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the formation of the photoassimilation apparatus of pea of the Oplot variety in the Southern Steppe of Ukraine.
A 3-year small-plot study was conducted to determine the leaf area index, total chlorophyll content, and net
photosynthetic productivity in pea crops. The biostimulants were used for pre-sowing and foliar treatment of pea
crops in the budding phase at concentrations described in the methodology. It was found that Stimpo (25 ml/t
+ 20 ml/ha) increased the leaf surface index in different stages of vegetation of pea variety Oplot by 1.12-1.54
times and Regoplant (250 ml/t + 50 ml/ha) increased the leaf surface index by 1.18-1.38 times compared to the
control. A significant increase in the chlorophyll content in pea stipules was recorded after foliar treatment of crops
with biostimulants and exceeded the value of control plants by 9.0-10.4% in the BBCH stages 61(65) - 75(79).
Based on 3-year results, the positive impact of biostimulants on net photosynthetic productivity was proven. Thus,
Stimpo and Regoplant increased the net photosynthetic productivity of pea crops by 35% and 22%, respectively,
in the budding (BBCH 51-61) and flowering (BBCH 55-65) phases. The obtained scientific results contribute to the
widespread use of the studied biostimulants in the technology of pea cultivation in the Southern Steppe zone of
Ukraine to increase crop productivity and obtain a high-quality crop

Keywords: legumes; plant growth regulators; Regoplant; Stimpo; net photosynthetic productivity; leaf area index;

chlorophyll

INTRODUCTION

Legumes rank third in the global crop production af-
ter grains and oilseeds and are an important source of
food and feed. Legume protein accounts for 33% of the
human diet, and legumes can fix atmospheric nitrogen,
increasing soil fertility. Ukraine is distinguished by the
fact that peas are the most widespread crop capable of
producing high and sustainable grain yields compared
to other types of pulses. In 2018, the sown area under
peas amounted to 431 thousand hectares and almost
half of them are in the steppe zone. In a certain num-
ber of farms, its yield is 3-5 t/ha.

Pea (Pisum sativum L.) exhibit high requirements
for light, moisture, and soil, and therefore they often
fail to fully realise their genetic productivity potential
under unfavourable environmental conditions, espe-
cially in risky farming areas. Abiotic factors are the
main factors that limit the yield of crops and cause
up to 70% of crop losses. The Southern Steppe zone
of Ukraine is characterised by a range of unfavoura-
ble abiotic factors that negatively affect the growth
and development of crops and considerably reduce
their productivity. Therewith, as noted by V. Mazur et
al. (2021), the introduction of such a high-protein
crop as peas into crop rotations contributes to the
greening of production and improves the state of
agrocenoses. Drought has become one of the most
uncontrollable and unpredictable factors that con-
stantly limits crop production and has a negative im-
pact on pulses. M. Nadeem et al. (2019) showed that
drought conditions reduce seedling emergence, pho-
tosynthetic activity, and disrupt the transport of pho-
toassimilates in pulses, and in study M. Kolesnikov et
al. (2023) showed the inhibition of growth processes
in the early stages of plant ontogeny.

Bioregulators play a significant role in plant re-
sponses to environmental factors in shaping plant re-
sistance to extreme conditions. In their review studies,

B. Kumar (2021) and A. Dubey et al. (2020) show the
role of biostimulants in the mechanisms of protection
of Fabaceae plants from abiotic stresses, stimulation
of growth processes, nutrient recycling, improvement
of grain quality, and increase of crop yields. A lot of
evidence has been accumulated that demonstrates
the positive results of using growth regulators in soy-
bean (Shepilova et al,, 2021), pea (Nebaba, 2023), bean
(Pyda et al, 2021), and cereal grains (Lemishko et
al., 2022), which contribute to a significant increase in
the activity of symbiotic and associative nitrogen fixa-
tion and increase yields. N. Khan et al. (2020) showed
that chickpea plants treated with growth regulators
(salicylic acid, putrescine) had a higher height and
weight of the aerial parts of plants, increased chloro-
phyll, protein, and sugar content, and increased yield.

0.0nyshchenko et al. (2023) report the effect of an
antioxidant-type growth regulator on increasing the
leaf surface index, accumulation of dry matter, chlo-
rophyll content in leaves, and growth of photosyn-
thetic potential in sunflower crops. M. Kolesnikov et
al. (2019) showed that pre-sowing treatment of maize
seeds with methyluracil promoted field germination,
increased the leaf area index of maize crops, optimised
net phototyping performance, and the preparation in-
creased yields by 16-27%. O. Khodanitska et al. (2019)
showed that the use of treptolem (a complex of auxin,
gibberellin, cytokinin compounds) during the budding
period of Linum usitatissimum L. leads to an increase
in the yield of oil flax due to the enhancement of the
morphogenesis of vegetative organs with the simulta-
neous restructuring of the anatomical structure of the
stem and leaves. The stimulant enhanced the develop-
ment of the photosynthetic apparatus: the formation
of more leaves, prolongation of their active function-
ing, increase in the size of chlorenchyma cells and im-
provement of chloroplastogenesis.
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S. Pyda et al. (2021) studied the effect of pre-sow-
ing seed treatment with biostimulants Stimpo and
Regoplant on the accumulation of oil in seeds and
carbohydrates in the leaves of legumes, activation of
growth processes and formation of the leaf apparatus
of beans. S. Makogonenko et al. (2019) and V. Tsygank-
ova et al. (2021) found that these biostimulants had
bioprotective properties, enhanced growth processes,
crop salt tolerance, and contributed to a significant in-
crease in nitrogen fixation by forming a more powerful
legume-rhizobial symbiosis. According to H. Kulyk et
al. (2020), complex pre-sowing and foliar treatments
with Stimpo and Regoplant growth regulators inten-
sified the growth and development of sugar beet, in-
creased the weight of roots, which provided an increase
in root yields up to 6 t/ha in the central part of Ukraine.
In experiments with yellow sorghum, V. Karpenko and
S.Shutko (2018) proved that the greatest increase in the
concentration of green pigments (a and b chlorophylls)
and the increase in the net photosynthetic productivity
index in leaves was observed when using the herbicide
Pik 75 VG in combination with Regoplant. However,
V. Pidlisnyuk et al. (2022) found no significant effect of
Stimpo and Regoplant on the growth and development
of Miscanthus x giganteus when grown on depleted soils.

The agrobiological effects of biostimulants Stimpo
and Regoplant on the formation of the photoassimi-
lation apparatus of legumes in the arid conditions of
southern Ukraine are understudied. Therefore, the pur-
pose of this study was to establish the specific features
of the influence of biostimulants (Stimpo, Regoplant)
on changes in leaf area index, net photosynthetic pro-
ductivity, and chlorophyll content in Pisum sativum L.
Oplot variety under the ecological conditions of the
Southern Steppe of Ukraine.

MATERIALS AND METHODS

The study was conducted in 2016-2018 on an exper-
imental field in the Melitopol district of Zaporizhzhia
region. Mid-season peas (Pisum sativum L.) of the Oplot
variety with leafless morphology were sown in the ex-
perimental plots. The Oplot pea variety was included
in the Register of Plant Varieties of Ukraine in 2011
and recommended for cultivation in the Steppe zone
of Ukraine. The originator is the V.Y. Yuriev Institute of
Plant Industry of the National Academy of Agrarian
Sciences of Ukraine. The territory of Melitopol district is
characterised by a temperate continental climate with
high temperatures. According to data from the weather
station, the average long-term air temperature in the
region is 9.9°C. Over the years of the study, during the
period of pea cultivation, the average daily air temper-
atures exceeded the long-term average. Based on the
data from the local weather station, Gossen-Walter
climadiagrams were constructed in the modification
(Cobon et al., 2020), reflecting the hydrothermal regime
during the three years of research (Fig. 1).
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Figure 1. Gossen-Walter climate diagrams
for 2016 (a), 2017 (b), 2018 ()
Source: Melitopol weather station data

During the three years of research, a characteristic
precipitation deficit was observed against the back-
ground of high temperatures with low hydrothermal
potential in spring or summer. According to long-
term observations, the annual precipitation in the re-
gion was 475 mm, while in 2016, 168 mm fell during
the 90-day growing season, in 2017 - 48 mm, and in
2018 - 56 mm. Generally, spring climatic conditions
favoured the growth and development of early spring
crops, and therefore the efficiency of the production
process during the years of research mainly depended
on the availability of soil moisture, soil maintenance
system, and other agrotechnical methods.

The soil of the experimental plots is a southern
alluvial chernozem, characterised by the following in-
dicators: humus content (according to Tyurin) - 2.6%,




easily hydrolysable nitrogen (according to Korn-
field) - 111.3 mg/kg, mobile phosphorus (according to
Chirikov) = 153.7 mg/kg and exchangeable potassium
(according to Chirikov) = 255 mg/kg of dry soil. The
reaction of the soil solution was neutral (pH water/
salt 7.0/7.3). The soil profile was not saline, but was
slightly saline (exchangeable sodium 7% of CEC). The
soil was of high quality, sufficiently saturated with
nutrients and had favourable physical, chemical and
agrophysical properties, making it suitable for grow-
ing pulses (DSTU 4362:2004, 2006). However, the use
of plant growth regulators is justified to obtain high
yields of quality products.

Biostimulants Stimpo and Regoplant are complex
multicomponent preparations with diverse properties
that are explained by the synergistic effect of the inter-
action of components (a mixture of carbohydrates, pol-
ysaccharides, amino acids, antioxidants,and microhor-
mones), fatty acids, amino acids, phytohormones, trace
elements) of the vital activity of the microfungus Cy-
lindrocarpon obtusiucuilum 680, which is obtained from
ginseng roots, and aversectins, which are metabolic
products of the soil Streptomyces avermitilis. The influ-
ence of biostimulants on the formation of photoassim-
ilation apparatus of pea crops in experimental mi-
croplots was studied. The seeding rate was 110 pcs/m?2.
The variants in the experiment were arranged sys-
tematically with four replications. The research design
included three variants. The pea seeds of the control
group (variant 1) were treated with Liposam solution
(5 g/l) before sowing and foliar treatment of crops
was carried out with Liposam solution (5 g/l). In vari-
ant 2, the following were used: pre-sowing seed treat-
ment - Stimpo (25 ml/t) in Liposam solution (5 g/l);
foliar treatment - Stimpo (20 ml/ha) in Liposam solu-
tion (5 g/l). The pre-sowing treatment of pea seeds of
variant 3 was carried out with Regoplant (250 ml/t)
in Liposam solution (5 g/l), and the foliar treatment
was carried out with Regoplant (50 ml/ha) in Liposam
solution (5 g/l).

Before sowing, the seeds of the experimental var-
iants were treated with biostimulants in the concen-
trations recommended by the manufacturers, and after
drying, they were sown within a day. The first foliar
treatment of pea crops was carried out at the stage
of 5-6 stipules, and the second foliar treatment was
carried out at the stage of budding to flowering. Plant
samples were collected during the growing season
of pea plants in 5 phases: BBCH 12-13, BBCH 15-16,
BBCH 51-55, BBCH 61-65, BBCH 75-79. The working
solution consumption was 300 l/ha during foliar treat-
ment of pea crops.

The beginning of each phase of growth and devel-
opment of pea was established after its onset in 10%
of plants, complete phase - in 75% of plants, and the
BBCH scale was used (Meier, 2018). At the end of the
germination phase (BBCH 09), the field germination of
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pea seeds was determined. The number of seedlings
per 1 m? was counted and field germination was cal-
culated in relation to the number of seeds sown in a
given area as described in V. Yeshchenko et al. (2005).
The leaf surface area of pea plants was determined
gravimetrically by the notching method. The gravimet-
ric method relates the weight of leaves from 10 plant
samples to the weight of leaf cuttings (D =10 mm).
Knowing the area of the leaf notches, the leaf surface
area was calculated, and the leaf area index (LAI) was
determined in m? per 1 m? of sown area.

The total chlorophyll content was determined by
the fluorometric method using an N-tester (Yara, Ja-
pan). The measurement point was chosen in the mid-
dle of the first developed leaf. Based on the results
of 30 random measurements performed according to
the usual “W” scheme, the average value was obtained,
and the results were presented in conventional units
according to the methodology of |. Rodriguez and
G. Miller (2000). The net photosynthetic productivi-
ty (NPP) was calculated as the ratio of the growth of
plant dry matter mass over a certain period to the half
sum of the leaf surface areas at the beginning and at
the end of the period. The NPP was calculated using
the following formula:

_ By-By
NPP = 0.5(S1+S,)n’ O

where NPP is the net productivity of photosynthe-
sis, g/m**day; B, and B, are the dry mass of plants at
the beginning and end of the period, g; (B,-B,) is the
growth of dry weight of plants for n number of days,
g; S, and S, are the leaf surface area at the beginning
and end of the period, m? 0.5 (5,+S,) is the average
area of the leaf surface during the experiment; n is the
period between two observations, days.

The dry mass of the substance was determined
gravimetrically according to generally accepted
methods (Ram, 2023). In the statistical analysis of the
research results, the arithmetic mean, the average er-
ror of the arithmetic mean (=¥ m), Student’s t-test, and
the least significant difference (LSD,,.) were deter-
mined at a level of confidence of 95% (Yeshchenko et
al,, 2005). The results were statistically processed
using Microsoft Office Excel 2013 and Agrostat. The
study adhered to the standards of the Convention on
Biological Diversity (1992) and the Convention on
Trade in Endangered Species of Wild Fauna and Flo-
ra (1979).

RESULTS AND DISCUSSION

The study found that the biostimulants Stimpo and
Regoplant during pre-sowing treatment of pea seeds
already in the phase of 2-3 stipules increased the LAI
of crops by 12% and 17%, respectively, under growing
conditions during the study years (Table 1).
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Table 1. Change in leaf area index (m?/m?) of crops of Pisum sativum L. variety Oplot under the effect of biostimulants

Development Years Va|:|ants LSD
phases control Stimpo Regoplant 05

2016 0.10+0.04 0.16*0.05* 0.18+0.05* -

BBCH 2017 0.21x0.01 0.21+0.01 0.22+0.01 -

12-13 2018 0.19%0.01 0.20£0.01 0.19+0.01 -
mean 0.17 0.19 0.20 0.05

2016 0.39%0.06 0.45+0.05* 0.46=0.07* -

BBCH 2017 0.45%0.01 0.77+0.01* 0.62+0.01* -

15-16 2018 0.56%0.01 0.83+0.02* 1.03+0.02* -
mean 0.47 0.68 0.70 0.21

2016 2.01#0.11 2.30£0.12 2.76%0.13" -

BBCH 2017 2.26%0.07 3.27+0.07* 3.05+0.05* -

51-55 2018 1.21%0.03 1.30£0.03 1.45%0.03" -
mean 1.82 2.29 242 0.44

2016 3.80+0.25 5.70+0.31* 5.20%0.35" -

BBCH 2017 4.16%0.04 6.49+0.09" 5.65%0.10* -

61-65 2018 2.51%0.08 3.93+0.12% 3.58+0.11* -
mean 3.49 5.37 4.81 0.75

2016 4.03%0.31 6.10+0.29" 4.95%0.35 -

BBCH 2017 5.96+0.04 7.65%0.13% 7.47+0.09* -

75-79 2018 3.58+0.12 4.78+0.15* 4.20%0.14* -
mean 4.52 6.18 5.54 0.88

Note: * - difference is significant compared to the control at P<0.05

Source: compiled by the author of this study

The positive effect of biostimulants on the forma-
tion of leaf surface during the vegetative phase of pea
plants development was established. The LAl value of
pea crops under Stimpo and Regoplant increased, re-
spectively, by 15% and 18% in 2016, by 71% and 38% in
2017, and by 48% and 84% in 2018 in the BBCH phase
15-16. During the further vegetative development of
pea plants (BBCH phase 15-16), a significant increase
in LAl was observed in 1.45 times with Stimpo and in
1.48 times with Regoplant compared to control values.

During the transition to the generative stage of
development, an active formation of the leaf surface
area of pea plants treated with biostimulants was also
noted, as indicated by the growth of LAl in the exper-
imental variants compared to the control values. Thus,
in the budding phase, the LAl of pea crops increased on
average by 1.26 times under Stimpo and 1.32 times un-
der Regoplant. The most effective increase in the LAI of

pea crops was recorded by 1.54 times when using Stim-
po (for three years of observations) and by 1.38 times
when using Regoplant (for three years of observations)
in the flowering phase (BBCH 61-65). The leaf area of
pea crops treated with biostimulants stayed signif-
icantly increased until the phase of bean formation
compared to the control.

The effect of biostimulants on changes in the con-
tent of total chlorophyll in pea stipules was character-
ised by some ambiguity. Thus, at the stages of vegetative
development of pea plants, Stimpo led to a slight in-
crease in the chlorophyll content in the stipules, which
increased from an average of 1.6% to 2.7% compared
to the control. However, during the years of research, a
significant increase in chlorophyll content from 4.1% to
10.4% under Stimpo was recorded compared to control
values, starting from the budding phase (BBCH 51-55)
to the phase of bean formation (BBCH 75-79) (Table 2).

Table 2. Changes in the content of total chlorophyll (unit) in the stipules
of Pisum sativum L. plants of Oplot variety under the influence of biostimulants

Development

Variants

phases Years control Stimpo Regoplant LSDq,
2016 483%4 505+8* 496%7 -
BBCH 2017 4024 415%2* 405+2 -
12-13 2018 560+5 5655 568+4 -
mean 482 495 490 9
2016 4596 4665 4806 -
BBCH 2017 489+7 5027 480+3 -
15-16 2018 566%6 570%6 579+7 -
mean 505 513 513 9
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Table 2. Continued

Development Years Variants LSD
phases control Stimpo Regoplant 0

2016 549+11 540£10 53449 -

BBCH 2017 4896 555+8* 562+9* -

51-55 2018 583%6 590£7 595£8* -

mean 540 562 564 15

2016 661%9 676%8 679%9 -

BBCH 2017 562+4 619+10" 606%10* -

61-65 2018 610+9 627%9" 623+9" -

mean 611 641 636 18

2016 3684 385+3* 3744 -

BBCH 2017 624%11 741%12* 72111 -

75-79 2018 650%10 685%9* 6937* -

mean 547 604 596 24

Note: * - difference is significant compared to the control at P<0.05

Source: compiled by the author of this study

The biostimulant Regoplant did not have a sub-
stantial effect on the chlorophyll concentration in
pea stipules at the stages of vegetative growth and
plant development. In the experiment conducted in
2016, there were no statistically significant chang-
es in chlorophyll levels under the influence of Re-

goplant in the generative period of plant growth.

At the same time, in 2017, after foliar treatments
of crops with Regoplant, an increase in chlorophyll
concentration by 7.8-15.5% from the budding phase

to the bean formation phase was recorded compared
to control values. The same results were obtained in
the 2018 research, when the content of total chlo-
rophyll significantly increased by 2.1-6.6% under
the influence of Regoplant in the phases of budding,
flowering, and bean formation. It was found that the
studied biological preparations increased the effi-
ciency of photosynthesis in the initial stages of pea
vegetation due to an increase in the net productivity
of photosynthesis (Table 3).

Table 3. Changes in net photosynthetic productivity (g/cm?*day)
of Pisum sativum L. plants of Oplot variety under the effect of biostimulants

Interphase periods (according to BBCH)

Variants 12(13)-15(16)  15(16) -51(55)  51(55)-61(65)  61(65) - 75(79)
2016 6.5%0.2 8.4%0.4 8.3+0.4 1.6¥0.1
control 2017 6.4%0.3 8.8%0.4 11.20.5 3.840.3
2018 4602 12.7%0.6 15.340.7 6.3:0.4
mean 5.8 10.0 11.6 3.9
2016 5.840.3 8.4%0.3 9.4%0.5" 1701
Stimpo 2017 730.3° 9.2+0.5 12.60.8 1.9%0.2"
2018 5.2%0.3" 12.6%0.7 25.140.8" 6.2%0.3
mean 6.1 10.1 15.7 3.3
2016 6.9%0.2" 8.5%0.3 9.7+0.4" 3.340.2"
Regoplant 2017 7.5£0.4* 9.3£0.5 13.00.7" 2.0£0.3"
2018 5.4%0.3" 13.9%0.6 19.740.8" 8.30.4"
mean 6.6 10.6 14.1 4.5
LSD,, 0.4 0.6 19 05

Note: * - difference is significant compared to the control at P<0.05

Source: compiled by the author of this study

From the data presented in Table 3, the NPP ex-
ceeded by 6.2% (2016),17.2% (2017),and 17.4% (2018)
its value in the control variant of pea plants between
the phases 2-3 and 5-6 stipules under the influence
of the biological product Regoplant. Therewith, the
NPP was reduced by 10.8% in 2016 when Stimpo was
applied and significantly exceeded the NPP value in
control crops in 2017 by 14.0% and in 2018 by 13.0%

during the periods of vegetative growth. During the
next ontogenetic phase of budding, there were no sta-
tistically significant changes in the NPP in pea crops
under the influence of biostimulants.

During the interphase period of budding - flower-
ing of peas BBCH 51(55) - 61(65), there were substan-
tial changes in the NPP between the experimental and
control variants of pea crops. During this period, the

Scientific Horizons, 2024, Vol. 27, No. 4
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average NPP of pea crops over the years of research ex-
ceeded the control values by 1.35 times under Stimpo
and 1.22 times under Regoplant. The NPP of pea crops
treated with the biostimulant Stimpo did not exceed
the control values during the period of flowering -
bean formation, while under the action of the biostim-
ulant Regoplant, the average NPP value over the years
of research exceeded this indicator in control pea crops
by 15.4%. Thus, with intensive pea cultivation technol-
ogies, the use of plant biostimulants derived from natu-
ral raw materials allows for better formation of the leaf
surface of crops, stimulation of photosynthetic process-
es, efficient use of PAR energy and a direct impact on
crop yields in the Ukrainian Steppe zone.

The main advantage of modern plant growth reg-
ulators, which include a balanced complex of meta-
bolically active substances, is their ability to target key
processes of plant growth and development, as well as
to effectively implement the potential of a particular
variety or hybrid. The organic biological products un-
der study are third-generation plant growth regulators
with a broad spectrum of action and bioprotective ef-
fect. The mechanism of action of these preparations
is based on the synergy of microbial fungi and aver-
sectin, which has a positive effect on the physiological
and biochemical parameters of plants and increases
their resistance to stress (Medkov et al., 2021). This is
confirmed by the findings of studies of the influence
of these biostimulants on the formation of the pho-
toassimilation apparatus of different varieties of leg-
umes in the different climate zones of Ukraine (Pyda et
al., 2021; Makogonenko et al., 2019).

The analysis of the Gossen-Walter climate diagrams
over the years of research shows that during the grow-
ing season of peas, there is a steady trend for changes in
agroclimatic parameters towards warming and increas-
ing aridity. Weather conditions have a substantial impact
on the production process of pea and, specifically, the
formation of the photoassimilation surface and its effi-
ciency, such as ambient temperature, amount and uni-
formity of precipitation, which is confirmed by some re-
searchers (Kolosovskaya, 2019; Vozhegova et al., 2021).

Modern methods of growing crops are based on the
concept of crop formation as a photosynthetic system
and are developed with the biological characteristics of
a particular crop in mind. The size of the assimilation
surface of crops directly affects the yield of legumes
and is an important diagnostic indicator.

Scientific data shows that the optimum leaf area of
crop plants is 40 thsd m?/ha, which allows for maximum
crop productivity. Other studies indicate that for mod-
ern varieties and hybrids grown using intensive tech-
nologies and widely introduced into agricultural pro-
duction, the optimum leaf area is within 50-60 thsd m?/
ha (Kim & Narimanov, 2021). The leaf area of pea crops
over the 3 years of research increased during the grow-
ing season and the LAl reached its maximum values at
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the stage of bean formation. It was during this period
that the most effective effect of the biostimulant Stim-
po on the increase in leaf surface was noted, compared
to the effect of Regoplant. The positive effect of growth
biostimulants on the leaf area of pea crops is confirmed
by the findings of K. Nebaba (2020).

Notably, O.S. Titarenko and L.M. Karpuk (2022) con-
firmed the increase in the efficiency of photosynthesis
of grain sorghum hybrids with the foliar application
of these biostimulants. The effect of the biostimu-
lants under study on the accumulation of chlorophyll
in pea stipules was effective only after the application
of foliar treatments carried out in the BBCH phas-
es 51-55. Presumably, according to N.V. Novytska and
O.V. Ponomarenko (2022), the improvement of symbiot-
ic nitrogen fixation under biostimulants increased the
effective nitrogen assimilation, which had a positive
effect on chlorophyll accumulation. The positive effect
of the biostimulants under study is associated with the
stimulating effect of cytokinins on chlorophyllogene-
sis (through increased synthesis of its precursor, proto-
chlorophyllide) and on the intensity of photosynthesis
and respiration (Khan et al., 2020).

It is well-known that not all the leaf area formed
in crops can be effectively used for the synthesis of
dry matter. This is mainly due to the different tiering
of the leaves and the problems that arise in ensuring
efficient access to solar energy.Although it is difficult to
estimate the illumination of individual leaves, changes
in net photosynthetic productivity can still serve as a
basis for some assumptions. The productive process of
crops is correlated to a certain extent with photosyn-
thetic parameters (Wu et al., 2019). However, finding a
quantitative correlation between plant productivity in
agrocenoses and photosynthetic intensity is often dif-
ficult, as these aspects are mainly influenced by envi-
ronmental conditions. The increase in NPP up to the
interphase period of BBCH 51(55) - 61(65) was noted
in all variants under study and was replaced by a sharp
decrease in the interphase period of BBCH 61(65) -
75(79) in pea crops.

During these observations, only pre-sowing treat-
ment of seeds with biostimulants generally did not
have a substantial effect on the growth of LAI, while
the NPP indicators increased during the vegetative
phase of pea plants ontogeny. The biostimulants under
study improved the parameters of net photosynthesis
of pea plants when applying foliar treatments, which is
confirmed by the findings of 3-year studies and the in-
crease in NPP noted in other studies (Kulyk et al., 2020;
Pyda et al., 2021; Netwal et al., 2022). The biostimu-
lant Regoplant more effectively contributed to the
formation of dry biomass through the photosynthetic
activity of the pea leaf apparatus compared to Stimpo
during the entire growing season. Thus, the findings of
this study confirm the data of other scientists on the
influence of growth regulators on the formation of the




photosynthetic apparatus of legumes and their effec-
tiveness in the arid conditions of southern Ukraine.

CONCLUSIONS

The findings of the conducted study suggest that the
use of biostimulants Stimpo and Regoplant in the culti-
vation of sowing peas is one of the effective agricultur-
al measures to increase the efficiency of the production
process through the influence on the functioning of the
photoassimilation apparatus. Thus, based on the ob-
tained 3-year results of the study, it can be concluded
that the use of biostimulants Stimpo (25 ml/t + 20 ml/ha)
and Regoplant (250 ml/t + 50 ml/ha) increased the leaf
area index in different stages of vegetation of pea vari-
ety Oplot by 1.12-1.54 and 1.18-1.38 times, respective-
ly, compared to the control.

The biostimulants Stimpo and Regoplant under the
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depending on the years. The probability of changes in
the chlorophyll content was observed only after foliar
treatment of crops with biostimulants. Thus, the study
recorded an average increase in chlorophyll content by
4.0% under the action of biostimulants during the pe-
riod of budding-flowering (BBCH 51(55) - 61(65)) and
by 10.4% under Stimpo and 9.0% under Regoplant dur-
ing the interphase period of budding-bean formation
(BBCH 61(65) - 75(79)).

The data obtained confirm the prospects of further
research onthe efficiency of lequme-rhizobial symbiosis,
analysis of the structure of crops, elements of biologi-
cal yield of peas and other legumes and product quality
under the influence of biostimulants in the arid condi-
tions of the Ukrainian Steppe zone, which will provide
the population with high-quality food raw materials.

conditions of foliar treatments maximally increased the ACKNOWLEDGEMENTS
NPP of pea crops by 1.35 and 1.22 times, respectively, None.
during the interphase period budding - flowering. The

CONFLICT OF INTEREST

effect of biostimulants on the concentration of total

chlorophyll in pea stipules was ambiguous and varied  The authors of this study declare no conflict of interest.

REFERENCES

[1] Cobon,D.H.,Baethgen, W.E., Landman, W., Williams, A., van Garderen, E. A.,Johnston, P., Malherbe, J., Maluleke,
Ph., Kgakatsi, I.B., & Davis, P. (2020). Agroclimatology in grasslands. Agroclimatology: Linking Agriculture to
Climate, 60, 369-423. doi: 10.2134/agronmonogr60.2016.0013.

[2] Convention on Biological Diversity. (1992, June). Retrieved from https://zakon.rada.gov.ua/laws/show/995_030#Text.

[3] Convention on International Trade in Endangered Species of Wild Fauna and Flora. (1979, June). Retrieved
from https://zakon.rada.gov.ua/laws/show/995_129#Text.

[4] DSTU 4362:2004. (2006). Soil quality. Indicators of soil fertility. Retrieved from https://online.budstandart.com/
ua/catalog/doc-page?id_doc=67099.

[5] Dubey, A., Kumar, A., & Khan, M.L. (2020). Role of biostimulants for enhancing abiotic stress tolerance in
Fabaceae plants. In The plant family Fabaceae- biology and physiological responses to environmental stresses (pp.
223-236). Singapore: Springer. doi: 10.1007/978-981-15-4752-2 8.

[6] Karpenko, V.P,, & Shutko, S.S. (2018). Chlorophyll content and photosynthetic productivity in soriz while
applying of Pik 75 WG herbicide and Regoplant plant growth regulator. Proceedings of Uman National University
of Horticulture, 93(1), 23-32.doi: 10.31395/2415-8240-2018-93-1-23-32.

[71 Khan,N.,Bano,A.M.D., & Babar, A. (2020). Impacts of plant growth promoters and plant growth regulators on
rainfed agriculture. PLoS ONE, 15(4), article number e0232926. doi: 10.1371/journal.pone.0231426.

[8] Khodanitska, 0.0., Shevchuk, O.A., Tkachuk, 0.0., & Shevchuk, VV. (2019). Features of the anatomical structure
of the autonomic organs and flax oil yield (Linum usitatissimum L.) at applications growth stimulants. Science
Rise: Biological Science, 4(20), 35-40. doi: 10.15587/2519-8025.2019.188317.

[9] Kim, VV.,, & Narimanov, A.A. (2021). Influence of different growth stimulators on the formation of a
photosynthetic apparatus in vegetable soybean plants. Central Asian Journal of Medical and Natural Science,
2(6),125-130.doi: 10.17605/cajmns.v2i6.494.

[10] Kolesnikov, M., Gerasko, T., Paschenko, Yu., Pokoptseva, L., Onyschenko, O., & Kolesnikova, A. (2023). Effect
of water deficit on maize seeds (Zea mays L. during germination. Agronomy Research, 21(1), 156-174.
doi: 10.15159/AR.23.016.

[11] Kolesnikov, M., Pashchenko, Y., Ninova, H., Kapinos, M., & Kolesnikova, A. (2019). Effect of preparations
Methyure (6-Methyl-2-Mercapto-4-Hydroxypyrimidine) on corn (Zea mays L.) biological productivity under
saline soil conditions. In V. Nadykto (Ed.), Modern development paths of agricultural production (pp. 719-728).
Cham: Springer. doi: 10.1007/978-3-030-14918-5 70.

[12] Kolosovskaya, V.V. (2019). Agroecological features of the formation of pea productivity in conditions of climate
change in the forest-steppe zone of Ukraine. In 1.0. Yasnolob, T.0. Chayki & O.0. Gorba (Eds), Alternative energy
sources in increasing energy efficiency and energy independence of rural areas (pp. 87-94). Poltava: Astraya
Publishing House.

Scientific Horizons, 2024, Vol. 27, No. 4

83


https://acsess.onlinelibrary.wiley.com/doi/abs/10.2134/agronmonogr60.2016.0013
https://zakon.rada.gov.ua/laws/show/995_030#Text
https://zakon.rada.gov.ua/laws/show/995_129#Text
https://online.budstandart.com/ua/catalog/doc-page?id_doc=67099
https://online.budstandart.com/ua/catalog/doc-page?id_doc=67099
https://link.springer.com/chapter/10.1007/978-981-15-4752-2_8
https://journal.udau.edu.ua/en/arxv-nomerv/2018/vipusk-93.-chastina-1/vmst-xloroflu-fotosintetichna-produktivnst-roslin-sorizu-za-vikoristannya-gerbczidu-pk-75-wg-regulyatora-rostu-roslin-regoplant.html
https://doi.org/10.1371/journal.pone.0231426
https://doi.org/10.15587/2519-8025.2019.188317
https://cajmns.centralasianstudies.org/index.php/CAJMNS/article/view/494
https://agronomy.emu.ee/wp-content/uploads/2023/05/AR2023_Agronomy-Research-_21_1.pdf
https://link.springer.com/chapter/10.1007/978-3-030-14918-5_58
http://eprints.library.odeku.edu.ua/id/eprint/6389/1/pdaa_2019_87.pdf
http://eprints.library.odeku.edu.ua/id/eprint/6389/1/pdaa_2019_87.pdf

84

Formation of the photoassimilation apparatus of pea (Pisum sativum L) crops...

[13] Kulyk, H.A., Reznichenko, V.P., Trykina, N.M., & Malakhovska, V.0. (2020). Efficiency of applying growth
regulators at sugar beet cultivation in the Central Ukraine. Bulletin of Poltava State Agrarian Academy, 2,43-49.
doi: 10.31210/visnyk2020.02.05.

[14] Kumar, B. (2021). Plant bio-regulators for enhancing grain yield and quality of lequmes: A review. Agricultural
Reviews, 2(2),175-182. doi: 10.18805/ag.R-2068.

[15] Lemishko, S.M., Chernykh, S.A., & Yarchuk, L.I. (2022). Increasing the manifestation of the effect of symbiotic
nitrogen fixation of peas and the productivity of crops using growth regulators, preparations of nitrogen-fixing
bacteria and organic biostimulators in the conditions of the Northern Steppe of Ukraine. Agrarian Innovations,
15,47-52. doi: 10.32848/agrar.innov.2022.15.7.

[16] Makogonenko, S.Yu., Baranov, V.I., & Terek, O.I. (2019). Influence of Regoplant and Stimpo on content of free
amino acids and intensity of lipid peroxidation in Brassica napus L. at cultivation on technozem. The Bulletin of
Kharkiv National Agrarian University. Series Biology, 1(46), 47-53.

[17] Mazur, V., Tkachuk, O., Pantsyreva, H., Kupchuk, I., Mordvaniuk, M., & Chynchyk, O. (2021). Ecological suitability
peas (Pisum Sativum) varieties to climate change in Ukraine. Agraarteadus. Journal of Agricultural Science, 32(2),
276-283.doi: 10.15159/jas.21.26.

[18] Medkov, A.l., Stefanovska, T.R., & Borodai, V.V. (2021). Optimization of the micromycete cultivation process -
basics of growth regulators and biotesting their growth-stimulating activity concerning to Miscanthus
giganteus. Agrology, 4(1), 40-46. doi: 10.32819/021005.

[19] Meier, U. (2018). Growth stages of mono- and dicotyledonous plants. Quedlinburg: Open Agrar Repositorium.
doi: 10.5073/20180906-074619.

[20] Nadeem, M., Li, J., Yahya, M., Sher, A., Ma, C., Wang, X., & Qiu, L. (2019). Research progress and perspective on
drought stress in legumes: A review. International Journal of Molecular Sciences, 20(10), article number 2541.
doi: 10.3390/ijms20102541.

[21] Nebaba, K.S. (2020). The formation of the photosynthetic apparatus of seed pea depending on technological
methods in the conditions of the Western Forest Steppe. Balanced Nature Management, 3, 139-145.
doi: 10.33730/2310-4678.3.2020.212616.

[22] Nebaba, K.S. (2023). Influence of mineral fertilizers and growth regulators on the quality of sowing pea grain
in the forest-steppe. Podilian Bulletin: Agriculture, Engineering, Economics, 38, 99-103. doi: 10.37406/2706-
9052-2023-1.14.

[23] Netwal,M.,Choudhary,M.R.,Jakhar,R.K.,Garhwal, O.P., & Choudhary, G.(2022). Effect of bio-regulators and plant
growth promoting bacteria on growth attributes of Indian bean (Lablab purpureus L. var. typicus). International
Journal of Horticulture and Food Science, 4(2), 219-222. doi: 10.33545/26631067.2022.v4.i2¢.140.

[24] Novytska, N.V., & Ponomarenko, O.V.(2022). Photosynthetic parameters of winter pea sowings under the effect
of nitrogen fertilization and seed inoculation in the Right Bank Forest-Steppe of Ukraine. Scientific Papers of
the Institute of Bioenergy Crops and Sugar Beet, 30,43-53. doi: 10.47414/np.30.2022.270118.

[25] Onyshchenko, O., Pokoptseva, L., Kolesnikov, M., & Gerasko T. (2023). Photosynthetic activity of sunflower
hybrids under growth regulators in the Steppe of Ukraine. Scientific Horizons, 26(6), 58-70. doi: 10.48077/
scihor6.2023.58.

[26] Pidlisnyuk, V., Stefanovska, T., Zhukoy, O., Medkow, A., Shapoval, P, Stadnik, V., & Sozanskyi, M. (2022). Impact of
plant growth regulators to development of the second generation energy crop Miscanthusxgiganteus produced
two years in marginal post-military soil. Applied Sciences, 12(2),article number 881.doi: 10.3390/app12020881.

[27] Pyda, S.V., Kononchuk, O.B., Tryguba, O.V., & Gurska, O.V. (2021). The effectiveness of Ryzobofit and Ryzohumin
microbiological preparations use for beans biometric indicators (Faba bona Medic). Agrobiology, 1, 115-121.
doi: 10.33245/2310-9270-2021-163-1-115-121.

[28] Ram, H.H. (2023). Principles of plant breeding New Delhi: India Publishing Agency.

[29] Rodriguez, |.R., & Miller, G.L. (2000). Using a chlorophyll meter to determine the chlorophyll concentration,
nitrogen concentration, and visual quality of St. Augustinegrass. HortScience, 35(4), 751-754.

[30] Shepilova, T.P,, Petrenko, D.I., Leshchenko, S.M., & Artemenko, D.Yu. (2021). Formation of soybean productivity
depending on sowing time and plant growth regulators. Bulletin of Poltava State Agrarian Academy, 4, 30-35.
doi: 10.31210/visnyk2021.04.03.

[31] Titarenko, O.S., & Karpuk, L.M. (2022). Photosynthetic efficiency of sorghum (Sorghum bicolor) under the effect
of elements of cultivation technology. Advanced Agritechnologies, 10(3). doi: 10.47414/na.10.3.2022.287179.

[32] Tsygankova,V.A., Spivak, S.l.,Shysha, O.M., Pastukhova, N.L., Yemets,A.l., & Blume,Y.B.(2021). The application of
biostimulants regoplant and stimpo to increase wheat resistance to salinity conditions. Factors of Experimental
Evolution of Organisms, 28,117-122. doi: 10.7124/FEEO.v28.1386.

[33] Vozhegova, R.A., Netis, I.T., Onufran, L.I., Sakhatsky, G.I., & Sharata, N.H. (2021). Climate change and aridization
of the Southern Steppe of Ukraine. Agrarian Innovations, 7, 16-20. doi: 10.32848/agrar.innov.2021.7.3.

Scientific Horizons, 2024, Vol. 27, No. 4



https://journals.pdaa.edu.ua/visnyk/article/view/1330
https://arccjournals.com/journal/agricultural-reviews/R-2068
http://agrarian-innovations.izpr.ks.ua/index.php/agrarian/article/view/317
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?C21COM=2&I21DBN=UJRN&P21DBN=UJRN&IMAGE_FILE_DOWNLOAD=1&Image_file_name=PDF/Vkhnau_biol_2019_1_6.pdf
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?C21COM=2&I21DBN=UJRN&P21DBN=UJRN&IMAGE_FILE_DOWNLOAD=1&Image_file_name=PDF/Vkhnau_biol_2019_1_6.pdf
https://dspace.emu.ee/handle/10492/7040
https://journals.indexcopernicus.com/search/article?articleId=3289246
https://doi.org/10.5073/20180906-074619
https://www.mdpi.com/1422-0067/20/10/2541
https://journals.uran.ua/bnusing/article/view/212616
https://journals.pdu.khmelnitskiy.ua/index.php/podilian_bulletin/article/view/148
https://journals.pdu.khmelnitskiy.ua/index.php/podilian_bulletin/article/view/148
https://www.hortijournal.com/archives/2022.v4.i2.C.140
http://np.bio.gov.ua/article/view/270118
https://sciencehorizon.com.ua/en/journals/tom-26-6-2023/fotosintetichna-aktivnist-gibridiv-sonyashniku-za-diyi-regulyatoriv-rostu-v-umovakh-stepu-ukrayini
https://sciencehorizon.com.ua/en/journals/tom-26-6-2023/fotosintetichna-aktivnist-gibridiv-sonyashniku-za-diyi-regulyatoriv-rostu-v-umovakh-stepu-ukrayini
https://www.mdpi.com/2076-3417/12/2/881
http://dspace.tnpu.edu.ua/jspui/bitstream/123456789/21376/1/pyda_et_all_1_2021.pdf
https://books.google.com.ua/books?hl=uk&lr=&id=3njJEAAAQBAJ&oi=fnd&pg=PR9&dq=Principles+Of+Plant+Breeding+Hari+Har+Ram&ots=gaoFHL4zUV&sig=EKl5Cv3mX8I_klfgSTdMd7Z0o08&redir_esc=y#v=onepage&q=Principles%20Of%20Plant%20Breeding%20Hari%20Har%20Ram&f=false
https://www.researchgate.net/profile/Grady-Miller/publication/277793554_Using_a_Chlorophyll_Meter_to_Determine_the_Chlorophyll_Concentration_Nitrogen_Concentration_and_Visual_Quality_of_St_Augustinegrass/links/56eb025508aeb65d759391d1/Using-a-Chlorophyll-Meter-to-Determine-the-Chlorophyll-Concentration-Nitrogen-Concentration-and-Visual-Quality-of-St-Augustinegrass.pdf
https://www.researchgate.net/profile/Grady-Miller/publication/277793554_Using_a_Chlorophyll_Meter_to_Determine_the_Chlorophyll_Concentration_Nitrogen_Concentration_and_Visual_Quality_of_St_Augustinegrass/links/56eb025508aeb65d759391d1/Using-a-Chlorophyll-Meter-to-Determine-the-Chlorophyll-Concentration-Nitrogen-Concentration-and-Visual-Quality-of-St-Augustinegrass.pdf
https://www.pdau.edu.ua/sites/default/files/visnyk/2021/04/visnyk2021-4.pdf
http://jna.bio.gov.ua/article/view/287179
http://www.utgis.org.ua/journals/index.php/Faktory/article/download/1386/1465
http://agrarian-innovations.izpr.ks.ua/index.php/agrarian/article/view/139

Kolesnikov et al. 8>

[34] Wu,A.,Hammer, G.L., Doherty,A.,von Caemmerer,S., & Farquhar, G.D. (2019). Quantifying impacts of enhancing
photosynthesis on crop yield. Nature Plants, 5, 380-388. doi: 10.1038/s41477-019-0398-8.

[35] Yeshchenko, V.0., Kopytko, P.G., & Opryshko, V.P. (2005). Fundamentals of scientific research in agronomy. Kyiv:
Action.

®dopMyBaHHA poToacuMingauinHoro anaparty nocisiB ropoxy (Pisum sativum L.)
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AHotauis. lNisoeHHuii Cten YKpaiHM XapakTepu3yeTbCs PSAOM HECMPUATIMBMX arpokaiMaTUYHUX YMOB, LLO
Npu3BOAWUTbL [0 rafbMyBaHHS POCTOBMX MpOLECiB, MOpYyWweHHs i3ionoriyHMx npoueciB Ta BTPaATU BPOXaio
CiNbCbKOrOCNoAapCbkMX KynbTyp. 3aCTOCYBAHHS €KOMOriYyHO 6Ge3neyHux OioperynatopiB CTUMYME pPOCTOBI
NpoLLeCH, ONTUMI3YE a30THE XXMBJIEHHS, NiABULLYE aAaNTUBHICTb 3epHOO0O0BMX KYNbTyp A0 HECMPUSTAMBUX YMOB
i 30inblWye ypoxaiHicTb. MeToto poboTn Byno 3'acyBaTv 0COBAMBOCTI BMNAMBY BioCTUMYNATOpiB Ha GOPMYBaHHS
doToacuMinguinHoro anapaTty ropoxy nocisHoro copty Onnot B ymoBax [liBaoeHHoro Creny YkpaiHu. byno
NpOBeAEeHO 3-X piYHi APiOGHOAINAHKOBI LOCNIIKEHHS B XOA4i SKMX BM3HAYanM iHAEKC JMCTKOBOI MOBEPXHi, BMICT
3arafbHOro xnopo@diny Ta YMCTy NPOAYKTUBHICTb POTOCMHTE3Y B MOCiBax ropoxy. bioctumyngaropamu nposoaunnu
nepeanociBHMM Ta No3akopeHeBui 06pobiTOK NOCiBiB ropoxy B @asi OyTOHi3auii y KOHLEHTpALifX, OnMCaHUX
B MeToponorii. byno BcraHoBneHo, wo Ctumno (25 mn/T + 20 mMn/ra) 36inbwyBaB iHAEKC UCTKOBOI MOBEPXHi Y
pi3Hux dasax Beretauii ropoxy copty Onnot B 1,12-1,54 pasu Ta Peronnant (250 mn/T +50 mn/ra) 36inbwysas
iHoeKc nucTkoBoi noepxHi B 1,18-1,38 pa3u nopiBHAHO 3 KOHTponeM. BiporiaHe 36inblweHHs BMicTy xnopodiny
B MPWANCTKAaX pocauH ropoxy 6yno 3adikcoBaHo nicns doniapHoi 06pobku nociBiB bBioctuMynaTopamu Ta
nepebinbllyBano 3HaYeHHS KOHTPOIbHUX pocinH Ha 9,0-10,4 % B nepioa BBCH 61(65) - 75(79). 3a 3-x piyHuMM
pe3ynbTaTaMu LOBELEHO NMO3UTUBHUIA BNIMB BIOCTUMYNATOPIB HA YUCTY NPOAYKTUBHICTb OTOCUHTE3Y. Tak, CTuMno
Ta PeronnaHT 36inblwyBanu YUCTy NPOLYKTMBHICTb POTOCMHTE3Y NOCIBIB ropoxy Ha 35 % Ta 22 % BignosigHo y
dasi 6yTtoHizauisa (BBCH 51-61) i upitiHHg (BBCH 55-65). OpepykaHi HayKoBi pe3ynbTaTy CNpUSOTb LUMPOKOMY
BMKOPUCTAHHIO AOCNIAXYBaHUX BIOCTUMYNATOpIB B TEXHONOrii BMPOLLYBAHHS ropoxy B 30Hi [liBgeHHoro Cteny
YKpaiHu 3 MeTo NiABULLLEHHS NPOAYKTUBHOCTI Ky/IbTYpU Ta OTPUMAHHS BPOXat0 BUCOKOT AKOCTI
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