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ABSTRACT 

 

 

The high efficiency and justified necessity of using biopreparations for pre-sowing seed treatment and foliar 

fertilization has been proven. The results of studies on the effectiveness of the application of pre-sowing treatment 

and foliar feeding of white lupine plants in the conditions of the right-bank forest-steppe of Ukraine are presented. 

The optimal leaf surface area and photosynthetic potential were determined. A positive effect of pre-sowing seed 

treatment with the bacterial preparation Rhyzogumin and the growth stimulator Emistym C in combination with two 

foliar feedings Emistym C on the content of chlorophyll in the leaves of white lupine varieties Veresnevyi and 

Makarivskyi was established. Pre-sowing treatment of white lupine seeds of the Veresnevyi and Makarivskyi 

varieties in combination with foliar feeding contributed to the increase of the leaf surface area and the formation of 

the photosynthetic apparatus of plants. The effect of the investigated biological preparations on the formation of the 

assimilation surface and the synthesis of chlorophyll in the leaves of white lupine in the conditions of the right-bank 

forest-steppe of Ukraine has been proven. It was determined that the greatest stimulatory effect was obtained in the 

variant where the pre-sowing treatment of seeds involved the interaction of the biological preparations Rhyzogumin 

and Emistym C in combination with two foliar feedings of Emistym C. The three-year research results also indicate 

a significant impact of the researched technological methods of cultivation on grain yield. 

 

Keywords: white lupine, variety, pre-sowing seed treatment, foliar feeding, assimilation apparatus, leaf area, 

photosynthetic potential, chlorophyll. 

 

 

INTRODUCTION 

 

 

Lupine is a culture of universal possibilities. Along with providing valuable feed raw materials, lupins are of great 

importance in increasing soil fertility, phytomelioration, improving the phytosanitary condition of agrocenoses, and 

reducing energy consumption in crop production (Mazur  et  al.,  2019; Pancy`reva, 2016; Kaletnik & Lutkovska, 

2020). White lupine, compared to other types of fodder lupine, is characterized by fast growth rates, early maturity 

and high fodder and grain productivity. Cultivation of lupine provides an increase in soil fertility, replenishment of 
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the soil nitrogen balance due to its biological fixation, and contributes to the strengthening of the financial condition 

of farmers. In terms of chemical composition and nutritional value, lupine protein is closest to animal protein. The 

high content of valuable protein in the plant and a complex of other economically valuable features make lupine an 

irreplaceable fodder crop. Currently, in the countries where white lupine is grown, numerous scientific studies are 

being conducted, which are aimed at a detailed study of the chemical composition of this plant. At the same time, 

the results of studies of white lupine must be compared with soybeans in order to prove their competitiveness and 

study the possibility of an alternative replacement. In terms of seed quality, lupine is not inferior to this crop, so it is 

called the second northern soybean (Didur et  al., 2020). Formation of grain productivity and fodder value of 

agricultural crops largely depends on the intensity of photosynthesis, synthesis and transport of metabolites in 

leaves. Therefore, it is possible to increase the realization of the potential of plants due to the activation of these 

processes, in particular, the process of photosynthesis. Formation of productivity as a result of photosynthetic 

activity of plants in crops is determined by the functioning of the assimilation apparatus (Zhu et al., 2019; Ahmadi  

et al., 2010). Scientifically based bases of technologies for growing leguminous crops, including white lupine, 

determining the accumulation of chlorophyll in plant leaves is important, since their content affects the intensity of 

photosynthesis and other physiological processes. The research is aimed at establishing the peculiarities of the 

functioning of the photosynthetic apparatus, the peculiarities of the formation of the assimilation apparatus in the 

processes of growth and development of plants are of primary importance when assessing the impact of 

technological techniques on grain productivity and feed value of plants. In this regard, conducting relevant research 

is important in modern agricultural production 

 

 

MATERIALS AND METHODS 

 

 

Field experiments were conducted in the conditions of the research farm «Agronomichne» of the Vinnytsia National 

Agrarian University in 2018-2020. The experimental sites are located in the right-bank forest-steppe zone of 

Ukraine. The soil cover is represented by gray forest soils with a humus content in the soil layer of 0-30 cm at the 

level of 2.09. The climate in the research area is temperate-continental with an annual precipitation of 418 mm and 

average monthly temperatures during the growing season of chickpeas in the range of 15.5-22.8 ºС. During the years 

of the experimental experiments, the growing season was characterized by higher (by 0.9-4.3 ºС) temperatures and a 

deficit of precipitation compared to the long-term norm, which was 56 mm less. 

The purpose of the research is to establish the specifics of the formation of the assimilation apparatus by plants of 

white lupine (Lupinus albus L.) depending on biological preparations. The material for the research was white 

lupine (Lupinus albus L.) Veresnevyi and Makarivskyi varieties. 

The technology of growing white lupine varieties is generally accepted for the forest-steppe zone of Ukraine and 

included pre-sowing treatment of seeds with the bacterial preparation Rhyzogumin in combination with the growth 

stimulator Emistym C and foliar feeding Emistym C. On the day of sowing, white lupine seeds were treated with the 

bacterial preparation Rhyzogumin (600 g per hectare rate of seeds) and growth stimulator Emistim C (10 ml per 1 

ton of seeds) using PKS-20 Super. In foliar top dressing, the growth stimulator Emistim C was used at a rate of 15 

ml/ha. The first foliar top dressing of Emistym C was carried out in the budding phase, the second - in the phase of 

the beginning of pouring seeds. The area of the accounting plot is 25 m2. Repetition - five times. Placement of 

options is systematic in two tiers. 

Evaluation of the photosynthetic activity of plants was carried out according to the following methods: the area of 

the leaf surface was measured by the «cuts» method, the photosynthetic potential was determined according to the 

method of A. A. Nychiporovich (1996); the amount of chlorophyll was determined by the method of alcohol 

weighing on a conditioned electrophotocolorimeter (KFK-2) (Nychyporovych et al, 1961). 

 

 

 

RESULTS AND DISCUSSION 

 

 

Chlorophyll content in leaves is an indicator characterizing the potential level of photosynthetic productivity of 

plants. The informativeness of this parameter is determined by a set of features that do not allow using the leaf 

surface area as an absolute indicator of their photosynthetic productivity.First of all, it is the thickness of the leaf 
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plate and the total concentration of pigments in the cells. The last indicator can vary significantly depending on the 

species and even the variety. As a rule, species that spread from south to north are characterized by an increase in 

leaf surface area with a decrease in total chlorophyll concentration. Conversely, in species whose range expansion 

goes in the opposite direction – from north to south – a decrease in the area of individual leaves is observed while 

maintaining or increasing the concentration pigments (Chynchyk, 2013; Langewisch, 2017). 

Domestic and foreign authors indicate that the biological harvest depends on the content of pigments, primarily 

chlorophylls in the assimilating organs of plants, time and intensity of their work. The content of chlorophyll in 

leaves affects the intensity of photosynthesis, the accumulation of dry matter, and ultimately their productivity. The 

need for research in this direction is due to the fact that the total mass of green pigment and its concentration in the 

mesophyll of the leaf, together with the dimensions of the assimilation surface, are considered as the basis of the 

potential of the photosynthetic activity of the plant organism as a whole (Vdovenko, 2018; Kantolic, 2013).   

The difference in chlorophyll content, as a rule, is an indicator of the level of compliance with vegetation conditions 

and varies depending on the genotype of the variety. Increasing the yield of agricultural crops depends both on 

factors affecting photosynthesis and on the complex of physiological processes associated with it (water exchange, 

nutrition, growth). The formation of a well-developed photosynthetic apparatus, optimal in terms of volume, 

dynamics and intensity of functioning, is the key to the creation of organic matter, biological and marketable crops 

(Mazur et  al., 2021; Kaletnik et  al., 2020; Puyu et al., 2021).  

Research has established that for the formation of a crop as a photosynthetic system, many factors should be taken 

into account, among which the variety, its ecology and biology, and technological methods of cultivation are of 

great importance (Rai et al., 2017; Bandura et al., 2019).  

During the years of research, the dependence between the process of formation of the leaf surface of lupine and the 

elements of growing technology was observed. The results of the conducted research showed that the choice of 

varieties that are not damaged by pests and diseases, the phases of vegetation and technological methods were of 

great importance for the functioning of the leaf surface. 

It was noted that the area of the leaf surface of white lupine increases gradually, reaching the maximum value in the 

phase of the beginning of seed pouring. After this phase, a decrease in leaf area was observed, which is determined 

by the biological characteristics of the culture. Thus, the redistribution and increased outflow of plastic substances 

from vegetative organs to seeds causes the death of leaves during the ripening of white lupine plants. A similar trend 

of the effect of the researched technological methods on the leaf surface area was also found in the plots of the 

Makarivskyi white lupine variety. However, the indicators of the dynamics of the leaf surface area were somewhat 

lower than in the Veresnevyi variety. This is explained by a genetically determined feature. 

The formation of the size of the leaf area in different phases of growth and development of white lupine was 

influenced by the pre-sowing treatment of seeds with nodule bacteria and a growth stimulator in combination with 

foliar fertilization (Fig. 1). 

 

 
Figura 1. Dynamics of the leaf surface area of white Lupine plants of the Veresnevyi variety  

depending on biological preparations, thousand m2/ha (2018-2020) 

 

Thus, in the phases of branching and budding, the influence of the investigated technological techniques on the 

parameters of the leaf surface area was insignificant. On the plots of the Veresnevyi variety, during budding, the leaf 

area index, depending on the pre-sowing treatment of seeds and foliar fertilization, was in the range of 14.2-15.7 

thousand m2/ha, and during the period of full flowering - from 22.3 to 27.6 thousand m2/ha.The formation of the 

photosynthetic surface of the crop is influenced by both biotic and abiotic factors. Optimizing thermal, water, air, 

and nutrient regimes is of great importance for the productive work of sowing as a photosynthetic system. 
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Photosynthesis is the main complex and multi-stage process of plant nutrition, therefore, other processes are 

effective only to the extent that they improve and stimulate photosynthetic activity and create conditions for the 

synthesis of assimilants and their best use for the processes of growth, development and crop formation. Organic 

substances formed in the process of photosynthesis make up about 95% of the dry mass of plants. Therefore, 

formation by the process of photosynthesis, increasing its productivity is one of the effective methods of influencing 

the productivity of plants, and for agricultural crops it is an important means of increasing the yield  (Mazur et al., 

2019; Honcharuk et al, 2020; Kaletnik, 2010; Mazur et al., 2020; Didur et al., 2020; Bulgakov et al., 2014). 

The records conducted during the research period showed that the pre-sowing treatment of lupine seeds with the 

bacterial preparation Rhizogumin in combination with the growth stimulator Emistym C with two foliar feedings 

Emistym C has a positive effect on the formation of the photosynthetic apparatus of white lupine plants (Table 1). 

 

Table 1. The formation of the photosynthetic potential of white lupine varieties depends from biological 

preparations, million m2/ha (average for 2018-2020). 

 
Factors Vegetation periods of plants 

v
ar

ie
ty

 pre-sowing 
seed processing 

foliar feeding* full stairs - budding full l  a d d er- f ull bloom full stairs - 
start of pouring 

full stairs - physiological 
maturity 

V
er

es
n
ev

y
i 

Without  pre - sowing seed 
treatment ** 

without supplements** 0,321 0,601 0,989 1,505 

one feeding 0,321 0,606 1,005 1,529 

two feedings 0,321 0,606 1,006 1,559 

Rhizohumin without supplements 0,326 0,616 1,050 1,588 

one feeding 0,326 0,622 1,075 1,638 

two feedings 0,336 0,622 1,076 1,689 

Emistym C without supplements 0,337 0,637 1,125 1,766 

one feeding 0,337 0,648 1,150 1,819 

two feedings 0,337 0,648 1,151 1,860 

Rhizohumin + Emystim 

C 

without supplements 0,354 0,675 1,125 1,941 

one feeding 0,354 0,689 1,260 1,982 

two feedings 0,354 0,689 1,262 2,061 

M
ak

ar
o

v
sk

y
i 

Without  pre - sowing seed 

treatment 

without supplements 0,281 0,495 0,861 1,301 

one feeding 0,281 0,501 0,878 1,333 

two feedings 0,281 0,501 0,879 1,351 

Rhizohumin without supplements 0,290 0,516 0,921 1,389 

one feeding 0,290 0,525 0,939 1,420 

two feedings 0,290 0,525 0,940 1,452 

Emistym C without supplements 0,301 0,552 1,009 1,522 

one feeding 0,301 0,566 1,036 1,577 

two feedings 0,301 0,566 1,037 1,615 

Rhizohumin + Emystim 
C 

without supplements 0,316 0,574 1,073 1,650 

one feeding 0,316 0,589 1,093 1,678 

two feedings 0,316 0,589 1,095 1,720 

      

Notes: * – Emistym C; **- CONTROL. 

 

However, the effectiveness of the application of pre-sowing treatment of seeds and foliar fertilization is noticeable in 

the phase of physiological maturity. Thus, the highest indicators of photosynthetic potential of white lupine varieties 

Veresnevyi and Makarivskyi were observed in the period of full germination - physiological maturity in the variants 

with the use of a bacterial drug and a growth stimulator in the pre-sowing treatment of seeds in combination with 

two foliar feedings and were, respectively, 2.061 and 1.720. These indicators of white lupine plants of Veresnevyi 

and Makarivskyi varieties exceeded the control variant by 27.0% and 21.5%, respectively. 

The presence of a positive effect of pre-sowing seed treatment and foliar fertilization on the content of chlorophyll 

in white lupine leaves was established (Table 2). 
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Table 2. Chlorophyll content of white lupine varieties depending on biological preparations  

(average for 2018-2020) 
 

Factors 
Chlorophyll content in 
leaves, mg/g raw mass 

Chlorophyll content in 
leaves, mg/m2 variety pre-sowing 

seed processing 

foliar feeding* 

V
er

es
n
ev

y
i 

Without  pre-sowing seed treatment ** without supplements ** 2,03 2101,28 

one feeding 2,03 2101,28 

two feedings 2,07 2560,29 

Rhizohumin without supplements 2,16 2699,44 

one feeding 2,23 2707,68 

two feedings 2,33 3246,51 

Emistym C without supplements 2,16 2699,44 

one feeding 2,23 2707,68 

two feedings 2,48 3679,94 

Rhizohumin + Emystim C without supplements 2,48 3679,94 

one feeding 2,69 4083,31 

two feedings 2,87 4802,12 

M
ak

ar
o

v
sk

y
i 

Without pre-sowing seed treatment ** without supplements 1,52 695,92 

one feeding 1,52 695,92 

two feedings 1,67 916,98 

Rhizohumin without supplements 1,73 1012,70 

one feeding 1,75 1110,50 

two feedings 2,04 1541,55 

Emistym C without supplements 1,67 916,98 

one feeding 1,73 1012,70 

two feedings 2,11 1594,45 

Rhizohumin + Emystim C without supplements 2,16 1491,36 

one feeding 2,22 1761,59 

two feedings 2,35 1829,73 

Notes: * – Emistym C; **- CONTROL. 

 

The use of the biological preparation Rizogumin with the use of two foliar feedings of Emistym C contributed to an 

increase in the chlorophyll content in lupine of the Veresnevy white variety by 0.3 mg/g, and in the Makarivsky 

variety by 0.59 mg/g compared to the control. On both varieties of white lupine, pre-sowing treatment of seeds with 

a complex of drugs Rhyzogumin and Emistym C followed by foliar feeding of plants with Emistym C provided the 

highest pigment content in the experiment, both in terms of raw weight and in terms of unit area. In plants of the 

Veresnevyi variety, these indicators were 2.87 mg/g and 4802.12 mg/m2, in the Makarivskyi variety - 2.35 mg/g and 

1829.73 mg/m2. It was noted that the intensity of dry matter accumulation during the growing season of white lupine 

varieties depended on the studied factors, namely pre-sowing seed treatment and foliar fertilization. Observations of 

the dynamics of dry matter accumulation in white lupine varieties showed that the maximum yield is formed in the 

phase of physiological maturity (Table 3). 

 

Table 3. Dynamics of accumulation of dry matter of white lupine varieties depending on biological preparations,  

g/plant (average for 2018-2020). 

 
Factors Air-dry mass of the aerial part of the plant, 

g/plant 

v
ar

ie
ty

 

pre-sowing 
seed processing 

foliar feeding* budding full bloom full ripeness 

V
er

es
n
ev

y
i 

Without pre-sowing seed treatment ** without supplements ** 3,13 4,34 8,61 

one feeding 3,15 4,45 8,64 

two feedings 3,17 4,56 8,67 
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Rhizohumin without supplements 3,16 4,51 8,70 

one feeding 3,18 4,62 8,74 

two feedings 3,20 4,73 8,83 

Emistym C without supplements 3,19 4,84 8,71 

one feeding 3,21 4,95 8,76 

two feedings 3,23 5,06 8,81 

Rhizohumin + Emystim C without supplements 3,25 5,07 8,80 

one feeding 3,28 5,41 8,84 

two feedings 3,31 5,84 8,99 

M
ak

ar
o

v
sk

y
i 

Without pre-sowing seed treatment ** without supplements 2,84 3,86 8,26 

one feeding 2,86 3,95 8,30 

two feedings 2,88 4,04 8,34 

Rhizohumin without supplements 2,87 4,13 8,40 

one feeding 2,89 4,22 8,46 

two feedings 2,91 4,31 8,50 

Emistym C without supplements 2,90 4,25 8,32 

one feeding 2,92 4,34 8,37 

two feedings 2,94 4,43 8,41 

Rhizohumin + Emystim C without supplements 2,96 4,52 8,50 

one feeding 2,99 4,61 8,53 

two feedings 3,02 4,70 8,61 

Notes: * – Emistym C; **- CONTROL. 

 

Thus, in the variants where the biopreparations Ryzogumin and Emistym C were applied in combination with two 

foliar top dressings Emistym C, the amount of dry matter was 8.99 t/ha in the Veresnevy variety, and 8.61 t/ha in the 

Makarivsky variety, which was 0.28 and by 0.35 t/ha more than in the variants without application of pre-sowing 

treatment and without foliar fertilization. Productivity is a complex complex feature that manifests itself on the basis 

of the functional activity of various plant organs that make up their morphological and physiological structure. Each 

organ (root, stem, leaf, seed) is formed at a certain stage of ontogenesis. Their vital activities are limited to different 

time periods and are regulated by the genetic apparatus of organisms in complex interaction with environmental 

conditions (Roggatz et al., 1999; Soltani et al., 2001; Ahmadi et al., 2010). In an average of 3 years, the research 

results indicate a significant impact of the researched technological methods of growing on the yield (Table 4). 

 

Table 4. Grain yield of white lupine varieties depending on biological preparations, t/ha (average for 2018-2020). 

 
Factors Years  

Average 

v
ar

ie
ty

 

pre-sowing 

seed processing 

foliar feeding* 2018 2019 2020 

       

V
er

es
n
ev

y
i 

Without pre-sowing seed treatment ** without supplements ** 3,08 3,24 2,55 2,96 

one feeding 3,13 3,35 2,59 3,02 

two feedings 3,18 3,42 2,62 3,17 

Rhizohumin without supplements 3,15 3,71 2,90 3,25 

one feeding 3,31 3,88 2,94 3,38 

two feedings 3,40 3,90 3,05 3,45 

Emistym C without supplements 3,10 3,68 2,82 3,20 

one feeding 3,20 3,74 2,86 3,27 

two feedings 3,31 3,81 2,93 3,35 

Rhizohumin + Emystim C without supplements 3,08 3,62 2,88 3,19 

one feeding 3,12 3,85 3,01 3,32 

two feedings 3,58 4,10 3,15 3,61 

M
ak

ar
o

v
sk

y
i 

Without pre-sowing seed treatment ** without supplements 2,69 2,74 2,46 2,63 

one feeding 2,78 2,81 2,54 2,71 

two feedings 2,90 2,93 2,62 2,81 

Rhizohumin without supplements 3,00 3,13 2,51 2,88 

one feeding 3,14 3,31 2,72 3,05 

two feedings 3,20 3,45 2,80 3,15 

Emistym C without supplements 2,68 2,78 2,28 2,58 

one feeding 2,71 2,85 2,32 2,62 

two feedings 2,80 2,90 2,50 2,73 
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Rhizohumin + Emystim C without supplements 3,11 3,24 2,38 2,91 

one feeding 3,22 3,40 2,41 3,01 

two feedings 3,34 3,65 2,70 3,23 

LSD 0,5 t/ha: А-0,07; В-0,10; С-0,08; АВ-0,14; АС-0,12; ВС-0,17; АВС-0,24 
2018 р. НІР0,5 t/ha: А-0,04; В-0,05; С-0,04; АВ-0,07; АС-0,06; ВС-0,08; АВС-0,12 

2019 р. НІР0,5 t/ha: А-0,05; В-0,06; С-0,06; АВ-0,09; АС-0,08; ВС-0,11; АВС-0,16 

2020  р. НІР0,5 t/ha: А-0,04; В-0,06; С-0,05; АВ-0,08; АС-0,07; ВС-0,10; АВС-0,14 

Notes: * – Emistym C; **- CONTROL. 

 

The maximum value of grain yield of white lupine of the Veresnevy variety was obtained in the variants of the 

experiment with pre-sowing seed treatment with the inoculant Rhizogumin and the growth stimulator Emistym C in 

combination with two foliar fertilizing Emistym C. At the same time, the amount of grain yield was 3.61 t/ha, and 

exceeded the control variant by 0.65 t/ha, and in the percentage ratio, respectively – 18%. 

 

 

CONCLUSIONS 

 

 

Vinnytsia National Agrarian University develops the latest technologies for growing legumes, including white 

lupine, with elements of biologization and implements the results in production, within the framework of the 

implementation of the state theme, which is carried out at the expense of the state budget on the topic: 

«Development of methods for improving cultivation technology legumes using biofertilizers, bacterial preparations, 

foliar feeding and physiologically active substances» (state registration number 0120U102034). 

During 2018-2020, on the basis of the research farm Agronomichne" of the Vinnytsia National Agrarian University, 

field studies were conducted on the effect of treating white lupine with biological preparations. Pre-sowing 

treatment of seeds with nodule bacteria and a growth stimulator in combination with foliar fertilization influenced 

the formation of the value of growth and development processes, as well as quantitative and qualitative indicators of 

white lupine. On the basis of the obtained research results, with the aim of growing high yields of white lupine grain 

at the level of 3.23-3.61 t/ha, agroforming recommends:  

- sowing the intensive variety of white lupine Veresnevy;  

- carry out pre-sowing seed treatment with the bacterial preparation Rhyzogumin (600 g per hectare of seed rate) and 

the growth stimulator Emistym C (10 ml per 1 ton of seeds) in combination with two foliar fertilizing Emistym C in 

two periods: the first - in the budding phase, the second - in phase of the beginning of grain pouring (15 ml/ha). 
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