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Abstract: Salinity is one of the harsh environmental stresses that destructively impact potato growth
and production, particularly in arid regions. Exogenously applied safe–efficient materials is a vital
approach for ameliorating plant growth, productivity, and quality under salinity stress. This study
aimed at investigating the impact of foliar spray using folic acid (FA), ascorbic acid (AA), and
salicylic acid (SA) at different concentrations (100, 150, or 200 mg/L) on plant growth, physiochemical
ingredients, antioxidant defense system, tuber yield, and quality of potato (Solanum tuberosum
L cv. Spunta) grown in salt-affected soil (EC = 7.14 dS/m) during two growing seasons. The
exogenously applied antioxidant materials (FA, AA, and SA) significantly enhanced growth attributes
(plant height, shoot fresh and dry weight, and leaves area), photosynthetic pigments (chlorophyll
a and b and carotenoids), gas exchange (net photosynthetic rate, Pn; transpiration rate, Tr; and
stomatal conductance, gs), nutrient content (N, P, and K), K+/ Na+ ratio, nonenzymatic antioxidant
compounds (proline and soluble sugar content), enzymatic antioxidants (catalase (CAT), peroxidase
(POX), superoxide dismutase (SOD), and ascorbate peroxidase (APX)) tuber yield traits, and tuber
quality (dry matter, protein, starch percentage, total carbohydrates, and sugars percentage) compared
with untreated plants in both seasons. Otherwise, exogenous application significantly decreased
Na+ and Cl− compared to the untreated control under salt stress conditions. Among the assessed
treatments, the applied foliar of AA at a rate of 200 mg/L was more effective in promoting salt
tolerance, which can be employed in reducing the losses caused by salinity stress in potato grown in
salt-affected soils.

Keywords: salinity; folic; ascorbic; salicylic; agronomic traits; physiological attributed; biochemical
parameters; tuber yield; tuber quality

1. Introduction

Potato (Solanum tuberosum L.) is an essential food crop either for local consumption
or export. It has essential beneficial values in human nutrition as an adequate source of
starch, energy, vitamins, minerals, and organic acids [1]. Potato is considered the fourth
essential crop in the world after wheat, rice, and maize [2]. Its total cultivated area is about
17.34 million hectares, which produce almost 370.43 million tons annually [2].

Salinity is one of the harsh environmental stresses that destructively impact potato
growth and production, particularly in arid regions [3]. Large areas of cultivated soils
are salt affected, mainly in arid regions due to high evaporation, low precipitation, poor
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drainage, poor irrigation practices, rising water tables, or using saline water in irriga-
tion [4,5].

Plants grown in salt-affected soils suffer from decreased water availability, which
causes water shortfall, specific toxic impacts of Na+ and Cl− ions, and nutrient imbalance
by reducing the absorption of certain elements [6,7]. Salt stress obstructs the water relations
of the plant, which results in osmotic stress [8]. Additionally, accumulation of salt in the
leaf apoplast causes turgor loss and dehydration, which leads to the death of tissues and
cells [9]. Under salt stress, there is a decrease in or inhibition of nutrient uptake, which
leads to a lack of chlorophyll content [10,11]. Moreover, salinity causes a considerable
reduction in plant growth by inhibiting plant metabolism [12,13]. It destructively impacts
plant metabolism through osmotic stress and high production of ROS such as O2

−, OH−,
and H2O2 [14].

Potato, like other field crops, is influenced by environmental stresses such as soil
salinity, drought stress, and other biological and physical effects, especially under current
climate change [15]. Foliar feeding can be applied successfully to compensate for the
shortage of certain elements and enhance plant growth, particularly under environmental
stresses [12,16]. The present global scenario strongly affirms the importance of sustainable
agriculture and eco-friendly agricultural practices [17]. Recently, certain safe–efficient
products have been employed to mitigate the environmental stresses on field crops such as
folic acid (vitamin B9), ascorbic acid (vitamin C), and salicylic acid.

Folic acid (FA) is a natural antioxidant and growth regulator in plants [18]. It is a dom-
inant cofactor for carbon transfer functions that are involved in various cellular reactions
such as the synthesis of purines, photorespiration cycle, chlorophyll, and choline [19]. FA
plays a crucial biochemical role in nucleic acid synthesis and amino acid metabolism and
has become a common source of B complex vitamins [20]. Accordingly, it can be used as a
novel, efficient organic fertilizer to boost the physiological processes of plants and conserve
nutrients. It enhances solubilizing micronutrients, cell elongation, water retention, and
cation exchange capacity [21]. Furthermore, it supports the transfer of amino acids to the
proper location in protein chain creation and is also involved in the methylation of amino
acids [22]. It has valuable impacts on catching the active oxygen that is generated during
respiration and photosynthesis processes [22].

Ascorbic acid (AA) is involved in numerous processes such as cell division, cell expan-
sion, cell enlargement, photoprotection, photosynthesis, flowering, final yield development,
and carbohydrate synthesis [23]. It contributes to various metabolic and cell signaling
activities. AA regulates numerous physiological functions controlling the development,
growth, and tolerance of diverse environmental stresses [24]. It plays a decisive role in the
photosynthesis process and adjusts the redox state of photosynthetic electron carriers [25].
AA is a main component in the ascorbate–glutathione cycle and reduces oxidative stress by
regulating ROS detoxification [26].

Salicylic acid (SA) is a plant hormone produced naturally and belongs to the group of
phenolic acids [27]. SA is considered an endogenous regulator in plants and plays a crucial
role in several physiological and biological processes [28,29]. SA regulates the synthesis and
signaling of other hormones such as ethylene, jasmonic acid, and auxin [30,31]. Moreover,
it adjusts membrane permeability, stomatal conductivity, ion uptake, transport, and growth
development [32]. Accordingly, it plays an integral role in improving plant tolerance to
biotic and abiotic stresses [33].

Folic, ascorbic, and salicylic acids are affordable and convenient growth regulators to
enhance plant efficiency, in particular under environmental stresses [34–36]. Accordingly,
there is progress in assessing the roles of these acids on plants, but several aspects of
physiological responses necessitate further research. Accordingly, in the present study, we
aimed at evaluating the impact of foliar spray using three antioxidant substances, folic acid,
ascorbic acid, and salicylic acid, on morphological, physiological, biochemical, agronomic,
and quality traits in potato in salt-affected soil. Furthermore, we studied the association
among the evaluated traits under salinity conditions.
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2. Results
2.1. Vegetative Growth Attributes

Exogenous application using three safe–efficient substances, folic acid (FA), ascorbic
acid (AA), and salicylic acid (SA), at different concentrations exhibited positive significant
effects (p ≤ 0.05) on potato growth attributes such as plant height, shoot fresh and dry
weight, and plant leaves area compared with untreated plants in salt-stressed soil (Table 1).
The foliar-supplied AA at a rate of 200 mg/L displayed the best performance of growth
attributes. It increased plant height by 56.2%, shoot fresh weight by 147.3%, shoot dry
weight by 153.8%, and plant leaves area by 149.2% compared to untreated plants under
salinity stress (averaged over two seasons).

Table 1. Impact of exogenously sprayed folic acid in two rates of 100 and 150 mg/L, ascorbic acid in
two rates of 100 and 200 mg/L, and salicylic acid in two rates of 100 and 200 mg/L compared with
untreated control on plant height, fresh weight of shoots, dry weight of shoots, and leaves area per
plant potato in salt-affected soil over two growing seasons.

Treatment Plant Height (cm) Fresh Weight of
Shoots Plant (g)

Dry Weight of Shoots
Plant (g)

Leaves Area/Plant
(cm2)

Untreated control 51.1 ± 2.2 f 131.6 ± 3.8 f 16.6 ± 1.0 g 1356 ± 5.9 f

Folic acid 100 mg/L 64.3 ± 2.9 d 349.3 ± 5.2 c 43.5 ± 1.6 d 3337 ± 6.1 c

Folic acid 150 mg/L 67.3 ± 2.8 c 364.8 ± 4.7 bc 45.1 ± 1.4 c 3897 ± 7.6 b

Ascorbic acid 100 mg/L 72.1 ± 3.2 b 386.3 ± 4.6 b 47.8 ± 1.7 b 4500 ± 8.4 a

Ascorbic acid 200 mg/L 79.6 ± 3.0 a 455.3 ± 5.3 a 58.5 ± 2.2 a 4734 ± 8.2 a

Salicylic acid 100 mg/L 61.0 ± 2.9 e 247.5 ± 3.8 e 30.8 ± 1.0 f 2632 ± 5.8 e

Salicylic acid 200 mg/L 63.6 ± 2.6 d 311.8 ± 3.4 d 38.8 ± 1.4 e 3043 ± 7.8 d

Means followed by different letters differ significantly by LSD (p < 0.05).

2.2. Photosynthetic Pigments and Gas Exchange

The foliar treatments, i.e., folic acid (FA), ascorbic acid (AA), and salicylic acid (SA),
had significant positive impacts (p ≤ 0.05) on photosynthetic pigments (i.e., chlorophyll a
and b and carotenoids) and gas exchange (Pn, Tr, and gs) of potato plants under salt-affected
soil compared to untreated control (Table 2). The best treatment was AA at the rate of
200 mg/L, which improved chlorophyll a by 52.9%, chlorophyll b by 48.6%, carotenoids by
13.4%, Pn by 79.1%, Tr by 80.9%, and gs by 86.8% compared to untreated control over the
two seasons.

Table 2. Impact of exogenously sprayed folic acid in two rates of 100 and 150 mg/L, ascorbic acid in
two rates of 100 and 200 mg/L, and salicylic acid in two rates of 100 and 200 mg/L compared with
untreated control on chlorophyll a (Chla), chlorophyll b (Chlb), carotenoids, net photosynthetic rate
(Pn), transpiration rate (Tr), and stomatal conductance (Gs) of potato in salt-affected soil over two
growing seasons.

Treatment Chla
(mg g−1 FW)

Chlb
(mg g−1 FW)

Carotenoids
(mg g−1 FW)

Pn (µmol CO2
m−2 s−1)

Tr (mmol H2O
m−2 s−1)

gs (mmol H2O
m−2 s−1)

Untreated control 0.97 ± 0.03 e 0.70 ± 0.03 d 0.90 ± 0.03 d 5.46 ± 0.13 g 3.75 ± 0.11 d 0.305 ± 0.02 d

Folic acid 100 mg/L 1.27 ± 0.05 c 0.84 ± 0.04 bc 0.97 ± 0.04 abc 9.10 ± 0.18 d 5.13 ± 0.13 b 0.423 ± 0.03 b

Folic acid 150 mg/L 1.31 ± 0.07 c 0.88 ± 0.03 b 0.98 ± 0.03 abc 9.51 ± 0.26 c 5.25 ± 0.12 b 0.513 ± 0.02 a

Ascorbic acid 100 mg/L 1.38 ± 0.09 b 1.03 ± 0.05 a 1.00 ± 0.06 ab 10.05 ± 0.24 b 6.33 ± 0.15 a 0.536 ± 0.04 a

Ascorbic acid 200 mg/L 1.48 ± 0.07 a 1.04 ± 0.04 a 1.02 ± 0.05 a 10.70 ± 0.30 a 6.78 ± 0.14 a 0.563 ± 0.03 a

Salicylic acid 100 mg/L 0.98 ± 0.04 e 0.75 ± 0.02 cd 0.93 ± 0.07 cd 7.19 ± 0.18 f 4.35 ± 0.12 c 0.385 ± 0.01 c

Salicylic acid 200 mg/L 1.15 ± 0.08 d 0.80 ± 0.03 c 0.95 ± 0.04 bcd 7.64 ± 0.17 e 5.04 ± 0.13 b 0.413 ± 0.02 b

Means followed by different letters differ significantly by LSD (p < 0.05).

2.3. Nutrient Content and K+/Na+ Ratio

All foliar treatments displayed a significant effect (p ≤ 0.05) on the nutrient content of
N, P, and K+ and the ratio of K+/Na+ while substantially decreasing Na+ and Cl− content
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(Table 3). The application of AA at a rate of 200 mg/L exhibited the highest increase
in the content of N, P, K and the ratio of K+/Na+ by 75.2, 13.6, 81.6, and 159.2% while
decreasing Na+ and Cl− by 62.3 and 67.7%, respectively, compared to untreated plants
under salt-stressed soil over the two seasons.

Table 3. Impact of exogenously sprayed folic acid in two rates of 100 and 150 mg/L, ascorbic acid in
two rates of 100 and 200 mg/L, and salicylic acid in two rates of 100 and 200 mg/L compared with
untreated control on the concentration of nutrients and the ratio of K+/Na+ of potato in salt-affected
soil over two growing seasons.

Treatment
Concentration of Nutrients (%) K+/Na+

RatioN P K Na Cl

Untreated control 2.28 ± 0.09 f 0.370 ± 0.02 e 2.09 ± 0.11 e 0.820 ± 0.03 a 0.745 ± 0.05 a 2.64 ± 0.10 f

Folic acid 100 mg/L 2.98 ± 0.10 d 0.405 ± 0.03 b 3.21 ± 0.12 c 0.516 ± 0.01 c 0.446 ± 0.02 c 6.23 ± 0.21 d

Folic acid 150 mg/L 3.19 ± 0.07 c 0.411 ± 0.02 b 3.28 ± 0.13 c 0.420 ± 0.02 d 0.353 ± 0.02 d 7.86 ± 0.32 c

Ascorbic acid 100 mg/L 3.50 ± 0.09 b 0.421 ± 0.03 a 3.52 ± 0.15 b 0.363 ± 0.02 de 0.293 ± 0.02 de 9.75 ± 0.33 b

Ascorbic acid 200 mg/L 3.99 ± 0.15 a 0.427 ± 0.03 a 3.79 ± 0.11 a 0.313 ± 0.01 e 0.243 ± 0.01 e 12.15 ± 0.41 a

Salicylic acid 100 mg/L 2.38 ± 0.06 f 0.380 ± 0.01 d 2.80 ± 0.12 d 0.668 ± 0.04 b 0.608 ± 0.04 b 4.20 ± 0.11 e

Salicylic acid 200 mg/L 2.79 ± 0.07 e 0.392 ± 0.03 c 2.88 ± 0.11 d 0.605 ± 0.04 c 0.527 ± 0.03 bc 4.77 ± 0.17 e

Means followed by different letters differ significantly by LSD (p < 0.05).

2.4. Osmoprotectant and Antioxidant Enzymes

All foliar treatments (i.e., FA, SA, and AA at different rates) exhibited a significant
impact (p ≤ 0.05) on the activity of osmoprotectants (i.e., proline and soluble sugars) and
all enzymatic antioxidants (i.e., CAT, POD, APX, and SOD) compared to untreated plants
(Table 4). The highest osmoprotectant and enzymatic activities were obtained using the
application of AA at a rate of 200 mg/L in both seasons. It enhanced proline, soluble sugars,
CAT, POD, APX, and SOD by 37.2, 50.6, 15.7, 55.7, 56.7, and 16.2%, respectively, compared
to untreated control under salt-affected soil.

Table 4. Impact of exogenously sprayed folic acid in two rates of 100 and 150 mg/L, ascorbic acid
in two rates of 100 and 200 mg/L, and salicylic acid in two rates of 100 and 200 mg/L compared
with untreated control on free proline, soluble sugars, catalase (CAT), peroxidase (POX), super-
oxide dismutase (SOD), and ascorbate peroxidase (APX) of potato in salt-affected soil over two
growing seasons.

Treatment
Free Proline
(µmol/g DW)

Soluble Sugars
(mg/g DW)

CAT POX SOD APX

A564 min−1 mg−1 Protein

Untreated control 29.1 ± 1.5 f 21.1 ± 1.4 g 65.8 ± 3.1 f 1.06 ± 0.10 e 5.16 ± 0.16 e 56.0 ± 2.7 f

Folic acid 100 mg/L 34.0 ± 2.6 cd 26.1 ± 1.6 d 70.4 ± 3.5 d 1.35 ± 0.12 c 6.90 ± 0.19 cd 61.9 ± 2.6 d

Folic acid 150 mg/L 35.6 ± 2.8 c 27.5 ± 1.7 c 72.1 ± 3.1 c 1.46 ± 0.13 b 7.36 ± 0.23 bc 63.3 ± 3.0 c

Ascorbic acid 100 mg/L 37.4 ± 2.3 b 29.1 ± 1.6 b 73.6 ± 3.6 b 1.55 ± 0.14 b 7.68 ± 0.28 ab 64.5 ± 3.5 b

Ascorbic acid 200 mg/L 39.9 ± 2.7 a 31.7 ± 1.5 a 76.1 ± 3.7 a 1.65 ± 0.14 a 8.08 ± 0.29 a 65.1 ± 3.4 a

Salicylic acid 100 mg/L 31.5 ± 2.6 e 23.1 ± 1.6 f 67.5 ± 3.6 e 1.19 ± 0.15 d 6.40 ± 0.21 d 60.1 ± 3.3 e

Salicylic acid 200 mg/L 33.3 ± 2.5 d 24.7 ± 1.5 e 69.4 ± 3.7 d 1.29 ± 0.12 c 6.63 ± 0.20 d 60.7 ± 3.8 e

Means followed by different letters differ significantly by LSD (p < 0.05).

2.5. Yield and Its Components

Applied foliar application using FA, AA, and SA at different concentrations exhibited a
significant increase (p ≤ 0.05) in yield grade 1, grade 2, grade 3, marketable yield, and total
yield in both seasons (Table 5). Foliar treatment of AA at rates of 200 and 100 mg/L recorded
the highest marketable and total yield followed by FA at rates of 150 and 100 mg/L.
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Table 5. Impact of exogenously sprayed folic acid in two rates of 100 and 150 mg/L, ascorbic acid in
two rates of 100 and 200 mg/L, and salicylic acid in two rates of 100 and 200 mg/L compared with
untreated control on tuber yield traits of potato in salt-affected soil over two growing seasons.

Treatment Yield of Grade 1
(ton/ha)

Yield of Grade 2
(ton/ha)

Yield of Grade 3
(ton/ha)

Marketable Yield
(ton/ha)

Total Yield
(ton/ha)

Untreated control 25.2 ± 1.5 e 2.62 ± 0.07 f 0.33 ± 0.02 e 27.8 ± 1.1 f 28.1 ± 1.4 g

Folic acid 100 mg/L 38.6 ± 2.2 c 10.16 ± 0.04 cd 1.25 ± 0.04 c 48.7 ± 1.7 d 50.0 ± 2.2 d

Folic acid 150 mg/L 43.7 ± 2.7 b 10.70 ± 0.20 c 1.24 ± 0.05 c 54.4 ± 2.3 c 55.7 ± 2.5 c

Ascorbic acid 100 mg/L 43.5 ± 2.9 b 11.60 ± 0.19 b 1.19 ± 0.05 b 55.3 ± 3.1 b 56.5 ± 3.1 b

Ascorbic acid 200 mg/L 49.8 ± 2.7 a 14.10 ± 0.26 a 1.53 ± 0.07 a 62.9 ± 2.5 a 64.5 ± 3.2 a

Salicylic acid 100 mg/L 33.5 ± 1.2 d 7.50 ± 0.15 e 0.76 ± 0.03 d 41.0 ± 2.1 e 41.8 ± 2.0 f

Salicylic acid 200 mg/L 38.7 ± 1.5 c 9.42 ± 0.18 d 1.21 ± 0.05 c 48.1 ± 2.6 d 49.3 ± 2.5 e

Means followed by different letters differ significantly by LSD (p < 0.05).

2.6. Tuber Quality

Tuber dry matter, protein, starch percentage, total carbohydrates, and sugar percentage
substantially increased as a result of using foliar applications of FA, AA, and SA compared
with untreated plants under salinity stress (Table 6). The highest value of tuber quality was
obtained by AA followed by FA and SA. The application of AA at rates 200 and 100 mg/L
exhibited the uppermost values of tuber quality. It increased DM by 33.3%, protein by
156.6%, starch by 40.5%, total carbohydrates by 40.9%, total sugar by 58.5%, reducing sugar
by 43.3%, and nonreducing sugar by 65.7% compared to untreated plants (averaged over
two seasons).

Table 6. Impact of exogenously sprayed folic acid in two rates of 100 and 150 mg L−1, ascorbic acid in
two rates of 100 and 200 mg L−1, and salicylic acid in two rates of 100 and 200 mg/L compared with
untreated control on tuber quality of potato tubers in salt-affected soil over two growing seasons.

Treatment Dry Matter
(%)

Protein
(%)

Starch
(%)

Total
Carbohydrates (%)

Sugars (%)

Total Reducing Non-
Reducing

Untreated control 19.1 ± 1.3 d 6.21 ± 0.3 e 13.4 ± 0.6 d 58.0 ± 1.6 f 5.36 ± 0.3 f 1.71 ± 0.05 f 3.65 ± 0.1 e

Folic acid 100 mg/L 21.9 ± 1.4 c 10.4 ± 0.5 c 15.9 ± 0.8 c 75.6 ± 2.7 cd 6.75 ± 0.4 c 1.99 ± 0.04 c 4.74 ± 0.2 b

Folic acid 150 mg/L 23.4 ± 1.2 b 11.1 ± 0.6 bc 17.4 ± 0.7 b 76.6 ± 2.8 c 6.84 ± 0.3 bc 2.03 ± 0.06 bc 4.82 ± 0.2 b

Ascorbic acid 100 mg/L 25.0 ± 1.5 a 12.3 ± 0.7 b 18.6 ± 0.8 a 79.5 ± 3.3 b 6.93 ± 0.6 b 2.07 ± 0.03 b 4.86 ± 0.3 b

Ascorbic acid 200 mg/L 25.4 ± 1.6 a 15.9 ± 0.9 a 18.8 ± 0.7 a 81.7 ± 3.1 a 8.49 ± 0.5 a 2.45 ± 0.07 a 6.04 ± 0.4 a

Salicylic acid 100 mg/L 19.8 ± 1.2 d 7.32 ± 0.4 d 13.5 ± 0.6 d 65.5 ± 2.0 e 6.18 ± 0.2 e 1.86 ± 0.04 e 4.31 ± 0.2 d

Salicylic acid 200 mg/L 20.9 ± 1.1 c 7.88 ± 0.4 d 15.6 ± 0.5 c 74.8 ± 2.8 d 6.45 ± 0.3 d 1.95 ± 0.05 d 4.50 ± 0.3 c

Means followed by different letters differ significantly by LSD (p < 0.05).

3. Discussion

Soil salinity reduces water availability to plant roots; decreases metabolic functions,
photosynthetic capacity, and cell elongation; and causes nutrient imbalance, ion toxicity,
and overproduction of ROS [37]. These devastating impacts are reflected in considerable
reductions in potato growth and productivity. Accordingly, it is valuable to assess the
impact of exogenously applied antioxidant materials to attenuate the detrimental impacts
on potato tuber yield and quality under salinity stress conditions. In the current study,
three safe–efficient substances, folic acid, ascorbic acid, and salicylic acid, were applied in
different concentrations to investigate their influence on growth, physio-biochemical, yield,
and quality traits under salt-stressed soil.

The obtained results revealed that the exogenous application of ascorbic acid (AA) at
rates of 200 and 100 mg/L exhibited the uppermost enhancement of all evaluated param-
eters under salinity stress. The application of AA significantly improved photosynthetic
pigments, gas exchange, and nutrient content. This enhancement could be owing to the
functions of AA as an essential cofactor of various enzymes or protein complexes [23,38].
This is in harmony with El-Hifny and El-Sayed [39], who manifested that AA treatment
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stimulated photosynthetic pigments and soluble solid substances in plant leaves compared
with untreated plants under saline conditions. Moreover, Midan and Sorial [40] demon-
strated superior impacts of AA foliar application on total chlorophyll, total phenols, total
carbohydrates, and percentage of N, P, and K in lettuce. Shalaby and El-Ramady [41]
disclosed that AA application improved the accumulation of N, P, and K and referred to
its positive impact on nutrient uptake. Additionally, AA enhanced the osmoprotectants
proline and soluble sugars and the antioxidant enzymes CAT, POD, APX, and SOD (Table 4).
This impact could be owing to the effect of AA, which is a water-soluble antioxidant that
regulates several physiological processes controlling plant development [24,42]. Further-
more, it participates in different metabolic processes and has a dynamic relationship with
reactive oxygen species (ROS) [43–45]. In this context, Sajid and Aftab [46] elucidated
that the activity of antioxidant enzymes SOD, POD, CAT, and APX increased in potato
substantially under salinity stress conditions by applied foliar ascorbic acid. All aforemen-
tioned improvements are reflected in boosting plant growth, tuber yield, and tuber quality
compared with untreated plants under salinity stress.

Folic acid (FA, vitamin B9) followed AA in its positive impacts on potato growth, tuber
yield, and quality. The obtained results elucidated that FA foliar spray displayed a positive
effect and significant increase in all vegetative growth parameters compared with untreated
plants under salinity stress. FA exogenous application increased growth parameters by
enhancing photosynthetic pigments, the metabolism of amino acids, methionine synthesis,
and the photorespiration cycle, which led to improving potato growth [47]. Furthermore,
FA has an important impact on plant growth auxin activity that contributes to improving
dry matter [48]. Similarly, Ibrahim et al. [49] disclosed that FA application significantly
increased growth parameters in potato, including plant length, leaf area, dry weight, and
chlorophyll content compared with untreated potato plants. Additionally, FA application
boosted photosynthetic pigments and nutrient content (N, P, and K) compared with un-
treated plants. Tuber yield and quality were significantly increased in the two growing
seasons. These results are in harmony with those reported by Babarabie et al. [50], who
elucidated that the applied foliar FA on improved chlorophyll content, photosynthetic rate,
and plant productivity. Moreover, Cordeiro et al. [51] elucidated that FA enhanced the activ-
ities of enzymatic antioxidants compared to untreated controls. Likewise, Wang et al. [52]
and Li et al. [53] disclosed that FA ameliorated POD, SOD, CAT, and APX activities under
abiotic stresses.

Salicylic acid (SA) ranked third in terms of positive impact on potato growth, yield,
and quality. Its exogenous application considerably enhanced photosynthetic pigments, gas
exchange, nutrient content, enzymatic and nonenzymatic antioxidants. This enhancement
could be due to the effect of SA as a growth regulator cofactor that boosts the photosynthesis
process and synthesis of several growth-stimulating hormones such as cytokinin and auxin,
which enhance cell elongation and division [54,55]. Therefore, its exogenous application
efficiently enhanced vegetative growth, photosynthetic ability, fruit development, and,
finally, boosted plant productivity [56,57]. In this context, Fariduddin et al. [58] proved
that SA enhanced net photosynthetic rate, nitrogen metabolism, the activity of nitrate
reductase, carboxylation efficiency, and seed yield. Moreover, Yıldırım and Dursun [59]
demonstrated that SA foliar application improved photosynthetic pigments, mineral con-
tent, plant height, shoot and root fresh weight, shoot and root dry weight, shoot diameter,
and leaf number/plant in tomato. Sahu and Sabat [60] deduced that exogenous application
of SA organized the activities of intracellular antioxidant enzymes and accelerated plant
tolerance to salinity stress. Likewise, Liu et al. [61] disclosed that the activities of CAT, POX,
and SOD were enhanced using the exogenous application of SA under salinity stress.

4. Materials and Methods
4.1. Experimental Site

A two-year field experiment was carried out during the 2020 and 2021 growing seasons
at the area designated for potato production at El-Noubaria, Egypt (30◦43′54′′ N; 30◦33′01′′
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E). The soil samples were collected from the study site before planting in the two seasons
and analyzed according to Black [62] and Jackson [63], as presented in Table 7. The soil
analysis indicates saline soil, since the soil EC was 7.11 and 7.17 dS/m in the two seasons,
respectively [64].

Table 7. Physical and chemical properties of the soil at the experimental site.

Soil Characteristic 1st Season 2nd Season

Soil particles distribution
Sand (%) 45.66 45.43
Silt (%) 29.89 30.02

Clay (%) 24.45 24.55
Textural class Loam Loam

Field capacity, % 16.7 16.7
Calcium carbonate (CaCO3, g/kg) 62.0 60.4

Organic matter (g/kg) 7.98 7.65
pH 7.71 7.62

Electrical conductivity (EC, dS/m) 7.17 7.11
Soluble cations and anions (mmolc/L)

Calcium (Ca2+) 16.7 16.6
Magnesium (Mg2+) 19.7 19.0

Sodium (Na+) 18.0 18.1
Potassium (K+) 6.47 6.69

Carbonate (CO3
2−) - -

Bicarbonate (HCO3
−) 20.7 20.9

Chloride (Cl–) 32.7 31.7
Sulfate (SO4

2−) 8.4 8.19
Available nutrient (mg/kg soil)

Nitrogen (N) 58.4 58.0
Phosphorus (P) 8.90 8.80
Potassium (K) 99.0 97.7

4.2. Agricultural Practices

A drip irrigation system was installed for the experiment with a distance between
laterals and emitters of 0.80 m and 0.30 m, respectively. The plot comprised four rows with
a length of 4 m long, and the plots were split by two empty rows. The potato seeds were
planted at a distance of 0.30 m. The emitters’ flow rate was 4 L per hour, and the total applied
water was 7400 m3/ha for each season. Nitrogen, phosphorus, and potassium fertilizers
were used such as ammonium sulfate (20.5% N) at 285 kg/ha, calcium superphosphate
(15.5% P2O5) at 180 kg/ha, and potassium sulfate (48% K2O) at 230 kg/ha, respectively.
Phosphorus fertilizer was applied before planting with one-third of the amounts of N and
K in the middle of the ridge then covered by sand. In addition, FYM was added before
planting at a rate of 70 m3/ha. The remaining amounts of N and K (two-thirds) were
divided into equal portions and added as soil application at 15-day intervals following
complete emergence. Standard agriculture practices were performed as recommended for
the commercial production of potato. According to the optimal period for growing potato
in Egypt, planting was conducted in the first week of January for both seasons. The used
potato seed tubers were Solanium tuberosum L. cv. Spunta, which is an important exported
cultivar to European markets. The tubers were harvested by hand at the end of April.

4.3. Foliar Application

Folic acid (FA), ascorbic acid (AA), and salicylic acid were obtained from Sigma
Aldrich Company. Foliar spray of FA (C19H10N7O6, MW: 441.4) was performed at rates
of 100 and 150 mg/L. Foliar spray of AA (C6H8O6 MW: 176.12) was conducted at rates of
100 and 200 mg/L. Foliar spray of SA (2-hydroxybenzene-carboxylic, C6H4(OH)COOH,
MW: 138.1) was implemented at rates of 100 and 200 mg/L. The used substances were
sprayed using external spray over the plants’ leaves with a pressurized spray bottle with



Plants 2022, 11, 210 8 of 12

0.1% Tween 20 as the surface spreader. Each plot received 2 L of aqueous solutions of safety
substances 45, 60, and 75 days after planting. The control plants (nontreated) were sprayed
with water and a spreading agent only.

4.4. Vegetative Growth Attributes

Five plants were collected randomly from the two external rows of each experimental
plot at 80 days after planting to estimate shoot fresh and dry weight (g), leaf area/plant
(cm2), and plant height (cm). Leaf area/plant (cm2) = (leaves dry weight (gm) × disk
area)/(disk dry weight (gm)). Leaves and shoots were oven-dried at 70 ◦C till constant
weight, then their dry weight was obtained per plant.

4.5. Photosynthetic Pigments and Gas Exchange

The photosynthetic pigments, i.e., chlorophyll a and b and carotenoids, were extracted
from fresh plant leaf samples utilizing pure acetone, as outlined by Fadeel [65]. The extracts
were purified, and then the optical density of the filtrate was identified calorimetrically by
applying the wavelengths of 662, 644, and 440.5 nm for chlorophyll a and b and carotenoids,
respectively. The pigments as mg/g fresh weight were measured according to the formula
adopted by von Wettstein [66]. Leaf net photosynthetic rate (Pn), rate of transpiration
(Tr), and stomatal conductance (gs) were measured for photosynthetic parameters by
employing a portable photosynthesis system (LF6400XTR, LI-COR, Lincoln, NE, USA). The
measurements were performed at 09:00–11:00 a.m. on the fully expanded leaf.

4.6. Determination of Nutrient Content

For nutrient determination, a weight of 0.2 g of dried leaves was digested with 96%
H2SO4 in the presence of H2O2 [67] and diluted with distilled water. Total nitrogen and
total potassium were measured in the shoot utilizing the method of micro Kjeldahl and a
flame photometer device in the same order following Chapman and Pratt [68]. The total
phosphorus in the shoot was measured by the colorimetric method using the ascorbic acid
method [69]. Na+ and K+ content was measured using a flame photometer [70], and the
content of leaf Cl− was assessed [71].

4.7. Determination of Osmoprotectant Components

Proline accumulation in potato leaves was determined following the method of Bates
et al. [72]. A 0.1 g amount of fresh leaf material was ground with 10 mL of 3% (w/v)
aqueous sulfosalicylic acid. The homogenate was filtered using Whatman 2 filter paper.
One milliliter of the filtrate was reacted with 1 mL of acid ninhydrin reagent and 1 mL
of glacial acetic acid in a test tube for 1 h at 100 ◦C, and the reaction terminated in an ice
bath. Two milliliters of toluene was added to the mixture, and the absorbance of the upper
toluene layer was recorded at 520 nm using a UV spectrophotometer.

Total soluble sugar content was assessed as follows: 0.2 g of leaves was rinsed with
5 mL of 70% ethanol and homogenized with 5 mL of 96% ethanol. The extract was
centrifuged at 3500 × g for 10 min. The supernatant was collected and stored at 4 ◦C [73].
Freshly prepared enthrone (3 mL) was added to 0.1 mL of supernatant. This mixture was
incubated in a hot water bath for 10 min. The absorbance was recorded at 625 nm with a
Bausch and Lomb-2000 Spectronic Spectrophotometer.

4.8. Determination of Antioxidants Activities

The enzymes were extracted according to Vitória et al. [74]. The concentration of
catalase (CAT) enzyme was measured spectro-photochemically according to Chance and
Maehly [75]. Peroxidase (POD) activity was estimated according to Thomas et al. [76].
Ascorbate peroxidase (APX) was measured spectro-photochemically according to Fielding
and Hall (1978). The activity of superoxide dismutase (SOD) was measured by recording the
drop in absorbance of the superoxide-nitro blue tetrazolium complex by the enzyme [77].
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4.9. Yield and Its Components

One hundred and ten days from planting, tubers from each experimental unit were
harvested, counted, weighed, and graded into three sizes according to their diameters
(above 6.5 cm, 3.5–6.4 cm, and less than 3.5 cm). Then, each grade was weighed separately,
and average tuber weight and tuber yield per ha were calculated.

4.10. Tuber Quality

One hundred grams of the grated mixture was dried at 105 ◦C until constant weight,
and then dry matter percentage (DM%) was measured. The percentage of total protein was
calculated by multiplying total N by 6.25. Starch percentage was computed following the
equation of Burton [78]: starch (%) = 17.546 + 0.891 (tuber DM%—24.18). Carbohydrate
percentage was measured in the dried samples of tubers for all treatments photometrically
according to Bernfeld [79] and Miller [80] methods. Total, reducing, and nonreducing sugar
percentages were determined in the dried samples of tubers of all treatments photometri-
cally according to the methods of Bernfeld [79] and Miller [80].

4.11. Statistical Analysis

R software was used to statistically analyze all data of this study. Analysis of variance
(ANOVA) was performed, and Shapiro–Wilk and Bartlett’s tests were applied to check
the normality distribution of the residuals and homogeneity of variances, respectively.
Differences among all treatments were separated by the least significant difference (LSD) at
p ≤ 0.05.

5. Conclusions

Exogenously sprayed ascorbic acid (AA) at rates of 200 and 100 mg/L substantially
mitigated the deleterious effects of salinity stress and stimulated plant growth by ame-
liorating all of the assessed physio-biochemical parameters. Furthermore, folic acid (FA)
at rates of 150 and 100 mg/L, as well as salicylic acid (SA) at rates of 200 and 100 mg/L,
considerably alleviated the detrimental impacts of salinity stress. The application of an-
tioxidant materials (FA, AA, and SA) separately enhanced the activity of osmoprotectants
and the enzymatic defense system components under salinity stress. Therefore, it could
be concluded that these materials had a positive impact on the physiological, biochemical,
tuber yield, and quality traits of salt-stressed potato plants.

Author Contributions: Conceptualization, E.S., A.A.S.A.H., M.F.A., E.M. and E.-S.M.D.; methodol-
ogy, E.S., A.A.S.A.H. and E.-S.M.D.; software, M.F.A. and E.M.; validation, E.S., A.A.S.A.H., M.F.A.,
E.M. and E.-S.M.D.; formal analysis, E.S., A.A.S.A.H. and E.-S.M.D.; investigation, E.S., A.A.S.A.H.
and E.-S.M.D.; resources, E.S. and M.F.A.; data curation, E.S., A.A.S.A.H., M.F.A., E.M. and E.-S.M.D.;
writing—original draft preparation, E.S., A.A.S.A.H., M.F.A. and E.-S.M.D.; writing—review and
editing. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available upon request from the
corresponding author.

Acknowledgments: The authors extend their appreciation to Taif University for funding this work
through the Taif University Researchers Supporting Project (TURSP-2020/111), Taif University, Taif,
Saudi Arabia.

Conflicts of Interest: The authors declare no conflict of interest.



Plants 2022, 11, 210 10 of 12

References
1. Koch, M.; Naumann, M.; Pawelzik, E.; Gransee, A.; Thiel, H. The importance of nutrient management for potato production Part

I: Plant nutrition and yield. Potato Res. 2020, 63, 97–119. [CrossRef]
2. Faostat. Food and Agriculture Organization of the United Nations. Statistical Database. 2021. Available online: http://www.fao.

org/faostat/en/#data (accessed on 22 November 2021).
3. Chourasia, K.N.; Lal, M.K.; Tiwari, R.K.; Dev, D.; Kardile, H.B.; Patil, V.U.; Kumar, A.; Vanishree, G.; Kumar, D.; Bhardwaj,

V. Salinity stress in potato: Understanding physiological, biochemical and molecular responses. Life 2021, 11, 545. [CrossRef]
[PubMed]

4. Dadshani, S.; Sharma, R.C.; Baum, M.; Ogbonnaya, F.C.; Léon, J.; Ballvora, A. Multi-dimensional evaluation of response to salt
stress in wheat. PLoS ONE 2019, 14, e0222659. [CrossRef]

5. Moustafa, E.S.; El-Sobky, E.-S.E.; Farag, H.I.; Yasin, M.A.; Attia, A.; Rady, M.O.; Awad, M.F.; Mansour, E. Sowing date and
genotype influence on yield and quality of dual-purpose barley in a salt-affected arid region. Agronomy 2021, 11, 717. [CrossRef]

6. El-Hendawy, S.E.; Hassan, W.M.; Al-Suhaibani, N.A.; Refay, Y.; Abdella, K.A. Comparative performance of multivariable
agro-physiological parameters for detecting salt tolerance of wheat cultivars under simulated saline field growing conditions.
Front. Plant Sci. 2017, 8, 435. [CrossRef] [PubMed]

7. Mansour, E.; Moustafa, E.S.; Abdul-Hamid, M.I.; Ash-shormillesy, S.M.; Merwad, A.-R.M.; Wafa, H.A.; Igartua, E. Field responses
of barley genotypes across a salinity gradient in an arid Mediterranean environment. Agric. Water Manag. 2021, 258, 107206.
[CrossRef]

8. Rady, M.M.; Desoky, E.-S.M.; Ahmed, S.M.; Majrashi, A.; Ali, E.F.; Arnaout, S.M.; Selem, E. Foliar nourishment with nano-
selenium dioxide promotes physiology, biochemistry, antioxidant defenses, and salt tolerance in phaseolus vulgaris. Plants 2021,
10, 1189. [CrossRef] [PubMed]

9. Desoky, E.-S.M.; Elrys, A.S.; Mansour, E.; Eid, R.S.; Selem, E.; Rady, M.M.; Ali, E.F.; Mersal, G.A.; Semida, W.M. Application of
biostimulants promotes growth and productivity by fortifying the antioxidant machinery and suppressing oxidative stress in
faba bean under various abiotic stresses. Sci. Hortic. 2021, 288, 110340. [CrossRef]

10. Mansour, E.; Moustafa, E.S.; Desoky, E.-S.M.; Ali, M.; Yasin, M.A.; Attia, A.; Alsuhaibani, N.; Tahir, M.U.; El-Hendawy, S.
Multidimensional evaluation for detecting salt tolerance of bread wheat genotypes under actual saline field growing conditions.
Plants 2020, 9, 1324. [CrossRef]

11. Moustafa, E.S.; Ali, M.; Kamara, M.M.; Awad, M.F.; Hassanin, A.A.; Mansour, E. Field screening of wheat advanced lines for
salinity tolerance. Agronomy 2021, 11, 281. [CrossRef]

12. Desoky, E.-S.M.; Merwad, A.-R.; Abo El-Maati, M.F.; Mansour, E.; Arnaout, S.M.; Awad, M.F.; Ramadan, M.F.; Ibrahim, S.A.
Physiological and biochemical mechanisms of exogenously applied selenium for alleviating destructive impacts induced by
salinity stress in bread wheat. Agronomy 2021, 11, 926. [CrossRef]

13. Awaad, H.A.; Mansour, E.; Akrami, M.; Fath, H.E.; Javadi, A.A.; Negm, A. Availability and feasibility of water desalination as a
non-conventional resource for agricultural irrigation in the mena region: A review. Sustainability 2020, 12, 7592. [CrossRef]

14. Mittler, R. Oxidative stress, antioxidants and stress tolerance. Trends Plant Sci. 2002, 7, 405–410. [CrossRef]
15. George, T.S.; Taylor, M.A.; Dodd, I.C.; White, P.J. Climate change and consequences for potato production: A review of tolerance

to emerging abiotic stress. Potato Res. 2017, 60, 239–268. [CrossRef]
16. Elrys, A.S.; Desoky, E.-S.M.; El-Maati, M.F.A.; Elnahal, A.S.; Abdo, A.I.; Raza, S.; Zhou, J. Can secondary metabolites extracted

from Moringa seeds suppress ammonia oxidizers to increase nitrogen use efficiency and reduce nitrate contamination in potato
tubers? Ecotoxicol. Environ. Saf. 2019, 185, 109689. [CrossRef]

17. El-Sanatawy, A.M.; El-Kholy, A.S.; Ali, M.; Awad, M.F.; Mansour, E. Maize seedling establishment, grain yield and crop water
productivity response to seed priming and irrigation management in a mediterranean arid environment. Agronomy 2021, 11, 756.
[CrossRef]

18. Kołton, A.; Długosz-Grochowska, O.; Wojciechowska, R.; Czaja, M. Biosynthesis regulation of folates and phenols in plants. Sci.
Hortic. 2022, 291, 110561. [CrossRef]

19. Kilic, S.; Aca, H.T. Role of exogenous folic acid in alleviation of morphological and anatomical inhibition on salinity-induced
stress in barley. Ital. J. Agron. 2016, 11, 246–251. [CrossRef]

20. Farouk, S.; Qados, A.M.A. Enhancing seed quality and productivity as well as physio-anatomical responses of pea plants by folic
acid and/or hydrogen peroxide application. Sci. Hortic. 2018, 240, 29–37. [CrossRef]

21. Mohamed, N.E.M. Behaviour of wheat cv. Masr-1 plants to foliar application of some vitamins. Nat. Sci. 2013, 11, 1–5.
22. Fardet, A.; Rock, E.; Rémésy, C. Is the in vitro antioxidant potential of whole-grain cereals and cereal products well reflected

in vivo? J. Cereal Sci. 2008, 48, 258–276. [CrossRef]
23. El-Sayed, O.M.; El-Gammal, O.; Salama, A. Effect of ascorbic acid, proline and jasmonic acid foliar spraying on fruit set and yield

of Manzanillo olive trees under salt stress. Sci. Hortic. 2014, 176, 32–37. [CrossRef]
24. Desoky, E.-S.M.; Mansour, E.; Yasin, M.A.; El Sobky, E.-S.E.; Rady, M.M. Improvement of drought tolerance in five different

cultivars of Vicia faba with foliar application of ascorbic acid or silicon. Span. J. Agric. Res. 2020, 18, 16. [CrossRef]
25. Bybordi, A. Effect of ascorbic acid and silicium on photosynthesis, antioxidant enzyme activity, and fatty acid contents in canola

exposure to salt stress. J. Integr. Agric. 2012, 11, 1610–1620. [CrossRef]

http://doi.org/10.1007/s11540-019-09431-2
http://www.fao.org/faostat/en/#data
http://www.fao.org/faostat/en/#data
http://doi.org/10.3390/life11060545
http://www.ncbi.nlm.nih.gov/pubmed/34200706
http://doi.org/10.1371/journal.pone.0222659
http://doi.org/10.3390/agronomy11040717
http://doi.org/10.3389/fpls.2017.00435
http://www.ncbi.nlm.nih.gov/pubmed/28424718
http://doi.org/10.1016/j.agwat.2021.107206
http://doi.org/10.3390/plants10061189
http://www.ncbi.nlm.nih.gov/pubmed/34207988
http://doi.org/10.1016/j.scienta.2021.110340
http://doi.org/10.3390/plants9101324
http://doi.org/10.3390/agronomy11020281
http://doi.org/10.3390/agronomy11050926
http://doi.org/10.3390/su12187592
http://doi.org/10.1016/S1360-1385(02)02312-9
http://doi.org/10.1007/s11540-018-9366-3
http://doi.org/10.1016/j.ecoenv.2019.109689
http://doi.org/10.3390/agronomy11040756
http://doi.org/10.1016/j.scienta.2021.110561
http://doi.org/10.4081/ija.2016.777
http://doi.org/10.1016/j.scienta.2018.05.049
http://doi.org/10.1016/j.jcs.2008.01.002
http://doi.org/10.1016/j.scienta.2014.05.031
http://doi.org/10.5424/sjar/2020182-16122
http://doi.org/10.1016/S2095-3119(12)60164-6


Plants 2022, 11, 210 11 of 12

26. Hasanuzzaman, M.; Bhuyan, M.; Anee, T.I.; Parvin, K.; Nahar, K.; Mahmud, J.A.; Fujita, M. Regulation of ascorbate-glutathione
pathway in mitigating oxidative damage in plants under abiotic stress. Antioxidants 2019, 8, 384. [CrossRef] [PubMed]

27. Elrys, A.S.; Abdo, A.I.; Desoky, E.-S.M. Potato tubers contamination with nitrate under the influence of nitrogen fertilizers and
spray with molybdenum and salicylic acid. Environ. Sci. Pollut. Res. 2018, 25, 7076–7089. [CrossRef] [PubMed]

28. Akram, N.A.; Shafiq, F.; Ashraf, M. Ascorbic acid-a potential oxidant scavenger and its role in plant development and abiotic
stress tolerance. Front. Plant Sci. 2017, 8, 613. [CrossRef]

29. Rivas-San Vicente, M.; Plasencia, J. Salicylic acid beyond defence: Its role in plant growth and development. J. Exp. Bot. 2011, 62,
3321–3338. [CrossRef]

30. Yang, J.; Duan, G.; Li, C.; Liu, L.; Han, G.; Zhang, Y.; Wang, C. The crosstalks between jasmonic acid and other plant hormone
signaling highlight the involvement of jasmonic acid as a core component in plant response to biotic and abiotic stresses. Front.
Plant Sci. 2019, 10, 1349. [CrossRef]

31. Li, N.; Han, X.; Feng, D.; Yuan, D.; Huang, L.-J. Signaling crosstalk between salicylic acid and ethylene/jasmonate in plant
defense: Do we understand what they are whispering? Int. J. Mol. Sci. 2019, 20, 671. [CrossRef]

32. Khan, M.I.R.; Fatma, M.; Per, T.S.; Anjum, N.A.; Khan, N.A. Salicylic acid-induced abiotic stress tolerance and underlying
mechanisms in plants. Front. Plant Sci. 2015, 6, 462. [CrossRef] [PubMed]

33. Venegas-Molina, J.; Proietti, S.; Pollier, J.; Orozco-Freire, W.; Ramirez-Villacis, D.; Leon-Reyes, A. Induced tolerance to abiotic and
biotic stresses of broccoli and Arabidopsis after treatment with elicitor molecules. Sci. Rep. 2020, 10, 10319. [CrossRef]

34. Khan, M.T.; Ahmed, S.; Shah, A.A. Regulatory role of folic acid in biomass production and physiological activities of Coriandrum
sativum L. under irrigation regimes. Int. J. Phytoremediat. 2021, 2021, 1–14. [CrossRef]

35. Utami, D.; Kawahata, A.; Sugawara, M.; Jog, R.N.; Miwa, K.; Morikawa, M. Effect of exogenous general plant growth regulators
on the growth of the duckweed Lemna minor. Front. Chem. 2018, 6, 251. [CrossRef]

36. Farjam, S.; Siosemardeh, A.; Kazemi-Arbat, H.; Yarnia, M.; Rokhzadi, A. Response of chickpea (Cicer arietinum L.) to exogenous
salicylic acid and ascorbic acid under vegetative and reproductive drought stress conditions. J. Appl. Bot. Food Qual. 2014, 87,
80–86.

37. Desoky, E.-S.M.; ElSayed, A.I.; Merwad, A.-R.M.; Rady, M.M. Stimulating antioxidant defenses, antioxidant gene expression, and
salt tolerance in Pisum sativum seedling by pretreatment using licorice root extract (LRE) as an organic biostimulant. Plant Physiol.
Biochem. 2019, 142, 292–302. [CrossRef]

38. Chen, Z.; Gallie, D.R. The ascorbic acid redox state controls guard cell signaling and stomatal movement. Plant Cell 2004, 16,
1143–1162. [CrossRef] [PubMed]

39. El-Hifny, I.M.; El-Sayed, M. Response of sweet pepper plant growth and productivity to application of ascorbic acid and
biofertilizers under saline conditions. Aust. J. Basic. Appl. Sci. 2011, 5, 1273–1283.

40. Midan, S.A.; Sorial, M.E. Some antioxidants application in relation to lettuce growth, chemical constituents and yield. Aust. J.
Basic Appl. Sci. 2011, 5, 127.

41. Shalaby, T.A.; El-Ramady, H. Effect of foliar application of bio-stimulants on growth, yield, components, and storability of garlic
(Allium sativum L.). Aust. J. Crop Sci. 2014, 8, 271–275.

42. Fatima, A.; Singh, A.A.; Mukherjee, A.; Agrawal, M.; Agrawal, S.B. Ascorbic acid and thiols as potential biomarkers of ozone
tolerance in tropical wheat cultivars. Ecotoxicol. Environ. Saf. 2019, 171, 701–708. [CrossRef]

43. Mazher, A.A.; Zaghloul, S.M.; Mahmoud, S.A.; Siam, H.S. Stimulatory effect of kinetin, ascorbic acid and glutamic acid on growth
and chemical constituents of Codiaeum variegatum L. plants. Am. Eurasian. J. Agric. Environ. Sci. 2011, 10, 318–323.

44. El-Sanatawy, A.M.; Ash-Shormillesy, S.M.; Qabil, N.; Awad, M.F.; Mansour, E. Seed halo-priming improves seedling vigor, grain
yield, and water use efficiency of maize under varying irrigation regimes. Water 2021, 13, 2115. [CrossRef]

45. Rafique, N.; Raza, S.H.; Qasim, M.; Iqbal, N. Pre-sowing application of ascorbic acid and salicylic acid to seed of pumpkin and
seedling response to salt. Pak. J. Bot. 2011, 43, 2677–2682.

46. Sajid, Z.A.; Aftab, F. Amelioration of salinity tolerance in Solanum tuberosum L. by exogenous application of ascorbic acid. In Vitro
Cell. Dev. Biol. Plant. 2009, 45, 540–549. [CrossRef]

47. Andrew, W.; Youngkoo, C.; Chen, X.; Pandalai, S. Vicissitudes of a vitamin. Recent Res. Dev. Phytochem 2000, 4, 89–98.
48. Ayala-Rodríguez, J.Á.; Barrera-Ortiz, S.; Ruiz-Herrera, L.F.; López-Bucio, J. Folic acid orchestrates root development linking cell

elongation with auxin response and acts independently of the TARGET OF RAPAMYCIN signaling in Arabidopsis thaliana. Plant
Sci. 2017, 264, 168–178. [CrossRef]

49. Ibrahim, M.; Abd El-Gawad, H.; Bondok, A. Physiological impacts of potassium citrate and folic acid on growth, yield and some
viral diseases of potato plants. Middle East J. Agric. Res. 2015, 4, 577–589.

50. Babarabie, M.; Zarei, H.; Badeli, S.; Danyaei, A.; Ghobadi, F. Humic acid and folic acid application improve marketable traits of
cut tuberose (Polianthes tuberosa). J. Plant Physiol. Breed. 2020, 10, 85–91.

51. Cordeiro, F.C.; Santa-Catarina, C.; Silveira, V.; De SOUZA, S.R. Humic acid effect on catalase activity and the generation of
reactive oxygen species in corn (Zea mays). Biosci. Biotechnol. Biochem. 2011, 75, 70–74. [CrossRef] [PubMed]

52. Wang, Y.; Yang, R.; Zheng, J.; Shen, Z.; Xu, X. Exogenous foliar application of fulvic acid alleviate cadmium toxicity in lettuce
(Lactuca sativa L.). Ecotoxicol. Environ. Saf. 2019, 167, 10–19. [CrossRef] [PubMed]

53. Li, X.; Li, X.; Han, B.; Zhao, Y.; Li, T.; Zhao, P.; Yu, X. Improvement in lipid production in Monoraphidium sp. QLY-1 by combining
fulvic acid treatment and salinity stress. Bioresour. Technol. 2019, 294, 122179. [CrossRef] [PubMed]

http://doi.org/10.3390/antiox8090384
http://www.ncbi.nlm.nih.gov/pubmed/31505852
http://doi.org/10.1007/s11356-017-1075-y
http://www.ncbi.nlm.nih.gov/pubmed/29275479
http://doi.org/10.3389/fpls.2017.00613
http://doi.org/10.1093/jxb/err031
http://doi.org/10.3389/fpls.2019.01349
http://doi.org/10.3390/ijms20030671
http://doi.org/10.3389/fpls.2015.00462
http://www.ncbi.nlm.nih.gov/pubmed/26175738
http://doi.org/10.1038/s41598-020-67074-7
http://doi.org/10.1080/15226514.2021.1993785
http://doi.org/10.3389/fchem.2018.00251
http://doi.org/10.1016/j.plaphy.2019.07.020
http://doi.org/10.1105/tpc.021584
http://www.ncbi.nlm.nih.gov/pubmed/15084716
http://doi.org/10.1016/j.ecoenv.2019.01.030
http://doi.org/10.3390/w13152115
http://doi.org/10.1007/s11627-009-9252-4
http://doi.org/10.1016/j.plantsci.2017.09.011
http://doi.org/10.1271/bbb.100553
http://www.ncbi.nlm.nih.gov/pubmed/21228492
http://doi.org/10.1016/j.ecoenv.2018.08.064
http://www.ncbi.nlm.nih.gov/pubmed/30292971
http://doi.org/10.1016/j.biortech.2019.122179
http://www.ncbi.nlm.nih.gov/pubmed/31610494


Plants 2022, 11, 210 12 of 12

54. Khan, M.I.R.; Asgher, M.; Khan, N.A. Alleviation of salt-induced photosynthesis and growth inhibition by salicylic acid involves
glycinebetaine and ethylene in mungbean (Vigna radiata L.). Plant Physiol. Biochem. 2014, 80, 67–74. [CrossRef] [PubMed]

55. Gharib, F.A. Effect of salicylic acid on the growth, metabolic activities and oil content of basil and marjoram. Int. J. Agric. Biol.
2006, 4, 485–492.

56. Solaimalai, A.; Sivakumar, C.; Anbumani, S.; Suresh, T.; Arulmurugan, K. Role of plant growth regulators in rice production–A
review. Agric. Rev. 2001, 22, 33–40.

57. Qados, A.M.A. Effects of salicylic acid on growth, yield and chemical contents of pepper (Capsicum annuum L) plants grown
under salt stress conditions. Int. J. Agric. Crop Sci. 2015, 8, 107–113.

58. Fariduddin, Q.; Hayat, S.; Ahmad, A. Salicylic acid influences net photosynthetic rate, carboxylation efficiency, nitrate reductase
activity, and seed yield in Brassica juncea. Photosynthetica 2003, 41, 281–284. [CrossRef]

59. Yıldırım, E.; Dursun, A. Effect of foliar salicylic acid applications on plant growth and yield of tomato under greenhouse
conditions. In Proceedings of the International Symposium on Strategies Towards Sustainability of Protected Cultivation in Mild
Winter Climate, Antalya, Turkey, 6–11 April 2008; pp. 395–400.

60. Sahu, G.K.; Sabat, S.C. Changes in growth, pigment content and antioxidants in the root and leaf tissues of wheat plants under
the influence of exogenous salicylic acid. Braz. J. Plant Physiol. 2011, 23, 209–218. [CrossRef]

61. Liu, W.; Zhang, Y.; Yuan, X.; Xuan, Y.; Gao, Y.; Yan, Y. Exogenous salicylic acid improves salinity tolerance of Nitraria tangutorum.
Russ. J. Plant Physiol. 2016, 63, 132–142. [CrossRef]

62. Black, C.A. Soil-plant relationships. Soil Sci. 1958, 85, 175. [CrossRef]
63. Jackson, M. Soil Chemical Analysis Prentice; Hall Inc.: Englewood Cliffs, NJ, USA, 1958; Volume 498, pp. 183–204.
64. Dahnke, W.; Whitney, D. Measurement of soil salinity. Recommended Chemical Soil Test Procedures for the North Central Region;

University of Missouri: Columbia, MO, USA, 1988; Volume 499, pp. 32–34.
65. Fadeel, A. Location and properties of chloroplasts and pigment determination in roots. Physiol. Plant. 1962, 15, 130–146. [CrossRef]
66. Von Wettstein, D. Chlorophyll-letale und der submikroskopische Formwechsel der Plastiden. Exp. Cell Res. 1957, 12, 427–506.

[CrossRef]
67. Wolf, B. A comprehensive system of leaf analyses and its use for diagnosing crop nutrient status. Commun. Soil Sci. Plant Anal.

1982, 13, 1035–1059. [CrossRef]
68. Chapman, H.; Pratt, F. Determination of Minerals by Titration Method: Methods of Analysis for Soils, Plants and Water; California

University, Agriculture Division: Pennsylvania, CA, USA, 1982; pp. 169–170.
69. Watanabe, F.; Olsen, S. Test of an ascorbic acid method for determining phosphorus in water and NaHCO3 extracts from soil. Soil

Sci. Soc. Am. J. 1965, 29, 677–678. [CrossRef]
70. Lachica, M.; Aguilar, A.; Yanez, J. Plant analysis, 2: Analytical methods used in the Estacion Experimental del Zaidin. In Anales de

Edafologia y Agrobiologia; University of California: Oakland, CA, USA, 1973; pp. 1033–1047.
71. Gaines, T.; Parker, M.; Gascho, G. Automated determination of chlorides in soil and plant tissue by sodium nitrate extraction.

Agron. J. 1984, 76, 371–374. [CrossRef]
72. Bates, L.S.; Waldren, R.P.; Teare, I. Rapid determination of free proline for water-stress studies. Plant Soil 1973, 39, 205–207.

[CrossRef]
73. Irigoyen, J.; Einerich, D.; Sánchez-Díaz, M. Water stress induced changes in concentrations of proline and total soluble sugars in

nodulated alfalfa (Medicago sativa) plants. Physiol. Plant. 1992, 84, 55–60. [CrossRef]
74. Vitória, A.P.; Lea, P.J.; Azevedo, R.A. Antioxidant enzymes responses to cadmium in radish tissues. Phytochemistry 2001, 57,

701–710. [CrossRef]
75. Chance, B.; Maehly, A. Assay of catalases and peroxidases. Method Enzymol. 1955, 2, 764–775.
76. Thomas, R.l.; Jen, J.J.; Morr, C.V. Changes in soluble and bound peroxidase-IAA oxidase during tomato fruit development. J. Food

Sci. 1982, 47, 158–161. [CrossRef]
77. Lopez-Bucio, J.; Nieto-Jacobo, M.F.; Ramırez-Rodrıguez, V.; Herrera-Estrella, L. Organic acid metabolism in plants: From adaptive

physiology to transgenic varieties for cultivation in extreme soils. Plant Sci. 2000, 160, 1–13. [CrossRef]
78. Burton, W.G. The Potato; Champan and Hall: London, UK, 1984; p. 319.
79. Bernfeld, P. Amylases, alpha and beta. Methods Enzymol. 1955, 1, 149–158.
80. Miller, G.L. Use of dinitrosalicylic acid reagent for determination of reducing sugar. Anal. Chem. 1959, 31, 426–428. [CrossRef]

http://doi.org/10.1016/j.plaphy.2014.03.026
http://www.ncbi.nlm.nih.gov/pubmed/24727790
http://doi.org/10.1023/B:PHOT.0000011962.05991.6c
http://doi.org/10.1590/S1677-04202011000300005
http://doi.org/10.1134/S1021443716010118
http://doi.org/10.1097/00010694-195803000-00023
http://doi.org/10.1111/j.1399-3054.1962.tb07994.x
http://doi.org/10.1016/0014-4827(57)90165-9
http://doi.org/10.1080/00103628209367332
http://doi.org/10.2136/sssaj1965.03615995002900060025x
http://doi.org/10.2134/agronj1984.00021962007600030005x
http://doi.org/10.1007/BF00018060
http://doi.org/10.1111/j.1399-3054.1992.tb08764.x
http://doi.org/10.1016/S0031-9422(01)00130-3
http://doi.org/10.1111/j.1365-2621.1982.tb11048.x
http://doi.org/10.1016/S0168-9452(00)00347-2
http://doi.org/10.1021/ac60147a030

	Introduction 
	Results 
	Vegetative Growth Attributes 
	Photosynthetic Pigments and Gas Exchange 
	Nutrient Content and K+/Na+ Ratio 
	Osmoprotectant and Antioxidant Enzymes 
	Yield and Its Components 
	Tuber Quality 

	Discussion 
	Materials and Methods 
	Experimental Site 
	Agricultural Practices 
	Foliar Application 
	Vegetative Growth Attributes 
	Photosynthetic Pigments and Gas Exchange 
	Determination of Nutrient Content 
	Determination of Osmoprotectant Components 
	Determination of Antioxidants Activities 
	Yield and Its Components 
	Tuber Quality 
	Statistical Analysis 

	Conclusions 
	References

