i@ Journal of Ecological Engineering

Received: 2024.02.26
Accepted: 2024.03.23
Published: 2024.04.01

Journal of Ecological Engineering 2024, 25(5), 156-164
https://doi.org/10.12911/22998993/186162
ISSN 2299-8993, License CC-BY 4.0

The Influence of Organic Growing of Maize Hybrids
on the Formation of Leaf Surface Area and Chlorophyl Concentration

Elina Zakharchenko', Oksana Datsko', Serhii Butenko", Yurii Mishchenko',
Olha Bakumenko', Volodymyr Prasol’, Anhelina Dudka’, Nataliya Tymchuk?,
Dmytro Leshchenko', Anna Novikova'

' Sumy National Agrarian University, H. Kondratieva Str., 160, Sumy, 40021, Ukraine
2 Luhansk Taras Shevchenko National University, Koval Str., 3, Poltava, 36003, Ukraine
* Corresponding author’s e-mail: serg101983serg@gmail.com

ABSTRACT

The goal of this study is to establish the impact of tillage (reversible to a depth of 25-28 cm and irreversible to a
depth of 25-28, 1518 and 5-8 cm) and the fertilizing products such as LEANUM and VITAMIN O7 (liquid and
powdered, respectively) for growing Hemingway and Harmonium hybrids with FAO 280 and 380 on the leaf area
duration (LAD) and the concentration of chlorophyll @ and b. The leaf area duration was measured by the method
of M. L. Orlovskyi and calculated using the formula. The content of chlorophyll @ and b in maize leaves was deter-
mined using the ULAB 102 Spectrophotometer. In general, the effect of biofertilizer treatment on the leaf can be
noted by increasing the leaf area duration. Thus, for Harmonium, with any variant of tillage, the leaf area duration
increased on the variants of foliar treatment. And on irreversible tillage for three years, an increase in the leaf area
duration was noted with the use of pre-sowing inoculation with the studied fertilizing products, one treatment with
LEANUM foliar, and a combined treatment with LEANUM + 1 LEANUM. It is worth noting that disking to a
depth of 5-8 cm only led to a decrease in the leaf area duration during the cultivation of Harmonium. However,
when growing Hemingway, almost all variants had a positive effect on the leaf area duration, with the exception
of inoculation (when using both fertilizing products). An interesting fact is that in most cases, an increase in the
leaf area duration led to a decrease in the concentration of chlorophyll a, but did not lead to a decrease in the total
concentration of chlorophylls @ and b, due to an increase in the concentration of chlorophyll . It should be noted
that biofertilizer treatment and tillage significantly affected the concentration of chlorophyll ¢ and chlorophylls a
and b, but chlorophyll » was not affected by tillage. When growing Hemingway, neither biologics nor tillage had
any effect, while other pigments had a significant effect.

Keywords: plant growth promoting bacteria, effective microorganisms, Zea mays L, soil tillage, biofertilizers,
trace elements, climatic conditions, pre—sowing inoculation.

the impact of effective microorganisms on plant
organisms is extremely high (Talaat 2019; Jalal et
al., 2020; Karbivska et al., 2020; Chaudhary et al.,
2021). And it’s not just plant yields (Raymond et

INTRODUCTION

Recent studies are increasingly raising the issue
of using an alternative to chemical fertilizers. These

include fertilizing products that contain effective
microorganisms in their composition, or products
of their vital activity and thus enable to increase
plant productivity or improving soil quality (Ilchen-
ko et al, 2019; Zakharchenko et al., 2023; Shelest
et al., 2023). A plenty of studies have shown that
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al., 2021; Sousa et al., 2021; Khanna et al., 2019)
or biometric properties (Gao et al., 2020; Hussain
et al., 2021; Bada, 2022), but also a qualitative in-
dicator such as chlorophyll content (Fitriatin et al.,
2021; Kerubo et al., 2021; Kots et al., 2022; Hry-
horiv et al., 2022). This also raises issues regarding
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the tillage in which these microorganisms will
work most actively (Pohromska 2019; Datsko
and Zakharchenko, 2022; Dudar et al., 2022; Rad-
chenko et al., 2023). After all, it is very important
to combine rational tillage, which will meet the
requirements of the crop and create the best con-
ditions for microorganisms contained in biofertil-
izers. It is an effective combination that enables to
improve the biometric and qualitative indicators of
the crop, which will result in an increase in yield.
For example, chlorophyll, which is the main ele-
ment of photosynthesis, is of key importance dur-
ing crop formation (Zabolotna et al., 2021; Rieznik
et al., 2021; Karbivska et al., 2023). However, the
content of this pigment in a particular maize hy-
brid is not a constant value since its content var-
ies depending on the environment and growing
conditions (Palamarchuk 2019; Malynovska and
Borko, 2021; Karpenko et al., 2022). An equally
important factor is the leaf area duration, since it
has been found that the larger it is, the faster the
accumulation of organic matter takes place, which,
accordingly, leads to an increase in yield (Savchuk
et al., 2018; Trotsenko, et al., 2020; Hryhoriv et
al., 2023; Kovalenko et al., 2024). Therefore, the
goal of this study is to determine the leaf area dura-
tion of maize hybrids with different FAO and their
chlorophyll content when using such fertilizing
products as LEANUM (L) and VITAMIN O7 (V)
subject to the four different types of tillage.

MATERIAL AND METHODS
Characteristics of experimental plots

The study was conducted in the experimental
fields of Sumy National Agrarian University during
2020-2022. The soil of the experimental plots was
typical low—humus medium-loamy black soil in the
forest. The climatic conditions of the growing sea-
sons of 20202022 are shown in Figure 1. The pre-
decessor of each year was winter wheat. Pre-sowing
tillage was the cultivation to a depth of 10-12 cm.
The area of the experimental plots was 1726.4 m?,
while the length of the plot was 100 m, the width was
12.6 m, and the protective strips were 2 m on each
side. The studied tillage was carried out in autumn.

Experimental design

The conducted experiment was three-factor,
factor A — maize hybrids: (a) harmonium with
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Figure 1. Climatic conditions for 2020-2022,
reflected during the growing season of maize
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FAO 380 and (b) hemingway, which had FAO
280, the producer of both was Euralis. Factor B
— tillage: (1) reversible (plowing) to a depth of
25-28 cm (R 25-28) as a control; (2) irrevers-
ible (flat—cut tillage) to a depth of 25-28 cm (IR
25-28); (3) irreversible (disking) to a depth of
15-18 cm (IR 15-18); (4) irreversible (disking)
to a depth of 5-8 cm (IR 5-8). Factor C — treat-
ment using L and V fertilizing products before
sowing (BBCH,) and the leaf treatment with L
in the critical phases of BBCH , and BBCH ..
Accordingly, the options are: (C) — without treat-
ments; (1L) — with one L treatment per leaf; (2L)
— with two L treatments per leaf; (L) — inocula-
tion L before sowing; (L+1L) — inoculation L and
one L treatment per leaf; (L+2L) — inoculation L
and two L treatments per leaf; (V) — inoculation
V before sowing; (V+1L) — inoculation V and one
L treatment per leaf; (V+2L) — inoculation V and
two treatments L on the leaf. It is worth noting
that L is a fertilizing product in liquid form, which
contains nitrogen-fixing, phosphate-mobilizing
and nodule bacteria. In addition, the composition
includes enzymes, amino acids, vitamins, trace
elements in an accessible form, as well as fulvic
and humic acids. V is similar in composition, but
has a powdery form. Treatment of seed material
with fertilizing products had been carried out 3
hours before sowing, according to the norm rec-
ommended by the manufacturer of biofertilizers.

Data and sample collection

To determine the leaf area duration in each
variant, metric data of leaves on ten plants were
measured in three times repetition according
to the method of Orlovskyi. To determine its
length, the distance from the leaf sinus to the end
of the leaf was measured with a tape measure,
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and the width was measured in the widest part of
the leaf, also using a tape measure, after which
the area duration of each leaf was calculated us-
ing the formula:
S=k-l-n (1)
where: S — leaf area duration, cm?; k — average
adjustment factor (for maize 0,75); / —
leaf length, cm; n — leaf width at its widest
point, cm (Pysarenko et al., 2015).

After that, the leaf area duration per hectare
was calculated for each of the variants. To de-
termine the chlorophyll concentration, 10 apical
leaves were cut three times from each variant. In
the laboratory, the leaves from each variant were
crushed with scissors, so that the suspension in-
cluded slices from each selected sample, while
discarding petioles and large veins. The 0.3 g sus-
pension, which was made on a KERN 600-2 scale
(Germany), was placed in a mortar and ground
with a small amount of quartz sand and CaCO,
until smooth. After that, 10 ml of ethyl alcohol
was added to the mortar and continued to grind
until a dark green extract was obtained. The re-
sulting ethyl extract was filtered through a dry pa-
per filter into a test tube. The extract was selected
using a special pipette, while not using the veg-
etable mass, and transferred to the filter. Another
5 ml of ethyl alcohol was added to the remain-
ing vegetable mass in the mortar and grinding was
continued. After that, the settled ethyl extract was
transferred to the filter. Chlorophyll extraction
was continued with small portions of alcohol until
the plant material completely lost color. The mor-
tar, pestle and filter were washed with small por-
tions of alcohol until the green color completely
disappeared from them. The volume of the extract
was brought with pure ethyl alcohol to 30 ml. The
extract had been put in a dark place before analy-
sis on the ULAB 102 Spectrophotometer. Waves A
= 665 Nm were used to determine the content of
chlorophyll a, and for chlorophyll » — A = 649 Nm.
After the analysis, the concentration of the studied
pigments in the resulting volume of alcohol ex-
tract was calculated (formulas 2 and 3) as follows:

Ca ES 13'70XA665 - 5'76XA649 (2)
Cb = 25.8OXA64_9 - 7'60XA665 (3)

where: C — chlorophyll concentration in alcohol
extract, mg/l; A — solution density (opti-
cal) for a wave of 665 Nm; 4,,, — solution

density (optical) for a wave of 649 Nm.
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Statistical data processing

Data processing and analysis were performed
using Statistica 10.0 (StatSoft Inc., Tulsa, USA).
ANOVA and an LSD test were used to establish
the reliability of the results obtained.

RESULTS AND DISCUSSION

Leaf area duration

On average, over 3 years for Harmonium on
tillage R 25-28, biologics used on the leaf surface
showed a positive effect on the leaf area duration,
in particular, variants 1L and 2L (Table 1). At the
same time, for non—reversible tillage (IR 25-28
and IR 15-18), an increase in the leaf area dura-
tion was provided by inoculation V before sow-
ing, 1L foliar and combined treatment L+1L. At
the same time, the IR 5-8 tillage variant did not
show a statistically significant increase in the leaf
area duration, but only a significant decrease.

For Hemingway, on average, a significant in-
crease in the leaf area duration was recorded in
2020-2022. Thus, only leaf treatments or com-
bined treatments with fertilizing products had a
positive effect on all types of tillage. Inoculation
did not affect the leaf area duration in all tillage
options, except for IR 15-18.

According to the results of the Fisher’s least
significant difference (LSD) analysis, all options
for using fertilizing products except for L and
L+2L were essential for growing Harmonium.
At the same time, tillage options mostly did not
significantly affect the leaf area duration, except
for IR 5-8, which led to a significant decrease in
the indicator. When growing Hemingway, all fer-
tilizer treatment options except for L and V had
a significant impact compared to the control. In-
stead, all tillage options had a significant impact
on the leaf area duration.

Chlorophyll concentration

The concentration of chlorophyll a with tillage
R 25-28 during the cultivation of Harmonium was
higher than the confidence interval of Univariate
Analysis of Variance (p>0.05), however, according
to the LSD test, the difference between the control
and the biofertilizer treatment option V was sig-
nificantly lower than the control during 2020-2022
(Table. 2). A similar situation developed with the
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Table 1. Average leaf area duration by variants in 2020-2022, thousand m?-ha”!, (x£SD)

Hybrid Treatgﬁ?;r‘;ﬁ;igr”: with R 25-28 IR 25-28 IR 15-18 IR 5-8

C 40.5+14.3 40.0£11.2 38.9£10.4 33.7+5.6

1L 45.1£10.9 45.2+10.4 46.7+14.3 37.315.8

2L 44.0£10.4 41.9+9.9 42.11+8.5 38.817.6

\Y 42.4+13.2 46.6+£16.1 43.7+12.0 38.216.6

Harmonium V+1L 43.4+8.3 40.9+£10.0 42.0£9.4 41.617.4
V+2L 40.9+7.7 43.4£13.8 42.6x12.9 35.616.7

L 40.3+10.4 38.0£10.6 40.8+£13.0 37.89.1
L+1L 42.1+£10.9 40.9+11.4 45.8+14.9 40.0+10.8

L+2L 41.047.8 37.548.0 36.618.6 34.5+7.4

Duncan’s Criterion 3.0

C 40.4+11.8 4711174 44.7£15.6 39.5+9.9

1L 46.4+10.6 46.8+11.5 47.9+11.0 43.316.1

2L 48.5+11.7 51.6+15.1 48.7£12.0 45.5+7.3

\Y 43.2+13.1 43.3+13.7 43.3£12.7 40.3+9.1

Hemingway V+1L 45.5+8.6 51.5+14.0 50.2+15.4 44116 .4
V+2L 47.249.7 47.0+8.7 47.319.5 46.5+7.5

L 44 114 .1 42.7£12.6 46.9+£32.3 41.3£10.6

L+1L 46.8+14.1 46.6+8.7 45.7£10.5 45.5+7.9

L+2L 48.9+8.7 48.6+9.2 50.6+16.0 47.1+6.9

Duncan’s Criterion 3.7
Note: x is the average value, SE is the standard error.
Table 2. Chlorophyll concentration in leaves for R 25-28 in 2020-2022, x+SD
Harmonium Hemingway
Variant Concentration Concentration Concentration of | Concentration Concentration Concentration
of chlorophyll a of chlorophyll b | chlorophyll a and | of chlorophyll a of chlorophyll b | of chlorophyll a
pigments, mg I'' | pigments, mg I b, mg I pigments, mg I'' | pigments, mg I and b, mg I
Cc 15.334£1.10 40.74+0.37 56.07+0.79 14.3340.52 41.25+0.23 55.58+0.44
C+1L 14.81+0.85 40.47+0.26 55.28+0.67 11.48+1.42 40.66+0.16 52.15+1.37
C+2L 15.32+0.98 40.59+0.35 55.92+0.66 11.23+1.31 40.89+0.21 52.12+1.23
\Y 11.3622.17 36.83+0.65 48.20+2.80 11.93+1.43 41.59+0.41 53.52+1.06
V+1L 15.57+1.21 41.02+0.42 56.60+0.77 10.99+1.51 40.48+0.33 51.48+1.50
V+2L 13.77+1.81 41.58+0.69 55.36+1.15 12.39%1.55 40.51+0.24 52.91+1.38
L 14.93+0.85 40.68+0.28 55.62+0.67 11.94+1.48 40.55+0.20 52.49+1.32
L+1L 14.97+0.92 40.88+0.31 55.85+0.73 12.11£1.19 41.69+0.41 53.81+0.84
L+2L 17.39+0.81 40.34+0.37 57.73+0.46 12.52+1.16 41.34+0.33 53.86+0.93
%‘;2:32: 3.8 15 3.4 35 1.1 3.4

Note: x is the average value, SE is the standard error.

concentration of chlorophyll b, variant V also had
significantly lower indicators. While for growing
Hemingway, the LSD test did not show any sig-
nificant differences compared to the control.

In 2020-2022, on the IR 25-28 tillage for
the cultivation of Harmonium, two treatment
options with C+2L and V biologics were distin-
guished in comparison with the control (Table 3).

Interestingly, the concentration of chlorophyll a
in these variants increased, while the concentra-
tion of chlorophyll b, on the contrary, decreased.
However, their sum was on par with other op-
tions, and did not have a significant statistical
difference. And when growing Hemingway, the
highest concentration of chlorophyll a in three
years was increased with the use of V+1L, which
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Table 3. Chlorophyll concentration in leaves for IR 25-28 in 2020-2022, x+SD

Harmonium Hemingway
Variant Concentration Concentration Concentration of Concentration Concentration Concentration
of chlorophyll a of chlorophyll b | chlorophyll aand | of chlorophyll a of chlorophyll b | of chlorophyll a
pigments, mg I' | pigments, mg I b, mg I pigments, mg I" | pigments, mg I’ and b, mg I
C 13.29+1.60 40.63+0.40 53.92+1.27 13.19+1.58 40.96+0.47 54.16+1.14
C+1L 12.95+1.28 40.82+0.38 53.78+1.01 13.48+0.81 40.99+0.26 54.48+0.61
C+2L 17.62+0.48 38.63+0.70 56.25+0.69 13.40+1.80 40.92+0.50 54.32+1.33
\ 17.54+1.21 36.93+0.50 54.47+1.65 14.08+1.58 40.97+0.38 55.06+1.22
V+1L 14.80+1.62 40.75+0.49 55.56+1.15 16.98+0.82 40.87+0.44 57.85+0.55
V+2L 13.19+1.64 40.74+0.37 53.93+1.41 14.25+1.61 40.78+0.51 55.04+1.11
L 15.02+1.30 40.48+0.36 55.51+0.97 11.74£1.39 40.64+0.25 52.39+1.28
L+1L 15.01+0.88 40.97+0.30 55.99+0.60 15.16+0.49 40.97+0.18 56.14+0.31
L+2L 15.41+1.53 40.31£0.41 55.73+1.17 14.49+0.28 41.30£0.16 55.80+0.20
Duncan's 38 15 34 35 1.1 3.4

Note: x is the average value, SE is the standard error.

had a positive effect on the concentration of both
chlorophylls, but the concentration of chlorophyll
b in either of the variants was not significantly
higher than the control.

For IR 25-28 tillage in 2020-2022, the con-
centration of chlorophyll a for the cultivation
of Harmonium was lower compared to the con-
trol for all variants except L+1L (Table 1; Table
4). Whereas the concentration of chlorophyll b,
on the contrary, increased in the C+1L, V+IL,
V+2L, and L+2L variants. In general, the concen-
tration of chlorophyll in plant leaves was higher
compared to the control in variants C+1L, C+2L,
V+1L, V+2L, and lower in variant L. A similar
pattern was observed when growing Hemingway
on biologics C+1L, V+1L, V+2L, and L+1L had

significantly lower concentrations of chlorophyll
a compared to the control. While the LSD test
did not show a significant difference between the
control and treatment options using biologics in
any of the options. However, in general, the con-
centrations of chlorophylls @ and b in the C+1L,
V, V+1L, V+2L, L, and L+1L variants were lower
compared to the control.

The concentration of chlorophyll a during
the cultivation of Harmonium with IR 5-8 tillage
was significantly higher compared to the control
on the treatment options with L+1L and L+2L
biologics (Table 5). Whereas the concentration of
chlorophyll 5 was higher than the control variant
for C+1L and L treatments. The total concentra-
tion of both pigments exceeded the control for the

Table 4. Chlorophyll concentration in leaves for IR 1518 in 2020-2022, x+SD

Harmonium Hemingway
Variant Concentration Concentration Concentration of | Concentration Concentration Concentration
of chlorophyll a of chlorophyll b | chlorophyll aand | of chlorophyll a of chlorophyll b | of chlorophyll a
pigments, mg I' | pigments, mg I b, mg I’ pigments, mg I | pigments, mg I and b, mg I'
C 21.70+0.71 38.82+0.26 38.82+0.49 17.31+0.58 40.88+0.43 58.20+0.24
C+1L 15.79+1.30 40.50+0.53 40.50+0.86 13.61+£1.74 41.13+0.53 54.74+1.30
C+2L 12.57+2.31 38.90+0.27 38.90+2.36 17.35%1.13 40.32+0.37 57.68+0.77
\ 18.53+0.44 39.74+0.22 39.74+0.30 14.76+1.04 40.92+0.39 55.69+1.10
V+1L 13.54+1.31 40.93+0.35 40.93+0.97 12.37£1.22 41.41+0.30 53.79+0.95
V+2L 14.48+0.96 41.31£0.35 41.31+0.65 12.73+1.47 41.10£0.41 53.83+1.22
L 14.44+0.63 38.46+0.68 38.46+1.13 14.39+0.46 41.12+0.15 55.52+0.36
L+1L 18.44+0.78 39.74+0.32 39.74+0.54 11.36+0.78 41.44+0.14 52.80+0.74
L+2L 17.57+1.33 41.04+0.42 41.04+1.33 14.5110.31 41.25+0.26 55.76+0.32
%‘;{t‘gﬁgns 3.8 15 3.4 35 1.1 34

Note: x is the average value, SE is the standard error.
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Table 5. Chlorophyll concentration in leaves for IR 5-8 in 2020-2022, x+SD

Harmonium Hemingway
Variant Concentration Concentration | Concentration of | Concentration Concentration | Concentration
of chlorophyll a | of chlorophyll b | chlorophyll a and | of chlorophyll a | of chlorophyll b | of chlorophyll a
pigments, mg I' | pigments, mg I’ b, mg I pigments, mg I'' | pigments, mg I’ and b, mg I
C 12.03+2.07 39.45+1.05 51.49+2.32 14.82+0.67 41.26+0.36 56.09+0.42
C+1L 12.88+1.18 41.76+0.53 54.64+0.79 10.35+1.34 40.18+0.52 50.53+1.53
C+2L 13.40+1.49 41.37+0.58 54.78+1.00 12.40+1.79 40.59+0.43 52.99+1.42
V 12.43+2.08 40.30£0.73 52.74+1.78 15.57+0.96 41.29+0.61 56.86+0.45
V+1L 14.65+1.86 40.19+0.84 54.85+1.24 13.3410.49 41.47+0.20 54.81+0.37
V+2L 13.64+2.08 40.36+0.67 54.00+1.67 10.70+1.61 40.45+0.74 51.16+1.68
L 14.01+1.23 41.82+0.59 55.83+0.74 10.87+1.72 40.34+0.37 51.22+1.74
L+1L 17.93+0.73 40.96+0.48 58.89+0.28 11.20+1.79 40.20+0.44 51.41+1.83
L+2L 18.02+0.86 38.55+1.27 56.58+1.76 10.81%£1.72 40.96+0.24 51.77+1.59
%‘:{t‘gﬁgns 3.8 15 3.4 35 1.1 3.4

Note: x is the average value, SE is the standard error.

L, L+1L and L+2L variants. For Hemingway, a
significant decrease in the concentration of chlo-
rophyll a was observed in the C+1L and V+2L
variants. The concentration of chlorophyll » did
not significantly decrease or increase compared
to the control variant. After the MANOVA analy-
sis, it should be noted that for the cultivation of
Harmonium, tillage and treatment with biologics
significantly affected the concentration of chloro-
phyll a and chlorophylls a and 5 (p>0.05), how-
ever, for chlorophyll b, only treatment with bio-
logics showed a significant effect, and tillage had
no effect (p = 0.09). The lowest values of chloro-
phyll @ and the total value of both chlorophylls
were observed with treatment IR 15-18, and a
similar situation was observed when growing
another hybrid. At the same time, when growing
Hemingway, tillage and treatment with biologics
did not affect chlorophyll b, while this effect was
significant on other indicators.In general, it can
be noted that an increase in the leaf area duration
may effect the treatment with biologics applied on
the leaf. Thus, for Harmonium, with any variant of
tillage, the leaf area duration increased on variants
1L and 2L. And on non-reversible ones (IR 25-28
IR 15-18), an increase in the leaf area duration
was observed over three years when using V, 1L
foliar and combined L+1L treatment. The positive
effect of one or two leaf treatments on all variants
can be explained by the use of a biological product
in critical phases of culture. While the increase in
the leaf area duration during inoculation V can be
explained by the active work of microorganisms

populating due to seed inoculation and the mobi-
lization of macro- and microelements of the soil,
due to the active work of the biota. However,
when growing Hemingway, none of the inocula-
tion variants had a positive effect, except for IR
15-18 and L inoculation.Regarding the correla-
tion of the leaf area duration and the concentration
of the analyzed pigments, the analysis performed
using the Statistica 10.0 Program did not show
any correlation between these indicators. How-
ever, it is worth noting that when cultivating the
soil IR 25-28 and inoculating V before sowing
Harmonium, the leaf area duration of the hybrid
increased, as did the concentration of chlorophyll
a, however, the concentration of chlorophyll 5 de-
creased. A similar result was obtained when treat-
ing IR 15-18, for example, the leaf area duration
of most biological treatment options increased,
and the concentration of chlorophyll a decreased,
however, the concentration of chlorophyll b, on
the contrary, increased. However, when IR 5-8
treatment was applied to the L+1L variant, the
concentration of chlorophyll @ and the sum of both
chlorophylls increased along with the leaf area du-
ration.When growing Hemingway, V + 1L treat-
ment with IR 25-28 tillage resulted in an increase
in the leaf area duration and the concentration of
chlorophyll a and the total concentration of chlo-
rophylls. While when the soil was treated with IR
25-28 and variant V+1L, the leaf area duration
increased, and the concentration of chlorophyll a,
on the contrary, decreased. A similar situation was
observed with the variants 1L and V+2L in IR 5-8
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tillage, while the leaf area duration also increased
and the concentration of chlorophyll @ decreased.

The effect of effective microorganisms con-
tained in biofertilizers on the leaf area duration
and chlorophyll content has been proven by many
scientists. Thus, Iraqi scientists conducted a study
exanining the combined effect of phytohormones
and effective microorganisms on maize plants.
The results showed that the use of biofertilizers
with microorganisms on the leaf led to an in-
crease in the flag leaf, while the chlorophyll con-
tent was positively affected by the option with
application on the leaf and soil inoculation (Kad-
him 2020). Scientists from China studied the ef-
fect of inoculation of Rahnella aquatilis JZ-GX1
depending on its concentration. It was found that
the highest chlorophyll content was achieved at
a concentration of 107 cfu/mL (Li et al., 2021).
At the same time, Brazilian scientists have proven
the positive effect of Azospirillum brasilense on
the chlorophyll content (Silva et al., 2022; Tsyuk
et al., 2022). It is worth noting that Enterobacter
cloacae of the PM23 strain for studying their ef-
fects had a positive effect on the content of the
studied pigments in maize plants, as well as an in-
crease in the leaf surface area for growing on sa-
line soil (Ali et al., 2022). Many similar examples
have been described in studies by Naik (2020).
Moreover, it is worth adding that not only effec-
tive microorganisms affected the obtained indica-
tors of chlorophyll and the leaf area duration, but
also soil treatment. This is confirmed not only by
this study, but also by other research (Sun et al.,
2018; Stepien-Warda 2020).

CONCLUSIONS

In the light of the foregoing, after a detailed
analysis of the data of 2020-2022, it can be con-
cluded that in general, at any tillage, among the
studied ones, an increase in the leaf area dura-
tion was provided for the use of a biological
product on the leaf. Thus, for Harmonium, the
magnification was provided by the 1L and 2L
variants, and for Hemingway 2L. At the same
time, for irreversible tillage during the cultiva-
tion of Harmonium, an increase in the leaf area
duration was observed on variant V, 1L foliar and
combined treatment L+1L. An interesting fact is
that in most cases, an increase in the leaf area
duration led to a decrease in the concentration of
chlorophyll a, but did not lead to a decrease in
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the total concentration of chlorophylls a and b,
due to an increase in the concentration of chloro-
phyll 4. In addition, it is worth adding that treat-
ment with biologics had a significant impact on
the cultivation of both hybrids, but tillage signif-
icantly affected the leaf area duration only when
growing Harmonium. It should be noted that
treatment with biologics and tillage significantly
affected the concentration of chlorophyll a and
chlorophylls a and b, but chlorophyll » was not
affected by tillage. When growing Hemingway,
neither biologics nor tillage had any effect, while
other pigments had a significant effect.

Acknowledgments

We are thankful to the Czech government sup-
port provided by the Ministry of Foreign Affairs
of the Czech Republics, which allowed this scien-
tific cooperation to start within the project “Em-
powering the Future of AgriScience in Ukraine:
AgriSci — UA”.

REFERENCES

1. Ali B., Wang X., Saleem M.H., Hafeez A., Afridi
M.S.,Khan S., Nisa Z.U., Ullah I., do Amaral Junior
A.T., Alatawi A., Ali S. 2022. PGPR-mediated salt
tolerance in maize by modulating plant physiology,
antioxidant defense, compatible solutes accumula-
tion and bio-surfactant producing genes. Plants,
11(3), 345. doi.org/10.3390/ plants11030345

2. Bada M. 2022. Impact of organics and bio—fertil-
izers on growth attributes of maize (Zea mays L.).
Journal of Emerging Technologies and Innovative
Research, 8(11), 145-150.

3. Chaudhary P., Khati P., Chaudhary A., Maithani
D., Kumar G., Sharma A. 2021. Cultivable and
metagenomic approach to study the combined im-
pact of nanogypsum and Pseudomonas taiwanensis
on maize plant health and its rhizospheric microbi-
ome. PLoS One, 16(4), €0250574. doi.org/10.1371/
journal.pone.0250574

4. Datsko O.M., Zakharchenko E.A. 2022. The char-
acteristics of tillage methods under maize cultiva-
tion. Agrarian Innovations, 13, 46-52. https://doi.
org/10.32848/agrar.innov.2022.13.7

5. Dudar LF., Ohorodnyk N.Z., Pavkovych S.Ya.,
Lytvyn O.F., Dudar Ya.l. 2022. Number of soil
bacteria in agrocenose Trifolium pratense depends
on the method its processing. In Multidisciplinary
scientific notes. Theory, history and practice, 37-39.
doi.org/10.46299/1SG.2022.2.6



Journal of Ecological Engineering 2024, 25(5), 156-164

6. Fitriatin B.N., Ambarita D.D.M., Rochimi M. 2021.
The role of rhizobacterial inoculum and formulated
soil amendment in improving soil chemical-biolog-
ical properties, chlorophyll content and agronomic
efficiency of maize under marginal soils. Jordan
Journal of Biological Sciences, 14(3), 601-605.
doi.org/10.54319/jjbs/140329

7. Gao C., El-Sawah A.M., Ali D.F.I., Alhaj Hamoud
Y., Shaghaleh H., Sheteiwy M.S. 2020. The inte-
gration of bio and organic fertilizers improve plant
growth, grain yield, quality and metabolism of hy-
brid maize (Zea mays L.). Agronomy, 10(3), 319.
doi.org/10.3390/agronomy 10030319

8. Hryhoriv Y., Butenko A., Kozak M., Tatarynova
V., Bondarenko O., Nozdrina N., Stavytskyi A.,
Bordun R. 2022. Structure components and yield-
ing capacity of Camelina sativa in Ukraine. Agri-
culture and Forestry, 68(3), 93—102. doi:10.17707/
AgricultForest.68.3.07

9. Hryhoriv Y., Lyshenko M., Butenko A., Nechypo-
renko V., Makarova V., Mikulina M., Bahorka M.,
Tymchuk D.S., Samoshkina I., Torianyk 1. 2023.
Competitiveness and advantages of camelina sativa
on the market of oil crops. Ecological Engineering
& Environmental Technology, 24(4), 97-103. doi.
org/10.12912/27197050/161956

10. Hussain I., Khan A., Akbarm H. 2021. Maize growth
in response to beneficial microbes. Humic acid and
farmyard manure application. Sarhad J. Agric, 37,
1426-1435. https://dx.doi.org/10.17582/journal.
sja/2021/37.4.1426.1435

11. Ilchenko V., Trotsenko V., Zhatova H., Kovalenko I.
2019. Pre—sowing bacterial treatment and chemical
fertilizer application impact on yield capacity and
grain quality of hulless (4vena nuda L.) and hulled
oats (4Avena sativa L.). Journal of Central Europe-
an Agriculture, 20(3), 866—875. doi.org/10.5513/
JCEA01/20.3.2296

12.Jalal A., Azeem K., Teixeira Filho M.C.M., Khan
A. 2020. Enhancing soil properties and maize yield
through organic and inorganic nitrogen and diazo-
trophic bacteria. Sustainable crop production. In M.
Fujita, T. Assis Rodrigues Nogueira M. Hasanuz-
zaman M. Carvalho Minhoto Teixeira Filho (Eds.),
Sustainable Crop Production, 165—-178. IntechO-
pen. doi.org/10.5772/intechopen.92032

13. Kadhim S.H. 2020. Growth and development for
maize (Zea mays) as influenced by kinetin and em.
Journal of Advanced Agricultural Technologies,
7(2), 43-46. doi.org/10.18178/joaat.7.2.43-46

14. Karbivska U., Butenko A., Kozak M., Filon V., Ba-
horka M., Yurchenko N., Pshychenko, O., Kyryl-
chuk, K., Kharchenko, S., Kovalenko I. 2023. Dy-
namics of productivity of leguminous plant groups
during long-term use on different nutritional back-
grounds. Journal of Ecological Engineering, 24(6),

190-196. doi.org/10.12911/22998993/162778

15. Karbivska U., Kurgak V., Gamayunova V., Butenko
A., Malynka L., Kovalenko I., Onychko V., Ma-
syk 1., Chyrva A., Zakharchenko E., Tkachenko
0., Pshychenko O. 2020. Productivity and qual-
ity of diverse ripe pasture grass fodder depends on
the method of soil cultivation. Acta Agrobotanica,
73(3), 1-11. doi.org/10.5586/aa.7334

16. Karpenko O., Butenko Y., Rozhko V., Sykalo O.,
Chernega T., Kustovska A., Onychko V., Tymchuk
D.S., Filon V., Novikova A. 2022. Influence of agri-
cultural systems on microbiological transformation
of organic matter in wheat winter crops on typical
black soils. Journal of Ecological Engineering, 23(9),
181-186. doi.org/10.12911/22998993/151885

17. Kerubo F.N., Okello S.V., Oluko P.S. 2021. Effec-
tive microorganism effect on the growth and yield
of spider plant (Cleome gynandra L.). Journal of
Agriculture and Veterinary Science, 14(11), 45-56.
doi.org/10.9790/2380-1411024556

18.Khanna R., Pawar J., Gupta S., Verma H., Trivedi
H., Kumar P., Kumar, R. 2019. Efficiency of bio-
fertilizers in increasing the production potential of
cereals and pulses: A review. Journal of Pharmacog-
nosy and Phytochemistry, 8(2), 183—188.

19.Kots S.Y., Rybachenko L.I., Khrapova A.V., Ku-
kol K.P., Rybachenko O.R., Khomenko Y.O. 2022.
Composition of pigment complex in leaves of soy-
bean plants, inoculated by Bradyrhizobium japoni-
cum, subject to metal nanocarboxylates and vari-
ous—levels of water supply. Biosystems Diversity,
30(1), 80—87. doi.org/10.15421/012208

20. Kovalenko V., Kovalenko N., Gamayunova V., Bu-
tenkoA., Kabanets V., Salatenko I., Vandyk, M. 2024,
Ecological and technological evaluation of the nutri-
tion of perennial legumes and their effectiveness for
animals. Journal of Ecological Engineering, 25(4),
294-304. doi.org/10.12911/22998993/185219

21.Li G.E., Kong W.L., Wu X.Q., Ma S.B. 2021.
Phytase—Producing Rahnella aquatilis JZ-GX1
Promotes Seed Germination and Growth in Corn
(Zea mays L.). Microorganisms, 9(8), 1647. doi.
org/10.3390/microorganisms9081647

22. Malynovska I., Borko Yu. 2021. Influence of agro—
technical measures on chlorophyll activity of soy-
bean plants. Visnyk agrarnoi nauky, 2(815), 19-25.
doi.org/10.31073/agrovisnyk202102—-03

23.Naik K., Mishra S., Srichandan H., Singh P.K.,
Choudhary A. 2020. Microbial formulation and
growth of cereals, pulses, oilseeds and vegetable
crops. Sustain Environ Res, 30(10). doi.org/10.1186/
s42834-020-00051—x

24. Palamarchuk V.D. 2019. Root fertilizing influence
on the chlorophyll contents in maize hybrids in the
different groups of maturity. Silske hospodarstvo ta
lisivnytstvo: zb. nauk. pr. VNAU, 14, 43-53.

163



Journal of Ecological Engineering 2024, 25(5), 156-164

25. Pohromska Ya.A. 2019. The microbiological activ-
ity of chernozem ordinary depending on the tech-
nological load of the soil. Visnyk Umanskogo nat-
sionalnoho universytetu sadivnytstva, 2, 33—38. doi.
org/10.31395/2310-0478-2019-2-33-38

26. Pysarenko P.V., Biliaieva .M., Piliarskyi V.H., Pil-
iarska O.0. 2015. Photosynthetic potential of corn
plants depending on growing conditions. Myro-
nivskyi Visnyk, (1), 243-251.

27.Radchenko M., Trotsenko V., Butenko A., Masyk
1., Bakumenko O., Butenko S., Dubovyk O., Miku-
lina M. 2023. Peculiarities of forming productivity
and quality of soft spring wheat varieties. Agricul-
ture and Forestry, 69(4), 19-30. doi.org/10.17707/
AgricultForest.69.4.02

28.Raymond N.S., Gémez Muiioz B., Bom F.J., Ny-
broe O., Jensen L.S., Miiller Stover D.S., Oberson
A., Richardson A.E. 2021. Phosphate-solubilising
microorganisms for improved crop productivity: a
critical assessment. New Phytologist, 229(3), 1268—
1277. doi.org/10.1111/nph.16924

29.Rieznik S., Havva D., Butenko A., Novosad K.
2021. Biological activity of chernozems typical of
different farming practices. Agraarteadus, 32(2),
307-313. doi.org/10.15159/jas.21.34.

30. Savchuk M., Lisovyi M., Taran O., Chechenieva T.,
Starodub M. 2018. Influence of presowing treatment
with nanocomposites upon photosynthetic apparatus
of hybrid of corn. Visnyk Agrarnoi Nauky, 5(782),
32-35. doi.org/10.31073/agrovisnyk201805-05

31. Shelest M., Kalnaguz A., Datsko O., Zakharchen-
ko E., Zubko V. 2023. System of pre-sowing seed
inoculation. Scientific Horizons, 26(7), 140-148.
doi.org/10.48077/scihor7.2023.140

32.Silva P.S.T., Cassiolato A.M.R., Galindo F.S., Ja-
lal A., Nogueira T.A.R., Oliveira, C.E.D.S., Fil-
ho M.C.M.T. 2022. Azospirillum brasilense and
zinc rates effect on fungal root colonization and
yield of wheat-maize in tropical Savannah con-
ditions. Plants, 11(22), 3154. doi.org/10.3390/
plants11223154

33.Sousa S.M., Oliveira C.A., Andrade D.L., Car-
valho C.G., Ribeiro V.P., Pastina M.M., Marriel
LE., Paula Lana U.G., Gomes E.A. 2021. Tropical

164

Bacillus strains inoculation enhances maize root
surface area, dry weight, nutrient uptake and grain
yield. Journal of Plant Growth Regulation, 40(2),
867-877. doi.org/10.1007/s00344-020-10146-9

34. Stepien—Warda A. 2020. Effect of soil cultivation
system on the efficiency of the photosynthetic ap-
paratus in maize leaves (Zea mays L.). Polish Jour-
nal of Agronomy, 43, 57-62. doi.org/10.26114/pja.
iung.445.2020.43.05

35.Sun J., Gao J., Wang Z., Hu S., Zhang F., Bao H.,
Fan Y. 2018. Maize canopy photosynthetic effi-
ciency, plant growth, and yield responses to till-
age depth. Agronomy, 9(1), 3. doi.org/10.3390/
agronomy9010003

36. Talaat N.B. 2019. Effective microorganisms: An in-
novative tool for inducing common bean (Phaseolus
vulgaris L.) salt-tolerance by regulating photosyn-
thetic rate and endogenous phytohormones pro-
duction. Scientia Horticulturae, 250, 254-265. doi.
org/10.1016/j.scienta.2019.02.052

37. Trotsenko V., Kabanets V., Yatsenko V., Kolosok 1.
2020. Models of sunflower productivity formation and
their efficiency in the conditions of the north-eastern
Forest-Steppe of Ukraine. Bulletin of Sumy National
Agrarian University. The Series: Agronomy and Biol-
ogy, 40(2), 72-78. doi.org/10.32782/agrobio.2020.2.9

38. Tsyuk O., Tkachenko M., Butenko A., Mishchenko
Y., Kondratiuk L., Litvinov D., Tsiuk Y., Sleptsov Y.
2022. Changes in the nitrogen compound transfor-
mation processes of typical chernozem depending

on the tillage systems and fertilizers. Agraarteadus,
33(1), 192-198. doi.org /10.15159/jas.22.23.

39. Zabolotna A.V., Zabolotnyi O.I., Rozborska L.V.,
Zhilyak 1.D., Datsenko A.A. 2021. Vmist pihmen-
tiv i chysta produktyvnist fotosyntezu kukurudzy
za vykorystannia rehuliatoriv rostu roslyn. Bul-
letin of Sumy National Agrarian University. The
series: Agronomy and Biology, 46(4), 9—-15. doi.
org/10.32845/agrobio.2021.4.2

40. Zakharchenko E., Datsko O., Mishchenko Y., Mel-
nyk A., Kriuchko L., Rieznik S., Hotvianska A.
2023. Efficiency of biofertilizers when growing corn
for grain. Modern Phytomorphology, 17, 50-56.
doi.org/10.5281/zenodo.7966053



