypes for salt
tolerance, Notulae Botanicae Hort. Agrobotan. Cluj-Napoca 41 (1) (2013)
286–293.

[31] P. Saxena, R.P. Srivastava, M.L. Sharma, Studies on salinity stress tolerance in
sugarcane varieties, Sugar. Tech. 12 (2010) 59–63.

[32] L. Kasirajan, R. Valiyaparambth, J. Velu, H. Hari, V. Srinivasavedantham,
S. Athaiappan, Gene expression studies of Saccharum spontaneum, a wild relative
of sugarcane in response to salinity stress, Biotechnol. Appl. Biochem. 68 (2)
(2021) 288–296.

[33] S. Gao, C. Ouyang, S. Wang, Y. Xu, L. Tang, F. Chen, Effects of salt stress on growth,
antioxidant enzyme and phenylalanine ammonia-lyase activities in Jatrophacurcas
L. seedlings, Plant Soil Environ. 54 (9) (2008) 374–381.

[34] F. Passardi, C. Cosio, C. Penel, C. Dunand, Peroxidases have more functions than a
Swiss army knife, Plant Cell Rep. 24 (5) (2005) 255–265.

M.R. Patil et al. Biotechnology Reports 45 (2025) e00880 

9 

http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0001
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0001
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0001
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0002
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0002
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0002
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0003
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0003
https://doi.org/10.3390/su142013246
https://doi.org/10.1007/s40502-024-00782-8
https://doi.org/10.1007/s40502-024-00782-8
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0006
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0006
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0007
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0007
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0008
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0008
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0008
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0009
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0009
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0009
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0009
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0010
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0010
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0011
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0011
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0011
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0012
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0012
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0013
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0013
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0013
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0014
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0014
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0015
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0015
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0015
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0016
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0016
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0016
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0017
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0017
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0017
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0018
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0018
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0019
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0019
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0020
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0020
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0021
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0021
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0021
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0022
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0022
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0023
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0023
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0023
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0024
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0024
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0025
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0025
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0025
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0026
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0026
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0026
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0027
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0027
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0027
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0028
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0028
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0028
https://doi.org/10.1080/11263504.2013.798369
https://doi.org/10.1080/11263504.2013.798369
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0030
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0030
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0030
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0030
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0031
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0031
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0032
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0032
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0032
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0032
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0033
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0033
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0033
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0034
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0034


[35] H. Nabizadeh, M. Valizadeh, M. Norouzi, M. Toorchi, M.B. Vajovi, Effect of
different level of NaCl salinity on antioxidant enzymes activity in seedling of
different wheat cultivars, Biol. Forum Int. J. 7 (2) (2015) 180–186.

[36] R. Jain, S. Srivastava, J. Singh, P.S. Gupta, Assesment of genetic purity of
micropropagated plants of sugarcane by isozyme and RAPD analysis, Sugar. Tech.
7 (2&3) (2005) 15–19.

[37] A. El-baky, H. Hanaa, M.A. Amal, M.M. Hussein, Influence of salinity on lipid
peroxidation, antoxidant enzymes and electrophoretic patterns of protein and
isozymes in leaves of some onion cultivars, Asian J. Plant Sci. 2 (8) (2003)
633–638.

[38] N. Sreenivasulu, V. Ramanjulu, K. Ramchandru, S. Praksh, H. Shekar-Shetty, H.
S. Savithri, C. Sudhakar, Total peroxidase activity and isoforms as modified by salt
stress in two cultivars of Fox-tail millet with differential salt tolerance, Plant Sci.
141 (1999) 1–9.

[39] M. Zeeshan, M. Lu, S. Sehar, P. Holford, F. Wu, Comparison of biochemical,
anatomical, morphological, and physiological responses to salinity stress in wheat
and barley genotypes deferring in salinity tolerance, Agronomy 10 (2020) 127.

[40] V.P. Pandey, M. Awasthi, S. Singh, S. Tiwari, U.N. Dwivedi, A comprehensive
review on function and application of plant peroxidases, Biochem. Anal. Biochem.
6 (2017) 1, https://doi.org/10.4172/2161-1009.1000308.

[41] L. Niu, W. Liao, Hydrogen peroxide signaling in plant development and abiotic
responses: crosstalk with nitric oxide and calcium, Front. Plant Sci. 7 (2016) 230.

[42] M. Janicka, M. Reda, N. Napieraj, K. Kabała, Plant abiotic stress: function of nitric
oxide and hydrogen peroxide, in: D. Gupta, J. Palma, F. Corpas (Eds.), Nitric Oxide
and Hydrogen Peroxide Signaling in Higher Plants, Springer, Cham, Swizerland,
2019, pp. 201–219.

[43] J. Rane, A.K. Singh, M. Kumar, K.M. Boraiah, K.K. Meena, A. Pradhan, P.V. Vara
Prasad, The adaptation and tolerance of major cereals and legumes to important
abiotic stresses, Int. J. Mol. Sci. 22 (2021) 12970, https://doi.org/10.3390/
ijms222312970.

[44] J. Rane, A.K. Singh, M. Tiwari, P.V. Vara Prasad, S.V.K. Jagadish, Effective use of
water in crop plants in dryland agriculture: implications of reactive oxygen species
and antioxidative system, Front. Plant Sci. 12 (2022) 778270, https://doi.org/
10.3389/fpls.2021.778270.

[45] A.M. Hassanein, Alteration in protein and esterase patterns of peanut in response to
salinity stress, Biol. Plantarum 42 (1999) 241–248.

[46] T. Chase, Alcohol dehydrogenases: identification and names for gene families,
Plant Mol. Biol. Rep. 17 (1999) 333–350.

[47] H. Jornvall, J. Hedlund, T. Bergan, U. Oppermann, B. Persson, Superfamilies SDR
and MDR: from early ancestry to present forms. Emergence of three lines, a Zn
metalloenzyme,and distinct variabilities, Biochem. Biophys. Res. Communication
396 (1) (2010) 125–130.

[48] J. Stommer, The plant ADH gene family, Plant J. 66 (2011) 128–142.
[49] K. Alka, H.J. Windle, D. Cornally, B.J. Ryan, G.T.M. Henehan, A short chain NAD

(H)-dependent alcohol dehydrogenase (HpSCADH) from Helicobacter pylori:arole
in growth under neutral and acidic conditions, Int. J. Biochem. Cell Biol. 45 (2013)
1347–1355.

[50] J.O. Hoog, P. Stromberg, J.J. Hedberg, W.J. Griffiths, W. Griffith, The mammalian
alcohol dehydrogenases interact in several metabolic pathways, Chemico Biol.
Interaction 144 (2003) 175–181.

[51] C.E. Thompson, F.M. Salzano, O.N. De Souza, L.B. Freitas, Sequence and structural
aspects of the functional diversification of plant alcohol dehydrogenases, Gene 396
(2007) 108–115.

[52] M.S. Manak, A.L. Paul, P.C. Sehnke, R.J. Ferl, Remote sensing of gene expression in
planta: transgenic plants as monitors of exogenous stress perception in extra
terrestrial environments, Life Support Biosph. Sci. Int. J. Earth Space 8 (2) (2002)
83–91.

[53] H. Sobhanian, R. Razavizadeh, Y. Nanjo, A.A. Ehsanpour, F.R. Jazii, N. Motamed,
S. Komatsu, Proteome analysis of soybean leaves, hypocotyls and roots under salt
stress, Proteome Sci. 8 (2010) 19, https://doi.org/10.1186/1477-5956-8-19.

[54] N. Sobhanian, H. Pakniyat, M.A. Kordshodi, S. Dorostkar, M. Alikabarki, Z.
F. Nasiri, Electrophoretic study of wheat (Triticum aestivum L) protein changes
under salinity stress, Sci. Res. 4 (2) (2016) 33–36.

[55] A. Chattopadhyay, P. Subba, A. Pandey, D. Bhushan, R. Kumar, A. Datta,
S. Chakraborty, Analysis of the grasspea proteome and identification of stress-
responsive proteins upon exposure to high salinity, low temperature, and abscisic
acid treatment, Phytochemistry 72 (10) (2011) 1293–1307.

[56] P.J. Langston, N.C. Pace, G.E. Hart, Wheat alcohol dehydrogenase isozymes, Plant
Physiol. 65 (1980) 518–522.

[57] H. Shi, W. Liu, Y. Yao, Y. Wei, Z. Chan, Alcohol dehydrogenase 1 (ADH1) confers
both abiotic and biotic stress resistance in Arabidopsis, Plant Sci. 262 (2017)
24–31, https://doi.org/10.1016/j.plantsci.2017.05.013.

[58] S.Y. Yi, S.S. Ku, H.J. Sim, S.K. Kim, J.H. Park, J.I. Lyu, E.J. So, S.Y. Choi, J. Kim, M.
S. Ahn, S.W. Kim, H. Park, W.J. Jeong, Y.P. Lim, S.R. Min, J.R. Liu, An alcohol
dehydrogenase gene from synechocystis sp. confers salt tolerance in transgenic
tobacco, Front. Plant Sci. 17 (2017) b1965, https://doi.org/10.3389/
fpls.2017.01965.

[59] M.F. Carvalho, M.M. Correa1, G.C. Carvalho, F.C. Rolim-Neto, P.A. Marinho-
Gessica, S.B. de-Andrade, Enzymatic activity of three sugarcane varieties under salt
stress, R. Bras. Eng. Agríc. Ambiental 20 (9) (2016) 806–810.

[60] M. Tester, R. Davenport, Na+ tolerance and Na+ transport in higher plants, Ann.
Bot. 91 (2003) 503–527.

[61] A.N.M. Alamgir, M.Y. Ali, Effect of salinity on leaf pigents, sugar and protein
concentrations and chloroplast ATPAase activity of rice (Oryza sativa L.),
Bangladesh J. Bot. 28 (2) (1999) 145–149.

[62] M.A.A. Gadallah, Effects of proline and glycine betaine on Viciafaba responses to
salt stress, Biol. Plant. 42 (2) (1999) 249–257.

[63] Y. Wang, N. Nil, Changes in chlorophyll, ribulosebiphosphate carboxylase-
oxygenase, glycine betaine content, photosynthesis and transpiration in
Amaranthus tricolor leaves during salt stress, J. Hort. Sci. Biotechnol. 75 (2000)
623–627.

[64] A.K. Parida, A.B. Das, P. Das, NaCl stress causes changes in photosynthetic
pigments, proteins and other metabolic components in the leaves of a true
mangrove, Bruguiera parviflora, in hydroponic cultures, J. Plant Biol. 45 (2002)
28–36.

[65] M. Ashraf, P.J.C. Harris, Potential biochemical indicators of salinity tolerance in
plants, Plant Sci. 166 (2004) 3–16.

[66] M.A.l. Murad, S. Muneer, Physiological and molecular analysis revealed the role of
silicon in modulating salinity stress in mung bean, Agriculture 13 (2023) 1493.

[67] L.Z. Passamani, R.R. Barbosa, R.S. Reis, A.S. Heringer, P.L. Rangel, C. Santa-
Catarina, C. Grativol, C.F.M. Veiga, G.A. Souza-Filho, V. Silveira, Salt stress induces
changes in the proteomic profile of micropropagated sugarcane shoots, PLoS. One
12 (4) (2017) e0176076.

[68] W.J. Hurkman, C.K. Tanaka, Polypeptide changes induced by salt stress, water
deficit and osmotic stress in barley roots: a comparision using two-dimensional gel
electrophoresis, Electrophoresis 9 (11) (1988) 781–787.

[69] M.A. Rashed, A. Bahieldin, F.M. El-Domyati, G.H.M. El-Shabi, Genetic studies on
some sorghum cultivars under iron and deficiency stress. 1st Conf Biotechnol, 22-
24 December, Ain Shams Univ, Cairo, Egypt, 2001, pp. 101–109.

[70] K.A. Khaled, S.R.E. El-Sheikh, Y.H. Tawfik, Assessment of genetic diversity among
eleven sweet sorghum cultivars (Sorghum bicolor L.) under salt stress, Egyptian J.
Plant Breed. 12 (1) (2008) 75–85.

[71] D. Talei, M A.Valdiani, Maziah proteomics analysis of salt responsive leaf and root
proteins in the anticancer plant Andrographi spaniculata, PLoS. One 9 (11) (2014)
e112907.

[72] J.K. Zhu, Salt and drought stress signal transduction in plants, Ann. Rev. Plant Biol.
53 (1) (2002) 247–273.

M.R. Patil et al. Biotechnology Reports 45 (2025) e00880 

10 

http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0035
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0035
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0035
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0036
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0036
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0036
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0037
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0037
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0037
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0037
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0038
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0038
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0038
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0038
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0039
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0039
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0039
https://doi.org/10.4172/2161-1009.1000308
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0041
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0041
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0042
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0042
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0042
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0042
https://doi.org/10.3390/ijms222312970
https://doi.org/10.3390/ijms222312970
https://doi.org/10.3389/fpls.2021.778270
https://doi.org/10.3389/fpls.2021.778270
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0045
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0045
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0046
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0046
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0047
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0047
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0047
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0047
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0048
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0049
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0049
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0049
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0049
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0050
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0050
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0050
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0051
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0051
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0051
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0052
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0052
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0052
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0052
https://doi.org/10.1186/1477-5956-8-19
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0054
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0054
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0054
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0055
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0055
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0055
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0055
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0056
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0056
https://doi.org/10.1016/j.plantsci.2017.05.013
https://doi.org/10.3389/fpls.2017.01965
https://doi.org/10.3389/fpls.2017.01965
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0059
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0059
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0059
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0060
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0060
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0061
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0061
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0061
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0062
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0062
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0063
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0063
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0063
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0063
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0064
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0064
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0064
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0064
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0065
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0065
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0066
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0066
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0067
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0067
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0067
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0067
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0068
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0068
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0068
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0069
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0069
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0069
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0070
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0070
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0070
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0071
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0071
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0071
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0072
http://refhub.elsevier.com/S2215-017X(25)00007-4/sbref0072

	Salinity induced changes in esterase, peroxidase and alcohol dehydrogenase isozymes and leaf soluble proteins in salinity s ...
	1 Introduction
	2 Materials and methods
	2.1 Planting materials
	2.2 Levels of salinity in soil, growing condition and morphological analysis of sugarcane plants under different salinity l ...
	2.3 Leaf soluble proteins profiling by SDS PAGE and native PAGE
	2.4 Peroxidase, esterase and alcohol dehydrogenase isozyme profiling
	2.5 Statistical analysis

	3 Results
	3.1 Induction of different salinity levels and effect of induced salinity on plant height, number of leaves and seedling di ...
	3.2 Effect of salinity on plant height
	3.3 Effect of induced salinity on number of leaves
	3.4 Effect of induced salinity stress on seedling diameter
	3.5 Effect of different NaCl salinity levels on peroxidase isozyme profile
	3.6 Effect of different NaCl salinity levels on esterase isozyme profile
	3.7 Effect of different NaCl salinity levels on alcohol dehydrogenase isozyme profile
	3.8 Effect of different NaCl salinity levels on soluble protein content
	3.9 Effect of different NaCl salinity levels on SDS-PAGE protein profile
	3.10 Effect of different NaCl salinity levels on Native-PAGE protein profiling

	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	References


