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ABSTRACT

The aims of this study were to evaluate the effect of four concentrations of Dimethylsulfate
(DMS) 0%, 0.03%, 0.06% and 0.1% under four levels of salinity including 0, 30, 60 and 90
mmol NaCl L™ on some biochemistry characters such as proline, hydrogen peroxide (H0,),
catalase (CAT), superoxide dismutase (SOD), chlorophyll a (Chl a), chlorophyll b (Chl b) and
total chlorophyll. All treatments were distributed according to the factorial experiment using
complete ro(CRD) with five replicates. Results revealed that 0.03% of DMS gave the highest
proline of 2.08 mg g*, H,O, of 0.64 uM 100mg™, catalase of 19.53 AU min™g™ and SOD of
116.8 1U 100mg™. The control achieved the highest Chl a 0f35.75 mg g™, Chl b of 23.38 mg g™
and total chlorophyll of 79.00 mg g* . Furthermore, 30 mM NaCl L™ possesses highest
proline of 2.14 mg g*, H,O, of 0.62 pM 100mg™, catalase of 19.38 AU min™*g? and SOD of
114.01U 100mg™. The non-saline plantlets (control) gave highest Chl.a of 33.00 mg g*, Chl b
20.62 mg g*. While 60 mmol NaCl L™ gave biggest total chlorophyll of 74.75.
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INTRODUCTION

Strawberry (Fragaria ananassa Duch) is one
of the most important small fruits of the
Rosaceae family, which is economically
consumed due to its content of elements and
its desired taste (27). The reason for the
increase in global consumption of the very
high fruit of strawberry is because of its anti-
bacterial, anti-fungal and  antioxidant
properties, and it also resulted in the increased
release of many secondary metabolites from
this plant (11). Strawberry is being a good
source of compounds possessing antioxidant
properties of natural origin, it contains
compounds such as carotenoids, vitamins,
phenols, flavonoids, and glutathione, as it is
believed to reduce the incidence of cancer
diseases (18, 26). The exacerbation of the
problem of salinity in agricultural lands is one
of the most specific problems of agricultural
production, as more than 20 % of those lands
in dry and semi-arid regions, including Iraq,
have been negatively affected by this issue.
Traditional irrigation, the use of highly saline
irrigation water and the excessive use of
chemical fertilizers contributed to a gradual
accumulation of salts in the root zone and the
surface of the soil, many in vivo studies had
applied to improve growth and vyield of
strawberry over lragi environment (10),
especially cv. Festival (17). However, in vitro
trials were very limited that studied the
tolerance of this crop to salinity stress. Thus
becoming unfit for agriculture due to increased
osmosis and imbalance of nutrients and
toxicity as well as their effects. Tissue culture
is an important technology for mutation
induction and for inducing genetic variation
and selection at the cell level in traits that he
wants to improve for several crops by
cultivating plants, cells and plant tissues. The
development of mutations is an effective tool
for developing new genetic material in plant
species, especially when exposed to different
stresses (29). Mostafa (22) noted that dipping
Khaya seeds with chemical mutants such as
Dimethyl sulphate (DMS) and NaN3 in several
concentrations for 15 hours led to the
improvement of growth characteristics and
increased content of alkaloids in leaves.
Dimethyl sulphate led to dwarfing of plants in
the second season and the color of the stem to
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red, attributing the reason for a mutation as a
result of using these chemicals. In the study
conducted by Murti et al. (25) which used
Ethyle methane sulphonate (EMS) on the
mutagenesis of strawberry plants in vitro trial,
there are plants with thicker leaves and larger
pollen grains as a result of the treatment of
Ethyle methane sulphonate and this difference
increased when using Gamma rays with a
chemical mutagen. Adak and Kaynak (1)
stated Treatment of strawberry plants with
concentrations of Ethyle methane sulphonate
(0, 0.2, 0.4, 0.6 and 0.8%) for 60, 90 and 120
minutes. It reduced survival time, number of
mites, number of roots, length of stems, and
number of leaves while, the best treatment of
Ethyle methane sulphonate was 0.4 % for 60
minutes, and for multiplication and rooting
0.2% for 60-90 minutes. Mutagen
concentrations  Dimethyl sulphate have
important effects that cause changes in
subsequent generations as a result of
mutations. It was found that the concentration
of 600 mg of Dimethyl sulphate has a
stimulating effect on all the vegetative growth
characteristics of Tecoma plants for the first
generation individuals while the concentration
of 200 and 1000 mg increased the number of
florets in the flower (19). Studies by Vasko
and Kyrychenko (34) show the importance of
Dimethyl sulphate that was the most effective
chemical mutagen in causing genetic variation
in plants. It observed the appearance of
phenotypic differences in some plant traits, as
well as the increase in seed oil, seed weight
and fatty acid content. Treatment of plants
with Dimethyl sulphate reduced the fatal effect
of salt tension, two mutants were found
superior to the comparison under salt tension
with a concentration ranging from 1000-2000
mg, increase in the activity of the enzyme
Catalase and an increase in carotenoids and
sodium were observed (20). The treatment of
plants with a solution of Dimethyl sulphate at
a concentration of 0.05% led to a slight
decrease in the plant and the occurrence of
changes in the color of the growing apex in
yellow as well as the radial flowers and the
characteristic of multiple heads and the
reduction of the number of leaves, which leads
to a reduction in the rate of photosynthesis and
also appeared multiple-leaf strains 85 91 leaf™
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in the sunflower plant (32). Exposing
strawberry plants to abiotic stress (saline) at a
concentration of 50 mmol reduced the activity
of SOD and CAT enzymes, but increased the
POD enzyme, and treating them with Sodium
nitroprusside (SNP) at a concentration of 0.1
led to a difference in the activity of these
enzymes, which caused a decrease in the
adverse effects of slat tension in Strawberry
(16). Surveys such as that conducted by
Mozafar et al. (23) have shown that in vitro
treatment of strawberry with 3 concentrations
of salt tension (0, 50 and 100 mmol NaCl)
caused negative effects on growth, carotenoid
content, relative water content, ionic
disturbance in mature plants and evidence of
plant membrane stability. Hussein et al., (13)
documented adding sodium chloride to the
culture medium of strawberries at levels of
500, 750 and 1000 mg L™ reduced the
chlorophyll content (10.13 mg/g), the plumule
length of 2.10 cm, the dry weight of the
plumule 1.22 mg, the length and dry weight of
the radical 0.96 mg These results may indicate
selection for salt tolerance of strawberry plants
using tissue culture method. Jamalian et al.
(15) stated Treatment of strawberry plants with
saline concentrations for 5 weeks and also a
salt shock at a concentration of 20 mmol liters’
! found an increase in caffeic acid and
coumaric acid and an increase in ferulic acid
under saline shock at different levels of salt
stress, which are indicators of salt tolerance
and a way of defense for the production of
antioxidant compounds. Zahedi et al. (35)
showed in their study using salinity levels (0,
40, and 80 mmol NaCl) on strawberry plants
under salt stress reduced the yield and
increased the oxidative stress and quality of
the fruit. This study aimed to investigate the
effect of chemical mutagens in the
development of genetic variants of the species
of Albion and compare its behavior under
different levels of salt tension outside the plant
body by studying some of the physiological
and biochemical mechanisms, as well as
determining the genetic variances that occur in
the species under study using some molecular
indicators.

MATERIALS AND METHODS

The experiment was carried out in the Tissue
Agriculture Laboratory of the Desert Studies
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Center/ University of Anbar for the year 2019-
2020 when seedlings were brought from the
city of Heet in Anbar for the Albion species,
this species was distinguished by its quality
and excellent production. The separated
stolons were transferred from the field to the
laboratory, the top of the stolon was cut to a
length of approximately 1 cm (14). The stolon
was thoroughly cleaned with liquid soap,
rinsed with running water for an hour, and
then transferred to the Laminar airflow cabinet
for sterilization.

Sterilization of tools and plant parts: Metal
and glass work supplies, which included
surgical blade holders, tweezers, Petri dishes,
beakers and flasks, were sterilized after
washing them with water and detergents, then
washed with distilled water and then placed in
the oven at a temperature of 200 °C for two
hours (2). Distilled water was sterilized in an
Autoclave at 121°C and pressure at 1.04 kg
cm? for 15 minutes. The plant parts were
surface sterilized by immersing them in a
Clorox solution consisting of sodium
hypochlorite at a concentration of 6 %(volume
weight 1) after it was diluted to a
concentration of 3 % (volume weight ™) of the
sterilization solution with the addition of a few
drops of Tween 20 diffuser to reduce its
surface tension, and then immersed in ethanol
at a concentration of 70 % for one minute,
after that washed the plant parts with water
three times for five minutes, after which the
plant parts were transferred to sterile Petri
dishes for removing the top of the stolon
Runner tip 0.5 cm long and separated using
sterile scalpels and tweezers.

Medium preparation: Standard MS medium
(24) provided by Caisson company was used,
then 30 g L™ of sucrose was added and then
the necessary growth regulators were added
according to the experiment requirements. Add
1 mL of PPM (Plant Preservative Mixture) to
reduce fungal and bacterial contamination
(28). Also, add activated charcoal at a
concentration of 4.0 g L™ and adjust the pH to
5.7-5.8 with NaOH or HCI, then add 7.0 g L™
agar to the medium. Then completed the
volume to 1 liter and then melt by heating on a
magnetic stirrer a hot plate to a boil. The
prepared medium was distributed in a Vials
volume of 10 ml. The bottles were covered
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with their covers, then sterilized with pressure
and steam at 1.04 cm™ cm and 121 ° C for 20
minutes respectively. The test tubes were left
closed in the growth chamber until they are
used.

Stage of growth of implants and
multiplication: At this stage, the growing
apex of the cultivar understudy is grown in MS
medium prepared with a concentration of 0.5
mg L™ of BA growth regulator with 0.1 mg L™
of IBA growth regulator and incubated at a
temperature of 24°C + 1 and a brightness of
1000 lux for a light period. The amount of 16
hours versus 8 hours of darkness for four
weeks. The branches resulting from the
previous stage (phylogenetic stage) of the
cultivar under study were transferred to the
medium of multiplication, which is an MS
medium prepared with concentrations of 1.0
mg L' of BA growth regulator with an
addition of 0.1 mg L™ of IBA growth regulator
with the same conditions referred to in the
previous paragraph.

Chemical treatments: Three concentrations
of DMS were also prepared by preparing 3
concentrations of the mutagen solution (0.03,
0.06 and 0.1%), and then the pH was adjusted
for the levels of the previously mentioned
solutions to 7.2 because it greatly affects the
ratio of genetic mutations to the chromosome
(31). The mutagenic solutions were placed in
sterile bottles and the solutions were sterilized
by autoclave at a pressure of 1.04 kg cm™ and
at a temperature of 121 ° C for 20 minutes to
treat the plants with them. The plants were
completely immersed in the solution of each
concentration for one hour in a laminar airflow
cabinet. Then it was removed and washed with
sterile distilled water for 10 minutes with
shaking 3-5 times. After that, it was planted on
the growth medium (MS) at the same
concentrations as shown in the stage of plant
growth for one month.

Exposing plants to salt stress: The MS
culture medium was prepared with the same
concentrations shown in the process of plant
growth, then three salt concentrations of NaCl
were added to it (0, 30, 60 and 90 mmol) each
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according to its treatment. After preparing the
treatments, the plants were planted on the
culture medium to which the salt
concentrations were added and left to grow for
6 weeks. This experiment was carried out with
five replications, each vegetative growth is an
experimental unit, and then the growth data
were recorded.

Measured indicators: Data were recorded on
the total concentration of proline, H,O,, CAT,
SOD, Chl a and b., and total Chlorophyll. A
factorial experiment was applied using a
completely randomized design for all
measured indicators, then its data were
statistically analyzed by managing the lowest
significant difference test and at probability
level 0.05 (5) the data set to the electronic
statistical program Genstat version (12).
RESULTS AND DISCUSSION

Proline concentration (mg g™)

Table 1 shows that the mutagen levels differed
significantly among treatments, level 0.03%
appeared the highest concentration of proline
acid, which reached 2.08 mg/g, then the level
0.1% (2.01 mg g}), so the level was 0.06 %
(1.82 mg g™), while the comparison treatment
showed 1.44. mg g™ of proline. However, it is
noticed from the table that there were
significant differences between salinity levels
in the concentration of proline, the level 30
mmol liter * that revealed the highest
concentration of proline at 2.14 mg g™, then
the level 90 mmol liter! (1.97 mg g™,
followed by the comparison treatment (1.66
mg g™), while the 60 mmol levels showed the
lowest proline concentration of 1.57 mg g™.
Table 1 reveal there were significant
differences between the two interactions in the
concentration of proline. An interaction of
0.1% of the mutagen X 30 mmol™ of sodium
chloride appeared the highest concentration of
2.71 mg g™, followed by an overlap between
0.03% x 90 mmol L™ of NaCl and 2.70 mg g™.
While the interaction presented 0.06% of the
mutagen X 60 mmol L™ of NaCI™* of sodium

chloride, the lowest concentration was 1.40 mg
1

g-.
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Table 1. Effect of chemical mutagens DMS on average proline of strawberries under saline
stresses an in vitro

Mutagen Salinity levels (mmol)

DMS (%) 0 30 60 90 Mean
0 1.45 1.41 1.43 1.46 1.44
0.03 1.84 1.88 1.92 2.70 2.08
0.06 1.42 2.57 1.40 1.88 1.82
0.1 1.95 271 152 1.86 2.01

Mean 1.66 2.14 157 197

LSD p= 0.05 DMS=0.02  Salt. =0.02 DMS x Salt. = 0.04

Figure 1. Experimental F. ananassa Duch microshoot the appearance of biomasses depending
on the applied DMS concentrations and the levels of salinity used. (a) The explant used. (b) 0
mmol salinity and 0.03 % DMS. (c) 90 mmol salinity and 0.03 % DMS. (d) 90 mmol salinity
and 0.06 % DMS. (e) 90 mmol salinity and 0.1 % DMS. (f and g) Micropropagation of F.
ananassa Duch in advanced stages

Hydrogen peroxide concentration (pmol
100 mg™ D.w)

Table 2 shows that the mutagen levels differed
significantly across treatments, the level
0.03% was the highest concentration of
hydrogen peroxide, which was 0.64 pmol 100
mg® D.W, then the level 0.1 % (0.61
micromol 100 mg™ D.W), the level 0.06 %
(0.54 micromol 100 mg * D.W) while the
control treatment was (0.43 micromol 100 mg’
1 D.W) of hydrogen peroxide. It is noted from
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the results that there were significant
differences between salinity levels in the
concentration of hydrogen peroxide. The level
was 30 mmol I* showed the highest
concentration of hydrogen peroxide 0.62
micromol 100 mg™® D.W, then the level 90
mmol I (0.61 micromol 100 mg™ D.W) for
control treatment (0.50 micromol 100 mg™
D.W), while the 60 mmol level revealed the
lowest concentration of hydrogen peroxide,
0.49 micromol 100 mg™ d.w. From Table 2, it
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was evident that there were significant
differences between the interactions of the two
factors in the concentration of hydrogen
peroxide, as an interaction of 0.03% of the
mutagen x 90 mmol I of sodium chloride

presented the highest concentration of 0.83
micromols 100 mg* D.W followed by an
overlap between 0.1% x 30 mmol I of NaCl
(0.78 pmol 100 mg™ D.W).

Table 2. Effect of chemical mutagens DMS on average hydrogen peroxide of strawberries
under saline stresses an in vitro.

Mutagen Salinity levels (mmol)
Mean
DMS (%) 0 30 60 90
0 0.44 0.43 0.42 0.44 0.43
0.03 0.53 0.58 0.64 0.83 0.64
0.06 0.42 0.71 0.44 0.60 0.54
0.1 0.62 0.78 0.46 0.56 0.61
Mean 0.50 0.62 0.49 0.61
LSD p< 0.05 DMS=0.02 Salt. =0.01 DMS x Salt. =0.03

While the interaction of 0.06% mutagen X 0
and the interaction of 0.06 X 60 mmol I of
NaCl, the lowest concentration was 0.42
micromol 100 mg ™ d.w for each of the two
interactions.

Catalase enzyme (AU min™ g*)

Table 3 shows that the mutagen levels differed
significantly among treatments, the level
0.03% showed the highest concentration of
Catalase enzyme, which was 19.53 AU min

g7, then the level 0.1 % (19.23 AU ming™?),
the level 0.06 % (17.75 AU min™g™) while,
control treatment was 16.35 AU min * g* of
Catalase enzyme. Level 30 mmol liter *
highest Catalase concentration was 19.38 AU
min g, then level 90 mmol liter * (18.51 AU
min™® g%), so the comparison was (17.74 AU
min™ g™), while the level 60 Mmol showed the
onvest Catalase concentration 17.23 AU min™

g

Table 3. Effect of chemical mutagens DMS on average strawberry Catalase under saline
stress an in vitro.

Mutagen Salinity levels (mmol)
Mean
DMS (%) 0 30 60 90
0 16.35 16.55 16.25 16.25 16.35
0.03 18.20 18.55 19.70 21.65 19.53
0.06 16.30 20.25 16.30 18.15 17.75
0.1 20.10 22.15 16.65 18.00 19.23
Mean 17.74 19.38 17.23 18.51
LSD p< 0.05 DMS=0.17  Salt. =0.17 DMS x Salt. = 0.34
Superoxide dismutase (IlU 100 mg™ salinity levels in the concentration of the

D.W)Table 4 indicates that the mutagen levels
showed significant differences, the level
0.03% indicated the highest concentration of
Superoxide dismutase, 116.8 IU 100 mg™
D.W, then the level 0.1% (99.8 IU 100 mg™
D.W), the level 0.06% (99.0 100 IU 100 mg™
D.W), the comparison treatment presented
81.4 100 IU 100 mg™ dw of Superoxide
dismutase. Also, it was noticed from the table
that there were significant differences between
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Superoxide dismutase enzyme, as the level of
30 mmol™ showed the highest concentration of
Superoxide dismutase, which was 114.0 100
IU 100 mg™ d.w, then the level 90 mmol L™
(954 100 IU 100 mg* D.W), as the
comparison was (94.3 100 IU 100 mg™ D.W),
while the 60 mmol levels gave the lowest
concentration of Superoxide dismutase 93.3
100 1U 100 mg * D.W.
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Table 4. Effect of chemical mutagens DMS on average SOD enzyme for strawberry under

saline stress an in vitro.

Mutagen Salinity levels (mmol)
Mean
DMS (%) 0 30 60 90
0 81.4 81.6 81.5 81.2 81.4
0.03 100.7 111.0 1194 136.2 116.8
0.06 81.7 125.8 81.8 106.6 99.0
0.1 113.5 137.6 90.6 57.7 99.8
Mean 94.3 114.0 93.3 95.4
LSD p<0.05 DMS =993 Salt. =9.93 DMS x Salt. = 19.87

From Table 4, it obvious that there were
significant differences between the interactions
of the two factors in the concentration of the
superoxide dismutase enzyme. An interaction
of 0.1% of the mutagen X 30 mmol L™ of
sodium  chloride showed the highest
concentration of 137.6 U 100 mg ™ D.W,
followed by an interaction between 0.03% X
90 mmol L™ Sodium Chloride 136.2 1U 100
mg™ D.W. While the interaction 0.1% of the
mutagen X 90 mmol L™ of NaCl, the lowest
concentration of the enzyme was 57.7 1U 100
mg™ D.W.

Chlorophyll a (mg g™)

Table 5 shows that the mutagen levels differed
significantly among them, as the comparison
treatment revealed the highest concentration of
chl a was 35.75 mg g™, then the level 0.06%
(31.62 mg g), while the two levels of 0.03
and 0.1 % was (29.75 mg g) for each. In

addition, it was noted from the table that there
were significant differences between salinity
levels in the concentration of chl a, the results
of control treatment were the highest
concentration of chl a, which was 33.0 mg
gram™, then the level 60 mmol I (32.50 mg g
1, however, the level was 90 mmol L™ (31.12
mg g™), although the level of 30 mmol showed
the lowest concentration of chlorophyll-a
30.25 mg g'. Table 5, presented that there
were significant differences between the
interactions of the two factors in the
concentration of chl a. Interaction of 0% of
mutagens and X 30 mmol L™ of sodium
chloride was the highest concentration 37.50
mg g™, followed by an interaction between 0%
and x 90 mmol L™ of NaCl that reached 36.00
mg g. Even though the interaction 0.06 % of
the mutagen and X 30 mmol L™ of NaCl were
the lowest concentration of 26.50 mg g™*.

Table 5. Effect of chemical mutagens DMS on average chlorophyll-a of strawberries under

saline stresses an in vitro

Mutagen Salinity levels (mmol)
Mean
DMS (%) 0 30 60 90
0 35.00 37.50 34.50 36.00 35.75
0.03 30.50 28.50 31.50 28.50 29.75
0.06 35.50 26.50 35.00 29.50 31.62
0.1 31.00 28.50 29.00 30.50 29.75
Mean 33.00 30.25 32.50 31.12
LSD p< 0.05 DMS=1.12  Salt. =1.12 DMS x Salt. = 2.23

Chlorophyll b (mg g™)

Results in Table 6 show that the mutagen
levels differed significantly, the control
treatment showed the highest concentration of
chlorophyll b, which was 23.38 mg g*, then
the level 0.06% (19.50 mg g), and then level
0.1% (18.0 mg g™*), while the level 0.03 % was
given 17.5 mg g™ the lowest concentration of
chl b. Similarly, it was noticed from the table
that there were significant differences between
the salinity levels in the concentration of chl b,
the control treatment and the level 60 mmol L
! was the highest concentration of chl b which

was 20.62 mg g for each, then the level 90
mmol I (19.12 mg g*). The level of 30 mmol
L revealed the lowest concentration of
chlorophyll b, which was 18.00 mg™. there
were significant differences between the
interactions of the two factors in the
concentration of chlorophyll b (Table 6).
Interaction of 0% of mutagens and X 30 mmol
L of sodium chloride were the highest
concentration of 25.00 mg g™, followed by an
interaction between 0.06% and X 0 of sodium
chloride (24.00 mg g™). However, interference
0.06 %of mutagens and X 30 mmol L™ of
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NaCl was the lowest concentration of 13.50

mg.g™.

Table 6. The effect of chemical mutagens, DMS, on average chlorophyll b of strawberries
under saline stress, in vitro

Mutagen Salinity levels (mmol)
Mean
DMS (%) 0 30 60 90
0 22.50 25.00 22.50 23.50 23.38
0.03 18.00 16.00 20.00 16.00 17.50
0.06 24.00 13.50 22.50 18.00 19.50
0.1 18.00 17.50 17.50 19.00 18.00
Mean 20.62 18.00 20.62 19.12
LSD p< 0.05 DMS=1.13 Salt. =1.13 DMS x Salt. = 2.27

Total chlorophyll (mg™ g)

The control treatment showed the highest
concentration of total chlorophyll, which
reached 79.0 mg™, then the level 0.06% (72.00
mg g™, followed by level 0.03 % (70.50 mg g’
1), whereas the level 0.1% gave the lowest
concentration of 70.12. mg g* of total
chlorophyll (table 7). There were significant
differences between salinity levels on the total
chlorophyll concentration, the level 60 mmol I
! indicated the highest total chlorophyll
concentration of 74.75 mg g™, then the control
treatment (74.38 mg g%, and level 90 mmol I
(72.00 mg g™*). While the level of 30 mmol I

presented the lowest total chlorophyll
concentration of 70.50 mg g*. there were
significant differences between the interactions
of the two factors in the total chlorophyll
concentration, as an interaction of 0% of the
mutagen and X 30 mmol I of sodium chloride
was the highest concentration of 80.50 mg g™,
followed by an interaction of 0% X 60 mmol I’
! and 0% 90 X mmol I* of sodium chloride
were 79.00 mg g* for each. The interaction
0.03% of the mutagen and x 60 mmol I of
sodium chloride the lowest concentration of
4750mg g™t

Table 7. Effect of chemical mutagens DMS on mean total chlorophyll of strawberries under
saline stress in vitro

Mutagen Salinity levels (mmol)
Mean
DMS (%) 0 30 60 90
0 77.50 80.50 79.00 79.00 79.00
0.03 71.00 68.50 47.50 68.00 70.50
0.06 78.50 64.00 76.00 69.50 72.00
0.1 70.50 69.00 69.50 71.50 70.12
Mean 74.38 70.50 74.75 72.00
LSD p< 0.05 DMS=1.69 Salt. =1.69 DMS x Salt. = 3.38

The chemical mutagen Dimethyl sulphate was
very effective in increasing the concentration
of proline, hydrogen peroxide, catalase
enzyme and Superoxide dismutase, which
indicates that this chemical compound
increased the antioxidant activity which led to
an increase in these biochemical indicators.
Dimethyl sulphate is considered one of the
mutants that lead to stimulating mutations and
abnormalities in a chromosome and other
genetic mutations in living organisms, which
affect some biochemical characteristics, that
is, the activation of plant metabolism resulting
from the use of the mutagen (20). The reason
may be attributed to the result that the mutagen
Dimethyl sulphate increases the rate of plant
cell activity, which is reflected in some

biochemical characteristics (22). This response
may be due to rearrangement of the genetic
material due to the effect of the chemical
mutagen Dimethyl sulphate, which causes an
increase in the rate of cell metabolism and
elongation, which affects some biochemical
and physiological characteristics (19). The
reason for the increased efficiency of Catalase
is the result of increased active oxygen species
such as hydrogen peroxide and hydroxyl
radical, the mutagen Dimethyl sulphate
increased most of the traits in this study
compared to untreated plants and may support
a mechanism these plants (21). The mutagen
was applied in this study led to a decrease in
the level of chlorophyll a, b, and the total of
chlorophyll. The reason may be attributed to
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the fact that the mutagen impaired the protein-
pigment-lipid complex, and reduced the
activity of the enzyme chlorophyllase (32).
The slight decrease in the values of some traits
outside the living body as a result of increased
salinity levels may be attributed to the salinity
inhibits plant growth in three main ways,
which is the water deficit arising from the
negative water stress (high osmotic pressure)
for the culture medium, the ionic toxicity that
related to the increase in the absorption of
sodium or chloride, the other way is the ionic
imbalance when the increase of sodium or
chloride ions causes a decrease in the
absorption of potassium, calcium, nitrates, or
phosphorous, or the internal distribution of
these substances is disturbed (7). Therefore, an
increase in some biochemical markers such as
Catalase may be due to the toxic effect of
increased salt tension (30). It may also be
attributed that an increase in the concentration
of sodium chloride may rise the oxidation of
lipids in cell membranes, which is an
indication of the breakdown of these
membranes, which leads to an increase in the
permeability of the plasma membrane or loss
of its property (9). The increase in some
biochemical markers with an increase in
salinity levels, such as proline, hydrogen
peroxide, Catalase, and Superoxide dismutase
could be due to the increase in antioxidants led
to iron deficiency as well as the disruption of
the electron transport chain in the chloroplast
(16). Another reason the increase in sodium or
chloride ions, which increased the activity of

some enzymes, including Catalase and
Peroxidase (4). The increase in some
biochemical indicators in high levels of

sodium chloride due to salt tension that
attributed to the osmotic effect and the
negative ionic effect caused by salinity by
increasing the concentration of sodium
chloride as it affects the expansion and growth
of cells and the decrease in the amount of
water entering into cells. The decrease in the
water stress of the culture medium as a result
of the increase in salt concentration, which
reduces the swelling pressure of the cell, thus
impedes the biochemical processes inside the
cell for a division of the cell, which causes an
increase in oxidation enzymes and hydrogen
peroxide, the salt tension caused an increase in
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the accumulation of proline (3). The results of
the study indicated that the salt tension had an
opposite effect on specific and total
chlorophyll, while it had a positive effect on
the proline content, the activity of Catalase,
Superoxide dismutase and hydrogen peroxide.
The reason could be due to there is a positive
relationship between an increase in salinity
and an increase in biochemical indicators due
to an increase in free radicals. These indicators
increase to reduce the effect of free radicals
due to the increase in toxic ions in plant cells
(13). The reason for the decrease in
chlorophyll under salt tension is attributed to
the disturbance of the activity of the second
photosystem and the Thylakoid membrane
with its damaged pigments due to the
formation of free radicals or oxidation
compounds under salt tension (12). The reason
may be attributed to the disruption of many
physiological processes, enzyme activity, and
photosynthesis rate due to the malfunction of
the stomata under salt tension, which changes
the gas exchange and causes damage to the
plant pigments due to the production of
quantities of free oxygen groups (23), this
reduces the chlorophyll and carotene content
under salt stress (8).

CONCLUSION

The DMS affected some characters which
0.03% effectively improved proline, H,0O,,
CAT, and SOD, whereas chlorophyll was
decreased. Furthermore, the low concentration
of NaCl increased content of proline, H,O, and
SOD in plantlets using in vitro culture. Salinity
at 60 Mm improved total chlorophyll.
Biochemical indices were very informative to
assess dimethylsulfate's effect on plantlets of
strawberry under saline-stress in vitro.
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