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ABSTRACT

This work was conducted during two successive growing seasons of 2016 and 2017 in the shade house of the Viticulture
Research Department, Horticulture Research Institute, Agricultural Research Center, Giza, Egypt, to evaluate the effect of foliar
application of ascorbic acid at 400 ppm and salicylic acid at 200 ppm on vegetative growth, physiological characters and
endogenous bio constituents, as well as anatomical structure of the leaf blade of the Thompson seedless grape rootings grown
under three levels of salinity stress (1000, 2000 and 3000 ppm). The results indicated that, all parameters studied of vegetative
growth of rootings significantly decreased by increasing salinity stress levels,in addition to significant decrease in photosynthetic
pigments content comparison with untreated vines.In contrast, salinity stress significantlyincreasedproline, sodium, total phenols
compoundand oxidative enzymes activity in leaves. Foliar spray with ascorbic acid (AA) gave the best results followed by
salicylic acid (SA) to alleviate and overcome the harmful impacts of salinity stress on the aforementioned characters of both
growing seasons compared to control vines. Moreover, irrigated plants with NaCl saline solution had considerable decrease in
anatomical characters of Thompson seedless grape leaf. Treating rootings with ascorbic acid application at 400 ppm increased all
anatomical features in comparison with control vines under salinity stress condition.
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INTRODUCTION

Grapevines (Vitisvinifera L.) are considered one
of the most important fruit cropsfor local consumption
and exportation in Egypt and all over the world. In
Egypt, cultivation area of grapevines has developed
progressively in the last decade especially in the newly
reclaimed lands. Also, it takes up the second placement
from the area of fruit trees planted after citrus trees and
because of its precious features. In 2016, the total area
of grapes reached 192,873 feddans, among them about
164,410 feddans fruitful with a total production about
1,434,686 tons according to latest the statistics of the
(Ministry of Agriculture, 2016).

Salinity stress is becoming one of the major
environmental problem facing grape growers. Irrigation
water and/or soil salinity can damage the performance
of growth, mineral content and grapevine production
(Walker, 1994).Salinity stress is always as sociated with
different changes in fruit plant metabolism,
subsequently affect plant enzyme activity change (Liao
— Xiang et al., 1996)growth and an increase in leaf
content of proline(Eisa and Ibrahim, 2016). Also, the
salinity stress exerted adverse effect on survival percent
and all vegetative growth characters. Moreover, the
harmful impact became more intense as salinity stress
level was increased(Abo — Sayed Ahmed et al., 2000 a
and b).Anatomical features of leaf blade reduced by
increasing salinity levels (Eisa and Ibrahim, 2016).

In recent years, great attention has been paid
through the application of antioxidants, such as ascorbic
acid and salicylic acid which were widely present in
plants and has been found to play a vital role in
mitigating the adverse effects of salinity on metabolism
and plant growth in many plants (Gul et al,
2015).Antioxidants are a division of nutrients that
protect the plants from harm caused by different stress
factors, which scavengers' free radicals and save cells
from the oxidative damage (Karadeniz et al, 2005).
Ascorbic acid (AA) presently holds an important
position in plant physiology due to its ownership of
antioxidant and cellular reductant properties and its
various roles in plant growth, development and the
regulation of a wide spectrum of plant cellular
mechanisms against different environmental
stresses(Taqi et al., 2011).Ebrahimian and Bybordi

(2012) showed that ascorbic acid application into the
nutrient solution can alleviate harmful effect of salinity
and diminish enzyme activity by scavenging of active
oxygen species. Zonouri et al. (2014) showed that
ascorbic acid (AA) had effect on some physiological
responses of grapevines.Noctor and Foyer (1998)
mentioned that the protective impact of ascorbic acid
(AA) is more related to reduce reactive oxygen species
damage to important proteins and\or nucleic acids.
Salicylic acid (SA) plays an essential role in the
regulation of plant growth, development and ion uptake
as well as transport and raise to tolerance against abiotic
stresses (salinity). This positive impact of salicylic acid
could be imputed to increment CO, assimilation,
photosynthetic rate and raise mineral uptake for plants
grown under stress (Vazirimehr and Rigi, 2014). SA
reduced the Na' uptake of plants as comparison with
control and decreased the concentration of both free
radicals and the peroxidase activity (POD)(Cai et al.,
2006).

Therefore, the aim of this work was to evaluate
the effect of foliar spray with ascorbic acid or salicylic
acid, individually on growth physiological characters
and endogenous bio- constituents ,as well as, the
anatomical features of Thompson seedless grapevine
rootings leaf grown under different levels of salinity
stress conditions.

MATERIALS AND METHODS

This investigation was conducted during the two
successive seasons of 2016 and 2017 in the shade house
of the Viticulture Research Department, Horticulture
Research Institute, Agricultural Research Center, at
Giza, Egypt, to study the effect of ascorbic and salicylic
acids on vegetative growth, physiological characters and
endogenous bio constituents, as well as, anatomical
structure of Thompson seedless grapevine rootings leaf
grown under three levels of salinity stress. Cuttings of
Thompson seedless grapevine were taken from one year
old matured canes and were chosen 120 Uniform and
healthy for grapevines of 10 years old grown in EL-
mansouriyeh, Giza, Egypt. The rootings were planted at
the first week of March in polyethylene bags filled with
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5 kg/bag (17x30cm)of a mixture of peat moss and
washing sand (1:2V/V), one per plastic bag. All bags
have bottom holes to allow surplus water drainage. The
rootings were irrigated with tap water twice a week with
the same quantity until the end of April. Rootings were
exhibited to irrigate using tap water and NaCl saline
solution levels (1000, 2000 and 3000 ppm) in the first
week of May till the end of September during the two
growing seasons. Each bag received one liter every
time. All treated rootings were irrigated by tap water
once monthly in order to prevent salinity accumulation
through holes at the end of the bags which are then
closed well after washing. The experiment of ten
treatments was arranged in a randomized complete
blocks design.

The ten applied treatments were as follows:

1- Irrigation with tap water without NaCl saline

(control)

2- Trrigation with NaCl saline solution (1000 ppm) and
spraying with distilled water

3- Irrigation with NaCl saline solution (1000 ppm) and
spraying with ascorbic acid (400 ppm)

4- Trrigation with NaCl saline solution (1000 ppm) and
spraying with salicylic acid (200 ppm)

5- Irrigation with NaCl saline solution (2000 ppm) and
spraying with distilled water

6- Irrigation with NaCl saline solution (2000 ppm) and
spraying with ascorbic acid (400 ppm)

7- Trrigation with NaCl saline solution (2000 ppm) and
spraying with salicylic acid (200 ppm)

8- Trrigation with NaCl saline solution (3000 ppm) and
spraying with distilled water

9- Irrigation with NaCl saline solution (3000 ppm) and

spraying with ascorbic acid (400 ppm)
10- Irrigation with NaCl saline solution (3000 ppm) and
spraying with salicylic acid (200 ppm)

Each treatment was replicated three times, four
rootings/ replicate; i.e. 12rootings for each treatment. In
both seasons, foliar spray with ascorbic acid as well as
salicylic acid which was prepared to melt in organic
solventon Thompson seedless grape rootings was
carried out three times at 70, 100 and 130 days from
planting. Control plants were foliar sprayed with
distilled water. Spraying is performed using a hand
atomizer with the addition wetting agent and the
spraying solution was maintained just to cover
completely the plant foliage till drip.

Applied antioxidant materials

Ascorbic acid (CgHgOg)and salicylic acid
(C;HO;)were obtained from Sigma chemical Co. USA.
Data recorded

A sample of four plants from each treatment was
randomly taken from the end of May till Oct. for
number of leaves/plant, main shoot length (cm) and
stem thickness (mm). However, the other vegetative
growth parameters and physiological properties were
taken at the middle of Oct .for both seasons and the
following data were recorded:

Plant survival percentage:

Number of survived rootings for each treatment
was counted by the end of salinization period. Rootings
of survival (%)were calculated.

Growth parameters:

The following vegetative growth aspects were

measured: plant height (cm),number of leaves/plant, leaf
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surface area (cmz);sixth and seventh leaves from the tip
of the growing shoot were used for leaf surface area
measurement according to(Montero et al., 2000), main
shoot length(cm),stem thickness (mm),fresh and dry
weight of aerial portion and root system. The fresh
material was oven dried at 70°C for 48 h. until a
constant weight then recorded in grams.

Photosynthetic pigments of leaf:

Disk samples from the 5" and the 6™upper leaf of
the shoot were taken to determine chlorophyll a, b, total
chlorophyll (atb) and total arotenoids contents
according to the method described by Wettestein (1957)
and then calculated as mg/g fresh weight.

Endogenous Bio Constituents:
Proline content

It was determined in fresh leaves of Thompson
seedless rootings using the method of Bates et al.
(1973).

Sodium content

Sodium was estimated in the leaves by flame
photometry according to Evenhuis (1978).

Total phenolscontent

Total phenols were determined in treated plants
of fresh leaves with folin-Ciocalteau reagent according
to Maliak and Singh (1980).

Oxidative enzymes activity

Activities of oxidative enzymes, i.e., peroxidase
(POX), polyphenol oxidase (PPO) were determined
infreash leaves. The extraction procedure was
performed as described by Biles and Martyn (1993).
Peroxidase activity

Peroxidase activity was determined according to
Hammerschmidt et al. (1982).

Polyphenol oxidase activity

Polyphenol oxidase activity was determined
according to Maliak and Singh (1980).

Anatomical Studiesof Leaf

From the results in the 1*growing season (2016)
it was attained that foliar application with ascorbic acid
gave the best values of the all studied characters
comparing to salicylic acid, consequently ascorbic acid
treatment was chosen for studying the anatomical
features of Thompson seedless grape rootings leaf
during the 2™ season (2017).Specimens from selected
treatments of grapevine plants were taken from the
midrib region of the upper fourth leaf on the main stem
at the middle of October (in the second season). These
specimens were prepared according to the method
described by(Nassar and El-Sahhar, 1998). Sections
were examined to detect histological manifestations of
the treatments and photomicrographedusing light
microscope (Olympus) provided with digital camera,
(Canon power shot S80) connected to a computer. The
photographs were taken by Zoom Browser Ex program.
Dimensions of stems and leaves were measured using
Corel Draw programver.11.

Statistical analysis

Data of the present work were statistically
analyzed and the differences between the means of the
treatments were significantly considered when they
were more than the least significant differences (LSD)
at the 5% level using computer program of Statistix
version 9 (Analytical software, 2008).
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RESULTS AND DISCUSSION

Plant survival percentage

Results in (Table 1) revealed that the plant
survival percentage with significant differences among
treatments in 2016 and 2017 seasons. The survival of
plants values were ranged from (54.0 to 99. 20%) in the
1% season and from (55.33 to 99.59%) in the 2%one. The
obtained data gradually reduced to (54.0and55.33%) in
the two growing seasons, respectively, with increasing
the tested salinity level 3000 ppm. Thus, the highest
survival of plants (%) were obtained when plants were
irrigated with tap water (control), whereas, the lowest
percentage obtained from irrigated with NaCl saline
solution(3000 ppm) and foliar sprayed with distilled
water in both seasons. It is clear from the obtained
results that spraying plants with ascorbic acid (AA)at
400 ppm and salicylic acid (SA) at 200 ppm alleviated

the harmful effect of all salinity levels (1000, 2000 and
3000 ppm).It is clearly that ascorbic acid was more
effective than salicylic acid treatments in reducing the
hurtful effect of salinity stressin the two growing
seasons. Irrigation with salinity stress level reduced
plant survival percentage and this maybe due to
increment the osmotic pressure leading to a reductlon in
availability of water to plants, accumulating of Na' and
Clions in toxic concentrations of the root medium as
mentioned by(Hassan and Abo - El —Azayem, 1990).
Also, the salinity stress exerted adverse effect on
survival %. Moreover, the harmful impact became more
intense as salinity stress level was increased. Salinity
stress increased (ROS) Reactive Oxygen Species which
caused destruction photosynthetic protein biosynthesis,
growth parameters and metabolic biosynthesis.

Table 1. Effect of foliar application with antioxidants (AA and SA) on survival (%) andplant growth
parameters of Thompson seedless rooting grown under different salinity stress levels in two

growing seasons(2016 and 2017)

plant growth parameters

Treatment pz:;;::;e Plant height No. of Leaf surface Shoot Stem thickness
(cm) leaves/plant area (cm)2 length (cm) (mm)
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
Control (tap water) 99.20 99.59 110.00 123.27 19.33 20.00 91.16 91.63 101.93 10330  5.53 5.60
1000PPM + D 83.99 83.01 8230 9150 15.67 16.00 80.25 81.53 7487  76.90 4.77 4.97
1000PPM + AA 93.90 9421 9940 109.57 18.67 19.00 87.65 88.35 90.57 91.70 5.10 5.36
1000PPM + SA 91.21 90.25 9340 10233 1733 17.67 84.49 8535 79.63 81.27 4.90 5.20
2000PPM + D 7294 7038 64.13 7490 1233 13.00 72.03 70.76 5990  60.84 4.16 4.47
2000PPM + AA 82.06 8220 80.87 90.63 15.00 15.67 79.24 79.04 70.50  70.37 4.60 4.87
2000PPM + SA 79.74 7899 73.57 8290 1433 14.67 7530 7578 6730  68.37 443 4.63
3000PPM + D 54.00 5533 4725 5393 9.67 1033 66.64 6622 3957 41.13 3.78 3.97
3000PPM +AA 7127 69.88 63.54 7243 1233 12.67 71.83 70.20 50.07  55.80 4.10 4.25
3000PPM + SA 63.04 63.66 52.10 61.73 11.00 11.33 69.77 68.96 4567 49.80 3.97 4.01
L.S.D. 0.05 202 245 593 370 135 160 2.56 2.25 1.01 1.06 0.10 0.13

D: distilled water; AA: ascorbic acid; SA: salicylic acid
Vegetative growth parameters:
Plant height and leaf surface area (ecm?)

From Table 1, data showed that the plant height
and leaf surface area had significant differences
between the tested treatments in the two seasons. The
same characters negatively reacted to the increment of
water salinity. The significant values (110.0 and 123.27
cm) and (91.16 and 91.63cm?) were recorded when
plants were irrigated with tap water during 2016 and
2017. Irrigation with NaCl saline solution at 3000 ppm
and foliar spray with distilled water resulted the lowest
values of plant height (47.25 and 53.93 cm) and leaf
surface area (66.64 and 66.22cm’) for both seasons,
respectively. Moreover, foliar application with both
ascorbic acid and salicylic acidrecorded the highest
values,respectively compared to corresponding control
plants (distilled water).

The salinity stress caused hurtful effect on plant
height and leaf area. They added thatthe harmful impact
became more intense as salinity stress level was
increased.Salinity can affect plant growth in two main
waysthrough osmotic stress and 10n toxicity. Osmotic
stress is caused by salts (mainly Na'" and CI) in the soil
solution reducing the water availability to rootscausing
quick decrease in the growth ratethrough molecular
damage. Ion salts toxicity occur when plant roots take
up Na" and/or CI” and these ions accumulated to harmful
levels in leaves. Also, mightcause ion disequilibrium,
productionof active oxygen species (AOS) and nutrient
deficiency particularly for ion K' nutrition.
Subsequently, it couldleads to death of leaves and a
decrease in the total leaf surface area which decrease the
supply of photosynthate in plants and finally affect the
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yield (Tejera et al., 2007).Ascorbic acid (AA) increased
leaf area for Thompson seedless grapevine and that
might be due to the influence on cell division and
elongation (Fayed, 2010).Badran et al. (2013) reported
that salinity stress decreased plant height of treated
plants, while application of ascorbic acid and salicylic
acid improved it. Both AA and SA were efficient in
mitigating the adverse effects of salinity on growth.
No. leaves/plant, main shoot length and
thickness

Figs (1, 2, 3, 4, 5 and 6) showed that the No.
leaves/plant, the main shoot length and stem thickness
gradually increased during all examined sampling dates
(from May to October). Increasing NaCl concentrations
in irrigation water to 3000 ppm treatment throughout the
time of the study performed the lowest number of
leaves/plant (9.67and 10.33), the shoot length (39.57
and41.13cm) and stem thickness(3.78and3.97mm) in
October for the two growing seasons, respectively, as
comparing to control and other tested treatments. With
respect to exogenously application of both ascorbic acid
(AA) and salicylic acid (SA) on Thompson seedless
rooting, it was clear that they reduced the harmful effect
of salinity stress and the AA was more effective than
SA in improving all above mentioned characteristics.
These effects might be due to increase leaf area/plant,
weight of roots and chlorophyll content. Tables (1, 2
and 3) of foliar applications could explain these results.

Table 1 showed that the No. leaves/plant, the
shoot length and stem thickness for Thompson seedless

stem
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rootings were negatively significant to the raise of NaCl
saline solution concentrations. Whereas, the highest
values of the No. of leaves/plant (19.33 and 20.0), the
main shoot length (101.93 and 103.30 c¢cm) and stem
thickness (5.53 and5.60 mm) were recorded with
irrigated with tap water during both seasons,
respectively. Foliar spray with AA recorded the highest
values followed by SA compared to foliar spray with
distilled water (control).

Badran et al.(2013)found that the salinity stress
showed adverse effect on number leaves and stem
thickness. Furthermore, the harmful impact became
more intense as salinity stress level was raised. On
Khayasenegalensis seedlings, Badran et al. (2013)found
that the AA and SA were effective in alleviating the
hurtful effects of salinity on number of leaves and stem
diameter.
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Fig. 1. Effect of foliar application with antioxidants (AA and SA) on average monthly number of leaves/plant
for Thompson seedless rooting grown under different salinity stress levels in 2016 season
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Fig. 2. Effect of foliar application with antioxidants (AA and SA) on average monthly number of leaves/plant
for Thompson seedless rooting grown under different salinity stress levels in 2017 season
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Fig. 3. Effect of foliar application with antioxidants (AA and SA) on average monthly shoot length (cm) for
Thompson seedless rooting grown under different salinity stress levels in 2016season
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Fig. 4. Effect of foliar application with antioxidants (AA and SA) on average monthly shoot length (cm) for
Thompson seedless rooting grown under different salinity stress levels in 2017season
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Fig. 5. Effect of foliar application with antioxidants (AA and SA) on average monthly stem thickness (mm)
for Thompson seedless rooting grown under different salinity stress levels in 2016season
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Fig. 6. Effect of foliar application with antioxidants (AA and SA) on average monthly stem thickness (mm)
for Thompson seedless rootings grown under different salinity stress levels in 2017season
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Fresh and dry weight of aerial portion and root
system

Irrigation with NaCl saline solution significantly
affected both fresh and dry weights of aerial portion and
root system. Increasing salinity levels gradually
diminished these measurements for Thompson seedless
rootings (Table 2). Irrigation with NaCl saline solution
3000 ppm recorded the minimum values for fresh and
dry weights of aerial portion and root system for the two

growing seasons. However, the maximum values were
gained with plants irrigated via tap water(control).
Foliar applications of antioxidants were shown to have
their specific effect on fresh and dry weights of aerial
portion and root system in both seasons. The highest
increase in these characters was observed with ascorbic
acid application followed by salicylic acid for
alleviating the harmful effect of salinity stress compared
to foliar spray with distilled water.

Table 2. Effect of foliar application with antioxidants (AA and SA) on fresh and dry weight of aerial portion
and root system of Thompson seedless rooting grown under different salinity stress levels in

twogrowing seasons (2016 and 2017)

Fresh weight of aerial  Dry weight of  Fresh weight of root Dry weight of root

Treatment portion (g) aerial portion (g) System (2) System  (g)

2016 2017 2016 2017 2016 2017 2016 2017
Control (tap water) 79.63 80.07 26.34 26.58 54.32 54.87 21.90 22.28
1000PPM + D 60.61 61.51 19.87 20.17 48.55 48.76 19.72 19.81
1000PPM + AA 71.91 72.81 23.30 23.94 51.89 52.66 20.95 21.20
1000PPM + SA 67.20 66.87 21.40 20.96 50.23 50.80 20.09 20.32
2000PPM + D 45.90 46.90 14.97 15.63 40.43 41.23 16.17 16.83
2000PPM + AA 58.72 60.39 18.91 19.46 47.00 46.67 18.90 18.80
2000PPM + SA 55.22 55.88 17.41 18.63 43.94 44.28 17.58 17.65
3000PPM + D 34.73 35.28 11.91 12.09 35.13 35.61 14.03 14.24
3000PPM +AA 44.09 46.09 14.36 15.36 39.44 40.24 15.71 16.10
3000PPM + SA 40.86 41.19 13.62 13.86 37.80 38.13 15.05 15.25
L.S.D. 0.05 343 2.44 1.09 1.76 1.44 1.75 0.67 0.76

D: distilled water; AA: ascorbic acid; SA: salicylic acid

Salinity stress doing adverse effect on fresh and
dry weights of both the aerial portion and root system.
These growth parameters reduced the components of
yield these inhibitory effect of salinity may be due to
number of physiological processes such as a decrease in
meristic activity and/or cell enlargement (Sakr et al.,
2012) or a perturbation of functioning of vital
components of photosynthesis (Yang and Birtton, 1990)
and these was some evidence for this in decreasing
levels of chlorophyll measured. The exact mechanism of
the effect of these antioxidants (SA, AA) is not known
but may be due to osmotic protection (Arteca, 1996) or
promotion of the uptake of essential macro-nutrients
which then facilitated normal growth and development
(Foyer and Spencer, 1986).The foliar application of
ascorbic acid and salicylic acid improved dry weight of
shoots and roots of plants grown under salinity stress
(Badran et al., 2013).Ascorbic acid treatment increased
fresh and dry weight of leaves for Thompson seedless
seedlings and this may be due to its encourage effect on
cell division and elongation under salinity conditions
(Fayed, 2010).

Leaf Photosynthetic pigments

Results of (Table 3)tabulated the photosynthetic
pigment concentration of chlorophyll a, b, total
chlorophyll (a+b) and carotenoids of Thompson
seedless rootings leaves. Pigmentsconcentration was
significantly affected by different salinity stress levels.
Irrigation of rootings by tap water (control)recorded the
highest values [(1.152 and 1.172), (0.496 and 0.504),
(1.648 and 1.676) and (1.120 and 1.145) mg/g fw ]for
chlorophyll a, b, total chlorophyll and carotenoids in
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both 2016 and 2017 seasons, respectively. Meanwhile,
the rootings irrigated with NaCl saline solution (3000
ppm) presented the lowest values [(0.721 and 0.736),
(0.186 and 0.198), (0.907 and 0.934) and (0.713 and
0.721) mg/g fw ] for all mentioned photosynthetic
pigments for both seasons, respectively. It is evident
from the results in (Table 3)that the effect of spraying
rootings with ascorbic acid (AA)or salicylic acid (SA)
led to increment photosynthetic pigments as compared
with plants sprayed only with distilled water. Ascorbic
acid was more effective than salicylic acid in raising the
photosynthetic pigments in the two growing seasons. In
addition, these results mean that ascorbic acid (AA) or
salicylic acid (SA) reduced the harmful effect of salinity
on photosynthetic pigments formation. Increasing
salinity stress levels reduced photosynthetic pigments
Thompson seedless rootings in leaves and this decrease
might be related to promote activity of the chlorophyll
degrading enzyme chlorophyllase as submitted by Rizk-
Alla (2010)it found that increasing saline decreased
concentration of photosynthetic pigments. This decrease
might be related to the reduction of plant growth which
attributed to the decrease of the water availability for
tissues development and reduction of inorganic nutrient
supply. Photosynthesis is inhibited with high
concentration of Na' accumulated in chloroplasts as
mentioned by Sudhir and Murthy(2004). Soil salinity
decreased chlorophyll a,b and carotenoids, while the
foliar application with AA and SA were effective in
alleviating the adverse effects of salinity on all
photosynthetic pigments (Badran et al., 2013).
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Table 3. Effect of foliar application with antioxidants (AA and SA) on photosynthetic pigments (mg/g fw)of
Thompson seedless rooting grown under different salinity stress levels in twogrowing seasons (2016

and 2017)
Treatment chl a chl b chlat+b Carotenoides
2016 2017 2016 2017 2016 2017 2016 2017
Control (tap water) 1.152 1.172 0.496 0.504 1.648 1.676 1.120 1.145
1000PPM + D 0.995 1.019 0.388 0.403 1.383 1.421 0.973 0.998
1000PPM + AA 1.073 1.073 0.458 0.461 1.531 1.534 1.049 1.058
1000PPM + SA 1.012 1.037 0.423 0.433 1.435 1.470 1.014 1.034
2000PPM + D 0.845 0.860 0.292 0.305 1.137 1.165 0.870 0.889
2000PPM + AA 0.969 0.988 0.361 0.367 1.330 1.355 0.935 0.953
2000PPM + SA 0.926 0.946 0.344 0.356 1.270 1.302 0.914 0.932
3000PPM + D 0.721 0.736 0.186 0.198 0.907 0.934 0.713 0.721
3000PPM +AA 0.806 0.822 0.262 0.267 1.068 1.089 0.832 0.845
3000PPM + SA 0.786 0.799 0.227 0.238 1.014 1.037 0.769 0.776
L.S.D. 0.05 0.025 0.032 0.014 0.011 0.028 0.034 0.012 0.019

D: distilled water; AA: ascorbic acid; SA: salicylic acid

Endogenous Bio Constituents

Total phenol compound, proline and sodium in
leaves of Thompson seedless grape rootings were
significantly influenced by different salinity stress levels
(Table 4).The concentrations of the above mentioned
characters were gradually increased with increasing the
salinity stress levels, whereas the highest values were
recorded when rootings irrigated with NaCl saline
solution (3000 ppm) compared to control and other
tested treatments. However, the lowest values were
recorded when plants were irrigated with tap water
(control). Furthermore, these parameters of Thompson
seedless rootings were decreased after foliar application
with the antioxidant ascorbic acid (AA) and salicylic
acid (SA) compared to foliar spray with distilled water.
Moreover, AA was more effective than SA in
decreasing the harmful effect of salinity stress, whereas
AA reduced phenols, proline and sodium content over
SA followed by plants foliar sprayed with distilled
water.

Proline is one of the important components of the
adaptation plants to salinity (Kuznetsov and
Shevyakova, 1999) and its increasing with increasing
water salinity could be due to the increment of
hydrolytic enzymes caused by salinity(Salem et al.,
2011).Moreover, there are several functions for the

accumulation of proline in plant tissues under salinity
stress including osmotic adjustment, stability and
increased protection of proteins and membranes,
improvement of the stabilization of some mitochondrial
and cytoplasmic enzymes and a scavenger of free
radicals. Sakr et al. (2007) found that the increase in
sodium content mainly in the vacuole supply an osmotic
regulation for plants under salinity stress, this
accumulation might be related to the essential role of
sodium in increment the osmotic pressure. Irrigation
with 1000, 2000 and 3000 ppm saline water levels
increase proline content in the leaves as compared to
untreated plants Abd EL Aziz et al. (2006). Noctor and
Foyer (1998) argued that additional ascorbic acid
significantly reduced the undesirable accumulation of
Na' in the plants under salinity stress. Badran et al.
(2013) mentioned that plants grown under salinity
increased Na and proline concentrations in leaves, but
the foliar application with AA and SA decreased both
Naand proline and were effective in alleviating the
adverse effects of salinity. Waskiewicz et al.(2013)
found that salt stress causes a restriction of
photosynthesis process, which results in excrescent
ROS production. To adapt with the harmful salt stress,
plants induced the synthesis of different secondary
metabolites, such as phenolic compounds.

Table 4. Effect of foliar application with antioxidants (AA and SA) on total phenols (mg/g fw) , (proline and
Na %), polyphenol oxidase and peroxidase (Unit/g fw) of Thompson seedless rooting grown under
different salinity stress levels in two growing seasons (2016 and 2017)

Endogenous Bio Constituents

Oxidative enzymes activity

Treatment Total phenols Prolin Na PPO POX
2016 2017 2016 2017 2016 2017 2016 2017 2016 2017
Control (tap water) 0947 0935 0.077 0.074 0.243 0.234 0306 0.282 0953 0.958
1000PPM + D 2.119 1940 0.181 0.176  0.395 0388 0.713 0.779 1.182 1.177
1000PPM + AA 1366 1.075 0.101 0.092 0306 0.266 0426 0329 1.007 1.036
1000PPM + SA 1.685 1.153 0.125 0.105 0.335 0.286 0.516 0.400 1.061 1.061
2000PPM + D 3338 3324 0392 0385 0507 0503 1326 1312 1.665 1.658
2000PPM + AA 2.628 2475 0259 0253 0422 0414 0935 0919 1306 1304
2000PPM + SA 3.013 3.003 0.302 0298 0469 0467 1.147 1.066 1435 1.331
3000PPM + D 4547 4530 0512 0507 0.608 0.604 2.040 2.020 1925 1.921
3000PPM +AA 3.898 3.892 0422 0417 0531 0516 1.658 1.665 1.784 1.780
3000PPM + SA 4259 4.086 0445 0443 0569 0.526 1.787 1.685 1.787  1.833
L.S .D.0.05 0.110 0.101 0.011 0.012 0.005 0.014 0.039 0.043 0.046 0.057

D: distilled water; AA: ascorbic acid; SA: salicylic acid; PPO:Polyphenol oxidase;POX: Peroxidase.
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Oxidative enzymes activity

Results presented in (Table 4)indicated the effect
of exogenous application with antioxidants (AA and
SA) on oxidative enzymes activity of Thompson
seedless rootings leaves grown under salinity stress. The
concentrations of polyphenol oxidase (PPO) and
peroxidase (POX) were significantly increased with
increasing the NaCl saline solution levels. The least
values for PPO and POX activity [(0.306 and 0.282) and
(0.953 and 0.958) Unit/g fw] were registered with plants
that irrigated with tap water (control) for both seasons,
respectively. It is clear from such results in Table 4 that
the impact of foliar application with ascorbic acid (AA)
and salicylic acid (SA) led to a decrease in PPO and
POX activity compared with plants foliar sprayed with
distilled water. Moreover, the ascorbic and salicylic acid
decreased the hurtful effect of salinity stress on PPO
and POX activity for Thompson seedless rootings. Also,
AA was more efficient than SA in reducing the
oxidative enzymes activity, where ascorbic acid when
used in combination with 3000, 2000 and 1000 ppm
gained[(1.658 and 1.665), (0.935 and 0.919) and (0.426
and 0.329) Unit/g fw for PPO] and [(1.784 and1.780),
(1.306 and 1.304) and 1.007 and 1.036) Unit/g fw for
POX] during the two growing seasons, respectively. On
the other hand, the highest concentrations [(2.040 and
2.020), (1.326 and 1.312) and (0.713 and 0.779) Unit/g
fw for PPO] and [(1.925 and1.921), (1.665 and 1.658)
and 1.182 and 1.177) Unit/g fw for POX] were recorded
in the combination treatments between foliar spray with
distilled water and the same salinity levels (3000, 2000
and 1000 ppm) for both seasons, respectively.

Peroxidase activity increased with increasing salt
concentrations. Rizk -Alla(2010).Maurice et al. (2000)
found that antioxidants play an important role in the
decrease or prevention of enzymatic browning through
inhibiting polyphenol oxidase.SA decreases the
concentration of both free radicals and the peroxidase
activity (POD)Caiet al.(2006).

Anatomical Studies of Leaf
Effect of salinity

Microscopic counts and measurements of some
features in transverse sections through the blade of
upper fourth leaf on the main stem of Thompson grape
and those grown under salinity stress of 1000 or 3000
ppm are presented in (Table 5). Microphotographs
illustrating these treatments in transverse sections are
shown in (Fig. 7). It is realized that salinity stress at the
level of 1000 ppm reduced the thickness of both midve
in and lamina by 42.25 and 41.04 % less than of the
control plants, respectively. The thinner of lamina
induced by salinity stress could be refered to the
decrease in thickness of epidermis as well as in
thickness of mesophyll tissues. The decrements below
the control were (32.00 and 34.78 %) for thickness of
upper and lower epidermis, growing and (40.34 and
44.55 %) for thickness of palisade and spongy tissues,
respectively. Such treatment decreased the dimensions
of midvein vascular bundle below the control by 48.75
in length and by 49.28 % in width. Also, low salinity
level decreased the thickness of xylem and phloem
tissues in comparison with the control by 47.76 and
33.96 %, respectively. Likewise, it is noted that high
salinity reduced the thickness of both lamina and
midvein of blades; the reduction was more pronounced
than that induced by low salinity level, being 52.24 %
less than the control for thickness of lamina and 54.01
% less than the control for thickness of midvein. It is
clear that the thinner blade induced by 3000 ppm
salinity could be imputed to the decrements in thickness
of palisade and spongy tissues and thickness of upper
and lower epidermis by (54.62 and56.44 %) and (40.00
and 39.13 %) less than those of the control, respectively.
It was obvious that vascular bundles of midvein showed
prominent decrease in length by 61.29 % and in width
by 61.87 % less than the control. As a result, thickness
of xylem and phloem were decreased less than of the
control by 56.72 and 50.94 %, respectively.

Table 5. Effect of foliar application with ascorbic acid (AA) on counts and measurements of certain
anatomical features in transverse sectionsof the main stem for Thompson seedless rootings grown
under two salinity stress levels during the second growing season (2017)

Treatments
1000 ppm 3000 ppm 1000 ppm + AA 3000 ppm+ AA
1 o, o,
Anatomicalfeatures Control £ % to £9% to ﬂ:l (f()) (t)o isg;] (t)o
" control control ® ®
ppm ppm

Thickness of midvein 1326.45 766.08 -42.25 610.03 -54.01 812.19 +6.02 730.61 +19.77
Thickness of lamina 212.61 125.35 -41.04 101.55 -52.24 142.01 +13.29 109.48 +7.81
Thickness of upper epidermis ~ 19.83  13.49 -32.00 11.90 -40.00 15.87 +17.65 12.69 +6.67
Thickness of lower epidermis  18.25 11.90 -34.78 11.11 -39.13 1428 +20.00 11.90 +7.14
Thickness of palisade tissue 94.41 5633 -40.34 4284 -5462 6188 +9.86 47.60 +11.11
Thickness of spongy tissue 80.13 4443 4455 3491 -56.44 51.57 +16.07 39.67 +13.64
Dimensions of midvein
bundle:
Length 989.52 507.17 -48.75 383.04 -61.29 567.47 +11.89 450.43 +17.59
Width 985.97 500.08 -49.28 37595 -61.87 553.28 +10.64 443.33 +17.92
Thickness of xylem tissue 237.63 124.13 -47.76 102.85 -56.72 159.60 +28.57 117.04 +13.79
Thickness of phloem tissue 187.97 124.13 -33.96 92.21 -50.94 127.68 +2.86 109.95 +19.23
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E = D T mm

Fig 7.Changes in transverse sections through the blade of upper fourth leaf on the main stem for Thompson
seedless rootings affected with foliar application of ascorbic acid (AA) at 400 ppm grown under
different salinity stress levels during the growing season (2017)

A: Irrigation with tap water (control); B: Irrigation with NaCl saline solution (1000 ppm) and spraying with distilled water; C:
Irrigation with NaCl saline solution (1000 ppm) and spraying with (AA); D: Irrigation with NaCl saline solution
(3000 ppm) and spraying with distilled water; E: Irrigation with NaCl saline solution (3000 ppm) and spraying with (AA)

U epi: Upper epidermis; Pt: Palisade tissue; St: Spongy tissue; L epi: Lower epidermis; MB: Midvein bundle; Xyl: Xylem; Phl: Phloem

Effect of combined treatments among salinity levels in lamina thickness due to spraying of ascorbic acid
and ascorbic acid could be referred to the increase in thickness of upper

It is obvious from (Table 5) and (Fig. 7) that and lower epidermis by (17.65 and 20.00%) and
spraying ascorbic acid at concentration of 400 ppm on  thickness of palisade and spongy tissues by (9.86 and
Thompson grape plants grown under salinity stress at  16.06%) more than stressed plants, respectively.
1000 ppm increased in thickness of lamina and midvein ~ However, such treatment caused an increment of 11.89
by 13.29 and 6.02% more than stressed plants (foliar and 10.64% in length and width of midvein bundle over
sprayedwith distilled water), respectively. The increase  those of stressed plants, respectively. Also, the
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increments over than stressed plants were 28.57% for
thickness of xylem tissue and 2.86% for thickness of
phloem tissue.

It was clear that the foliar spray of rootings with
ascorbic acid under salinity level 3000 ppm diminished
the harmful effects of salinity stress and increased
thickness of midvein and lamina by 19.77 and 7.81%
more than plants grown under salinity level 3000 ppm,
respectively. This increment in lamina thickness due to
the increase in thickness of upper, lower epidermis by
(6.67 and 7.14%), thickness of palisade and spongy
tissues by (11.11 and 13.64%) are more than stressed
plants, respectively. Furthermore, such treatment caused
an increase of 17.59 and 17.92% in length and width of
midvein bundle of those stressed plants, respectively.
As well as, the increase over stressed plants was 13.79
and 19.23% for thickness of xylem and phloem tissues,
respectively.

Anatomical features of leaf blade reduced by
increasing salinity levels (Eisa and Ibrahim, 2016).The
inhibition impact of salinity on leaf construction due to
the growth inhibiting of vascular elements and/or
commitment with an inhibiting the formation of the
procambial activity, initial vascular tissues and/or
reduce in the size and number of mesophyll cells(Rashid
et al.,2004). On basil plants, Azoz et al. (2016) found
that application of foliar spray with ascorbic acid (AA)
at 300 ppm increased the thickness of lamina, palisade,
spongy, midvein and the main vascular bundle.

CONCLUSION

It could be concluded that all studied vegetative
growth characters, leaf photosynthetic pigments, total
phenols, proline, sodium andoxidative enzymes activity
of Thompson seedless grape rootings significantly
reduced when plant grown under different salinity stress
levels. Foliar application of ascorbic acid and salicylic
acid alleviated the undesirable effects of salinity stress
of the aforementioned features. Ascorbic acid was the
most effective than salicylic acid in avoiding the hurtful
effects of salinity on Thompson seedless rootings.
Finally, it could be recommended by using ascorbic acid
or salicylic acid to partially reduce the harmful effects
of Thompson seedless grape rootings growing under
salinity stress.

REFERENCES

Abd EL Aziz, Nahed G., A.M. Azza Mazher and E. El-
Habba (2006).Effect of foliar spraying with
ascorbic acid on growth and chemical
constituents of Khayasenegalensis grown under
salt condition. American-Eurasian J. Agric. and
Environ. Sci., 1(3): 207-214.

Abo-Sayed- Ahmed, T. A., A. S. Hassan, Safaa A.
Nomeir and 1. E. Othman (2000 a).Studies on
relative salt- tolerance of seven grape varieties. 1.
Growth vigor. Zagazig J. Agric. Res .27(2): 331-
351.

Abo-Sayed- Ahmed, T. A., A. S. Hassan, Safaa A.
Nomeir and I. E. Othman (2000 b).Studies on
relative salt — tolerance of seven grape varieties.
I1. Leaf vigor. Zagazig. J. Agric. Res. 27 (2): 353
-370.

48

Analytical  software(2008).  Statistix ~ Version 9,
Analytical Software, Tallahassee, Florida, USA.

Arteca, R.N. (1996)plant growth substances Chapman
and Hall, New York ISBN-13.

Azoz, Samah N., A. M. El-Taher, M. S. Boghdady and
Dalia M. A. Nassar (2016).The impact of foliar
spray with ascorbic acid on growth, productivity,
anatomical structure and biochemical constituent
of volatile and fixed oils of basil plant
(Ocimumbasilicum L.).Middel East J. Agric.
Res., 5(2): 549-565.

Badran, F., M. Abdou, E. hmed, R. Taha and S. Ibrahim

(2013).The role of ascorbic acid and salicylic
acids in modifying the growth and chemical
composition of salt-stressed khayasenegalensis
seedlings. J. Plant Production, Mansoura Univ.,
4 (12): 1739-1750.

L. S, R. P. Waldern and L. D. Teare
(1973).Rapid determination of free proline for
water —stress studies. Plant and Soil 939:205-
207.

Biles, C. L. and R. D. Martyn (1993).Peroxidase,

polyphenoloxidase and shikimate dehydrogenase

isozymes in relation to the tissue type, maturity
and pathogen induction of watermelon seedlings.

Plant Physiol. Bioch., 31: 499-506.

C, C. Xu X. Li, I Ferguson and

K.Chen.(2006).Accumulation  of lignin in

relation to change in activities of lignification

enzymes in loquat fruit fleshafter harvest.

Postharvest ~ Biology = and  Technology,

Amsterdam, 40: 163-169.

Ebrahimian, E. and A. Bybordi (2012).Effect of salinity,
Salicylic acid, Silicium and Ascorbic acid on
lipid peroxidation, antioxidant enzyme activity
and fatty acid content of sunflower. African J. of
Agric. Res., 7(25): 3685-3694.

Eisa, G. S. A. and Seham A. Ibrahim (2016).Mitigation
the harmful effects of diluted sea water salinity
on physiological and anatomical traits by foliar
spray with trehalose and sodium nitroprusside of
cowpea plants. Middle East J. gric.,5 (4): 672-
686.

Evenhuis, B. (1978).Simplified methods for foliar
analysis .Dept. Agric. Res. Koninklijk Institute
Voor de Tropen Amsterdam, 1-137.

Fayed, T. A.(2010).Effect of some antioxidants on
growth, yield and bunch characteristics of
Thompson Seedless grapevine. American-
Eurasian J. Agric., Environ. Sci., 8: 322-328.

Foyer, C and C. Spencer (1986).photosynthesis and
assimilate partitioning . Planta. 167: 369-375.

Gul, H., R. Ahmad and M. Hamayun (2015).Impact of
exogenously applied ascorbic acid on growth,
some biochemical constituents and ionic
composition of fuar p (cymopsistetragonoloba)
subjected to salinity stress. Pakhtunkhwa J. Life
Sci., 3(1-2): 22-40.

Hammerschmidt, R., E. M. Nuckles and J. Kuc
(1982).Association of enhanced peroxidase
activity with induced systemic resistance of
cucumber to Colletotrichumlagenarium. Physiol.
Plant Pathol., 20:73-82.

Hassan, M. M. and A. I. Abo — El — Azayem
(1990).Differences in salt tolerance of some fruit
species. Egypt. J. Hort. Sci., 17: 1 - 8.

Karadeniz F., H. S. Burdurl, N. Koca and Y. Soyer
(2005).Antioxidant activity of selected fruits and
vegetables grown in Turkey. Turkish J. Agric.
and Forest, 89: 297-303.

Bates,

Cai,



J. Plant Production, Mansoura Univ., Vol. 9 (1), January, 2018

Kuznetsov, V. 1. V. and N. 1. Shevyakova Sakr, M. T.N. M. Sarkassy and M. P. Fuller (2012).

(1999).Proline  under  stress  conditions: Osmoregulatorsproline and glycine  betaine
Biological role, metabolism, and regulation. counteract  salinity stress in  canola
Russian J.of Plant Physiol., 46: 321-336. Agron.sustain. Der (32): 747-754.

Liao—xiang, R., H. Puchao, X. Liao and P.He Salem A.T., Y.A. Abdel-Aal, M.A. Abdel-Mohsen and
(1996).Effect of salt stress on H,O, scavenging W. H. Yasin (2011).Tolerance of Flame seedless
system in grape leaf. Acta Hort. Sinica. 23: 389 — grapes on own root and grafts to irrigation with
391. saline solution. Journal of Horticultural Science

Maliak, C. P. and M. B. Singh (1980).Estimation of and Ornamental Plants, 3(3): 207-219.
total phenols in plant enzymology and Sudhir, P. and S.D. S. Murthy(2004).Effects of salt
histoenzymology.Kalyani Publishers, New Delhi, stress on basic processes of photosynthesis.
286 pp. Photosynthetica, 42: 481-486.

Maurice, R. M., J. Kim and C. I. Wei (2000).Enzymatic  Taqi A. K., M. Mohd and M. Firoz (2011).Role of
browning in fruits, vegetables and sea foods. ascorbic acid against pathogenesis in plants.
Food Science and Human Nutrition Department. Journal of Stress Physiology and Biochemistry, 7
University of Florida., 65: 791-795. (3): 222-234.

Ministry of Agriculture (2016).Statistics of the Ministry  Tejera, N. A., C. Iribarne, F. Palma and C.
of Agriculture. Lluch(2007).Inhibition of the catalase activity

Montero, F. J., J. A. De Juan, A. Cuesta and A. Brasa from Phaseolus vulgaris and Medicago sativa by
(2000).Non-destructive methods to estimated sodium chloride. Plant Physiology and
leaf area in (Vitisvinifera L.). Hort. Sci., 35:696 — Biochemistry 45: 535-541.

698. Vazirimehr, M. R. and K. Rigi (2014).Effect of

Nassar, M.A. and K.F. El- Sahhar (1998).Botanical Salicylic acid in agriculture. International Journal
Preparations and Microscopy (Microtechnique). of Plant, Animal and Environmental Sciences, 4
Academic Bookshop, Dokki, Giza, Egypt, 219PP (2): 291-296.

(In Arabic). Walker, R. R. (1994).Grapevine responses to salinity.

Noctor, G. and C.H. Foyer (1998).Ascorbate and Bulletin — de — IOIV. 67: 634 — 661.

Glutathione: Keeping Active Oxygen under Waskiewicz, A., M. Muzolf-Panek and and P. Golinski
Control. Annual Review of Plant Physiology and (2013).Phenolic Content Changes in Plants under
Plant Molecular Biology, 49: 249-279. Salt Stress. Ecophysiology and Responses of

Rashid, P., J. L. Karmoker, S.Chakrabortty and B.C. Plants under Salt Stress (book), Chapter 11: 283-
Sarker (2004).The effect of salinity on 314.
ionaccumulation and anatomical attributes in  Wettestein, D. (1957). Chlorophyll-Lethal undder
mungbean (Phaseolusradiatus L. cv. BARI- submink roskopische formivechoel der plastiden
3)seedling. Inter. J. Agric. and Biol. 6: 495-498. . Exp. Cell. Res., 12: 427 — 433.

Rizk-Alla, M. S. (2010). Comparative studies on rooting  Yang, A and G.Briton (1990).carotenoids and stress.
salt tolerance of some grape varieties and Wiley-Liss, new york , PP 87-112
rootstocks. J. Biol. Chem. Environ. Sci., 5(4):  Zonouri, M., T. Javadi and N. Ghaderi (2014).Effect of
293-318. Foliar Spraying of Ascorbic acid on cell

Sakr, M.T., M.E. El-Emery, R.A. Fouda and M.A. Membrane Stability, lipid peroxidation , Total
Mowafy (2007).Role of some antioxidants in soluble protein , Ascorbate peroxidase and leaf
alleviating  soil salinity stress.Journal of Ascorbic acid under drought stress in grapes.
Agricultural Science, Mansoura University, 32: Inter. J. of Advanced Biological and Biomedical
9751- 9763. Research 4(2): 349-354.

s ¢ g ) cuinl) G o oSO Balianl) 31 gal) Giany alasiudy A slall 5 jLiall ) b
aglsl (o nlua bt 5l gl Jadlse plgm

s - 85 daala -Ae) 50 A0S - o 3 ) and!

5333 A0 gl 38 pa -0l & s e cinll and?

Ko eoiboall Esan dgaa ciall Gigay ol Ay pa 322017 52016 Lea (il Gaam se JAS Sl 138 ¢l ja) o
Caen 5 Gsalall (8 6 n 400 38 s lu ) S (e (B sl (i1 A aall A 52l CGiagd  gemn b ) dae )3l Cgad)
st (Ul 8 ¢ 32 3000 5 2000 <1000) oalall el (o Sl s A0 Gl G salall (e 3 200 S i hballud)
Csma sh Cuiall OO A8 5 Sl g ) il NS g el laNal) IS ) g A 5) gl cilial) g ¢ g umal) gaill Cliia
& sine Rl i Liadl s 5l iad OEAL (g il sl i gaan (o (5 sine it @l G gua) dian
O O Gl aY) 8 baale JS5 o)) Lain dlaleall e ULl &5 jlaa aladl alga¥) il siue 330 3 (S guall Jiail) Claa
il Jmdl a5 SN ey (M) e S A slall sl s 530S pall a3 a5 20K Y 5l 5 2 3 socall 5 (il 5l
DS il 4 jlie saill s 50 UKD 63lef 5y S cilicall o clliualludl (aeas 4dy aldl sleadl 5 Ll Y Caasl
Jstaey Alalaal) die Gl () posa sha il DS 48 ) dpmy piil] Cilisall 3 € (amleal il <o yelal lld e 5 5dle
O3l b ¢ 5a 400 S i Sl Sl meny SOEAN (i Ayl clicall gaen @315 Camy o s peall )5 (e ale
bl eall oyl s J 5 sl 4 )l

49



