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PRODUCTIVE POTENTIAL OF COMMON BEAN (PHASEOLUS VULGARIS L.) UNDER DIFFERENT
SOWING METHODS AND SOWING DENSITY IN THE FOREST-STEPPE OF UKRAINE

O. O. Parfeniuk, S. H. Trush, L. O. Balaniuk
Tobacco Research Station of the National Scientific Center "Institute of Agriculture of NAAS", 4 Internatsionalna St.,
Uman, Cherkasy region, 20300, Ukraine

Topicality. The development and introduction of new adaptive cultivation technologies into production,
considering the genotype of the variety, are essential for the effective utilization of the biological potential of
bean varieties in Forest Steppe of Ukraine. In order to significantly improve productivity of common bean and
increase grain production, a comprehensive study of agrobiological characteristics and bean cultivation tech-
nology is required. Purpose. Investigation of the influence of sowing methods and sowing density on the for-
mation of common bean productivity under climate change in the Forest-Steppe of Ukraine. Methods. Field
(laying out trials, performing phenological observations and records), laboratory (determining protein content),
measuring and weighing (determining yield attributes), statistical (mathematical processing of research re-
sults). Results. It was established that the highest grain yield of common bean in the agroclimatic conditions of
the Forest-Steppe was obtained in all experimental variants with wide-row sowing (on average 3.22 t/ha in
Mavka variety and 2.98 t/ha in Panna variety), while in the conventional row sowing it was 2.25 and 2.13 t/ha,
respectively. Also, the highest grain yield of common beans was obtained with wide-row sowing method at a
plant density of 450,000 plants/ha (Mavka variety — 3.29 t/ha, Panna variety — 3.11 t/ha), with the conventional
sowing method at a plant density of 750,000 plants/ha (2.38 and 2.20 t/ha, respectively). The highest protein
content was observed in the wide-row sowing method at a plant density of 350,000 plants/ha (22.21 % in Mavka
variety, 20.42 % in Panna variety). Conclusions. Sowing methods and plant density significantly influenced all
productivity elements of common bean, except for the absolute seed weight. This indicator is largely determined
by the variety genotype. Higher productivity of common bean was observed with a wide-row sowing method.
The highest yield was in the variant with a plant density of 450,000 plants/ha, the highest protein content in the
grain was at a plant density of 350,000 plants/ha.
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Introduction. Modern global trends in the
formation of food resources are aimed at solving
the problem of protein provision. The decline in
the production of high-protein foods of animal
origin, as well as the high cost of their produc-
tion, necessitate an expansion of plant-based
protein reservies, including beans, the demand
for which has grown significantly in recent
years [1, 2].

Among pulses, beans are an important
food crop and play a major role in the formation
of food and protein resources in many countries,
ensuring their food security [3, 4].

The competition for cultivated areas be-
tween legumes and other important crops and
the rising stress pressure are preventing the in-
crease in their production. Improved cultivation
strategies that consider all the methods of pro-
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ducing maximum quantitative and qualitative
results under the optimal combination of plant
genetic potential, climatic conditions and agro-
nomic practices are the only way out [5].
Common beans are superior to other leg-
umes in terms of protein content and are able to
cover the nutritional demands of the human
body, especially the processes of growth and
development, metabolism, and maintenance of
normal life [6]. The special role of common
beans in meeting protein demands is primarily
determined by their high crude protein content
(22-27 %) and the availability of a significant
amount of essential amino acids with high di-
gestibility and other quality indicators [4, 7].
Beans are the best source of high quality,
amino acid-balanced, economically low-cost
and environmentally friendly protein. Therefore,
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they are commonly used for food purposes [6, 8].

In addition, beans are a good predecessor
for other crops in the crop rotation, providing
the soil with organic matter due to their symbi-
otic relationship with biological nitrogen, which
means that beans are of great agronomic im-
portance [9].

Industrial cultivation of beans in our coun-
try remains insufficient, despite the fact that this
crop is considered traditional for Ukraine and is
in high demand. This is mainly due to the rather
low yield of this crop in production conditions,
which is a consequence of imperfections in cer-
tain elements of the cultivation technology. Ef-
ficiency can be improved by introducing high-
yielding adapted varieties and improving their
cultivation technology [1, 10].

The global climate continues to change at
a rapid pace, which in turn increases the risks of
agricultural production. Therefore, society is
facing the requirement to modernise the tradi-
tional model of agricultural production in light
of global climate change. Given the local cli-
matic characteristics of the region, we can re-
duce the negative impact of adverse environ-
mental conditions and maximise the genetic po-
tential of the crop [11, 12].

The development and implementation of
new adaptive cultivation technologies, based on
the genotype of the bean variety, is crucial for
the sustainable utilisation of the biological po-
tential of bean varieties in the Forest-Steppe of
Ukraine. A comprehensive study of agrobiolog-
ical characteristics and cultivation technologies
for beans is a prerequisite for a significant en-
hancement of their productivity and increase in
grain production [13, 14].

The research was aimed at studying the
effect of sowing methods and sowing density on
the formation of common bean productivity un-
der climate changes in the Forest-Steppe of
Ukraine.

Materials and Methods. The research
was conducted at the Tobacco Research Station
of the National Scientific Center "Institute of
Agriculture of NAAS". The source material was
domestic bean varieties Mavka and Panna of
conventional selection of the NSC "Institute of
Agriculture of NAAS". Common bean was
sown in the early May, given the current wea-
ther conditions. Wide-row (row spacing of 45 cm)
and conventional row (row spacing of 15 cm)
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sowing methods were used with plant density of
350, 450 and 650, 750 thousand plants/ha, res-
pectively. The area of the registration plot was
8 m?, the experiment was repeated three times.
The soil of the experimental field is podzolised
chernozem with a humus content of 3.31 % in
the topsoil (0-30 cm).

The Tobacco Research Station is located
in a zone of unstable moisture. The average an-
nual precipitation is 470-490 mm, of which
300-310 mm falls during the period with tem-
peratures above +10 °C. The weather conditions
during the research period (2021-2022) varied
significantly. In 2021, the moisture availability
of plants was sufficient at all stages of ontogeny
(HTC = 1.31), and June was excessively wet
(HTC = 1.77). In 2022, the weather conditions
were rather dry. There was a significant shor-
tage of precipitation in all months of the gro-
wing season, especially in July (only 32.2 % of
the long-term average). In general, the growing
season in 2022 was characterised as moderately
dry (HTC = 0.55). By month, the hydrothermal
coefficient was 0.60 in June, 0.65 in August
(medium-dry), and 0.52 and 0.43 in May and
July (severely dry), respectively. The tempera-
ture regime during these years exceeded the
long-term average by 2.0—4.2 °C.

Results and Discussion. Among the im-
portant elements of cultivation technology that
significantly increase the yield and quality of
bean grain is the spatial and quantitative ar-
rangement of plants on the area, which is deter-
mined by the sowing method and plant density.

According to the analysis of common
bean productivity elements, it was found that
their values were higher in the wide-row sowing
method than in the conventional row sowing
method in all variants of the experiment (Table 1).

The number of pods per plant varied from
15.4 t0 19.1 pcs in Mavka variety and from 11.8
to 15.1 pcs in Panna variety. A tendency to in-
crease the number of pods and the number of
seeds in them was observed with the wide-row
sowing method (Mavka variety — 18.7-9.1 pods
with 6.1-6.2 seeds, Panna variety — 14.6-15.1
pods with 4.6-4.7 seeds). A greater number of
seeds per pod and their weight per plant were
observed in the Mavka variety. The highest val-
ues were in the variant with a wide-row sowing
method at a plant density of 350 thousand
plants/ha (116.4 pcs and 23.5 g), the lowest —
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Table 1. Productivity elements of common bean plants depending
on the sowing method and sowing density, average for 2021-2022

Plar_lt Number, pcs. Weight, g
Sowing method density,
g metho thousand
(factor A) plant/ha pods per | seedsper | seedsper | seeds per 1000
(factor B) plant pod plant plant seeds
Mavka variety
Wide-row. 45 cm 350 19.1 6.1 116.4 23.5 202.5
’ 450 18.7 6.2 115.9 23.2 199.8
Conventional row. 15 cm 650 16.8 6.0 100.6 19.8 196.5
’ 750 15.4 5.8 90.2 17.6 195.6
Average 175 6.0 105.8 21.0 198.6
Panna variety
. 350 15.1 4.6 69.3 19.7 284.5
Wide-row, 45 cm 450 14.6 4.7 68.6 19.2 280.2
Conventional row. 15 cm 650 12.7 4.4 55.8 15.5 278.4
’ 750 11.8 4.3 50.5 14.0 276.8
Average 13.6 4.5 61.1 17.1 280.0
LSDgs (4) 0.9 0.4 3.8 0.8 12.0
LSDgs (b) 0.9 0.3 4.4 0.8 13.4

in the variant with a conventional row sowing
method (750,000 plants/ha) — 90.2 pcs and 17.6 g,
respectively. In the Panna variety, the highest
values of these indicators were in the variant
with a wide-row sowing at a plant density of
350,000 plants/ha (69.3 pcs and 19.7 @), the
lowest values were in the conventional row
sowing method (750,000 plants/ha) — 50.5 pcs
and 14.0 g, respectively.

The 1000 seed weight of the Mavka varie-
ty in all variants was within 195.6-202.5 g, and
the Panna variety — 276.8-284.5 g. These indi-
cators are determined not only by the elements
of cultivation technology, but also by the geno-

type of the studied varieties. The maximum
1000 seed weight was obtained with a wide-row
sowing method: in the Mavka variety — 199.8—
202.5 g, in the Panna variety — 280.2-284.5 g.

According to the results of the research, it
was found that the highest yield of common
bean grain, on average, for all variants of the
experiment in the agroclimatic conditions of the
Forest-Steppe zone was 3.22 t/ha in the Mavka
variety and 2.98 t/ha in the Panna variety under
the wide-row sowing method. Under the conven-
tional row method, yield was 2.25 and 2.13 t/ha,
respectively (Fig. 1).

The highest grain yield of common bean was
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Fig. 1. Common bean grain yield depending on the sowing method, average for 2021-2022.
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observed at a plant density of 450,000 plants/ha un-
der wide-row sowing method. Thus, the Mavka va-
riety produced a yield of 3.29 t/ha, and the Panna
variety — 3.11 t/ha. Under the conventional method

of sowing, the highest yield of bean grain for all
varieties was obtained at a plant density of 750,000
plants/ha — 2.38 and 2.20 t/ha, respectively (Fig. 2).

Over the years of research, the average
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Fig. 2. Common bean grain yield depending on plant density, average for 2021-2022.

protein content in bean grain of the Mavka varie-
ty was 21.44 %, and that of the Panna variety was

20.29 % (Fig. 3).
Depending on the common bean genotype,
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Fig. 3 Protein content in common bean grain depending on plant density, average for 2021-2022.

the Mavka variety was characterised by higher
protein content in grain. The best variants in
terms of this trait were obtained in the experi-
ments with wide-row sowing method.

The highest protein content (22.21 % and
21.92 %) was observed in the Mavka variety
when sown at a plant density of 350 and 450
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thousand plants/ha. In the Panna variety, under
the same growing conditions, the protein con-
tent in the grain was 20.42 % and 20.35 %, re-
spectively.

Conclusions. Sowing methods and plant
density significantly impacted all elements of
common bean productivity, except for the 1000
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seed weight. This indicator was largely deter-
mined by the genotype of the common bean va-
riety. Higher productivity of common bean was
observed under the wide-row sowing method.
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Hapgheniok O. O., Tpyw C. I'., bananiwok JI. O. IIpooykmuenuii nomenyian Keaconi 3eudaiinoi 3a pi3HUX
cnocofie ciebu ma zycmomu nocigy ¢ Jlicocmeny Ykpainu. 3epuosi kyremypu. 2023. 7 (2). 309-314.
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eyn. Inmepnayionanvua,4, m. Ymans, Yepracoka obn., 20300, Yrpaina

AKTyanbpHicTh. /711 e)eKTUBHOrO BUKOPUCTAaHHS 010J0TriYHOrO MOTEHIialy COPTiB KBacosli B yMOBax
JlicocTeny BakiMBe 3HAUEHHS Ma€ PO3POOJICHHS Ta BIPOBAKCHHS Yy BUPOOHHIITBO HOBHX aJallTUBHUX
TEXHOJIOTI BHUPOLIYBaHHS 3 BpaxyBaHHSAM TEHOTHIy copTy. BceOidyHe BHMBYEHHS arpoO0ioJOTriyHHX
0coOJIMBOCTEH Ta TEXHOJNOTii BHUPOLIYBAaHHA KBacoli € OJHI€I0 3 YMOB ICTOTHOTO MiABHIIEHHS ii
MPOAYKTHBHOCTI Ta 301IbIIEeHHs] BUPOOHUITBA 3epHA. MeTa AocaikeHb. BiuBueHHs BIUIMBY crioco0iB ciBOM Ta
TYCTOTH TOCiBy Ha (popMyBaHHs NPOAYKTHBHOCTI KBacoJli 3BHYaliHOI 3a KiiMatu4HuX 3MiH y Jlicoctemy
VYkpainu. Metonn. [lomboBuii (3akiiajaHHs JIOCTiB, ()EHOJOrIYHI CIOCTEPEXKEHHS 1 OOJIKHM), JIabopaTopHUit
(Bu3HaYEHHS BMIcTy OiJIKa), BUMIpIOBaJIbHO-BaroBUi (BM3HAUECHHS EJIEMEHTIB CTPYKTYPH BPOXKAar0), CTATUCTUUHMI
(MaTemMaTH4Ha 00pPOOKA OTPUMAHKX PE3YIILTATIB IOCIIHKEHb). Pe3yJbTaTn. Y CcTaHOBICHO, 1110 B arpoOKJIiMaTHUYHUX
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yMmoBax JlicocTenmy HaliBHINa BpOXKaWHICTh 3€pHA KBACOJII 3BHYAMHOI 3a BCiMa BapiaHTaMH IOCIiTy Oyna 3a
HIUPOKOPSAAHOTO crocoly ciBOu (B cepemnnbomy 3,22 T/ra —y copty Maska i 2,98 1/ra — y copry [lanna). 3a
3BHYAHOTO PSOKOBOrO BOHAa craHoBWwia 2,25 i 2,13 T/ra BiamoBimHO. 3a IIMPOKOPSIAHOI CiBOM HaWBHUILY
BPOXKaHICTh 3epHa KBAcOJi 3BUYAiHOI OTPUMAalH 3a TYCTOTH CTOSHHsS pociuH 450 tuc. mrt/ra. (y copry
Masgka —3,29 1/ra, copry Ilanna — 3,11 T/ra). 3a 3Bu4aifHoro criocoOy CiBOM BHILy BpOXKaiHICTh 3epHa KBACOIIi
3a BCiMa COpTaMH OAEpP)KaHO TpU TyCTOTi cTOsHHS pociuH 750 THe. mT/ra (2,38 1 2,20 T/Ta BiAMOBIAHO).
HaiiBumumii BmicT Oinka crmoctepiraBcsl 3a IIMPOKOPSIHOTO CHOCOOY CiBOM 3a TyCTOTH CTOSIHHSI POCIHH
350 tuc. mr/ra (22,21 % — y copry Maska, 20,42 % — y coprty Ilanna). BucnoBku. Crioco0u ciBbu i rycrora
POCTIMH MaJli iCTOTHO BIUTMBAJIA HA BCI €JI€MEHTH MPOAYKTUBHOCTI KBACOJI 3BUYAIHO1, OKPIM aOCOIIOTHOI Baru
Hacinss. Lleii moka3Huk OiNBIIOI Miporo OyB 0OYMOBJICHHH TEHOTUIIOM COPTY. BuIla mpoAyKTHBHICTE KBACOIMi
3BHUANHOI criocTepiranacs 3a IIMPOKOPSIHOTO crocoOy ciBOu. HaiiBuima BpokaiiHicTh Oynia y BapiaHTi 3
TYCTOTOIO CTOSTHHS pocnuH 450 THC. mT/Ta, BMICT 0iJIKa B 3€pHI — 3@ TYCTOTH CTOSHHS pociuH 350 Tuc.mt/ra.

Knwuogi cnosa: xeacons 3suuaiing, cnocio ciebu, eycmoma pociun, npoOYKIMUGHICIb, YPOICAUHICMb,
emicm OiKa
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