
Ukrainian Journal of Ecology 
Ukrainian Journal of Ecology, 2021, 11(7), 204-211, doi: 10.15421/2021_260 

 

 

Ukrainian Journal of Ecology,2021, 11(4) ,,doi:  10.15421/2021_ 

 

 

 

 

 

ORIGINAL ARTICLE 

 

Modeling of hybrid cultivation technology corn to ensure energy 

efficiency for sustainable rural development 
V. Palamarchuk, I. Honcharuk, N. Telekalo*, V. Krychkovskyi, I. Kupchuk, M. Mordvaniuk 

Vinnytsia National Agrarian University, Soniachna Street 3, UA21008, Vinnytsia, Ukraine 

*Corresponding author E-mail: nataliiatelekalo@gmail.com 

Received: 23.08.2021. Accepted: 28.09.2021. 

 
The research results were obtained during the scientific work. Development of the concept of energy security and energy efficiency 

as priority areas for sustainable development of rural areas (state registration number 0121U109443), which is carried out at the 

expense of the general fund of the state budget (deadline: 2021-2022). It is established that taking into account the dependence of 

the manifestation of economically valuable traits in maize hybrids will effectively select maize hybrids with the necessary 

parameters, in this case for the production of alternative energy sources and create adaptive elements of technology for their 

cultivation. The use of cluster analysis allows us to approach the solution of the difficult problem of increasing the efficiency of the 

correct selection of hybrids and elements of technology to obtain the maximum yield of bioethanol per unit area of maize hybrids. 

Based on the results of the cluster analysis, a dendrogram of grouping into classes was created using the single relationship 

method. Clustering of the studied hybrids on a set of economically valuable traits allows to draw conclusions about the 

recommendations for the technology of their cultivation and the creation of algorithms and mechanisms for predicting the level of 

productivity based on predicting the response rate of plants and their growth and development and will effectively select corn 

hybrids. types of energy. Studies have established the dependence of bioethanol yield on maturity groups of hybrids, their varietal 

characteristics, elements of technology (sowing dates, foliar fertilization and depth of seed wrapping and the size of its fraction). The 

yield of bioethanol in the group of early-maturing hybrids was 3,131 thousand l/ha, medium-early-3,551 thousand l/ha and medium-

ripe-4,139 thousand l/ha. 
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Introduction 
Grain production in Ukraine is the basis of agriculture and a strategic sector for the state (Palamarchuk and Telekalo, 2018; Mazur et 

al., 2020а; Mazur et al., 2020b). Due to the favorable geographical location, favorable natural and climatic conditions in our country, 

there are objective prerequisites for successful cultivation of corn (Palamarchuk et al., 2018a; Palamarchuk and Kovalenko, 2018a; 

Palamarchuk and Kovalenko, 2018b; Palamarchuk and Kovalenko, 2019a; Palamarchuk and Kovalenko, 2019b; Palamarchuk et al., 

2021). 

Corn is one of the most profitable crops, which requires considerable resources in its production. It has huge potential for record 

grain yields. But this becomes a reality only with the cultivation technology that meets the biological characteristics of the plant and 

provides for adjustment of sowing dates, optimal supply of nutrients, the use of the latest hybrids and quality seeds (Palamarchuk, 

2018a; Palamarchuk, 2018b; Palamarchuk and Telekalo, 2021). 

Bioethanol is traditionally made by fermenting corn kernels, sugar cane and beet molasses. Various statements of domestic and 

foreign scientists on certain issues of technologies for growing and processing corn for bioethanol, confirm the relevance and need 

for further research on this issue, so work in this direction is quite relevant and promising (Kaletnik et al., 2019; Kaletnik et al., 

2020a; Kaletnik et al., 2020b; Kaletnik et al., 2020c). 

The use of biofuels and other renewable energy sources is considered and discussed primarily in the context of environmental 

protection and the desire; Kupchuk et al., 2020; Telekalo and Melnyk, 2020e; Honcharuk et al., 2021; Telekalo and Mordvanyuk, 

2021). 

In Europe, the main sources of raw mate to guarantee conditions for sustainable regional and local development (Kupchuk et al., 

2018; Didur et al., 2020a; Didur et al., 2020b rials for bioethanol are sugar beets, wheat and corn, their total yield, sugar and starch 

content, as well as the yield of alcohol determine the suitability of these crops for bioethanol production. In the United States, about 

40% of the corn crop is processed to produce corn ethanol (Palamarchuk et al., 2009; Palamarchuk et al., 2010; Palamarchuk et al., 

2011; Palamarchuk et al., 2012; Palamarchuk et al., 2013; Palamarchuk et al., 2015; Telekalo, 2017a; Telekalo, 2017b; 

Palamarchuk et al., 2018c; Palamarchuk et al., 2018d; Polishchuk et al., 2018; Telekalo, 2018a; Telekalo, 2018a; Palamarchuk et 

al., 2019; Telekalo and Blah et al., 2019; Telekalo, 2019a; Telekalo, 2019b; Telekalo and Melnyk, 2020c; Telekalo and Melnyk, 

2020d; Telekalo and Blah et al., 2020). 

Currently, the increase in the yield of corn hybrids can be achieved, namely, by increasing the mass of corn from the cob, 

particularly taking into account the laying of generative organs and elements of the harvest structure in the early stages of plant 

development (5-9 leaves), where the competitive relationship between them is not represented so brightly. Applying foliar fertilizers 

during this period will allow to optimize the processes of formation of generative organs in maize plants, so research in this area is 

relevant and promising. Yield is the result of the relationship of plants to terrestrial and cosmic factors (Mazur et al., 2017a; Mazur et 

al., 2017b; Telekalo and Blah et al., 2017; Mazur et al., 2018; Telekalo et al., 2019; Mazur et al., 2020a; Mazur et al., 2020b; Mazur 

et al., 2021;). It shows how effective or ineffective a particular element of technology has turned out to be. The number of rows of 
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grains, the number of cobs per plant, the size of the cob, the number of grains per row, the weight of 1000 grains, the yield of grains 

from a cob and the number of plants per area unit are the elements of corn yield structure (Yanovich, et al., 2017; Yanovich, et al., 

2018; Telekalo and Melnyk, 2020a; Telekalo and Melnyk, 2020b; Tkachuk and Telekalo, 2020). The number of rows of grains is a 

genetically determined feature and does not have a noticeable effect on plant productivity, since any change can be compensated, 

both by the indicator of "number of grains in a row" and by their weight. The number of rows per cob is usually constant until the 

number of plants per m
2
 exceeds about 14. 

 

Materials and Methods 
Field research was carried out during on the research field of the Department of Plant Cultivation, Breeding and Bioenergy Crops of 

Vinnytsia National Agrarian University of Ukraine under conditions of the right-bank Forest-Steppe. Field experiments were carried 

out in accordance with the guidelines presented in the Methodology of Field Experiments in Corn (Tandzi and Mutengwa, 2020; 

Tucker et al., 2020). Hybrids of domestic selection (Kharkivskyi 195MV and Pereiaslavskyi 230SV) and hybrids of Monsanto 

Company DKC 2870, DKC 2960, DKC 2949, DKC 2787, DKC 2971, DKC 3476, DKC 3795, DKC 3472, DKC 3420, DKC 391, DKC 

3871, DKC 3511, DK 440, DKC 4964, DKC 4626, DK 315 were used as the most productive ones of three groups of maturity, 

including early, mid-early and mid hybrids. An ecological-and-genetic model of quantitative traits was used to study the phenotypic 

productivity of corn hybrids and to establish the influence on the trait formation. The model is constructed on the basis of the 

hierarchy of manifestation of the productivity traits in ontogenesis and the correspondence of their manifestation in organogenesis. 

Since the stages of implementation of the quantitative trait in the phenotype reflect the stages of complication of the genetic system, 

the relationship between the components of the model can be considered as an indicator of the dynamic order of interaction 

between the elements of the genetic system. 

 

Results and Discussion 
In medium-ripe hybrids, the regularity of clustering differs somewhat from the features we have found characteristic of early-ripening 

and middle-early hybrids. In fact, in this group of maturity, the biological features of the studied hybrids determined to a large extent 

the peculiarities of the formation of a set of economically valuable traits, rather than the features of individual studied elements of 

cultivation technology. We believe that this is due in part to a longer growing season, which eliminates the delay in growth and 

development of plants at the beginning of the growing season. 

Thus, according to the results of the analysis, it was found that the first cluster includes all variants of growing the hybrid DK 315 

except for the variant of growing with a fine fraction of seeds and the depth of seed wrapping 10-11 cm. The second cluster includes 

variants of growing the hybrid DKС 4082 with the exception of variants with growing a small fraction of seeds and wrapping depths 

of 4-5 and 10-11 cm, respectively. On the other hand, the clear distribution of clusters by varietal characteristics indicates a good 

adaptive potential of hybrids DK 315 and DKC 4082. In fact, changes in the technology of growing these hybrids can be offset by 

plants in the process of their growth and development. Therefore, these hybrids forgive quite serious mistakes in cultivation 

technology, such as too deep sowing of seeds. Accordingly, the analysis of clustering features of the studied hybrids by a set of 

economically valuable traits allows to draw conclusions about the recommendations for the technology of their cultivation and the 

creation of algorithms and mechanisms for predicting productivity based on predicting the response rate of plants and their growth 

and development. Data on clustering of early-maturing maize hybrids by a set of economically valuable traits, for the study of foliar 

fertilization and the number of their use are presented in Fig. 1. 

Four clusters can be distinguished for the use of different variants of foliar fertilization and their different number on the studied 

hybrids. In fact, the clusters are formed by plants of the same hybrid and only in the case of Ecolist Mono Zinc with twice the number 

of feedings, all hybrids differ quite seriously in the set of economically valuable traits from similar feedings by other drugs. Indicators 

of clustering of medium-early hybrids of maize by a set of economically valuable traits, for the study of foliar fertilization and the 

number of their use are presented in Fig. 2. 

 
Fig. 1. Clustering of early-maturing maize hybrids by a set of economically valuable traits, for the study of foliar fertilization and the 



 Modeling of hybrid cultivation technology corn to ensure energy efficiency for sustainable rural development 

   

Ukrainian Journal of Ecology, 11(7), 2021 

 

 

number of their use. 

 

 
Fig. 2. Clustering. of medium-early hybrids of corn by a set of economically valuable traits, for the study of foliar fertilization and the 

number of their use. 

Similarly to the norm of reaction of early-ripening hybrids in middle-early ones, there is also a grouping into clusters primarily 

according to the affiliation of the variants of the experiment to which hybrid is grown. Thus, the first cluster includes all variants of 

studying different foliar fertilizers and their number in the hybrid DKС 3472. 

The second cluster includes variants of the experiment presented by hybrids Pereyaslavsky 230 SV and DKS 3871, which may 

indicate a certain similarity of these hybrids and their response rates for a set of economically valuable traits. Therefore, the 

cultivation of such hybrids on the farm as a safeguard against the effects of adverse growing conditions and the expansion of the 

adaptive potential of the culture is unacceptable, as in fact they respond equally to the factors of agrocenosis. 

The third cluster, by analogy with the previous two, includes all options for the application of foliar feeding with different number of 

treatments in areas of the hybrid DKS 3420. 

And only hybrids Pereyaslavsky 230 SV, DKS 3420 and DKS 3472 with double processing Ecolist Mono Zinc are removed from all 

presented clusters. 

The image parameters of the clustering of medium-ripe hybrids of corn by a set of economically valuable features, for the study of 

foliar fertilization and the number of their use are given in Fig. 3. 

 
Fig. 3. Clustering of medium-ripe corn hybrids by a set of economically valuable traits, for the study of foliar fertilization and the 

number of their use. 

By analogy with other groups of maturity, the studied hybrids were clustered by a set of economically valuable traits, respectively, 

into four groups of clusters. The first group of clusters includes all variants of foliar feeding of the hybrid DK 391, and the second 

cluster DK 440. The third cluster includes variants of the experiment for growing a hybrid of corn DKS 4964 and the fourth - DK 315. 

Outside the defined groups of clusters are hybrids DK 440 and DK 315 for double foliar feeding Rostok corn and DK440, DK 391, 

DK 315 and DKC 4964 for double foliar feeding Ecolist Mono Zinc. Consequently, these options for the use of foliar fertilization can 

eliminate the adaptive capacity of plants within a single hybrid to form a set of economically valuable traits. The model of influence of 

weather conditions on the duration of interphase periods of early corn hybrids is graphical represented in Fig. 4.  
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Fig. 4. Model of influence of weather conditions on the duration of interphase periods of early corn hybrids. 

The sum of effective temperatures (≥ +10°С) in April and the sum of effective temperatures (≥ +10°С) in May had the highest 

influence on the duration of this interphase period, and the correlation coefficient was r=-0.46 and r=-0.37, respectively. In fact, the 

obtained results indicate that under the increase in the amount of effective temperatures during the period of sowing-germination, its 

duration in plants reduces. The formation of this feature was also influenced by the hydrothermal coefficient (HTC), and the 

correlation coefficient was r=0.29. In fact, the increase in the hydrothermal coefficient in spring is directly related to the increase in 

the amount of precipitation, and therefore it had a positive effect on the germination rate of early corn hybrids. 

Interphase period germination-flowering on average in the experiment lasted for 57 days under a low level of trait variation. 

However, despite this, both the sum of effective temperatures and the amount of precipitation and HTC had a significant effect on 

the duration of the period. The sum of effective temperatures (≥ +10°С) in May and the sum of effective temperatures (≥ +10°С) in 

June had traditionally high correlation coefficients at the level of moderate and significant correlation of r=-0.52 and r=-0.49, 

respectively. At this stage, there is a critical period of growth and development of corn plants concerning the demand for moisture 

supply.  

Therefore, the amount of precipitation also significantly affected the duration of the interphase period «germination-flowering and the 

correlation coefficient was r=-0.39. Under the absence of precipitation, corn plants slowed down their growth and development, and 

therefore the duration of the phase increased. Similarly, this is confirmed by the importance of the effect of HTC at the level of r=-

0.29. Interphase period flowering-full maturity on average in the experiment lasted for 54 days under a low level of trait variation. 

However, despite this, the duration of the period was greatly influenced by the sum of effective temperatures, amount of precipitation 

and HTC. 

First of all, there should be noted an indirect effect of the sum of effective temperatures (≥ +10°С) in May and the sum of effective 

temperatures (≥ +10°С) in June with r=-0.63 and r=-0.46, respectively. In fact, the plants received the rate of heat supply at earlier 

stages of growth and development, in particular, before the interphase period flowering-full maturity, however, the impact of these 

factors on further plant growth and development is quite significant. The sums of effective temperatures (≥ +10°С) in August and the 

sums of effective temperatures (≥ +10°С) in September were important factors in the formation of duration of the interphase period 

flowering-full maturity. 

However, in contrast to the previous interphase period, they were positively correlated and correlation coefficients were r=0.46 and 

r=0.44, respectively. In fact, a direct correlation between the traits studied means that the increase in sum of active temperatures in 

early corn hybrids results in the accelerated grain establishment and formation and reduction of the duration of this interphase 

period. At this stage, there is also a critical period of growth and development of corn plants concerning the demand for moisture 
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supply. Thus, the amount of precipitation also significantly affected the duration of interphase period and correlation coefficient was 

r=-0.43, and the effect of HTC was at the level of r=-0.35. 

Total duration of the growing season of early corn hybrids was 111 days under insufficient trait variation. The duration of the growing 

season was influenced by the sum of effective temperatures, the amount of precipitation and HTC.  

The sum of effective temperatures (≥ +10°С) in May and the sum of effective temperatures (≥ +10°С) in June had correlation 

coefficients at the level of r=-0.62 and r=-0.51, respectively. While the sum of effective temperatures (≥ +10°С) in August and the 

sum of effective temperatures (≥ +10°С) in September had r=0.59 and r=0.39, respectively. The amount of precipitation also 

significantly affected the duration of the growing season and correlation coefficient was r=-0.44, and the effect of HTC was at the 

level of r=-0.34. 

A graphical representation of the model of the influence of weather conditions on the duration of interphase periods of mid-early corn 

hybrids is shown in Fig. 2. 

The duration of the interphase period sowing-germination in mid-early corn hybrids on average in the experiment was 10 days with 

an average level of trait variation.  

The sum of effective temperatures and HTC had a significant influence on the formation of the duration of this period. Similarly to the 

hybrids of early group for the studied mid-early corn hybrids, the sum of effective temperatures (≥ +10°С) in April and the sum of 

effective temperatures (≥ +10°С) in May had an important influence on the duration of the first interphase period and correlation 

coefficient was -0.51 and r=-0.52, respectively. However, HTC had insufficient effect on the duration of this period, the correlation 

coefficient was r=0.17. 

The duration of the next interphase period germination-flowering in mid-early corn hybrids on average in the experiment was 65 

days under a low level of trait variation. The sum of effective temperatures, the amount of precipitation and HTC had a significant 

influence on the formation of the duration of this period.  

It was found that the duration of the period was influenced by the sum of effective temperatures (≥ +10°С) in May and the sum of 

effective temperatures (≥ +10°С) in June under the level of correlation coefficients of r=-0.23 and r=-0.28, respectively. The amount 

of precipitation affected at the level of strong correlation r=-0.71 and HTC - r=0.21. 

In general according to the experiment, interphase period flowering-full maturity of mid-early corn hybrids, lasted for 60 days, and 

the studied trait varied slightly. Trait formation was influenced by the sum of effective temperatures, the amount of precipitation and 

HTC. 

Similarly to early corn hybrids, mid-early hybrids are also indirectly affected by the sum of effective temperatures (≥ +10°С) in May 

and the sum of effective temperatures (≥ +10°С) in June with r=-0.39 and r=-0, 18, respectively, and the duration of the interphase 

period flowering-full maturity is also affected by the sum of effective temperatures (≥ +10°С) in August and the sum of effective 

temperatures (≥ +10°С) in September with r=0.15 and r=0.28. 

In addition, the duration of the period germination-flowering in mid-early corn hybrids is influenced by the amount of precipitation r=-

0.23 and hydrothermal coefficient r=-0.20. 

Total duration of the growing season of mid-early corn hybrids was 125 days with weak trait variation (Fig. 5). 

 
Fig. 5. Model of influence of weather conditions on the duration of interphase periods of mid-early corn hybrids. 

The duration of the growing season was generally influenced by the sum of effective temperatures. The sum of effective 

temperatures (≥ +10°С) in May and the sum of effective temperatures (≥ +10°С) in June had correlation coefficients at the level of 

r=-0.46 and r=-0.28, respectively, and the sum of effective temperatures (≥ +10°С) in August had r=0.18. Thus, the growth and 
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development of mid-early corn hybrids are influenced by all environmental factors, but the most significant influence is performed by 

the sum of effective temperatures. 

The model of the influence of weather conditions on the duration of interphase periods of early-corn hybrids is represented 

graphically in Fig. 6. 

 

 
Fig. 6. Model of the influence of weather conditions on the duration of interphase periods of mid corn hybrids. 

Interphase period sowing-germination in mid corn hybrids on average in the experiment lasts for 10 days under an average level of 

trait variation. The amount of precipitation and HTC significantly affect the formation of its duration. 

It is established that in contrast to early and mid-early corn hybrids, the duration of this interphase period in mid corn hybrids was 

significantly influenced by the amount of precipitation with r=0.44 and HTC - r=0.55. Interphase period germination-flowering in mid 

corn hybrids on average in the experiment lasts for 68 days under a low level of trait variation. The sum of effective temperatures, 

amount of precipitation and HTC had a significant influence on the formation of the duration of this period. 

It is determined that the duration of the period is influenced by the sum of effective temperatures (≥ +10°С) in June under the level of 

correlation coefficient r=-0.25 and the sum of precipitation under the level of r=0.24, and HTC - r=0.33. It is investigated that the 

interphase period flowering-full maturity» of mid corn hybrids in the experiment lasted for 63 days, and the studied trait varied 

insufficiently. Trait formation was influenced by the sum of effective temperatures, amount of precipitation and HTC. 

Duration of the interphase period flowering-full maturity is determined by the additive effect of the sums of effective air temperatures. 

Thus, an inherent indirect effect is performed by the sum of effective temperatures (≥ +10°С) in May and the sum of effective 

temperatures (≥ +10°С) in June with r=-0.59 and r=-0.33, respectively, as well as the sum effective temperatures (≥ +10°С) in 

August and the sum of effective temperatures (≥ +10°С) in September with r=0.44 and r=0.42. 

In addition, it can be argued that the duration of the studied period in mid corn hybrids is influenced by the amount of precipitation 

with r=-0.46, and hydrothermal coefficient - r=-0.39. It is found that the total duration of the growing season of mid corn hybrids was 

131 days under weak trait variation. The duration of the growing season was generally influenced by the sum of the effective 

temperatures of the corn growing season. 

It is established that the growth and development of early corn hybrids are influenced by all environmental factors, but the most 

significant influence is performed by the sum of effective temperatures. Thus, the sum of effective temperatures (≥ +10°С) in May, 

June and July had correlation coefficients at the level of r=-0.37, r=-0.34 and r=-0.28, respectively, and the sum of effective 

temperatures (≥ +10°С) in August under r=0.18. There can also be observed the influence of the total amount of effective 

temperatures (≥ +10°С) during the growing season under the level of correlation coefficient of r=-0.51. 

Conclusion 
The yield of bioethanol per unit area of maize hybrids also depended on the seed fraction and the depth of its wrapping. ha and 

medium-ripe -4.13 thousand l/ha. The obtained mathematical models of the vegetation period duration of maize hybrids allowed to 
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determine that the sums of effective temperatures (≥ +10°С) for May, June, August and September at correlation coefficients at the 

level of r=- 0.62 and r=-0.51 have the greatest influence, r=0.59 and r=0.39, respectively. Also, the amount of precipitation 

significantly affected the duration of the growing season and the correlation coefficient was r=-0.44, and the effect of HTC was at the 

level of r=-0.34. Analyzing the differences between the groups of early and medium-early maize hybrids, in general, their growth and 

development are influenced to a relative extent by the amount of effective temperatures, precipitation and HTC. It is proved that 

medium-ripe hybrids react somewhat differently to environmental factors, which allows to develop elements of adaptive cultivation 

technology for each of the maturity groups. The analysis determined that for hybrids of these groups of maturity the same 

regularities of the basic indicators under the influence of which productivity of corn is formed, including depending on weather 

conditions remain. 
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