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ABSTRACT

This study was conducted in the greenhouse of the College of Education for Women, University of Tikrit
Longitude and latitude lines, during the agricultural season 2025-2026, with the aim of evaluating effect
of foliar spraying with zinc oxide nanoparticles (ZnO-NPs) at concentrations (0, 25, 50, 75 mg L™ 1) on
improving yield traits and its components of green beansplants (Phaseolus vulgaris L.) grown under
different levels of salt stress (NaCl) at concentrations (0, 1, 3, 5 g L™ 1). The experiment was designed
The results showed that according to a randomized complete block design (RCBD) as a factorial study.
salt stress, especially at the high concentration (5 g L™ 1), led to a significant decrease in all yield traits,
including the number of pods, pod length and diameter, weight of 100 seeds, and biological yield. In
contrast, spraying with zinc oxide nanoparticles achieved a significant superiority in improving these
traits, with the concentration of 75 mg/L (N3) recording the highest averages for the number of pods
Furthermore, the (45.75 pods plant™ 1), plant yield (133.60 g plant™ 1), and harvest index (40.80%).
interaction results revealed the ability of nano-zinc to mitigate the negative effects of salinity; the N3S0
interaction treatment achieved the best results, while the addition of zinc helped maintain good production
levels under salt stress conditions compared to control treatments. These improvements may be attributed
to the role of zinc in activating metabolic enzymes, improving photosynthesis efficiency, and enhancing

the plant's reproductive processes.
Keywords: Nano-zinc, salt stress, green beans

INTRODUCTION

Common bean (Phaseolus vulgaris L.) is a plant (carbohydrates 52-76%, protein 14-33%, amino
belonging to the Fabaceae family and is one of acids such as lysine 6.4-7.6 g/100 g), in addition
the important vegetable crops widely distributed to its nutritional content, it contains bioactive
worldwide. It is cultivated extensively in compounds such as anti-inflammatories,
tropical, subtropical, and temperate regions, Zinc (Zn) isa ).1phenolic acids, and flavonoids (
except for the Arctic continent. Due to its high micronutrient essential for plant life cycles and
nutritional, economic, and medicinal value, its growth, although it is absorbed in relatively
green pods contain 90.14 g water, 2.31 g protein, ). It is considered an essential 2small quantities (
0.5 g fat, 6.41 g carbohydrates, and 3.4 g fiber, element for metabolic processes and growth in
providing 33 kcal per 100 g. They are also rich plants, and its deficiency can disrupt many plant
in mineral elements such as calcium, iron, metabolic processes, including carbohydrate and
magnesium, phosphorus, potassium, sodium, protein synthesis, ultimately reducing production
copper, manganese, and zinc, as well as a range ). Some consider zinc the fourth most 3quality (
of vitamins including C, B1, B2, and B3 important nutrient determining vyield after
(USDA, 2018). Global production of green Salt ).4nitrogen, phosphorus, and potassium (
beans reached 24,752,853 tons per hectare from stress is one of the most significant
a cultivated area of 1,934,328 hectares, with environmental factors negatively affecting plant
China ranking first globally with a production of growth and productivity, inhibiting them. It
17,200,000 tons per hectare, followed by disrupts the absorption of water and nutrients,
Indonesia, India, and Turkey in fourth place which reflects on the vegetative traits of the
(FAO, 2021). It is a crop rich in nutrients plant. This accumulative process of salinity can
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lead to visible symptoms such as leaf curling,
). Syellowing, wilting, and a decrease in yield (
Salinity also affects physiological and
biochemical processes, inhibiting growth,
accelerating senescence, and in severe cases,
may lead to plant death. These effects are
reflected in anatomical changes in the plant,
such as increased thickness of certain tissues and
improved water absorption capacity as an
).6adaptive mechanism to cope with salt stress (

The study aims to:

The experiment was conductedin the greenhouse
of the scientific departments affiliated with the
College of Education for Women / University of
Tikrit for the agricultural season 2025-2026,
from October 13, 2025, to January 17, 2026, to

Common bean seeds (Phaseolus vulgaris L.) of
the American variety GIA BEAN were obtained
from local markets in Baghdad Governorate,
with germination rates of 97% and 98%,
respectively, tested on filter paper in Petri

1. Evaluate the effect of nano-zinc fertilizer on
improving the growth, yield, and some
anatomical traits of common bean plants.

2. Study the impact of salt stress on the
vegetative growth, yield, and some anatomical
traits of common bean plants.

3. Determine the optimal concentration of nano-
zinc fertilizer that achieves the best growth and
yield response under different salinity levels.

4. ldentify the effect of the interaction between
zinc oxide nanoparticles and salt stress
treatments on growth, yield traits, and some
anatomical traits of common bean plants.

MATERIALS AND METHODS

3.1: Experiment Location and Setup
study the effect of salt stress at concentrations
(0, 1, 3,5 g L™ 1) and the addition of zinc oxide
at concentrations (0, 25, 50, 75 mg L™ %) on the
growth and vyield of common bean plants

according to the following steps:

3.2: Source of Used Seeds

dishes. This variety is designated for protected
cultivation, resistant to rot diseases, high-
yielding, and tolerant to various environmental
conditions.

3.3: Soil Preparation, Conditioning, and Planting Method

This experiment was conducted in the
greenhouse of the scientific departments,
College of Education for Women, University of
Tikrit, on October 13, 2025, using plastic pots
for planting with a height of (35 cm), a diameter
of (25 cm), and a capacity of (12 kg) of soil. The
pots were filled with a mixture of loamy soil and
peat moss in a 2:1 ratio, with the addition of urea
and superphosphate fertilizers according to the
recommended rates. The soil was obtained from
the Tigris River basin, air-dried, and sieved
using a 2 mm mesh sieve. The total number of
treatments was (16) experimental treatments,

1767

with (48) experimental units for the complete
experiment across three replicates. Irrigation and
other agricultural operations were carried out
according to plant needs. The number of plants
per experimental unit Start with 5 plants , Then
thin to 3 plants seeds planted per hole. After
germination and ensuring plant health, thinning
was performed so that each pot contained three
plants. The chemical and physical properties of
the soil were analyzed in the soil laboratory of
the College of Agriculture / University of Tikrit,

as shown in Table (1).
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Table 1: Physical and chemical properties of the field soil before planting

Characteristics Unit of measurement Value
Soil pH - 7.20
(EC) mmho.cm™ 1 0.30
(CaCO3 ) % 22
Available nitrogen Ppm 10
Phosphorus Ppm 5
Potassium Ppm 132
(Silt) % 18
(Clay) % 14
(Sand) % 68
(Soil texture) - Sandy loam

physical and chemical properties of the field soil were analyzed in the soil laboratory of the College of Agriculture / University of Tikrit

Date Maximum Minimum temperature | Relative humidity

temperature (°C) (°C) (%)
13-22/10/2025 32 16 40
23-31/10/2025 31 155 38
01-10/11/2025 24 10.5 55
11-20/11/2025 23 9.5 58
21-30/11/2025 23.5 10 57
01-10/12/2025 17 6 70
11-20/12/2025 16 5 72
21-31/12/2025 16.5 55 71
01-10/01/2026 14.5 4 65
11-17/01/2026 14 3.8 64

1768

. Table (1) Monthly averages of maximum and minimum temperatures (°C) and relative humidity

(%)
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Experimental Design:

The experiment was conducted using a
Randomized Complete Block Design (RCBD) as
a factorial experiment consisting of two factors:
the first factor was salt stress (NaCl) at four
concentrations (0, 1, 3, 5 g/L), and the second
factor was zinc oxide nanoparticles (ZnO-NPs)
at four concentrations (0, 25, 50, 75 mg/L).
3.5: Study Factors:

The experiment included two factors:

3.5.1: First Factor:

Addition of four levels of sodium chloride
(NaCl):

SO: Without addition (distilled water)

S1: Dissolving 1 g in one liter of distilled water.
S2: Dissolving 3 g in one liter of distilled water.
S3: Dissolving 5 g in one liter of distilled water.
The mentioned concentrations were dissolved in
one liter of distilled water for addition to the
plant soil in two batches. The first batch was
added on (October 28, 2025), and the second
batch was added 10 days after the first, with the
same concentrations.

3.5.2: Second Factor:

The zinc oxide nanoparticles were procured
from a supplier in Baghdad, with details shown
in Appendix (12). They were prepared by
weighing 25 mg of zinc and dissolving it in 1
liter of distilled water for the N1 treatment, 50
mg of zinc in 1 liter of distilled water for the N2
3.6: Studied Traits of the Experiment.

Three homogeneous plants from each
experimental unit were relied upon, and their
3.6.2: Yield Traits.

3.6.2.1: Number of pods per plant
(pod.plant™ 1)

This trait was measured by counting the number
of pods from three plants in the experimental
unit and calculating their average.

3.6.2.2: Pod length (cm.plant™ %)

Pod length was measured from the beginning to
the end of the pod using a measuring tape for
five randomly selected pods from each
experimental unit, and then the average length
was calculated.

3.6.2.3: Pod diameter (mm.plant™ 1)

1769

Thus, the total number of experimental
treatments was (16) with three replications. The
number of experimental units was (48), with (3)
plants per experimental unit. Data were collected
from the three plants in each experimental unit
to study growth traits, yield traits, chemical

traits, and anatomical traits (26).

A surfactant (e.g., Tween-20 at 0.1%) was
added to improve foliar absorption.

with zinc oxide nanoparticles (ZnO NPs),
denoted as N, at four levels:
NO: Spraying with distilled water only.
N1: Spraying with zinc oxide nanoparticles at a
concentration of 25 mg per liter of distilled
water.
N2: Spraying with zinc oxide nanoparticles at a
concentration of 50 mg per liter of distilled
water.
N3: Spraying with zinc oxide nanoparticles at a
concentration of 75 mg per liter of distilled
water.

treatment, and 75 mg of zinc in 1 liter of
distilled water for the N3 treatment. Spraying
was carried out in the early morning in two
batches: the first on (November 2, 2025) and the
second 10 days after the first (November 12,
2025) for the experiment.

average was taken at the end of the growing
season.
Pod diameter was measured using a Vernier
Digital Caliper.
3.6.2.4: Average pod weight (g.plant™ 1)
This trait was calculated by dividing the yield of
the experimental unit by the number of pods,
):7according to the following equation (

Yield of experimental
unit
Average pod weight =

Number of pods in the
experimental unit

3.6.2.5: Plant yield (g.plant™ 1)
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Pod yield per plant was calculated according to
):7the following equation (

Yield of experimental
unit
Pod yield per plant =

This trait was measured by counting 100 seeds
from each experimental unit and then calculating
their average weight.

3.6.2.8: Plant biological yield (g.plant™ 1):
Rlant biological yield was calculated as follows:

Number of plants in the
experimental unit

3.6.2.6: Number of seeds per pod

(seed.pod™ 1)

This trait was calculated by counting the number
of seeds in pods from five randomly selected
pods from the experimental unit, dividing by
their number, and calculating the average.
3.6.2.7: Weight of 100 seeds (g)

The results in Table ( ) showed significant
differences in the above trait for zinc oxide
nanoparticle concentration. The N3
concentration achieved the highest average of
45.75 pods.plant™ 1, while the NO concentration
recorded the lowest average of 31.58
pods.plant™ 1. We also note that the average
effect of salt differed significantly; the results
showed that the SO concentration gave the

(Seed weight + plant dry weight) for three

plants, and its average was extracted for each

experimental unit.

3.6.2.9: Harvest index (%0): It was estimated

according to the following equation:

Harvest Index (%) = (Economic yield) /

(Biological yield) x 100

4-1 Results:

4-1-2-1: Number of pods per plant

(pod.plant™ 1)

highest average number of pods, reaching 43.75

pods.plant™ 1, while the S3 concentration

recorded the lowest average of 36.58

pods.plant™ 1. Regarding the interaction results

between zinc oxide and salt stress treatments,

the effect was significant. The N3SO treatment

gave the highest value of 54.3 pods.plant™ 1,

while the NOS1 treatment gave the lowest value
of 26.7 pods.plant™ .

Table 1 Effect of zinc oxide nanopatrticles and salt stress on the number of pods per plant

(pod.plant™ 1)

Nano zinc oxide Salinity stress Average zinc
S0 Sl S2 S3
NO 37.3d 26.79g 33.3e 29.0f d31.58
N1 41.7c 36.7d 35.3de 30.7f 0 c36.1
N2 41.7¢c 42.7¢ 40.3c 46.3b b42.75
N3 54.3a 42.7¢ 457 b 40.3¢ a45.75
Average salt ad3.75 b37.2 b38.65 b36.58

The results in Table () indicate significant
differences among zinc oxide nanoparticle
concentrations. The N3 concentration recorded
the highest mean pod length value, reaching
15.88 cm, compared to the NO concentration,
which recorded the lowest mean pod length
value of 14.10 cm. Meanwhile, from the table of
salt effect results, we observe no significant

1770

4-1-2-2: Pod length (cm.plant™ 1)
difference, as the S1 concentration gave the
highest mean pod length of 15.23 cm, while the
S2 concentration recorded the lowest mean pod
length of 14.83 cm. The interaction between the
studied concentrations also showed a significant
effect on this trait, as the N3S1 treatment
achieved the highest pod length value of 16.8 cm
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compared to

the NOS3

treatment,

which

recorded the lowest value of 13.4 cm.

Table 2 Effect of zinc oxide nanoparticles and salt stress on pod length (cm.plant™ ?)

Nano zinc oxide Salinity stress Average zinc
SO S1 S2 S3
NO 144 cd 14.1cd 145¢c 13.4d 0di14.1
N1 14.9 bc 15.1 bc 145¢c 151b 0c14.9
N2 15.4 bc 14.9 bc 152 b 16.0 ab b15.38
N3 158a 16.8a 15.1 bc 15.8 ab al5.88
Average salt a15.13 3als.2 al4.83 al5.08

It is evident from Table () that the levels of zinc
oxide nanoparticles differed significantly in their
effect, as the N3 level recorded the highest
average pod diameter of 10.30 mm compared to
the NO level, which gave the lowest average of
9.36 mm. Meanwhile, from the table of salt
effect results, we observe no significant
difference, as the results showed convergence in
values between concentrations. The SO

4-1-2-3: Pod diameter (mm.plant™ 1)
concentration recorded the highest average pod
diameter of 9.87 mm, while the S3 concentration
recorded the lowest average of 9.68 mm.
Regarding the interaction results between the
two studied factors, the effect was significant for
this trait, as the N3S0 treatment achieved the
highest pod diameter value of 10.60 mm
compared to the NOS2 treatment, which
recorded the lowest value of 8.88 mm

Table 3 Effect of zinc oxide nanoparticles and salt stress on pod diameter (mm.plant™ %)

Nano zinc oxide Salinity stress Average zinc
SO S1 S2 S3
NO 9.57ec 9.75ec 8.88e 9.24edc d9.36
N1 9.73ab 9.11ed 9.81bc 9.70ad 9¢9.5
N2 9.56eb 9.57ec 10.14ab 9.84eb b9.78
N3 10.60a 10.53ab 10.11dc 9.94ac 0a10.3
Average salt 7 a9.8 a9.74 4 a9.7 a9.68

From the results in Table (), we observe
significant differences between zinc oxide
nanoparticle concentrations. The N3
concentration gave the highest average pod
weight value of 5.718 g compared to the NO

1771

4-1-2-4: Average pod weight (g.plant™ 1)
concentration, which recorded the lowest
average pod weight value of 4.703 g. As for the
results of the salt stress effect, they showed no
significant effect between its levels, with the SO
level achieving the highest average pod weight
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of 5.873 g, while the S3 level gave the lowest
average of 4.733 g. Meanwhile, the interaction
table between the studied factors shows a
significant difference in effect, with the N3S0

treatment excelling by achieving the highest pod
weight value of 6.50 g compared to the NOS3
treatment, which recorded the lowest value of

4.08 g.

Table 4 Effect of zinc oxide nanoparticles and salt stress on average pod weight (g.plant™ 1)

Nano zinc oxide Salinity stress Average zinc
SO S1 S2 S3
NO 5.39 cd 448 f 4.86 ef 4.08¢g c4.703
N1 599 Db 5.24 cd 484¢e 4.45f 0b5.13
N2 5.61c 6.15b 5.07 de 5.88 Db as.678
N3 6.50 a 6.39 ab 5.46 cd 452 f as.718
Average salt as5.873 as5.565 b5.058 c4.733

It is clear to us from the results in Table (6) that
zinc oxide concentrations significantly affected
the plant yield trait. The N3 concentration
recorded the highest average plant vyield,
reaching 133.60 g, compared to the NO
concentration, which recorded the lowest
average plant yield of 91.03 g. As for the salt
results, they showed a significant effect, with the
SO level giving the highest average plant yield of

4-1-2-5: Plant yield (g.plant™ 1)

124.40 g, while the S3 level gave the lowest
average of 96.40 g. Meanwhile, the interaction
results between zinc oxide and salt showed a
significant effect, with the N3SO treatment
excelling by achieving the highest plant yield
value of 147.40 g compared to the NOS3
treatment, which recorded the lowest value of
79.91¢g.

Table 6 Effect of zinc oxide nanopatrticles and salt stress on plant yield (g.plant™ 1)

Nano zinc oxide Salinity stress Average zinc
SO S1 S2 S3
NO 102.40 h 96.54 i 85.25 k 79.911 d91.03
N1 111.00 fg 94,95 90.90 j 84.22 k €95.26
N2 136.70 c 12594 e 1234 ¢ 108.40¢g 0 b123.6
N3 14740 a 14439 b 129.5d 113.10f 0al133.6
Average salt 0 al24.4 b115.46 0c107.3 0d96.4

Table (5) shows that the averages of zinc oxide
differed significantly in their effect, as the N3
concentration excelled with the highest average
number of seeds, reaching 6.3 seeds/pod,

4-1-2-6: Number of seeds per pod (seed.pod™ 1)
compared to the NO concentration, which gave
the lowest average of 5.0 seeds/pod. The results
of the salt stress effect showed a significant
difference in the trait of number of seeds per
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pod, as the SO concentration recorded the
highest average of 6.5 seeds/pod, while the S2
concentration gave the lowest average of 5.0
seeds/pod. The results of the interaction between
zinc oxide concentration and salt stress
concentration also showed a significant effect, as

the N3SO0 treatment exhibited the highest value
for number of seeds per pod, reaching 7.0
seeds/pod, compared to the NOS2 treatment,
which recorded the lowest value of 4.4

seeds/pod.

Table 5 Effect of zinc oxide nanoparticles and salt stress on the number of seeds per pod

(seed.pod™ 1)

Nano zinc oxide Salinity stress Average zinc
SO S1 S2 S3
NO 59c¢ 54d 4.4f 44f b5.0
N1 6.3b 49e 48e 5.3d b5.3
N2 6.6 ab 6.4b 4.7 ef 6.4b a6.0
N3 7.0a 6.9a 59c 55d a6.3
Average salt a6.5 b5.9 50d c5.4

We observe from Table (7) that the averages of
zinc oxide nanoparticles show significant
differences among them, as the N3 concentration
recorded the highest value for 100-seed weight,
reaching 29.99 ¢, compared to the NO
concentration, which recorded the lowest
average of 22.82 g. As for the salt results, they
showed a significant effect, with the SO level

4-1-2-7: Weight of 100 seeds (Q)
giving the largest average for 100-seed weight,
reaching 31.14 g, while the S3 level recorded the
lowest average of 22.29 g. Meanwhile, the
interaction table between zinc concentration and
salt showed a significant effect, as the N3SO
treatment gave the highest value of 36.45 g,
while the NOS3 treatment recorded the lowest

value of 18.83 g.

Table 7 Effect of zinc oxide nanoparticles and salt stress on the weight of 100 seeds (g)

Nano zinc oxide Salinity stress Average zinc
SO S1 S2 S3
NO 29.17 bc 21.49f 21.78 f 18.83 ¢ c22.82
N1 26.52d 21.81f 22.27f 22.28 f €23.22
N2 32.42 b 30.83 b 23.02 ef 23.84 ef b27.53
N3 36.45 a 30.72 b 28.58 c 24.20e a29.99
Average salt a3l.14 b26.21 c23.91 c22.29

Through the results in Table (8), we observe
significant differences among the averages of
nano-zinc, as the N3 treatment recorded the

4-1-2-8: Plant biological yield (g.plant™ 1)
highest value of 58.38 g compared to the lowest
value recorded for the NO treatment, which
reached 33.18 g. Regarding the salt data, it
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differed significantly in its effect, with the SO
concentration recording the highest value of
52.96 g, while the S3 concentration gave the
lowest average of 36.53 g. The interaction
results between nano-zinc and salt also showed a

significant effect, with the N3S0 concentration
giving the highest value for biological yield,
reaching 75.31 g, compared to the N2S3
concentration, which gave the lowest value of

31.754g.

Table 8 Effect of zinc oxide nanoparticles and salt stress on biological yield (g.plant™ )

Nano zinc oxide Salinity stress Average zinc
SO S1 S2 S3
NO 32.28 gh 33.45¢ 34.98 g 32.02 gh d33.18
N1 4470 f 50.14d 4438 f 35.76 g c43.75
N2 59.56 ¢ 49.56 d 48.36 de 31.75h b47.31
N3 75.31a 62.68 b 48.97 de 46.57 ef a58.38
Average salt as52.96 6 b48.9 c44.17 d36.53

The results in Table (9) indicate that zinc oxide
concentrations had a significant effect, with the
N3 level excelling by achieving the highest
average harvest index of 40.80%, while the NO
level recorded the lowest average of 34.48%.
Regarding the salt results, they differed
significantly in their effect, as the SO level
achieved the highest average harvest index of

4-1-2-9: Harvest index (%)

45.27%, while the S3 level gave the lowest
average of 31.76%. From the same table, the
interaction results between the two studied
factors showed a significant effect, with the
N3S0 treatment giving the highest harvest index
value of 48.53%, contrary to the NOS3
treatment, which recorded the lowest value of
29.15%.

Table 9 Effect of zinc oxide nanoparticles and salt stress on harvest index (%)

Nano zinc oxide Salinity stress Average zinc
SO S1 S2 S3
NO 40.33 ¢ 34.38 f 34.05f 29.15¢ c34.48
N1 46.77b 41.83¢c 36.46 e 30.18¢ b38.81
N2 45.46 b 41.35¢c 38.85d 34.63 f a40.07
N3 48.53 a 48.36 a 33.24f 33.06 f 0 a40.8
Average salt ad4s5.27 b41.48 c35.65 d31.76
The role of zinc in the antioxidant system results of the statistical analysis revealed

membrane stability This is a very important point in
salt stress research

1774

significant differences in some yield traits, such
as the number of seeds per pod, pod length, pod
diameter, and harvest index, as shown in Tables
1, 2, 3, and 4, concerning the zinc oxide
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nanoparticle treatment. This is attributed to the
role played by the zinc element when sprayed on
leaves in stimulating the vegetative growth of
the plant. Zinc contributes to increasing the
number of leaves, individual leaf area, total leaf
area of the plant, in addition to the number of
nodes, stem diameter, and total chlorophyll
content, as illustrated in Tables 35, 36, 37, 38,
39, 41, and 42. This, in turn, leads to improved
efficiency of the photosynthesis process and an
increase in its products, positively reflecting on
the increase of compounds resulting from
). 8metabolic processes within the plant (
Regarding the increase in the number of seeds
formed per pod, this can be attributed to zinc's
role in activating the plant's reproductive
processes by stimulating pollen grains, which
positively reflects on the increase in the number
). These results agree with 9of fertilized ovules (
) regarding the 10what was indicated by (
significant effect of zinc spraying on yield traits
in the faba bean plant. They are also consistent
), as their study 11with what was mentioned by (
showed that spraying zinc on common bean
plants led to significant differences in yield
traits. It is evident from the results of the pod
length table that there are significant differences
among nano-zinc oxide levels, with the N3
concentration giving the highest average pod
length of 15.88 cm, while the NO concentration
recorded the lowest average of 14.10 cm. This
superiority may be attributed to zinc's role in
stimulating the activity of enzymes associated
with metabolic processes within the plant, which
contributes to improving growth and increasing
photosynthetic efficiency, positively reflecting
on the increase in pod length. This result aligns
2), who indicated 1with what was obtained by (
significant differences in the pod length trait. It
is also clear from the results shown that spraying
with zinc had a significant effect on the traits of
plant yield and biological yield, as it led to a
clear increase in the average yield compared to
the control treatment. This is due to the
important physiological role of the zinc element
in the plant, as it contributes to improving the
increase in dry matter accumulation, in addition
to its positive effect on yield components such
as the total number of pods, number of seeds per
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pod, and weight of 100 seeds, which positively
reflected on increasing plant yield and biological
yield. These results agree with the findings of
) regarding the effect of zinc spraying on 3(1
increasing grain yield, as well as with the results
), which indicated a significant effect of 14of (
zinc spraying on the biological vyield trait.
Regarding the effect of salt stress, the results
showed that it caused a decrease in most yield
traits, while nano-zinc oxide showed a positive
effect in mitigating the impact of salinity and
improving yield components. The study results
indicated that salt stress negatively affected most
yield traits and their components, leading to a
decrease in the number of pods per plant due to
the impact on flowering and fertilization
processes under saline conditions, which reflects
on pod formation and productivity. This agrees
). Salt stress also 15with what was indicated by (
caused a reduction in pod length due to its effect
on cell elongation and division caused by the
decrease in the plant's water potential and the
). 16hindrance of water and nutrient absorption (
The results also showed a decrease in the
number of seeds per pod under the influence of
salt stress due to weak fertilization and
disruption of physiological processes associated
). The effect of salinity 17with seed formation (
was also negatively reflected on seed weight, as
salinity reduces the efficiency of photosynthesis
and limits the transport of photosynthetic
products to seeds, thus reducing the
). 18accumulation of carbohydrates within them (
As for the biological yield, it decreased due to
the impact of salt stress on plant growth and dry
matter accumulation, caused by osmotic effects
and ion toxicity. This may also affect the harvest
index due to the imbalance in the distribution of
photosynthetic products between vegetative and
, 20). This result aligns 19reproductive growth (
with the findings of (21, 22), who indicated a
significant effect on yield traits when adding
The study results levels of salt to the pea plant.
also indicated that the interaction between salt
stress levels and nano-zinc oxide treatments had
a noticeable effect on the yield traits of the
common bean plant. High salinity levels led to a
clear decline in the number of pods per plant, the
number of seeds per pod, as well as a decrease in
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plant yield. This can be explained by the fact
that increasing salt concentration in the growing
medium lowers the water potential and increases
the accumulation of sodium and chloride ions in
plant tissues, causing a dysfunction in several
physiological processes within the plant and
negatively affecting flower and pod formation,
which ultimately reflects on the reduction of
yield components (23). In contrast, treatments
that included the addition of nano-zinc oxide
showed relative improvement in some vyield
traits compared to treatments exposed to salt
stress only. This is attributed to the important
physiological role of zinc as an essential
micronutrient for plant growth, as it participates

1. Effect of Salt Stress: The common bean plant
is considered a salt-sensitive crop, as high levels
of NaCl (especially 5 g/L) caused a deterioration
in growth efficiency and inhibition of
physiological processes, leading to a decrease in
plant yield and total biological yield.

2. Efficiency of Nano-Zinc: Foliar spraying
with zinc oxide nanoparticles proved highly
effective in stimulating vegetative growth and
yield, and this effect is directly proportional to
the increase in concentration, with the
concentration of 75 mg/L playing the most
prominent role in enhancing yield components.
3. Protective Role of Nanotechnology: Nano-
zinc acts as a stress mitigator; its concentrations
succeeded in improving the plant's ability to
withstand osmotic effects and the toxicity of salt
ions, thereby maintaining the continuity of
metabolic processes and the formation of seeds
and pods under stress conditions.

4. Improvement of Quality and Quantity: The
role of nano-zinc was not limited to increasing
the number of pods but extended to improving
qualitative and quantitative traits such as pod
diameter, seed weight, and harvest index,
indicating an improved efficiency in transporting
photosynthetic products from source to sink
(pods).

5. Biological Interaction:The optimal response
of the common bean plant is achieved through
balancing the provision of micronutrients in
their nano-form with controlling soil salinity, as
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in activating many vital enzymes, enters the
structure of proteins, and regulates growth and
cell division processes. It also contributes to
improving flower and pod formation and
increasing the number of seeds within them,
which positively reflects on yield components
under salt stress conditions (24). These results
agree with the findings of (25), who indicated
that the addition of nano-zinc oxide contributed
to mitigating the negative effects of salt stress on
the pea plant by improving some physiological
and growth traits of the plant, which positively
reflected on plant performance under saline

conditions(27).

Conclusions
the combined treatments showed clear
superiority over the individual treatments.
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