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Abstract: This study took place under silty loam soil conditions at the Al-Musayyib project
site (Babil Governorate, Iraq) from 15 July to 10 November 2024, to assess the interactive
effects of biofertilizers, applied organic manure, and boron foliar application on yield
attributes of maize (Zea mays L. Al-Maha). An experiment laid down in factorial
arrangements in randomized complete block design (RCBD) consisted of three factors: an
Azotobacter and Azospirillum seed inoculation (uninoculated, inoculated) and sheep manure
in quantities of 0, 10, and 20 Mg ha™" and boron (boric acid) applied as a foliar treatment at
levels of 0, 75, and 150 mg L™'. Biofertilization in combination with high rates of organic
manure and foliar spraying of boron gave great responses in the major yield components of
dry matter yield, grains per cob, and total grain yield. The three-way interaction between the
applied treatments achieved a significant contribution in synergy for all measured yield
attributes. The results point towards the opportunity for integrated nutrient management to
improve maize productivity under silty loam conditions as a feasible alternative to
conventional fertilization approaches
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Introduction

Biofertilizers can be defined as a range of
organisms or biological additives applied to
soil or seed or both in order to address the
nutritional requirements of plants. Their
application has contributed towards crop
productivity and, in certain cases, yield
increase potential being over 40%, while costs

of production are significantly reduced as
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compared to the use of chemical fertilizers. Of
greater import is that biofertilizers improve
nutrient content and energy compounds in
crops, work excellently in improving nutrient
availability, and stimulate growth in plants
(Garcia-Fraile et al., 2015). At the top rank
among microbial inoculants used in
biofertilizer technology are Azospirillum spp.
These also have the property of possessing the

nitrogenase enzyme, which enables these
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bacteria to fix atmospheric nitrogen

biologically through biological nitrogen
fixation. Furthermore, Azospirillum spp. may
possess drought tolerance and growth hormone
activity while remaining in proximity to crop
roots (Bhateria & Kumar, 2022). On the other
hand, Azotobacter spp. are better nitrogen-
fixing bacteria in agriculture due to their

importance in soil, water, and sediments. They

also  produce plant growth-promoting
substances, including phytohormones.
Azotobacter inoculation enhances seed

germination (Baral & Adhikari, 2013). Among
agriculturists, it is commonplace to know that
organic matter improves the physical,
chemical, and fertility characteristics of soil.
The improvement of soil energetics is urgently
required, especially where soils have low
organic matter content, particularly under the
arid and semi-arid climatic regimes, including
Iraqi soils. Organic matter helps to provide
macro and micronutrients to crops while
simultaneously improving soil's physical
properties like permeability, water, and air
movement, moisture-holding capacities, etc.

(Wang et al., 2019).

Micronutrients, such as boron, which is
essential for foliar fertilization in plants, are
required by all plants in very minute quantities.
Boron is crucial in the aspects of pollen
growth, seed formation, and fertilization rates.
It also contributes to sugar transport across cell

membranes and cell wall formation, in
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addition to its role in amino acid biosynthesis.

Boron, on the other hand, faces strict
limitations in the soils of Iraq, because
precipitation and fixation by calcium
carbonate renders boron unavailable for the
uptake of plants. Foliar application or soil
application can efficiently mitigate this
problem, wherein foliar nourishment suffices
for high-quality crop production (Pandey
&Verma, 2017). Yellow maize (Zea mays)
ranks top among the most important field crops
that are important in food production. The
grains are enriched with starch, oil, minerals,
vitamins, and especially vitamin A, of which
concentrations are twenty times higher than in
wheat grains. These grains are indispensable
for making livestock feed and providing the
necessary amino acids needed for the growth
of animals (Huthily et al., 2020; Abdullah,
2023). On the basis of the Above, the Study
Aimed to, Explore the outcome of biofertilizer,
organic fertilizer, and foliar boron application
on selected yield traits of yellow maize and to
analyze the interaction effects among the
studied factors on biofertilization, organic

fertilization, and boron foliar application in

yellow maize on yield traits.
Materials & Methods

The experiment was conducted in the Al-
Musayyib project in Babil Governorate in
Babylon Governorate, within the coordinates
of 32°4729.6"N latitude and 44°26'21.3"E

longitude. The study was carried out on a silty
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loam soil for the cultivation of yellow corn
(Zea mays L.), variety (Al-Maha), during the
2023 agricultural season. The objective was to
investigate the effects of biofertilizers, organic
fertilizers, and boron foliar application on
some yield characteristics of yellow corn. Soil
were collected

samples

different areas of the field at a depth of 0-30

randomly from

cm before the experiment began. The samples
were air-dried, thoroughly crushed using a
hammer, and passed through a 2-mm sieve.
Composite samples were then prepared and
analyzed to determine certain chemical,
physical, and biological properties of the soil

before planting, as shown in Table (1)

The experiment included three factors: the first
factor involved the application of bacterial
biofertilizers (a mixture of Azotobacter and
Azospirillum bacteria) at two levels (no
application and application of biofertilizer).
The second factor involved the application of
organic fertilizer (fermented sheep manure) at
three levels (0, 10, and 20 Mg ha™). The third
factor involved foliar spraying of boron in the
form of boric acid (HsBOs, 17.4% B) at three
levels (0, 75, and 150 mg B L™'). The
experiment was laid out in a randomized
complete block design (RCBD) with three

replications

Table (1): Some Chemical and Physical Properties of the Studied Soil.

Attributes Values Units of measurement

Electrical conductivity (ECe) 3.0 ds m-1

Soil pH (pH) 7.67

Organic matter 8.71

Gypsum 2.15 gm kg-1 soil

Lime 211.0

Cation exchange capacity (CEC) 19.72 cmol kg-1

Available nitrogen 27.84

Available phosphorus 11.34 me k-1 soil

Available potassium 123.61

Available boron 0.98

Bulk density 1.31 Mg m-3

Porosity 50.57

Azotobacter bacteria 0.57x10°

Azospirillum bacteria 0.98x10° Cfu gm-1 soil
Sand 29.12

Soil horizons Silt 48.02 %
Clay 22.86

soil texture Silty Loam

*The analyses were conducted at the laboratory of the Directorate of Agriculture in Karbala, Iraq.
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The experiment was implemented on July
15,2023, in silty clay loam soil. Yellow corn
seeds of the Al-Maha variety, obtained from
the Abu Ghraib Agricultural Rescobch
Center, were manually planted at a rate of
three seeds per hole. After one week of
germination, the plants were thinned to one
plant per hole. Weeds were manually
removed as needed, and the corn stem borer
(Sesamia cretica) was controlled using
granular Diazinon at a concentration of 10%
(5 kg ha™) in three applications: the first
application 20 days after germination, the
second application 10 days after the first, and
the third application 25 days after the second,
with three granules placed in the plant's
hcobt.

Half the recommended doses of fertilizer
were given for all treatments (Ali, 2012). For
nitrogen, urea (46% N) was added at 60 kg N
ha™ in two splits, first at planting and the
second 30 days after germination. Potassium
(41.5% K) was added as potassium sulfate at
37.5 kg ha™' and applied in two equal splits
with nitrogen application, mixed into the soil.
Phosphorus  was  applied as triple
superphosphate (20% P) at 20 kg ha™' before
one-time application and mixing into the soil
before planting.

Both Azotobacter and Azospirillum are
among the bacterial strains of biofertilizers
that were used in this study and are collected
from Al-Zaafaraniya Agricultural Research
Laboratories. The strains were selected for
their fix
atmospheric nitrogen, which is the basis of

well-advertised  ability  to

very significant improvement in soil fertility
and plant growth. Known to fix nitrogen
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freely, Azotobacter is referred to as free-
living nitrogen fixers in soils, whereas
Azospirillum has been shown to enhance root
development and nutrient uptake mainly
nitrogen. The bacteria are also capable of
producing growth promoters in terms of
auxins and cytokinins, which stimulate root
and shoot development thus enhancing yield
performance.

Prior to field application, a laboratory
germination test was conducted to evaluate
the effectiveness of the selected bacterial
isolates. The test confirmed their positive
impact on seed germination and early
seedling vigor, which justified their use in the

field experiment.

The seeds were inoculated with the bacterial
mixture in a sterilized plastic container for 30
minutes, with the addition of 8% Arabic gum
(8 g gum dissolved in 100 ml distilled water)
to ensure bacterial adhesion to the seeds. The
inoculated seeds were then planted,
following the protocol of Vincient (1970).
The organic fertilizer (fermented sheep
manure) was obtained from the Fadak Farm
affiliated with the Al-Husseiniya Shrine and
was applied before planting by mixing it into
the soil. Irrigation was carried out as needed,
and the yellow corn plants were harvested on
November 10, 2024, at full maturity. The

required measurements were then taken.

e Number of Grains per cob (grains. cob
Ten plants were randomly selected from each
experimental unit, and the number of grains

per cob was counted. This method was
adopted from Al-Sahooki.(1990)
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e Total Grain Yield (Mg ha™):

The total grain yield was calculated using the
following formula:)Total Grain Yield =
Grain Yield per Plant x Plant Density (, This
method was based on the approach outlined
by Al-Sahooki (1990).

e Biological Yield (Mg ha™)

The plants were cut at soil level and dried at
a temperature of 60—70°C until a constant
weight was achieved. The dried samples were
then weighed using a precision balance. The
biological yield was calculated using the
following formula: Biological Yield=

Vegetative Biomass Weight + Grain Yield
(Ears Weight) by Al-Sahooki (1990).

Table (2): Chemical Properties of
Organic Fertilizer (Sheep Manure)

Chemical Properties Organic Fertilizer

(Sheep Manure)
Ph 7.31
Electrical 4
Conductivity (EC) 12.4dSm
Total Nitrogen (N%) 1.68
Total Phosphorus
(P%) 0.62
Total Potassium
(K%) 1.08
Organic Carbon 31.83
Organic Matter (%) 54.93
C/N Ratio 18.94

Results & Discussion

Number of grains per cob (grains cob™)

The results in Table (3) indicate the
presence of significant differences in the
effect of the studied factors on the number of
grains per cob. The biofertilization treatment
(Azotobacter + Azospirillum) showed a clear
advantage, with the highest average of
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531.10 grains cob™'. The non-inoculated
treatment performed poorly, recording an
average of 462.40 grains cob!, with a
significant increase of 14.86% .

Organic fertilization also showed a
significant difference, as the 20 Mg ha'
treatment had the highest mean of 559.29
grains cob™', while the control (0 Mg ha ')
treatment recorded the lowest mean of 437.17
grains cob™' with a significant increase of

27.93% .

Boron foliar application at the rate of 150
mg L' increased the grains cob-1 over the
(0O mg L") with a
significant increase of 10.62% by attaining a

untreated control

mean of 517.86 grains cob™ .

The results further indicated that every one
of the with
biofertilization and organic amendments was

two-way  interactions
significant for this trait. With an inoculation
of 20 Mg ha', the treatment gave the highest
mean of 611.54 grains cob™', whereas the
lowest means 426.46 grains cob! for
treatment under non-inoculation with 0 Mg
ha™' represent a significant increase of 43.40
%. The highest mean 557.17 grains cob™! was
recorded in the treatment of inoculation + 150
mg B L', while a non-inoculated + 0 mg B
L' treatment had the lowest mean of 442.54
grains, with an increase of 25.90%. The
means under treatment were 581.93 grains
cob? (20 Mg ha' + 150 mg B L") and
415.13 grains cob. -1 (0 Mg ha-' + 0 mg B L-
1), thus signifying an increase of 40.18% .

Treatment (inoculation + 20 Mg ha — 1 +
150 mg B L — 1) had the highest mean of
630.52 grains cob — 1, while treatment (non-
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inoculated + 0 Mgha—1+0mgB L — 1) had
the lowest mean of 410.15 grains cob — 1 for
the three-way interaction of biofertilization,
organic fertilization, and application of
boron, thus increasing mean grain cob — 1 by
about 53.73%.

Total Grain Yield (Mg ha™)

The data in Table (4) show that the effect
of the monitored parameters on total plant
yield varied with respect to the factors. The
biofertilization treatment (Azotobacter +
Azospirillum) yielded much better results
than all other treatments. It achieved the best

overall mean yield of 7.23 Mg ha™, while
non-inoculated treatment had the lowest
mean of 6.08 Mg ha™', which increased
significantly by 18.91%.

Among the organic fertilization treatments,
treatment with 20 Mg ha™' was highly
improved over control treatments with 0 Mg
ha™'. At 20 Mg ha™, it produced the highest
mean value of 7.46 Mg ha™', while control
treatment recorded the lowest mean value of
5.87 Mg ha™!, amounting to an increase by
about 27.08% .

Table (3): The Effect of Biological and Organic Fertilization and Foliar Boron Spray and
Their Interactions on Grain Number per Cob (Grains cob™)

Organic Boron (mg L-1)
Biological fertilization fertilization
g (Mg ha-1) 0 75 150 Average
0 410.15 430.67 438.55 426.46
Without inoculation 10 443.63 453.70 463.77 453.70
20 473.85 513.92 533.33 507.03
Inoculation 0 420.11 453.22 470.33 447.89
(Azotobacter+ Azospirillum) 10 480.44 550.55 570.66 533.88
20 580.77 623.33 630.52 611.54
LSD0.05 4.97 2.87
Biological x boron Average
Without inoculation 442.54 466.10 478.55 462.40
Inoculation (Azotobacter + Azospirillum) 493.77 542.37 557.17 531.10
LSD0.05 2.87 1.66
Organic x boron Average
0 415.13 441.94 454.44 437.17
10 462.03 502.13 517.22 493.79
20 527.31 568.63 581.93 559.29
LSD0.05 3.52 2.03
Average of boron 468.16 504.23 517.86
LSD0.05 2.03
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Compared to the various control treatments of
untreated among which the lowest mean of
6.23 Mg ha™! was attained-which reflected an
increase of 11.24% over control treatments-the
treatment with boron foliar application at 150
mg L' was significantly superior. The results
also revealed that all two-way interactions
between  biofertilization and  organic
fertilization were indeed very significant for
this trait. The (inoculated + 20 Mg ha™)
treatment showed a higher expression of
49.36% compared to the lowest mean of 5.43
Mg ha™' non-inoculated control with 0 Mg
ha™', which had a highest of 8.11 Mg ha™. In
addition, the (inoculation + 150 mg B L)
treatment, with a mean of 7.56 Mg ha™', was
highly distinguished from (non-inoculated + 0
mg B L") treatment mean of 5.77 Mg ha™’,
representing an increase of 31.02%. Similarly,
the (20 Mg ha™ + 150 mg B L) treatment was
the highest at 7.75 Mg ha™', while the (0 Mg
ha™ + 0 mg B L) treatment had the lowest
average of 5.33 Mg ha'; thus, the increased

mean of 45.40% was significant .

For the evaluation of the three-way interaction
among biofertilization, organic fertilization,
application, the
(inoculation + 20 Mg ha™ + 150 mg B L)

and boron treatment

obtained significant highest means of 8.43 Mg
Biological Yield (Mg ha™)

The results in Table (5) indicate significant

differences in the effect of the studied factors
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ha™' compared to (non-inoculated + 0 Mg ha™'
+0mg B L") treatment that attained the lowest
mean of 5.07 Mg ha™'; increment was

significant at 66.27%

Table (4): Effect of Biofertilization, Organic
Fertilization, and Boron Spraying and
Their Interactions on Total Grain Yield

(Mg ha™)

Biological Orgz}mc. Boron (mg L-
e . fertilizati 1)
fertilizatio Avera
n onMg 55 13 e
ha-1) o &
50 55 56
0 - - - 5.43
Without 57 6.0 6.1
inoculation 10 7 7 7 6.00
64 69 70
20 - ) - 6.82
Inoculatio 56 6.6 6.7
n 0 0 0 ) 6.31
(Azotobact 69 74 175
ert 10 0 0 ) 7.27
Azospirillu 7.6 83 84
m) 20 0 0 3 8.11
LSDO0.05 0.076 0.044
Biological x Avera
boron ge
Without inoculation >7 6163 6.08
7 8 0
Inoculation
(Azotobacter + 6(')7 7?')4 765 7.23
Azospirillum)
LSDO0.05 0.044 0.025
Organic x Avera
boron ge
53 60 6.1
0 3 3 9 5.87
63 6.7 6.8
10 3 3 4 6.64
70 7.6 1.7
20 3 1 5 7.46
LSDO0.05 0.054 0.031
Average of boron 652 6i8 6?;9
LSDO0.05 0.031
on biological yield. The biofertilization

treatment (Azotobacter + Azospirillum)

significantly outperformed, achieving the
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highest mean of 15.11 Mg ha™', while the non-
inoculated treatment recorded the lowest mean
of 12.88 Mg ha™!, with a significant increase of
17.31%.

Regarding organic fertilization, the 20 Mg

ha" treatment exhibited a significant

advantage, producing the highest mean of

15.69 Mg ha™', compared to the control (0 Mg

ha™) treatment, which resulted in the lowest
mean of 12.40 Mg ha™', reflecting a significant

increase of 26.53%.

For boron foliar application, the 150 mg L™
treatment significantly outperformed, yielding
the highest mean of 14.63 Mg ha™', compared
to the untreated control (0 mg L"), which

recorded the lowest mean of 13.23 Mg ha™'.

Table (5): Effect of Biofertilization, Organic Fertilization, and Boron Spraying and Their

Interactions on Biological Yield (Mg ha™)

Organic Boron (mg L-1)
Biological fertilization fertilization
g (Mg ha.1) 0 75 150 Average
0 11.14 11.89 12.04 11.69
Without inoculation 10 12.20 12.55 12.96 12.57
20 13.58 14.42 15.18 14.40
tnoculation TR T R T R % TR
(Azotobacter+ Azospirillum) 20 1591 1722 17.83 16.99
LSD0.05 0.315 0.182
Biological x boron Average
Without inoculation 12.31 12.95 13.39 12.88
Inoculation (Azotobacter + Azospirillum) 14.16 15.31 15.87 15.11
LSD0.05 0.182 0.105
Organic x boron Average
0 11.56 12.59 13.06 12.40
10 13.39 13.97 14.33 13.90
20 14.75 15.82 16.51 15.69
LSD0.05 0.223 0.129
Average of boron 13.23 14.13 14.63
LSD0.05 0.129

The results also demonstrated that all two-way

interactions between biofertilization and
organic fertilization were significant for this
trait. The (inoculation + 20 Mg ha™') treatment
yielded the highest mean of 16.99 Mg ha™,
compared to the (non-inoculated + 0 Mg ha™)
treatment, which recorded the lowest mean of
11.69 Mg ha™!, reflecting a significant increase
of 45.34%. Additionally, the (inoculation +
150 mg B L) treatment showed the highest
mean of 15.87 Mg ha™!, compared to the (non-

inoculated + 0 mg B L) treatment, which
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recorded the lowest mean of 12.31 Mg ha™,
with a significant increase of 28.92%.
Similarly, the (20 Mg ha™ + 150 mg B L)
treatment achieved the highest mean of 16.51
Mg ha™!, compared to the (0 Mg ha™ + 0 mg B
L") treatment, which yielded the lowest mean
of 11.56 Mg ha™', with a significant increase of
42.82%.

For the three-way interaction between

biofertilization, organic fertilization, and

boron application, the (inoculation + 20 Mg
ha™ + 150 mg B L") treatment significantly
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outperformed, achieving the highest mean of
17.83 Mg ha”', compared to the (non-
inoculated + 0 Mg ha' + 0 mg B L)
treatment, which recorded the lowest mean of
11.14 Mg ha™', with a significant increase of
60.05%.

Discussion

The results presented in Tables (1, 2, and 3)
indicate that seed inoculation with Azotobacter
and Azospirillum bacteria led to a significant
increase in certain yield traits, including the
number of grains per year, total yield, and
biological yield. This can be attributed to the
role of microorganisms in decomposing
organic matter, releasing both macronutrients
and micronutrients in an available from within
the root zone, allowing for their absorption by
plants from the early growth stages. This
process enhances vegetative growth, which in
turn increases the production of photosynthetic
assimilates from the source (leaves) to the
reproductive stage, thereby supporting and
enriching the grains with essential nutrients,
leading to an increase in their number
(Shamaa, 2014; Faqeera & Al-Shaabi, 2015;
Ajeel & Al-Hakeim, 2024).

Additionally,
secrete organic acids, including mono-, di-,

the bacteria’s ability to

and tricarboxylic acids, plays a crucial role in
modifying the pH of the rhizosphere, thereby
increasing the availability of phosphorus,
nitrogen, and potassium. Furthermore, the
bacteria produce growth-promoting hormones
that stimulate root development and enhance
nutrient uptake, ultimately contributing to the
overall biological yield. These findings are
consistent with the results reported by
(Ahmed, 2019; Sahan, 2019; Reddy et al.,
2023; Sahib, 2024).

The results also demonstrated that the
addition of organic fertilizer significantly
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enhanced the aforementioned yield traits. This
improvement can be attributed to the increased
availability of soil nutrients, which facilitates
their absorption by plants, thereby positively
influencing plant growth indicators such as
plant height, leaf area, and grain yield. Organic
fertilization plays a crucial role in improving
soil chemical and physical properties,
promoting root penetration, and increasing the
population of beneficial soil microorganisms.
Consequently, these factors contribute to the
release and availability of essential nutrients,
fulfilling

requirements, leading to enhanced dry matter

thereby plant nutritional
accumulation. This, in turn, stimulates the
development of secondary ears, allowing them
to reach full maturity, ultimately reflecting
positively on the total biological yield. These
findings are in agreement with those reported
by (Ahmed, 2019; Sahan, 2019; Hammoud,

2021; Ajeel & Al-Hakeim, 2024).

Furthermore, the results indicate that foliar
application of boron in the form of boric acid
significantly increased the studied yield traits.
This effect is primarily due to boron’s role in
cell division and growth, leading to an increase
in ear size and grain number per ear.
Additionally, boron plays a vital role in the
translocation of carbohydrates from the source
to the sink, ensuring their availability at the
appropriate time for growth centers. Another
possible explanation is its role in enhancing
pollen tube growth and fertilization, as well as
promoting the elongation of silk cells at the ear
tip during the period when pollen grains are
ready for fertilization, ultimately leading to an
increase in grain number (Abu-Dhahi
&mohammed,2013; Khreibet et al., 2014).

Moreover, boron influences enzymatic
activity, promoting root growth and enhancing
the

micronutrients

of macronutrients and
the

increasing their concentration in plant tissues

absorption

from soil, thereby
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(leaves and grains). This increase in nutrient
availability enhances plant growth and yield
traits, ultimately improving total biological
yield. However, it is important to note that
excessive concentrations of boron can become
toxic to plants, leading to leaf burn, chlorosis,
and reduced growth, depending on plant
species and soil conditions. These findings
align with the results reported by Karbol & Al-
Dulaimi (2017) and Jawad (2019).

Conclusions

Based on the results of this study, the
following conclusions can be made:

1.Seed inoculation with a combination of
Azotobacter and Azospirillum significantly
improved all studied parameters, confirming
the beneficial role of biofertilization in
enhancing maize growth and productivity.
However, the study did not evaluate reduced
inoculation rates or potential efficiency
plateaus, which should be addressed in future

work.

2.The application of organic fertilizer in the
form of sheep manure at 20 Mg ha™ led to
significant improvements in all traits. Despite
this, the study did not test lower application
rates to determine the minimum effective dose
or assess the long-term impact of continuous
use on soil properties.

3.Foliar application of boron at 150 mg L™
resulted in a marked improvement in all
measured traits. Yet, the potential toxicity
effects at higher concentrations were not
examined, leaving a knowledge gap regarding
safe

the optimal and range for boron

application in maize.

4.The
organic

interaction between biofertilizers,

manure, and boron application

produced significant effects on all parameters,
relationship.

suggesting a  synergistic

Nevertheless, the absence of treatments with
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reduced or omitted inputs limits the ability to
determine whether such interactions could
compensate for lower individual application
rates.
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