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INTRODUCTION 
Today, creating new self-pollinated maize lines is a pressing issue. A self-

pollinated line is a group of genetically identical homozygous individuals 

descended from a single plant. Self-pollinated lines (inbred lines) are obtained 

through forced self-pollination over 6–8 generations. This process results in 

the original material becoming homozygous, which is unnatural for cross-

pollinated plants. Homozygous plants exhibit reduced vitality, weakened 

growth, low yield, and a feeble root system. The seeds of self-pollinated lines 

remain in the soil for one and a half to two times longer before seedlings 

emerge. The rate of vegetative growth in these lines is significantly lower than 

in hybrids. The leaf area is three to five times smaller1. 

In breeding for heterosis (hybrid vigor), the selection of parental pairs for 

crossbreeding is of paramount importance. Maximum heterosis effect is achieved 

only when specifically selected lines are hybridized. R. A. Vozhegova,  

Yu. O. Lavrinenko, and others argue that one of the most significant avenues for 

increasing maize grain production is the development and implementation of 

high-yielding hybrids characterized by stable crop yields under changing 

environmental conditions, resistance to lodging, diseases, and pests, and efficient 

moisture utilization–completely meeting the requirements of industrial crop 

cultivation and harvesting technology. To breed hybrids of this type, it is necessary 

to have genetically diverse material–new self-pollinated maize lines adapted to the 

soil and climatic conditions of the region, as well as an appropriate methodology 

for their evaluation and use2. 

 
1 Hallauer A. R., Carena M. J., Miranda Filho J. B. Quantitative genetics in maize breeding. 

Springer New York, 2010. P. 531–576. 
2 Аналіз та оцінка генетичних ресурсів та селекційні розробки Інституту зрошуваного 

землеробства НААН. Наукові основи адаптації систем землеробства до змін клімату в 
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Maize parental components, as a product of prolonged forced self-

pollination, are more demanding in terms of growing conditions. They are 

characterized by increased sensitivity to adverse factors and have a smaller 

plant size compared to hybrids. The genotype-specific features of the lines 

affect the phenotypic expression of traits. Therefore, it is necessary to take 

into account the biological characteristics of parental components and 

technological recommendations for cultivating hybridization plots. As a 

result, research into optimizing the technological methods of growing maize 

lines-parental components of prospective hybrids-is gaining particular 

relevance3. 

Contemporary maize parental components must meet production 

requirements for specific technological parameters. This is especially relevant 

for plant density and the use of modern biopreparations. Research conducted 

at various plant densities has allowed for the provision of production 

parameters tailored to specific agroecological and technological conditions4. 

Within the complex of agronomic measures for maize cultivation, which 

significantly affect crop yield and quality, plant stand density plays a crucial 

role. A substantial yield can be obtained by achieving high individual 

productivity and the maximum permissible stem density in a specific 

cultivation area5. 

Optimal plant density is a crucial factor for achieving high maize yields6, 7. 

There is a variety of reactions among maize genotypes to planting density, and 

it is possible to select forms that do not reduce yield with increased plant 

 
південному степу України: монографія / за наук. ред. чл.-кор. НААН Р. А. Вожегової та ін. 

Херсон : ОЛДІ-ПЛЮС, 2018. С. 113–241. 
3 Марченко Т. Ю., Лавриненко Ю. О. Прояв і мінливість урожайності зерна у ліній – 

батьківських компонентів та гібридів кукурудзи за використання різних генетичних плазм 

в умовах зрошення. Селекція і насінництво. 2020. № 117. С. 110–118. 

http://doi.org/10.30835/2413-7510.2020.207000. 
4 Vozhehova Raisa, Marchenko Tetiana, Lavrynenko Yurii, Piliarska Olena, Sharii Viktor, 

Borovik Vira, Tyshchenko Andrii, Kobyzieva Liubov, Gorlachova Olga, Mishchenko Serhii. 

Models of quantitative assessment of the influence of elements of technology on seed yield of 
parental components of maize hybrids under irrigation conditions. Scientific Papers. Series A. 

Agronomy. 2023 Vol. LXVI, № 1. Р. 623–630. URL: https://agronomyjournal.usamv.ro/ 

index.php/scientific-papers/current?id=1612 
5 Hussain H. A., Men S., Hussain S., Chen Y., Ali S., Zhang S., Wang L. Interactive effects 

of drought and heat stresses on morpho-physiological attributes, yield, nutrient uptake and 

oxidative status in maize hybrids. Scientific reports. 2019. Vol. 9 (1). P. 3890. DOI: 
10.1038/s41598-019-40362-7 

6 Григор’єва О. М., Григор’єва Т. М. Урожайність зерна гібридів кукурудзи залежно 

від густоти рослин і технологічних моделей в умовах північного Степу України. Збірник 
наукових праць Уманського державного аграрного ун-ту. 2006. Вип. 63. С. 31–35. 

7 Методичні вказівки по виробництву гібридного і сортового насіння кукурудзи в 

Черкаській області /упорядн. І. П. Чучмій. Черкаси, 1996. 40 с. 
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density up to a certain limit. Research institutions have tested individual lines 

and hybrids at different planting densities8. 

It is particularly important when cultivating parental forms of maize 

hybrids to select the appropriate plant density for each line or hybrid in line 

with its genotype. While some researchers recommend optimal densities for 

lines and hybrids based on their maturity group, these recommendations have 

a wide range. For each specific line or hybrid, it is necessary to individually 

select the optimal plant density based on their biological characteristics9. 

It has been established that for each agroclimatic zone, there is an 

appropriate optimum plant density. Any other density, whether greater or less 

than the recommended range, has a negative impact. Increased plant density 

leads to the emergence of undersized, suboptimal plants, while insufficient 

density results in inefficient use of land and sunlight, leading to reduced 

yields10. Hybrids with longer vegetative periods generally require sparser 

planting compared to hybrids with shorter vegetative periods. Early-maturing 

hybrids have less leaf and stem mass and require less water and nutrients for 

growth, plant development, and grain formation. Self-pollinated lines respond 

better to increased planting density than hybrids of the same maturity group11. 

Many scientists believe that a key factor in modern maize seed production 

and achieving high yields on hybridization or multiplication plots is the use of 

a variety of preparations (biopreparations, microfertilizers, stimulants). These 

preparations enable the production of high-quality, healthy seed material. 

Foliar feeding, as an additional technological technique in maize cultivation, 

improves the absorption of nutrients, allowing a reduction in the application 

of mineral fertilizers12. 

The use of biopreparations helps realize the genetic program of plants, 

enhances their resistance to biotic and abiotic stress factors, leading to 

increased yields and improved product quality. The application of new 

 
8 Mandić, Bijelić V., Krnjaja Z. et al. The effect of crop density on maize grain yield. 

Biotechnology in Animal Husbandry. 2016. № 32 (1). С. 83–90. DOI: 10.2298/BAH1601083M 
9 Багатченко В. В., Таганцова М. М., Стефківська Ю. Л. Вплив густоти стояння рослин 

кукурудзи на насіннєву продуктивність батьківських компонентів гібридів Zea mays L. 

Наукові праці інституту біоенергетичних культур і цукрових буряків. 2018. Вип. 26. 

С. 56–66. 
10 Tetio-Kagho F., Gardner F. P. Responses of Maize to Plant Population Density. II. 

Reproductive Development, Yield, and Yield Adjustments. Agronomy Journal. 1988. Vol. 80, 

Iss. 6. P. 935–940. DOI: https://doi.org/10.2134/agronj1988.00021962008000060019x 
11 Marchenko T. Yu. Innovative elements of cultivation technology of corn hybrids of 

different FAO groups in the conditions of irrigation. Natural sciences and modern technological 

solutions: knowledge integration in the XXI century: collective monograph Lviv – Torun : Liha-
Pres, 2019. P. 137–153. DOI: doi.org/10.36059/978-966-397-154-4/135-152 

12 Азуркін В., Паламарчук В. Підживлення кукурудзи. The Ukrainian Farmer. 2016. 

№ 6 (77). С. 63–64. 
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biopreparations to stimulate plant growth and development, balanced 

nutrition, and stress protection in the cultivation of parental components of 

maize hybrids is a current direction in crop technology and requires relevant 

research13, 14, 15. 

 

1. Leaf area index (LAI) is a crucial factor when it comes  
to maize hybrid parental components, and it depends  

on various research factors 

An increase in the leaf surface area in a crop canopy is not always 

advantageous, as denser planting can result in shading of lower leaves by 

upper ones. This can lead to reduced radiation exposure and decreased 

photosynthesis intensity in the crop. In the theory of the production process, 

an essential ecological indicator is LAI, which is determined as the ratio of 

leaf surface area to the crop’s planted area. 

You conducted research to study the changes in the LAI, which 

characterizes the photosynthetic activity of the crop. The values ranged from 

2.44 to 4.12 and depended on the influence of biopreparations, FAO group, 

and crop density. The results indicate an increase in LAI due to the action of 

biopreparations, as shown in Table 1. 

The maximum Leaf Area Index (LAI) values during the flowering phase 

of corn cobs were observed in lines DK 411 and 445. In the control group, the 

LAI ranged from 3.52 to 3.63, while in the treated groups, it ranged from  

3.62 to 3.80. This confirms existing data suggesting a larger assimilation 

surface area in later-maturing varieties. 

Higher LAI values were observed in the parental components of plants 

across all maturity groups at a plant density of 90,000 plants/ha (ranging from 

3.12 to 4.04), while the lowest LAI values were noted at a density of 70,000 

plants/ha (ranging from 2.57 to 3.41). Therefore, increased plant density in the 

crop canopy expanded the assimilation surface area of the crop. 

The research results indicate that, similar to single-plant leaf area, the 

treatment of plants in the FAO 190 and 290 groups with both preparations had 

 
13 Sepúlveda R. B., Narváez. F. E. Erosion Control in the Sustainable Cultivation of Maize (Zea 

mays L.) and Beans (Phaseolus vulgaris L.) at Two Stages of the Agricultural Cycle in Southern 

Guatemala Sustainability. 2018. Vol. 10, Iss. 12. P. 46–54. DOI: doi.org/10.3390/su10124654 
14 Kolesnikov M., Paschenko Y., Ninova H., Kapinos M., Kolesnikova A. Effect of 

Preparations Methyure (6-Methyl-2-Mercapto-4-Hydroxypyrimidine) on Corn (Zea Mays L.) 

Biological Productivity Under Saline Soil Conditions. Modern Development Paths of 

Agricultural Production. 2019. Vol. 3 (July). P. 719–728. 
15 Tollenaar M., Deen W.,  Echarte L., Liu W. Effect of Crowding Stress on Dry Matter 

Accumulation and Harvest Index in Maize. Agronomy Jornal. 2006. Vol. 98. Iss. 4. Р. 930–937. 

doi.org/10.2134/agronj2005.0336 
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a more significant effect on LAI compared to the FAO 420 group. This effect 

amounted to an increase of 0.21–0.30 for FAO 190 and 290 and 0.10–0.19 for 

FAO 420, on average. Under the influence of biopreparations, LAI increased 

by 5.3 % when the Bio-Gel preparation was used and by 7.2 % with the Helafit 

Combi preparation. 

 

Table 1 

Leaf Area Index of maize hybrid parental components  

during the flowering phase depending on the research factors  

(average for 2018–2020) 

Parent 

Component 

(Factor A) 

Plant 

Density 

(thousands 

per ha) 

(Factor B) 

Treatment with Preparations 

(Factor C) 

Average for 

Factor 

А В 

Control, 

no 

treatment 

Bio-Gel 
Helaphyte 

Combi 
  

DK 281 

(FAO 190) 

70 2,44 2,60 2,67 

2,85 

2,57 

80 2,66 2,92 3,02 2,87 

90 2,93 3,16 3,26 3,12 

Average  2,68 2,89 2,98   

DK 247 

(FAO 290) 

70 2,63 2,86 2,92 

3,10 

2,80 

80 2,94 3,15 3,25 3,11 

90 3,20 3,47 3,49 3,39 

Average  2,92 3,16 3,22   

DK 411 

(FAO 420) 

70 3,24 3,30 3,35 

3,62 

3,30 

80 3,54 3,62 3,74 3,63 

90 3,79 3,94 4,04 3,92 

Average  3,52 3,62 3,71   

DK 445 

(FAO 420) 

70 3,33 3,42 3,49 

3,73 

3,41 

80 3,67 3,77 3,79 3,74 

90 3,89 4,10 4,12 4,04 

Average  3,63 3,76 3,80  

 Average for 

Factor C 
 3,19 3,36 3,42  

Assessment of the Significance of Partial Differences 

НІР05, t/ha А=0,11–0,13; В=0,27–0,29; С=0,12–0,15 

 

To investigate the correlation between corn grain productivity and the 

crop’s LAI, the correlation coefficient was calculated. It was found that there 

is a nonlinear correlation between grain yield and LAI (η = 0.50±0.15). The 

curvilinear relationship between yield and LAI suggests that the increase in 

LAI in the conditions of your experiment has certain limits: after exceeding 

the value of 3.5, grain productivity decreases (Figure 1). 
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Fig. 1. Relationship of grain yield of maize hybrid parental lines to crop 

leaf area index (average for 2018–2020) 

 

The analysis of variance showed that the maturity group had the most 

significant influence on grain yield, followed by planting density, with the 

least impact being due to treatment with biopreparations (Fig. 2). 

 

 

Fig. 2. Analysis of variance of the impact of maturity group (A), 

planting density (B), plant treatment with bioactive preparations, and 

their interaction on the grain yield of maize hybrid parental lines 
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While the effect of treatment with biologically active compounds was the 

least, its positive influence on the leaf area index of early- and mid-maturing 

lines suggests the potential for increased yield with such treatment. It is known 

that the increase in the leaf area index promotes enhanced sunlight absorption 

and effective utilization of solar energy16, 17. This, in turn, can contribute to 

the accumulation of dry matter post-flowering18. The positive effect of 

physiologically active substances can be associated with their regulatory and 

adaptogenic influence on plants19, 20, as well as their impact on the genetic 

potential21. 

Therefore, our results indicate that the leaf area index can influence the 

photosynthetic performance of plants and is an important characteristic that 

affects maize yield22. 

 

2. Photosynthetic Potential of Maize Hybrid Parental Lines 
Depending on Experimental Factors 

The photosynthetic potential of maize crops increases with the extension 

of the vegetation period, reaching maximum values in the mid-late maturity 

group DK 445 at a planting density of 90,000 plants/ha and treatment with the 

Helafit Combi preparation (Table 2). 

The maximum photosynthetic potential of maize crops in all FAO maturity 

groups was observed at a planting density of 90,000 plants/ha, ranging from 

 
16 Guo S. Y., Zhang X., Zhang, Q. J., Wang, Z. H., Li Y. Z., Gu S. F., Jiao N. Y., Yin F., 

Fu G. Z. Effects of Straw Mulching and Water-retaining Agent on Ear Leaf Senescence after 

Anthesis and Yield of Summer Maize. Maize Sci. 2012. Vol. 20. Р. 104–107. 
17 Priadkina G. A., Stasik O. O., Polevoy A. N., Yarmolskaya E. E., Kuzmova K. Radiation 

use efficiency of winter wheat canopy during vegetative growth. Plant physiology and genetics. 

2020. Vol. 52 (3). Р. 208–223. 
18 Song B., Wu, S. L., Yu, S. H., Chen, F., Xu, L., Fan W. B. A Study on Population Quality 

Indexes of Maize under Different Ecological Condition. Tillage Cultiv. 1998. P. 23–28. 
19 Savchuk M. V., Lisovy M. M., Taran O. P. Іnfluence of pre-sowing treatment with 

nanocomposites on the photosynthetic apparatus of maize hybrid. Bulletin of agrarian science. 

2018. № 5. Р. 32–35. DOI: 1031073/agrovisnyk201805-05 
20 Gong Li-sha, Qu Shu-jie, Huang Guan-min et al. Improving maize grain yield by 

formulating plant growth regulator strategies in North China. Journal of Integrative Agriculture. 

2021. Vol. 20 (2). P.622–632. DOI: doi.org/10.1016/S2095-3119(20)63453-0 
21 Iqbal H., Yaning Ch., Rehman H. et al. Improving heat stress tolerance in late planted 

spring maize by using different exogenous elicitors. Chilean journal of agricultural research. 

Chillán Mar. 2020. Vol. 80. № 1. DOI: 10.4067/S0718-5839202000010003 
22 Xinping C., Hongyu Y., Rongzhi C., Lili Z., Во D., Qingmei W., Guangeun Н. Isolation 

and characterization of triacontanol-regulated genes in rice (Oryza sativa L.): Possible role of 

triacontanol as а plant growth stimulator. Plant and CeII Physiology. 2002. Vol. 43, № 9.  

Р. 869–87601. 
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1994.7 thousand m2days (line DK 281) to 3431.2 thousand m2days  

(line DK 445). 

 

Table 2 

Photosynthetic Potential of Maize Hybrid Parental Lines during 

Vegetation (average for 2018–2020), thousand m2*days 

Parent 

Component 

(Factor A) 

Plant 

Density 

(thousands 

per ha) 

(Factor B) 

Treatment with Preparations 

(Factor C) 

Average for 

Factor 

А В 
Control Bio-Gel 

Helaphyte 

Combi 

DK 281 

(FAO 190) 

70 1561,6 1664,0 1708,8 

1824,7 

1644,8 

80 1702,4 1868,8 1932,8 1834,7 

90 1875,2 2022,4 2086,4 1994,7 

Average  1713,1 1851,7 1909,3   

DK 247 

(FAO 290) 

70 1867,3 2030,6 2073,2 

2201,8 

1990,4 

80 2087,4 2236,5 2307,5 2210,5 

90 2272,0 2463,7 2477,9 2404,5 

Average  2075,6 2243,6 2286,2   

DK 411 

(FAO 420) 

70 2754,0 2805,0 2847,5 

3075,1 

2802,2 

80 3009,0 3077,0 3179,0 3088,3 

90 3221,5 3349,0 3434,0 3334,8 

Average  2994,8 3077,0 3153,5   

DK 445 

(FAO 420) 

70 2830,5 2907,0 2966,5 

3171,4 

2901,3 

80 3119,5 3204,5 3221,5 3181,8 

90 3306,5 3485,0 3502,0 3431,2 

Average  3085,5 3198,8 3230,0  

 Average for 

Factor C 
 2467,3 2592,8 2644,8  

Assessment of the Significance of Partial Differences 

НІР05, t/ha А=150,5–180,5; В=95–110; С=85,0–92,3 

 

Treatment with biopreparations contributed to an increase in 

photosynthetic potential by 5.1 % for the Bio-Gel treatment and 7.2 % for the 

Helafit Combi treatment. 

The correlation coefficient between photosynthetic potential and seed 

yield was r=+0.594 (Figure 2). 

The significant coefficient indicates a positive but not significant impact 

of the photosynthetic potential on yield. A sharp decrease in yield was 

observed with an increase in photosynthetic potential beyond 3000 thousand 

m2*days. This suggests that increasing the photosynthetic potential of the 
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maize canopy through agronomic practices may not always guarantee a 

synchronous increase in the yield of parental lines. Therefore, an optimal 

planting density should be determined for each maize parental line based on 

its genetic characteristics to maximize the productivity of the photosynthetic 

potential. 

 

 

Fig. 3. Polynomial trend line depicting the relationship between  

the photosynthetic potential of maize hybrid parental lines and seed 

yield under irrigation, averaged for 2018–2020 

 

3. The Impact of Plant Density and Biopreparations on Seed Yield 
Formation in Maize Parental Lines Under Irrigation 

One of the critical components of maize plant productivity affecting seed 

yield and seed quality is the “1000-grain weight." Therefore, studying this trait 

and its relationships with other traits in parental lines has significant practical 

importance for seed production and determining priority selection parameters 

for breeding new high-yielding biotypes for specific agro-ecological zones. 

The trait “1000-grain weight” was investigated in parental lines of various 

genetic backgrounds and FAO groups under irrigation. Observations 

conducted from 2018 to 2020 revealed that the 1000-grain weight depends on 

the line’s genotype, plant density, and biopreparation treatments. 

Among the parental components, the highest average 1000-grain weight 

was observed in the mid-maturing line DK 445 of the Mixed genetic plasma 
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(FAO 420) with an average of 277.3 g. The lowest average weight was 

recorded by the Mixed genetic plasma line DK 247, with 229.6 g (Table 3). 

 

Table 3 

1000-Grain Weight of Maize Hybrid Parental Lines, g  

(average for 2018–2020) 

Factor A 

(parent 

component) 

Factor C 

(plant 

density, 

thousand 

plants/ha) 

Factor B (treatment with 

preparation) 

Average for 

Factor 

А С 

Control, 

no 

treatment 

Bio-Gel 
Helaphyte 

Combi 
  

DK 281 

(Mixed plasma) 

70 229 233 239 

232 

257 

80 226 231 238 252 

90 225 229 234 244 

Average  227 231 237   

DK 247 

(Mixed plasma) 

70 232 234 243 

229 

 

80 225 228 235  

90 216 221 230  

Average  225 228 236   

DK 411 

(Iodent plasma) 

70 266 274 281 

267 

 

80 255 271 276  

90 251 267 264  

Average  257 270 274   

DK 445 

(Mixed plasma) 

70 279 286 293 

277 

 

80 276 281 285  

90 262 264 270  

Average  272 277 283  

 Average for 

Factor C 
 245 252 257  

Assessment of the Significance of Partial Differences 

НІР05, г А= 2,2; В=1,3; С=1,5 

 

The genotype of the parental line had the most significant impact on the 

1000-grain weight of maize. On average across the years, the highest weight 

was exhibited by the mid-maturing line DK 445, which serves as the maternal 

form for new innovative hybrids such as Arabat, Vira, and Gileya, with an 

average of 285.9 g under a plant density of 70,000 plants/ha. Treatment with 

HelaFit Combi contributed to a 10.6 g increase in the 1000-grain weight, 

totaling 282.7 g. The maximum 1000-grain weight was observed in line DK 

445 (Mixed Genetic Plasma, FAO 420) at 292.6 g under a plant density of 

70,000 plants/ha and HelaFit Combi treatment. Increasing the plant density to 

80,000 plants/ha led to a slight 2 % decrease in the 1000-grain weight 
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compared to 70,000 plants/ha, with an average of 280.7 g. Treatment with 

Bio-Gel allowed for an increase in the 1000-grain weight to 281.4 g compared 

to the control (275.7 g). HelaFit Combi increased the 1000-grain weight to 

285.0 g, an increase of 2.2 %. However, increasing the plant density to 90,000 

plants/ha resulted in a significant decrease in the 1000-grain weight, with an 

average of 265.2 g. Bio-Gel treatment increased the trait by 2.1 g or 0.8 % to 

263.7 g compared to the control. HelaFit Combi treatment increased the trait 

to 270.4 g, which is 8.8 g or 3.3 % higher compared to the control. 

It was observed that line DK 445 negatively responded to increased 

planting density. In the study, all parental lines exhibited the maximum  

1000-grain weight under a plant density of 70,000 plants, at 257.6 g. 

Increasing planting density to 80,000 plants resulted in a decrease to 252.3 g, 

and at a density of 90,000 plants/ha, it dropped to 244.6 g. The optimal 

planting density for the maximum expression of the "1000-grain weight” trait 

was found to be 70,000 plants/ha. Under a density of 90,000 plants/ha, all lines 

from different FAO groups and genetic plasmas showed minimal expression 

of the trait. 

 

4. Laboratory Similarity of Seed in Maize Hybrid Parental Lines 

It was established that the studied preparations, Bio-Gel and HelaFit 

Combi, effectively influenced the processes of grain formation in the lines, 

resulting in increased laboratory similarity of the obtained seeds (Table 4). 

 

Table 4 

Laboratory Similarity of Seed in Maize Hybrid Parental Lines, % 

(average for 2018–2020) 

Factor A (parent 

component) 

Factor В 

(treatment with preparations) 
Average for 

Factor А 
Control, 

no 

treatment 

Bio-Gel 
Helaphyte 

Combi 

DK 281 (FAO 190) 96,9 97,2 98,5 97,5 

DK 247 (FAO 290) 96,2 97,8 98,2 97,4 

DK 411 (FAO 420) 94,5 96,9 97,2 96,2 

DK 445 (FAO 420) 93,8 95,4 96,8 95,3 

Average for Factor В 95,4 96,8 97,7  

 

Regarding seed similarity indices, the following was observed: the 

treatment of the hybrid parental lines with Bio-Gel and HelaFit Combi led to 

an increase in seed similarity. The use of Bio-Gel, on average, increased the 
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seed similarity index by 1.5 %. Treatment with HelaFit Combi was more 

effective, with the seed similarity increasing by 2.4 %. The increase in seed 

similarity was attributed to reduced seed infection by Fusarium fungi 

(Fusarium moniliforme Scheld). 

An analysis of the relationship between seed similarity in maize and the 

genotype of the parental components showed that late-maturing lines (FAO 

420) DK 411 (Aiodent plasma) and DK 445 (Mixed plasma) exhibited lower 

similarity compared to early-maturing lines of Mixed plasma DK 281  

(FAO 190) and DK 247 (FAO 290). Although the effect of treatment with 

biologically active agents was less pronounced than the genotype factor, its 

positive influence on seed similarity suggests the potential for increased 

similarity through such treatment. 

 

5. Seed Yield of Maize Hybrid Parental Components Depending  
on Plant Density and the Action of Biological Preparations 

It was determined that the highest seed yield was achieved in the mid-

maturing line DK 445, ranging from 4.11 to 6.30 t/ha (parental components 

of the Vera, Arabat, Gileya hybrids), which is associated with an extended 

vegetation period and optimized technology under irrigation conditions. 

Biological preparations significantly influenced the increase in seed yield 

compared to untreated controls. In the DK 445 line, the yield increase ranged 

from 0.14 to 0.46 t/ha or 3.2 % to 10.3 %. Among the preparations, HelaFit 

Combi proved to be the most effective. In the mid-maturing parental 

component group, the highest seed yield was recorded in the DK 445 line 

when using this preparation, reaching 5.62 t/ha (a yield increase of 0.85 t/ha 

or 17.8 %). In the DK 411 line, the yield reached 4.50 t/ha (a yield increase of 

0.36 t/ha or 8.0 %). The mid-early parental component line DK 247 showed 

slightly lower yield, 4.69 t/ha when using the same preparation (a yield 

increase of 0.32 t/ha or 6.8 %). The early-maturing line DK 281 exhibited a 

yield of 4.05 t/ha when treated with HelaFit Combi (a yield increase of  

0.29 t/ha or 7.2 %). The yield increase from Bio-Gel was significantly lower 

(Table 5). 

Plant density is a crucial factor in the complex of agronomic practices for 

maize cultivation that significantly impacts crop yield. Achieving a substantial 

seed yield for maize lines depends on both individual plant productivity and 

the plant density that is environmentally appropriate for specific growing 

conditions. 

On average for the years, the highest seed yield was achieved by the mid-

maturing line DK 445 at a plant density of 70,000 plants/ha, reaching  

5.86 t/ha. When the plant density increased to 80,000 plants/ha, the yield 
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decreased to 5.21 t/ha. Further increasing the plant density to 90,000 plants/ha 

resulted in a sharp reduction in yield to 4.29 t/ha. The mid-maturing line DK 

411 also demonstrated the maximum yield at a plant density of  

70,000 plants/ha, producing 4.47 t/ha. When the plant density was increased 

to 90,000 plants/ha, the yield decreased to 4.07 t/ha. The mid-early line  

DK 247 achieved its highest yield at a plant density of 80,000 plants/ha, while 

the early-maturing line DK 281 exhibited its highest yield at a plant density 

of 90,000 plants/ha. 

 

Table 5 

Seed Yield of Maize Hybrid Parental Components Depending on Plant 

Density and the Action of Biological Preparations, t/ha  

(average for 2018–2020) 

Parent 

Component 

(Factor A) 

Plant 

Density 

(thousands 

per ha) 

(Factor B) 

Treatment with Preparations 

(Factor C) 

Average for 

Factor 

А В 
Control, 

no 

treatment 

Bio-Gel 
Helaphyte 

Combi 

DK 281 

(FAO 190) 

70 3,52 3,59 3,83 

3,91 

3,65 

80 3,82 3,92 4,13 3,96 

90 3,93 4,14 4,18 4,08 

Average  3,76 3,88 4,05   

DK 247 

(FAO 290) 

70 4,45 4,59 4,76 

4,52 

4,60 

80 4,42 4,65 4,89 4,65 

90 4,24 4,25 4,43 4,31 

Average  4,37 4,50 4,69   

DK 411 

(FAO 420) 

70 4,36 4,47 4,65 

4,29 

4,47 

80 4,12 4,28 4,59 4,35 

90 3,95 3,99 4,26 4,07 

Average  4,14 4,25 4,50   

DK 445 

(FAO 420) 

70 5,56 5,73 6,30 

5,12 

5,86 

80 4,64 4,85 6,14 5,21 

90 4,11 4,35 4,42 4,29 

Average  4,77 4,98 5,62   

Average for 

Factor C 
 4,26 4,40 4,72   

Assessment of the Significance of Partial Differences 

НІР05, t/ha А=0,22–0,25; В=0,19–0,21; С=0,12–0,15 
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To investigate the relationship between the 1000-grain weight of the 

parental maize lines and seed yield, a correlation analysis was conducted. It 

was determined that a linear correlation exists (r = 0.618 ± 0.13) between seed 

yield of the parental maize lines and the 1000-grain weight. (Figure 5). 

 

Figure 5. Correlation-Regression Model Depicting the Relationship 

between Seed Yield and 1000-Grain Weight (Average for 2018–2020) 

 

Therefore, increasing the 1000-grain weight, influenced by both the 

genotype of the lines and the application of biologically active agents such as 

Bio-Gel and HelaFit Combi, has a positive impact on the seed yield of the 

parental components of the hybrids. On the other hand, increasing plant 

density in the crop negatively affects the “1000-grain weight”, and, therefore, 

for each parental line component of the hybrid, the optimal plant density must 

be experimentally determined to achieve maximum seed yield and high 

sowing qualities. 

Analyzing the obtained data, it can be concluded that plant density is 

closely associated with seed yield. Each maturity group has an optimal plant 

density for achieving maximum seed yield, which is related to the proper 

allocation of nutrient resources per plant. Mid-maturing parental components 

are most productive, but they negatively respond to overly dense plantings. 

 

CONCLUSIONS 
1 Our research results indicate that under the influence of bio- 

preparations, the leaf index increased by 5.3 % due to the action of the Bio-

Gel preparation and by 7.2 % due to the Helaphyte Combi preparation.  

The extension of the vegetation period of the lines from FAO 190 to  

420 resulted in an increase in leaf area of 16.9–23.7 %. 
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2 The correlation coefficient between the leaf index and seed yield was 

r = +0.309. A moderate correlation coefficient suggests that the positive 

influence of the leaf index on the yield of parent maize lines is significantly 

smaller compared to the impact of leaf area per plant on seed yield. Therefore, 

it is necessary to adjust the leaf index for each parent line to ensure maximum 

photosynthetic productivity and increased seed yield in seed production 

technologies. 

3 The photosynthetic potential of corn crops increases with the 

lengthening of the vegetation period and reached maximum values in the mid-

late group, line DK 445, at a planting density of 90,000 plants/ha, and 

treatment with the Helaphyte Combi preparation – 3502.0 thousand m2·days. 

The maximum photosynthetic potential of maize crops of all FAO groups was 

observed at a planting density of 90,000 plants/ha – from 1994.7 thousand 

m2·days (line DK 281) to 3431.2 thousand m2·days (line DK 445). 

4 Treatment with biopreparations contributed to an increase in 

photosynthetic potential by 5.1 % due to treatment with Bio-Gel and by 7.2 % 

due to treatment with Helaphyte Combi. The analysis of variance showed that 

the maximum impact on grain yield of lines was made by the maturity group – 

52 %, followed by planting density – 18 %, and the smallest impact was from 

treatment with biopreparations – 12 %. 

5 It was established that treatment of parent line components with Bio-

Gel and Helaphyte Combi preparations led to an increase in the laboratory 

similarity of seeds. The use of the Bio-Gel preparation increased the similarity 

index on average by 1.5 %. Treatment with the Helaphyte Combi preparation 

was more effective, as the similarity of seeds in this experimental variant 

increased by 2.4 %. The increase in laboratory similarity was observed due to 

a reduction in seed infection with Fusarium moniliforme Scheld. fungi. 

6 For the maximum expression of the "1000-grain weight” feature, a 

planting density of 70,000 plants/ha was found to be optimal. At a density of 

90,000 plants/ha, all lines from different FAO groups and genetic plasmas 

showed minimal expression of this feature. All parent lines demonstrated the 

maximum 1000-grain weight at a planting density of 70,000 plants – 257.6 g. 

Increasing the planting density to 80,000 plants led to a decrease in 1000-grain 

weight to 252.3 g, and at a density of 90,000 plants/ha, it decreased  

to 244.6 g. 

 

SUMMARY 
The main components of high yield are the productivity of individual 

plants and the number of plants per unit area. Excessive planting density leads 

to increased competition among plants for light, water, and nutrients. At the 

same time, in sparse plantings, the productivity of individual plants can be 
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maximized for a given genotype, but overall yield may decrease. 

Biopreparations, through physiologically active substances, allow for targeted 

influence on specific stages of ontogenesis to mobilize the genetic potential 

of the plant organism and ultimately increase productivity and harvest quality. 

It has been proven that the treatment of parent line components with the Bio-

Gel and Helaphyte Combi preparations resulted in increased laboratory 

similarity of seeds, assimilation surface area, photosynthesis, and yield. The 

maximum seed yield in the early-maturing parent line DK 281 was recorded 

at a planting density of 90,000 plants/ha and treatment with the Helaphyte 

Combi preparation, yielding 3.65 t/ha. The maximum yield in the parent line 

component DK 247 was observed at a density of 80,000 plants/ha and 

treatment with the Helaphyte Combi preparation, yielding 4.89 t/ha. The mid-

late parent line, DK 411, showed the highest yield at a density  

of 70,000 plants/ha and treatment with the Helaphyte Combi preparation, 

producing 4.65 t/ha. The maximum yield in the study was observed in the 

parent line component DK 445, yielding 6.30 t/ha at a planting density of 

70,000 plants/ha and treatment with the Helaphyte Combi preparation. 
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