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Mar. 01, 2025 A field experiment was conducted in one of the fields of Ibn Al-Bitar
Vocational Preparatory School, located in Al-Husseiniya sub-dis-
trict, Karbala Governorate, at 32°N latitude and 44°E longitude, dur-
Accepted: ing the fall season of 2024. The experiment was designed using a
randomized complete block design (RCBD) in a factorial arrange-

Apr- 17,2025 | 1 ent with three replications. The first factor included different levels
of NPK fertilizer: the full recommended dose, three-quarters of the
Published: recommended dose, and half of the recommended dose, denoted as

C1, C2, and C3, respectively. The second factor consisted of the fol-
June 20,2025 | Jowing treatments: control, sheep manure at 4 tons ha-1, poultry ma-
nure at 4 tons ha-1, sheep manure at 4 tons ha-1 + EM1, poultry ma-
nure at 4 tons ha-1 + EM1, and EM1 alone, denoted as O1, O2, O3,
04, 05, and 06, respectively. The results indicated significant dif-
ferences among the NPK fertilizer levels. The C1 treatment (full rec-
ommendation) outperformed other treatments in plant height, leaf
area, total chlorophyll content, 500-grain weight, grain yield, and bi-
ological yield, with means of 183.83 cm, 4121.8 cm?, 0.9505 mg g-
1 fresh plant tissue, 195.51 g, 7.633 Mg ha-1, and 19.34 Mg ha-1,
respectively. Similarly, organic and biofertilizer treatments showed
significant effects, with O4 (sheep manure at 4 tons ha-1 + EMI1)
demonstrating the highest values for the aforementioned traits, re-
cording 188.33 cm, 4094.5 cm?, 1.0129 mg g-1 fresh plant tissue,
206.96 g, 8.833 Mg ha-1, and 21.68 Mg ha-1, respectively. The in-
teraction between factors was also significant, with the C104 com-
bination achieving the highest values in all studied traits. These find-
ings suggest that the addition of organic matter, particularly the O4
treatment, resulted in a substantial improvement in maize growth and
productivity.

Keywords: Maize, Organic fertilization, Chemical fertilization
(NPK), Bioactivator (EM1), Growth and yield indicators.

Introduction
Maize (Zea mays L. ) is a field crop belonging to the Poaceae family and is considered
one of the most important cereal crops worldwide, serving as a primary source for food,
animal feed, and industrial applications. Originating from Central America, maize
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ranks third in global agricultural importance [1,2]. Its grains contain approximately
72% starch, 4—8% oils, 3% sugars, 15% proteins, 5-8% fiber, and 1.7% ash.[3]
In recent years, increasing attention has been directed towards the application of ad-
vanced techniques to enhance field crop production, including maize. Among these
techniques are organic farming and biofertilizers. The use of organic fertilizers derived
from natural plant or animal sources improves soil properties and enhances crop yield.
The addition of organic matter is particularly essential in arid and semi-arid climates,
such as in Iraqi soils, as it serves as a crucial source of macro- and micronutrients.
Moreover, it plays a significant role in improving soil physical and chemical properties,
including permeability, water and air movement, and moisture retention.[4]
Biofertilizers are materials containing beneficial microorganisms that promote plant
growth and development. Specific bacterial strains utilize various mechanisms to en-
hance nutrient uptake, improve soil fertility, and increase crop yields by fixing nitro-
gen, solubilizing phosphorus and potassium, and producing plant hormones and sub-
stances that suppress plant pathogens [5,6]. One such biofertilizer is Effective Micro-
organisms (EM1), a natural product developed by the Japanese company EMRO and
contains a compatible group of beneficial microorganisms such as: lactic acid bacteria,
Lactobacillus sp, yeast, and pH. that contribute to enhancing soil fertility and plant
health [7]. Studies have shown [8], The use of bio- and organic fertilizers alone or in
combination can stimulate microbial activity and increase the availability of nutrients
and can be used as an alternative to reduce the consumption of chemical fertilizers.
Therefore, through the above, this study aims to know the role of organic fertilization
enhanced with bio-fertilizer EM1 in reducing the chemical recommendation of NPK
and the interaction between them and the extent of its reflection in some growth and
productivity traits of maize.

Materials and Methods

A field experiment was conducted during the autumn season of 2024 in an agricul-
tural field belonging to Ibn Al-Bitar Vocational School, located in Al-Husseiniya dis-
trict, Karbala Governorate, at coordinates 32°N and 44°E. The experiment was laid out
in a randomized complete block design (RCBD) following a factorial arrangement with
three replications.

The first factor consisted of different levels of NPK fertilizer application: full recom-
mended dose, three-quarters of the recommended dose, and half of the recommended
dose, symbolized by the symbols C1, C2, and C3, respectively. The recommendation
that was adopted is the guidance bulletin issued by the Ministry of Agriculture 2006,
which included the following levels: N =320 kg N ha-1, P =86 kg P ha-1, and K = 66
kg K ha-1. The second factor included six treatments: a control, sheep manure at 4 tons
ha-1, poultry manure at 4 tons ha-1, sheep manure at 4 tons ha-1 + biofertilizer (EM1),
poultry manure at 4 tons ha-1 + biofertilizer (EM1), and EM1 alone, symbolized by
the symbols O1, 02, O3, O4, O35, and O6, respectively .
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Chemical fertilizers were applied in two splits: the first dose before planting and the
second dose one month after the first dose. Organic fertilizers were applied in a single
dose before planting, while EM1 biofertilizer was applied every 10 days from before
planting until the pre-flowering stage. The seeds were sown in ridges, with a spacing
of 75 cm between ridges and 25 cm between planting holes, resulting in a plant density
of 53333 plants per hectare. Additionally, a soil analysis was conducted before plant-
ing to determine important chemical and physical properties, and the results were ob-
tained from the laboratories of the Directorate of Agriculture in Karbala Governorate
(Table 1).
Organic Matter

Accounted using wet digestion according to the method described in.[9]
Available Nitrogen
Accounted using a Microkjeldal apparatus according to the method described in.[10]
Available Phosphorus

Available phosphorus was measured according to the method of [10] using a device

spectrophotometer.
Available Potassium

Accounted using a flame photometer according to the method proposed by.[11]

Table (1): Some chemical and physical traits of field soil before planting.

Trait Unit Value
Organic Matter g kg! soil 1.43
Available Nitrogen mg kg™! soil 32.11
Available Phosphorus mg kg™! soil 11.9
Available Potassium mg kg! soil 74.27
Sand g kg™ soil 300
Silt g kg™ soil 320
Clay g kg™ soil 380
Soil Texture Clay loam

Data recorded

Plant height (cm): Plant height was measured at full flowering for five randomly se-
lected plants from each experimental unit. A measuring tape was used to record the
height from the soil surface to the last node of the plant. The average plant height was
then calculated.

Leaf area (cm?): Leaf area per plant was determined for five plants from each experi-
mental unit. The measurement was based on the length of the leaf located below the
ear leaf, following the method described in [12]. The average leaf area was then calcu-
lated.

Total chlorophyll content (mg g-1 fresh plant tissue): Total chlorophyll content in
maize leaves was estimated using the method outlined in [13]. A sample of 200 mg of
fresh green leaves was cut with a sterilized scissor and ground in a ceramic mortar with
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6 mL of 80% acetone. The extraction process continued until the pellet was colorless.
The extract was then separated from the residue using a centrifuge at 1600 rpm for 10
minutes. The supernatant was transferred into opaque tubes to prevent pigment oxida-
tion due to light exposure. The total volume was adjusted with acetone, and a blank
sample was prepared containing all experimental reagents except plant tissue. The op-
tical density of the extract was measured using a spectrophotometer at wavelengths of
645 nm and 663 nm. Total chlorophyll content was calculated using the following
equation:

Chlorophyll Total = {22.2(D645) + 8.02(D663)} x V/1000xW

500-Grain weight (g): The weight of 500 grain was determined by manually counting
100 grains from each ear, multiplying the count by 5, and weighing them using a pre-
cision balance. This measurement was taken from five ears per experimental unit.[14]
Grain yield (Mg ha-1): It was calculated as follows:

Grain yield = Grain yield per plant * Plant density.

Biological yield (Mg ha-1): It was calculated from the dry matter yield for five plants
from each experimental unit and then converted to hectares.

Results and Discussion
Plant height (cm)

The results of Table (2) indicate that there are significant differences between the
levels of organic and biofertilizers in the plant height trait, as treatment O4 recorded
the highest average of 188.33 cm, while the control treatment (O1) recorded the lowest
average of 164.39 cm, representing a 14.56% increase. perhaps due to the interaction
of organic and biofertilization, which led to an increase in the availability of major and
minor nutrients and thus the ability of the root to absorb them from the soil, which
leads to an increase in the division and elongation of the stem, which led to an increase
in vegetative growth in general and plant height in particular, which is consistent with
8]

The results of the table also showed significant differences between the levels of
chemical fertilizers in the plant height trait, as treatment C1 recorded the highest aver-
age of 183.84 cm, while treatment C3 recorded the lowest average of 167.14 cm, rep-
resenting a 9.99% increase. This may be due to the availability of sufficient and ready
NPK nutrients in the soil, which led to their adequate absorption, which was positively
reflected on the role of these elements in increasing the division and elongation of the
intercalary branches, and thus increasing the height of the plant [15]. As for the inter-
action, it is noted from the same table that there is a significant interaction between the
factors, as the treatment C104 outperformed by giving the highest interaction of
195.73 cm, while the treatment C301 gave the lowest interaction of 156.57 cm.
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Table (2): Effect of chemical fertilization, organic fertilization enhanced with bio ac-
tivator EM1, and their interaction on the plant height (cm).

Organic and Chemical Fertilization
Bio Means
Fertilization Cl1 C2 C3
01 173.17 163.43 156.57 164.39
02 185.60 179.37 167.80 177.59
03 182.40 173.97 166.53 174.30
04 195.73 189.37 179.90 188.33
05 190.20 186.43 172.00 182.88
06 175.97 165.70 160.07 167.24
Means 183.84 176.38 167.14
LSD .05 ¢ O €0
1.835 2.594 4.494

Leaf area (cm?)

The results of Table (3) indicate that there are significant differences between the
levels of organic and bio-fertilizers in the leaf area trait, as treatment O4 recorded the
highest average of 4094.5 cm2, while the control treatment O1 recorded the lowest
average of 3390.0 cm2, representing a 20.781% increase. This may be attributed to the
role of organic fertilizer enhanced with the bio activator (EM1), which affects the read-
iness and absorption of nutrients, especially nitrogen and phosphorus. The nitrogen
element has a significant effect on the process of cell division and expansion, which
leads to an increase in leaf area and its great absorption of solar radiation, and thus an
increase in the process of photosynthesis [16]. Also, the phosphorus element has a role
in cell expansion and division and works to increase the number of root hairs, which
leads to the absorption of nutrients and thus an increase in cell division, which increases
the leaf areca.[17]

The results of the table also showed significant differences between the averages of
chemical fertilizers in the leaf area trait, where treatment C1 outperformed with the
highest average of 4121.8 cm2, while treatment C3 recorded the lowest average of
3391.3 cm2 and representing a 21.540% increase. The reason may be due to the role
of nitrogen, phosphorus and potassium elements and their availability in appropriate
proportions for the basic soil conditions that suffer from a lack of nutrients, which led
to an increase in the speed of cell growth and division, and thus cell elongation and
expansion, which was reflected in an increase in leaf area, and this is consistent with
what was reached by [18,19]. As for the interaction, it is noted from the same table that
there is a significant interaction between the experimental factors, as treatment C104
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outperformed by giving the highest interaction, average of 4755.7 cm2, while treatment
C301 gave the lowest interaction, average of 3004.7 cm?2.

Table (3): Effect of chemical fertilization, organic fertilization enhanced with bio ac-
tivator EM1, and their interaction on the leaf area (cm?2).

Organic and Chemical Fertilization
Bio Means
Fertilization &l & =
01 3700.8 3464 .4 3004.7 3390.0
02 4008.0 3751.3 3380.8 3713.4
03 4064.2 3662.5 3426.6 3717.8
04 4755.7 3874.0 3653.8 4094.5
05 4352.9 3857.0 3629.1 3946.3
06 3849.1 3365.0 3252.9 3489.0
Means 4121.8 3662.4 3391.3
LSD ¢.05 C @) C*0O
43.73 61.84 107.12

Total chlorophyll content (mg g-1 fresh plant tissue)

The results of Table (4) showed that the combinations of organic and bio fertilizers
significantly affected the total chlorophyll content of the leaves. It was noted that the
treatment O4 gave the highest average of 1.0129 mg g-1 fresh plant tissue, while the
control treatment O1 gave the lowest average of 0.6497 mg g-1 fresh plant tissue rep-
resenting a 55.90% increase. This may be due to the importance of organic fertilization
enhanced by the EM1 catalyst in providing nutrients in sufficient quantities, especially
nitrogen and magnesium, which form the chlorophyll molecule .[20]

The results also showed significant differences between the levels of chemical ferti-
lizers in the total chlorophyll content of the leaves, as the highest average was recorded
at level CI, reaching 0.9505 mg g-1 fresh plant tissue, while level C3 recorded the
lowest average of 0.6882 mg g-1 fresh plant tissue representing a 38.11% increase.
This may be due to the sufficiency of ready-made NPK fertilizers and then their ab-
sorption by the plant and the important role played by these main elements in building
the chlorophyll molecule, especially nitrogen, which is associated with magnesium in
building the molecule [21]. As for the interaction, the treatment C104 achieved the
highest interaction, reaching 1.2193 mg g-1 fresh plant tissue, while the treatment
C301 recorded the lowest interaction, of 0.5683 mg g-1 fresh plant tissue.
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Table (4): Effect of chemical fertilization, organic fertilization enhanced with bioacti-
vator EM1, and their interaction on the total chlorophyll content (mg g™!' fresh plant
tissue).

Organic and Chemical Fertilization
Bio Means
Fertilization C1 C2 C3
o1 0.7417 0.6390 0.5683 0.6497
02 0.9620 0.8510 0.7273 0.8468
03 0.9073 0.7590 0.6307 0.7657
04 1.2193 0.9827 0.8367 1.0129
05 1.0413 0.8853 0.7553 0.8940
06 0.8313 0.7527 0.6110 0.7317
Means 0.9505 0.8116 0.6882
C 0 C*O
LSD o.s 0.02481 0.03509 0.06077

500-Grain weight (g)

The results of Table (5) indicated that there were significant differences between the
organic and biofertilizer combinations on the grain weight, as treatment O4 outper-
formed by giving the highest average of 206.96 g, while the lowest average of 165.51
g in treatment O1 representing a 25.04% increase . The reason may be due to the fact
that organic and biofertilizer have a positive effect on the availability of nitrogen and
other elements, which has a positive role in the grain filling process [22], and that the
nitrogen element works to extend the effective period of grain filling by reducing leaf
aging. Bio activator EM1 also plays an important role in the readiness and absorption
of phosphorus, which is an essential element in the growth, development, cell division
and grain formation [23]. Or it may be due to the superiority of the treatment in leaf
area and total chlorophyll (Tables 2 and 3) and their role in increasing the manufactured
materials and storing them in the grains.

The results also showed significant differences between the levels of chemical ferti-
lizers in the grain weight trait, as level C1 was superior by giving the highest average
of 195.51 g, while level C3 gave the lowest average of 168.69 g representing a 15.89%
increase . This may be due to the increased availability of the main elements in the soil
when added sufficiently, especially since the soil suffers from a high value of the reac-
tion degree and thus the role of these elements in extending the period of grain filling,
or the reason may be due to the increase in the leaf area and total chlorophyll (Tables
2 and 3), which led to an increase in the amount of manufactured materials and their
transfer to storage areas in the grains, which increased the weight of the grains. The
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same table also shows that there are highly significant differences between the interac-
tions of the factors, as treatment C104 achieved the highest interaction of 222.97 g,
while treatment C301 recorded the lowest interaction of 140.40 g.

Table (5): Effect of chemical fertilization, organic fertilization enhanced with bioacti-
vator EM1, and their interaction on the weight of 500 grain (g).Organic and Bio Ferti-
lization Chemical Fertilization = Means

Orgz;;n.ic and Chemical Fertilization
i0 Means
Fertilization Cl1 C2 C3
01 181.93 175.47 140.40 165.51
02 186.63 191.20 173.43 183.76
03 196.97 194.30 165.27 185.51
04 222.97 209.50 188.40 206.96
05 205.70 194.47 185.37 195.18
06 178.87 174.00 159.30 170.72
Means 195.51 189.82 168.69
LSD o.05 C O C*O
1.502 2.124 3.680
Grain yield (Mg ha™)

The results of Table (6) indicate that there are significant differences between the
combinations of organic and biofertilizers on the grain yield. It was noted that treat-
ment O4 recorded the highest average of 8.833 Mg ha-1, while treatment O6 gave the
lowest average of 5.601 Mg ha-1 representing a 57.70% increase. The reason is due to
the high availability of nutrients, especially nitrogen, as well as the role of organic
matter in improving the chemical, physical and biological properties of the soil, which
led to stimulating the growth and development of flowering structures, which was re-
flected in increasing the total grain yield .[24]

The results of the same table showed significant differences between the levels of
chemical fertilizers in grain yield, as level C1 was superior by giving the highest aver-
age of 7.633 Mg ha-1, while level C3 recorded the lowest average of 6.268 Mg ha-1
representing a 21.77% increase . The reason may be due to the role of the main ele-
ments NPK and their presence at a sufficient level to meet the plant's need, which en-
hanced their role in increasing photosynthesis processes and transferring their products
to the grains, which caused an increase in grain yield [25]. Or the reason may be due
to the superiority of the treatment in the grain weight trait (Table 4), which was re-
flected in the increase in grain yield. The results (Table 6) also showed a significant
interaction between the study factors, as the highest interaction was in the treatment
C104 with an average of 9.783 Mg ha-1, while the lowest interaction was in the treat-
ment C306 with an average of 4.397 Mg ha™’.
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Table (6): Effect of chemical fertilization, organic fertilization enhanced with bioacti-
vator EM1, and their interaction on the grain yield (Mg ha™).

Organic and Chemical Fertilization
Bio Means
Fertilization C1 C2 C3
01 6.420 6.100 5.723 6.081
02 7.607 7.263 6.593 7.154
03 6.960 6.937 5.693 6.530
04 9.783 8.943 7.773 8.833
05 8.630 8.120 7.430 8.060
06 6.400 6.007 4.397 5.601
Means 7.633 7.228 6.268
C O C*O
LSD ous 0.2145 0.3033 0.5254

Biological yield (Mg ha™)

The results of Table (7) indicated that there were significant differences between the
combinations of organic and biofertilizers on the biological yield trait, as treatment O4
outperformed by giving the highest average of 21.68 Mg ha-1, while the lowest average
was reached in the control treatment (O1) with an average of 15.75 Mg ha-1, and rep-
resenting a 37.650% increase. The increase in the biological yield may be due to the
combined effect of organic and biofertilizers and their role in improving soil fertility
and enhancing the availability of essential nutrients for the plant. Organic fertilizers
have the ability to improve the composition of the soil and increase its efficiency in
retaining moisture and nutrients, which contributes to enhancing and developing veg-
etative and root growth. Biofertilizers also improve the absorption of nutrients through
the activity of microorganisms in the soil, which is positively reflected in the accumu-
lation of dry matter and thus increasing the biomass of the plant.

The results also showed (Table 7) significant differences between the levels of chem-
ical fertilizers in the biomass yield, as level C1 achieved the highest average of 19.34
Mg ha-1, while level C3 recorded the lowest average of 16.54 Mg ha-1, with repre-
senting a 16.92% increase. The reason may be due to the increased availability of the
main elements NPK and thus increased absorption by the plant and the role played by
the nitrogen element in increasing vegetative growth and the role of potassium in in-
creasing the thickness of the cell walls, which was reflected in the increase in the dry
weight of the plant and thus the biological yield [26]. Or the reason may be due to the
superiority of the treatment itself in the characteristics of plant height, leaf area and
grain yield, which caused an increase in the biological yield (Tables 2, 3 and 6). The
results also showed a significant interaction between the studied factors, as the highest
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interaction was in the treatment C104 with an average of 24.00 Mg ha-1, while the
lowest interaction was in the treatment C306 with an average of 14.46 Mg ha™'.

Table (7): Effect of chemical fertilization, organic fertilization enhanced with bio ac-
tivator EM1, and their interaction on the biological yield (Mg ha™).

Organic and Chemical Fertilization
Bio Means
Fertilization Cl1 C2 C3
01 16.67 15.59 15.00 15.75
02 18.78 18.56 16.34 17.89
03 18.23 17.74 16.36 17.44
04 24.00 21.69 19.36 21.68
05 22.01 19.66 17.53 19.73
06 16.34 16.67 14.64 15.88
Means 19.34 18.32 16.54
LSD ¢.05 C 0 C*O
0.548 0.775 1.343

Based on the results of the study, we conclude that adding organic matter its sources
to the soil, especially treatment O4, led to a significant This is a discussion, not con-
clusions. It is better to be brief and rephrased. improvement in the growth and produc-
tivity of corn plants. This may be due to the role of organic matter in improving soil
properties, which increased its ability to retain water and nutrients, and also enhanced
microbial activity that helps in gradually releasing nutrients. At the same time, chemi-
cal fertilizer provided essential elements at an appropriate concentration, which con-
tributed to achieving an ideal nutritional balance for the plant. This interaction between
organic matter and chemical fertilizer led to improved nutrient absorption and en-
hanced photosynthesis processes, which positively affected productivity. These results
can be used to recommend integrated fertilization practices that combine organic mat-
ter and chemical fertilizers to ensure achieving the highest productivity while main-
taining soil fertility and sustainability in the long term.
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