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Abstract

The field experiment was conducted in the Botanical Garden of the Department of Biology at the College of Pure Sciences
Education (Ibn Al-Haitham) and during the winter agricultural season 2019-2020 to study the effect of glutathione at the
concentrations 0, 50,100 mg.L%, zinc oxide nanoparticles at the concentrations 0, 500, 1000 mg.L* and their interactions on
some physiological characteristics of the faba bean plant that exposed to different concentrations of NaCl 0,5,10,15 dS.m™.

The results showed a significant increase in the leaf content of vitamin C, proline and vitamin E when treated with NaCl,
particularly the salinity concentration 15 dS.m, concentration of glutathione 100 mg.L* and 1000 mg.L* of zinc oxide
nanoparticles, while there was a significant decrease in the content of the leaves from chlorophyll at treated the plant with
different concentrations of NaCl and particularly the salinity concentration 15 dS.m, and there was a significant increase in
the mean of this characteristic when treated with glutathione at concentration 50 mg.L! and zinc oxide nanoparticles at

concentration 100 mg.L2.
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Introduction

The faba bean plant is a winter legumes with
nutritional value, represented by protein materials and
essential elements nutrients to the body of the organism
and abundant cultivation of faba bean in the countries of
the Middle East and Ethiopia (Jensen et al., 2010). The
faba bean are nitrogen-fixative crops in the atmosphere
but are very sensitive to certain diseases such as root rot
or fungi, and the faba bean have a role in providing the
body with the essential elements and energy necessary
for the organism to carry its vitality (Clerc, 2013).

The stress to which the plant is exposed affects its
biological and physiological functions, particularly salinity
stress, which increases the accumulation of sodium and
potassium ions in plant tissue cells, which negatively
affects the vitality of the plant and its efficiency in the
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process of photosynthesis, gene expression and signal
transmission (Ashraf et al., 2015).

The use of leaf application for the faba bean by
glutathione has a stimulating effect on plant cell growth
and reduces the harmful effect of salinity in plant tissue
cells because it is an antioxidant and consists of three
amino acids, acting as a snip toe of the free roots resulting
from stress, which provides protection for living cells, in
particular, erythrocytes, the protection of cellular
membranes and the assistance in the production of internal
plant hormones that affect the process of cellular division
and differentiation, the most important of which is auxin
and kinetin hormones (Wu et al., 2011).

Zinc oxide nanoparticles is an inorganic chemical
compound with multiple functions of living organisms, as
the small size of the zinc oxide nanoparticles molecule
groups the rest of the atoms around the nanoparticle,
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increasing their effectiveness and physical properties
(Zheng et al., 2003). Zinc oxide nanoparticles has a role
to play in increasing the rate of plant height and seed
weight and increasing plant content from growth-
regulating hormones (Jamali et al., 2011).

Materials and Methods

The soil was prepared during the agricultural season
2019-2020 for cultivation in the Botanical Garden in
Department of Biology, College of Education for Pure
Sciences, Ibn Al-Haitham, University of Baghdad, where
the experiment was designed in the manner of
Randomized Complete Block Design (R.C.B.D) and with
three repeats, each of which contained 36 experimental
units, each unit contained four lines of agriculture and
each line included three holes the distance between the
lines 25 cm, while the distance between hole and another
was 20 cm and the seeds of the faba bean were cultivated
on 15-10-2019 and the first cut was taken on 25-12-2019
and the characteristics of the following physiological
growth were measured:

Chlorophyll Content (SPAD)

SPAD was used to measure the content of chlorophyll
leaves by placing the broad leaf part under the arm of
three random plants from each experimental unit and then
calculated the mean.

Viamin C content in leaves (100 mg.gm soft weight)

Take 1 gm soft vegetable leaves, placed in a glass
counter, added 10 ml of oxalic acid solution and left for a
whole day after the samples were filtered and the
suspension took.

Used solutions

A: Ammonium molybdate, 5 gm of ammonium
molybdate solution was weighted, then dissolved in 10 ml
of distilled water.

B: Oxalic acid solution (0.05 M), the weight required
for measurement was determined and in the same way
the weight required for measurement was determined
from EDTA (0.02 M), the two dissolved were mixed
together and the volume was completed to 100 ml of
distilled water.

C: Sulfuric acid solution, as 5 ml of this solution has
been withdrawn and completed to 100 ml of distilled water.

D: A solution consisting of metaphosphoric
acid+acetic acid, 5 gm of metaphosphoric acid solution
and dissolved in 100 ml of distilled water and taken 30 ml
of it and then mixed with 80 ml acetic acid solution and
then completed to 50 ml of distilled water.
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Methods

25 ml of leaker was withdrawn and mixed with 2.5
ml of B solution and added 0.5 ml of D solution, 1 ml of C
solution and 2 ml of A solution, then completed the volume
to 25 ml and read the absorption of samples by
spectrophotometer at a wavelength of 670 nm, after that
the measuring curve was prepared with 0.1 gm of
ascorbic acid and dissolved in 100 ml of oxalic acid, then
withdrawn 0.5, 1, 2, 3, 4, 4.5 ml of this curve to which the
following concentrations were added 0.5, 1, 2, 3, 4, 4.5
ml of oxalic acid (0.05 M) and then placed in a conical
glass 0.5 ml of solution D, 1 ml of solution C and 2 ml of
solution A and completed volume to 25 ml with distilled
water, after that read absorption at a wavelength of 760
nm, then the relationship between ascorbic acid
concentration and the absorption values of samples was
determined according to the Hussain et al. (2010) method:

1. Proline content in leaves (mg.gm* soft weight):
0.5 g of plant leaves were weighed then crushed
and dissolved in 10 ml of salicylic acid, after that
the samples were separated by centrifuge, 2 ml of
leaker was taken and 2 ml of glacial acetic acid
and 2 ml of ninhydrin solution, which preparer 1
gm of ninhydrin with 30 ml of glacial acetic acid
and 20 ml of 6M phosphoric acid.

2. The tubes were placed in a hot water bath for 60
minutes until the appearance of red color then the
tubes was cooled and put in each tube 4 ml of
toluene solution, then pulled 3 ml of colored red
layer from each tube and measured by absorption
device spectrophotometer and at wavelength 520
nm by Bates et al. (1973) method.

3. Vitamin E content (a-Tocophyrol) in plant
leaves (mg.gm™): A certain weight of plant leaves
was crashed 1 gm and added 50 ml of sulphuric
acid and left for 12 hours with a good mixture,
then filtered mixture and put the leaker in test tubes
and separated by centrifuge and then taken 0.2
2.2-dipyridyl and 0.6 ml of iron trichloride were
added to the leaker, after optical density of the
samples was measured at a wavelength of 460 nm
and left the mixture until orange colored appeared,
then the optical density of the leaker was read, but
at a wavelength of 520 nm, the content of vitamin
E in the samples was calculated according to the
following equation (Rosenberg, 1992):

Vitamine E (a-Tocophyrol)= Sample (D520-
D460)%0.29x0.15/D520(Standard)

Statistical analysis
The results were analyzed by SAS (SAS, 2012) to
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compare the mean of all treatments with the lowest
significant difference and a probability ratio of 0.05.

Results and Discussion

The results of table 1 indicated a significant decrease
in the mean characteristic of chlorophyll content when
treated with different concentrations of NaCl, particularly
the salinity concentration 15 dS.m?, which gave the
lowest mean of 46.89 SPAD and a decrease of 10.77%
compared to the control treatment of 52.55 SPAD. This
is due to the effect of salinity in the photosynthesis process
through the accumulation of ions in the cytoplasm of plant
cells, which hinders the process of the plant’s absorption
to other nutrient ions, including Mg*2, which is involved in

Table 1: The effect of glutathione, zinc oxide nanoparticles application and
their interaction on the leaves content of chlorophyll (SPAD) in the

faba bean plant exposed to salinity stress.
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the synthesis of chlorophyll molecule, which affects the
leaf content of chlorophyll (Zhani et al., 2012).

This in agreement with Abdul Qados (2010) study
on the faba bean plant. The table also indicated a
significant increase in the mean of this characteristic when
treated with glutathione 50 mg.L?, which gave the
highest mean of 52.07 SPAD and an increase rate of
14.54% compared to the control treatment of 45.46 SPAD
because of the glutathione is an antioxidant and it has a
role in removing the harmful effect of free radicals and a
co-enzyme factor in many interactions and works to
remove many harmful substances to plant cells, which
clearly contributes to raising the efficiency and rate of
photosynthesis in the plant as well as increasing the
amount of plant content of chlorophyll (Wang
etal., 2014). These results in agreement with
Al-Hayani (2015) study on the mung bean

plant. The results of the table showed a

NaCl Glutathione ZnO nanoparticles (mg.LY) | Glutathione . . .
J J significant increase in the mean leaf content
(@sm) (mg.L) 0 >0 1000 x Nacl of chlorophyll in the treatment with zinc oxide
0 0 473 | 5493 | %633 5286 nanoparticles, particularly concentration of
50 5267 | 4913 | 6150 54.43 DA .
1000 mg.L?, which gave the highest mean
100 6031 | 4820 | 4277 5037 0f 50.38 SPAD and an increase rate of 5.99%
5 0 4050 | 4643 | 4787 44.93 compared to the control treatment of 47.53
50 4597 | 4950 49.77 48.41 SPAD.
100 5210 | %020 | 5023 5084 This is due to therole of zinc in stimulating
10 0 3330 | 4627 | 4920 4292 many interactions within the plant, including
0 4997 | 5503 | 5208 52.34 photoreactions, which increase the efficiency
100 4880 | 4587 | 5267 4911 of the plant and its synthesis of chlorophyll
15 0 3563 | 4250 | 4520 4111 molecule, in addition to its role in building plant
%0 5383 | 5353 | 51.93 5310 growth regulators that stimulate plant growth
100 5010 | 4423 | 4507 4647 and increase its efficiency, thereby increasing
Mean ZnO nanoparticles 4753 | 4882 | 50.38 331 the content of green matter that represented
L.S.D (0.05) ZnO nanoparticles 1.66 by chlorophyll. The presence of zinc oxide
L.S.D (0.05) Dual interaction 5.73 nanoparticles stimulates the plant’s absorption
ZnO nanoparticlesxNaCl of other nutrients important for its growth,
NaCl ZnO nanoparticles (mg.L) | Mean of such as magnesium, which plays a role in the
0 500 | 1000 NaCl construction of the chlorophyll molecule
0 5337 | 5076 | 5353 5055 (Yoon et a!., 2014). These results in
5 4619 | 2871 | 4929 4806 agreement with Carcia-Lopez et al. (2014)
10 4402 | 4906 | 5130 4313 study on the pepper plant. The table also
5 652 | 2676 | 47.40 1680 showed a significant effect on the mtergctlon
LSD (005) 331 Lol between I\_IaCI and_ glutathlor_le,_the highest
_ concentration of this characteristic was 54.43
: Glutathione x NaCl SPAD at the salinity concentration zero dS.mr
Glutathione ZnO nanoparticles (mg.L%) | Mean of ! and the concentration 50 mg.L* of
0 500 | 1000 |Glutathione | glytathione compared to the lowest
0 3918 | 47.53 | 4965 4546 concentration of 41.11 SPAD at the salinity
%0 5061 | 51.80 | 5381 52.07 concentration 15 dS.m and the concentration
100 5278 | 4713 | 47.68 49.20 zero mg.L™? of glutathione.
L.S.D(0.05) 287 165 The table also indicated a significant
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Table 2: The effect of glutathione, zinc oxide nanoparticles application and
their interaction on the leaves content of vitamin C (mg.100gm* soft
weight) in the faba bean plant exposed to salinity stress.

effect of interaction between NaCl and ZnO nanoparticles
and the highest interaction at the salinity concentration
zero dS.m and the concentration 1000 mg.L* from ZnO
nanoparticles, compared to the lowest interaction of 44.02
SPAD at salinity concentration 10 dS.m-1 and the
concentration zero mg.L-1 of ZnO nanoparticles. The
table also showed a significant effect of the interaction
between the glutathione and ZnO nanoparticles, as the
concentration 50 mg.L? of glutathione and te
concentration 1000 mg.L* of ZnO nanoparticles recorded
the highest mean of 53.81 SPAD compared to the lowest
mean of 39.18 SPAD at the concentration zero mg.L*
of both glutathione and zinc oxide nanoparticles.

The results of the table also showed a significant

Sahar F. Mahadi and Wifak A. Al-Kaisy

effect of the interaction between the three
experiment factors in the mean of this
characteristic, as the salinity concentration

NacCl Glutathione ZnO nanoparticles (mg.L") | Glutathione | zero dS.m* and the concentrations 50 mg.L-
(dS.m%) (mg.L?Y) 0 500 1000 x NaCl ! of glutathione and 1000 mg.L? of ZnO
0 0 9433 | 7967 | 6767 80.56 nanoparticles giving the highest mean of this
50 96.00 | 8700 | 76.00 86.33 characteristic was 61.50 SPAD compared
100 6300 | 7533 | 71.33 69.89 to the lowest mean of 33.30 SPAD at salinity
5 0 8733 | 7167 | 8100 80.00 concentration 10 dS.m* and the
50 8700 | 7400 | 9167 8422 concentration zero mg.L of both glutathione
100 8633 | 8333 | 9067 86.78 and zinc oxide nanoparticles, this
10 0 7267 | 7200 | 6667 2044 Qemonstrates the negative effect of salinity
0 667 | 7167 | 7733 =189 in the plant’s chlorophyll content.
100 8333 | 13867 | 12467 11556 The results of table 2 also indicated a
5 0 233 | 833 | 8467 8511 significant increase in the mean content of
5 %33 | 7600 | 8833 86.89 vitamin C in the leaves when treated with
100 =67 110733 | 11400 9967 different concentrations of NaCl, particularly
- the saline concentration of 15 dS.m, which
Mean ZnO nanoparticles 82.75 | 8542 86.17 427 . i
- gave the highest mean of 90.56 mg.100gm-*
L.S.D(0.05)Zn0 r]anopar.tlcles 214 soft weight and an increase rate of 14.73%
L.S.D (0.05) Dual interaction 14l compared to the control treatment of 78.93
ZnO nanoparticlesxNaCl mg.100gm™* soft weight. The presence of
NaCl ZnO nanoparticles (mg.L") | Meanof | gajinity jons increases the plant’s exposure
0 500 | 1000 NaCl to stress and exposure to reactive oxygen
8444 | 8067 | 7167 78.93 species, including OH- and H,O,, which
5 86.89 | 7633 | 87.78 83.67 stimulates the efficiency of the plant’s
10 7422 | 9411 | 8956 85.96 defensive mechanism to overcome the
15 8544 | 9056 | 95.67 90.56 harmful effect of salinity on cellular
LS.D (0.05) 4.27 247 components, increasing the plant’s
Glutathione x NaCl production of non-enzymatic antioxidants
Glutathione ZnO nanoparticles (mg.L?) | Mean of such as vitamin C (Salama and Al-Mutawa,
0 | 500 | 1000 |Glutathione | 2009).
0 84.17 | 7792 | 75.00 89.03 The results of the table also indicated a
50 8650 | 7717 | 8333 8233 significant increase in the treatment of
100 7758 | 10117 | 10017 9297 glutathione, particularly concentration of 50
LS.D(0.05) 370 214 mg.L*, which gave the highest value of 92.17

mg.100gm? soft weight and an increase rate
of 17.63% compared to the control treatment of 79.03
mg.100gm* soft weight due to the role of glutathione
being an antioxidant, sniping free radicals and antioxidant
(Noctor et al., 2012), and this increases the internal
content of the plant from vitamin C. The results of the
table also showed a significant increase in the level of
vitamin C in the leaves when the plant was treated with
zinc oxide nanoparticles, particularly concentration of 1000
mg.L?, which gave the highest mean of 86.17 mg.100
gm? soft weight and a percentage increase of 4.13%
compared to the control treatment of 82.75 mg.100gm
soft weight.

The presence of zinc element increases the plant’s
absorption of other nutrients, including nitrogen and
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Table 3: The effect of glutathione, zinc oxide nanoparticles application and
their interaction on the leaves content of proline (ig.gm* soft weight)

in the faba bean plant exposed to salinity stress.
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weight compared to the lowest value of 69.89
mg.100 mg? soft weight at salinity
concentration zero dS.m and concentration

phosphorus, which are essential elements involved in the
synthesis of protein materials, and zinc increases the
efficiency of photoreactions that occur within plant cells,
which increases the rate of vegetative and root growth
of plant. This in turn increases the absorption of nutrients
elements hat inters in the synthesis of carbohydrates,
which play a role in the synthesis of enzymatic
antioxidants, including vitamin C (Dhookie et al., 2013),
and this in agreement with Gowayed and Kadasa (2016)
study on the faba bean plant. The results of the table also
indicated a significant effect of interaction in the mean
of this characteristic at the salinity concentration 10 dS.nr
1 and the concentration 100 mg.L? of the glutathione
which gave the highest value of 115.56 mg.100 gm soft

NacCl Glutathione ZnO nanoparticles (mg.L") | Glutathione | 100 mg.L* of glutathione. The table also
(dS.m%) (mg.L?Y) 0 500 1000 x NaCl showed a significant effect of the interaction
0 0 4043 | 6589 | 70.38 58.90 between NaCl and ZnO nanoparticles, the
50 4645 | 8146 | 8180 69.90 salinity concentration 15 dS.m and the
100 5391 | 6969 | 91.80 71.80 concentration 1000 mg.L! of zZnO
5 0 4330 | 5442 | 9225 63.32 nanoparticles gave the highest mean of this
50 3505 | 6787 | 9252 65.15 characteristic 95.67 mg.100gm-* soft weight
100 874 | 9207 | %532 7538 compared to the lowest value of 71.67
10 0 801 | 5721 | 84 50,05 mg.100-? _ soft weight at the salin_ity
= c151 | 7392 | 9368 2303 concentratlpn zero dS.m! the_ concentration
1000 mg.L* of ZnO nanoparticles. The table
100 7467 | 8680 | 91.92 84.46 .. ..
also indicated a significant effect of the
B 0 4158 | 8193 | 9210 207 interaction between glutathione and zinc
X 4346 | 6389 | 9390 67.08 oxide nanoparticles, as the concentration 100
100 6295 | 7947 | 9771 80.04 mg.L? of glutathione and the concentration
Mean ZnO nanoparticles 4755 | 7289 | 89.86 249 ZnO nanoparticles 500 mg.L* recorded the
L.S.D (0.05) ZnO nanoparticles 124 highest mean of 101.17 mg.100gm* soft
L.S.D (0.05) Dual interaction 431 weight compared to the lowest interaction
ZnO nanoparticlesxNaCl value of 75.00 mg.100gm* soft weight at the
NaCl ZnO nanoparticles (mg.L*) | Mean of concentrations zero mg.L* of glutathione and
0 500 1000 NaCl 1000 mg.L* of ZnO nanoparticles.
4693 | 7235 | 8133 66.87 The results of the table also showed a
5 3903 | 7145 | 9336 67.95 significant effect of the interaction between
10 5493 | 7264 | 89.97 7251 the three experiment factors in the mean of
15 4933 | 7510 | 94.77 7307 this characteristic, as the salinity
LS.D (0.05) 249 143 concentration of 10 dS.m?, the
Glutathione x NaCl concentrations 100 mg.L of glutathione and
Glutathione Zn0 nanoparticles (mg.L") | Meanof | 900 mg.L-1ofzinc oxide nanoparticles gave
0 500 1000 | Glutathione the-hlghest mean of 138.67 mg.100gm* soft
0 2098 | 6486 | 849l 6353 weight. The lowest mean was 63.00
mg.100gm?* soft weight at salinity
15(?0 g:; ;;;? 3‘11; 3?;2 concentra_tion zero dS.m* arld the
: : : ; concentrations 100 mg.L of glutathione and
L.S.D (0.05) 215 1.24 ) .
zero mg.L? of ZnO nanoparticles.

The results of table 3 indicated a significant increase
when treating the plant with NaCl, particularly the salinity
concentration 15 dS.m?, which gave the highest mean
characterstic of leaves content in proline, which was 73.07
ug.gm? soft weight and an increase rate of 9.27%
compared to the control treatment of 66.87 mg.gm? is a
soft weight, due to the negative effect of salinity in
increasing oxidative stress within the plant, which
increases the efficiency of the plant’s defensive
mechanism to resist stress conditions of proline amino
acid production (Boudjabi et al., 2015), these results are
consistent with Gumi et al. (2013) on potato plants. The
results of the table also indicated a significant increase in
the mean of this characteristic when treated with
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Table 4: The effect of glutathione, zinc oxide nanoparticles application and
their interaction on the leaves content of vitamin E (ig.gm) in the

faba bean plant exposed to salinity stress.
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and a percentage increase of 88.98%
compared to the control treatment of 47.55
ug.gm soft weight. This is due to the role

glutatione 100 mg.Lt, which gave the highest mean of
the characteristic was 77.92 pug.gm? soft weight and an
increase of 22.55% compared to the control treatment
of 63.58 pg.gm? soft weight. This is due to the role of
glutathione as an antioxidant and works to protect the
plant from oxidative damage and free radicals as well as
to increase its efficiency in the production of dry matter
(carbohydrates) thus increasing the internal content of
the plant from proline (Pyngrope et al., 2013).

The results of the table showed a significant increase
in the mean characteristic of leaves content in proline
when treated with ZnO nanoparticles, particularly
concentration of 1000 mg.L™, which gave the highest
mean of the characteristic was 89.86 pg.gm* soft weight

NacCl Glutathione Zn0 nanoparticles (mg.L?) | Glutathione | of zinc oxide nanoparticles in maintaining the

(dS.m%) (mg.L?Y) 0 500 1000 x NaCl cellular structure as it is a micronutrient that

0 0 0.0013 | 0.0050 | 0.0387 0.0150 covers the plant’s basic needs due to its easy

50 00373 | 00473 | 0.0247 0.0364 access to plant cells, which increases the rate

100 00580 | 00773 | 0.0973 0.0776 of metabolism of the plant and the amount

5 0 00097 | 00407 | 0.0610 0.0371 of carbohydrates production, which

50 00717 | 01023 | 01127 0.0956 contribute to increase proline concentration

100 00260 | 00467 | 00337 00354 (Prasad et al., 2012). Also, there is a

10 0 00563 | 01030 | 01367 0.0987 significant effect of the inte_raction bgtween

5 oo | ou (o | ome | VO30 Obistione i e b

100 01273 | 0.1790 | 0.3847 0.2303 . - ) i

weight at the salinity concentration 10 dS.m

B 0 00940 | 0.7377 | 0.7690 05336 ! and the concentrations 100 mg.L? of

X 09283 | 10900 | 11233 10472 glutathione, while the concentration zero

100 10733 | 11400 | 1.2067 11400 mg.L* and salinity concentration zero dS.nr

Mean ZnO nanoparticles 02158 | 03092 | 0.3450 0.0568 1 recorded the lowest interaction value 58.90
L.S.D (0.05) ZnO nanoparticles 0.0284 ug.gm? soft weight.

L.S.D (0.05) Dual interaction _00%4 The table also showed a significant effect

ZnO nanoparticlesxNaCl of interaction between NaCl and ZnO

NaCl ZnO nanoparticles (mg.L") | Meanof | nanoparticles, as the highest value of 94.77

0 500 | 1000 NaCl ng.gm* soft weight at salinity concentration

0 00322 | 00432 | 00536 0.0430 15 dS.m* and the concentration 1000 mg.L-

5 0.0358 | 0.0632 | 0.0691 0.0560 ! of ZnO nanoparticles, while the lowest

10 0.0968 | 0.1412 | 0.2242 01541 value for interaction was 39.03 ug.gm* soft

15 0.6986 | 0.9892 | 1.0330 0.9069 weight at salinity concentration 5 dS.m* and

LS.D(0.05) 0.0568 0.0328 the concentration zero mg.L! of ZnO

Glutathione x NaCl nanoparticles. The table also indicated a

Glutathione ZnO nanoparticles (mg.L") | Mean of significant effect of the interaction between

0 500 1000 | Glutathione | theglutathione and ZnO nanoparticles, as the

0 00403 102216 | 02513 01711 concentration 100 mg.L* of glutathione and

2 02860 1 03453 | 03530 03281 the congentratlon 1090 mg.L? of ZnO

0 02 | 03607 | 04306 03708 nanoparltlclesf?ave t'hethheS;{j va}[It:Je 0|f 94.15?[

ug.gm?t soft weight, an e lowes

LSD(0.05) 0049 00284 interaction value of 40.99 pg.gm soft weight

at zero mg.L* of both glutathione and ZnO nanoparticles
nanoparticles.

The results of the table also indicated a sigificant
effect of the interaction between the three experiment
factors in the mean of this characteristic, as the highest
mean of 97.71 ug.gm soft weight at salinity
concentration 15 dS.m* and the concentrations of 100
mg.L? of glutathione and 1000 mg.L! of ZnO
nanoparticles, while the lowest interaction value amounted
to 35.05 pg.gm* soft weight at salinity concentration 5
dS.m* and the concentrations 50 mg.L* of glutathione
and 0 mg.L™? of ZnO nanoparticles.

The results of table 4 indicated a significant increase
in the mean content of vitamin E when treated with NaCl
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solution, particularly the salinity concentration of 15 dS.m-
!, which gave the highest mean of 0.9069 pg.gm* and an
increase rate of 2.00% compared to the control treatment
of 0.0430 pg.gm*. The presence of Na* and CI- elements
increases the plant’s exposure to oxidative conditions and
its exposure to free radicals, thus increasing the plant’s
defensive mechanism against these radicals and the
defensive mechanism is the presence of vitamin E (Parida
et al., 2002).

The results of the table also indicated a significant
increase in the mean of this characteristic when treated
with glutathione, particularly the concentration 100 mg.L-
1, which gave the highest mean characteristic of 0.3708
ug.gm* and an increase rate of 116.71% compared to
the control treatment of 0.1711pg.gm?, due to the role of
glutathione as an antioxidant and a reduced agent has a
role in removing the toxic effect of certain substances
and removing the effect of reactive oxygen species, which
increases the presence of enzymatic antioxidants,
including vitamin E (Noctor et al., 2012).

The results of the table showed a significant increase
in the mean of vitamin E content in the leaves when
treated with zinc oxide nanoparticles, particularly the
concentration 1000 mg.L%, which gave the highest mean
of 0.3450 ug.gm* and an increase rate of 59.87%
compared to the control treatment of 0.2158 ug.gm?,
this is due to the role of zinc oxide nanoparticles in
increasing the efficiency of photosynthesis and increasing
the rate of vegetative and root growth of the plant and
thus its absorption of nutrients necessary to raise the
plant’s defensive mechanism against oxidative conditions
resulting from environmental stresses, including vitamin
E (Bouis, 2003).

The results of the table also indicated a significant
effect of interaction between NaCl and glutathione, with
the highest interaction value being 1.1400 ug.gm* at
salinity concentration 15 dS.m and the concentration
100 mg.L* of glutathione, while the lowest interaction
value was 0.0150 pg.gm* at salinity concentration zero
dS.m? and zero mg.L* of glutathione. The table also
indicated a significant effect of interaction between NaCl
and ZnO nanoparticles, with the highest interaction value
being 1.0330 pg.gm™ at the salinity concentration of 15
dS.m and the concentration 1000 mg.L? of ZnO
nanoparticles, while the lowest mean was 0.0322 ug.gnr
! at the control treatment.

The table also indicated a significant effect of the
interaction between the glutathione and ZnO nanoparticles,
as the concentrations 100 mg.L* of glutathione and 1000
mg.L* of ZnO nanoparticles, the highest value of 0.4306
ug.gm compared to the lowest value of 0.0403 pg.gm*
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at zero mg.L™* of both glutathione and ZnO nanoparticles.

The results of the table also indicated a significant
effect of the interaction between the three experiment
factors in the mean of this characteristic, particularly the
salinity concentration 15 dS.m? and the concentrations
100 mg.L? of glutathione and 1000 mg.L* of ZnO
nanoparticles, which gave the highest mean of the
characteristic 1.2067 pg.gm, compared to the lowest
mean of 0.0013 ug.gmat salinity concentration zero
dS.mtand zero mg.L for both glutathione and zinc oxide
nanoparticles.

Conclusions

The plant’s exposure to salinity stress with increased
concentrations has raised the plant’s internal content of
non-enzymatic antioxidants, including vitamin C, proline
and vitamin E by reducing plant content from chlorophyll,
especially at concentration 15 dS.m, which gave the
highest mean of anti-oxidants non-enzymatic oxidation
to increase the reactive oxygen species that formation
by salinity stress, which increases plant resistance to free
radicals, as well as the use of foliar application of the
plant with glutathione and zinc oxide nanoparticles, has
increased the plant’s content from non-enzymatic
antioxidants and chlorophyll. It also has a positive role
for glutathione and ZnO nanoparticles in reducing the
damage caused by salinity stress.
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