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ARTICLE INFO ABSTRACT

Keywords: To alleviate the harmful effects of NaCl salinity on the development, antioxidants defense system and yield of
Solanum melongena L. eggplant (Solanum melongena L.) using foliar application of zinc sulphate (ZnSO,), a pot experiment was con-
Eggplam_ ] ducted during two summer seasons 2017 and 2018 at the Experimental Farm, Faculty of Agriculture, Ain Shams
N'a(ljl-salmlty University. Eight treatments were the combination of two sodium chloride levels of irrigation water 0 and
Y,le,d o 100 mM, and four levels of ZnSO4 0, 0.7, 1.5 and 3 mM. Results indicated that, under 100 mM NacCl con-
Lipid peroxidation . . . c . . .

Antioxidants centration of the macronutrients (N, K, Mg and Ca) in leaves significantly decreased, while sodium concentration

Foliar spray increased in both leaves and fruits which led to an increase in the concentration of malondialdehyde (MDA)

Zinc which in turn reflecting on the reduction of vegetative growth, photosynthetic pigments, flowers number, fruits
number, fruit setting and total yield of eggplant in both seasons. The foliar application of ZnSO, alleviated the
adverse effects of salinity by stimulating the growth, antioxidants defense system in the form of superoxide
dismutase (SOD), total soluble sugars, proline, free amino acids and total soluble protein, which enhanced the
flowers number, fruits number, fruit setting and total fruits yield. The most effective application that antag-
onized the adverse effects of salinity stress was 1.5 mM ZnSOj,.

1. Introduction

Eggplant (Solanum melongena, L.) is a popular vegetable cash crop
grown in many countries throughout the subtropics, tropics and
Mediterranean area like Egypt. Also, it has been largely consumed in
world due to nutritive and medical advantages which consider as higher
antioxidant and nutritional value i.e. a very good source of vitamins,
dietary fibres, minerals, phenolic compounds such as caffeic and
chlorogenic acid and flavonoids, such as nasunin or delphinidin-3-
(coumaroylrutinoside)-5-glucoside (Dias, 2012). However, eggplant is
moderately sensitive to salinity stress with a threshold of 1.5 dS/m, and
the relative fruit yield reduced to 56% when the electrical conductivity
of irrigation water increased to 10 dS/m (Unliikara et al., 2010).

Furthermore, plant growth, development and yield of plants are
limited under salinity stress by different ways i.e. osmotic effect (water
uptake), specific-ion toxicity and/or nutritional imbalances due to nu-
trients availability, uptake and translocate within plant cells (Gupta and
Huang, 2014; Maathuis, 2007; Munns, 2002; Yasin Ashraf et al., 2014).

Salinity affected morphological, biochemical and physiological
processes of plants (Nawaz et al., 2010; Osman and Salim, 2016a;
Parida and Das, 2005). Therefore, using saline water (sodium chloride)
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caused reductions in vegetative growth, yield and quality of vegetable
crops such as eggplant (Hegazi et al., 2015).

Zinc (Zn) required in growth, development, flowering, pollination,
biosynthesis of tryptophan and hormones mainly indole acetic acid
(IAA) and component of several metallo-enzymes which necessary for
several functions in plant metabolism (Broadley et al, 2012;
Marschner, 1995). Foliar application of Zn improved the vegetative
growth, productivity and minimized the adverse effects of salinity on
plant biomass, water relation, gas exchange characteristics and yield of
rice. Zinc was also useful under non stressed conditions (Yasin Ashraf
et al., 2014). Likewise, Pandey et al. (2010) stated that, the harmful
effects of salinity stress on growth and yield of mungbean were mini-
mized after ZnSO, foliar spray.

The objectives of present research were to study the impact of zinc
sulphate in mitigating the adverse effects of saline water stress on
eggplant and its role in improving the photosynthetic pigments, os-
molytes, antioxidants defense system and mineral nutrients status.

2. Materials and methods

To investigate how could the foliar spray with zinc in the form of
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ZnSO,4 be effective in ameliorating the negative impact at eggplant
plants subjected to salt stress, a two years pot experiments were con-
ducted at the Experimental Farm, Faculty of Agriculture, Ain Shams
University, Cairo, Egypt, during two successive summer seasons at 21
March 2017 and 2018.

2.1. Soil preparation and transplantation

Seedlings of eggplant "long white" (45 day old) were selected and
transplanted into plastic pots (40 cm diameter) containing 15 kg of acid
washed sandy soil with one plant/pot. The seedlings were irrigated
with Hoagland solution (Hoagland and Arnon, 1950).

2.2. Experimental design and treatments

Two sets of pots were used to test the effect NaCl salinity on egg-
plant growing plants. The first set of pots served as control of salinity
(0 mM NaCl) where the full-strength Hoagland nutrient solution was
used without the addition of NaCl. The second set of pots was the same
full-strength Hoagland nutrient solution plus 100 mM NaCl. The irri-
gation with saline solution started at two weeks after transplanting at
rate 3 L per pot every 3 days. After every two times of irrigation with
saline water and before applying the next one, pots were irrigated with
tap water to avoid salt accumulation in the soil. Zinc sulphate (ZnSO,4)
was used as a source of Zn which applied as a foliar treatment with the
following concentrations; 0, 0.7, 1.5 and 3 mM. The application of the
foliar spray with ZnSO,4 was three times with 15-day intervals started at
two weeks after transplanting.

The pots of experiment were arranged to be in a complete rando-
mized block design with three replicates, where the eight treatments as
following:

1) NaCl at 0 mM +
2) NaCl at 0 mM +
3) NaCl at 0 mM +
4) NaCl at 0 mM +
5) NaCl at 100 mM
6) NaCl at 100 mM
7) NaCl at 100 mM
8) NaCl at 100 mM

ZnS0O,4 at 0.0 mM
ZnS0O,4 at 0.7 mM
ZnSO,4 at 1.5 mM
ZnS0O,4 at 3.0 mM
+ ZnSO4 at 0.0 mM
+ ZnSO,4 at 0.7 mM
+ ZnSO4 at 1.5 mM
+ ZnSO,4 at 3.0 mM

2.3. Vegetative growth characteristics

Plant height, leaves number/plant, average leaf area, average leaf
fresh and dry weights, the percentage between leaf dry weight/fresh
weight and leaf area index (LAI) were recorded at 60 days after
transplanting (DAT) to explore the status of vegetative growth under
the studied treatments. Average leaf area was calculated by analyzing
the images of total plant leaves by Image-pro plus software (version 6.2,
Media Cybernetics Inc., USA). Leaf area index was calculated according
to the equation of Hunt (1990).

LAI = Total leaf area per plant

"~ Total ground area per plant

2.4. Flowering, fruit setting and yield

At flowering and ripening stages, the flowers number/plant were
accounted at 40, 55, 70, 85 and 100 DAT, whereas the full-size fruits
were harvested five times (55, 70, 85, 100 and 115 DAT) to calculate
the fruit setting ratio and the fruit set ratio over control (FS. T/C %) by
the equation described by Osman and Salim (2016b):

= (M - 1)>< 100
FS.C

where, FS. T = the percentage of fruit setting of the treatment, FS.

FS. T/C%
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C = the percentage of fruit setting of the control under non-stressed
conditions.

Additionally, fruits number/plant, average fruit fresh weight, fruit
length and total fruits yield/plant were recorded.

2.5. Determination of biochemical active compounds

2.5.1. Photosynthetic pigments

The methods as described by Arnon (1949) were used to extract the
photosynthetic pigments of eggplant fresh leaves. Leaves sample were
homogenized and centrifuged in the presence of 80% acetone. Con-
centrations of chlorophyll a, chlorophyll b, total chlorophylls and car-
otenoids were calculated using formulae described by Lichtenthaler and
Wellburn (1983), after measuring the absorption of the extracted pig-
ments using a spectrophotometer (Mapada UV 1200) at 470, 647 and
664 nm.

2.5.2. Osmolytes and soluble proteins

The major plants' osmolytes (total free amino acids, total soluble
sugars and proline) were determined to study its role in plant response
to changes in environmental conditions from non-stressed to stress
condition (salinity). Free amino acids concentrations in eggplant leaves
were analyzed using ninhydrin method described by Swamy (2008).
The developed color with ninhydrin reagent was measured using a
spectrophotometer (Mapada UV 1200) at 570 nm. Whereas, the con-
centrations of proline in the same leaves were extracted in 3% (w/v)
aqueous sulfosalicylic acid, then determined using the acid ninhydrin
reagent and reading at 520 nm as described by Bates et al. (1973). Total
soluble sugars were extracted from leaves sample using 80% hot
ethanol (A.0.A.C., 2005), then spectrophotometrically determined
using anthrone reagent (100 mg anthrone +50 ml 95% H,SO,) as de-
scribed by Sadasivam and Manickam (2010) at 620 nm using glucose as
standard. Total soluble protein was determined in the leaves extracts
using the colorimetric method described by Bradford (1976), based on
binding of proteins to Coomassie Brilliant Blue G-250 reagent then
reading at 595 nm using bovine serum albumin as the standard.

2.5.3. Assessing the antioxidant status of SOD and oxidative damage
2.5.3.1. Activity of superoxide dismutase. One gram of eggplant leaves
samples were freezing in liquid nitrogen to prevent proteolytic activity
followed by grinding with 5 ml of cold extraction buffer (0.1 M
phosphate buffer, pH 7, containing 0.5 mM EDTA and 2% (w/v)
polyvinylpyrrolidone (PVP)), then centrifuged for 20 min at 10,000
X g to use the supernatant as enzyme extract. The specific activity of
SOD was determined using the nitro-blue tetrazolium (NBT)
photochemical assay at 560 nm as described by Beauchamp and
Fridovich (1971).

2.5.3.2. Lipid peroxidation. The production of malondialdehyde (MDA)
in plant cells considered a good indicator for the oxidative damage to
membrane lipids which determined by reacts with thiobarbituric acid
(TBA) to form a pink solution. Lipid peroxidation rates were estimated
by measuring the malondialdehyde equivalents according to improving
method by Hodges et al. (1999).

2.5.4. Determination some macro, micronutrients and sodium

At 70 days from planting, eggplant leaves and fruits samples were
cut gently at random from each treatment, plant samples were dried at
60 °C in a forced air oven for 72 h to determine the concentration of N,
P, K, Mg, Ca, Fe, Mn, Zn, Cu and Na. Samples (0.5 g) were wet digested
using H,SO,4 and H,0, mixture. Total nitrogen concentration was de-
termined by using the micro-Kjeldahl method as described by Horneck
and Miller (1998). The molybdenum blue method described by
Bernhart and Wreath (1955) was used to determine total P. The flame
photometer were used as described by Horneck and Hanson (1998) to
determine the concentration of K and Na. The inductively coupled
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Table 1
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Influence of foliar spray with ZnSO, on the vegetative characteristics of eggplant plants growing under different levels of NaCl salinity (0 and 100 mM) during 2017

and 2018 growing seasons (main of two seasons).

Treatments (mM) Plant height (cm)  Leaves no./plant  Average leaf FW (g)  Average leaf DW (g) DW/FW % Average leaf area (cm?)  LAI
NaCl ZnSO,
0 0 42,5 + 3.1 16.3 + 2.5° 3.26 + 0.2° 0.47 + 0.0¢ 145 + 0.5 42,4 + 7.6% 1.0 = 0.3
0.7  45.6 * 1.6°® 19.8 = 2.0 3.42 + 0.1% 0.63 + 0.1%® 18.4 = 0.9%  68.8 + 11.8% 1.9 + 0.22°
1.5 483 + 3.5 23.9 + 3.2% 3.61 = 0.1% 0.67 + 0.1* 18.7 = 1.9% 741 + 17.1° 2.5 + 0.5%
3 54.0 + 1.0° 23.6 + 2.3% 3.39 + 0.1 0.6 = 0.0°" 17.8 + 0.6  77.8 + 19.7° 2.6 + 0.7
100 0 39.5 + 3.8° 13.7 + 3.8° 3.38 + 0.1%® 0.45 + 0.0¢ 13.2 = 0.8¢ 34.7 = 5.3° 0.7 * 0.2¢
0.7 442 * 1.7 15.0 + 2.6 3.36 + 0.1% 0.58 + 0.0 17.3 = 0.5° 37.7 + 3.5" 0.8 + 0.2¢
1.5 47.8 = 1.6 24.0 + 3.6%° 3.27 + 0.1° 0.66 + 0.0% 20.1 + 0.3% 61.6 + 11.5° 2.1 = 0.3
3 51.3 + 5.5% 28.3 + 3.2% 3.24 + 0.1° 0.54 + 0.0 16.6 = 1.3 52,0 + 7.1%® 2.1 * 0.5°
MSD 0.05 9.61 6.88 0.32 0.09 2.34 35.48 1.09
Mains of ZnSO, 0 41.0° 15.0° 3.32° 0.46° 13.9° 38.6° 0.8"
0.7  44.9" 17.4° 3.39° 0.61° 17.8° 53,230 1.4°
1.5  481% 23.9° 3.44° 0.67° 19.4° 67.8° 2.3%
3 52.6% 25.9% 3.322 0.57° 17.2° 64.9° 2.3a
Mains of NaCl 0 47.6° 20.9° 3.42° 0.60° 17.3° 65.7° 2.0°
100 45,72 20.2% 3.31% 0.56" 17.12 46.5° 1.4
MSD ZnSO, 5.6 4.0 0.19 0.05 1.4 20.7 0.6
MSD NaCl 2.9 21 0.10 0.03 0.7 10.8 0.3

Means (+SD) followed by different letters are significantly different at P< 0.05 level; Tukey's HSD test. Where MSD = minimum significant difference, DW = dry

weight, FW = fresh weight, LAI = leaf area index.

plasma atomic emission spectroscopy (ICP-AES) were used as described
by Stefansson et al. (2007) to determine Mg, Ca, Zn, Fe, Mn and Cu.

2.6. Statistical analysis

Data of the two seasons were arranged and statistically analyzed
using CoStat software (version 6.4, CoHort Software, USA) according to
the method described by Gomez and Gomez (1984). Two-way analysis
of variance (ANOVA) was used to test for significant differences among
salinity levels and foliar spray with ZnSO,4 at P < 0.05, followed by
Tukey's HSD test.

3. Results
3.1. Vegetative growth

Irrigation with saline water (NaCl) had a negative impact on all
vegetative growth parameters of eggplant as presented at Table 1. Al-
though, the significance test between means showed that the individual
treatment of NaCl at 100 mM didn't significantly different from the
individual treatment of 0 mM NaCl for all the studied vegetative growth
parameters (plant height, leaves no./plant, leaves FW and DW, average
leaf area and LAI), salinity at 100 mM NaCl decreased the growth.
These insignificant decreases in all vegetative growth parameters may
be refer to the presence of ZnSO, (the second studied factor), which
recorded a high positive increase in the values of vegetative growth
parameters, which in turn had indirect effect on the significance test.
The main effect of salinity supports this hypothesis, where application
of 100 mM NaCl didn't significantly affect plant height, leaves no./
plant, average leaf FW and leaves DW/FW %. In contrast, the most
influenced parameters under NaCl-salinity were leaf DW, leaf area and
LAI (Table 1). The foliar applications of ZnSO, (0.7, 1.5, 3 mM) sig-
nificantly increased the values of the most studied parameters com-
paring with the control level (0 mM ZnSO,) either under 0 mM NaCl or
100 mM NaCl. Although the application of ZnSO, at 3 mM recorded the
highest significant values for plant height either under stressed or non-
stressed conditions, the most effective treatment under the same con-
ditions was ZnSO,4 at 1.5 mM which highly increased and promoted the
vegetative growth (Table 1). Between all the vegetative growth para-
meters, the most influenced one by ZnSO, treatments were leaf area
and LAI which recorded an increase ranged from 1.5:1.8 and 2:2.5
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times respectively over control under both salinity levels.

3.2. Flowering and fruit yield

Flowering is a very sensitive stage to the changes of environmental
factors. Responses of the different flowering and yield parameters in-
dicated to the strength of flowering stage under salinity stress (100 mM
NaCl) comparing with control conditions (0 mM NaCl) were recorded
and illustrated in Fig. 1. Generally, irrigation with saline water
(100 mM NaCl) led to a significant reduction in flowers no. and fruits
no. which consequently affected the percentage of fruit setting
(Fig. 1A-C).

Not always values of fruit set % consider a better indicator for the
power of treatment on the characteristics of flowering and yield espe-
cially when the growth conditions are instable which contributes sub-
stantially to affect on the total number of flowers. In view of the fact
that value of the fruits no./plant will never exceed the value of the
flowers no./plant, so the most important parameters would indicate to
the changes in flowering under saline conditions are both of flowers no.
per control and fruits no. per control of non-stressed plants. Regarding
the values (8 and 12.7) of the flowers no./plant under saline and non-
saline conditions respectively, the individual treatment of NaCl at
100 mM reduced the flowers no./plant to 40% less than control (0 mM
NaCl) (Fig. 1A). Respecting the production and development of fruits
under the same conditions, 75% of flowers (8) would be able to produce
fruits under 100 mM NaCl comparing with 87% (12.7 flower) under
0 mM NaCl, which indicate that the reduction in fruit set % over control
was —12%, while focusing on the values of the fruits no. under saline
and non-saline conditions (6 and 11 fruit/plant) revealed that the fruits
no. per control had been reduced to reach 55% under saline water
treatment (Fig. 1A-C).

Foliar application with ZnSO, at the lowest level (0.7 mM) boosted
the development and stability of flowers and fruits of eggplant under
either stressed or non-stressed conditions (Fig. 1A-C). Flowers no.
under 100 mM NaCl was increased to record 12.3 flower/plant with
application of 0.7 mM ZnSO, which become near enough from control
(12.7 flower/plant) of non-stressed plant with a proportion reach 97%
based on control. The same observation was obvious for fruits no./
plant, where the percentage per control reach 91% after treated with
0.7 mM ZnSO4 (10 compared to 11 fruit/plant). The same level of
ZnSO, encouraged the plants irrigated with non-saline water to
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Fig. 1. Influence of foliar spray with ZnSO,4 on the flowering and fruit yield characteristics of eggplant plants growing under different levels of NaCl salinity (0 and
100 mM) during 2017 and 2018 seasons (main of two seasons). Means (+SD as error bar).

improve the development of flowering stage by increasing both flowers
and fruits numbers to record an increase by 18% and 24% over control
of flowers and fruits numbers parameters under the same condition.
Furthermore, increasing the level of applied ZnSO4 to 1.5 mM boosted
the values of flowers and fruits numbers to its highest significant levels
either under normal conditions or stressed conditions, where recorded
an increase under non-stressed conditions by 55% and 73% respectively
over control (19.7 compared to 12.7 flower/plant, and 19 compared to
11 fruit/plant), whereas the same treatment (1.5 mM ZnSO,) under 100
mM NaCl recorded an increase over the control of both stressed con-
dition and normal condition by 23% and 27% for flowers and fruits
numbers respectively regarding its means (15.7 compared to 12.7
flower/plant, and 14 compared to 11 fruit/plant). Although increasing
the level of ZnSO4 to 3 mM led to an increase in the values of all
flowering parameters either under stressed or non-stressed conditions
over what recorded with ZnSO4 at 0.7 mM or control, unexpectedly the
means values for these parameters were in the second order after the
treatment of ZnSO,4 at 1.5 mM (Fig. 1A-C). This observation directed
the thinking to looking for where that much of wasted energy go or it
might be had a negative effect on some physiological functions which

led to a retreat in the growth acceleration of flowering parameters. The
possible answer for this hypothesis comes from the results of plant
height (Table 1), where ZnSO,4 at 3 mM recorded the highest values
between all treatments, which indicate that type of wasted energy was
directed to support the vegetative growth instead of the reproductive
growth.

The yield of fruits/plant is the outcome of fruits number and
average fruit FW. Irrigation with Saline water reduced the fruits yield
by 62% comparing with control. The treatment of ZnSO,4 at 1.5 mM
recorded the highest significant values between all ZnSO, treatments
either under non-stressed or stressed conditions with an increase 122%
and 18% over control of 0 mM NaCl respectively (Fig. 1F). Since the
highest values for average fruit FW recorded with the treatment of
ZnS04 at 3 mM under both salinity levels (Fig. 1E), so the significant in
fruits yield readings refer mainly to fruits no./plant (Fig. 1B).

3.3. Biochemical changes

Salinity stress had a negative impact on the amount of chlorophylls.
Applications of ZnSO, slightly improved the chlorophyll concentrations
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Table 2

Influence of foliar spray with ZnSO, on the photosynthetic pigments con-
centration of eggplant plants growing under different levels of NaCl salinity (0
and 100 mM) during 2017 and 2018 growing seasons (main of two seasons).

Treatments (mM) Chl a Chl b Chla+b Carotenoids Chl a:b
(mg/g (mg/g (mg/g (mg/g FW)  (Ratio)
FW) FW) FW)

NaCl ZnSO,

0 0 1.13° 0.39¢ 1.53° 0.10 2.87
0.7 1.372 0.50% 1.86° 0.10 2.76
1.5 1.28%° 0.47%° 1.75% 0.12 2.74
3 1.29% 0.42° 1.712 0.14 3.05

100 0 0.66° 0.27¢ 0.94° 0.08 2.42
0.7 0.70° 0.27¢ 0.97¢ 0.09 2.61
1.5 0.79¢ 0.28¢ 1.07¢ 0.12 2.92
3 0.77¢ 0.28¢ 1.05¢ 0.13 2.83

MSD 0.05 0.18 0.07 0.17 NS

Mains of ZnSO, 0 0.90° 0.33° 1.23° 0.09
0.7 1.04* 0.38° 1.422 0.10
1.5 1.042 0.382° 1.41° 0.12
3 1.03% 0.35% 1.38% 0.13

Mains of NaCl 0 1.27% 0.44° 1.712 0.12
100 0.73" 0.28° 1.01° 0.10

MSD ZnSO, 0.11 0.04 0.10 NS

MSD NaCl 0.06 0.02 0.05 NS

Means followed by different letters are significantly different at P< 0.05 level;
Tukey's HSD test.
NS = Not significant at p<0.05.

but didn't reach the significant level under 100 mM NacCl. Foliar ap-
plication of ZnSO, at all studied levels enhanced the values of photo-
synthetic pigments under irrigation with non-saline water to record the
highest significant level by ZnSO, at 0.7 mM for Chlorophyll a,
Chlorophyll b and total chlorophylls, whereas the highest values of
carotenoids were recorded by ZnSO,4 at 3 and 1.5 mM respectively
(Table 2).

Concentrations of free amino acids, proline, total soluble proteins
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and total soluble sugars in leaves were presented in Fig. 2. Salinity
insignificantly decreased the values of free amino acids and total so-
luble proteins while recorded insignificantly increase for proline and
total soluble sugars over control. Foliar applications of ZnSO,4 increased
the levels of osmolytes and soluble proteins especially under salinity
stress. The most effective treatment boosted the osmolytes concentra-
tion under non-stressed conditions was ZnSO,4 at 3 mM, whereas ZnSO4
at 1.5 mM was the most effective treatment for soluble protein con-
certation either under stress or non-stress conditions (Fig. 2).

Oxidation of membrane lipids recorded the highest significant va-
lues in the form of MDA in the plants irrigated with saline water at
100 mM NaCl (Fig. 3A). Application of ZnSO, reduced the values of
MDA under both salinity levels. The most effective treatment in redu-
cing the levels of MDA was 1.5 mM ZnSO,. Superoxide dismutase en-
zyme considers the first line of defense against oxidative damage caused
by many environmental stresses. Application of NaCl at 100 mM du-
plicated the activity of SOD comparing with control (Fig. 3B), which
indicated that eggplant has some resistance to salinity stress by up-
holding the activity of SOD enzyme. Application of ZnSO,4 boosted the
activity of SOD especially for the level of 1.5 mM which recorded an
increase in activity reach to 2.5-fold the activity in control.

Salinity led to an increase in the concentration of micronutrients
and a decrease in the concentration of macronutrients at leaves except
for P concentration which was increased under saline condition in
leaves (Figure 4). Foliar application of ZnSO, reduced the concentration
of Ca, Mg, Fe and Na in eggplant leaves either under non-stressed or
stressed conditions comparing with control at 0 and 100 mM respec-
tively. Also, the concentration of N in leaves were decreased under non-
stressed condition and increased under stressed condition influenced by
of ZnSO, application, whereas the opposite occurred with fruits since
ZnSO, application increased the N concentration (Fig. 4). The pro-
moting effect of ZnSO,4 on the concentration of K either in leaves or
fruits of eggplant, was achieved under salinity stress, whereas under
non-stress condition, the concentrations of K were increased in eggplant
leaves only after applications of ZnSO,. Leaves of eggplant are more

Free amino acids Proline
A) ONaClat0 m B)
BNaClat100
12,0 4 3.5 1
a
10,0 - e 3.0
a F
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Fig. 2. Influence of foliar spray with ZnSO, on A) the concentration of total free amino acids, B) proline, C) total soluble protein and D) total soluble sugar in the
leaves of eggplant plants growing under different levels of NaCl salinity (0 and 100 mM) during 2017 and 2018 seasons (main of two seasons). Means (+ SD as error
bar) followed by different letters are significantly different at P< 0.05 level; Tukey's HSD test.
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sensitive than fruits in accumulation of Na™ ions. The most effective
treatment that reduced the levels of Na in leaves or fruits is ZnSO, at
1.5 mM which also recorded the highest K concentration under salinity
comparing with its control.

4. Discussion

All types of abiotic stresses have a an intense effect on the yield of
vegetable crops, due to most of them are sensitive or moderate tolerant
to the abiotic stresses which resulting to a pronounced reduction in the
produced yield (leaves, roots, fruits, etc.). Salinity stress considers the
most harmful stress between all abiotic stresses which contributes
substantially in limit the growth and productivity of several crops.
Salinity stress has a dual deleterious effect on plant growth, one as
osmotic stress and the other as ions toxicity, which induces a secondary
oxidative stress. Several studies reported that eggplant is moderately
sensitive to salinity stress (Chartzoulakis and Loupassaki, 1997;
Unliikara et al., 2010; Assaha et al., 2013), which indicated that it has
some abilities to tolerate the moderate abiotic stress. The current study
aimed to motivate this ability by foliar spray of zinc in the form of
ZnSO,.

In the present study, the individual application of 100 mM NaCl led
to a reduction in leaves no./plant, average leaf area and LAI, while the
fresh and dry weights of the leaves didn't affect significantly (Table 1),
which in turn indicate that between all vegetative parameters, the most
influenced parameter under salinity is leaf area. Additionally, in-
dividual treatment of 100 mM NaCl had the lowest value in leaf DW/
FW % which reveal that salinity stress had a positive effect on leaves
water content, which could be a result of accumulating Na™* ions to its
highest level in cell vacuole which in turn decrease its osmotic potential
which led to pull up more water to the leaf cells, or could be refer to
that accumulation of Na™ ions at leaves have a negative effect on the
leaves dry matter. These results are in good agreement with
Chartzoulakis and Loupassaki (1997), who reported that the most sig-
nificant reduction in eggplant seedlings under salinity stress were for
plant height and leaf area, while the leaf area was the most sensitive
parameter due to its highest Na* ion concentration comparing with
other organs. Furthermore, the reduction in leaves no./plant (Table 1)
under NaCl salinity directly reduced the flowers number per plant
(Fig. 1A), which consequently, lessened the number of formed fruits per
plant and total yield (Fig. 1B, F). Salinity not only affected the total
yield by reducing the total fruits no./plant (Fig. 1B), but also by re-
ducing the average fruit fresh weight (Fig. 1E). In this regard, Mahjoor
et al. (2016) referred the reduction in fruit FW to the considerable ef-
fects of salinity on decreasing the osmotic potential in fruit cells which
consequently causes less water translocation.

Between all recorded nutrients in leaves and fruits of eggplant, the
only element reported a markedly decrease in both leaves and fruits
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parallel with increasing the concentration of Na* ions under salinity
stress, was K. Additionally, K concentration in fruits is about 2-fold its
concentration in leaves (Fig. 4), which indicate to the importance of K
on fruit development which motivating the plant to support its trans-
location to fruits. In this regard, the eggplant food data report by USDA
(2019) illustrated that between all elements located at eggplant fruit, K
is the highest one which for example recorded 229 mg/100 g FW
comparing with Ca 9 mg/100 g FW, while Michatoj¢ and Buczkowska
(2009) mentioned that eggplant fruits are abundant in K, where its
amount ranges from 200 to 600 mg K/100 g FW, depending on a
variety. This accumulation could be responsible for modulating the
osmotic regulation during fruit cells expansion and controlling the
transport of photo-assimilates from the source to sink, which reflected
on fruit quality by maintaining the desirable sugar to acid ratio (Kumar
et al., 2006; Méiser et al., 2002). Also, Akinci et al. (2004) found a revers
relationship between concentration of Na* and K* ions in eggplant
leaves subjected to salinity stress and decreasing the ratio between K*/
Na™ which reflected on the delay and reduction of fruit development.

The most effective osmolyte in eggplant leaves subjected to 100 mM
NaCl are proline and total soluble sugars which increased comparing
with control. On the contrary, the concentration of free amino acids
reduced under same comparison, whereas total soluble protein nearly
not affected by salinity (Fig. 2). Furthermore, the activity of SOD in-
creased with increasing the amount of lipid peroxidation (Fig. 3). These
observations indicated that eggplant irrigated with saline water de-
pending mainly in osmoregulation process on total soluble sugars and
proline, while the share of free amino acids in this osmoregulation was
reduced, to serve in maintaining the amount of functional proteins
(total soluble proteins) near normal values of non-stressed conditions.
Additionally, these increases in proline, total soluble sugars and the
activity of SOD under salinity stress, affirm that is moderately sensitive
to salinity stress (Unliikara et al., 2010).

Maximizing the performance of antioxidants machinery under
salinity stress which reflecting on growth and development of eggplant,
were studied by foliar spray of ZnSO,4. The nutrients uptake under NaCl
salinity inhibited as a result of competitive interactions between Na*
and other nutrients, resulting in deficiencies of these elements, which
reflecting on reducing plant growth (Assaha et al., 2013). Zinc defi-
ciency is recognized as the most critical one under saline conditions
(Novo et al., 2014). Foliar application of ZnSO4 under salinity stress
increased the concentration of N, P, K, Cu and Zn in the leaves and
fruits which accompanying with a reduction in Na concentration in the
leaves and fruits of eggplant (Fig. 4). Zinc has the ability to inhibit the
uptake, translocation and repressed the transport of Na* ions in plant
which improve plant growth (Shahriaripour et al., 2010; Weisany et al.,
2014). This concomitant improvement in eggplant growth with Zn
application not only due to its role in enhancing the nutrients balance,
but also to its direct or indirect role on enhancing the physiological
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functions and metabolism which increased the levels of assimilates and
its derivatives macromolecules (Fig. 2), boosted the activity of anti-
oxidants (SOD), leading to a marked reduction in the lipid peroxidation
(Fig. 3), which in turn maintained the membrane integrity and restore
its complete functions. These enhancements have a positive effect on
water and nutrients uptake resulting in improving eggplant vegetative

growth (Table 1) and fruits yield (Fig. 1). All the studied ZnSO, levels
(0.7, 1.5 and 3 mM) comparing with 0 level, increased all the men-
tioned parameters, but the most effective level is ZnSO,4 at 1.5 mM ei-
ther under saline or non-saline conditions. Regarding Zn importance,
Zn has a fundamental role in the biosynthesis of chlorophyll and con-
version of starch to sugars (Tavallali et al., 2009). Zinc is the only metal
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represented in the six classes of enzymes which making Zn has a very
important role in plant metabolism including nitrogen assimilation, cell
division, pollen formation, photosynthesis and synthesis of carbohy-
drates, maintaining integrity of membranes and reduce lipids perox-
idation (Galal, 2019; Shahriaripour et al., 2010).

5. Conclusion

Results of this study concluded that eggplant not only consider as a
moderate sensitive plant to NaCl salinity, but also foliar application
with ZnSO, increased its level of tolerance to a higher one, which en-
hancing the growth and productivity of eggplant under 100 mM NaCl as
a consequence of reducing the accumulation of Na in eggplant leaves
and fruits tissues to a non-toxic level, which reflecting on increasing the
tolerance to salinity by enhancing the activity of the antioxidant en-
zyme (SOD) and nutrients concentration. The best Zn application
eliminated the negative effects of salinity on qualitative and quantita-
tive traits of eggplant was the foliar treatment with ZnSO, at 1.5 mM.
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