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A field experiment on loamy soil was conducted in the
Haditha district, Anbar province, Iraq, during the
winter season of 2021-2022. The study aimed to
determine the effect of different zinc levels and
methods on wheat growth, yield, and tolerance to
salinity. The experiment used a randomized complete
block design (RCBD) with a split-plot arrangement
and three replications. The seeds were soaked before
planting with three zinc levels: 0 (control treatment,
soaked in water only), 75 mg Zn Kg* (seeds soaked in
zinc at a concentration of 75 mg Zn Kg™), and 150 mg
Zn Kg* (seeds soaked in zinc at a concentration of
150 mg Zn Kg?) for eight hours. This was followed
by two spray applications of the same concentrations,
the first at the tillering stage and the second at the
booting stage. Statistical analysis showed that adding
zinc to soak the seeds and spraying it on the plants
increased plant height, number of tillers, flag leaf area,
grain yield, and 1000-grain weight. Additionally, it
was observed that seed soaking and plant spraying
with zinc increased the plant's tolerance to salinity by
reducing the chloride and sodium concentration in the
wheat straw and roots and increasing the potassium
concentration and the potassium/sodium ratio in the
wheat straw and roots. The best results were obtained
using the 150 mg Zn Kg* level (seed soaking and
plant spraying) for most of the studied characteristics.
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Introduction

The significant decrease in the crop productivity rate is due to the salt, water, and
thermal stresses prevailing in Iraq; the salinity of irrigation water and soil, high
temperatures, and the wilting that occurs in the hot afternoon all negatively affect the
plant performance and its vital processes, and thus its productivity. Therefore,
modern studies have focused on studying these obstacles and developing appropriate
solutions, including using micronutrients (zinc), whether sprayed on the plant or
through soaking the seeds, which would make the growing plants more resistant to
environmental conditions. Zinc is a necessary nutrient for growth and production. It is
added in limited quantities to support plant pods forming and various enzymes (10).

(26) indicated that adding zinc as a foliar spray is more effective and leads to an
increase in the zinc concentration in wheat grains, increases its readiness, and leads to
a more significant increase in fertilizer use efficiency compared to the ground
addition method. (23) reported that improving the zinc concentration in grains by
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adding zinc foliar exceeded 46.4% compared to the control treatment, while the
ground addition method did not exceed more than 1.7%. Soaking seeds in zinc
solutions is a practical method to increase the zinc content in seeds before planting to
obtain good seeds and contribute to better plant growth. This technique increases
seeds' ability to germinate under different environmental conditions (15 and 16).

(2) stated that zinc is essential for plants because it reduces excessive absorption of
sodium under salinity stress through its effect on the cell membrane permeability of
the plant stem. Therefore, cell membranes show high permeability or leakage of some
compounds from the roots under the influence of zinc deficiency (25). It was found
that feeding plants with zinc effectively reduces sodium accumulation and improves
the plant potassium/sodium ratio under the influence of salinity (20). (18) indicated
that crop growth enhanced under the influence of salinity when increasing the
potassium concentration and removing sodium ions or by improving the ratio of
potassium /sodium ions and improving the efficiency of the respiration process and
regulating osmotic potential by enhancing the plant system (18). (14) concluded that
salinity is the environmental stress that negatively affects wheat productivity and
quality by changing the plant's physiological and biochemical activities. Also, salt
stress causes osmotic stress and ion toxicity by increasing the absorption of sodium
ions and reducing the potassium/sodium ratio, which is attributed to the low osmotic
potential within the plant roots. This imbalance affects the absorption and transport of
other necessary ions in the cells and impedes the fundamental processes and functions
of the plant (7). This study aims to examine the zinc effect and add methods to
increase the plant's resistance to environmental stresses, especially salinity, as well as
find the best fertilizer combination of soaking and spraying and its effect on the
growth and yield of wheat.

Materials and Methods

A field experiment was conducted in the Haditha district, Anbar Governorate,
Irag, during the winter season 2021-2022 in a mixed soil texture to study enhancing
wheat’s resistance to salinity by soaking the seeds and spraying the plant with zinc
and its effect on growth and yield. Representative random field soil samples were
taken before planting to estimate some chemical, physical, and fertility characteristics
of soil before planting according to the methods mentioned in (17), Table 1.
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Table 1: Some chemical, physical, and fertility characteristics of soil.

unit value characteristic

7.03 pH -Soil reaction (saturated paste method)

ds.m 6.06 ECe

g.kg? 3.8 Soil organic matter

g.kg? 235 Carbonate minerals
4.33 Gypsum

mmol.L? 15.3 Ca*? Dissolved
7.6 Mg*? cations
33.1 Na*
29.1 CI Dissolved
12.3 S04 anions
18.7 HCO3
Nill COo3
mg 31.2 (N) Available nitrogen
kg? 10.3 (P) Available phosphorus
185.4 (K)Available potassium
11 (Zn) Available zinc
g.kg soil 386 (Sand) Soil particles
406 (Silt)
208 (Clay)
Loamy Soil texture

The experiment was conducted using a randomized complete block design
(RCBD) in a split-plot arrangement, with three replications and three sectors, each
containing nine experimental units. The land was plowed and prepared on 11-14-
2021, then divided into experimental units 2x4 m. Seeds were planted in lines within
the experimental unit at a rate of 10 lines, and the distance between those lines was
20 cm. The distance between the experimental units was 50 cm, and the distance
between sectors was 1m to control irrigation, fertilization, and crop service
operations. Potassium and phosphorus fertilizers were added before planting during
soil preparation according to the fertilizer recommendation of (4) at a rate of 100 kg
K hal in the form of potassium sulfate (41.5% K), while phosphorus was added in
the form of triple superphosphate (21%P) at a rate of 80 kg P ha* at once. Nitrogen
fertilizer was added as urea (46%N) at 180 kg N ha* with irrigation water as a ground
addition in the two batches; the first was three weeks after germination, and the
second batch was at the booting stage. The seeds were soaked before planting with
levels of zinc 0, 75, 150 mg Zn kg™ and potassium sulfate for 8 hrs (9). Then, the
seeds were dried and planted on 11/20/2021 at a depth of 5 cm in lines by calculating
the number of seeds per line per plate according to the equation mentioned before
(22). A sprinkler irrigation system was used to irrigate the experiment. The plants
were sprayed with zinc in two batches. The first batch was at the Tillering stage,
while the second batch was at the Booting stage of the plant’s spike. The
experimental treatments were as follows: T1 treatment: soaking the seeds and
spraying with only water; T2 treatment: soaking the seeds with only water and
spraying the plant with zinc at 75 mg Zn kg*; T3 treatment: soaking the seeds with
only water and spraying with zinc at 150 mg Zn kg*; T4 treatment: soaking seeds
with zinc at 75 mg Zn kg%, spraying the plant with only water; T5 treatment: soaking
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the seeds and spraying the plant with zinc at 75 mg Zn kg*; T6 treatment: soaking the
seeds with zinc at 75 mg Zn kg™ and spraying the plant with zinc at 150 mg Zn kg,
T7 treatment: soaking the seeds with zinc at 150 mg Zn Kg* and spraying the plant
with only water, Treatment T8: soaking the seeds with zinc at 150 mg Zn kg and
spraying the plant with zinc at 75 mg Zn kg*; T9 treatment: soaking the seeds and
spray the plant with zinc at 150 mg Zn kg™. Plant height, flag leaf area, weight of
1000 seeds, and grain yield were measured. Plant samples were subjected to wet
digesting according to the method proposed by (12). Sodium and potassium were
determined using a flame photometer. Chloride was determined by titration with
silver nitrate according to the procedure proposed by (19).

Results and Discussion

Plant height cm: Figure 1 shows the effect of different fertilizer combinations on
the plant height characteristic of wheat crops. The statistical analysis showed a
significant effect of the different fertilizer combinations (soaking the seeds and
spraying the plant with zinc). Treatment T8, which included (soaking the seeds with
zinc at 150 mg zinc kg™ and spraying the plant with 75 mg zinc kg), gave the
highest average plant height of 100.3 cm. This treatment was significantly superior to
all others except for T9 and T6.

93.67 g5 97.67 9533 96.33 98 9333 100.3 98

(wa) wbisy ue|d

T1 T2 T3 T4 T5 Te T7 T8 T9 l.s.d
0.05

Treatment
Figure 1: Effect of different fertilizer combinations on plant height (cm).

Fertilizer treatments T9 and T6 (soaking seeds with zinc at 75 mg Zn kg?), T5
(soaking seeds + spraying the plant with zinc at 75 mg Zn kg™), T4 (soaking seeds
with zinc at 75 mg Zn kg + spraying the plant with only water), T3 (soaking the
seeds in water only + spraying the plant with zinc at 150 mg Zn kg*) were increased
the average height of plant, which were 4.62, 4.62, 2.83, 1.77, and 4.27%,
respectively, compared to the control treatment T1 (soaking the seeds and spraying
the plant with water only), which gave the lowest average of plant height, 93.67 cm.
Most fertilizer combinations achieved an increase in plant height compared to the
control treatment; this confirms the importance of zinc and its role in increasing the
activation of plant cells for growth and division through increasing chlorophyll,
which works to provide the cell with the necessary food to complete the physiological
activities related to the activity of meristematic tissues in the apical plant tissues, this
is consistent with (8).

Number of Tillers: Figure 2 shows the effect of the different fertilizer
combinations on the number of Tillers of the wheat crop. The statistical analysis
results indicate that the different fertilizer combinations have a significant impact
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compared to the control treatment. The T9 treatment was significantly superior to all
other treatments except the T6 treatment. The T6 treatment achieved considerable
superiority over the rest of the fertilizer treatments, except for the T8 and T5
treatments. The T9 treatment followed it, and its average Tillers reached 52.3. The T5
treatment also significantly outperformed the rest of the other treatments that were
sprayed with only water (T4, T2, T1) except the T3 treatment, with an increased
percentage of 51.7, 40.5, and 91.3%, respectively.

52.3 53.3
44 45
313 373 37

23 . 29

alnh :
I

T1 T2 T3 T4 T5 T6 17 T8 T9  lsd
0.05

SI9]|1L JO JaquINN

Treatment

Figure 2: The effect of different fertilizer combinations on the number of Tillers
of wheat plants.

The superiority of fertilizer combinations may be due to zinc's role in forming and
dividing meristematic cells, which encourages the plant to increase the Tiller's
number (13).

Area of flag paper (cm?): Figure 3 shows the effect of different fertilizer
combinations on the flag leaf area of wheat plants. The statistical analysis results
indicate a significant impact of the other fertilizer combinations compared to the
control treatment. Treatment T9 achieved the highest value of 44.75 cm?; it was
followed by treatment T8 (soaking the seeds with zinc at a concentration of 150 mg
Zn kg and spraying the plants with zinc at 75 mg Zn kg?), where the rate was 41.13
cm?, followed by treatment T6 (soaking the seeds with zinc at a concentration of 75
mg Zn kg™ and spraying the plant with zinc at 150 mg Zn kg™), which reached 38.1
cm?. Each of the treatments, T9, T8, and T6, achieved a significant effect compared
to the rest of the other treatments, with an increased rate of 97.1, 81.1, and 67.8%,
respectively, compared to the control treatment T1, which gave the lowest value for
the flag leaf area, 22.7 cm?. Regarding soaking seeds in only water, the T3 treatment
was significantly superior to the T1 treatment, and the differences were insignificant
with the T2. Zinc promotes plant growth and development by improving
photosynthesis (21). It is significant in physiological and biochemical processes,
enzyme activity, photosynthesis, and protein synthesis (21).
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Figure 3: The effect of fertilizer combinations on the flag leaf area of wheat
plants, cm?.

The effect of fertilizer combinations on some wheat yield characteristics:

Weight of 1000 grain: Figure 4 shows how adding different fertilizer blends
affects 1000 grain (g) weight. Treatment T9 achieved the highest significant
difference, reaching 48.7 g, and it was significantly superior to all other
combinations, with a percentage increase in weight that was 18.6%, compared to the
control treatment T1. It was followed by the T6 treatment with an average of 46.5 g,
which was significantly superior to the rest of the other combinations except for the
T3, with an increase in the weight of 1000 grain of 13.2% compared to the control
treatment T1.

46.53 48.73
ao7 4267 4 415 434 4217 442

uresB 0OO0T 40 WBIBM

T1 T T3 T4 T5 T6 T7 T8 T9 ls.d0.05
Treatment

Figure 4: Effect of different fertilizer combinations on the weight of 1000 gm
grain.

It is noted from Figure 4 that the seed soaking treatments with only water and its
various combinations led to a significant increase compared to the control treatment.
It is noted that treatment T3 (soaking the seeds in water and then spraying the plant
with zinc at a level of 150 mg Zn kg™) and T2 (soaking the seeds in water only and
spraying the plant with zinc at a level of 75 mg Zn kg*) were superior by an average
of 45.4 and 42.6 g, respectively, compared to the control treatment T1, which their
average amounted to 41 g, with an increase rate of 10.7 and 3.9% for each,
respectively. Treatments T5, T7, and T8 achieved a significant increase in the weight
of 1000 grain by 43.4, 42.17, and 44.2 g, respectively, and an increase in the weight
of 1000 grain amounted to 5.6, 2.6, and 7.6%, respectively, compared to the control
treatment T1.

Grain yield (Megagram h'): The results of Figure 5 show the effect of different
fertilizer combinations on the yield of wheat grains (Megagram ht), as spraying zinc
on the vegetative parts and soaking the seeds significantly increased the wheat plant's
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yield. Treatment T9 was significantly superior to all treatments, as it achieved an
increase in yield at a rate of 4.2 Mg ha, an increase of 18.6% compared to the
control treatment T1, which was the least influential treatment at a rate of 2.73 Mg
ha’. Treatment 6 outperformed all treatments, followed by T9, with a rate of 3.83 Mg
hal and an increase in yield by 40.2% compared to the control treatment T1.
Treatments T5 and T8 significantly increased yield by 3.43 and 3.5 Mg ha?,
respectively, at 25.6 and 28.2% compared to the control treatment T1. Figure 5
indicates that spraying zinc at 150 mg Zn kg™ and soaking the seeds with zinc at 75
mg Zn kg led to an increase in yield. Treatments T2 and T3 achieved a significant
increase in the yield at a rate of 3.23 and 3.73 Mg ha’l, respectively, with an increase
in yield of 18.3 and 36.6% for each compared to the control treatment T1.

3.73 3.83 42
393 3.43 35

273 2.86 2.93

0.241

T1 T2 T3 T4 T5 T6 T7 T8 9 l.s.d
0.05

(1.4 weiBebaiA) pfaiA ureio

Treatment
Figure 5: Effect of different fertilizer combinations on wheat yield (Megagram h-t).

In Figures 4 and 5, the achieved increase was due to zinc's essential role in
activating enzymes and forming chlorophyll while accelerating the formation of
growth hormones (auxins) by stimulating the formation of Tryptophan. It also has an
essential role in forming carbohydrates until the plant stores them in wheat grains,
which increases the number and weight of grains, consistent with what was found (3).

Chloride concentration: 5-1 in wheat straw %: Figure 6 shows the effect of
different fertilizer combinations on the chloride concentration in wheat straw. The
statistical analysis showed that both the zinc concentrations sprayed on the shoots and
the concentrations soaked in the wheat seeds had a significant effect on the chloride
content of the plant. Treatment T9 achieved the slightest difference and was superior
to all treatments. It led to a noticeable decrease in the chloride concentration in wheat
straw by 38.7% compared to the control treatment T1. This was followed by
treatment T6, which reduced chloride concentration by 26.1% compared to the
control treatment T1. Treatments T3 and T5 achieved a chloride reduction of 18%
compared to the control treatment T1, followed by treatment T8, which reduced by
4.5% compared to the control treatment T1.
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Figure 6: Effect of different fertilizer combinations on the chloride content of
wheat straw%o.

Chloride concentration in wheat root system %: Figure 7 shows the effect of
different fertilizer combinations on the chloride concentration in the wheat roots. It is
noted that the seed soaking treatments and plant spraying with zinc led to a reduction
in the chloride concentration in the roots. The T9 treatment decreased the roots'
chloride content by 45% compared with the control treatment T1. Treatment T3
followed with a decrease of 26% compared to the control treatment T1. T6 and T8
treatments reduced chloride levels by 25.1% compared to the control treatment, T1.
Treatment T5 reduced the chloride level in wheat roots by 19.9% compared to the
control treatment T1. Treatment T2 also decreased chloride concentration by 11.3%
compared to the control treatment T1, and treatment T7 decreased chloride
concentration by 5.2% compared to treatment T1.

2.11
2.04 2
1.87
1.69
1.56 1.58 1.58

1.16
I 0.09
-

T1 T2 LE] T4 TS 6 T7 T8 T9

LSD

0f WaJSAS 1001 JE3UM I UOITEAUZOLOD 3PLIOJY)

Treatment

Figure 7: Effect of fertilizer combinations on chloride concentration in wheat
roots%o.

Sodium concentration in wheat root system %: Figure 8 shows the fertilizer
treatment effect on the sodium concentration in the wheat roots, as a decrease in the
sodium concentration in the roots was observed in all treatments, whether soaking or
spraying on the plant. Treatment T5 achieved the lowest sodium concentration, which
was 0.55%, significantly superior to all treatments except for T9, T8, and T3. The
seed soaking treatments with only water, treatment T3 significantly decreased
compared to treatments T2 and T1, and its value was 0.64%. As for the treatments
whose seeds were soaked with zinc and whose plants were sprayed with zinc, the T8
treatment achieved the slightest difference, 0.61%, significantly superior to the T7
and T6 but insignificant with the T9.
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Figure 8: Effect of different fertilizer combinations on sodium concentration in
wheat roots%o.

Sodium concentration in wheat straw %: Figure 9 shows the different effects of
fertilizer treatments on the sodium content of wheat straw. It was observed that the
concentration of sodium in wheat straw decreased in all treatments, whether zinc was
added, the seeds were soaked, or the plant was sprayed. Treatment T3 achieved the
lowest significant percentage of 1.27% compared to treatments T2 and T1 for the
treatments whose seeds were soaked in only water, indicating that soaking with 150
mg Zn kgt (T3) significantly reduced sodium. Treatment T9 also achieved the
smallest decrease, 1.08%, and thus significantly outperformed all treatments except
for T6 and T3. Thus, it could be concluded that soaking the seeds and spraying them
with zinc at 150 mg Zn kg had an essential role in preventing sodium absorption and
its concentration in the plant, thus preventing its harmful effect.

g
f
3
S 1.73
= 1.27 1.17 1.08
2
g l . 0.366
= (—
s T9  lsd
= 0.05
2
3 Treatment

Figure 9: Effect of different fertilizer combinations on sodium concentration in

wheat straw%b.

Potassium concentration:

Potassium concentration in the root system of wheat: Figure 10 shows the effect of
the different fertilizer combinations on the potassium concentration in wheat roots.
The statistical analysis results showed a significant effect of the different fertilizer
combinations (soaking the seeds and spraying the plant with zinc), as treatment T9
showed the highest percentage of potassium, at a rate of 1.38%, and this treatment
was significantly superior to all treatments except for T6. Treatment T6 achieved
significant superiority over all treatments except for T3, followed by T9, by 1.14%.
Treatment T3 also outperformed treatments T2 and T1, whose seeds were soaked in
only water, with a rate of 0.87%, followed by T2, with a rate of 0.77%. Both
treatments were significantly superior to T1, but no significant differences existed.
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Figure 10: Effect of different fertilizer combinations on potassium concentration
in wheat roots %.

Potassium concentration in wheat straw %: Figure 11 shows the effect of adding
fertilizer treatments on the potassium content of wheat straw. It is noted that 2T
achieved a significant difference represented by an increase in the potassium
concentration in the wheat straw, and it outperformed each of the treatments T1, T4,
and T7 by a rate of 1.65% and an increase of 60.1% compared to the control
treatment T1. It is noted that in T4 and T7, both of which were sprayed with only
water, soaking did not have an essential role in increasing the potassium
concentration in wheat straw, i.e., spraying the plant with zinc was superior to
soaking the seeds with zinc. Treatment T3 achieved a significant difference and
outperformed the rest of the treatments, except for T6 and T9, at a rate of 2.64%.

1 03 1 11 1 28
0. 263

T9 l.s.d
0.05

0 MEAS J23UM U UOITBIUSIOD LLNISSEI0d

Treatment

Figure 11: Effect of different fertilizer combinations on potassium concentration
in wheat straw, %.

T4 and T7 increased the average potassium concentration of 1.11 and 1.28% for
each of them, respectively, and exceeded the increase by 7.7 and 24.2%, respectively,
compared to the control treatment T1. Treatments T5 and T8 achieved a significant
difference in potassium in wheat straw at a rate of 83.4 and 128% for each of them,
respectively, compared to the control treatment T1. Treatment T6 achieved the
highest significant difference after T9, at a rate of 216%, outperforming all other
treatments. Treatment T9 achieved the highest significant difference, represented by
an increase in potassium concentration in wheat straw by a rate of 250%, superior to
all other treatments.

Potassium/sodium ratio:

Potassium/sodium ratio in wheat straw: Figure 12 shows the effect of fertilizer
treatments on the potassium/sodium ratio in the wheat straw, as the statistical analysis
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showed that there is a significant difference represented by an increase in the
potassium/sodium ratio in the wheat straw when zinc is added to the plant as a spray
and for the seeds to be soaked. The spraying treatments with zinc at 150 mg Zn kg™
and soaking with zinc at the same concentration significantly increased the
potassium/sodium ratio.

076 1.09
052 038 052 04

T9 l.s.d
0.05

MEJS Je3UM UI O1JeJ WNIPOS/WNISSeI0d

Treatment

Figure 12 The effect of fertilizer combinations on the potassium/sodium ratio in
wheat straw.

Potassium/sodium ratio in wheat root system: Figure 13 shows the effect of
different fertilizer treatments on wheat roots' potassium/sodium ratio. It is noted that
the fertilizer treatments led to significant effects on the potassium/sodium ratio, as the
spraying treatments with zinc at 150 mg Zn kg™ generally achieved significant
differences. The treatments led to an apparent increase in the potassium/sodium ratio.
The Figure showed that T5 was superior by a percentage of 1.46, followed by
treatment T8 by 1.35. Both treatments were significantly superior to most of the
remaining treatments, whose seeds were soaked with zinc at varying concentrations,
as soaking had an essential role in increasing the potassium concentration and
reducing the sodium concentration.

0.89 0.95
0.47 0 64 I 0 42

T1 T2 T9 l.s.d
0.05

LUJSAS 1001 JEBUYM Ul O LUNIPOSJLUNISSE)O

Treatment

Figure 13: The effect of different fertilizer combinations on the
potassium/sodium ratio in wheat roots.

The results in Figures 6, 7, 8, 9, 10, 11, 12, and 13 showed that adding zinc led to
a reduction in the sodium concentration and chloride in wheat straw and roots, as it
contributed to reducing salinity by reducing the accumulation of salt elements
(sodium and chloride). In other words, it increased wheat's tolerance to salinity by
establishing a mechanism that regulates sodium and chloride absorption (6). Zinc
added to the plant in sufficient quantities also prevents sodium absorption and
accumulation by increasing the integrity of the root cell membrane (24). The reason
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for the highest potassium concentration in wheat straw and roots with the increase in
added zinc is due to the role of zinc in activating nutrient absorption processes,
including potassium, which is consistent with (1). Zinc is an enzyme activator and the
nucleic acids formation and participates in the amino acid tryptophan formation,
which is the primary substance for the manufacture of indole acetic acid, a hormone
(auxin) necessary for elongation and cell growth, which increases the plant’s root
system length, its growth, and its penetration into the soil, thus increasing the
nutrients absorbed by the plant (5 and 11).
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