Scientific Papers. Series A. Agronomy, Vol. LXVIII, No. 2, 2025
ISSN 2285-5785; ISSN CD-ROM 2285-5793; ISSN Online 2285-5807; ISSN-L 2285-5785

CORN RESPONSE TO FOLIAR FERTILIZER APPLICATION

Antoniya STOYANOVA!, Georgi STOYANOV?

'Trakia University, Stara Zagora, 6000, Bulgaria
2 Agricultural University of Plovdiv, 12 Mendeleev Blvd, 4000, Plovdiv, Bulgaria

Corresponding author email: toni_1219@abv.bg

Abstract

A field experiment was conducted with five maize hybrids during the period 2022-2024. The parameters of the yield of
green mass, of the additional yield formed under the influence of foliar fertilization, have been established. The
application of the organic liquid fertilizer Aminosol, the single-component inorganic fertilizers Boron, Zinc and
Nutriplant 36 contributed to an increase in biomass by 20608.4 to 26799.0 kg/ha, on average over the study period. After
treatment with the organo-mineral fertilizer Kinsidro Grow and the nitrogen stabilizer N-Lock, an increase in the
productivity of the hybrids was again established. The greatest increase was registered at LG 31,390, respectively with
26068.8 kg/ha. In total, for hybrids and variants for the period of the field study, an increase of 41.4% was recorded after
foliar fertilization with the products of the first technology. A strong correlation was established between the indicators
of plant height and green mass yield for Premeo (R> = 0.9284) and Pioneer P9889 (R’ = 0.9043). A positive correlation
dependence, with a coefficient of determination R* = 0.8998 for DKC 4416.
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INTRODUCTION

Global climate change, prolonged droughts,
insufficient water resources and last but not least
interrupting the growing population of the planet
raises the question of the need to produce more
output per unit of area. An increase in average
temperature leads to wvariability in the
productivity of all agricultural crops, Tigchelaar
et al. (2018) prove in their research. This is a
serious challenge to crop production and
agricultural science.

Management and adaptation can greatly reduce
the potential impacts of climate change and
climate variability on crop yields and farmers'
incomes (Mineva, 2020; Popova et al., 2022). It
is necessary to study the changes induced by the
elements of climate on the growing seasons and
yields of agricultural crops (Cojocaru, 2022;
Song et al., 2023; Bijnens et al., 2024).
According to world grain production data in
2022/2023, maize has become the third most
important grain crop in the world after wheat
and rice (Shahbandeh, 2024).

For optimal nutrient supply, ecological,
sustainable and innovative strategies need to be
developed to be implemented as effective tools
to maintain  productivity and increase
the tolerance of maize to drought stress (Ghiyasi
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et al., 2023; Moitazedi et al., 2023; Zarea et al.,
2023).

The assimilation of nutrients throughout the
growing season is linked in a number of
agronomic  practices that contribute to
optimizing the process and guaranteeing high
yields. These practices include structuring the
soil, having enough readily available moisture
for plants, combating water deficit and nutrient
deficiency. Balanced fertilization is a key factor
in the development and productivity of plants.
Mineral fertilizers are crucial for increasing
yields, but their unrestricted use leads to
deterioration of the quality of plant production
and environmental pollution (Yan et al., 2012;
Zhao etal., 2013; Mu et al., 2015; Mustafa et al.,
2021; Harish et al., 2022). According to research
by Marschner (2012), after nitrogen
fertilization, an increase in plant biomass was
observed. The effect of nitrogen sources on the
biomass and quality of silage maize has been the
focus of a number of studies (Amin, 2011;
Safdarian et al., 2014). An increase in the
photosynthesizing surface of the leaves was also
reported by Leghari et al. (2022).

Application of foliar fertilizers after soil
fertilization is an effective method for increasing
crop micronutrient content and crop yield and
improving soil environment (Niu et al., 2021;



Stoyanov et al., 2024). According to Ramesh et
al. (2018) foliar fertilization with organic
fertilizers had a positive effect on growth and
yield of maize (Zea mays L.). The authors
reported increases in plant height, leaf area
index, dry matter production, cob length and
diameter, number of cob kernels, and grain
yield. Asare et al. (2023) also reported an
increase in leaf area and productivity in maize
after foliar application of micronutrient-rich
fertilizers.

Additionally, micronutrient fertilization is an
effective strategy to reduce the harmful effects
of water stress in plants (Solanki, 2021; Umar et
al., 2022; Stoyanova et al., 2024). Foliar
nutrition of plants, including application of the
main nutrients (N, P and K) alone and in
different combinations, leads to increased yields
even under water stress conditions, reported
Kakar et al. (2014). The authors found taller
plants (221 cm), heavier grains (229 g/1000
grains) and prolongation of physiological
maturity after foliar fertilization. Grain yield
increased (2896 ha!) and harvest index (28.2%)
compared to the control plots (no foliar nutrients
were applied).

The objective of the present study was to
investigate the effect of foliar fertilizers on
biomass productivity in five maize hybrids.

MATERIALS AND METHODS

The study was conducted in the Stara Zagora
region, Bulgaria during the period 2022-2024.
The field experiment involved five maize
hybrids from the FAO early and medium-early
group. The hybrids tested were DKC 4416,
Pioneer P9889, LG 31.390, Premeo and
Knezha-461. They are of a different genetic
background. LG 31.390 (FAO 390) is a
representative of Hydraneo technology. This is
a new generation of hybrids for managing
drought risk DKC4416 (FAO 330) is a hybrid of
the FieldShield hybrids and is characterized by
high resistance to abiotic stress.

Pioneer P9889 (FAO 360) is a hybrid of the
Optimum® AQUAmax® product line, a
selection of hybrids adapted to drought. Premeo
(FAO 400) is an Artesian technology
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representative. Knezha-461 (FAO 400-500) is a
representative of the Bulgarian selection of
hybrids. The study was carried out using the
method of fractional plots, in 4 replications, with
the size of the experimental area of 15 m?.
Variations of the experience are the following:
1. Control - Soil fertilization with N4 (without
irrigation); 2. Soil fertilization with Ni4; 3. Soil
fertilizing + foliar fertilizing with Aminosol +
Lebozol B + Lebosol Zn, Nutriplant 36; 4. Soil
fertilization + Kinsidro Grow, N-Lock.

In the control variant, soil fertilization of the
crop was carried out. In variants 2-4, irrigation
was carried out using a drip irrigation system.
The distance between the drippers was 0.15 m,
in order to create a continuous moistened strip in
the soil horizon. With the artificial supply of
irrigation, conditions are created for optimizing
the water regime in the soil and increasing the
moisture in the ground air layer. The realized
irrigation rate is 30 mm when the soil moisture
reaches below 75-80% marginal field moisture
capacity (FMC).

The tested hybrids were fed with foliar
fertilizers during the growing season. The first
technology included the organic liquid fertilizer
Aminosol (2.0 l/ha), the single-component
inorganic fertilizers Lebozol B (2.0 1/ha),
Lebosol Zn (1.0 1/ha), and Nutriplant 36 (10.0
I/ha). According to the second technology, foliar
fertilizing was carried out with the organo-
mineral fertilizer Kinsidro Grow (150 g/ha), in
the form of granules and is the nitrogen
stabilizer N-Lock (2.50 I/ha).

RESULTS AND DISCUSSIONS

In the development of the crop, the soil-climatic
features of the region where the experimental
field is located are important. Of the elements of
climate, temperature and rainfall are the factors
that most influence the growth and development
of agricultural crops.

Figure 1 presents the dynamics of the monthly
average daily temperature for the three-year
study period. Significant differences in
temperature values have been reported when
compared to the multi-year norm (for the period
1930-2024).
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Figure 1. Dynamics of average daytime temperatures, by
months, for the period 2022-2024

The analysis of the values shows that the
average day-night temperature is above the
norm in the three years, by 5.7%, 6.0% and
13.9%, respectively, and on average for the
period by 8.5%. The extremely high tempe-
ratures registered in the second ten-day period of
July 2024 make an impression. The increase in
this month is 4.2°C, or 13.4% compared to the
climate norm. On average for the period,
positive differences have been established
compared to the temperatures for a multi-year
period. According to Wang (2021) higher tem-
peratures accelerate plant development, which
shortens the length of reproductive phases.

In terms of the amount and distribution of
precipitation, Figure 2 shows that the humidity
conditions are different in the three years. In
2022, the amount of precipitation recorded
during the vegetation period was 254.9 mm,
which is 14.1% less than the norm for the period.
In the second year, precipitation was 7.1% less,
while in 2024 a decrease of 1.2% was found. It
should be noted that in the last year of the field

experiment, 98.5 mm were measured in
September, when corn had completed its
vegetation and was in the process of harvesting.
The reported amount and distribution of
precipitation during the corn growing season is
extremely uneven. As a result, there is a
deficiency of sufficiently readily available
moisture, necessary for the growth and develop-
ment processes of the studied corn hybrids.
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Figure 2. Amount and distribution of rainfall, during the
period 2022-2024

The productivity of the culture and the stability
of the yields depend not only on the level of
agricultural technology, but also on the
biological potential and adaptability of the
respective hybrids. In the present study, the
productivity of five maize hybrids of different
genetic origins was examined. In natural, non-
irrigated conditions, and under optimization of
humidity conditions, the productivity under the
influence of foliar nutrition of plants was
established (Figure 3).
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Figure 3. Green mass yield, for the period 2022-2024, kg/ha

The experimental results show that with natural
moisture supply, yields in the range of 18100.0
kg/ha (for DKC 4416) to 27500.0 kg/ha (for
Knezha-461) were established in all three years
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(Table 1). When optimizing the water factor,
yields increased by 131.7% (Knezha-461),
159.9% (Pionner P9889), 182.4% (LG 31.390),
190.2% (Premeo) to 216% (DKC 4416). During



the study, the nature of the dependence between
yield and irrigation rate, the productivity of
irrigation water and the additional yield was
established (Stoyanova, 2018).

The experimental results show that with natural
moisture supply, yields in the range of 18100.0
kg/ha (for DKC 4416) to 27500.0 kg/ha (for
Knezha-461) were established in all three years
(Table 1). When optimizing the water factor,
yields increased by 131.7% (Knezha-461),
159.9% (Pionner P9889), 182.4% (LG 31.390),
190.2% (Premeo) to 216% (DKC 4416). During
the study, the nature of the dependence between
yield and irrigation rate, the productivity of
irrigation water and the additional yield was
established (Stoyanova (2018).

Table 1. Production of green mass and additional
production, average for the period 2022-2024, kg/ha

variants was 35.2% for Premeo, 37.8% for
Knezha-461, 41.1% for Pionner P9889, 43.4%
for DKC 4416 and 49.6% for LG 31.390. After
treatment with the organo-mineral fertilizer
Kinsidro Grow and the nitrogen stabilizer N-
Lock, an increase in the productivity of the
hybrids was found again. The greatest increase
was registered at LG 31,390, respectively with
26068.8 kg/ha.

In total, across hybrids and variants for the field
study period, an increase of 41.4% was reported
after foliar fertilization with the products from
the first technology. After applying the second
technology, the average increase over the period
was 36.4% for the five hybrids. Therefore, Zhuk
(2022) also recommends that when growing
corn for green table, foliar treatment is applied
to increase yields.
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Figure 4. Linear regression model between plant height
and yield of green mass



On average over the three-year test period, LG
31.390 stood out as the most responsive to foliar
fertilizers. The application of the organic
fertilizers Aminosol + Lebozol B + Lebosol Zn
and Nutriplant 36 help to increase productivity
by 49.6%, and after treatment with the products
Kinsidro Grow and N-Lock, an increase of 48.2
5 was found. In the other hybrids, productivity
increased by 35.2% (Premeo), by 37.8%
(Knezha-461), by 41.1% (Pioneer P9889) and
by 43.4 (Pioneer P9889) after application of
Aminosol + Lebozol B + Lebosol Zn and
Nutriplant 36. The increase was by 26.4 %, 29.8
%, 38.6 %, 38.8 %, respectively, in Knezha-461,
Premeo, DKC 4416 and Pioneer P9889.

The developed linear regression equations show
the nature of the relationship between the
studied biometric indicators and yield of green
mass. A strong positive correlation (R?) was
found. The determination coefficients were
calculated for the five hybrids. A strong
correlation was found between the parameters of
plant height and green mass yield in Premeo (R?
= 0.9284) and Pioneer P9889 (R? = 0.9043)
(Figure 4).

In the remaining three hybrids, the relationship
is a little less pronounced, respectively, in LG
31.390 the coefficient of determination is R? =
0.8653, in DKC 4416 it is R* = 0.7109 and in
Knezha-461 R? = 0.6884. The coefficient of
determination shows what percentage of the
variance in the outcome variable is explained by
the action of the factor variable. In the calculated
values of for the five hybrids means that from 69
to 93 % of the yield depends on the plant height.
When investigating the nature of the
interrelationships between the number of leaves
per plant and green mass yield, the regression
equations developed show that there are strong
correlational dependencies in them as well
(Figure 5).

A strong positive correlation was found between
the indicators number of leaves and yield of
green mass, with a coefficient of determination
R? = 0.8998 for DKC 4416. A strong positive
relationship was also found for Knezha-461 (R?
=0.8867), Premeo (R*>=0.7768), Pioneer P9889
(R?=0.7607) and LG 31.390 (R*=0.7106). The
results show that from 71 to 89% green mass
yield depends on the number of leaves per plant.
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Figure 5. Linear regression model between number of
leaves per plant and yield of green mass

CONCLUSIONS

Based on the field experience, several main
conclusions were made.

A positive trend towards an increase in green
mass yield after foliar fertilization was
established. The application of the organic
liquid fertilizer Aminosol, the single-component
inorganic fertilizers Boron, Zinc and Nutriplant
36 contributed to an increase in biomass by
20608.4 to 26799.0 kg/ha, on average for the
study period. The increase compared to the
unfertilized variants was highest in LG 31.390,
by 49.6%. After treatment with the organo-
mineral fertilizer Kinsidro Grow and the
nitrogen stabilizer N-Lock, an increase in the
productivity of the hybrids has also been found.



The greatest increase was registered at LG
31,390, respectively with 26068.8 kg/ha.

In total, across hybrids and variants for the
Polish study period, an increase of 41.4% was
reported after foliar fertilization with the
products from the first technology. After
applying the second technology, the average
increase over the period was 36.4% for the five
hybrids.

A strong correlation was found between the
parameters of plant height and green mass yield
in Premeo (R2 = 0.9284) and Pioneer P9889 (R?
=0.9043).

A positive correlation dependence, with a
coefficient of determination R? = 0.8998 in DKC
4416. A strong positive relationship was also
established in Knezha-461 (R? = 0.8867).
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