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Abstract: With the aim of increasing the efficiency of chemical fertilizer use
and reducing nutrient losses in plants, mycorrhizal fungi were used as a safe,
readily available, environmentally friendly, and sustainable method. The
experiment was conducted in the fields of the College of Agriculture —
University of Tikrit, following a completely randomized block design
(RCBD), to study the effect of different methods of applying chemical
fertilizers and inoculating with mycorrhizal fungi on the growth and yield of
yellow corn, as well as certain growth and quality traits. The experiment
included two factors: the first was the application of chemical fertilizers
using three methods, in addition to a control treatment without fertilizer
application, namely: the control treatment (Control) without chemical
fertilizer application; application with irrigation water; application in rows
parallel to the planting rows at a distance of 5 cm from the seeds; and
broadcast application on the soil surface. The second factor consisted of two
treatments: inoculation with mycorrhizal fungi and no inoculation. The
results showed that the methods of applying chemical fertilizer and
inoculation with mycorrhizal fungi had a significant effect on a number of
growth characteristics and the nutritional status of yellow corn. The
broadcast application method outperformed the others in terms of
mycorrhizal infection rate, dry weight, 500-kernel weight, protein content,
nitrogen content, phosphorus content, and leaf area, recording values of
80.93%, 12.13 g, 31.10 g, 8.06%, 1.80%, 0.25%, and 718.50 cm?, respectively,
while the addition of fertilizer to the irrigation water outperformed the other
treatments in potassium content, reaching 1.53%, Inoculation with
Mycorrhiza fungi also improved a number of traits, with the highest average
leaf area reaching 733.08 cm?, dry weight 11.28 g, weight of 500 seeds 29.91
g, protein content 8.05%, phosphorus content was 0.23%, and potassium
content was 1.53%, while nitrogen content was 1.61%. Interactions were
observed between the methods of adding the The phosphorus content was
0.23%, the potassium content was 1.53%, while the nitrogen content was
1.61%. The interactions between fertilizer application methods and
mycorrhizae yielded different responses depending on the trait, most
notably the superior performance of the mycorrhizae treatment combined
with row application for certain traits.
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Introduction

Yellow corn (Zea mays L.) is one of the most important cereal crops widely cultivated around
the world, ranking third after wheat (Triticum aestivum L.) and rice (Oryza sativa L.) in terms of
strategic and nutritional importance. Its importance stems from its versatility, as it contributes to
human nutrition, its grains and byproducts are used to feed various animals, and it is also used in oil
production and numerous food and other industrial sectors, making it a crop of great economic and
nutritional importance. Chemical fertilization provides the most important nutrients, particularly
nitrogen, phosphorus, and potassium (NPK), One of the most important factors affecting the growth
and yield of yellow corn, as nitrogen plays a fundamental role in the formation of proteins, nucleic
acids, and chlorophyll, while phosphorus contributes to root system development, energy transfer, and
metabolic processes within the plant; potassium, meanwhile, plays a crucial role in regulating
physiological processes, activating numerous enzymes, and improving the efficiency of water and
nutrient use. However, the efficiency of applied fertilizers does not depend solely on their quantity but
is also influenced by the method of application and the extent to which nutrients reach the root zone
and are made available to the plant [1]. Studying the efficiency of chemical fertilizer application
methods is particularly important in gypsum soils, which are widespread in large parts of arid and
semiarid regions, as they are characterized by high gypsum content and associated physical and
chemical properties that may affect the movement of water and nutrients and the growth of the root
system [2]. Therefore, selecting the appropriate fertilizer application method can help improve plant
nutrient uptake and reduce nutrient loss, which in turn affects plant growth and yield [3]. One of the
recent trends in improving plant nutrition efficiency is the use of beneficial organisms in the soil, the
most important of which are mycorrhizal fungi, particularly those that form root symbiosis, such as
arbuscular mycorrhizal fungi. A symbiotic relationship develops between these fungi and the plant
roots, and the fungal hyphae extend beyond the root zone, thereby increasing the root system’s ability
to explore a larger volume of soil and access nutrients and water. The importance of this symbiosis is
clearly evident in the improvement of phosphorus uptake; it may also indirectly contribute to
improving the plant’s nutritional status and the uptake of certain other elements, in addition to its role
in promoting root growth and enhancing the plant’s ability to tolerate certain environmental stress
conditions [4]. The efficiency of mineral fertilization and mycorrhizae is largely determined by soil type
and the method of nutrient delivery to the root zone; therefore, combining mycorrhizal inoculation
with NPK chemical fertilizer application may provide an integrated approach to improving nutrient
use efficiency and promoting yellow corn growth. Hence the importance of studying the effect of these
factors on certain growth traits and the nutritional status of the plant, particularly when growing yellow
corn in gypsum soils, with the aim of developing a more efficient method of fertilizer management and
harnessing the biological potential of mycorrhizal fungi [5].

Objectives of the Study: To use symbiotic relationships (mycorrhizae) as a modern,
environmentally friendly method of fertilization; to determine the best method for applying chemical
fertilizers to minimize nutrient loss in gypsum-rich soil.

Materials and Methods

The experiment was conducted in the fields of the College of Agriculture at the University of
Tikrit, using a completely randomized block design (RCBD), to study the effect of different methods of
applying chemical fertilizers and inoculating with mycorrhizal fungi on the growth and yield of yellow
corn, as well as certain growth and quality traits. After selecting the experimental site, representative
soil samples were collected from the field prior to planting at a depth of 30 cm to determine certain
physical and chemical properties of the soil. The samples were collected randomly from different
locations in the field, then air-dried, sieved, and prepared for analysis. Laboratory analyses were
conducted at the Department of Soil Science and Water Resources —College of Agriculture—University
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of Tikrit, with the aim of determining the physical and chemical properties of the soil prior to the
experiment.

Available Potassium Available Percentefge of Ds/m P ;
Texture phosphorus, mg/k ”  nitrogen, Screenings Ece pH ' roperues
mg/kg 8 mg/kg  Clay Silt Sand
Cl
—ay 6.82 4538 49 255 565 180 430 740  Value
Pigeon
Study Factors

First Factor: Chemical fertilization using four methods: the control treatment (Control) without
the addition of chemical fertilizers; adding fertilizer to the irrigation water; applying it in rows parallel
to the planting rows at a distance of 5 cm from the seeds; and broadcast application.

Second Factor: Two treatments —inoculation with Mycorrhiza fungi and no inoculation
Soil Preparation for Planting

The experimental plot was plowed twice in perpendicular directions using a disc plow,
followed by leveling and smoothing of the soil to prepare a suitable seedbed and ensure a uniform soil
surface. The experimental plot was then divided according to the approved field layout for the
experiment, and the experimental units, treatments, and replicates were defined according to the
experimental design. Each experimental unit measured 2 x 2 m2. Yellow corn was planted in rows
within the experimental units, and land preparation and conditioning for planting were carried out in
accordance with standard agricultural practices for this crop. The study involved the use of
diammonium phosphate (DAP) as a source of phosphorus and nitrogen, potassium sulfate as a source
of potassium, and urea to supplement the required amount of nitrogen. The recommended fertilizer
rate was 100 kg N ha!, with the addition of 80 kg ha™ of phosphorus and potassium; the fertilizers
were applied according to the specific application method designated for each treatment. The
experiment also included two treatments —inoculation with Mycorrhiza fungi and no inoculation—to
study their individual effects and their interaction with the chemical fertilizer application methods.
Crop management practices, including irrigation, weed control, and pest control, were carried out as
needed, and the plants were tended until they reached maturity. Measurements were then taken and
data collected for the traits under study according to the approved methods for each trait.
Characteristics Studied

Mycorrhizal Infection Rate (%): Samples were taken from plant roots and washed with water
to remove adhering soil. The samples were then prepared for microscopic examination to detect
mycorrhizal fungal structures within the roots, and the percentage of infection was calculated using
the following equation: [6]

Myecorrhiza infection rate (%) = (number of infected root segments + total number of root
segments examined) x 100.

Leaf area (cm? plant?): Leaf area was estimated using the disc method by taking a
representative leaf from the plant and cutting discs of known area from it using a metal punch. The
whole leaf and the cut discs were then weighed, and the leaf area was calculated using the following
equation:

Leaf area (cm?) = (weight of the whole leaf (g) x area of the discs (cm?)) + weight of the discs (g).

The leaf areas were then summed to obtain the total leaf area of the plant.

Dry weight (g plant™): The plants selected for measurement were weighed to determine their
fresh weight, then placed in perforated paper bags and dried in an electric oven at 65-70°C for 48-72
hours until the weight stabilized, after which they were weighed again and the dry weight recorded.

Weight of 500 grains (g): 500 grains were randomly selected from the grains produced by each
experimental unit, then weighed on a precision scale, and the weight was recorded in grams.

Protein content in grains (%): The protein content was estimated based on the total nitrogen
content in the grains; the protein percentage was calculated by multiplying the nitrogen content by a
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conversion factor of 6.25. Nitrogen Content in Grains: (%) Representative samples were taken from the
ground grains and digested using the approved laboratory method; total nitrogen was determined
using a Micro-Kjeldahl apparatus, and the results were expressed as a percentage of dry matter.

Phosphorus content in grains: (%) The total phosphorus content in the plant samples was
determined after digestion using ammonium molybdate and measured with a spectrophotometer; the
results were expressed as a percentage.

Potassium content in grains (%): The potassium content in the extract obtained from the
digestion of plant samples was determined using a laboratory instrument designed for potassium
analysis, and the results were expressed as a percentage of dry matter.

Statistical Analysis

The data were statistically analyzed using a completely randomized block design (R.C.B.D.) in
a factorial experiment, as described above. Significant differences between the arithmetic means were
then compared using Duncan’s multiple range test at a significance level of 0.05, with the SAS software
program.

Results
Mycorrhiza Infection Rate

The results in Table (1) showed significant differences in the mycorrhiza infection rate
depending on the effects of fertilizer application methods, fungal inoculation, and their interaction. The
broadcast application treatment outperformed the others, recording the highest average mycorrhizal
infection rate of 80.93%, while the control treatment recorded the lowest average of 1.33%. The
superiority of the broadcast method can be explained by the fact that it leads to a more uniform
distribution of fertilizer in the root zone, thereby providing a suitable nutritional environment for root
growth and increasing the activity of beneficial microorganisms in the soil, in addition, improved root
mass growth and an increase in the soil area colonized by roots create greater opportunities for fungal
colonization and the formation of a symbiotic relationship with mycorrhizae. Furthermore, the
balanced availability of nutrients may stimulate the growth of fine roots, which are the parts most
susceptible to mycorrhizal colonization. This finding is consistent with the observations of [7], who
noted that the prevalence of mycorrhizal fungi and the establishment of symbiotic relationships are
linked to root condition, nutrient availability, and the physical and chemical conditions of the soil. As
for mycorrhizal inoculation, the results showed a significant effect, as the mycorrhizal inoculation
treatment outperformed the other treatments and recorded the highest average mycorrhizal infection
rate of 60.41%, compared to the non-inoculation treatment, which recorded the lowest average of
33.03%. This superiority is attributed to the fact that beneficial bacteria added to the soil or associated
with the root zone can act as plant growth-promoting microorganisms (PGPRs), thereby increasing root
mass and branching and improving nutrient uptake, They may also produce certain compounds that
stimulate root growth and help create conditions conducive to mycorrhizal colonization of the roots.
Furthermore, synergistic interactions can occur between beneficial bacteria and mycorrhizal fungi, as
some bacteria promote fungal hyphal growth and root colonization, while mycorrhizal fungi contribute
to improving the plant’s uptake of nutrients and water. [8] noted the existence of important symbiotic
interactions between mycorrhizal fungi and plant-growth-promoting bacteria, which can positively
influence plant growth and the efficiency of mycorrhizal colonization.

The results also showed a significant interaction between the method of fertilizer application
and bacterial inoculation; the treatment combining bacterial inoculation with fertilizer application in
rows recorded the highest mycorrhizal infection rate of 63.85%, while the control treatment without
bacterial inoculation recorded the lowest rate of 25.10%.
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Table 1. Effect of Mycorrhiza Inoculation and Methods of Chemical Fertilizer Application on the
Infection Rate

Methods for Applying NPK Chemical Fertilizer

Average
Inoculant Applied in . Bacterial
.. . With .
Application Applied by rows parallel Irrigation Comparison Inoculant
Rates broadcasting to the planting Water Treatment
TOWS
33.03 83.76 45.63 1.49 1.25 Without
a a c d d vaccine
41.60 78.10 85.63 1.26 1.40 With vaccine
b b a d d
Average
80.93 65.63 1.37 1.33 fertilizer
a b c c application
methods

Leaf Area of the Plant (cm?2)

The results in Table (2) showed significant differences in the leaf area of yellow corn depending
on the effects of mineral fertilizer application methods, mycorrhizal inoculation, and their interaction.
The treatment involving the broadcast application of mineral fertilizer outperformed the others,
recording the highest average leaf area of 718.50 cm? plant~!, while the control treatment recorded the
lowest average of 636.50 cm? plant™'. The superiority of the broadcast method can be explained by the
fact that it distributes the fertilizer over a wider area of the soil, thereby increasing the availability of
nutrients to the root system and improving their absorption. This improved nutrient status—
particularly the availability of nitrogen —leads to increased cell division and elongation, as well as the
formation of larger leaves with higher metabolic activity. Furthermore, the availability of phosphorus
and potassium contributes to supporting root growth and the physiological processes associated with
the formation of the aboveground biomass; thus, efficient mineral nutrition leads to an increase in leaf
area [9].

The effect of inoculation with Mycorrhiza fungi was significant, as inoculated plants recorded
a higher average leaf area of 733.08 cm? plant~!, compared to the non-inoculated control, which recorded
an average of 619.33 cm? plant™'. This advantage can be attributed to the role that Mycorrhiza plays in
increasing the root system'’s efficiency in absorbing water and nutrients —particularly phosphorus—
which improves the plant’s nutritional status and stimulates the growth of the aboveground parts.
Furthermore, an increased supply of nutrients to the plant leads to increased leaf formation and the
maintenance of their photosynthetic activity, and consequently to an increase in leaf area [10].

Furthermore, the interaction between the method of mineral fertilizer application and
mycorrhizal inoculation had a significant effect on leaf area; the treatment combining mycorrhizal
inoculation with row-applied fertilizer outperformed the others, recording the highest value of 778.33
cm? per plant, while the control treatment without inoculation yielded the lowest value of 521.00 cm?
per plant.
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Table 2. Effect of mycorrhizal inoculation and chemical fertilizer application methods on
plant leaf area

Methods for Applying NPK Chemical Fertilizer

Average Applied in .
Inoculant Applied by rows parallel Wltl,l Comparison Bacterial
Application  proadcasting  to the planting Trrigation Treatment Inoculant
Rates rOWS Water
619.33 744.00 537.66 674.66 00521. Without
b b e d a vaccine
733.08 693.00 778.33 709.00 752.00 With
a c a c b vaccine
Average
718.50 658.00 691.83 636.50 fertilizer
a c b d application
methods

Dry Weight of the Plant (g)

The results in Table (3) showed significant differences in the dry weight of yellow corn
depending on the effects of mineral fertilizer application methods, mycorrhizal inoculation, and their
interaction. The treatment involving the broadcast application of mineral fertilizer outperformed the
others, recording the highest average dry weight of 12.13 g, while the control treatment recorded the
lowest average of 8. 95 g. The superiority of the broadcast method can be attributed to the distribution
of mineral fertilizer over a larger soil area, which increases the likelihood of nutrients reaching the root
system and enhances their absorption—particularly nitrogen, phosphorus, and potassium, which are
essential for leaf formation, increased metabolic activity, and dry matter accumulation. Furthermore,
the improvement in the plants’ nutritional status is reflected in increased growth of the aboveground
and root masses, and consequently, higher dry weight. [11] confirms that a balanced supply of nutrients
is directly linked to increased growth and dry matter accumulation as a result of enhanced
photosynthetic efficiency and organic matter formation.

As for the effect of inoculation with mycorrhizal fungi, it was significant, as inoculated plants
recorded a higher average dry weight of 11.28 g compared to 9.60 g in non-inoculated plants. This
increase can be explained by the symbiotic role of mycorrhizal fungi, as the fungal hyphae extending
beyond the root zone increase the effective volume of the root absorption area and improve the uptake
of nutrients—particularly phosphorus—as well as enhance the uptake of water and certain other
minerals. Furthermore, the improvement in the plant’s nutritional and water status leads to increased
root and shoot growth and higher photosynthetic efficiency, which is reflected in increased dry matter
accumulation. This is consistent with the findings of [7], who noted that mycorrhizal fungi contribute
to improving the plant’s uptake of nutrients, particularly phosphorus, and promote plant growth and
dry matter production. The interaction between the method of mineral fertilizer application and
mycorrhizal inoculation had a significant effect on dry weight; the treatment combining mycorrhizal
inoculation with fertilizer application in rows recorded the highest value of 87.12 g, while the control
treatment without inoculation recorded the lowest value of 55.70 g.
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Table 3. Effect of inoculation with Mycorrhiza fungi and methods of chemical fertilizer
application on plant dry weight

Methods for Applying NPK Chemical Fertilizer

Average Applied in .
Inoculant Applied by rows parallel Wltl,l Comparison Bacterial
Application  proadcasting  to the planting Irrigation Treatment Inoculant
Rates rOWS Water
9.60 12.19 8.80 9.88 7.55 Without
b b e d f vaccine
11.28 12.07 12.87 9.83 10.35 With
a b a d c vaccine
Average
12.13 10.83 9.85 8.95 fertilizer
a b c d application
methods

Weight of 500 kernels (g)

The results in Table (4) showed significant differences in the weight of 500 kernels of yellow
corn depending on the effects of mineral fertilizer application methods, mycorrhizal inoculation, and
their interaction. The treatment involving the broadcast application of mineral fertilizer outperformed
the others, recording the highest average weight of 500 kernels at 31.10 g, while the control treatment
recorded the lowest average at 26.66 g. The superiority of the broadcast method can be attributed to a
more comprehensive distribution of fertilizer within the root zone, which improves the availability and
uptake of nutrients— particularly nitrogen, phosphorus, and potassium —during the growth and grain-
filling stages. This improved mineral nutrition is reflected in increased photosynthetic efficiency and
carbohydrate synthesis, and a larger portion of photosynthetic products is then transferred to the grains
during the filling stage, contributing to increased grain weight. [10] A study by [12] showed that the
addition of mineral fertilizers containing nitrogen and phosphorus improved maize growth and yield.

As for the effect of inoculation with mycorrhizal fungi, it was significant, as the inoculated
plants recorded the highest average weight of 500 seeds at 29.91 g, while the non-inoculated treatment
yielded the lowest average at 27.74 g, This increase can be explained by the vital role of mycorrhizal
fungi in expanding the absorptive capacity of the root system through a network of fungal hyphae,
particularly in increasing the efficiency of phosphorus uptake, which is an important element in grain
formation and the transport of photosynthetic products to the grains. Furthermore, improving the
plant’s nutritional status may lead to increased photosynthetic efficiency and a prolonged grain-filling
period, thereby increasing grain weight. [13] confirmed that inoculating maize with mycorrhizal fungi
enhanced phosphorus uptake and increased the dry weight of the aboveground biomass, illustrating
the role of mycorrhizae in improving the nutritional status and growth of maize plants.

As for the interaction between the method of applying mineral fertilizer and mycorrhizal
inoculation, the effect was significant: the treatment combining mycorrhizal inoculation with fertilizer
application in rows outperformed the others, recording the highest value of 59.32 g, while the control
treatment (without inoculation) yielded the lowest value of 24.53 g.
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Table 4. Effect of Mycorrhiza Inoculation and Methods of Chemical Fertilizer Application on
Seed Weight

Methods for Applying NPK Chemical Fertilizer

Average Applied in With
Inoculant Applied by rows parallel i Comparison Bacterial
Application broadcasting  to the planting Irrigation Treatment Inoculant
Rates rOWS Water
27.74 31.68 26.32 28.45 24.53 Without
b a de bcd e vaccine
2991 30.51 32.59 27.74 28.79 With
a ab a cd bc vaccine
Average
31.10 29.45 28.09 26.66 fertilizer
a b bc c application
methods

Protein Content in Yellow Corn Kernels

The results in Table (5) showed significant differences in the protein content of yellow corn
kernels depending on the effects of mineral fertilizer application methods, inoculation with Mycorrhiza
fungi, and their interaction. The treatment involving the broadcast application of mineral fertilizer
outperformed the others, recording the highest average protein content of 8.06%, while the control
treatment recorded the lowest average of 6.34%. The superiority of the broadcast application treatment
can be explained by the more uniform distribution of fertilizer in the soil, which contributes to
improved nutrient availability and uptake, particularly nitrogen —a key component in the synthesis of
amino acids and proteins. Furthermore, improved nitrogen nutrition during the growth and grain-
filling stages increases nitrogen transfer to the grain which is reflected in a higher protein content [14].

As for the effect of inoculation with mycorrhizal fungi, it was significant, as inoculated plants
recorded the highest average protein content of 8.05%, compared to 7.42% in the non-inoculated
treatment, This can be attributed to the ability of symbiotic mycorrhizal fungi to increase the efficiency
of roots in exploring the soil and absorbing nutrients —particularly phosphorus and nitrogen —which
improves the plant’s nutritional status and enhances the efficiency of nitrogen compound formation
and transport to the grains [15].

As for the interaction between the application of mineral fertilizer and mycorrhizal inoculation,
it was significant: the treatment combining mycorrhizal inoculation with fertilizer application in rows
outperformed the others, recording the highest value of 77.8%, while the control treatment (without
inoculation) recorded the lowest value of 55.6%.

Table 5. Effect of Mycorrhizal Inoculation and Methods of Chemical Fertilizer Application on
Protein Content

Methods for Applying NPK Chemical Fertilizer

Average Applied in With )

Inoc-ulafﬁ Applied by rows parallel Lerigation Comparison Bacterial

Application  prgadcasting  to the planting W%';ater Treatment Inoculant
Rates FOWS

7.42 8.39 7.02 7.72 6.55 Without
b b d c e vaccine
8.05 7.74 8.77 7.56 8.13 With
a C a C b vaccine
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Methods for Applying NPK Chemical Fertilizer

Average Applied in .
Inoculant Applied by rows parallel ‘,/Vlﬂ,l Comparison Bacterial
Application  py5dcasting  to the planting Trrigation Treatment Inoculant
Rates FOWS Water

Average

8.06 7.89 7.01 7.34 fertilizer
a a b c application

methods

Nitrogen Content in Yellow Corn Kernels

The results in Table (6) showed significant differences in nitrogen content depending on the
effects of mineral fertilizer application methods, inoculation with Mycorrhizae fungi, and their
interaction. The broadcast application treatment outperformed the others, recording the highest
average nitrogen content of 1.80%, while the control treatment recorded the lowest average of 1.52%.
The superiority of the broadcast method can be explained by the more uniform distribution of fertilizer
in the soil, which provides a larger root zone for nutrient uptake, particularly nitrogen. Improved
nitrogen availability and uptake lead to increased formation of nitrogenous compounds and the
incorporation of nitrogen into the synthesis of amino acids and proteins, with a portion of it
subsequently transferred to the grains during the filling stage [16].

As for the effect of inoculation with mycorrhizal fungi, it was significant; however, the results
showed a different trend from some of the previous traits, as the non-inoculated treatment recorded
the highest average nitrogen content at 1.73%, while the plants inoculated with mycorrhizal fungi
recorded the lowest average at 1.61%. The lower nitrogen content in inoculated plants can be explained
by the fact that mycorrhizae do not necessarily lead to an increase in the element’s concentration in
tissues under all conditions; improved growth and increased dry matter resulting from inoculation may
lead to a dilution effect, that is, a decrease in the relative nitrogen concentration due to increased plant
growth and dry matter accumulation at a rate exceeding the rate of increase in accumulated nitrogen
in the tissue [17].

As for the interaction between the method of mineral fertilizer application and mycorrhizal
inoculation, it was significant: the treatment without inoculation but with fertilizer applied in rows
recorded the highest value for the trait at 45.2%, while the treatment with broadcast fertilizer
application combined with mycorrhizal inoculation recorded the lowest value at 1.15%.

Table 6. Effect of mycorrhizal inoculation and chemical fertilizer application methods on the
nitrogen content

Methods for Applying NPK Chemical Fertilizer

Average
Inoculant Applied in Bacterial
. . ) With .
Application Applied by rows parallel L. Comparison Inoculant
Rates broadcasting  to the planting Trrigation Treatment
Water
rows
1.73 2.45 1.41 1.77 1.29 Without
a a cd bc d vaccine
1.61 1.15 2.06 1.49 1.75 With
a d ab cd bc vaccine
Average
1.80 1.73 1.63 1.52 fertilizer
a a a a application
methods
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Phosphorus Content in Yellow Corn Kernels

The results in Table (7) showed significant differences in the phosphorus content of yellow corn
kernels depending on the effects of mineral fertilizer application methods, mycorrhizal inoculation, and
their interaction. The treatment involving the broadcast application of mineral fertilizer outperformed
the others, recording the highest average phosphorus content of 0.25%, while the control treatment
recorded the lowest average of 0.17%. The superiority of the broadcast method can be explained by the
increased distribution of fertilizer in the soil zone and its availability to a larger area of the root system,
which improves phosphorus availability to the plant and increases its uptake and transfer to the kernels
[9].

As for the effect of inoculation with mycorrhizal fungi, it was significant, as inoculated plants
recorded the highest average phosphorus content of 0.23%, compared to 0.20% in the non-inoculated
treatment, This advantage can be attributed primarily to the ability of mycorrhizal fungi to form a
network of fungal hyphae outside the roots, which increases the volume of explored soil and enhances
phosphorus uptake efficiency —especially since phosphorus is a poorly mobile element in soil.
Mycorrhizae also help transport phosphorus from areas of the soil from the root surface to the plant.
The improved phosphorus status then contributes to enhanced metabolic processes, root growth, and
grain formation. This finding is consistent with [13], who noted that arbuscular mycorrhizal fungi
contribute to enhancing phosphorus uptake in maize and improving the plant’s nutritional status.

As for the interaction between the method of applying mineral fertilizer and inoculation with
Mycorrhiza, it was significant: the treatment involving Mycorrhiza inoculation combined with fertilizer
application in rows outperformed the others, recording the highest value of 0.26%, while the control
treatment (without inoculation) recorded the lowest value of 0.16%.

Table 7. Effect of Mycorrhizal Inoculation and Methods of Chemical Fertilizer Application on

the Phosphorus Content
Average Methods for Applying NPK Chemical Fertilizer
Inoculant Applied in Bacterial
. ) With .
Application  Applied by rows parallel .. Comparison  Inoculant
Rates broadcastin to the plantin Trrigation Treatment
8 P 8 Water
TOWS
0.23 0.24 0.20 0.20 0.16 Without
b b C C d vaccine
0.20 0.25 0.26 0.23 0.18 With
a ab a b c vaccine
Average
0.25 0.23 0.22 0.17 fertilizer
a a b c application
methods

Potassium Content in Yellow Corn Kernels

The results in Table (8) showed significant differences in the potassium content of yellow corn
kernels depending on the effects of mineral fertilizer application methods, inoculation with Mycorrhiza
fungi, and their interaction. The treatment involving fertilizer application with irrigation water
outperformed the others, recording the highest average potassium content of 1.53%, while the control
treatment recorded the lowest average of 1.34%. The superiority of the fertilizer application with
irrigation water can be explained by the more uniform distribution of nutrients in the root zone, which
improves fertilizer solubility and facilitates potassium uptake by the root system [18].

As for the effect of inoculation with mycorrhizal fungi, it was significant, as inoculated plants
recorded a higher average potassium content of 1.53% compared to the non-inoculated treatment,
which yielded an average of 1.42%. This can be explained by the ability of mycorrhizae to increase the
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effective area for soil exploration through fungal hyphae, thereby improving the efficiency of nutrient
uptake from the root zone. Although the most obvious effect of mycorrhizae is often the improvement
of phosphorus uptake, improved root growth and plant nutritional status can also be reflected in
increased uptake of certain other elements, including potassium [19].

As for the interaction between the method of applying mineral fertilizer and inoculation with
Mycorrhiza, it was significant: the treatment involving Mycorrhiza inoculation combined with fertilizer
application in rows outperformed the others, recording the highest value of 70.1%, while the control
treatment (without inoculation) recorded the lowest value of 1.24%.

Table 8. Effect of Mycorrhizal Inoculation and Methods of Chemical Fertilizer Application on
Potassium Content

Methods for Applying NPK Chemical Fertilizer

Average Applied in With
Inoculant Applied by rows parallel i Comparison  Bacterial
Application  proadcasting  to the planting Trrigation Treatment Inoculant
Rates rOWS Water
1.42 1.54 1.33 1.57 1.24 Without
b a d b d vaccine
1.53 1.48 1.70 1.49 1.45 With
a a a bc C vaccine
Average
1.51 1.51 1.53 1.34 fertilizer
a a a b application
methods
Discussion

The current results demonstrated the importance of integrating mineral fertilizer application
with mycorrhizal inoculation in improving the productive and nutritional characteristics of yellow
corn; the data showed clear, statistically significant differences in growth traits and yield resulting from
the efficient delivery of nutrients to the root zone. Furthermore, the role of mycorrhizae —whether used
alone or in combination with mineral fertilization —contributed to enhancing the efficiency of nutrient
uptake, particularly phosphorus, which had a positive impact on grain quality and yield components.

Based on these findings, it is recommended that mycorrhizal inoculation be adopted as an
essential and integral part of yellow corn nutrition programs, taking into account the selection of an
appropriate application method. Furthermore, there is a need for future studies to determine the
optimal timing and rates of fertilization, with the aim of reducing reliance on chemical fertilizers while
maintaining high yields and the required quality.

Conclusion

The study demonstrated that the method of NPK fertilizer application and mycorrhizal
inoculation significantly influenced the growth, yield components, and nutritional status of yellow corn
grown in gypsum soil. Broadcast fertilizer application generally produced the best results for
mycorrhizal infection, leaf area, plant dry weight, 500-kernel weight, protein content, nitrogen content,
and phosphorus content, while fertilizer application through irrigation water resulted in the highest
potassium content. Mycorrhizal inoculation improved most growth and quality traits, particularly leaf
area, dry weight, grain weight, protein, phosphorus, and potassium, although its effect on nitrogen
concentration differed from the other traits. The interaction between fertilizer placement and
mycorrhizal inoculation further showed that an appropriate combination of mineral and biological
fertilization can enhance nutrient-use efficiency and crop performance. Therefore, integrating
mycorrhizal inoculation with an effective NPK application method can be considered a promising
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strategy for improving maize production in gypsum soils while supporting more efficient and
sustainable fertilizer management.
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