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INTRODUCTION

In modern agricultural practices the usage 
of fertilizer products has become indispens-
able to enhance crop productivity and meet the 
ever–growing global food demand [Mishchenko 
et al., 2022]. Corn (Zea mays) among the various 
agricultural crops is very important both in eco-
nomical and nutritional roles [Radchenko et al., 
2024a]. The quality of corn is determined by its 
starch, oil, protein, and ash content. It`s not only 
influences its nutritional value but also affects its 
applicability in various industrial processes [de 
Matos Nascimento et al., 2020].

Fertilizer application plays a pivotal role in 
optimizing crop yield and quality by providing es-
sential nutrients necessary for plant growth and de-
velopment [Ramírez–Silva et al., 2022; Zakharch-
enko et al., 2024; Radchenko et al., 2024b]. The 

characteristics of corn’s quality are crucial to both 
industry and human life. For example, starch con-
tent affects its use in food and ethanol production 
[Hoang and Nghiem, 2021; Pylypchenko et al., 
2023]. Oil content relevant for cooking oil and 
biodiesel production [Wang et al., 2023; Kolisnyk 
et al., 2024]. Ash content indicative of mineral and 
nutrient buildup and protein content necessary for 
animal feed [Loy and Lundy, 2019] together define 
the overall usefulness of a substance. However, the 
influence of biofertilizer on these attributes is com-
plex, affected by factors such as soil type, climate, 
hybrid or variety, and application rates [Hryhoriv 
et al., 2021; Radchenko and Pshychenko, 2022; 
Lopushniak et al., 2022; Shelest et al., 2023].

The goal of this paper is to explore the im-
pact of biological fertilizer products Leanum (L) 
and Vitamin O7 (V) on the quality of corn grain 
under different soil tillage.
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MATERIAL AND METHODS

Research conditions

The study was carried out between 2020 and 
2022 in the Sumy National Agrarian University’s 
experimental field. The research plots’ soil was 
a typical chernozem, which is described as low-
humus, medium-loam soil with a medium-content, 
high P and K-content, pH (H2O) – 6.23. Figure 1 
depicts the weather patterns for the three vegeta-
tive seasons. Each year’s previous crop was winter 
wheat. The soil was prepared before the sowing by 
cultivating it to a depth of 10 to 12 cm. Corn hybrid 
– Harmonium (FAO 380) from Euralis. 

Experiment factors

The study that was carried out was a two-
factor experiment. Factor A involves the soil till-
age: (1) Traditional (reversible tillage) – plowing 
to a depth of 25–28 cm (R 25–28) as a control; 
(2) Irreversible tillage to a depth of 25–28 cm 
(IR 25–28) – using flat–cutting technique; (3) 
Irreversible tillage to a depth of 15–18 cm (IR 
15–18) – disking method; (4) Irreversible tillage 
to a depth of 5–8 cm (IR 5–8) – using disking 
approach. Factor B – Inoculation with fertil-
izer products L and V and foliar treatment us-
ing L during critical growth stages V5 and V12. 
Therefore, the variations are: (C) – no treatment; 
(C+1L) – with a single foliar application of L; 
(C+2L) – with two foliar applications of L; (L) 
– L inoculation before sowing; (L+1L) – inocu-
lation with L and a single foliar application of L; 
(L+2L) – inoculation with L and two foliar ap-
plications of L; (V) – V inoculation before sow-
ing; (V+1L) – inoculation with V and a single 

foliar application of L; (V+2L) – inoculation 
with V and two foliar applications of L.

Sample selection and analyzing

Ten cobs were chosen from each variant in 
three replicates for the examination of maize 
grain using qualitative indicators. The samples 
were then examined using SupNIR–270 for pro-
tein, oil, starch, ash, and cellulose content after 
the cobs had been peeled.

Statistical analysis

To perform the statistical analysis, Statistica 
10.0 (StatSoft Inc., Tulsa, USA) software was 
used for MANOVA.

RESULTS AND DISCUSSION

According to the findings of the three–year 
study, plowing to a depth of 25–28 cm and apply-
ing the treatment C+2L improved the protein con-
tent of Harmonium cultivation (Table 1). On the 
other hand, after disking to a depth of 5–8 cm and 
treating it with C+1L and V inoculation, its content 
increased. Other variations either kept the protein 
content within normal ranges or had much lower 
protein contents than the control. Only with disk-
ing to a depth of 5–8 cm and the combination treat-
ment L+1L did the oil content of maize grain rise. 
Under plowing to a depth of 25–28 cm, with the 
combined treatments V+2L and L+1L, the maxi-
mum starch concentration in maize grain was dis-
covered. The combination treatment L+2L dem-
onstrated this effect in the flat–cutting treatment 
at a depth of 25–28 cm. Other variants either had 
content that was significantly less than the control 
variant or that was on the same level with it, with no 
discernible change. Simultaneously, variants C+2L, 
L, and L+2L showed an increase in ash content as a 
result of plowing to a depth of 25–28 cm. Notably, 
even with the disking treatment at a depth of 5–8 cm, 
the combination treatment L+ 2L also caused an in-
crease in ash content. However, no variety showed 
an increase in cellulose content; instead, the only ap-
parent trends were large decreases.

There have already been some researchers in-
vestigating into how biofertilizers and soil tillage 
affect the yield quality of maize. For example, Niu 
et al. [2023] at Ali–Perudic Argosols soil investi-
gated that the use of traditional tillage (plowing) 

Figure 1. Climatic conditions during the corn 
planting period in 2020–2022, with columns 

for temperature and lines for precipitation 
(Datsko and Zakharchenko, 2023)
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has a positive effect on the moisture content of 
the soil, and this, in turn, is positively correlated 
with the protein content of corn grains. Similar 
results were also obtained by Resul et al. [2022]. 
In response, researchers from Romania found 

that chisel cultivation to a depth of 18–20 cm had 
the greatest impact on the quality of the yield on 
chernozem soils [Partal et al., 2023].

The effects of fertilizer products on the yield 
quality of maize have already been studied. For 

Table 1. Qualitative indicators of the Harmonium hybrid in 2020–2022, (x±SD)
Soil tillage Biofertilizer Protein, % Oil, % Starch, % Ash, % Cellulose, %

R 25–28

C 7.71±0.23a 4.00±0.13a 73.65±1.70a 1.94±0.08a 3.59±0.08a

C+1L 8.17±0.19a 4.15±0.10a 74.82±3.48a 2.01±0.06a 3.68±0.16a

C+2L 8.29±0.14c 4.00±0.07a 75.02±1.95a 2.07±0.13c 3.71±0.07a

V 6.38±0.11b 3.64±0.19b 76.39±2.67a 1.63±0.03b 3.85±0.12a

V+1L 7.22±0.58a 3.69±0.17b 74.81±1.43a 1.75±0.09b 3.73±0.10a

V+2L 7.15±0.27b 4.14±0.18a 78.22±4.16c 1.85±0.18a 3.75±0.26a

L 7.69±0.27a 3.95±0.22a 69.92±1.86b 2.08±0.08c 3.54±0.13a

L+1L 7.63±0.29a 4.05±0.25a 76.53±4.89c 1.93±0.26a 3.69±0.19a

L+2L 7.74±0.23a 4.10±0.30a 75.80±2.75a 2.16±0.12c 3.78±0.17a

IR 25–28

C 6.87±0.36b 3.75±0.11b 73.08±2.23a 1.67±0.10b 3.23±0.33b

C+1L 7.58±0.26a 3.81±0.14a 76.37±1.76a 1.69±0.06b 3.24±0.23b

C+2L 7.87±0.33a 3.73±0.25b 76.14±3.28a 1.69±0.06b 3.41±0.33a

V 8.42±0.28c 3.38±0.23b 69.78±3.32b 1.94±0.06a 3.26±0.16b

V+1L 7.54±0.55a 3.97±0.25a 75.98±5.29a 1.71±0.07b 3.46±0.45a

V+2L 7.66±0.27a 4.08±0.16a 75.21±1.89a 1.75±0.03b 3.63±0.44a

L 7.55±0.64a 3.70±0.34b 72.37±2.49a 2.01±0.39a 3.43±0.09a

L+1L 7.31±0.32a 3.94±0.16a 74.41±2.48a 1.80±0.09b 3.25±0.22b

L+2L 7.60±0.20a 4.09±0.10a 77.47±3.72c 1.87±0.05a 3.39±0.29a

IR 15–18

C 7.36±1.30a 3.36±0.09b 68.52±3.15b 1.65±0.06b 2.99±0.23b

C+1L 7.63±0.54a 3.38±0.09b 70.12±2.01b 1.57±0.03b 2.94±0.19b

C+2L 7.52±0.64a 3.32±0.19b 71.12±2.02a 1.41±0.07b 3.00±0.34b

V 7.82±0.31a 3.46±0.56b 65.86±5.25b 1.65±0.08b 2.90±0.17b

V+1L 6.89±0.58b 3.49±0.17b 72.60±2.79a 1.33±0.14b 3.13±0.39b

V+2L 7.44±0.30a 3.64±0.13b 71.06±2.25a 1.55±0.03b 3.18±0.47b

L 6.98±0.73b 3.65±0.58b 70.06±2.67b 1.57±0.15b 3.05±0.06b

L+1L 6.81±0.47b 3.73±0.30b 70.86±2.16b 1.51±0.03b 2.95±0.17b

L+2L 7.66±0.85a 3.99±0.33a 72.92±1.42a 1.79±0.13b 3.30±0.07b

IR 5–8

C 7.34±0.29a 3.73±0.08b 73.40±2.01a 1.69±0.03b 3.37±0.54a

C+1L 8.25±0.41c 3.82±0.07a 72.92±2.53a 1.89±0.07a 3.09±0.26b

C+2L 7.70±0.64a 4.13±0.57a 75.37±3.12a 1.83±0.12a 3.65±0.08a

V 8.50±1.36c 3.48±0.07b 73.38±3.14a 1.96±0.19a 3.14±0.24b

V+1L 7.99±0.95a 3.27±0.06b 71.51±5.03a 1.73±0.28b 3.15±0.40b

V+2L 6.97±0.18b 3.82±0.16a 75.53±3.38a 1.39±0.15b 3.08±0.31b

L 7.52±0.30a 4.02±0.22a 74.67±2.09a 1.55±0.03b 3.33±0.39a

L+1L 7.96±0.57a 4.28±0.28c 74.60±2.16a 1.99±0.09a 3.67±0.50a

L+2L 7.69±0.36a 4.19±0.21a 74.26±2.12a 2.14±0.06c 3.72±0.44a
ptillage < 0.05

pbiofertilizer < 0.05
ptillage+biofertilizer < 

0.05

ptillage < 0.05
pbiofertilizer < 0.05
ptillage+biofertilizer < 

0.05

ptillage < 0.05
pbiofertilizer < 0.05
ptillage+biofertilizer < 

0.05

ptillage < 0.05
pbiofertilizer < 0.05
ptillage+biofertilizer < 

0.05

ptillage < 0.05
pbiofertilizer < 0.05
ptillage+biofertilizer < 

0.05

Note: x – mean value; SD – standard deviation; p – confidence level of the criterion; abc – LSD05 of the studied 
variants compared to the control according to Fisher’s criterion
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instance, research has shown that Rhizobium le-
guminosarum has a considerable impact on the 
starch and protein content of grains [Santoyo et 
al., 2021]. Other researches, like Pereira et al. 
[2023] and Mondal et al. [2020], have also con-
firmed that the inoculation causes an increase in 
the content of the grain quality components.

CONCLUSIONS

The results of the data analysis show that, with 
only a few exceptions where multiple indications 
significantly increase, the content of one indicator 
reduces as the value of another indicator grows. 
For instance, the C+2L treatment’s raw material 
protein and ash contents significantly increased 
when the plowing was done to a depth of 25–28 
cm. However, after disking to a depth of 5–8 cm 
and inoculating with V the protein content signifi-
cantly raised but the oil content fell.

REFERENCES

1.	 Datsko O.M., Zakharchenko E.A. 2023. Activity of 
cellulose–decomposing bacteria under different soil 
tillage and pre–sowing inoculation of corn. Bulletin 
of Sumy National Agrarian University. The Series: 
Agronomy and Biology, 51(1), 28–36. https://doi.
org/10.32782/agrobio.2023.1.4

2.	 de Matos Nascimento A., Maciel A.M., Silva J.B.G., 
Mendonça H.V., de Paula V.R., Otenio, M.H. 2020. 
Biofertilizer application on corn (Zea mays) increas-
es the productivity and quality of the crop with-
out causing environmental damage. Water, Air & 
Soil Pollution, 231, 1–10. https://doi.org/10.1007/
s11270–020–04778–6 

3.	 Hoang T.–D., Nghiem N. 2021. Recent develop-
ments and current status of commercial production 
of fuel ethanol. Fermentation, 7(4), 314. https://doi.
org/10.3390/fermentation7040314

4.	 Hryhoriv Y., Nechyporenko V., Butenko A., Ly-
shenko M., Kozak M., Onopriienko I., Shumkova 
O., Shumkova V., Kriuchko L. 2022. Economic ef-
ficiency of sweet corn growing with nutrition op-
timization. Journal of Agricultural Science 1(33), 
81–87. https://doi.org/10.15159/jas.22.07 

5.	 Kolisnyk O., Yakovets L., Amons S., Butenko 
A., Onychko V., Tykhonova O., Hotvianska 
A., Kravchenko N., Vereshchahin I., Yatsenko 
V. 2024. Simulation of high–product soy crops 
based on the application of foliar fertilization 
in the conditions of the right bank of the For-
est Steppe of Ukraine. Ecological Engineering & 

Environmental Technology, 25(7), 234–243. https://
doi.org/10.12912/27197050/188638

6.	 Lopushniak V., Hrytsuliak H., Polutrenko M., 
Lopushniak H., Voloshyn Y., Kotsyubynska, Y.,  Ba-
ran B. 2022. Model of biomass productivity under 
the influence of change in the phytotoxicity of pod-
zol soil due to reintroduction of sewage sludge under 
energy willow. Journal of Ecological Engineering, 
23(12). https://doi.org/10.12911/22998993/154773 

7.	 Loy D.D., Lundy E.L. 2019. Nutritional Properties 
and Feeding Value of Corn and Its Coproducts. In 
Corn. AACC International Press, 633–659. https://
doi.org/10.1016/B978–0–12–811971–6.00023–1 

8.	 Mishchenko Y., Kovalenko I., Butenko A., Danko 
Y., Trotsenko V., Masyk I., Zakharchenko E., Ho-
tvianska A., Kyrsanova G., Datsko O. 2022. Post–
harvest siderates and soil hardness. Ecological 
Engineering & Environmental Technology, 23(3), 
54–63. https://doi.org/10.12912/27197050/147148 

9.	 Mondal S., Halder S.K., Yadav A.N., Mondal 
K.C. 2020. Microbial Consortium with Multi-
functional Plant Growth–Promoting Attributes: 
Future Perspective in Agriculture. Advances in 
Plant Microbiome and Sustainable Agriculture. 
Microorganisms for Sustainability, 20. Spring-
er, Singapore. https://doi–org.infozdroje.czu.
cz/10.1007/978–981–15–3204–7_10

10.	Niu L., Qin W., You Y., Mo Q., Pan J., Tian L., Xu 
G., Chen C., Li Z. 2023. Effects of precipitation 
variability and conservation tillage on soil mois-
ture, yield and quality of silage maize. Frontiers in 
Sustainable Food Systems, 7, 1198649. https://doi.
org/10.3389/fsufs.2023.1198649 

11.	Partal E., Oltenacu C.V., Paraschivu M., Cotuna O., 
Dima M., Contescu E.L. 2023. Effects of different soil 
tillage on soil moisture, weed control, yield and qual-
ity of maize (Zea mays L.). Romanian Agricultural 
Research, 40, 1–8. https://doi.org/10.59665/rar4044 

12.	Pereira J.F., Oliveira A.L.M., Sartori D., Yamashita 
F., Mali S. 2023. Perspectives on the use of bio-
polymeric matrices as carriers for plant–growth 
promoting bacteria in agricultural systems. Mi-
croorganisms, 11(2), 467. https://doi.org/10.3390/
microorganisms11020467

13.	Pylypchenko A., Marenych M., Hanhur V., Se-
menov A., Sakhno T., Ponomarenko S., Karpuk L., 
Rozhkov A. 2023. Formation of the quality indi-
cators of hemp (Cannabis sativa L.) seeds sown 
under organic growing technology. Journal of Eco-
logical Engineering, 24(8), 218–227. https://doi.
org/10.12911/22998993/166388

14.	Radchenko M., Kabanets V., Sobko M., Murach O., 
Butenko A., Pivtoraiko V., Burko L. & Skydan M. 
2024b. Formation of productivity and grain quality 
of peas depending on plant growth regulator. Ag-
riculture and Forestry, 70(2), 135–148. https://doi.



167

Ecological Engineering & Environmental Technology 2024, 25(11), 163–167

org/10.17707/AgricultForest.70.2.10
15.	Radchenko M., Trotsenko V., Butenko A., Hotvian-

ska A., Gulenko O., Nozdrina N., Karpenko O., 
Rozhko V. 2024a. Influence of seeding rate on the 
productivity and quality of soft spring wheat grain. 
Agriculture and Forestry, 70(1), 91–103 https://doi.
org/10.17707/AgricultForest. 70.1.06

16.	Radchenko M.V., Pshychenko O.I. 2022. Influ-
ence of varieties and mineral fertilization on 
growth and development of spring barley under 
conditions of the North–Eastern part of the For-
est Steppe of Ukraine. Bulletin of Sumy National 
Agrarian University. The Series: Agronomy and 
Biology, 46(4), 55–61. https://doi.org/10.32845/
agrobio.2021.4.8

17.	Ramírez–Silva J.H., Lozano–Contreras M.G. and 
Ramírez–Jaramillo G. 2022. Biomass and harvest 
index of two quality protein corn varieties with bio–
fertilization in two Luvisols of Yucatan, Mexico. 
Open Access Library Journal, 9(6), 1–13. https://
doi.org/10.4236/oalib.1108755 

18.	Resul M.U.T., Şeker C., Negiş H. 2022. Effective-
ness of conventional and minimized tillage prac-
tices on soil quality properties and maize yield 

attributes. Selcuk Journal of Agriculture and Food 
Sciences, 36(3), 438–446. https://doi.org/10.15316/
SJAFS.2022.058 

19.	Santoyo G., Gamalero E., Glick B.R. 2021. Mycor-
rhizal–bacterial amelioration of plant abiotic and bi-
otic stress. Frontiers in Sustainable Food Systems, 5, 
672881. https://doi.org/10.3389/fsufs.2021.672881

20.	Shelest M., Kalnaguz A., Datsko O., Zakharchen-
ko E., Zubko V. 2023. System of pre-sowing seed 
inoculation. Scientific Horizons, 26(7), 140–148.

21.	Wang J., Huang Z., Jiang Q., Roubík H., Xu Q., Cai 
M., Yang K., Sun P. 2023. Fungal solid–state fer-
mentation of crops and their by–products to obtain 
protein resources: The next frontier of food industry. 
Trends in Food Science & Technology. https://doi.
org/10.1016/j.tifs.2023.06.020

22.	Zakharchenko E., Datsko O., Butenko S., Mish-
chenko Y., Bakumenko O., Prasol V., Dudka 
A., Tymchuk N., Leshchenko D., Novikova A. 
2024. The influence of organic growing of maize 
hybrids on the formation of leaf surface area 
and chlorophyl concentration. Journal of Eco-
logical Engineering, 25(5), 156–164. https://doi.
org/10.12911/22998993/186162


