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ABSTRACT

The study was carried out on potato plants to assess the effects of foliar spraying with sodium hydrosulfide
(NaSH) a donor of hydrogen sulfide (H2S ) at a concentration of 0, 1, 2.5, and 5.0 ml/L" and nitric acid (HNO3) a
donor of nitric oxide ( NO ) at a concentration of 0, 1, 5.0, 7.5 and 10 ml/L"%, either separately or in combination.
However The experiment was conducted during the summers of 2024 and 2025 on a private vegetable farm in
Bosat Karm EI-Din Village, Sherbin district, Dakahlia Governorate, Egypt.Foliar of potato plants grown in summer
plantation with sodium hydrosulfide (NaSH) a donor of hydrogen sulfide (H2S) at 5 ml/I* and with nitric acid
(HNO3) a donor of nitric oxide (NO) at 7.5 ml/I* increased vegetative growth parameters, dry weight /plant,
average tuber weight , yield / plant and total yield /fed. as well as heat use efficiency , in addition, the interaction
between foliar spray with NaSH (H2S - donor) at 2.5 ml/I* and foliar spray with HNOs ( NO donor) at 7.5 ml/I*
increased total chlorophyll and Superoxide dismutase enzyme (SOD) in leaves , while control treatment ( spraying
with water ) increased Malondialdehyde (MDA) in leaves at 90 days after planting in both seasons . Whereas,
spraying with NaSH (Hz2S - donor) at 5 mI/I'* and nitric acid at 10 mI/I* increased dry matter (%), TSS ( Brix®),
total sugars and starch content in tubers.
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INTRODUCTION

Potato (Solanum tuberosum L.) is the fourth most
significant essential crop for world food security after rice,
wheat and maize. To maximize potato yields requires using
certified seeds and planting at the ideal soil moisture and
temperature (Darwish et al., 2022). According to Camire et
al. (2009), a significant source of potassium, resistant starch,
high-quality proteins, vitamins C and Be, and carbohydrates.
Additionally, potatoes contain  glycoalkaloids and
antioxidants, in large amounts can have harmful effects to
human but low concentrations may provide positive benefits
, such as preventing the proliferation of cancer cells
(Friedman, 2015).

Heat stress reduces yield and productivity by
adversely affecting the plant's growth, developmental,
biochemical, and physiological processes. also The bulking
and reproductive stages are the crucial developmental phases
that are impacted by heat stress (Hancock et al., 2014).
Furthermore root vegetable and tuber crops, which are also
regarded as staple foods in many nations, are suffering from
climate change. By the middle of this century, global
warming is expected to reduce potato production by 18-32%
around the world (Dahal et al., 2019).

The perfect temperature for the growth and development
of potato plants was 20 to 25°C, whereas 15 to 20°C is the best
temperature for tuberization and tuber growth (Rykaczewska,
2013).Higher yield losses and a higher frequency of tuber quality
deterioration are caused by warmer temperatures during the
growing phases of potatoes. The partitioning of assimilates into
the potato tubers is hampered by high temperatures above 20°C,
which lowers the tuber yield. Reduced tuber output in hot,
tropical climates causes leaves to retain more sugar, which
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suggests that photoassimilates are not moving well to the sinks
(tubers) (Dahal et al., 2019).Under unfavorable environmental
conditions, hydrogen sulfide (H.S) protects the crops and has a
role in a number of physiological processes, including seed
germination, root growth, stomatal movement, leaf wilting, fruit
ripening, etc. (Corpas et al., 2019). Furthermore, H.S shields
plants from stressors like drought, salt, heavy metals, and
extremely high or low temperatures (Pandey and Gautam, 2020).

Research raising shows that H,S in higher plants acts
as a central mediator of response to environmental stress.
Adding HS to plants help protect it against stresses, such as
salinity, drought, extreme temperatures and heavy metals,
mainly through boosting antioxidant systems, that mitigate
oxidative cellular damage. H.S also acts a regulatory role in
physiological functions, such as seed germination, stomatal
movement and fruit ripening, likewise it affects molecules
that preserve post-harvest quality and rhizobium-legume
symbiosis. These features of H,S create an emerging research
frontier to decipher its functions moreover new opportunities
for biotechnological treatments in agriculture in a changing
environment.  studies indicate a strong synergistic
relationship between the functions of H2S and nitric oxide
(NO), another simple signaling molecule, whose metabolisms
appear regulate each other (Corpas and Palma, 2020).

The most important feature of H,S is its good
solubility in water and its being a weak acid. Its common form
is the neutral molecular form (H2S). in the biological reactions
HS— is considered the main ionic form of H2S while Sy~ is
present in small proportions because of high dissociation
constant of the second ionic form (Filipovic et al., 2018)

Treated plants with H,S improved root function in
water and nutrient uptake, maintained cell membrane
integrity, and reduced MDA contents, which promoted
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growth and vyield of strawberry plants (Bahmanbiglo and
Eshghi, 2021) and (Yildirimetal., 2023) on tomato.
Shalaby et al., (2023) they tested two levels of sodium
hydrosulfide (NaHS), H.S donor (0.1 and 0.2 mmol./ L?).
They found that the largest decrease in malondialdehyde
(MDA), was observed in plants treated with H,S at0.2 mmol.
/L. Broccoli yield, nutritional content, and cell membrane
stability index (CMSI) were increased with foliar treatments,
all foliar treatments yielded larger and heavier broccoli heads
than untreated plants. However, plants sprayed with H,S at
0.2 mmol/ L that showed the most promising results,
significantly enhancing broccoli yield parameters in terms of
head fresh weight , head dry weight , and head diameter , and
nutritional content such as vitamin C and total soluble solids ,
as well as, leaf nutrient content in terms of N and K. Kumari
et al. (2025) They stated that treating cucumber with NaHS
supplementation significantly boosted fresh weight, dry
weight, plant height, and chlorophyll content and up
regulating antioxidative enzymes like SOD and CAT,
promoting growth under salt stress.

Further demonstrating the role of NO in plant heat
response, exogenous application of NO donors has also been
shown to lessen heat-induced cellular damage
(Hasanuzzaman et al., 2012). Exogenous injection of a
specific dose of NO donors is typically a more economical
method of shielding plants from heat stress. However, prior
to large-scale agricultural uses, it is crucial to determine the
appropriate NO donor, dosage, toxicity, full NO releasing
mechanism, byproducts, and their bioactivities (Santisree et
al., 2015).Due to their involvement in several physiological,
metabolic, and cellular processes, nitric oxide (NO) has
gained attention recently and has been recognized as a key
gaseous signaling molecule in plants [Gautam et al., 2021].

In this regard , Ahmad et al. (2018) They showed that
treated tomato seedling with NO at 100 uM promoted the
shoot and root length of tomato also it enhancing total
chlorophyll . Also, Badem and Séylemez (2022) on pepper
plants indicated that plant height , stem diameter , leaf area ,
dry weight of stems and leaves , chlorophyll index, fruit
weight and marketable yield significantly enhanced by
treated pepper plants with SNP (sodium nitroprusside) donor
of NO as compared to untreated plants . However, Sharaf et
al. (2023) They found that spraying nitric oxide at 100 pM
enhanced the leaf surface area, yield (the number of fruits
per tree, fruit weight, and yield) and fruit quality of mango
compared to the control or 50 uM nitric oxide.

In this concern, Igbal et al. (2021) They detected that
leaf area, dry mass , chlorophyll content of wheat
significantly increased by treated plants with H,S and NO
under heat stress or under optimal conditions . However, the
plants treated with NaHS donor of H.S and SNP donor of
NO being the activity higher at 69% and 142% for catalase
and SOD, respectively, in comparison to control plants.

In order to maximize the productivity and quality
standards of Cara potato tubers grown under heat stress during
the summer, this study examines the effects of foliar spraying
with hydrogen sulfide and nitric oxide at varying
concentrations, either separately or in combination.

MATERIALS AND METHODS

The purpose of this study was to determine the effects
of foliar spraying with sodium hydrosulfide (NaSH) a donor
of hydrogen sulfide (H,S) at a concentration of 0, 1, 2.5, and
5.0 ml/L* and nitric acid (HNO3) a donor of nitric oxide (NO)

at a concentration of 0, 1, 5.0, 7.5 and 10 ml/L?, either
separately or in combination, which were imported by Sigma
company, in order to achieve the highest productivity and best
specifications for the quality of potato tubers of the Cara
variety. The study was carried out during the summers of
2024 and 2025 on a private vegetable farm in Bosat Karm El-
Din village, Sherbin district, Dakahlia Governorate, Egypt.

Table A. Initial soil characteristics in 2024 and 2025
seasons) according to Sparks et al. (2020)

Parameters Values
1% season 2nd season

Clay (%) 805 79.52
Silt (%) 118 13.28
Sand (%) 7.70 7.20
Textural clay
Organic matter (%) 3.39 348
EC (dS/m) 3.50 342
pH (soil suspension,1:2.5) 7.31 7.29
N (mg/Kg soil) 58.52 61.20
P (mg/Kg soil) 18.94 19.56
K (mg/Kg sail) 410.32 415.73
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Fig. 1. Average of maximum, minimum temperature °C
during plant growth period in 2024 and 2025
seasons under Dakhlia Governorate, Egypt
according to Central Laboratory for
Agricultural Climate (CLAC)

The experimental design was a split plot design ,
sodium hydrosulfide (NaSH) a donor of hydrogen sulfide
(H2S ) concentrations were arranged in the main plot, while
nitric acid (HNOs) a donor of nitric oxide ( NO )
concentrations were distributed in the sub plot with three
replications. Sodium hydrosulfide (NaSH) a donor of
hydrogen sulfide (H,S ) and nitric acid (HNOs3) a donor of
nitric oxide ( NO ) were imported by Sigma Company.

Potato seeds were planted with a constant 20 cm
spacing on January 17" and 12", respectively, for the first and
second seasons of this study. Before being planted, the seeds
were treated with an antifungal chemical to avoid fungal
diseases. Each 10.5 m2 experimental unit was made up of
three ridges, each measuring 5 m in length and 0.7 m in
breadth. Using a manual atomizer in the morning of both
seasons, the plants were sprayed with varying concentrations
of sodium hydrosulfide (NaSH) a donor of hydrogen sulfide
(H2S) concentrations and nitric acid (HNO3) a donor of nitric
oxide ( NO ) concentrations four times, starting 20 days after
planting and continuing at 20-day intervals (20, 40, 60, and 80
days after planting).Meanwhile, a single watering was given
to the untreated plants (control).

Conventional potato production parameters were
adhered to by the furrow irrigation system and standard
agronomic procedures.
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Data recorded

Plant growth: Ninety days after planting, five plants were

chosen at random from each experimental plot in both

growing seasons. Plant height (cm), number of leaves per
plant, number of stems per plant, leaf area (m?), and dry
weight of foliage (g) were measured on these chosen plants.

2. Leaf chemical constituents: Leaf total chlorophyll
(SPAD): Ninety days after planting in both seasons, the
photosynthetic capacity (SPAD) was measured using a
spade meter to produce a unit-free value that indicated a
relative chlorophyll concentration, which was then
analyzed in accordance with Picazo et al. (2013).Using
spectrophotometric techniques described by Zhang et al.
(2016) and Alici and Arabaci (2016), respectively, the
levels of the enzymes superoxide dismutase (SOD) (u/ml)
and malondialdehyde (MDA) (umol.g™t FW) in leaves after
90 days from planting were measured as indicators of
oxidative stress, and their activity was quantified as a
measure of antioxidant enzyme activity.

3.N,P and K contents in shoots of potato at 90 days after
planting in both seasons were determined according to
AOAC (2008).

4. Tuber yield: In both seasons, the following parameters
were measured at harvest time (130-140 days after
planting): tuber weight (g), tuber weight/plant, and tuber
yield/fed. (ton). Feddan = 0.42 hectares (4200 n?).

4. Some Agro-meteorological indices: such as growing
degree days (GDD) and heat use efficiency HUE according
to (Narayan et al., 2014).

For every planting date, growing degree days (GDD)
were computed during the season. The formula GDD = [(min
T + max T)/2-Tb]. Th = Base temperature/or minimum
threshold temperature taken as 4.5 for potato.

Yield of potato, (ke fed.)
Heat use efficiency (HUE) =————
GDD

5. Tuber quality: Ten healthy potato tubers were chosen at
random for quality investigation from each harvested plot.
Dry matter percentage: The dry matter (%) was calculated
after 100 g of the shred mixture were dried at 105°C till their
weight remained constant. A hand refractometer was used to
quantify the percentage of total soluble solids (TSS). Total
sugars were calculated using the Forsee (1938) method and
given as a percentage of dry weight. Using the formula
Starch=17.55+0.891x(Dry matter %—24.18), the starch
content, expressed as a percentage, was determined based on

the dry matter percentage (AOAC, 2008).
Statistical analysis

According to Snedecor and Cochran (1980), the
collected data was properly statistically analyzed of variance,
and Duncan's multiple range test (Duncan, 1958) was used to
assess the differences across treatments.

RESULTS AND DISCUSSION

Plant Growth
Effect of sodium hydrosulfide (NaHS)a donor of
hydrogen sulfide (H-S)

Data in Tables from 1 to 6 indicate that the foliar
spray with NaHS a donor of H.Sat 5 ml /L increased plant
height (61.48 and 61.93 cm), number of leaves/ plant (
34.41 and 35.41) , number of stems / plant (5.66 and 5.83) ,
leaves area/ plant (0.508 and 0.582 m?), foliage fresh weight
(168.25 and 155.049) and foliage dry weight ( 21.47 and

22.61 g) with no significant differences with NaSHat 2.5 ml/l
with respect to leaves area, foliage fresh and dry
weight/plant at 90 days after planting in the both summer
seasons of potato.

The increases in foliage dry weight ( %) were about
3.55 and 4.41 for H,S at 1 ml/l, 8.51 and 9.69 for NaSHat
25 ml/land 11.35 and 8.44% for NaSHat 5 ml/l over control
treatment in the 1%t and 2™ seasons , respectively.

Hydrogen sulfide (H.S) is an important gaseous
signaling molecule that plays an essential role in many
physiological functions, and developmental processes,
including germination, root growth as well as defense
mechanisms against abiotic stresses (Caverzan etal., 2012).

These results are harmony with those Ahmad et al.
(2020) on cauliflower , Bahmanbiglo and Eshghi (2021) on
strawberry, Rajuet al. (2021) using H,S (donor NaHS;
40 uM produced the best on the growth attributes of eggplant
and tomato compared to un treated plants. in addition,
Yildirimetal. (2023) on tomato they showed that treated
with  HzS produced the highest values of plant height ,
number of leaves / plant, root stem and leaf dry weight as
compared to control treatment .

Effect of nitric acid (HNOg)a donor of nitric oxide (NO)

Plant height, number of leaves/ plant , number of
stems / plant, leaves area / plant, foliage fresh weight and
foliage dry weight significantly increased with increasing
HNOz a donor of NO up to10 m/l at 90 days after planting
in the both summer seasons of potato ( Tables from 1 to 6).
This means that foliar spray with NO donor at 10 ml/l
produced the best plant height ( 58.56 and 60.27 cm) ,
number of leaves/ plant ( 28.07 and 29.16) , number of stems
/plant (4.41 and 4.91) , leaves area/ plant (0.459 and 0.524
m?) , foliage fresh weight ( 158.33 and 150.85g) and foliage
dry weight (21.26 and 22.31 g in both seasons.

The increases in foliage dry weight were about 2.31
and 2.23 for NO donor at5ml/l, 4.28 and 3.16 for NO donor
at7.5ml/land 5.91 and 3.57 % for NO donor at 10 ml/l over
control treatment in the 1%t and 2™ seasons , respectively.

It has been discovered that nitric oxide (NO) improves
plant survival in stressful situations. Additionally, research has
examined the relationship between heat stress and nitrogen
availability in plants, and nitric oxide has been found to be a
possible mediator of stress responses (Zayed et al., 2023).

These findings concur with those published using
Ahmad et al. (2018) They showed that treated tomato
seedling with NO at 100 uM promoted the shoot and root
length of tomato compared to control treatment. Also, Badem
and Soylemez (2022) on pepper plants indicated that plant
height , stem diameter , leaf area , dry weight of stems and
leaves significantly enhanced by treated peeper plants with
100 IM SNP (sodium nitroprusside) donor of NO as
compared to untreated plants
Effect of the interaction

The interaction between spraying with NaSH at 5 ml/I
and foliar spray with  NO donor (HNO3) at 7.5 or 10 ml/l
gave the tallest plants and recorded maximum number of
leaves/ plant , number of stems / plant, leaf area / plant and
foliage dry weight of potato at 90 days after planting in both
seasons .

The stimulate effect of the interaction between NaSH
at5 ml/l and NO donor at 7.5 ml/lI on foliage dry weight may
be due to that this treatment increased number of leaves
(Table 2) number of stems / plant (Table 3) and leaves area /
plant (Table 4) and foliage fresh eight ( Table 5). There were
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positive correlation among number of leaves, number of
stems/ plant, foliage fresh weight and foliage dry weight.

In this concern, Igbal et al. (2021) detected that leaf area
, dry mass of wheat significantly increased by treated plants
with H2S and NO under heat stares or under optimal conditions

Table 1. Effect of spraying with Hydrogen Sulfide (H2S) and
Nitric Oxide (NO)and the combination between
them on plant height (cm) at 90 days after
planting of potato in both summer seasons

Hydrogen Sulfide Nitric Oxide (NO) donor Mean
(H2S) donor 0(Control) 5ml/l 75ml/l 10ml/l  (H2S)
2024 season
0 ( Control) 5409g 5566f 54559 5618 f 5512 D
1mll 5643 f 5573f 5576 f 5638 f 5607 C
25mll 5893 e 5907 e 5957de 60.25 cd 5945 B
5.0ml/ 6107 bc 6117 bc 6211a 6143ah 6144A
Mean (NO ) 5763 B 5790 B 5799 B 5856A
2025 season
0 ( Control) 5273 h %625 ¢5706fy 5735y 5585 C
1ml/l 5629 g 558 g 56689 5832ef 5679 C
25mi/ 59.10 de 5946 de60.11 cd 62.358b 60.25 B
5.0ml/ 6147 bc 6043 od 6275ab 6307a 6193A
Mean (NO ) 5740 C 5800 C 5915 B 6027A

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H,S) ,nitric
acid (HNOs) : a donor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.

Table 4. Effect of spraying with Hydrogen Sulfide (H.S) and
Nitric Oxide (NO)and the combination between
themon leaves area/plant (m?) at90 days after
planting of potatoin both summer seasons

Hydrogen Sulfide Nitric Oxide (NO) donor Mean
(H2S) donor 0(Control) 5ml/l_ 7.5ml/l 10ml/l_(H2S)
2024 season
0 ( Control) 0.343f 0343f 0346f 0350 f 0345C
1mii 0.3%e 0420d 0420d 0436d 0418B
25mll 0463 0493b 0510ab 0523a 0497A
5.0ml/ 0470c 0515 0510ab 0528a 0506A
Mean (NO ) 0418C  0442B 0446B 0459A
2025season
0 ( Control) 0333f 0350ef 03700dkf 0393 de 0361C
1mii 0380def  0376def 0420d 0540bc 0429B
25mll 05430 0516c 0560abc 0546hbc 0541A
5.0ml/l 0553c  0556hc 0603 0616a 0582A
Mean (NO ) 0452C  0450C 0483 B 0524A

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H.S) , nitric
acid (HNOs) : adonor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.

Table 5. Effect of spraying with Hydrogen Sulfide (H-S)
and Nitric Oxide (NO) and the combination
between them on foliage fresh weight/ plant (g)
at 90 days after planting of potato in both
summer seasons

Hydrogen Sulfide Nitric Oxide (NO) donor Mean
Table 2. Effect of spraying with Hydrogen Sulfide (H.S)and  (H:S)donor O0(Contro) 5mil 75mil 10mi (HS)
Nitric Oxide (NO)and the combination between 2024 seas0n
themon num(ber z)f leaves / plant at 90 days after 0(Control) 15001 1200f 129337 14000e 13080
. . p Y 1mi 12867f 14000e 14533e 16000bod 14350C
planting of potatoin both summer seasons 25mi 14233e  15633d 15833cd 16833%b 15633B
Hydrogen Sulfide Nitric Oxide (NO) donor Mean 50mii 16633bc 17200a 16967a 16500sbc 168.25A
(H2S) donor 0(Control) 5mll 75mil _10miA_ (Hz5) Mean(NO ) 14058C  14933B  15066B  15833A
2024 season 2025 season
0 ( Control) 1833k 1900k 2033j 2266 hi 2008D  0(Control) 1190h 12547¢h 13023fg 13748ef 12812C
1mii 2133 22331 2366¢gh 2433g 2291C 1min 13249fy 136555efy  13991def 141.02def 137.24B
25mil 2666 f 2733 f 2833 e 2966 d 2799 B 25mi 1455200 150380od  1549%5hc  16550a 15400A
5.0mi 3266c  3400b 3533a 3566a 44A  50mi 15082hod 15424hc  15573dc 1593%b 15504A
Mean (NO ) 2474 D 2566 C 2691 B 2807 A Mean(NO ) 13703 C 14141BC 14521B 15085A
2025 season Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H,S) , nitric
0 ( Control) 2000h 2000h 21.33gh 2366fy 21.25D acid (HNOs) : a donor of nitric oxide (NO ) . Duncan's multiple range
1mii 21.33gh  2366fg 2466f 2533 ef 23.75C  test revealed that values with the same alphabetical letter(s) did not
§.5Om|/|}| 2373%?())(11:? %222% 23%%%0(1 3:’307%33 c :23%3?2 substantially differ at the 0.05 level of significance.
om i ' 66a 37.33a 3b. . : .
Mean (NO ) BAIC 2666 BC 2783AB 2916 A Table 6. Effect of spraying with Hydrogen Sulfide (H2S)

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H.S) , nitric
acid (HNOs) : a donor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.

Table 3. Effect of spraying with Hydrogen Sulfide (H2S) and
Nitric Oxide (NO) and the combination between
themon number f stems/ plant at 90 days after
planting of potatoin both summer seasons

Hydrogen Sulfide Nitric Oxide (NO) donor Mean
(H:S) donor 0(Control) 5mil 75mil 10miN  (HS)
2024 season
0(Control) 333i 366h 333i 400 g 358D
1miA 4009 433f 433f 466 e 433C
25mil 466e 466 e 533c 500 d 491B
50mii 533c 566b 566b 600a 566A
Mean (NO ) 433C  457B 466B 491A
2025 season
0(Control) 233i 333h 366gh 400fgh 333D
1miA 433efy  433efy 4.00fgh 4.33efy 425C
25miA 466 def 466 def 5.00cde 500c0e 483 B
50mii 566ac 533 bcd 600ab 633a  583A
Mean (NO ) 425B 441 B 466AB  491A

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H.S) , nitric
acid (HNOs) : a donor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.

and Nitric Oxide (NO) and the combination
between them on foliage dry weight/ plant (g) at
90 days after planting of potato in both
summer seasons

Hydrogen Sulfide Nitric Oxide (NO) donor Mean
(H2S) donor O0(Control) 5mi/l_7.5mll_10mi/l _(H2S)
2024 season
0(Control) 19409 19509 19429 2060 1973D
1mi 1976fy 1984fg 2093d 2120cd 2043C
25mi 2020ef  2170bc 2198db 2178 214B
50mi 2191 220%b 2422 248 22A
Mean(NO ) 031D  2078C  2118B 2151A
2025 season
0(Control) 2012) 20%i 2108hi 21.25h 208D
1mi 2115h 219839 2193g 2208fy 21.7/C
25mi 25 e 271bad 23142 2304a 2287A
50mi 233ef  249de 274bc 228%b 226B
Mean(NO ) 2154C 2B 22A 2231A

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H,S) , nitric
acid (HNO;) : adonor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.
2. Total chlorophyll, Malondialdehyde (MDA) and
Superoxide dismutase (SOD)enzyme

Effect of NaSH (H2Sdonor )

The obtained results in Tables 7 to 9 indicate that the
spraying with NaSH at 5 ml/l increased total chlorophyll in
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leaf tissues (48.00 and 49.36 ) and Superoxide dismutase

enzyme (SOD) (5.74 and 6.19 u/ml) with no significant

differences with NaSH at 2.5 ml/l  with respect to total
chlorophyll .this means that NaSH at 2.5 ml/l increased total
chlorophyll in leaf tissues, whereas H.S at 5 ml/l increased

SOD. Respecting Malondialdehyde (MDA) data in table 8

show that, foliar spray with water ( control) or with H,S at 1

ml/l increased MDA in leaves (8.39 and 8.83 umol.g F.W)

in both seasons.

The increases in total chlorophyll were about 4.34
and 5.81 % due to spraying with H;S at 2.5 ml/l and 5.24 and
6.96 % for NaSH at 5 ml/I over control treatment in the 1%
and 2" seasons , respectively.

In this regard ,Zhang et al. (2009) They indicated that
the spraying with H,S prevented chlorophyll loss, increased
SOD, CAT, and APX activities, and alleviated oxidative
damage induced by osmotic stress in sweet potato plants.
also, Ahmadet al., (2020) They indicated that treated
cauliflower with HS at 200 uM  produced the highest
concentrations of Chlaand Chl b, total Chl and carotenoids
as compared to control treatment also, Yildirim et al. (2023)
on tomato showed that treated plants with HyS treatment
increased total chlorophyll content, and decreased MDA, in
tomato seedlings under heat stress.

Effect of NO donor
Foliar spray with NO donor at 10 ml/I significantly

increased total chlorophyll ( 47.62 and 48.82 SPAD) and

SOD (5.98 and 5.49u/ml) in leaves in both seasons ( tables 7

and 9), whereas NO donor at 5ml/l significantly increased

MDA enzyme ( 7.91 and 8.28 pmol.g! F.W) in leaves in

both seasons (Table 8).

The increases in total chlorophyll were about 3.30
and 2.49 % due to spraying with NO donor at5 ml/I and 5.64
and 4.63 % for NO donor at 10 ml/l over control treatment
in the 1% and 2" seasons , respectively.

Heat stress poses a serious threat to photosynthesis, a
crucial plant function that serves as the only foundation for all
assimilations (Allakhverdiev et al., 2008). High temperatures
cause irreversible damage to the chloroplast protein
complexes, including the photosystem, by altering the
thylakoid membrane's physical characteristics and functional
organization (Brestic et al., 2012).1t has been demonstrated
that NO can stop this heat-induced chlorophyll loss and keep
the photosystem active, which helps to mitigate the decline in
photosynthesis (Misra, 1980).

Table 7.Effect of spraying with Hydrogen Sulfide (H2S)
and Nitric Oxide (NO) and the combination
between them on total chlorophyll (SPAD) in
leaves at 90 days after planting of potatoin both
summer seasons

Hydrogen Sulfide Nitric Oxide (NO) donor Mean
(H:S) donor 0(Control)  5mil 75mi 10m (H:S)
2024 season
0(Control) 4465 e 4553 ok 4598 ak 4628 od 4561 B
Imii 4483 e 4505 de 4528 ok 4689hc 4551B
25mil 455 ke 4787d  4852a 4842a 47THOA
5.0mi 46%5hc 47%D 4820d 48Ra 4800A
Mean (NO ) 45409 C  4650B 46D9AB 4762A
2025sees0n
0( Control) 345 f 4631 de 4714 od 4769 bed 4615 B
Imii 4701 cd 4496 ef 4557 oel4761bod 4628 B
25mil 470 od  48Pac 4910dc 50Ra 4883A
5.0mi 4888adc 4914dc 4947d 49%a 49FBA
Mean (NO ) 4666 C 4732 BC 4/8B 4882A

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H,S) , nitric
acid (HNO;) : adonor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.

Table 8. Effect of spraying with Hydrogen Sulfide (H.S) and
Nitric Oxide (NO) and the combination between
them on Malondialdehyde (MDA)(umol.g? F.W)
Enzyme in leaves at 90 days after planting of
potato in both summer seasons

Hydrogen Sulfide Nitric Oxide (NO) donor Mean
(H2S) donor 0(Control) 5ml/l_ 75mi/l_10 mi/l_ (H2S)
2024 season
0 ( Control) 8.8la 897a 799 bc 781 c 839A
1mii 8.57a 869a 845ab 7.75c 836A
25mll 698d 720d 6.80de 6.32 ef 6.82 B
5.0ml/ 6.23f 6.80de 570g 549 g 6.05C
Mean (NO ) 764 B T791A 723C 684 D
2025 season
0 ( Control) 943a 877 bc 860 ¢ 855c 883A
1mii 929ab 9.23ab 865 c 83lc 887A
25mll 710e 766 d 7.18 de 656fg 7.12 B
5.0ml/ 702 ef 7.49de 633 gh 598h 6.70C
Mean (NO ) 821A B828A 769B 735C

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H.S) , nitric
acid (HNOs) : a donor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.

Table 9. Effect of spraying with Hydrogen Sulfide (H2S)
and Nitric Oxide (NO) and the combination
between them on Enzyme Superoxide dismutase
(SOD)u/ml in leaves at 90 days after planting
of potato in both summer seasons

Hydrogen Sulfide Nitric Oxide (NO) donor Mean
(H2S) donor 0 (Control) 5ml/l 7.5 mi/l 10ml/l (H25)
2024 season
0 ( Control) 321 j 341i 366h 3%g 35%D
1mi/l 397 g 444 f 4A54f 48 e 446C
25ml/l 503de 514d 53c 550k 52%5B
5.0mll 553hc  557b 591a 598 b574A
Mean (NO ) 443D  464C 48 B 508A
202528500
0 ( Control) 391g 404y 408fy 456 ef 414D
1mifl 455¢f  484de 510de 538cd 497 C
25mll 539 ad 568bc 570bc 579hbc 564B
5.0mll 5%2bc 614ab 65la 621ab 619A
Mean (NO ) 494 C  517/BC 53%4AB 549A

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H.S) , nitric
acid (HNOs) : a donor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.

Ahmad et al. (2018) They showed that treated tomato
seedling with NO at 100 uM enhanced chlorophylla, b and
carotenoids compared to control treatment. In addition ,
Badem and S@ylemez (2022) They indicated that
chlorophyll index in pepper significantly increased by treated
plants with 100 IM SNP (sodium nitro prusside) donor of
NO as compared to untreated plants.

Effect of the interaction

The interaction between foliar spray with NaSHat 2.5
or 5 ml/l and foliar spray with NO donor at 7.5 or 10 ml/I
significantly increased the concentration of total chlorophyll
in leaf tissues and SOD in leaves ( Tables 7 and 9). This means
that the interaction between foliar spray with NaHS at 2.5 ml/|
and foliar spray with NO donor at 7.5 ml/l increased total
chlorophyll and SOD in leaves.

Respecting MDA enzyme data in Table 8 indicate
that control treatment ( spraying with water ) without any
NaSH or NO donor increased MDA (8.81 and 9.41 pmol.g°
LF.W) in leaves at 90 days after planting in both seasons. On
the other hand, the lowest concentration of MDA in leaves
were produced with the interaction between the highest
levels of NaSH and NO donor (5.49 and 5.98 umol.g* F.W)
in both seasons.

eva
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In this concern, Igbal et al. (2021) detected that the
plants treated with NaHS donor of HzS and SNP donor of
NO being the activity higher at 69% and 142% for catalase
and SOD, respectively, in comparison to control plants.

N, P and K contents in leaves
Effect of NaSH (H-S donor)

N,P and K in shoots (foliage) significantly increased
with increasing foliar spray with H,S up to 5ml/l with no
significantly differences with NaSHat 2.5 ml/l in both
seasons ( Tables 10, 11 and 12). This means that NaSHat 2.5
ml/l increased N, P and K content in leaves.When NaSHwas
sprayed at a rate of 2.5 milliliters per liter, the nitrogen content
of the shoots increased by approximately 14.13 and 34.53%,
while the potassium content increased by approximately 7.21
and 25.33% in comparison to the control treatment in the first
and second seasons, respectively.

Results are harmony with  Valivand and
Amooaghaie (2021) who showed that treated Cucurbita
pepo L with HS significantly increased, nutrient content (N,
P, K, Ca, and Mg) in shoots than untreated plants .

Effect of NO donor

Foliar spray with NO donor at 10 ml/l significantly
increased, N (3.09 and 2.88 %), P (0.352 and 0.360 %) and K
(2.43 and 2.72%) aganist N (2.90 and 2.51 %), P (0.315 and
0.321 %) and K ( 2.22 and 2.43%) for control treatment in
shoots at 90 days after panting in both seasons ( Tables 10,
11 and 12). Spraying NO donor at 10 ml/l increased the
amount of nitrogen in the shoots by approximately 6.55% and
14.74%, while the amount of potassium increased by
approximately 9.46% and 11.93% in comparison to the
control treatment in the first and second seasons, respectively.

The outcomes are consistent with those that were
achieved using Ahmad et al. (2018) They showed that the
highest values of S, Mn, Mg, Ca, and K contents in the shoot
were obtained by treated tomato seedling with NO at
100 uM compared to control treatment.

Effect of the interaction

The interaction between foliar spray with H,S at 2.5
or 5 ml/l and foliar spray with NO at 10 ml/l increased N,P
and K in shoots (tables 10, 11 and 12). This means that the
interaction between foliar spray with NaSHat 2.5 ml/l and
foliar spray with NO donor at 10 ml/I increased N,P and K in
shoots in both seasons.

Table 10. Effect of spraying with Hydrogen Sulfide (H2S)
and Nitric Oxide (NO) and the combination
between them on nitrogen parentage in shoots

at 90 days after planting of potato in both
summer seasons

Hydrogen Sulfide Nitric Oxide (NO) donor Mean
(H2S) donor 0(Control) 5mll 75mil 10mil  (H:S)
2024 season
0( Control) 250 h 28lg 282 g 28fy 276 C
1mii 284 fy 289 ef 293 e 305d 292B
25ml 311bcd 313bc 314bc 323a 315A
5.0miA 309cd 312bc 316b 325a 315A
Mean (NO ) 290 C  298B 301B 309A
2025 season
0( Control) 213g 214 g 223g 243f 223 C
1mii 2239 230fy 264 e 274de 247B
25ml 283 cd 292bcd 308ab 318a 300A
50mil 285 cd 297bc 309ab 319a 302A
Mean (NO ) 251 C 258 C 276B 28A

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H.S) , nitric
acid (HNOs) : a donor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.

oA

Table 11. Effect of spraying with Hydrogen Sulfide (H-S)
and Nitric Oxide (NO) and the combination
between them on phosphorus percentage in
shoots at 90 days after planting of potato in
both summer seasons

Hydrogen Sulfide Nitric Oxide (NO) donor Mean
(H2S) donor O(Control) 5mil  75mil 10mil  (H:S)
2024 season
0(Control) 0301 i 0320 h 0.333ef0.340 de0.323 D
Imii 0305 i 0322 h 0342 d0350bc0329 C
25mil 0325gh 0330 fg 0345 cd 0360a 0340 B
50mil 0330 fy 0342 d 0355ab 0360a 0.346A
Mean (NO ) 0315 D 0328C 0343B 0.352A
2025 season
0(Control) 0286 i 0312h 0330 fg0.346 de 0.318 B
Imii 0290 i 0320 gh 0336 ef0.353 cd 0.324 B
25mil 0355 cd 0.356 bed 0.368ab 0.365abc 0.361 A
50mil 0356 bed  0.359 bed 0.360 be 0.376a 0.362 A
Mean (NO ) 0321 D 0336 C 0348 B 0.360A

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H.S) , nitric
acid (HNOs) : a donor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.

Table 12. Effect of spraying with Hydrogen Sulfide (H2S)
and Nitric Oxide (NO) and the combination
between them on potassium percentage in
shoots at 90 days after planting of potato in
both summer seasons

Hydrogen Sulfide Nitric Oxide (NO) donor Mean
(H2S) donor O(Contro) 5mil 75mil 10miN  (H:S)
2024 season
0( Control) 211 i 219 hi 222 gh 239bcd 222B
1mii 218 hi 224 fgh 229¢efy 238be 227B
25mil 230 dg 232 cf 241bc 252a 23BA
5.0mil 231 dg 245ab 236be 243ab 238A
Mean (NO ) 22 C 230B 232B 243A
2025 season
0( Control) 216 g 221y 236ef 243de 229 C
1mii 242 de 233 ef 242de 248cde 241 B
25mil 260 ¢ 291ab 298a 30la 287A
5.0mi 256 cd 279b 29%a 297a 28lA
Mean (NO ) 243 C 256 B 267/A 272A

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H.S) , nitric
acid (HNOs) : a donor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.

In the first and second seasons, the interaction
between spraying with NaSHat 2.5 ml/l and NO donor at 10
mil/l increased the nitrogen content in shoots by
approximately 24.71% and 49.50%, respectively, and the
potassium content by approximately 19.43% and 30.35%
over the control treatment.

Yield and its components
Effect of NaSH (H2S donor)

Average tuber weight, average number of tuber / plant,
tuber weight / plant and total yield /fed. as well as heat use
efficiency (HUE) significantly increased by increasing NaSH
up to 5Sml/l with no significant differences with NaSH at 2.5 ml/l
with respect to yield / plant and total yield /fed. in both seasons
(Tables 13,14 , 15 and 16). This means that NaSH at 2.5ml/l
increased average tuber weight ( 154.97 and 163.00 g), whereas
NaSH at 2.5 ml/l increased yield / plant ( 778.83 and 787.08 g)
and total yield /ffed. ( 15.327 and 15.491 ton) and HUE (5.947 and
6.582 kg tuber /°C day) in the both seasons.

Compared to the control treatment, the average gains
in total/yield (ton) throughout the two seasons were around
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0.159 tons for NaSH at 1 ml/l, 2.644 tons for NaSH at 2.5 ml/I,
and 2.859 tons for H.S at 5 ml/l.

The perfect temperature for the growth and
development of potato plants was 20 to 25°C, whereas 15 to
20°C is the best temperature for tuberization and tuber growth
(Rykaczewska, 2013).Higher yield losses and a higher
frequency of tuber quality deterioration are caused by warmer
temperatures during the growing phases of potatoes. The
partitioning of assimilates into the potato tubers is hampered
by high temperatures above 20°C, which lowers the tuber
yield. Reduced tuber output in hot, tropical climates causes
leaves to retain more sugar, which suggests that photo
assimilates are not moving well to the sinks (tubers) (Dahal et
al., 2019). Under unfavorable environmental conditions,
hydrogen sulfide (H2S) protects the crops and has a role in a
number of physiological processes, including growth,
stomatal movement, leaf wilting, tuber formation , etc.
(Corpas et al., 2019). Furthermore, H,S shields plants from
stressors like drought, salt, and extremely high or low
temperatures (Pandey and Gautam, 2020). These findings
concur with those published using Bahmanbiglo, and Eshghi
(2021)they indicated that spraying strawberry with hydrogen
sulfide at0.2 or 0.5 mM produced the highest fruit yield as
compared to unsprayed plants. Additionally ,Shalaby et al.
(2023) on broccoli, how showed that all foliar treatments
with (NaHS), HzS donor (0.1 and 0.2 mmol./L) yielded larger
and heavier broccoli heads than untreated plants. However,
plants sprayed with H,S at 0.2 mmol/ L showed the most
promising results, significantly enhancing broccoli yield
parameters in terms of head fresh weight , head dry weight ,
and head diameter .

Effect of NO donor

The obtained results in Tables 13,14 ,15 and 16 indicate
that foliar spray with NO donor at 10 mi/lI significantly increased
average tuber weight, tuber weight / plant and total yield /fed.
as well as HUE with no significant differences with NO donor
at 7.5 ml/l. in both seasons. This means that NO donor at 7.5
ml/increased average tuber weight (152.95 and 156.83 g), , tuber
weight/plant (740.35 and 758.24 g) and total yield /fed. (14.557
and 14.965 ton) as well as HUE (5.648 and 6.358 kg tuber / °C
day) inthe both seasons.

The increases in total /yield ( ton) as average of the
two seasons were about 0.617 ton for NO donor at 5mi/l
1.543ton for NO donor at 7.5 ml/l and 1.634 ton for NO donor
at 10 ml/l over the control treatment.

Plants grown under heat stress reduces yield and
productivity by adversely affecting the plant's growth,
developmental, biochemical, and physiological processes.
The bulking and reproductive stages are the crucial
developmental phases that are impacted by heat stress
(Hancock et al., 2014). Root vegetable and tuber crops, which
are also regarded as staple foods in many nations, are
suffering from climate change. By the middle of this century,
global warming is expected to reduce potato production by
18-32% around the world (Dahal et al., 2019).

These findings are consistent with those of Badem
and Sdylemez (2022), who found that treating pepper plants
with a 100 IM SNP (sodium nitroprusside) donor of NO
greatly increased pepper fruit weight and marketable
production as compared to untreated plants.

Effect of the interaction

Datain Tables 13,14, 15and 16 showthat the interaction

between foliar spray with NaSHat 5 ml/l and foliar spray with

L2\

NO donor at 7.5 or 10 ml /1 significantly increasedaverage tuber
weight, tuber weight/ plant and total yield /fed. as well as HUE
with no significant differences between NaSHat 2.5 ml/l and

NO at 7.5 ml/l with respect to yield / plant and total yield /fed. in

the both seasons. For all the interaction treatments, average tuber

weight around from 144.0to 157.20 g in the 1% season and

146.33 to 165.33 g in the 2™ season.

Table 13. Effect of spraying with Hydrogen Sulfide (H2S)
and Nitric Oxide (NO) and the combination
between them on average tuber weight (g) of
potato in both summer seasons

Hydrogen Sulfide Nitric Oxide (NO) donor Mean
(H2S) donor O(Cortro) 5mil 75mil_10miA  (H:S)
2024 season
0(Control) 14400h 14460h 14860g 14960fg 146.70D
Imii 148009 14830g 150.90ef 151.10ef 14958C
25mll 148609 15240de 155.30hbc 156.30ab 153.15B
50mil 15200e 15370cd 157.00ab 157.20a 15497 A
Mean (NO ) 14815C 149.75B 15295A 15355 A
2025 season
0(Control) 146.33j 150.33hij 153.00f- 154.00e-h 15091 C
1mii 147.004j 151.00¢§ 152.00¢ 154.00e-h 151.00C
25mil 155.33d-h 156.67 cg 15833b+ 159.33¢ 15742B

5.0ml 160.33ad 162.33abc 16400ah 16533 16300A
Mean (NO ) 152.25C 15508 BC 15683AB 158.17 A

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H.S) , nitric
acid (HNOs) : a donor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.

Table 14. Effect of spraying with Hydrogen Sulfide (H2S)
and Nitric Oxide (NO) and the combination
between them on vyield / plant (g) of potato
in_both summer seasons

Hydrogen Sulfide Nitric Oxide (NO) donor Mean
(H:S) donor 0(Control)  5miA 75mil 10mil (HS)
2024 season
0(Cortrol) 6232 f 6612 ef 64344 def 64777 de 6321C
1min 64034def 64214 def 65340 d 70413 ¢ 66013 B
25mi 6248 c 720b 877/Ha 8BMBa 7BBA
50mil 78R c 7830b 8BBla 83Ir8a 78IBA
Mean(NO ) 6629 D 6060 C 7403 A THENLA
20250
0(Control) 562 e 60X e 7128 od 71764 ol 6431 B
1mi 58300 e 60400 e 70832 ol 668 d 64170 B
25miA Tlegbdh 783Had 7B d 7%666d 7T8/BA
50mii 74714 hc 8llba 80Ma 8%Ea 80LBA
Mean(NO ) 67428 C 7008 B 7824A 7BLAA

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H.S) , nitric
acid (HNOs) : adonor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.

Table 15. Effect of spraying with Hydrogen Sulfide (H2S)
and Nitric Oxide (NO) and the combination
between them on  total yield ( ton/fed.) of
potato in both summer seasons

Hydrogen Sulfide Nitric Oxide (NO) donor Mean
(H-:S) donor 0(Control) 5mill 75mil 10mi (H:S)
2024 season
0(Control) 12370 d 12422d 12669 d 12755d 12554 C
1mi 12617 d 12743 d 12968 d 13689 c 13004 B
25mi 13750 ¢ 14840 b 16255a 16462a 15327 A
50mil 14066 ¢ 15170 b 16336a 16458 a 15507 A
Mean(NO) 13201 C 13794 B 14557 A 14841 A
2025 season
0(Control) 11606g 11926 g 14060 e 14153 e 12936 B
1mi 11660 g 12080 g 14166 e 13336f 12811 B
25mi 15233 d 15467 od 15533 bed 157334c 15491 A
50mil 14443 e 16033 16100a 16233a 15702 A
Mean(NO) 13236 C 13877 B 14965 A 14864 A

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H,S ) , nitric
acid (HNOs) : a donor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.
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Table 16. Effect of spraying with Hydrogen Sulfide (H2S)
and Nitric Oxide (NO) and the combination
between them on heat use efficiency (kg /oc)
of potatoin both summer seasons

Table 18. Effect of spraying with Hydrogen Sulfide (H2S)
and Nitric Oxide (NO) and the combination
between them on total soluble solids (TSS) of
potato tuber in both summer seasons

Hydrogen Sulfide NitricOxide (NO)donor Mean Hydrogen Sulfide NitricOxide (NO)donor Mean
(H:S) donor 0(Cotrd)  5mil 75mil 10mil (HS) (H:S)donor 0(Contro)  5mif 75mil 10ml HS
202455800 2024 5550n
0(Control) 4800 g 480 fg 4916 efy 4950 ef 4871 C 0(Control) 5% h 650 e 6351y 670d 637C
1mi 48%6 fy 4945 ef 50 e 5312d 5046 B 1mi 584 h 641¢ef 626 g 666d 620C
25mid 53%6ad  57%9b 6308a 6383 L5HUTA 25mi 667 d 642 ef 715b 693c 679B
50mi 5458 ¢ 5837h 630 63%a 6017A 50mi 715b 7208 73a 706hc  718A
Mean(NO) 5122 C 532 B 568 A 5/MA Meen(NO) 640 C 663B 6.77A 683A
20255ea50n 20255ea50n
0(Control) 4931 h 5067 ¢h 5974 e 6014 e 54%B 0(Control) 648 e 70be 6820k 727ae 639B
1mi 4994 h 518 g 6019 e 566 f 5443B 1mi 644 e Tllbe 671 de 737ad 690B
25mid 6472 d 6520 6600 668Bhc 652A 25mil 683ak 710be 7763 746ad 729B
50mi 6137 e 6812b 684l 6837a 6671A 50mi 746ad 172 8M4a 780dx  770A
Mean(NO) 5623 C 586B 638A 6315A Men(NO) 680 B 723AB 73BA T42A

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H,S) , nitric
acid (HNOs) : a donor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.

The stimulative effect of the interaction between
NaSHat 5 ml/l and NO donor at 7.5 ml/l on tuber yield, may be
dueto that H,Sat5 ml/l and NO at 7.5 ml/l increased number
of stems/ plant (Table 3), dry weight of foliage ( Table 6) ,
average tuber weight ( Table 13) and yield / plant ( Table 14).
Tuber quality
Effect of NaSH (H-S donor)

Data in Tables 17 to 20 show that DM% (22.20 and
23.16%), TSS ( 7.18 and 7.70 Brix°) , total sugars( 6.98 and
7.32%) and starch (17.65 and 18.31%) significantly
increased with increasing foliar spray with NaSH up to 5ml/|
against control treatments which produced (16.90 and
17.98%), ( 6.37 and 6.89 Brix®), ( 4.78 and 5.29%) and
(14.11 and 14.27%) for DM% TSS, total sugars and starch
in tubers after harvesting time in both seasons.

The increases in dry matter (%) were about 31.36
and 28.81 %, TSS were about (12.72 and 11.76%), starch
were about (25.09 and 28.31%) for spraying with NaHS at
5ml/l over control treatment in the 1% and 2™ seasons ,
respectively.

In this regard, Shalaby et al. (2023) They showed that
plants sprayed with H,S at 0.2 mmol/ L showed the most
promising results, significantly enhancing broccoli nutritional
content such as vitamin C and total soluble solids.

Table 17.Effect of spraying with Hydrogen Sulfide (H2S)
and Nitric Oxide (NO) and the combination
between them on tuber dry matter (%) of
potato in both summer seasons

Hydrogen Sulfide NitricOxide (NO)donor Mean
(H:S)donor 0(Cortrol)  5mif 75mil 10mit (HS)
2024.sea50n
0(Control) 150h 1677 ch 1717 fy 1776ef 1690 D
1mi 16760h 179y 1866de 1877d 178 C
25mi 1954 od 198c 1987c 2100b 2007B
50mi 212b  2181b  2186b 2Ba 220A
Mean(NO) 1838C  18%6B  1939B  2033A
20255ea50n
0(Control) 7Bf 1B2A f 188f 18Rf 178D
1mi 17%f 1815 f 1984e 205/ck 1913C
25mi 200 e 2100k 205/ck 218%bad 2090B
50mi 2®@hc  246b 267b 2548 2816A
Mean(NO) 193C 198BC 2029B 215%A

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H,S) , nitric
acid (HNO;) : a donor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H.S) , nitric
acid (HNOs) : adonor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.

Table 19. Effect of spraying with Hydrogen Sulfide (H2S)
and Nitric Oxide (NO) and the combination
between them on total sugars (%) of potato
tuber in both summer seasons

Hydrogen Sulfide Nitric Oxice (NO)donor Mean
(H:S) donor 0(Contro)  5mif 75mil 10ml HS
2024 5050n
0(Control) 467 f 457 f 4Adk 4% ke 478C
1mi 473 ¢f 481 ef 508d 473 ef 483 C
25mil 560 ¢ 544 ¢ 587b 60lb 573B
50mi 698a 712a 691a 69Ba 69%BA
Meen(NO) 549B 548 B 5.70A 566A
20055850
0(Contro) 476 g b3lefy 560cf 547dg 520C
1mi 5071y 528fy 53%ey 53lefg 55C
25mit 623bd 61500 627bad 6370c 626B
50mi 738a 73%6a 7Mab 7RBa  13RA
Men(NO) 58B 60BA 608A 615A

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H.S) , nitric
acid (HNOs) : adonor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.

Table 20. Effect of spraying with Hydrogen Sulfide (H2S)
and Nitric Oxide (NO) and the combination
between them on starch content (%6) in tubers
of potato in both summer seasons

Hydrogen Sulfice NitricOxide (NO)donor Mean
(H:S)donor 0(Cord)  5mi 75mil 10mil (HS)
2024 565n
0(Control) 1279 k 1464ch 14111 1491fg 141 C
1miA 13%j 14d6chi 1421 hi  1516ef 1429 C
25mit 1557 e 1628acd 1610d 1604d 1598B
50mi 1688 ¢ 1739b 1772b 1888 1766A
Men(NO) 140C 1568B 15583B  1623A
2005880
0(Contro) 1300 1430h 1424hi  1526fy 1427 C
1mi 138hi 140 1473ch 1576ef 1476 C
25mit 1598ef 1700 d 1643 e 1668 ck 1652B
50mi 172 17%hc 186l 19F%a 183lA
Mean(NO) 152C 159B 1600B 1676A

Sodium hydrosulfide (NaSH) : a donor of hydrogen sulfide (H,S) , nitric
acid (HNOs) : a donor of nitric oxide ( NO ) . Duncan's multiple range
test revealed that values with the same alphabetical letter(s) did not
substantially differ at the 0.05 level of significance.
Effect of NO donor

Spraying with NO at 10 ml/l increased dry matter (20.33
and 21.56%), TSS, (6.83 and 7.42) total sugars (5.65 and 6.15%)
, and starch ( 16.23 16.76%) aganist control treatment which
scored (18.38 and 19.35%), (6.40 and 6.80) , (5.49 and 5.86%)
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,and (1459 and 15.12%) for DM%, TSS, totals sugars and
starch content in tubers in both seasons , respectively at
harvesting time (Tables17,18,19and 20).

The increases in  dry matter (%) were about 10.61
and 11.42 %, TSS were about (6.72 and 9.12%), starch were
about (11.24 and 10.85%) for spraying with NO at 10 mi/l
over control treatment in the 1% and 2™ seasons , respectively.

The results are consistent with those of Sharaf et al.
(2023), They discovered that, as compared to the control or
50 UM nitric oxide, spraying 100 uM nitric oxide improved
the mango fruit quality (TSS%, (B) total acidity%, and (C)
TSS/acid ratio).

Effect of the interaction

The interaction between foliar spray with NaSHat 5
ml/l and foliar spray with NO donor at 10 ml/I increased dry
matter (23.82 and 25.48%) , total sugars( 6.93 and 7.43 , and
starch (18.83and 19.36 %) in tuber in both seasons, while the
interaction between foliar spray with NaSHat 5 ml/l and
foliar spray with NO donor at 7.5 ml/l increased TSS (7.34
and 8.04 Brix°) in both seasons (Tables17 to 20).

The dry matter percentage in tubers for all interaction
treatments ranged from 15.90 to 23.82 percent in the first
season and 17.37 to 25.48 percent in the second, while the
starch content ranged from 12.79 to 18.83% in the first season
and 13.3t0 19.3617.95 percent in the second. The percentage
of dry matter and the amount of starch in tubers were
positively correlated.

CONCLUSION

Foliar of potato plants grown in summer plantation
with sodium hydrosulfide at 5 ml/l and nitric oxide donor at
7.5 ml/l increased plant height, number of leaves / plant ,
number of stems/ plant , leaf area /plant foliage fresh and dry
weight average tuber weight, yield/plant and total yield /fed.,
whereas spraying with sodium hydrosulfide at 5 ml/I and
nitric oxide donor at 10 ml/l increased dry matter (%) TSS (
Brix®), total sugars and starch content in tubers.

REFERENCES

Ahmad R.S. Ali, M. Rizwan and M. Dawood (2020). Hydrogen
sulfide alleviates chromium stress on cauliflower by
restricting its uptake and enhancing antioxidative system.
Physiologia Plantarum 168: 289-300.

Ahmad, P.; Ahanger, M.A; Alyemeni, M.N.; Wijaya, L. and Alam,
P. (2018). Exogenous application of nitric oxide modulates
osmolyte metabolism, antioxidants, enzymes of ascorbate-
glutathione cycle and promotes growth under cadmium
stress in tomato. Protoplasma 2018, 255, 79-93.

Alici, E. H., and Arabaci, G. (2016). Determination of SOD, POD,
PPO and cat enzyme activities in Rumex obtusifolius
L. Annual Research & Review in Biology,1-7.

Allakhverdiev, 1., Kreslavski, V. D., Klimov, V. V., Los, D. C.,
and Mohanty, R. P. (2008). Heat stress: an overview of
molecular responses in photosynthesis. Photosynth. Res.
98, 541-550.

AOAC, (2008).” Official Methods of Analysis. 18" Ed.
Association of Official Analytical Chemists, Inc.,
Gaithersburg, MD, Method 04.

Badem A.and S. S6ylemez (2022). Effects of nitric oxide and
silicon application on growth and productivity of pepper
under salinity stress . Journal of King Saud University —
Science 34, 102189.

oAy

Bahmanbiglo, F.A. and S.Eshghi (2021). The effect of hydrogen sulfide
on growth, yield and biochemical responses of strawberry
(Fragariax ananassa cv. Paros) leaves under alkalinity stress.
Scientia Horticulturae, 282, 10 May, 110013.

Brestic,M., Zivcak,M., Kalaji, H.M., Carpentier, R., and
Allakhverdiev, S. I. (2012). Photosystem I
thermostability in situ: environmentally induced
acclimation and genotype specific reactions in Triticum
aestivum L. Plant Physiol. Biochem. 57, 93-105.

Camire M.E., Kubow S. and Donnelly D.J. 2009. Potatoes and
human health. Critical Reviews in Food Science and
Nutrition, 49(10), pp. 823-840.

Caverzan A., Passaia G., Rosa S. B., Ribeiro C. W., Lazzarotto
F. and Margis-Pinheiro M. (2012). Plant responses to
stresses: role of ascorbate peroxidase in the antioxidant
protection. Genet. Mol. Biol. 35, 1011-1019.

Corpas, F.J.; Gonzalez-Gordo, S.; Cafias, A. and Palma, J.M.
(2019).Nitric oxide and hydrogen sulfide in plants:
Which comes first? J. Exp. Bot. 2019, 70, 4391-4404

Corpas F.J.and PalmaJ. M. (2020). HS signaling in plants and
applications in agriculture. Journal of Advanced
Research 24, 131-137

Dahal, K.; Li, X.Q.; Tai, H.; Creelman, A. and Bizimungu, B. (
2019). Improving Potato Stress Tolerance and Tuber
Yield under a Climate Change Scenario—A Current
Overview. Front. Plant Sci., 10, 563.

Darwish, T., Fadel, A., Chahine, S., Baydoun, S., Jomaa, I. and Atallah,
T. (2022). Effect of potassium supply and water stress on potato
drought tolerance and water productivity. Communications in
Soil Science and Plant Analysis,53(9), 1100-1112.
https://doi.org/10.1080/00103624.2022.2043341.

Duncan, D B (1958). Multiple Range and Multiple F-Test.
Biometrics, 11: 1-5.

Forsee W .T. Jr.1938. Determination of sugar in plant materials A
photometeric method. Indus. Eng. Chem. Anal. Ed. 10:411-
418.

Filipovic, M. R., Zivanovic, J., Alvarez, B., and Banerjee, R.
(2018). Chemicalbiology of H,S signaling through
persulfidation. Chem. Rev. 118, 1253-1337.

Friedman M., 2015. Chemistry and anticarcinogenic
mechanisms of glycoalkaloids produced by eggplants,
potatoes, and tomatoes. Journal of Agricultural and Food
Chemistry, 63(13): 3323-3337.

Gautam, H.; Sehar, Z.; Rehman, M.T.; Hussain, A.; AlIAjmi,
M.F. and Khan, N.A. (2021). Nitric oxide enhances
photosynthetic nitrogen and sulfur-use efficiency and
activity of ascorbate-glutathione cycle to reduce high
temperature stress stress-induced oxidative stress in rice
(Oryza sativa L.) plants. Biomolecules , 11, 305.

Hancock, R.D.; Morris,W.L.; Ducreux, L.J.M.; Morris, J.A,;
Usman, M. and Verrall, S.R.; 2014. Physiological,
Biochemical and Molecular Responses of the Potato
(Solanum Tuberosum L.) Plant to Moderately Elevated
Temperature. Plant Cell Environ., 37, 439-450.

Hasanuzzaman, M., Nahar, K., Alam, M. M., and Fujita, M. (2012).
Exogenous nitric oxide alleviates high temperature induced
oxidative stress in wheat (Triticum aestivum L.) seedlings by
modulating the antioxidant defense and glyoxalase system.
Awust. J. Agric. Res. 6, 1314-1323.

Igbal, N.; Umar, S.; Khan, N.A. and Corpas, FJ. (2021). Nitric
Oxide and Hydrogen Sulfide Coordinately Reduce Glucose
Sensitivity and Decrease Oxidative Stress via Ascorbate-
Glutathione Cycle in Heat-Stressed Wheat (Triticum
aestivum L.) Plants. Antioxidants 2021, 10, 108.


https://onlinelibrary.wiley.com/authored-by/Ali/Shafaqat
https://onlinelibrary.wiley.com/authored-by/Rizwan/Muhammad
https://onlinelibrary.wiley.com/authored-by/Dawood/Muhammad
https://www.sciencedirect.com/science/article/pii/S0304423821001205
https://www.sciencedirect.com/science/article/pii/S0304423821001205
https://www.sciencedirect.com/science/article/pii/S0304423821001205
https://www.sciencedirect.com/journal/scientia-horticulturae

EL-Afify, S. S.T. etal,

Kumari R. ;M. Nasir Khan,Z. A. Parrey and P. Kapoor, (2025).
Synergistic effects of hydrogen sulfide and nitric oxide in
enhancing salt stress tolerance in cucumber seedlings.
Physiologa plantarum, 177, 1.https://doi.org/10.1111/ppl.70109

Misra, A. N. (1980). Dark and thermal stress induced changes in
the level of chlorophyll during aging of attached and
detached leaves, and of isolated chloroplasts. J. Sci. Res.
2,48-49.

Narayan S, Kanth RH, Narayan R, Khan FA, Saxena A and
Hussain T (2014). Effect of planting dates and integrated
nutrient management on productivity and profitability of
potato (Solanum tuberosum) in Kashmir valley. Indian J
Agron.; 59(1):145-150.

Pandey, A.K. and Gautam, A. 2020. Stress responsive gene
regulation in relation to hydrogen sulfide in plants under
abiotic stress. Physiol. Plant., 168, 511-525

Picazo A., C. Rochera, E. Vicente, M. R. Miracle and A. Camacho

(2013). Spectrophotometric methods for the determination of

photosynthetic pigments in stratified lakes: a critical analysis

based on comparisons with HPLC determinations in a model

lake. Limnetica, 32 (1): 139-158.

A.D.andS. M. Prasad(2021). Hydrogen sulfide

implications on easing NaCl induced toxicity in eggplant

and tomato seedlings. Plant Physiology and

Biochemistry, 164, July 2021:173-184.

Rykaczewska, K. ( 2013) The Impact of High Temperature
during Growing Season on Potato Cultivars with
Different Response to Environmental Stresses. Am. J.
Plant Sci., 04, 2386-2393

Santisree, P., Bhatnagar-Mathur, P., and Sharma, K. K. (2015).
NO to drought multifunctional role of nitric oxide in
plant drought: do we have all the answers? Plant Sci.,
239, 44-55.

Shalaby O. A.,R. Faragand M. F.M. Ibrahim (2023). Effect of
hydrogen sulfide and hydrogen peroxide on growth,
yield and nutrient content of broccoli plants grown under
saline conditions.Scientia Horticulturae, Volume 316, 1
June, 112035.

Raju

Sharaf A.E.;, Seleiman, M.F.; Omar, M.; Al-Saif, A.M.; Shahid,
M.A. and Sharaf, M. (2023). Effects of Fogging System
and Nitric Oxide on Growth and Yield of ‘Naomi’
Mango Trees Exposed to Frost Stress. Life, 13, 1359.
https://doi.org/10.3390/ life13061359

Snedecor, GW and WG Cochran (1980). Statistical Methods.7th
ed., lowa State Univ., Press, Ames., lowa, U.S.A.

Sparks, D. L., Page, A. L., Helmke, P. A., and Loeppert, R. H.
(Eds.). (2020).Methods of soil analysis”, part 3:
Chemical methods (Vol. 14). John Wiley &
Sons.tolerance and water productivity. Communications
in Soil Science and Plant Analysis, 53(9), 1100 1112.

Valivand M.and R. Amooaghaie (2021). Foliar spray with
sodium hydrosulfide and calcium chloride advances
dynamic of critical elements and efficiency of nitrogen
metabolism in Cucurbita pepo L. under nickel stress.
Scientia Horticulturae, 283, 1 June 110052.

Yildirim, E.; Ekinci, M.; Turan, M.; Ors, S. and Dursun, A. ( 2023).
Physiological, Morphological and Biochemical Responses of
Exogenous Hydrogen Sulfide in Salt-Stressed Tomato
Seedlings. Sustainability, 15, 1098. https://doi.org/ 10.3390/
su15021098.

Zayed O. ,0. A Hewedy and Ali Abdelmoteleb (2023). Nitrogen
Joumey in Plants: From Uptake to Metabolism, Stress
Response, and Microbe Interaction.  Biomolecules,
13(10):1443. doi: 10.3390/hiom13101443

Zhang H., Tang J., Liu X.P., Wang Y., Yu W., Peng W.Y., Fang
F.Ma D.F., Wei ZJ. and Hu L.Y. (2009). Hydrogen
sulfidepromotes root organogenesis in Ipomoea batatas,
Salixmatsudana and Glycine max. J Integr Plant Biol
51:1086-1094.

Zhang, C.; Bruins, M.E.; Yang, Z.Q.; Liu, S.T. and Rao, P.F. 2016. A
new formula to calculate activity of superoxide dismutase in
indirect assays. Anal. Biochem. , 503, 65-67.

it udalha) i 3 3395 0 all alaiicd) 3eUS 9 Al oy Al dasly cum g g Ak S il

A Ay gl

Aol i ale salan g e g Al ae pan ' Addall Al pew jelu

s el )3 Sl S e Ol G s gre — il g ae)
Gl 3l Analas Al )3 A Gilal) 80

gl

M\@uiﬂlum;‘ﬂ/&cﬁ ¥,0 ¢) v g_al).&)uw;}).ug_“m)ﬁc_‘ue}m}mﬂm})mdjm‘_g)ﬂw)!\)& (um‘_g\k_ug_\m\).\“o.\b
m\)i\;u);\_ﬂj U\SA_A.\.ASSUAL\LJ\ub)Jm}Qubm\yM\JmLu\éclécJ}ma.“ g cu\sﬂ};‘_g}h)m e Ve gev,0 00,0 oo i3S i &l il
‘"; mu\uéwluM@)j\w)chwl dJ\H 4.\3@;\3”‘\.]:\3\;44‘uy‘)u_)s‘)nsu;ﬂ\e)s.fahuﬁﬁﬁ.ala)mmJ)a@V VUJY Yi@b@.\mdh
Lugecdlall oyl (o padll sall Cliia @adb)‘;‘\)ﬂ/davo)ﬁ)u «JJ)A.\.\“JL»S‘)J.\VJA OS5 wa;)&@\&.\.u)ﬁ@u 5 geall il g yues dtuall o g yall
&)}S\wjb).\x/da\‘ OJAS)AJ eyﬁ}..anmj)m.\@))“w)\uudcm\gd\us bJ‘\)aﬂeha.\u\b&hSé\AﬁL.a‘)(L\u\&/QSMd}..a;.d\jul.u/d)sz‘\.\J&“u)}
é\(gwbwj\)djﬁﬂ\&buua\w‘QUJY\@(SOD))b)mmM\)}uﬁ}\;éﬂ\dﬁ})}ﬂ\wdbjwdjm bdb)é\)ﬁ/&a\/c‘)ﬁ).uu‘).uﬂ\
m&\@\m‘;))x\uﬂ)l\})ﬂ/dac).\S)uw;}JJAQJ\J.m).\SCJLuuA)“u\uA@ W}J\)\Sé%\)}\wu}zq A:ud\)}‘}[‘@(MDA)m.\n.\h}n‘xﬁ).\\‘_guh)
m\;m\ubﬂ\d)uj(uﬁ})éuﬂ\@\ﬂ\d‘a“.\\}A“‘451;.“51.«“ u.ac_:h)ﬂ‘ d}mo.ﬁbj‘i“d.ﬂ)ﬂ/da\ ).\S)J.\ u.\;)u.\“


https://onlinelibrary.wiley.com/authored-by/Kumari/Ritu
https://onlinelibrary.wiley.com/authored-by/Khan/M.+Nasir
https://onlinelibrary.wiley.com/authored-by/Parrey/Zubair+Ahmad
https://onlinelibrary.wiley.com/authored-by/Kapoor/Preedhi
https://doi.org/10.1111/ppl.70109
https://www.sciencedirect.com/author/7403003271/sheo-mohan-prasad
https://www.sciencedirect.com/science/article/pii/S098194282100245X
https://www.sciencedirect.com/science/article/pii/S098194282100245X
https://www.sciencedirect.com/science/article/pii/S098194282100245X
https://www.sciencedirect.com/journal/plant-physiology-and-biochemistry
https://www.sciencedirect.com/journal/plant-physiology-and-biochemistry
https://www.sciencedirect.com/journal/plant-physiology-and-biochemistry/vol/164/suppl/C
https://www.sciencedirect.com/journal/scientia-horticulturae
https://www.sciencedirect.com/journal/scientia-horticulturae/vol/316/suppl/C
https://doi.org/
https://www.sciencedirect.com/science/article/pii/S030442382100159X
https://www.sciencedirect.com/science/article/pii/S030442382100159X
https://www.sciencedirect.com/science/article/pii/S030442382100159X
https://www.sciencedirect.com/science/article/pii/S030442382100159X
https://www.sciencedirect.com/journal/scientia-horticulturae
https://www.sciencedirect.com/journal/scientia-horticulturae/vol/283/suppl/C
https://doi.org/
https://pubmed.ncbi.nlm.nih.gov/?term=%22Zayed%20O%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Hewedy%20OA%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Abdelmoteleb%20A%22%5BAuthor%5D
https://doi.org/10.3390/biom13101443

