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Abstract :
During the winter season 2022-2023, a field experiment was conducted in the experimental field of
the Department of Field Crops - College of Agriculture - Al-Qasim Green University located south
of Hillah city - Babylon province, at latitude 032.40- north and longitude 044.39- east. The
experiment aimed to know the effect of soaking seeds with potassium sulfate solution before planting
and the effect of foliar spray treatment with potassium sulfate at different age stages in improving the
growth and quality traits of bread wheat (Triticum aestivum L.) IPA 99 Cultivar order. The
experimental land was prepared by, plowing, smoothing and leveling, then divided into plots and
experimental units, each with an area of 4 m2 (2 m x 2 m) according to the randomized complete
block design (RCBD) with a split-block arrangement with three replicates. The wheat seed soaking
concentrations were (0, 1.5%, 3%) for eight hours with potassium sulphate solution for the main
plots and stages of spraying potassium sulphate solution (tillering + elongation, tillering + booting,
elongation + booting) at two spraying times for each stage for subplot and concentrations of spraying
potassium sulphate solution (0, 1.5%, 3%) for the sub-sub plots. The three experimental factors and
some of their interactions caused significant differences in the quality traits of wheat seed crop
(number of tillers, number of spikes, seed ash content, seed nitrogen content, seed potassium content)
with increasing concentrations of soaking and spraying with potassium sulphate solution and with
timing of foliar spraying in advanced age stages. The results indicated that the 3% soaking
concentration with potassium sulphate solution before planting was excelled in the above traits
compared to not soaking and achieved the highest averages which reached (429.7 tiller. m-2, 419.0
spikes m-2, 2.39%, 1.95%, 1.50%) respectively, while the growth stage (elongation + booting) was
significantly excelled in the above studied characteristics by giving the highest averages which
reached (414.8 tiller. m-2, 378.0 spikes m-2, 2.22%, 1.92%, 1.55%) respectively, and the spraying
factor also achieved significant differences, as the 3% spraying concentration gave the highest
averages which reached (426.2 tiller. m-2, 414.9 spikes m-2, 2.24%). , 1.90%, 1.59%) respectively.
As for bi and triple interactions, some of them were significant and others were not significant. From
the above results, we can conclude that the experimental factors and some of their interactions have a
positive role in improving some growth and quality traits of the wheat crop. The soaking and foliar
spraying processes with potassium sulphate solution had a positive effect on the number of tillers and
the number of spikes, and thus improved the quantitative and qualitative indicators of the crop.
Spraying the solution at advanced stages of the plant's life was important in compensating for the
deficiency of the depleted or fixed potassium element in the soil, and thus increasing the seed content
of potassium, nitrogen and ash .
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Introduction

The wheat crop Triticum aestivum L., which
belongs to the Poaceae family, is one of the
most important winter cereal crops in Irag and
the Middle East. It is grown in large areas
globally and locally. In 2019, its global
production reached 761.6 million tons[12]and
in Iraq, its production for 2022 reached more
than four million tons [11]. The availability of
mineral nutrients at all stages of the plant’s
life, especially the filling stage, plays a major
role in improving the quality of the crop in
general and the seeds in particular [8].
Environmental and climatic factors such as
(temperature, relative humidity, lighting,
wind) control the growth and development
processes that take place during the vegetative
period of the crop’s life, and often
Environmental factors have a quantitative and
qualitative impact on the wheat crop and its
components [5] and therefore the properties of
the resulting grains are also greatly affected
[16] Many studies indicate that soaking wheat
seeds or spraying them with some nutrients,
including potassium sulfate, at developmental
stages of the wheat crop’s life on the
vegetative part may play an important role in
improving physiological activities that are
reflected in increased growth and production
of dry matter and its transfer to the seeds [17]
and obtaining a quantity and quality of high-
quality seeds for different grades and reducing
the adverse effect of temperatures and various
other surrounding conditions [18]

Materials and methods:

The experimental land was prepared by tilling,
smoothing and leveling, then divided into
plots and experimental units, each with an area
of 4 m2 (2 m x 2 m) according to a
randomized complete block design (RCBD)
with split plots arranged in three replicates.
The wheat seed soaking concentrations (O,

401

1.5%, 3%) for eight hours in potassium sulfate
solution occupied the main plots and the
stages of spraying potassium sulfate solution
(tillering + elongation, tillering + booting,
elongation + booting) at a rate of two spraying
times for each stage in subplot and the
concentrations of spraying potassium sulfate
solution (0, 1.5%, 3%) in the sub-sub plots.

A field experiment was conducted during the
winter season 2022-2023 in the experimental
field of the Department of Field Crops -
College of Agriculture - Al-Qasim Green
University, in soil with some of its
characteristics shown below in Table 1. After
preparing the soil, it was divided into
experimental plots and units, each with an area
of (2 m x 2 m) according to the randomized
complete block design (RCBD) with split
plots arranged in three replicates. Seed
soaking concentrations (for eight hours) with
potassium sulfate solution (0, 1.5%, 3%)
occupied the main plots and the stages of
spraying potassium sulfate (tillering +
elongation, tillering + booting, elongation +
booting) occupied subplot and potassium
sulfate solution spray concentrations (0, 1.5%,
3%) sub-secondary plots as shown in Tables
(2, 3, 4). Nutrients were sprayed in the early
morning until completely wet, taking into
account the separation between the units
Experimental. The growth stages that were
sprayed with potassium sulfate solution were
determined according to the Zadoks scale [20].
According to the method of [2]. The data were
collected and statistically analyzed using the
statistical program -12 GenStat (2009) and the
statistical differences between the averages
were tested using the L.S.D test and at the
probability level (0.05) to compare the
arithmetic averages [7.[
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Table 1: Soil and water analysis (Central Laboratory in the Directorate of Agriculture in

Babylon / Al-Muradiyyah(

values traits Sample type
8.0 Soil reaction degree (pH)
3.0 Electrical conductivity (dSm-1 (EC)
1.34 Organic matter %
406 Clay percentage g kg field soil
332 Silt Percentage, g kg! Voll_Jme distribution of soil
Sand percentage, gm particles
262 1
kg
Silty clay loam soil texture
39.0 Nitrogen mg kg™ (ppm)
9.6 Phosphorus mg kg™ (ppm)
146 Potassium mg kg™ (ppm)
5.64 Sulphate SO4 Mq L™
75 Reaction degree (pH) L
25 Electrical conductivity (dSm™ (EC Irrigation water

The studied traits

-1The total number of tillers per square meter
(tiller m-2.(

The number of tillers per square meter was
calculated manually after harvesting the
square meter and for each experimental unit
[3.[

-2Number of spikes (spike m-2(

The number of spikes per square meter was
calculated manually after harvesting the
square meter and for each experimental unit
[6[

:-3Ash content of seeds(%)

The percentage of ash was estimated in the
Seed Technology Laboratory / Department of
Field Crops / College of Agriculture / Al-
Qasim Green University by burning a ground
sample of wheat seeds placed in a special
ceramic in the incinerator at a temperature of
550 °C for six hours, then the ash was
weighed after subtracting the weight of the
ceramic and extracting its weight percentage
[4] and that seed ash generally consists of

phosphorus, potassium, calcium, magnesium
and other elements [19]

-4Nitrogen content of seeds.(%)

The nitrogen content of the seeds was
estimated using the KJeldhal device [9] after
digesting the milled grain sample according to
the method of [10]

-5Potassium content of the seeds(%)

The potassium content in the digested grain
sample was estimated using the Flame
Photometer according to the method approved
by [14]

Results

-1Number of tillers / tiller m-2

The results of Table 5 showed significant
differences between the concentrations of
soaking seeds before planting with potassium
sulfate solution in the number of tillers trait, as
soaking with the third concentration 3%
potassium sulfate achieved the highest average
of 429.7 tiller m-2, compared to control
treatment without soaking which achieved the
lowest average of 379.2 tiller m-2. It is also
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noted from Table 5 that there are significant
differences between the growth stages sprayed
with potassium sulfate solution in the number
of tillers trait, as the growth stage (elongation
+ booting) achieved the highest average of
414.8 tiller m-2, while the growth stage
(tillering + elongation) achieved the lowest
average of 397.9 tiller m-2. In addition to the
presence of significant differences between the
foliar spray concentrations of potassium in the
trait of the number of tillers, as the spray
concentration of 3% achieved the highest
average of 426.2 tillers m-2, while control
treatment without spraying 0% achieved the
lowest average of 380.5 tillers m-2. Table 5
showed the presence of significant differences
in bi-interaction between the soaking factors
and the growth stages in the trait of the
number of tillers, as the interaction (soaking at
a concentration of 3% x growth stage,
elongation of the booting) was excelled by
giving the highest average of 436.2 tillers m-2,
while the interaction (without soaking x

growth stage, tillering + elongation) achieved
the lowest average of 369.4 tillers m-2. The
interaction between the factors of soaking and
foliar spraying of potassium sulfate solution
achieved significant differences in the number
of tillers, as the interaction (soaking at a
concentration of 3% x spraying at a
concentration of 3%) was excelled by giving
the highest average of 453.3 tillers m-2, while
the interaction (without soaking x without
spraying) achieved the lowest average of
360.6 tillers m-2. The interaction between the
factors of growth stages and foliar spraying of
potassium sulfate solution also achieved
significant differences in the number of tillers,
where the interaction ( elongation stage +
booting x spraying at a concentration of 3%)
was excelled by giving the highest average of
438.1 tillers m-2, while the interaction
(tillering + elongation x without spraying)
achieved the lowest average of 374.2 tillers m-
2, while the triple interactions did not achieve
any significant differences .

Table (1) Effect of soaking and spraying potassium sulphate at different growth stages on the

number of tillers in wheat crop / tiller m-2

2023-2022season treatments

interaction of soaking | Foliar spray concentrations Soaking
ing growth stages A %3 015 0 Growth stages seeds
369.4 382.3 374.7 351.3 tillering+ Elongation

374.9 391.7 371.7 361.3 tillering + booting 0
393.1 414.7 395.7 369.0 Elongation + booting

399.0 419.3 402.3 375.3 tillering+ Elongation

408.9 429.7 404.3 392.7 tillering + booting %15
415.1 437.7 418.7 389.0 Elongation + booting

425.1 448.7 430.7 396.0 tillering+ Elongation

427.7 449.3 439.0 394.7 tillering + booting 0.3
436.2 462.0 451.3 395.3 Elongation + booting

7.34 N.S LSD 0.05

Soaking seeds effect | 426.2 409.8 380.5 Effect of foliar spray C

403
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A 432 | LSD 0.05

379.2 396 381 361 0 Interaction

407.7 429 408 386 % 1.5 of benefit
and foliar

429.7 453 440 395 % 3 spray
AxC

6.16 7.73 LSD 0.05

Growth stages effect

B

397.9 416.8 402.6 374.2 tillering+ Elongation | Growth

403.8 423.6 405.0 382.9 tillering + booting stages and
foliar

414.8 438.1 4919 384.4 Elongation + booting | spray
overlap
BxC

4.00 7.09 LSD 0.05

-2Number of spikes. m-2

The results of the statistical analysis shown in
Table 2 showed significant effects of the
experimental factors on the number of spikes
per square meter, as soaking with the third
concentration of 3% potassium sulfate was
significantly excelled and gave the highest
average of 419.0 spikes. m-2, compared to
control treatment without soaking, which
achieved the lowest average of 369.9 spikes.
m-2. The growth stage (elongation + booting)

404

also achieved the highest average of 378.0
spikes. m-2, while the growth stage (tillering +
elongation) achieved the lowest average of
366.0 spikes. m-2. As for the spraying
concentration of 3%, it achieved the highest
average of 414.9 spikes. m-2, while control
treatment without spraying achieved the
lowest average of 372.8 spikes. m-2. As for bi
and triple interactions, they did not achieve
any significant differences.
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Table (2) Effect of soaking and spraying potassium sulphate at different growth stages on the

number of spikes per square meter of wheat crop/spike m-2

2023-2022season

treatments

interaction of soaking | Foliar spray concentrations .
and growth stages A Growth stages Soaking
s g g %3 %1.5 0 : seeds
360.0 372.0 366.0 342.0 tillering+
Elongation
365.3 381.0 361.0 354.0 tillering + booting 0
384.3 404.0 387.0 362.0 Elongation ¥
booting
391.0 409.0 395.0 369.0 tillering+
Elongation
397.3 419.0 392.0 381.0 tillering + booting
Elongation + HLS
407.0 428.0 411.0 382.0 gatio
booting
414.0 436.0 419.0 387.0 tillering+
Elongation
417.3 437.0 427.0 388.0 tillering + booting 03
A (V]
425.7 448.0 439.0 390.0 Elongation ¥
booting
N.S N.S LSD 0.05
Soaking seeds effect | 414.9 399.7 372.8 Effect of foliar spray C
A 9.12 LSD 0.05
369.9 385.7 371.3 352.7 0 Interaction
398.4 418.7 399.3 377.3 % 1.5 of benefit
and foliar
419.0 440.3 428.3 388.3 %3 spray
A*C
13.51 N.S LSD 0.05
Growth stages effect
B
illering+
366.0 405.7 303.3 366.0 tillering Growth
Elongation stages and
374.3 412.3 393.3 374.3 tillering + booting | foliar spray
Elongation + | overlap
378.0 426.7 412.3 378.0 booting B*C
6.22 N.S LSD 0.05

405
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-3Seed ash content%

The results of Table 3 showed significant
differences between the concentrations of
soaking seeds before planting with potassium
sulfate solution in the ash content of the seeds,
as soaking with the third concentration of 3%
potassium sulfate achieved the highest average
of 2.39%, compared to control treatment
without soaking, which achieved the lowest
average of 1.89%. It is also noted that there
are significant differences between the growth
stages in which potassium sulfate solution was
sprayed in the ash content of the seeds, as the
growth stage (elongation + booting) achieved
the highest average of 2.22%, while the
growth stage (tillering + elongation) achieved
the lowest average of 2.08%. The table below
also indicated that there were significant
differences between the potassium foliar spray
concentrations in the seed ash content, as the
3% spray concentration achieved the highest
average of 2.24%, while the 1.5% spray
treatment achieved the lowest average of
2.03%. Table 2 showed that there were no
significant  differences in  bi-interaction
between the soaking and growth stages factors
in the seed ash content. As for bi-interaction

between the soaking and foliar spray factors, it
achieved significant differences in the seed
ash content trait, as bi-interaction treatment
between (soaking concentration 3% x
spraying concentration 3%) excelled by
achieving the highest average of 2.46%, while
the interaction treatment between the control
treatments achieved the lowest average of
1.72%. Bi-interaction between the growth
stages and foliar spraying of potassium
sulphate solution also achieved significant
differences in the seed ash content trait, as bi-
interaction treatment between (elongation +
booting x spraying at a concentration of 3%)
excelled by achieving the highest average of
2.35%, while the lowest average was for bi-
interaction treatment between (growth stage
tillering + elongation x no spraying) which
reached 1.99%. As for the triple interaction, it
was significant in the seed ash content trait, as
the triple interaction treatment (soaking at a
concentration of 3% x growth stage elongation
+ booting x spraying at a concentration of 3%)
excelled significantly by giving the highest
average of 2.58%, while the triple interaction
treatment (no soaking x growth stage tillering
+ elongation x no spraying) achieved the
lowest average of 1.69%.

Table (3) Effect of soaking and spraying potassium sulphate at different growth stages on the

ash content of wheat seeds(%)

2023-2022season treatments
interaction of soaking | Foliar spray concentrations .
and growth stages A Growth stages Soaking
o g g %3 %15 0 g seeds
i ing+
1.83 1.95 1.86 1.69 tillering;
Elongation
1.87 2.02 1.89 1.71 tillering + booting 0
i +
1.98 2.14 2.04 1.75 Elongation
booting
2.09 2.17 2.09 2.02 tillering+

406
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Elongation %1.5
2.16 2.21 2.16 2.10 tillering + booting
2.23 2.34 2.18 217 Elongation ¥
booting
233 2.38 2.35 2.25 tillering+
Elongation
2.38 2.42 2.39 2.31 tillering + booting 03
245 2,58 2.48 231 Elongation ¥
booting
N.S 0.07 LSD 0.05
Soaking seeds effect | 2.24 2.16 2.03 Effect of foliar spray C
A 0.02 LSD 0.05
1.89 2.03 1.93 1.72 0 Interaction
2.16 2.24 2.14 2.10 % 1.5 of  benefit
and foliar
2.39 2.46 241 2.29 %3 spray
A*xC
0.02 0.04 LSD 0.05
Growth stages effect
B
2.08 2.17 2.10 1.99 tillering+ Growth
Elongation stages and
2.13 2.22 2.15 2.04 tillering + booting | foliar spray
Elongation + | overlap
2.22 2.35 2.24 2.08 booting B xC
0.04 0.05 LSD 0.05
-4Seed nitrogen content
% sprayed in the seed nitrogen content, as the

The results of Table 4 showed significant
differences between the concentrations of
soaking seeds before planting with potassium
sulfate solution in the trait of seed nitrogen
content, as soaking with the third
concentration of 3% potassium sulfate
achieved the highest average of 1.95%,
compared to control treatment without
soaking, which achieved the lowest average of
1.70%. It is also noted that there are
significant differences between the growth
stages in which potassium sulfate solution was

407

growth stage (elongation + booting) achieved
the highest average of 1.92%, while the
growth stage (tillering + elongation) achieved
the lowest average of 1.81%. The table below
also indicated that there were significant
differences between the potassium foliar spray
concentrations in the nitrogen content of
seeds, as the 3% spray concentration achieved
the highest average of 1.90%, while the 1.5%
spray treatment achieved the lowest average of
1.81%. Table 4 showed that there were
significant  differences in  bi-interaction
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between the soaking and growth stages factors
in the nitrogen content of seeds, as the
interaction (soaking at a concentration of 3%
x growth stage elongation + booting) was
excelled by giving the highest average of
2.08%, while the interaction (without soaking
x growth stage tillering + elongation) achieved
the lowest average of 1.61%. The interaction
between the factors of soaking and foliar
spraying of potassium sulfate solution also
achieved significant differences in the nitrogen
content of seeds, as the interaction (soaking at
a concentration of 3% X spraying at a
concentration of 3%) was excelled by giving
the highest average of 2.08%, while the
interaction (without soaking x spraying at a
concentration of 1.5%) achieved the lowest
average of 1.66%. The interaction between the

factors of growth stages and foliar spraying of
potassium sulfate solution also achieved
significant differences in the nitrogen content
of seeds, as the interaction (growth stage
elongation + booting x spraying at a
concentration of 3%) was excelled by giving
the highest average of 2.11%, while the
interaction (growth stage tillering + booting x
spraying at a concentration of 3%) achieved
the lowest average of 1.62%. The triple
interaction was significant, as the interaction
(soaking at a concentration of 3% x growth
stage elongation + booting x spraying at a
concentration of 3%) was excelled, giving the
highest average of 2.44%, while the
interaction (without soaking x tillering +
booting x spraying at a concentration of 3%)
achieved the lowest average of 1.18% .

Table 4. Effect of soaking and spraying potassium sulphate at different growth stages on the

nitrogen content of wheat seeds%

2023-2022season treatments
interaction of soaking | Foliar spray concentrations
d growth st A Growth st Soaki d
TBWO stages %3 %15 0 rowth stages oaking seeds
161 1.98 1.19 1.65 tillering+
Elongation
1.69 1.18 1.99 1.90 tillering ¥
booting 0
1.82 1.99 1.79 1.67 Elongation +
booting
1.93 1.96 1.89 1.94 tillering+
Elongation
tillering +
1.88 1.89 1.79 1.97 booting %15
1.85 1.89 178 1.89 Elongation -+
booting
1.90 2.00 1.91 1.78 tillering+
Elongation
1 1 0
1.87 1.79 1.96 1.86 tillering |3
booting

408
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2.08 2.44 1.92 1.89 Elongation +
booting
0.1 0.2 LSD 0.05
Soaking seeds effect | 1.90 1.80 1.84 Effect of foliar spray C
A 0.1 LSD 0.05
1.70 1.72 1.66 1.74 0 Interaction of
1.89 1.91 1.82 1.93 % 1.5 benefit and
foliar spray
1.95 2.08 1.93 1.84 % 3 A *x C
0.1 0.1 LSD 0.05
Growth stages effect
B
1.81 1.98 1.66 1.79 tillering+
Elongation Growth stages
18 162 101 101 tlller_lng + | and foliar
booting spray overlap
1.92 211 1.83 1.82 Elongation — +/ BxC
booting
0.1 0.1 LSD 0.05

-5Seed potassium content%

The results of the statistical analysis shown in
Table 5 showed significant differences in the
potassium content of seeds between the
concentrations of soaking with potassium
sulfate solution, growth stages, and spraying
concentrations with potassium sulfate solution,
and some binary and triple interactions.
Soaking with the second concentration of
1.5% of potassium sulfate achieved the highest
averages, which reached 1.63%, compared to
control treatment without soaking, which
achieved the lowest average of 1.49%. It is
also noted that there are significant differences
between the growth stages in which potassium
sulfate solution was sprayed in the seed
potassium content, as the growth stage
(tillering + booting) achieved the highest
averages, which reached 1.60%, while the
growth stage (tillering + elongation) achieved

409

the lowest average of 1.51%. The spraying
concentration of 3% also achieved the highest
average of 1.59%, while control treatment of
0% achieved the lowest average of 1.50%.
Table 5 showed significant differences in bi-
interaction between the soaking and growth
stages in the seed potassium content, as the
interaction (soaking at a concentration of 1.5%
x growth stage tillering + booting) was
excelled by giving the highest average of
1.79%, while the interaction (without soaking
x growth stage tillering + elongation) achieved
the lowest average of 1.33%. The interaction
between the soaking and foliar spraying of
potassium sulphate solution also achieved
significant differences in the seed potassium
content, as the interaction (soaking at a
concentration of 3% x spraying at a
concentration of 3%) was excelled by giving
the highest average of 1.75%, while the
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interaction (soaking at a concentration of 3%
x without spraying) achieved the lowest
average of 1.29%. The interaction between the
growth stages and foliar spraying of potassium
sulfate solution also achieved significant
differences in the seed potassium content, as
the interaction (growth stage tillering +
booting x spraying at a concentration of 3%)
was excelled by giving the highest average of
1.73%, while the interaction (growth stage
tillering + elongation x without spraying)

achieved the lowest average of 1.45%.As for
the triple interaction, it was significant in the
seed potassium content, as the interaction
(soaking at a concentration of 1.5% x growth
stage tillering + booting X spraying at a
concentration of 3%) was excelled by giving
the highest average of 1.89%, while the
interaction (without soaking x growth stage
tillering + elongation x without spraying)
achieved the lowest average of 1.32%.

Table (5) Effect of soaking and spraying potassium sulfate at different growth stages on the

wheat seed potassium content%

2023-2022season treatments
interaction of soaking | Foliar spray concentrations .
and growth stages A Growth stages Soaking
‘B %3 %1.5 0 seeds
1.33 1.33 1.34 1.32 tillering+
Elongation
1.51 1.55 1.54 1.45 tillering + booting |
157 1.65 1.46 1.59 Elongation ¥
booting
1.69 171 1.69 1.67 tillering+
Elongation
1.79 1.89 1.77 1.70 tillering + booting
Elongation + HLS
1.62 1.45 1.55 1.87 g
booting
1.45 1.45 1.56 1.35 tillering+
Elongation
1.49 1.76 1.44 1.26 tillering + booting |, ,
A 0
1.35 1.43 1.34 1.27 Elongation ¥
booting
0.08 0.15 LSD 0.05
Soaking seeds effect | 1.59 1.52 1.50 Effect of foliar spray C
A 0.05 LSD 0.05
1.49 1.55 1.46 1.46 0 Interaction
1.63 1.68 1.67 1.55 % 1.5 of  benefit
d foli
1.50 1.75 1.45 1.29 %3 and - foliar
spray

410
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| | AC

0.06 0.09 LSD 0.05

Growth stages effect

B

151 1.53 1.54 1.45 tillering+ Growth
Elongation stages and

1.60 1.73 1.58 1.47 tillering + booting | foliar spray
Elongation + | overlap

1.55 1.63 1.45 1.58 booting BxC

0.04 0.08 LSD 0.05

Discussion importance in improving the efficiency of

The results indicate that there are significant
effects of  soaking  with  different
concentrations of potassium sulphate solution
on all the studied traits. The values of the traits
increased with increasing concentrations of
soaking with potassium sulphate solution,
especially the 3% concentration. This may be
due to the role of the soaking process in
stimulating the seeds, which was positively
reflected on all the vital processes of the seeds.
The superiority in the number of tillers per
square meter may be due to the role of
potassium in the process of hormonal balance
between auxins and cytokinins, reducing
apical dominance and increasing the plant's
ability to form tillers. The effectiveness of
potassium in increasing the efficiency of
photosynthesis and dry matter accumulation
stimulates the plant to increase lateral growth
rates, especially the number of tillers [1], and
the increase in the number of spikes is a
reflection of the increase in the number of
tillers. Soaking with different potassium
compounds regulates many physiological
processes within the plant, including
controlling growth, enhancing the role of the
root in absorbing nutrients and moving solutes
within the plant. This is consistent with what
was indicated by [15]. In addition, foliar
spraying at advanced stages of life is of great

411

sustainability and use of nutrients by
compensating for their deficiency in sensitive
stages of the crop's life while maintaining
water balance within plants. This is consistent
with what was indicated by [13], which was
reflected in the increase in the percentage of
ash, potassium and nitrogen in the wheat seed
content. The fact that the foliar spray
concentration exceeded 3% of potassium
sulphate solution in advanced stages of life in
increasing the seed content of ash, nitrogen
and potassium may be due to the role of
potassium in stimulating many enzymes
necessary for vital activities in the plant,
which leads to stimulating the absorption and
transport of elements within the plant, in
addition to increasing their absorption rates to
a large extent. This result was consistent with
what was found by [1 [

Conclusions From the above results, we can
conclude that the experimental factors and
some of their interactions have a positive role
in improving some growth and quality
characteristics of wheat crop. The soaking and
foliar spraying processes with potassium
sulphate solution had a positive effect on the
number of tillers and the number of spikes,
and thus improved the quantitative and
qualitative indicators of the crop. Spraying the
solution at advanced stages of the plant's life
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was important in compensating for the
deficiency of the depleted or fixed potassium
element in the soil, and thus increasing the
seed content of potassium, nitrogen and ash.
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