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Abstract. Peas are a crop that is quite picky about weather conditions, therefore, against the backdrop of worsening
climatic conditions, it is necessary to pay attention to the wintering form. The main advantage of overwintering
peas is that it uses the moisture of the winter period and thanks to this forms above-ground and underground
biomass of plants even before the onset of summer drought. At the beginning of the recovery of spring vegetation,
plants have a well-developed root system that penetrates deep into the soil up to 10 cm, while spring peas at
this time are just beginning to sow. As a result, the potential yield of winter peas is 2-3 times higher than that of
spring peas. The purpose of the research was to determine the influence of varietal features of plants, seed sowing
rates on the photosynthetic activity of crops and grain yield of winter peas in the conditions of southern Ukraine.
Research methods: field, laboratory, computational, statistical. As a result of the research, the peculiarities of the
growth of the above-ground mass of plants, the photosynthetic activity of crops and the formation of grain yield
of winter pea varieties were studied. The optimal rate of winter pea seed sowing, at which the genetic potential of
varieties is fully realized, has been revealed. The norm of seed sowing was established, at which winter pea plants
formed the maximum area of the leaf surface. Research has established that in most cases the maximum level
of biomass harvest is formed at the minimum density of plants in the budding phase. As the density increases,
the biomass gradually decreases, which is a reliable sign of the significant advantage of crops with lower sowing
rates in terms of photosynthesis productivity.lt was determined that the highest winter pea grain yield, on average
over the years of research and according to the studied sowing rates, was formed by the Enduro variety. Research
has established that wintering peas form a small area of the leaf surface, which is characterized by a high level
of difference in productivity at a reduced seeding rate. The practical aspects and conclusions reflected in the
article are aimed at improving the processes of wintering pea productivity in the conditions of southern Ukraine,
in particular, at significantly more efficient use of moisture during the growing season of plants for the formation
of a unit of harvest
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INTRODUCTION

The main task of modern agriculture in Ukraine is to
increase the productivity of grain crops, which will con-
tribute to the formation of plant resources, providing
livestock with complete feed, and the population with
food products. An important place in solving this task
is occupied by peas. Its grain contains protein, carbohy-
drates, saturated with essential amino acids, minerals
andvitamins,thereforeitiswidelyusedinthe production
of balanced concentrated feeds. A short growing season
and the ability to fix atmospheric nitrogen characterize
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peas as the best predecessor for agricultural crops, in
particular winter forms [1].

Peas are characterized by great genetic diversity,
according to the morphological composition there are
varieties with leaves (ordinary) and leafless (with ten-
drils of the so-called aphylla type), indeterminate and
determinate growth of the stem and very early and
late ripening. There are winter and spring varieties.
Seeds vary in color, shape and size. Some varieties of
peas are used as a vegetable crop; field peas are used
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for the production of dry grain for the food industry,
and forage pea varieties are also widely used [2].

Peas are grown in most countries of the world.
North America has increased its share of seed pea and
lentil production in recent years. Europe, once the larg-
est producer of seed peas, is seeing a sharp decline in
total legume production. At the same time, Asian coun-
tries remain the main producer of many leguminous
crops, including field peas [3].

According to V\V. Kolosovska [4], peas are widely
distributed in Ukraine due to their high productivity and
feed value. Peas are a potential crop that, under optimal
growing conditions, can provide a high yield of green
above-ground mass, as well as grain. Significant fluctu-
ations in the yield of peas depend on the influence of
weather conditions on the productivity of plant photo-
synthesis. The yield of peas depends on many factors, in
particular, agricultural technology, weather and climate
conditions during the growing season of plants, varietal
characteristics, etc. [5; 6; 8]. In recent years, small areas
of sowing and low yields of pea grain are due to unfavor-
able weather conditions and the lack of stable demand
in the domestic market, as well as the difficult economic
situation of agricultural enterprises. All this, as well as
the imperfect technology of growing peas, gives preference
to agricultural crops whose cultivation costs are lower,
and their production volumes are larger [4; 7; 9].

Systematic droughts in the second half of May and
in June suppress the pea so much that it grows 15-20 cm
tall, forms no more than 2 beans per plant with 1-2 seeds,
and thus provides a yield of 0.4-0.6 t/ha, which is a cat-
astrophic phenomenon against the background of other
cultures. Therefore, producers, despite the importance of
peas in animal diets, refuse this crop and exclude it from
their crop rotations.

But in the last 15-20 years,a new form of peas has
appeared - winter peas, which are sown in autumn and
spring. He manages to form a generative apparatus ear-
lier than during droughts.Such peas under normal condi-
tions provide a yield of 2.0-2.5 t/ha of seeds, and under
favorable conditions - 3.5-4.0 t/ha. Currently, breeders
are creating wintering varieties, and agricultural techni-
cians are developing a technological model that would
correspond to the biology of this pea. It should be noted
that the development of winter pea agrotechnology has
not yet been completed, and many issues need to be clari-
fied. In particular, the optimal parameters of sowing rates
and plant stand density have not been definitively de-
termined. This element of technology was mechanically
transferred from spring peas, so the goal of our research
was to determine the optimal rate of sowing seeds for
modern varieties of winter peas for growing it in the con-
ditions of southern Ukraine.

One of the main elements of the pea growing
technology is the rate of sowing seeds, which ensures
optimal sowing density. The pea sowing rate ranges from
0.8 to 1.4 million similar seeds per hectare [5]. In con-
ditions of sufficient moisture supply, more seeds should
be sown than in dry conditions [6].
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N.V. Telekalo [7] in his experiments came to the
conclusion that it is the correctly selected sowing rates
that provide a high adaptive capacity, which allows met-
abolic processes to be restored to an optimal level after
exposure to stress factors, which is especially important
in conditions of climate change. The main characteris-
tics that determine the adaptation of peas include a
high harvesting index, the type of stem growth, friendly
ripening of grain, resistance to pests and diseases, shed-
ding of grain, high potential yield.

Optimum plant density and nutrient supply are
the most important conditions that affect the productivity
of agricultural crops. Therefore, studying the impact of
different sowing rates on plant density and yield is of
great importance for the process of forming the structural
elements of the crop. The density of plants before harvest-
ing is an indicator that shows the correct choice of seed
sowing rate during sowing. The rate of sowing can sig-
nificantly affect the realization of the potential yield of
peas under different soil and climatic conditions of its
cultivation [8]. Thus, the studies of V.V. Lykhochvor and
V.M. Andrushko [9] determined that the structural ele-
ments and yield of peas were significantly influenced
by the norms of seed sowing. Thus, increasing the rate
of sowing seeds to 1.4 million/ha contributed to a de-
crease in the number of beans per plant to 4.5 pcs., the
number of grains in a bean - to 6.1 pcs., the number of
grains per plant - to 27.6 pcs. Then, at the sowing rate
of 0.9 million/ha, the specified indicators amounted to
4.8, respectively; 6.9; 33 pcs. It has been proven that, in
addition to the investigated norms of seed sowing, the
yield of Madonna pea grains was also influenced by the
agrometeorological conditions of the research years.

At the same time, the dependence of the photo-
synthetic activity of plants on the density of agrophy-
tocenosis is an important and little-studied issue. Ab-
sorption of light and its direct effect on the growth of
agricultural plants is an important factor in the life of
plants [10]. As for many agricultural plants, the amount
of incoming photosynthetically active radiation and the
efficiency of use of solar radiation by the plant cover
are important indicators during the cultivation of legu-
minous crops [11].

It has been confirmed that the intensity of photo-
synthesis of cultivated plants is a rather labile feature,
prone to significant exogenous influence of environmen-
tal factors. Agrometeorological conditions during the
growing season of agricultural crops affect the indica-
tors of photosynthesis. In addition, the photosynthetic
activity of crops depends on the area of the leaf surface
of plants, the area of their nutrition, the content of nu-
trients in plant leaves, etc. [12; 13]. The leaf surface area
of plants is one of the main factors that determines the
amount of absorbed solar energy and its use for biomass
accumulation, and also affects the indicators of net pho-
tosynthetic productivity. In turn, the amount of biomass
accumulated by plants and the activity of photosynthetic
processes are decisive in the formation of the yield of
agricultural crops [14-16].
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The increase in the area of the leaf surface of plants
is an indicator that characterizes the general growth rate
of any agricultural crop, which leads to a significant ab-
sorption of solar radiation and, as a result, contributes to
the formation of higher productivity [17].

Thus, further deepening of research in this direc-
tion is an urgent task of modern plant breeding.

MATERIALS AND METHODS

For the study, the winter pea varieties Moroz, Enduro and
Baltrapp were used, which were sown on the experimen-
tal field of the Odesa State Agricultural Research Station
of the National Academy of Agrarian Sciences of Ukraine

for 3 years. The scheme of the experiment provided for
the study of the following sowing rates: 0.7; 0.9; 1.1;
1.3 million seeds/ha. The size of the plots and placement:
in the massif, the plot is 15 m? (10x1.5 m), randomized.
Inter-level corridor: 6 m. Number of repetitions: four.

The experimental field is located in the village
of Khlibodarske, Bilyaiv district, Odesa region. The soils
are represented by northern chernozem with a humus
content of 2.0% in a layer of 10-30 cm. The content of
macroelements in the soil during the years of research
was P,0 - 6.25; N - 2.60; K,0 - 17.4 mg/100 g of soil.

The main experiment had the following arrange-
ment of plots (Table 1).

Table 1. Scheme of the location of the plots in the experiment

| repetition 11l repetition

CH, CH, CH,
CH, CH, CH,
CH, C,H, CH,
CH, C,H, C,H,
CH CH, CH
Il repetition
CH, C,H, CH,
CH, CH, CH,
c3H2 CZH4 ClHZ
C,H, CH, CH,
CZHS C1H1 C3HZ

C1H3 C3H4 CZHZ
CZHS C1H1 CSHZ
C3H3 CZHl C1H3
C1H4 C3H1 CZHS
CH, CH CH
IV repetition
CH, CH, CH,
CH, CH, CH,
CH, CH, CH,
CH, CH, CH,
CH, CH, CH,

Note: C, - Moroz variety; C, - Enduro variety; C, - Baltrapp variety; H, - sowing rate 0.7 million plants/ha; H, - sowing
rate 0.9 million plants/ha; H, - sowing rate 1.1 million people/ha; H, - seeding rate of 1.3 million people/ha

The area of the sheet surface was measured by
the weight method with the preparation of standard
cutouts with an area of 1 cm?. 20 cuttings were weighed
and all leaves from a sample of plants were weighed.
The area of the leaves in the samples was calculated
according to the proportion:

20 cm?*-m,
Xcm?-m

.
27
Y= 20 X mz; (1)
my
The size of the photosynthetic potential was cal-
culated according to formula 2:
PP = — xT (2)

S, - leaf area at the beginning of the calculation period,
thousand m?/ha; S, - leaf area at the end of the calcula-
tion period, thousand m /ha; T - calculation period, days.

The size of the net productivity of photosynthe-
sis was calculated according to formula 3:

FP
)
Uz - U1

NPP =

FP - photosynthetic potential thousand m?*/ha x days;
U, - dry biomass harvest at the end of the period; U, -
dry biomass yield at the beginning of the period, g/ha

RESULTS AND DISCUSSION

The conducted studies showed that winter peas form a
rather low level of the leaf surface (Table 2).

Table 2. eaf surface area of peas under different sowing rates, 2021 (thousand m?/ha)

55

Sowing rate. million Moroz Enduro Baltrapp
seeds per hectare 2-3 leaves Budonization 2-3 leaves Budonization 2-3 leaves Budonization
0.7 13 13.5 1.1 11.4 0.8 13.4
0.9 2.2 16.5 0.9 16.0 13 16.2
1.1 2.7 18.40 1.2 19.1 1.5 19.1
1.3 3.0 239 19 22.5 15 22.7
HIP ., thousand m? - 0.8 - 11 - 0.7

05?
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Varieties had no significant differences in leaf area.
Adirect dependence of the size of the leaf area on the sow-
ing rate was found. As you can see, in all cases, crops
with the highest seeding rate had the maximum leaf area.
This indicates that the result of photosynthetic activity

(accumulation of organic phytomass) is primarily deter-
mined not by a quantitative indicator (the size of the leaf
area), but by a qualitative one (the productivity of the leaves).
Such a conclusion can be drawn already from the analysis
of data on the harvest of above-ground biomass (Table 3).

Table 3. Crop of above-ground pea biomass under different sowing rates, t/ha (2021)

Sowing rate of million Moroz Enduro Baltrapp
seeds per hectare 2-3 leaves Budonization 2-3 leaves Budonization 2-3 leaves Budonization
0.7 1.2/0.24 6.6/1.65 1.0/0.21 7.9/1.97 1.3/0.26 6.9/1.79
0.9 1.6/0.32 6.7/1.61 1.2/0.24 6.9/1.72 1.6/0.31 6.1/1.59
11 1.9/0.40 6.2/1.55 1.4/0.27 6.5/1.63 1.8/0.36 5.9/1.53
13 2.0/0.43 6.5/1.62 1.7/0.33 6.4/1.60 2.1/0.40 5.6/1.51
HIP ., thousand m? - 0.03/0.02 - 0.02/0.02 - 0.04/0.03

05?

Note: green mass is shown in the numerator, and absolute dry mass in the denominator

As you can see, in most cases, the maximum level
of biomass harvest is formed at the minimum density
of plants in the budding phase. As the density increases,

the biomass gradually decreases, which is a reliable sign
of the significant advantage of crops with lower sowing
rates in terms of photosynthesis productivity (Table 4).

Table 4. Net productivity of photosynthesis for the period of 2-3 leaves
to the budding phase depending on the pea sowing rate, 2021 (Moroz variety)

Increase in dry
biomass per period,

Sowing rate, million

Average leaf area,

seeds per 1 ha m?/ha

t/ha
0.7 2400 1410000
0.9 9400 1290000
11 10500 1050000
1.3 13400 1190000

Thus, the decisive role in the formation of the phy-
tomass crop belongs to the productivity of photosynthe-
sis,and not to the size of the apparatus. The difference be-
tween the extreme options, as we can see, reaches 200%.

. Photosynthetic Net photosynthetic
Duza;::jn g; t:e potential, thousand  productivity, g/m?
P »aay m?/ha *days per day
36 266.4 5.29
36 338.4 3.81
36 378.0 2.78
36 482.0 2.47

Such a difference led us to the idea of determining the
chlorophyll content in pea leaves. We obtained the follow-
ing results (Table 5).

Table 5. Chlorophyll content in pea leaves in the budding phase, 2021 (Moroz variety)

Sowing rate, million/ha

Total chlorophyll, mg/100g

Including

0.7
0.9
11

13

59
4.9
3.3

2.7

4.3
3.5
24

2.0

1.6
14
0.9

0.7

Indeed, the difference in options was very high
(more than 2 times). Comparing the fractional composi-
tion, it is necessary to note the lack of specificity in this
respect. In all cases, the “c” fraction was equal to 35-40%
of the “a” fraction, which is a typical ratio for plants with

the C4 type of photosynthesis. The main indicator that
characterizes the expediency of one or another sowing
rate is the yield of the main products. In our experiment,
the Baltrapp variety with a sowing rate of 0.7 million
seeds/ha was the most productive (Table 6).

Table 6. Yield of winter peas depending on the sowing rate, t/ha

Sowing rates

million/ha Avarage
0.7 (8) 0.69 1.79 1.20 0.73
0.9 0.69 1.78 1.21 0.69
11 0.68 1.35 1.02 0.68
13 0.67 1.40 1.04 0.67
A-0.06 A-0.11
HIP,,, t/ha B-0.04 B-0.13 - -
AB-0.08 AB-0.18
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Baltrapp
Avarage 2021 Avarage
3.03 1.88 0.74 3.10 1.92
2.60 1.65 0.67 2.48 1.58
2.12 1.40 0.66 211 1.39
191 1.30 0.56 1.88 1.22



Other varieties also formed the maximum pro-
ductivity at the sowing rate of 0.7 million seeds/ha. Only
the Moroz variety provided the same level of productivity
at the norms of 0.7 and 0.9 million/ha.

Of course, the results of the 2020 crop, when the
drought nullified all the efforts of the producers,and the
wild pea did not form any crop at all, could negatively
affect the final conclusions. But the data of 2021 very
convincingly testifies to the expediency of sowing peas
at the rate of 0.7 million units/ha.

Research by VV. Lykhochvor and V.M. Andrushko [18;
19] established that the yield of pea grain also changed
under the influence of seed sowing rates. A somewhat
lower yield was noted on the variant with a seed sowing
rate of 0.9 million/ha - 6.34 t/ha. The highest yield of
peas, on average over the years of research, was noted
on the variants of the experiment with a seeding rate of
1.0 and 1.1 million/ha - 6.52 and 6.55 t/ha, respectively,
which is more by 0.18-0.21 t/ha for the option of seed-
ing rate of 0.9 million/ha. On the variants of the experi-
ment 1.2; 1.3 and 1.4 million/ha observed a natural de-
crease in the yield of pea grain in all years of research.
It should be noted that, regardless of the investigated
rate of seed sowing, higher grain yield was formed by
plants of the Madonna variety.

CONCLUSIONS

On the basis of two-year data, it can be concluded that
wintering peas form a small area of the leaf surface,
which is marked by a high level of difference in produc-
tivity. Thus, the leaf surface area of winter pea plants at
the rate of seed sowing of 0.7 million/ha was the small-
est and, depending on the phase of growth and devel-
opment of the plants, was 1.3-13.5 thousand m?/ha
in the Moroz variety, 1.1-11.4 thousand m%/ha in the
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Enduro variety and 0.8-13.4 thousand m?/ha in the Bal-
trapp variety. At the same time, the largest leaf surface
area was formed by pea plants at the sowing rate of
1.3 million/ha, regardless of the studied variety. Variet-
ies had no significant differences in leaf area. The deci-
sive importance in the formation of the crop belongs
to the productivity of photosynthesis. Thus, according
to the results of the research, the highest indicators of
net productivity of photosynthesis were characterized
by the variant of the experiment with the seed sowing
rate of 0.7 million/ha.

It was established that the highest winter pea
grain yield, on average over the years of research and
according to the studied sowing rates, was formed by
the Enduro variety - 1.56 t/ha, which exceeded the in-
dicators of the Baltrapp variety by 0.03 t/ha or 1.9%.
and for the Moroz variety - by 0.38 t/ha or 24.4%. It
should be noted that, regardless of the studied variety,
the highest grain yield was obtained for seed sowing
norms of 0.7 million/ha - 1.67 t/ha on average for the
studied varieties, which exceeded the indicators of oth-
er variants of seed sowing norms by 0.19-0.48 t/ha or
11.4-28.7%. It should be noted that an increase in the
sowing rate of winter pea seeds to 1.3 million/ha en-
sured the lowest grain yield regardless of the studied
variety in all years of research.The practical aspects and
conclusions of our research are aimed at improving the
conditions of growth and development of winter pea
plants during the growing season, which directly af-
fect the yield of the crop in the conditions of southern
Ukraine, in particular, the introduction of the researched
elements of crop cultivation technology will ensure a
much more efficient use of moisture during the grow-
ing season of plants and, as a result, their formation of
a higher grain yield.
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Oco6nuBocTi POTOCUHTETUYHOI AiANbHOCTI POCNUH
ropoxy 3MMyIlouoro 3aJ1e)XXHo Big, HOpM BuUciBy

B’auecnae AHpgpiitoBuu PyaeHko?, Biktop flkoBuu Llep6akos?,
AHTOHiHa BikTopieHa MaHdinoea?, IHHa MukonaieHa KoryT!

10pecbkuii aepyaBHUIM arpapHuUii yHiBepcuTeT
65039, Byn. KaHatHa, 99, M. Opgeca, YkpaiHa

MuKonaiBCbKMMHALIOHaNbHUIAArpapHUIAYHIBEpCUTET
54008, syn. leopris loHragse, 9, M. Mukonais, YkpaiHa

AHortauisi. [opox — 4ocuTb BUGArnMBa A0 NOrofHUX YMOB Ky/bTypa, TOMY Ha Ti MOTipLIeHHS KNIMAaTUYHOT cuTyauii Tpeba
3BEPHYTU yBary Ha 3uMmytody dopmy. OCHOBHOK NepeBarot ropoxy 3MMYKUOro € Te, WO BiH BUKOPUCTOBYE BONOTY
3MMOBOTO Nepiofy i 3aBAAKM LbOMY GOPMYE HaA3EMHY i Nia3eMHy 6ioMacy POCAUH LWe paHille, HiXK HAaCTA€E NiTHS
nocyxa. Ha no4atky BifHOB/MEHHSI NPOLLECiB BECHSHOI BereTallii poC/IMHKU MatoTb A,06Pe PO3BUHEHY KOPEHEBY CUCTEMY,
KA NPOHUKAE BrMO rpyHTy 10 10 CM, TOLI K FOPOX SpWii B LiEl Yac TisIbKM MOYMHAE BUCIBATM. K HACNiLOK, MOTEHLIMHA
YPOXKaMHICTb FOPOXY 3MMYKHOro B 2 -3 pasu BULLA, HiXX Yy sporo. MeToto focnigkeHb 6yno BU3HaYEHHS BNAUBY COPTOBMX
0COBNMBOCTEN POCIMH, HOPM BMUCIBY HACiHHSA Ha (DOTOCMHTETUYHY LiS/IbHICTb MOCIBIB Ta YPOXaMHICTb 3€pHa ropoxy
3MMYIOHOro B yMOBaXx NiBAHs YKpaiHu. MeToam AocnifxeHb: NoNbOBUiA, TabOpaTOPHUI, PO3PaxyHKOBUIA, CTaTUCTUYHMIA.Y
pe3ynbraTi AoCNiKeHb 6yN0 BUBYEHO 0COBIMBOCTI HAPOCTAHHS Ha3eMHOI MacK POC/IUH, DOTOCUHTETUYHOI AiSNIbHOCTI
nociBiB Ta GOPMYBaHHS YPOXKAMHOCTI 3epHa COPTIB rOPOXYy 3MMYtoY0ro. BuseneHo onTMManbHy HOPMyY BUCIBY HACiHHS
ropoxy 3uMy40ro, 3a SKOi MOBHOK MipOK peani3yeTbCs reHeTUYHUIM NoTeHuian copTie. BctTaHoBNEHO HOPMY BUCIBY
HACiHH$, 33 IKOI POC/IMHM FrOPOXY 3UMYO4Oro hopMyBav MaKCUManbHY MOLLY IMCTKOBOI MOBEPXHI. [locnimakeHHaMu
BCTAHOBJIEHO, LU0 Y BiNbLIOCTI BUNAAKIB MAaKCMMAsIbHUIA PiBEHb YpOXKato BioMack cPOpMOBAHO 3a MiHIMaNbHOI NyCTOTH
pocnuH y dasi ByToHi3auii. 3i 3p0CTaHHAM FyCTOTM NOCTYMOBO 3MEHLYETbCS BioMaca, Wo € HaAIMHOK 03HAKOK
CYTTEBOI NepeBary nNocisie 3 MEHLWMMU HOPMAMU BUCIBY 33 NOKA3HWKAaMM NPOAYKTUBHOCTI GOTOCUMHTE3Y. BU3HaueHo, Lo
HaWBULLY BPOXaMHICTb 3epHA rOpOXY 3MMYHHOr0, B CEPEAHBbOMY 33 POKM AOCNILKEHD | 32 LOCNIAKYBAHUMU HOPMAM BUCIBY,
chopmysas copT EHaypo. [locnimkeHHIMN BCTAHOBEHO, LLLO 3UMYHOUMIA TOpOX (QOPMYE HEBENMKY MIOLLY SIMCTOBOI MOBEPXHI,
KA Bi3HAYAETbCS BMCOKMM PIiBHEM BiAMIHHOCTI 3@ NMPOAYKTMBHOCTI NPW MOHMXKEHI HOpMi BUCIBY. BinobpaxeHi B
CTaTTi NPaKTUYHI aCNeKTU Ta BUCHOBKM CNPSIMOBAHI Ha BAOCKOHANEHHS npoLecis GopMyBaHHS NPOAYKTUBHOCTI FOPOXY
3MMYKYOro B yMOBaxX NiBaHSA YKpaiHK, 30KpeMa 3a 3HaYHO ePEeKTUBHILLIOro BUKOPUCTaHHS BONOMK B nepion BeretaLii
POCAUH Ha GOPMYBaHHS OAMHUL BpOXato

KnrouoBi cnoBa: GOTOCMHTETUYHA aKTUBHICTb, IMCTKOBA MOBEPXHS, HaA3eMHa BioMaca pocauH, xnopodin, rycroTa,
YPOXaMHICTb 3epHa
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