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Abstract

In the fall of 2022, a study was conducted in an agricultural area in Raranjia (Hamzawiyah) province,
situated 10 km south of Babylon Governorate and the center of Hilla. The study aimed to enhance
the growth efficiency of Maize plants (Zea mays L.) Fajr 1 cultivar under water stress conditions
through experimentation with different irrigation periods and amounts of potassium sulfate in soil
with a sandy clay mixed texture. The experiment followed a randomized complete block design
(R.C.B.D) with three replicates in a split-plot arrangement. The irrigation periods they consisted of
four levels (6, 8, 10, and 12) days, while the levels of potassium sulfate included four levels (0, 150,
200, and 250) kg.h-1. The results indicated that the irrigation period of every eight days led to the
highest yield, while 12 days significantly reduced output. Adding potassium sulfate also greatly
enhanced maize yield, with the highest rates achieved at 250 kg.ha-1. Combining the two factors
resulted in the highest average grain yield, with biological crops amounting to 8.7 tons.ha-1 and
19.06 tons.ha-1, respectively.

The study concluded that a balanced combination of irrigation periods and potassium sulfate levels
can significantly improve maize yield.

Introduction

The maize crop (Zea mays L.) is one of and leads to many physiological and

the strategic crops for its economic and chemical effects of plants (6), as it causes a
industrial importance. It represents one of the decrease of more than 50% of the global yield
pillars of food security, and despite the rate (36), especially maize (23,25).Several
appropriate environmental conditions for its studies indicate that water stress causes many
cultivation in Iraq, its productivity is still low physiological and chemical changes in the
compared to the unit area due to the lack of plant and reduces yield significantly (35)
basic factors, including water (17 ,31), as the which leads to reduced plant growth by
cultivated area of maize for the year 2020 reducing the absorption of water and nutrient
amounted to about 405,400 dunums, (11). Reduced leaf size and stem elongation,
producing 419,300 tons, with an average root expansion and low water use efficiency
productivity of 1.343 tons per dunum, a (20) as well as inhibit cell elongation and
decrease of 21.3% from last season (16). division (19) and lead to stomata closure and
) ] reduced rates of transpiration in plant tissues

_ The term drought stress is used, which as well as a decrease in metabolic activities
is a type of moisture stress as a result of the such as photosynthesis, respiration, ion
lack of water without increasing it, which absorption, transport, carbohydrates, nutrient
affects plant growth, limits its productivity, metabolism and growth stimulants, reduced
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leaf size and stem elongation, root expansion
and low water use efficiency (16) as well as
inhibit cell elongation and division (15) and
lead to stomata closure and reduced rates of
transpiration in plant tissues as well as a
decrease in metabolic activities such as
photosynthesis, respiration, ion absorption,
transport, carbohydrates, nutrient metabolism
and growth stimulants.

Potassium is one of the important
positive ions in plant physiology due to its
many physiological and biochemical functions
(26) as potassium (K) can reduce the harmful
effects of drought by causing various
physiological changes such as modulation of
osmotic pressure through its role in closing
and opening stomata, protein synthesis and
reducing the rate of transpiration. Potassium
also plays an important role in the transport of
sugars and protein in plants, as well as
regulates the thickness of cellular roots,
stimulates the activity of enzymes and enters
into the formation of nucleic acids, especially
ATP in plants suffering from water deficiency
(19) and therefore the addition of potassium
can mitigate the negative effects caused by
drought on plant growth (38).

Therefore, the study aims to determine
how the Zea mays plant responds to the
addition of potassium under water stress
conditions to determine the extent to which it
is possible to compensate for the lack of water
by adding a certain concentration of potassium
in the form of potassium sulfate to the field
planted with yellow corn as a water-
consuming plant.

Materials and methods

A field experiment was conducted in
agricultural land in the province of Raranjia
(Al-Hamzawiyah), 10 km south of Babylon
Governorate, the center of Hilla, in the
agricultural season 2022 (autumn seasons) in
soil with sandy clay mixed texture, the results
of which are shown in Table 1. The
experiment was applied according to the
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design of the complete randomized sectors
(RCBD) and the order of split-plots and three
repeats, as the irrigation periods included four
levels of irrigation every (6, 8, 10 and 12) days
is a main factor and the difficulty of
distributing irrigation randomly has been
working to divide the field into four irrigation
systems are 10 irrigation every 6 days and 11
irrigation every 8 days and 12 irrigation every
10 days and I3 irrigation every 12 days and
each system contains 12 experimental units
were given five irrigations to the plant before
applying irrigation periods as needed based on
checking soil moisture manually and then
applied irrigation periods, while potassium
sulfate included four levels (0, 150, 200 and
250) kg.ha™ as a secondary factor was added
to the soil in three equal batches, the first
batch in the vegetative growth stage (three
weeks after emergence), the second batch
when the male inflorescences appeared, and
the last batch when the Kitten appeared, by
digging a slit adjacent to the planting line at a
distance of 5 cm.

Seeds of Maize (Zea Mays. L.) of the
synthetic variety Fajr 1 were sown in the
autumn  season on 1/8/2022  within
experimental units of dimensions of each (3x2
m). The experimental unit included four
planting lines, the distance between one line
and another 75 cm and between one plant and
another 25 cm on one ling, i.e. a plant density
of 32 plants. Urea fertilizer (46% N) in the
amount of 176 kg.H™ (33) was added in two
batches, the first before planting with DAB
fertilizer and the second batch at the beginning
of flowering, and phosphate fertilizer was
added at a rate of 140 kg.H-1 in the form of
DAB fertilizer (DAP) (46% P205 and N21%)
before planting and during soil preparation
(33) The corn stem borer insect
(Sesamiacretical) was controlled using the
pesticide diazinon granulated (10% active
ingredient) twice by feeding method, the first
batch after 18 days of planting and the second
two weeks after the date of the first control

).
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Table 1 Some chemical and physical properties of field soil.

Property Value Unit
Soil interaction degree Ph 7.6 -
Electrical Conductivity EC 4.06 dS.m™
Total nitrogen 40.5

Available phosphorus 4.3 Mgm.Kg*
Available potassium 135.24

Sand 675.25

Silt 56.50 gm.Kg*
Clay 263.00

Soil texture Sandy clay

Soil moisture weight content

at saturation 0 kPa 45.82 %

at 33 kPa 19.05 %

at 1500 kPa 9.88 %

Bulk density 1.30 ugm™

The total yield of cereals after weight
adjustment was calculated on the basis of
15.5% humidity by multiplying only one plant
yield (g) x plant density per hectare (53333
plants.ha?)(10). The biological yield was
calculated after harvesting the random sample
plants from above the soil surface, then dried
aerobically under sunlight, then dried by a
dryer at a temperature of 65 ° C for 72 hours,
then dried at a temperature of 105 ° C on the
oven for three hours and then weighed at the
stability of the weight and then adjusted on the
basis of hectare (1). The percentage of protein
in the leaves and grains for all experimental
units was also estimated, after digesting the
samples by using the Caldal method to
estimate the percentage of nitrogen and then
calculate the percentage of protein through the
following equation:

Protein % = Nitrogen %x 6.25 (21).

The amount of total carbohydrates
dissolved in the leaves was estimated
according to the method adopted by (24),
where 250 mg of the dried sample was
crushed with 10 ml of water and then
discarded in the centrifuge and took the filtrate
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and completed the volume to 10 ml with
distilled water, took 1 ml of the filtrate and
added to it 1 ml of phenolic reagent
concentration of 5% and 5 ml of sulfuric acid
concentration of 80% after which the sample
was left for 25 minutes until 1t becomes room
temperature and then the light absorption
intensity is measured at the wavelength of
490nm and Blank was prepared in the same
way without adding the sample. The amount
of total carbohydrates dissolved in the leaves
was estimated according to the method
adopted by (24), where 250 mg of the dried
sample was crushed with 10 ml of water and
then discarded in the centrifuge and took the
filtrate and completed the volume to 10 ml
with distilled water, took 1 ml of the filtrate
and added to it 1 ml of phenolic reagent
concentration of 5% and 5 ml of sulfuric acid
concentration of 80% after which the sample
was left for 25 minutes until 1t becomes room
temperature and then the light absorption
intensity is measured at the wavelength of
490nm and Blank was prepared in the same
way without adding the sample.

Results and discussion
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1- grain yield ton.ha™.

The results of the analysis of variance
in Table (2) indicate a significant effect of
irrigation periods ,levels of added potassium
and the interaction between them on the total
of grain yield of the maize plant. It had
showed the presence of significant differences
as a result of the effect of irrigation periods,
As the periods of irrigation every 8 days, had
achieved the highest average yield of 8.3 tons
ha® compared to the periods of irrigation
every 12 days had caused a significant
decrease in the grain yield with an average of
6.0 tons.ha The reason may be due to the
exposure of plants to water stress has affected
one or more of the components of the yield, as
the lack of water, high temperature and low
relative humidity during the period of growth
and formation of ovaries may have affected
the vegetative qualities and then decreased the
products of photosynthesis and insufficient to
form the largest number of rows and the low
access of water and nutrients, specifically
during the period of fullness of the grain leads
to its small size and shrinkage and decline in
the average weight of 500 grains While the
availability of sufficient moisture caused an
increase in the readiness of the elements then
speed of their transfer to other parts and the
wide activity in intercepting the falling solar
rays, which contributes to the process of
photosynthesis, which is the reason for the
increase in the components of the yield and
the weight of 500 grains reflected positively
on the increase in grain yield. These results
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were consistent with the results of (2,33,13,4)
who found that the spacing of irrigation
periods significantly affected the decrease in
grain yield per unit area of the maize crop.

As for the levels of added potassium,
their effect was different from the irrigation
periods, the values increased significantly with
the increase in added potassium, as the
potassium level of 250 kg.ha™ achieved the
highest average grain yield of 8.7 tons.ha™
compared to the control treatment of 0 kg.ha,
which gave the lowest average grain yield of
5.1 tons.ha™ .1t is believed that the reason for
this is that the addition of potassium has
encouraged the absorption of other nutrients,
especially nitrogen and phosphorus, and this
was reflected in the yield of grains despite the
spacing of irrigation periods, (14) in addition
to the role of potassium in increasing
vegetative growth indicators such as the
number of leaves, their surface area, delaying
aging, and then increasing the effective
periods of grain filling and its reflection in
increasing the yield (14).

The results of the table also showed a
significant effect of the overlap between
irrigation periods and potassium levels in
increasing the average grain vyield, as the
interference treatment when watering every 8
days and the addition of potassium at the level
of 250 kg.ha™ gave the highest average of
4493.0 kg.ha™*, while the lowest occurrence in
the irrigation interference treatment was every
12 days with the addition of potassium at the
level of 0 kg.ha™ amounted to 2571.0 kg.ha™ .
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Table (2) Effect of irrigation periods and potassium levels and their interaction on

average grain yield for maize ton.ha™.

Treatmen | Levels of Potassium Kg.h™ | Avera

t 0 150 200 [250 | %&. Of
Irriga
tion
Durati
on

Dura |6 |55 68 |78 |86 |71

tion |8 |5.6 84 |93 |10.0 |83

of 1 |50 63 |77 |89 |70

Irrig |0

ation |1 |45 56 [6.7 |73 |6.0

Day |2

Average |5.1 6.7 |78 |87

of

Potassiu

m Levels

L.S.D 0.05

Duration of | Levels of | Interaction

Irrigation Potassium

02" 037 0.4~

2- Biological yield ton.ha™.

The results of the analysis of variance
in Table (3) showed that there are significant
differences in the biological yield by the effect
of irrigation periods and levels of added
potassium and the overlap between them in the
average of this characteristic.The results of the
table indicate that there are significant
differences for irrigation periods in the
average biological yield, as the biological
yield decreased with increasing the periods
between irrigation and another, and gave the
lowest average for this trait of 12.4 tons.e-1 in
the irrigation treatment every 12 days
compared to the irrigation treatment every 8
days, which gave the highest average
biological yield of 17.5 tons.ha™. It is believed
that the reason for this is due to the decrease in
the components of the yield as, which was
reflected in the increase in biological yield and
to the lack of vital activities in the vegetative
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total, represented by the height of the
plant, its leaf area and the content of the leaves
of chlorophyll and then its dry weight as a
result of lack of water, and this leads to a
defect in physiological processes such as
photosynthesis,  respiration, transpiration,
water absorption and nutrients, Also, the
moisture tension when the irrigation periods
diverge negatively affects the processes of cell
division, as it leads to a decrease in the
number of dividing cells and prolonging the
time required for division, and this is what
(28) said, and this is consistent with what was
obtained by (27,12,4) who indicated that water
tension affects the reduction of the biological
yield of maize crop.

While the added potassium levels led
to a significant increase in the biological yield,
the potassium level of 250 kg.ha™ gave the
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highest average biological yield of 19.0
tons.ha™ compared to the control treatment of
0 kg.ha', which gave the lowest average
biological vyield of 10.8. tons.ha™. This
indicates the great role played by potassium in
increasing yield and increasing the vegetative

and root total, as potassium works to transport
water and nutrients, which is an important
factor in photosynthesis, as (8) stated that the
addition of potassium led to an increase in the
biological yield of maize crop.

Table (3) Effect of irrigation periods and potassium levels and their interactions on
average plant biological yield of maize tons.ha™

Treatmen | Levels of Potassium Kg.h™ | Avera

t 0 150 200 [250 | %& Of
Irriga
tion
Durati
on

Dura |6 [114 |148 |17.6 |19.0 |15.7

tion |8 [11.3 |178 [18.4 |22.6 |175

of 1 [109 |131 |164 |[17.9 | 146

Irrig |0

ation {1 |98 10.3 | 13.0 |16.6 | 124

Day |2

Average 108 |14.0 |16.3 | 19.0

of

Potassiu

m Levels

L.S.D 0.05

Duration of | Levels of | Interaction

Irrigation Potassium

1.97 1.77 N.S

3-Leaf protein content (%) .

The results showed in Table (4) that
there is a significant effect of irrigation
periods and levels of added potassium in the
percentage of protein in the leaves, the effect
of spacing between irrigation periods was
significant in reducing the percentage of
protein in the leaves, as the irrigation
treatment every 12 days gave the lowest
average for this trait amounted to 8.4%
compared to the periods of irrigation every 5
days, which gave a concentration of protein of
10.5 %at the same time, the irrigation
treatment every 8 days gave the highest
concentration of 15.3% protein in the leaves,
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The reason for the decrease in protein
concentration may be attributed to the
decrease in the absorbed amounts of nitrogen
by increasing the irrigation period to 12 days,
because in close periods, soil moisture is
suitable for dissolving the nutrients in it, as the
presence of ready-made images of nutrients is
either dissolved in soil solution or reciprocated
on its surfaces, That is, they are more ready
for absorption by the plant compared to the
periods of irrigation every 12 days, and this is
consistent with the findings of (2,18) It was
found that the concentrations absorbed of
nitrogen in the maize grains increased with the
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convergence of irrigation and

decreased with their spacing.

periods

As for the effect of added potassium
levels, it had a significant effect in increasing
the concentration of protein in the leaves, as
the potassium level of 250 kg.ha™ gave the
highest average for this trait of 14.7%
compared to the control treatment of 0 kg.ha™
The lack of potassium addition, which gave
the lowest average protein concentration in the

leaves amounted to 6.9%. It is believed that
the increase in the concentration of protein in
the leaves when increasing the levels of
potassium added to the importance of
potassium in the process of reducing nitrates
and transporting and metabolizing amino acids
and proteins in the plant in addition to
building carbohydrates and increasing the
effectiveness of photosynthesis and its
products, and as a result increasing the protein
content in the leaves.

Table (4) Effect of irrigation periodss and potassium levels and their interaction on leaf

protein content (%) for maize.

Treatmen | Levels of Potassium Kg.h™* | Avera

t 0 150 200 [250 | %&, Of
Irriga
tion
Durati
on

Dura |6 |7.1 105 | 11.3 |13.2 | 105

tion 8 8.9 15.1 | 15.2 | 221 | 15.3

of 1 6.7 92 |11.1 [124 |98

Irrig |0

ation |1 |49 85 |93 |110 |84

Day |2

Average 6.9 10.8 | 11.7 | 147

of

Potassiu

m Levels

L.S.D 0.05

Duration of | Levels of | Interaction

Irrigation Potassium

1.07 117 N.S

4-Protein content of grains (%) .

The results showed in Table (5) that
there is a significant effect of irrigation
periodss and potassium levels and the overlap
between them in the percentage of protein in
grains, the effect of spacing between irrigation
periods was significant in reducing the
percentage of protein in grains if the irrigation
treatment every 12 days gave the lowest
average for this trait amounted to 8.5%
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compared to the periods of irrigation every 5
days, which gave a concentration of protein of
14.2% at the same time gave the irrigation
treatment every 8 days the highest
concentration of 18.4% in the concentration of
protein in the grains. The reason for the
decrease in protein concentration may be due
to the decrease in the absorbed amounts of
nitrogen by increasing the periods of irrigation
to 12 days, because in close periods the soil
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moisture is suitable for dissolving the nutrients
in it, as the presence of ready-made images of
nutrients is either dissolved in the soil solution
or reciprocated on its surfaces, meaning that it
is more ready for absorption by the plant
compared to the periods of irrigation every 12
days.

As for the effect of added potassium
levels, it had a significant effect in increasing
the concentration of protein in the grains, as
the potassium level of 250 kg.ha™ gave the
highest average for this trait of 17.7%
compared to the control treatment of 0 kg.ha™
No potassium was added, which gave the
lowest average protein concentration in cereals
of 8.8%. It is believed that the increase in the
concentration of protein in grains when
increasing the levels of potassium added to the
importance of potassium in the process of
reducing nitrates and transporting and
metabolizing amino acids and proteins in the
plant in addition to building carbohydrates and
increasing the effectiveness of photosynthesis
and their products, and as a result the activity
of the ongoing transport processes of nitrogen
compounds from source to downstream and
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then increasing the concentration of nitrogen
in grains (7 ,28) and this is consistent with
what (2,18) found.

As for the interactions between
irrigation periods and potassium levels, it had
a significant effect in increasing the protein
content in cereals of the yellow corn plant, as
the highest value was 23.8% in the
interference treatment when irrigating every 8
days with the addition of potassium at the
level of 250 kg.ha, while the lowest value of
the irrigation interference treatment was every
12 days with no potassium added 0 kg.ha™,
which amounted to 5%, due to the importance
of potassium. As for the overlap between
irrigation periods and potassium levels, it had
a significant effect in increasing the protein
content in cereals of the maize plant, as the
highest value was 23.8% in the interference
treatment when irrigating every 8 days with
the addition of potassium at the level of 250
kg.ha*, while the lowest value of the irrigation
interference treatment was every 12 days with
no potassium added O kg.ha®, which
amounted to 5%, due to the importance of
potassium.
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Table (5) Effect of Irrigation and potassium levels and interaction between them on grain

protein content (%) of maize

Treatmen | Levels of Potassium Kg.h™ | Avera

t 0 150 200 [250 | %&. Of
Irriga
tion
Durati
on

Dura |6 |85 125 144 |21.2 | 14.2

tion |8 [149 |15.7 |19.2 | 238 |184

of 1 169 114 |12.1 | 148 |11.3

Irrig |0

ation |1 |5.0 7.8 10.0 | 111 |85

Day |2

Average |8.8 11.8 | 139 |17.7

of

Potassiu

m Levels

L.S.D 0.05

Duration of | Levels of | Interaction

Irrigation Potassium

2.8~ 1.77 347

5-Carbohydrate content of leaves (%0).

The results of Table (6) showed a
significant effect of irrigation periods and
levels of potassium added in the concentration
of carbohydrates in the leaves of the maize
plant, the effect of irrigation periods was
significant in reducing the concentration of
carbohydrates in the leaves of the yellow corn
plant, if the periods of irrigation every 12 days
gave the lowest value of carbohydrate
concentration in the plant amounted to 3.5%
compared to the treatment of watering every 8
days, which gave the highest concentration of
carbohydrates amounted to 5.5%. This may be
attributed to the plant's exposure to spacing in
irrigation periods reduces its ability to absorb
essential nutrients, which leads to reduced cell
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growth and division and a decrease in
photosynthesis and lack of outputs, and this is
consistent with what was mentioned by
(37,28) , either the effect of potassium levels
was significant in increasing the concentration
of carbohydrates in the leaves, as the
potassium addition treatment gave 250 kg.ha™
The highest rate for this trait amounted to
5.7% compared to the control treatment of 0
kg.ha™ No potassium addition, which gave the
lowest concentration carbohydrates were
2.7%. The reason for this may be attributed to
the role of potassium in the transfer and
movement of carbohydrates from the places of
formation to the places of storage and its great
role in the metabolism of carbohydrates in
plants.
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Table (6) Effect of Irrigation periods and potassium levels and the Interaction between them
on the carbohydrate content of leaves (%) for maize

Treatmen | Levels of Potassium Kg.h™ | Avera

t 0 150 200 [250 | %&. Of
Irriga
tion
Durati
on

Dura |6 |2.6 31 |44 |50 |38

tion |8 |3.2 57 |64 |68 |55

of 1 129 40 |55 |66 |47

Irrig |0

ation |1 |23 29 |43 |46 |35

Day |2

Average | 2.7 39 |52 |57

of

Potassiu

m Levels

L.S.D 0.05

Duration of | Levels of | Interaction

Irrigation Potassium

1.17 117 N.S

6-Carbohydrate content of grains (%) .

It is noted from Table (7) the
significant effect of irrigation periods and
potassium levels and the interaction between
them in the concentration of carbohydrates in
the grains of the yellow corn plant, which
decreased significantly in the irrigation
treatment every 12 days and gave the lowest
value of 68.9% when compared with the
control treatment of irrigation every 5 days,
which gave 73.0% to the concentration of
carbohydrates, while the treatment of
irrigation every 8 days gave the highest rate
for this trait of 74.2%.The reason for this may
be attributed to the increase in the percentage
of protein in irrigation coefficients due to the
rapid increase in the movement of nitrogen
from leaves to grains during the period of
filling the grain with a decrease in the
accumulation of carbohydrates, which led to
an increase in the percentage of protein in the
grains, and this is from the principle of
compensation between the components of the
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grain (5) . These findings are consistent with
the findings of (33,15) who pointed out that
water tension led to an increase in the
percentage of protein in grains and thus a
decrease in the percentage of carbohydrates in
grains exposed to high stress.

As for the levels of potassium added,
their effect was significant in increasing the
content of the grains of carbohydrates, the
potassium level of 250 kg.ha® gave the
highest value of carbohydrate concentration of
75.7% compared to the control treatment O
Kg.ha®, which gave the lowest carbohydrate
content of 68.3%, may be attributed to the
significant role that potassium plays within the
plant in activating energy transfer enzymes,
the formation of sugar, starch and protein, as
well as carbohydrates and increasing the
conversion of photosynthetic products into dry
matter in grains (7,22).

There was no significant effect of the
interaction between irrigation periods and
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potassium levels on the concentration of

carbohydrates in maize grains.

Table (7) Effect of irrigation periods and potassium levels and their interaction on grain

content of carbohydrates (%) of maize.

Treatmen | Levels of Potassium Kg.h™ | Avera

t 0 150 200 250 |9¢. Of
Irriga
tion
Durati
on

Dura |6 (689 |714 |747 |77.1 |73.0

tion |8 |[70.1 |732 |[755 |782 |74.2

of 1 |67.7 |70.0 |739 |[758 |71.8

Irrig |0

ation |1 |(66.3 |683 [69.7 |71.6 |68.9

Day |2

Average |68.3 |70.6 |73.4 | 757

of

Potassiu

m Levels

L.S.D 0.05

Duration of | Levels of | Interaction

Irrigation Potassium

1.27 1.27 N.S
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