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INTRODUCTION

Leaf photosynthetic apparatus of plants plays 
a crucial role in the formation of productivity of 
all agrocenoses. This organ performs the function 
of photosynthesis and the formation of organic 
matter occurs in it. Many researchers determine 
optimal leaf area, emphasizing a negative impact 
of excessive leaf area development [Osmond 
1981, Ciompi et al. 1996]. Sunflower plants de-
velop quite large leaf area reaching 50–80 thou-
sand m2/ha [Ibrahim 2012]. However, sunflower 
plants maintain such leaf area indices within a 
short period of time, since the leaves of a lower 
tier cease their photosynthetic activity rapidly and 
their total area decreases [Wise et al. 1991].

The agricultural production in the South 
of Ukraine is not capable of ensuring the full-
scale use of genetic potential of modern hybrids. 
Therefore, the actual sunflower productivity 
ranges from 30% to 50% of its genetic potential 
[Domaratskiy et al. 2018, Hussain et al. 2018]. 
A special role in the technological schemes of 
sunflower production is played by multi-func-
tional combined preparations that, in addition 
to their growth stimulating characteristics, also 
have antifungal properties. They optimize plant 
nutrition and increase the coefficient of nutrient 
uptake by plants. Plant growth regulators serve 
as anti-stressors under extreme conditions of 
global and regional climate change [Domarats-
kiy et al. 2018, 2020].
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ABSTRACT
The study presents scientific substantiation and determination of the dependence of leaf area formation and pho-
tosynthetic activity of sunflower plants under the influence of fertilizers and growth regulators. The field research 
was conducted in 2015–2017 in the fields of the Voznesensk district in the Mykolaiv region, Ukraine (GPS: 
47.630518, 32.078974). The soil of the research field is common black soil with little humus accumulation and the 
content of hydrolyzed nitrogen – 1.5–1.8; the content of highly absorbable phosphorous – 4.5–7.0 and the content 
of exchangeable potassium – 12–15 mg/100 g of soil. The research was carried out by a two-factor scheme, where 
Factor A – the rate of mineral nutrition (the test plot without fertilizers; N30P45; N60P90); and Factor В – foliar feed-
ing with the Wuxal Microplant, Khelafit Combi and Fitomare preparations. The weather conditions in the years 
of the research were typical for this growing zone. It was established that the year 2017 was the least favorable 
with excessively low soil moisture and high temperature regime for growing the crop, and the weather conditions 
of 2015 and 2016 were the most favorable for cultivating sunflower. The research made it possible to determine 
that fertilizers combined with multifunctional preparations had a considerable impact on the leaf area and photo-
synthetic potential of agrocenosis. It proves that foliar feeding of sunflower plants at the stage of 6–8 true leaves 
with growth regulators contributed not only to a change in the total chlorophyll content, but also to its fractional 
composition. In all the cases there was a major increase in the content of the fraction “а”. In particular, the maxi-
mal increase in this fraction was 90%, whereas the difference did not exceed 76% in the fraction “b”. Under non-
fertilized conditions these indices were 48 and 13%, respectively.
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Sunflower takes the first place among indus-
trial crops by sown areas and is one of the most 
important oil crops in Ukraine and the EU coun-
tries. Its high value is explained by the fact that 
nearly all the plant parts are available for pro-
cessing: the seeds produce high-quality oil and 
provide by-products used in livestock industry – 
oilcake is a valuable concentrated feed with high 
protein content of up to 36% [Laguna et al. 2018, 
Ngo et al. 2019]. Sunflower seed shells are a raw 
material for producing food and technical spirits, 
feed yeast and furfural, used in plastic production. 
Sunflower capitula can be used to feed livestock, 
and green mass can be ensilaged. Sunflower is 
also an excellent melliferous plant, and a consid-
erable increase in the sown areas in Ukraine is 
explained by high economic indices of sunflower 
production [Unakitan et al. 2018].

However, an increase in sunflower produc-
tivity and in the level of production profitability 
is possible only due to implementation of new 
intensive technologies of sunflower production 
implying the application of appropriate doses 
and norms of mineral fertilizers, the use of plant 
growth stimulators and combined preparations, 
and also an integrated system of plant protection 
against pests and diseases [Spinelli et al. 2013, 
Hamzei et al. 2016, Akimowicz et al. 2021].

Well-developed, optimal in terms of volume 
and dynamics of functioning, photosynthetic ap-
paratus is one of the factors for obtaining high 
and stable yields of agricultural crops. According 
to the scientists’ experimental research [Dobriko-
va et al. 2015, Singh et al. 2019] the formation of 
dry matter of many agricultural crops, including 
sunflower, depends on the impact of natural and 
agro-technical factors. Different stages of plant 
development, genetic characteristics of variety 
and hybrid composition, specificity of weather 
and climate conditions and elements of technolo-
gies – all these have an impact on the content of 
dry matter in above-ground mass of sunflower 
that can vary greatly depending on these factors. 
It is very important to establish the impact of 
natural and agro-technical factors on the forma-
tion of leaf area, photosynthetic potential of ag-
rocenosis and net productivity of photosynthesis 
[Talaat 2019].

Sunflower plants expend a large quantity of 
nutrients on yield formation, hybrids of inten-
sive types are especially demanding. Depending 
on the growing conditions and genetic potential 
of a sunflower hybrid, the nutrient expenditures 

for the formation of a ton of seeds and a corre-
sponding quantity of by-products are: nitrogen 
– 42–50 kg; phosphorous – 25–30 kg; potassium 
– 100–150 kg. Foliar feeding of sunflower plants 
with microelements enhances the processes of as-
similating macro-elements by sunflower plants, 
providing conditions for the formation of highly 
productive agrocenosis [Li et al. 2018, Sahoo 
et al. 2018].

Plant growth stimulators are biologically ac-
tive substances of natural origin that boost the 
intensity of exchange and growth processes in 
plants and, as a result, increase the productivity of 
agrocenoses of field crops and the quality of plant 
products. In low doses, these preparations have a 
positive impact on the accumulation of biomass, 
increasing the removal of biogenic elements from 
soil by stimulating the plant capability of as-
similating macro- and micro-elements [Shanmu-
gam et al. 2018, Domaratskyi et al. 2020, Wang 
et al. 2020].

In an organic system, fertilization with the 
levels of recirculation of mineral matter of 90–
95%, 70–80% of nitrogen and the maximum use 
of biological factors of plant growth stimulators, 
extend the volume of circulation of biogenic ele-
ments, in addition to an immediate increase in the 
productivity of agro-ecosystems. It contributes 
to a systematic growth in manufacturing organic 
products without additional expenses of resourc-
es of external origin. Therefore, plant growth 
stimulators are an important element of a farming 
system [Zhaoxiang et al. 2020].

The purpose of the study was to substantiate 
scientifically and establish the dependence of the 
formation of leaf area and photosynthetic activ-
ity of sunflower plants on fertilizers and growth 
regulators.

MATERIALS AND METHODS

The field research was conducted in 2015–
2017 in the fields of the Voznesensk district in 
the Mykolaiv region, Ukraine (GPS: 47.630518, 
32.078974). The soils of the research field are 
common black soils with little humus accumu-
lation and the content of hydrolyzed nitrogen – 
1.5–1.8; the content of highly absorbable phos-
phorous – 4.5–7.0 and the content of exchange-
able potassium – 12–15 mg/100 g of soil.

The research was carried out by a two-fac-
tor scheme. Factor А was the rate of mineral 
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nutrition (the test plot without fertilizers; N30P45; 
N60P90); and Factor В – foliar feeding with the 
Wuxal Microplant, Khelafit Combi and Fitomare 
preparations.

Wuxal Microplant is a complex suspension 
with high content of a wide range of microele-
ments, also containing Mg, N and K to prevent 
the imbalance in plant nutrition and increase the 
rate of photosynthesis.

Khelafit Combi is a multifunctional prepara-
tion that contains a complex of highly absorbable 
microelements in a chelate form balanced for all 
the stages of crop growth (Fe, Mg, Mn, Mo, Cu, 
B), spores and cells of a microbial culture – the pro-
ducers of the Bacillus Subtilus and Pseudomonas 
genera that provide the preparation with fungi-
cidal effect to fight fungal and bacterial diseases, 
as well as multifunctional growth stimulators and 
regulators (auxins, cytokines, gibberellins, betaine, 
humіс and fulvic acids, amino acids).

Fitomare is a liquid fertilizer and bio-stim-
ulator based on the extract of the Ascophyllum 
nodosum seaweeds, obtained by means of an ex-
clusive technology of the “Atlantica Agricola” 
company). Winter wheat was a previous crop for 
sunflower.

Mineral fertilizers were applied with ba-
sic soil tillage by the method of surface broad-
cast. The sunflower plants were treated with an 
aboveground sprinkler at the stage of 6–8 true 
leaves. The area of the research plot was 280 m2, 
and that of the observation plot – 112 m2. The ex-
periment included four replications.

The leaf samples to determine chlorophyll 
content were taken at the stage of blooming. The 
leaf stalks were removed, large ribs were cut out, 
the mass was chopped with a knife; some samples 
were taken to measure leaf moisture content and 
the remaining mass was covered with ethyl al-
cohol. After complete extraction of chlorophyll, 
the light transmission of the suspension was mea-
sured using the photoelectric colorimeter FЕC-
56. The data of the photoelectric colorimeter were 
used in the graph with a grading curve where cer-
tain chlorophyll content corresponds to any value 
of optical density. In order to determine fractional 
composition, the measurement was performed 
with two wavelengths (540 and 650 nm). The 
obtained results were calculated per ton of dry 
weight by the formula:
 Хavg = (Хww· 100) / (100 – W); 
where: Хavg – chlorophyll content per dry weight, 

mg/g

 Хww – chlorophyll content per wet weight, 
mg/g

 W – actual leaf moisture, %

Yield registration was performed with the 
method of combine threshing from the area of the 
observation plot. In fact, the data on the obtained 
yield were considered in terms of basic moisture 
(8%) taking into account the admixtures.

RESULTS AND DISCUSSION

The main limiting factor for realization of the 
potential productivity of hybrids under the condi-
tions of the Southern Steppe of Ukraine is mois-
ture deficit. The weather conditions in the years 
of the research (2015–2017) can be considered as 
semi-arid and typical for this growing zone.

The analysis of the weather conditions in the 
years of the research, based on the air tempera-
ture and the amount of precipitation in the grow-
ing season of sunflower plants, showed that the 
year 2017 was the least favorable with extremely 
low soil moisture content and high temperature 
regime for growing the crop. The weather condi-
tions of 2015 and 2016 were more favorable for 
sunflower cultivation. These years were charac-
terized by a higher amount of precipitation in the 
crop growing season against the background of 
the increased average monthly temperature re-
gime in comparison with the average multi-year 
indices (Fig. 1, 2).

The program of the scientific research in-
volved dynamic measurement of leaf area at 
different stages of plant development. The yield 
of dry aboveground biomass was determined, 
whereas photosynthetic potential (PhP) and 
the net productivity of photosynthesis (NPPh) 
were calculated on the basis of these data by the 
formulae:
 PhP = Savg · Т;

 NPPh = (Y2 – Y1) / PhP; 
where: Savg – average leaf area in the analysis 

period;
 Т – duration of the period;
 Y1 – productivity of dry biomass at the be-

ginning period;
 Y2 – productivity of dry biomass at the 

end of the period.

Generalized data on these calculations in the 
years of the research are given in Table 1.
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When conducting quantitative evaluation of 
the efficiency of fertilizers and preparations, it was 
determined that both factors have a noticeable ef-
fect on the leaf area photosynthetic potential of 
agrocenosis. The latter increases not only due to 
the leaf area, but also owing to prolongation of its 
activity. The duration of the period between the 
beginning of capitulum formation and blooming 
in the test variant was 33 days on average, and 
it was 5 days more in the variant with the nutri-
tion (N60P90) and the application of the Khelafit 
Combi preparation. Therefore, if PhP in this vari-
ant depended only on the average leaf area, this 
index was not 1224, but 1063 thous·m2/ha* days, 
i.e. 15% less. Thus, an increasing direct effect of 
fertilizers and preparations due to prolongation of 
the period was established.

There is an inverse correlation with regard to 
the qualitative index – NPPh, the application of 
fertilizers and preparations caused a decline in its 
value. The average level of NPPh without fertil-
izers was 3.09 g/m2 per day, it fell by 8.1% with 
the use of NзоР45, and by 10.1% – with the use of 

N60P90. It proves that an increase in the aboveg-
round biomass is a result of extensive process due 
to the growth of assimilation surface. Therefore, 
it is necessary to continue searching for the ways 
to affect the rate of photosynthesis.

The results of the data analysis of the field re-
search on the intensity of ceasing photosynthetic 
activity of leaf area allowed determining a clear 
tendency to prolongation of the activity of as-
similation surface due to the application of multi-
functional preparations. These data are given in 
Table 2.

The sunflower plants in the test variant had 
no green leaves at the beginning of September 
on average in the years of the research, whereas 
complete cessation of leaf photosynthetic activity 
with the application of the multifunctional prepa-
ration Khelafit Combi was registered 10 days 
later, in comparison with the test variant.

There were certain differences in the years 
of the research, but under any conditions, multi-
functional preparations had a tendency to prolong 
the activity of assimilation apparatus that results 

Fig. 1. The average monthly air temperature in the years of the research 
in comparison with the average multi-year indices, °C

Fig. 2. The amount of precipitation in the years of the research in 
comparison with the average multi-year indices, mm
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in slowing down the cessation of photosynthetic 
activity of leaf photosynthetic apparatus.

Photosynthesis is a unique process of generat-
ing organic matter due to the sun energy and bio-
chemical reactions in plants. The latter are known 
to occur provided that there is green pigment – 
chlorophyll. Chlorophyll has porphyrin structure, 
that is similar to blood heme, though heme has a 
ferrous (Fe) complex, and chlorophyll has a mag-
nesium (Mg) complex.

It is known that chlorophyll of “a”-fraction is 
necessary for most photosynthetic organisms to 
transform the light energy into chemical energy, 
performing the function of a conductor of oxy-
genic photosynthesis. This chlorophyll absorbs 
light most actively in the violet-blue and orange-
red parts of the spectrum. All organisms with an 
oxygenic type of photosynthesis use chlorophyll 
“a” [Pemmaraju et al. 2018].

Chlorophyll “а” absorbs light in violet, blue 
and red parts of the spectrum, and the green 
color, on the contrary, reflects it. Its spectrum of 
absorption expends due to accessory pigments 
– chlorophyll of “b”-fraction. Under the condi-
tions of insufficient light intensity, there is an in-
crease in the ratio of chlorophyll of “b”-fraction 
to chlorophyll of “а”-fraction, synthesizing more 
molecules of the first type than those of the sec-
ond type, increasing the rate of photosynthesis 
[Kumar et al. 2020].

Chlorophyll of “b”-fraction is an accessory 
pigment absorbing light more in a blue part of the 
spectrum; therefore, it is yellow and green. This 
fraction is responsible for maintaining photosyn-
thesis intensity under the conditions of insuffi-
cient light [Babadi et al. 2020]. The content of 
“b”-chlorophyll in higher plants and algae is about 
1/3 of the content of “a”-chlorophyll. It normally 
increases when plants adapt to insufficient light, 

Table 2. The dynamics of the cessation of photosynthetic activity of leaf photosynthetic apparatus at the stage of 
seed development depending on the preparations, the average in 2015–2017

Month Date
Remaining green leaves, % out of the maximal level 

Test variant Wuxal Fitomare Khelafit Combi

August

10 18.4 19.2 20.4 20.1
15 15.0 17.0 17.5 18.4
20 11.5 14.1 13.8 15.6
25 7.6 10.4 11.0 13.1
30 3.9 6,1 7.0 9,2

September
05 0 2.2 3.8 6.6
10 0 0 0 2.8
15 0 0 0 0

Table 1. The main indices of photosynthetic activity of sunflower plants in the period between the stages of 
capitulum formation – blooming, the average in 2015–2017

Rates of 
nutrition Preparation

Leaf area, thous.m2/ha The 
duration 
of the 
period, 
days

Photosynthetic 
potential, thous.

m2/ha*days

Increase 
in dry 

aboveg-
round 

mass, t/ha

Net productiv-
ity of photo-
synthesis, 

g/m2 per day

The 
beginning 

of the 
period

The end 
of the 
period

The 
average

Without 
fertilizers

Without preparations 
(pure water) 21.2 33.1 27.2 33 898 2.81 3.13

Wuxal 23.0 34.8 28.9 33 954 2.94 3.08
Fitomare 22.1 34.8 28.0 35 980 3.01 3.07
Khelafit Kombi 23.4 35.5 30.0 34 1020 3.12 3.06

N30P45

Without pure water) 22.8 34.1 28.5 36 1026 2.98 2.90
Wuxal 24.0 35.3 29.7 36 1069 3.09 2.89
Fitomare 24.0 36.0 30.0 37 1110 3.13 2.82
Khelafit Kombi 24.9 37.0 32.0 37 1184 3.25 2.74

N60P90

Without preparations 
(pure water) 24,0 34.0 29.0 37 1073 3.07 2.86

Wuxal 25.0 37.0 31.0 37 1147 3.15 2.75
Fitomare 25.0 37.0 31.0 38 1178 3.15 2.67
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expanding the range of wavelengths, absorbed by 
chloroplasts, adapted to insufficient light [Büchel 
et al. 2020].

The research program involved determina-
tion of the fractional composition of plant green 
pigment – chlorophyll, that is vital for photosyn-
thetic processes in agrocenosis (Table 3).

The research results show that the chlorophyll 
content increased considerably under the influ-
ence of fertilizers and preparations, the maximal 
value of this index was in the variant with the ap-
plication of the Fitomare preparation with the rate 
of nutrition of N60P90 – 8.97 mg/g of dry matter, 
that is 73% more than in the test variant (without 
fertilizers and preparations).

CONCLUSIONS

Fertilizers combined with multi-functional 
preparations had an essential impact on leaf area 
and photosynthetic potential of agrocenosis. The 
latter increases not only due to leaf area, but also 
owing to the prolongation of its activity.

The results of the generalized data of the field 
research allowed establishing that foliar feed-
ing of sunflower plants at the stage of 6–8 true 
leaves with plant growth regulators contributed 
to changes not only in the total chlorophyll con-
tent, but also in its fractional composition. In all 
the cases, there was a major increase in the con-
tent of “а”-fraction. The maximal increase in this 
fraction was 90%, whereas the difference did not 
exceed 76% in “b”-fraction. Under non-irrigat-
ed conditions, these indices were 48% and 13% 

respectively. It means that optimal selection of a 
combined multi-functional preparation can be an 
efficient method for regulating chlorophyll con-
tent and its fractional composition.
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