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Abstract

Afactorial experiment was conducted during the 2023-2024 growing season in the Abi Gharaq region, Babylon province to evaluate the response
of three maize cultivars to foliar spray with liquid fertilizer of Al-Nahrain. The experiment was designed using randomized complete block design
(RCBD) in a factorial arrangement at three replications. The study contained two factors: the first factor included three concentrations of Al-
Nahrain liquid fertilizer (0, 3 and 6 mL L), represented as T0, T1 and T2. The second factor involved three maize cultivars: IPA 5012, Buhooth 106
and Fajr, represented as F1, F2 and F3. The results demonstrated that the cultivar IPA 5012 (F1) outperformed the other cultivars in most of the
studied traits, including ear length, rows number per ear, grains number per row and total grains number per ear. On the other hand, the Fajr
cultivar (F3) recorded the highest mean for 500 grain weight, reaching 107.33 g. Regarding the fertilizer concentrations, the foliar application of 6
mL L (T2) excelled in all the studied traits, including ear length, rows number per ear, grains number per row, total number of grains per ear and
500 grain weight. The combination F3xT2 achieved the highest averages for ear length (20.69 cm) and 500-grain weight (112.10 g). F1xT2
combination recorded the maximum averages for the grains number per row (40.04 grains row™) and total grains number per ear (471.10 grains

ear?). F2xT2 combination resulted in the maximum value for the rows number per ear, reaching 16.8 rows ear?.
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Introduction

Maize (Zea mays L.) is among the most important cereal crops
globally due to its high yield potential, ease of cultivation, versatility
and lower production costs compared to other grains. Its multiple
uses allow it to adapt across a wide range of environments (1, 2).
Maize ranks second globally in terms of cultivated areas, following
wheat and first in productivity. In Iraq, the cultivated area in 2019
totaled 128.8 thousand hectares, with a 473.1 thousand tons of
production, averaging 3.673 tons per hectare food, feed, biofuel
(3, 4). Enhancing crop production is critical and can be achieved
either by expanding the cultivated area or by increasing
productivity, which depends on several factors. Genetic factors
require the development of superior genetic combinations with a
broader genetic base than single hybrids. A broader genetic base
enhances crop resilience, improves adaptability to environmental
stresses and increases potential for yield improvement through
breeding. offering better environmental adaptability. This is
considered one of the most successful approaches for boosting
maize productivity. Environmental factors, particularly optimal
planting time, play a key role by providing suitable temperatures for
germination, emergence, flowering and seed production, soil
fertility and rainfall played an important role. Genetic diversity and
physiological performance, such as root system expansion and root
hair density for nutrient uptake, as well as canopy architecture for

maximizing light interception and photosynthesis, also influence
grain yield (5, 6). Substantial improvements in maize yield have
been documented with the application of different NPK levels
under diverse environmental conditions. Similarly, previous
research indicated yield gains of 31 %, 36 % and 25 % over control
when iron and zinc were applied at concentrations of 0 %, 0.05 %,
0.1% and 1.5% (7, 8). These nutrients were applied via foliar spray,
soaking, or dusting, with foliar spray showing superior results over
other methods. The study aims to evaluate the response of three
maize cultivars to foliar spray with liquid fertilizer of Al-Nahrain.

Materials and Methods
Soil properties
Asummary of the field soil properties is shown in Table 1.

A factorial experiment was conducted during the 2023-2024
growing season in the Abi Gharaq, Babylon province. The study
aimed to assess the response of maize to foliar spray with liquid
fertilizer of Al-Nahrain (Table 2) and three cultivars.

The cultivars were obtained from the General Authority for
Agricultural Research. The experiment was arranged in a RCBD
with a factorial arrangement and three replications. Two factors
were studied:
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Table 1. Analysis of some physical and chemical properties of the
field soil

Trait Value
Soil pH 7.4
Electrical conductivity (dS m) 3.8
Organic N (g kg?) 1.03
CaCo3(gkg?) 294.0
Available P (mg kg™) 6.4
Available K (mg kg*) 175.0
Organic matter (g kg?) 10.4
Soil separates (g kg™)
Sand 183
Clay 334
Silt 473

Table 2. Composition of Al-Nahrain liquid fertilizer

Nutrient Concentration (%)
Nitrogen (N) 10%
Phosphorus (P,05) 8%
Potassium (K,0) 6%

1. Foliar fertilizer concentrations, of Al-Nahrain liquid fertilizer at
0-,3-and6-mL L, denoted as TO, T1 and T2.

2. Maize cultivars, namely IPA 5012, Buhooth 106 and Fajr,
represented as F1, F2 and F3. The selected cultivars were chosen
based on their agronomic importance, adaptability to local
environmental conditions and previous performance in regional
field trials.

The field was plowed twice using a moldboard plow,
followed by soil refinement with a leveling machine. The
experimental unit measured 3x3 m, consisting of six rows, 75 cm
apart and 25 cm between hills. Triple superphosphate (46 % P,05)
was applied at 180 kg ha? along with half the nitrogen fertilizer at
120 kg N ha as urea (46 % N) before planting, with the remaining
nitrogen applied when the plants reached a height of 35 cm.
Granular diazinon insecticide (10 % concentration) was applied
twice for preventive control of corn stem borers, with the first
application after 20 days of sowing whereas the second a month
later. Additionally, NPK compound fertilizer was incorporated at
140 kg ha*, 180 kg P,05 and 60 kg K,O per hectare under optimal
irrigation conditions during soil preparation and irrigation was
provided as required by the plants. The control treatment (T0)
received only the recommended basal soil fertilization without
any foliar application. This was done to isolate and evaluate the
specific effects of the foliar fertilizer treatments on the measured
parameters. Ten plants were selected from the central rows of each
treatment to measure key traits, including the number of rows per
ear, number of grains per row, total grains per ear, ear length (cm)
and the weight of five hundred grains (g). Data were statistically
analyzed and averages were compared utilizing the least significant
difference (LSD) test at a probability level of 0.05 (9). The statistical
analysis was performed using GenSTAT software.

Results and Discussion
Ear length (cm)

Table 3 highlights a significant effect on ear length among the
studied cultivars and fertilizer treatments. Cultivar F1 (IPA 5012)
achieved the highest average ear length of 21.31 cm, surpassing
other cultivars, while F3 (Fajr) recorded the lowest average at
19.73 cm. This superiority may be attributed to genetic traits such
as improved vegetative growth and plant height (8). Fertilizer
concentration T2 (6 mL L?) yielded the longest ears, with an
average of 20.72 cm, compared to the control treatment TO
(0 mL L?), which recorded 19.95 cm. This could be attributed to
the role of nutrients in fertilizer, particularly Zn, in synthesis of the
tryptophan amino acid, chlorophyll and proteins. The higher ear
length reported for F1 refers to the main effects, while the
interaction effects between cultivars and treatments showed
variations in specific combinations. This clarifies the apparent
contradiction. Zinc also activates several enzymes, contributes to
the formation of energy compounds and RNA and enhances the
plant's ability to absorb water and nutrients. These effects
collectively lead to improved plant growth indicators. These
results are consistent with the findings of (10-13). The interaction
of cultivar F3 with T2 resulted in the highest ear length at 20.69
c¢m, while F3 TO recorded the lowest at 19.95 cm.

Rows number ear?

The findings revealed significant differences among cultivars and
fertilizer treatments for the rows number (Table 4). Cultivar F1
exhibited the highest average (15.66 rows per ear), while F3 had
the lowest (14.10 rows per ear). These differences are likely due to
genetic variability among the cultivars; this is supported by
studies conducted by (14-17) These studies provide valuable
insights into the effects of nutrient management and cultivar
differences on maize growth and yield. Their findings support the
importance of optimizing fertilizer applications and selecting
suitable cultivars, which aligns with the objectives of the present
research., which confirmed significant differences between
parental lines and their hybrids for several studied traits. Foliar
fertilizer concentration T2 significantly increased the number of
rows per ear, averaging 15.50, compared to the control (T0),
which recorded 13.86. This can be due to the functions of
nutrients, particularly zinc, in enhancing the fashioning of primary
floral structures in the main ear of the plant. This leads to an
increase in the number of rows for each ear, as the ear bud
requires this element during its development and growth.
Additionally, the effective role of nutrients, when increased during
different growth stages, further raises the rows number. These
findings align with those of (18-21) who highlighted the functions
of nutrients, including Zn, in increase the number of rows per ear.
The findings of the two-way overlap between cultivars and
fertilizer concentrations (F, T) indicate a significant influence on
this parameter. The T, F, combination outperformed the other

Table 3. The influence of foliar fertilizer concentrations and cultivars on length of ear (cm)

Concentrations of Al-Nahrain liquid fertilizer (mL L)

Cultivars Mean F
TO T2
F1 21.11 21.58 21.24 21.31
F2 19.68 19.96 20.25 19.96
F3 19.07 19.44 20.69 19.73
MeanT 19.95 20.32 20.72
L.S.D (0.05) T=0.43 F=0.43 F*T=0.83
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Table 4. The influence of foliar fertilizer concentrations and cultivars on rows number ear?

Concentrations of Al-Nahrain liquid fertilizer (mL L)

Cultivars To T T2 Mean F
F1 15.1 15.8 16.1 15.66
F2 13.1 14.1 16.8 14.66
F3 134 14.4 14.5 14.10
MeanT 13.86 14.76 15.50

L.S.D (0.05) T=0.28 F=0.28 F*T=0.46

combinations, recording the maximum average of 16.8 rows per
ear, while the To F, combination recorded the lowest average of
13.1 rows per ear.

Grains number row*

Table 5 shows a significant influence of maize cultivars, foliar
fertilization and their two-way overlap. Cultivar F1 recorded the
highest average of 38.77 grains row’, while F3 had the lowest
average at 27.00 grains row. This difference may be attributed to
the direct influence of cultivars on increasing the grains number
for each row, that is a crucial factor in enhancing grain production
per row and per ear. These findings align with those of (22-24).

Foliar fertilizer levels also significantly influenced grains
number for each row, with the T2 level (4 mL L") yielding the
highest average of 35.95 grains row’, while the control treatment
(TO) recorded the lowest average of 29.91 grains row’. This
increase can be linked to improved plant height and leaf area,
which enhance photosynthetic activity and the transport of its
products to the ear. Additionally, greater plant height reduces
shading of the leaves above the ear, leading to increased
pollination and fertilization rates, thereby boosting the number of
grains. Furthermore, nitrogen's role in regulating hormonal
activity and controlling auxin-mediated apical dominance of the
ear also contributes to this improvement (25-28).

The two-way interaction between cultivars and fertilizer levels (F,
T) had a significant effect on this parameter. The F1 T2 combination
produced the maximum average of 40.04 grains row, whereas F3
TO recorded the minimum average of 23.19 grains row".

Grains number ear

The findings indicate a significant increase in the average grains
number for each ear with the application of liquid foliar fertilizer of
Al-Nahrain. Cultivar F1 achieved the highest mean of 468.54 grains
ear?, while F3 recorded the lowest average of 368.34 grains ear?
(Table 6). The superiority of F1 can be attributed to the shorter
interval between male and female flowering, which improved
pollination and fertilization rates, resulting in an increased
number of grains per ear. This finding is supported by many early
works who reported significant differences in grain number per
ear among maize hybrids, with a negative correlation between
the flowering interval and grain number per ear (29-32).

The results also reveal significant differences in this trait
due to varying levels of foliar fertilization (Table 7). The T2 level
(4 ml L) resulted in the maximum mean of 428.23 grains ear?,
whereas the control treatment (T0) produced the minimum mean
of 368.34 grains ear™. This increase can be linked to improved ear
length, rows number for each ear and grains number for each
row, all of which were influenced by the nutrient content of the
foliar fertilizer. These findings align with those of (25, 26) who
observed increase in the rates of maize growth with higher
nutrient concentrations, along with the role of macronutrients in
cell division and expansion.

The two-way interaction (F xT) had a significant effect on
this parameter. The combination T2 F1 recorded the maximum
average of 471.10 grains ear, while TO F3 had the lowest average
of 359.77 grains ear™.

Table 5. The influence of foliar fertilizer concentrations and cultivars on grains number row™*

Concentrations of Al-Nahrain liquid fertilizer (mL L)

Cultivars Mean F
TO T1 T2
F1 38.28 38.01 40.04 38.77
F2 28.26 29.30 38.08 31.88
F3 23.19 28.08 29.74 27.00
MeanT 23.19 28.08 29.74
L.S. D (0.05) T=2.28 F=2.28 F*T=4.54
Table 6. The influence of foliar fertilizer concentrations and cultivars on grains number ear*
. Concentrations of Al-Nahrain liquid fertilizer (mL L)
Cultivars To T T2 Mean F
F1 466.10 468.43 471.10 468.54
F2 423.77 427.10 429.43 426.76
F3 359.77 361.10 384.17 368.34
MeanT 23.19 28.08 29.74
L.S.D (0.05) T=5.10 F=5.10 F*T=12
Table 7. The influence of foliar fertilizer concentrations and cultivars on weight of five hundred grains (g)
. Concentrations of Al-Nahrain liquid fertilizer (mL L)
Cultivars Mean F
TO T1 T2
F1 83.10 84.43 84.44 83.99
F2 98.42 96.76 95.11 96.76
F3 103.53 106.37 112.10 107.33
MeanT 95.01 95.85 97.21
L.S.D (0.05) T=2.45 F=2.45 F*T=4.87
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Weight of 500 grains (g)

The results show that weight of 500 grains significantly increased
with higher levels of Al-Nahrain liquid foliar fertilizer. Cultivar F3
recorded the highest average of 107.33 g, while F1 had the lowest
average at 83.99 g. These results align with those of (27, 28), who
reported significant differences among cultivars for this trait.

The levels of foliar fertilizer demonstrated significant
differences in 500 grain weight. The T2 level (4 mL L*) produced
the maximum mean of 97.21 g, whereas TO treatment (control)
resulted in the minimum mean of 95.01 g. This increase can be
attributed to the role of potassium in transporting photosynthetic
products from source tissues to reproductive organs, enhancing
grain weight. Potassium also delays leaf senescence by inhibiting
the formation of abscisic acid (ABA) in leaves, prolonging the grain
filling period and thereby improving grain weight. Additionally,
the micronutrients present in Al-Nahrain fertilizer, such as iron
and zinc, contributed to increasing stem diameter, which explains
the plant's capability to soak up water and nutrients. This finding
is consistent with the results of (33, 34), who highlighted the
functions of these elements in enhancing plant growth traits.

The two-way interaction between fertilizer levels and cultivars
(TxF) revealed significant differences. The combination T2 F3
recorded the maximum value weight of 112.10 g, whereas T0 F1
recorded the lowest average of 83.10 g (Improved by 34.9 %).

Conclusion

This study highlights the significant influence of foliar application
of Al-Nahrain liquid fertilizer and genetic variation among maize
cultivars on key agronomic traits. Cultivar F1 (IPA 5012)
demonstrated superior performance in traits such as ear length,
number of grains per ear and overall grain yield, while F3 (Fajr)
excelled in 500 grain weight, showcasing its genetic potential for
specific productivity traits. The application of 6 mL L™ of Al-Nahrain
liquid fertilizer (T2) consistently outperformed other treatments
across all studied parameters, underscoring the pivotal role of
micronutrients like zinc, iron and potassium in enhancing
photosynthetic efficiency, nutrient translocation and grain filling.

The two-way interactions between fertilizer levels and cultivars
further revealed synergies that could be harnessed to maximize
yield potential. For instance, the combination of T2xF1 recorded
the highest grain count per ear, while T2xF3 produced the
heaviest grains, demonstrating the need for tailored agronomic
practices to optimize cultivar-specific traits. F1 likely exhibited
higher yield due to superior overall plant vigor, better nutrient
uptake, or more effective resource use efficiency, while F3 may
have produced heavier grains due to genetic traits favoring grain
filling or larger kernel size. In conclusion, the integration of
targeted foliar fertilization with appropriate cultivar selection can
significantly boost maize productivity. These findings provide a
practical framework for enhancing maize cultivation under
diverse environmental conditions, offering valuable insights into
future agricultural strategies aimed at achieving sustainable food
security.

Recommendation

Based on the findings of this study, it is recommended to adopt
the foliar application of Al-Nahrain liquid fertilizer at a
concentration of 6 mL L! to enhance maize productivity by

improving key traits such as ear length, grain count per row and
grain weight. Additionally, selecting high-performing cultivars like
F1 (Ibaa 5012) for traits related to grain yield and F3 (Fajr) for grain
weight can maximize production potential. Future research
should explore the combined effects of foliar fertilizers with other
agronomic practices, such as optimized planting densities and
irrigation schedules, to further refine maize cultivation strategies
for diverse environmental conditions.
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