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ABSTRACT

The article presents the results of four-year studies on the influence of various combinations of the seeding rate and
row-spacing width on plants productivity and grain cropping capacity of chickpea varieties in the conditions of
Eastern Forest-Steppe of Ukraine. The highest productivity of chickpea plants of Budzhak and Odyssey varieties
was formed on variants with the lowest seeding rate in combination with 15 cm row-spacing. In this variant plant
nutrition area was close to the square with the sides ratio 1.0:1.1. At the same time, through the smaller number of
plants per unit of area, the grain yield in this variant was significantly inferior to the variants with a higher seed-
ing rate. Two better combination of the seeding rate and row-spacing width were distinguished which ensure the
formation of the highest cropping capacity of both chickpea varieties. This is combination of 800 thousand pieces/
ha seeding rate with 15 cm row-spacing and 700 thousand pieces/ha seeding rate with 30 cm row-spacing. On
mentioned variants, the grain yield of Budzhak variety was 2.34 and 2.44 t/ha respectively, and the grain yield of
Odyssey variety — 2.61 and 2.51 t/ha.

Keywords: chickpea, varieties, seeding rate, row-spacing width, sowing method, productivity, cropping capacity,
crop structure.

INTRODUCTION can endure air drought and heat and grow even in
the semi-desert regions (Kernasyuk, 2018).
Chickpea is grown in more than 50 countries

on the total area amounting to 13.5 min ha. 90%

In Ukraine the largest sown areas are occupied
by soy beans and peas among legumes (Babych,

2014). Although the recent weather conditions
make producers look for more stress resistant
crops of this group which can ensure higher and
stabler productivity of qualitative seeds under the
conditions of moisture shortage. Chickpea is the
most drought and heat resistant seed bean crop. It
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of the obtained yield belong to the South and Fore
Asia India (72%), Pakistan (10%), Iran (5%) and
Turkey (4%). Beyond this region the largest seed
productivity takes place in Australia (3%) and
Ephiopia (2%) (Jukanti et al., 2012, Omprakash
Maurya, 2018, Supikhanov, 2017 ).
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Though in Ukraine chickpea is not widely
spread. Only during the last decade rich landown-
ers began to take an interest in this crop because
of precipitation shortage and high temperatures
at the vegetation period of seed bean crops. Some
last years were very favorable to grow chickpea.
That is why the areas under this crops increased
from 15-20 thousand to almost 100 the thousand
pieces/ha (Sichkar, 2019). Soil-climatic conditions
in Ukraine are suitable to grow this crop on the
area amounting to more than 1 mln ha (Vozhegova,
2019). So taking into consideration a big demand
of the world's market for chickpea, it can be one of
the most profitable crops in Ukraine.

The recent researches show the gradual in-
crease of chickpea productivity. But the resource
potential of modern varieties is realized partially.
It is connected with adapted and soil-climatic
conditions in the technology to grow this crop
(Kernasyuk, 2018, Zotikov et al., 2016).

In the technologies of chickpea growing, the
choice of the rational sowing method and the
optimum seed sowing rate are very important
to increase a productivity level and seed quality
(Lykhochvor et al., 2018).

According to the current recommendations
chickpea should be sown by an ordinary row
method where row space is 15 cm. It is recom-
mended in the weedless fields. Moreover it
should be sown by a broad row method where
row spaces are 45 cm, 60 cm and even 70 cm.
Under the conditions of the Steppe in Ukraine it
is recommended to sow 500-550 thousand piec-
es’/ha germinating seeds by the row method and
300-350 thousand pieces/ha by the broad row
one (Nechaev et al., 2006, Bushulyan et al., 2011,
Bushulyan et al., 2011).

According to the research results of Vozhego-
va R.A. (2019) under the conditions of the Steppe
in Ukraine the biggest chickpea seed productivity
— 2.35 t/ha was formed on the variants of broad
row sowing method where row space was 45 cm
in the combination of seed sowing rate — 600
thousand pieces/ha. On the base of the research
carried out at the Institute of Agriculture in the
Carpathian region of NAAS professor V.V. Lyk-
hochvor (2018) recommends to sow chickpea by
a classic row sowing method with a seed sowing
rate amounting to 800 thousand pieces/ha. This
combination of variants ensured the productivity
amounting to 3.4 t/ha.

Under the conditions of the Right Bank Forests
Steppe of Ukraine (a research selection station in

Bila Tserkva) scientist V.M. Smikh (2018) found
out what the most effective economic seed sow-
ing rate was 600 thousand pieces/ha, it ensured the
seed productivity amounting to 2.9 t/ha.

Researcher O.P. Ptashnyk (2017, 2012) notes
that it is necessary to take into consideration sow-
ing terms when a seed sowing rate is determined.
In Crimea by means of early sowing terms (the
29 th of March) the highest chickpea productivity
was obtained on the variants of row sowing meth-
od with row space — 15 cm when seed sowing rate
was 800 thousand pieces/ha and on the sown area
with row spaces amounting to 45 and 60 cm with
seed sowing rate — 400 and 300 thousand pieces/
ha accordingly. Be means of rate sowing terms
(the 27th of April) on the variants of row sow-
ing method the highest chickpea productivity
was obtained when a sowing rate was 600-700
thousand pieces/ha, and on the broad row sown
area when a sowing rate was 400-500 thousand
pieces/ha.

Many investigations to ascertain optimum pa-
rameters of a seed sowing rate and sowing meth-
od were carried out beyond Ukraine The analysis
of their results showed a wide range divergences
in optimum combinations of these elements in
agrotechniques. First of all it is stipulated by soil-
climatic conditions of growing.

Researchers S.V. Fartukov, N.S. Taspaiev,
N.I. Hermantseva, N.A. Shevrova and V.B. Na-
rushev (2018) ascertained a different reaction of
chickpea varieties as to seed sowing rates. Partic-
ularly under the conditions of microzone in Sara-
tov Left-Bank area the maximum productivity of
Krasnokytskyi 36 variety was obtained by means
of a row method when a sowing rate was 800
thousand pieces/ha; in Zolotyi Yuviley variety
— when a sowing rate was 700 thousand pieces/
ha; in Vektor variety when a sowing rate was 600
thousand pieces/ha. Besides they determined the
combinations in optimum matching of a sowing
rate and a sowing method of this zone. Particu-
larly the highest productivity of Krasnokytskyi
36 variety by means of sowing, when row space
was 15 cm, was ensured by a seed sowing rate
amounting to 800 thousand pieces/ha; when a
row space was 30 cm — 600 thousand pieces/ha
and when a row space was 45 cm — a sowing rate
amounting to 500 thousand pieces/ha.

Scientist A.M. Khabarov (2011) notes a con-
siderable influence of weather conditions on
the results of chickpea seed sowing rate. Under
drought conditions the highest chickpea seed
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productivity was formed with a seed sowing rate
amounting to 700 thousand pieces/ha and under
favorable moisture ones with a seed sowing rate
amounting to 900 thousand pieces/ha.

In the Central Forests Steppe of Russia re-
searchers O.A. Tumoshkin, P.G. Alenin, 1.A.
Zelentsov (2014) recommend to sow chick-
pea by a row sowing method with a row space
amounting to 15 cm and seed a sowing rate —
800 thousand pieces/ha. Under the conditions of
southern Central-Chernozem region in Russia
V.I. Hermantseva, A.N. Balashova, 1.V. Zoticov
and M.V. Donskaya (2015) consider this sow-
ing rate to be the best with the combination of
a broad sowing method and when a row sowing
method is used with a row space amounting to
15 cm they advise to set it on the level of 10
mln pcs/ha. For the cultivation of chickpea in
the Oryol region, researchers A.C. Akulov and
J.A. Belyaeva (2015) also prefer wide-row sow-
ing with a row spacing of 45 cm in combina-
tion with a seeding rate of 800 thousand pieces/
ha, but emphasize that in a row method with a
row spacing of 15 cm it is advisable to reduce
the seeding rate to 700 thousand pieces/ha. The
same opinion is followed by V.L. Polikarpov
(2003), who notes that in the conditions of the
southern forest-steppe of the Central Chernozem
region with the increase of seeding rate from 700
to 800 thousand units/ha, the yield of chickpeas
is not significantly increased.

Researcher A. Lysak (1993) says about the
advantage of the classical drill sowing method
with 15 cm row-spacing over the wide-row meth-
od with 45 cm row-spacing. On the basis of re-
searches conducted in Bashkiria, he recommends
sowing of chick-pea in a drill sowing method with
the seeding rate of 700 thousand pieces/ha and on
condition of the wide-row sowing method with
row-spacing of 45 cm reduce the seeding rate up
to 400 thousand pieces/ha.

The advantage of the classical drill sowing
method over the wide-row is also noted by the
scientists V.V. Balashov, A.V. Balashov and I.T.
Patrin (2002), who in order to increase the crop-
ping capacity of chick-pea in the conditions of the
Lower Volga region recommend the use of the
drill sowing method with the seeding rate of 500
thousand pieces/ha.

Researchers V.V. Tedieieva, A.A. Abaiev and
A.A. Tedieieva (2013) note the equivalence of
the classical drill and stripe (45 + 15 cm) sow-
ing methods by indicators of chickpea cropping
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capacity. At the same time, for both sowing meth-
ods, the seeding rate of 500 thousand pieces/ha
was better. By the sowing in the wide-row meth-
od they consider the seeding rate of 400 thousand
pieces/ha to be more reasonable.

According to O.V. Stoliarov (2003) when de-
termining the seeding rate, it is necessary to take
into consideration the approaches in the system
of crop protection. In particular, when applying
herbicides, the scientist recommends on the sow-
ing with row-spacing of 15 and 45 cm to sow
seeds with the seeding rate of 800 and 600 thou-
sand pieces/ha, respectively and without applying
herbicides — 1000 and 800 thousand pieces/ha,
respectively.

According to the analysis of foreign studies,
the optimal parameters of the nutrition area of
chickpea plants differ significantly.

In Australia, chickpea is grown with row-spac-
ing of 18 to 100 cm. In the northern regions, it is
sown with a width of 40 to 100 cm and the seeding
rate of 250 thousand pieces/ha, while in the south-
ern and western regions — with a row-spacing of
25 cm and the seeding rate of 400-500 thousand
pieces/ha (Chickpea. AgriFutures. 2017).

Under the conditions of Pakistan, at opti-
mal sowing period (from the second decade of
September to the second decade of October),
chickpea is sown in a wide- row method (from
25 to 40 cm) with the seeding rate of 30—40 kg/
ha (Tahir and Rehman, 2017, Arain, 2012). In
India, chickpea is sown later — in October and
November using wider row-spacing of 45 and 60
cm (Gaur et al., 2010).

In the United States chickpea is usually sown
in a drill sowing method with row-spacing of 15
and 30 cm determining the seeding rate at the
level of 80 kg/ha for small seeds to 150 kg/ha for
large ones (Kent McKay, 2018).

Thus, the analysis of literature sources in-
dicates significant differences in practical ap-
proaches as for optimization of seeding rates and
sowing methods of chickpea. These components
of the growing technology are quite variable and
largely depend on each other and on the influence
of other factors, especially the soil and climatic
conditions of the growing region. Therefore, tak-
ing into consideration the lack of research on de-
termining the optimal parameters of plants den-
sity and the nature of their distribution over the
area of nutrition in the Eastern Forest-Steppe of
Ukraine, we set a goal to determine the best com-
binations of variants of row-spacing width and
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seeding rates for high-yielded chickpea varieties
listed in the State Register.

RESEARCH CONDITIONS AND METHODS

The research program provides for the study
of the complex effect of the seeding rates and
sowing methods on chickpea grain cropping ca-
pacity and the productivity elements that deter-
mine it. Multiple-factor experiments were laid by
the method of splitted plots in three repetitions
according to the generally accepted methods
(Rozhkov et al., 2016). Plots of the first order
were Budzhak and Odyssey chickpea varieties
(factor A4), of the second order — three variants of
row-spacing width: of 15, 30 and 45 cm (factor
B), of the third order — five variants of the seeding
rates: of 500 thousand pieces/ha, 600, 700, 800
and 900 thousand pieces/ha (factor C). The area
of the sowing plot was 25 m?, and the calculation
area was 20 m’ The main elements of cropping
capacity structure were determined using the
method of State variety testing of agricultural
crops (Volkodav, 2000).

Hydrothermal conditions in the years of re-
search differed significantly from long-term indi-
cators, which allowed us to investigate the influ-
ence of the studying factors more fully and dis-
cover the optimal ratios of their parameters.

The growth and development of chickpea
plants in 2016 was taking place at low air tem-
peratures at the initial stages of growth and exces-
sive precipitation throughout the growing season.
The amount of precipitation exceeded the index
of climate norm by 143% (Hydrothermal Coeffi-
cient— 1.38), which led to a decrease in indicators
of plant survival rates, to the forming of bigger
number of unproductive beans and to the length-
ening of phenological phases passing of chickpea
varieties development.

Hydrothermal conditions in 2017, with the
exception of April, can be described as arid (rain-
fall was 59% below normal, Hydrothermal Coef-
ficient —0.87). However, despite the low moisture
content of crops, the optimum temperature regime
provided favorable conditions for the growth and
development of chickpea plants.

Weather conditions in 2018 were character-
ized by deficiency of precipitation, its dispropor-
tionate distribution during the growing season,
and high temperature indicators. The amount of
precipitation during the growing season was 136

mm, which is 63.5% less than the average mul-
tiyear data. The average temperature during this
period exceeded the norm by 3.4 °C. It should be
mentioned that the weather was excessively dry
and warm at the beginning of the growing sea-
son. In April, the average temperature was 4.0 °C
higher than normal, and precipitation fell almost
2.5 times less. However, during the first decade of
May, precipitation twice exceeded the norm at an
abnormally high temperature of 23.2 °C, which is
almost 10.0 °C higher than the average tempera-
ture. There were no rains in the third decade.

In 2019, there was also a significant shortage
of moisture at temperature indicators at the level
of the climate norm. From February to July, only
111 mm of precipitation fell (63% of the average
multiyear indicators). Bigger part of them — 100
mm fell in the second half of April and in the first
decades of May and July. During the second and
third decades of May and the whole June, there
was no productive precipitation.

Thus, weather conditions in the years of the
research significantly differed from the average
multiyear indicators by the temperature regime,
the amount and distribution of precipitation.
However, taking into account the global climate
warming in recent years, it can be noted that they
were typical for the area. In general, weather
conditions during the growing season of 2017 and
2019 corresponded to the biological requirements
of chickpea cropping more.

RESULTS AND DISCUSSION

The effectiveness of different seeding rate
combinations and variants of row-spacing width
were studied in the conducted research, so it is
important to analyze the cropping capacity of
sowings simultaneously with plant productiv-
ity, since there is reverse link between them,
namely: with increase in plants density up to
a certain limit their yield increases at the same
time the productivity of one plant is reduced.
Therefore, it is important to determine the level
of plant productivity at which the highest crop
yield is formed. At the same time it should be
taken into account the parameters of plants nu-
trition area, which are determined by the sow-
ing method and the seeding rate, setting the best
their combination to improve the realization of
potential of chickpea varieties yield.
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It is quite logical that variability in the number
of chickpea plants per unit area before harvesting
was largely caused by the influence of the seed-
ing rate in the studying diapason. In particular,
the maximum difference in the number of chick-
pea plants before harvesting at the influence of
the principal effect of this factor was 18.2 pieces/
m? (40.7 pieces/m?at the seeding rate of 500 thou-
sand pieces/ha and 58.9 pieces/m? at the seeding
rate of 900 thousand pieces/ha), whereas at the
influence of the studying variants of row-spacing
width — only 4.3 pieces/m’ (48.2 pieces/m> on
the variants with row-spacing of 45 cm and 52.5
pieces/m? with row-spacing of 15 cm) (Table 1).

In the experiments it is noted a natural ten-
dency to reduce the difference in the number of
plants at a gradual stable increase in the seed-
ing rate per 100 thousand/ha. So, on average by
variants of row-spacing width and varieties with
the increase of the seeding rate of 500 to 600
thousand pieces/ha the number of plants before
harvesting rose by 5.9 pieces/m? (14.5%), from
600 to 700 thousand pieces/ha — by 4,7 pieces/
m? (10.3%), from 700 to 800 thousand pieces/ha
— by 4.1 pieces/m?* (8,2%) and from 800 to 900
thousand pieces/ha — by 3.1 pieces/m*> (5.9%).
At the same time, the seeding rate by the variants

of the experiment increased by 20.0%, 16.7, 14.3
and 12.5 %, respectively.

It was determined that higher indicators of
plants quantity before harvesting provided the
variants of drill sowing with 15 cm row-spacing,
which is quite natural, since competition between
plants in the rows at the same seeding rate was
signi-ficantly less than with row-spacing of 30
and all the more of 45 cm. In particular, on the
variants with 15 cm row-spacing, with increasing
the seeding rate of 500 to 900 thousand pieces/ha
(80%) plants survival rate increased by 21.6 piec-
es/m? (52.7%), and on the variants with 45 cm
row-spacing — only by 15.8 pieces/m? (40.1%).

For more complete understanding of the ef-
fect of the studying seeding rate and row-spacing
width combinations, it is advisable to determine
the parameters of the nutrition area that they form.
They were determined by the actual seeding rate,
not by the density of the plants before harvesting

At the seeding rate of 500 thousand pieces/ha,
on variants with row-spacing width of 15, 30 and
45 cm, on one linear metre of a row on average
7.5, 15.0 and 22.5 plants will be located, respec-
tively. At the seeding rate of 600 thousand pieces/
ha, there will be 9.0, 18.0 and 27.0 pieces, of 700
thousand pieces/ha — 10.5, 21.0 and 31.5 pieces,

Table 1. Number of chickpea plants before harvesting depending on row-spacing width and norms of the seeding rate,

pieces/m? (average during 2016-2019)

Variety Seeding. rate, thousand Row-spacing width, cm (factor B)
(factor A) pieces/ha 15 20 45 Average
(factor C)

500 417 41.8 39.5 41.0

600 48.6 47.4 454 471

Budzhak 700 51.2 51.7 50.3 51.1

800 56.1 54.0 52.9 54.3

900 60.0 57.3 55.1 57.5

500 39.8 40.6 38.7 39.7

600 471 459 434 455

Odyssey 700 52.9 51.7 47.8 50.8

800 58.1 57.1 52.2 55.8

900 62.6 59.6 54.7 59.0

Budzhak 513 50.4 48.6 50.2

Average by factor A

Odyssey 52.1 51.0 47.4 50.2

500 40.8 41.2 39.1 40.4

600 47.9 46.7 44.4 46.3

Average by factor C 700 52.1 51.7 49.1 51.0

800 57.1 55.6 52.6 55.1

900 61.3 58.5 54.9 58.2

Average by factor B 51.8 50.7 48.0 50.2
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of 800 thousand pieces/ha — 12.0, 24.0 and 36.0
pieces and of 900 thousand pieces/ha — 13.5, 27.0
and 40.5 pieces of them, respectively.

Based on these calculations, the average dis-
tance between plants in a row with 15 cm row-
spacing at the seeding rates of 500, 600, 700, 800
and 900 thousand pieces/ha is 13.3 cm, 11.1, 9.5,
8.3 and 7.4 cm, respectively. On variants with 30
cm row-spacing, the interval between plants in a
row at these seeding rates is 6.7 cm, 5.6, 4.8, 4.2
and 3.7 cm, and with 45 cm row spacing — 4.4 cm,
3.7,3.2,2.8 and 2.5 cm, respectively.

The area of nutrition of a single plant on all
studying variants of row-spacing width at the
seeding rates of 500 thousand pieces/ha, 600, 700,
800 and 900 thousand pieces/ha, under conditions
of their distribution at an equal distance from each
other in a row makes 200 cm?, 167, 143, 125 and
111 cm?, respectively. At the same time, the shape
of the nutrition area at the same seeding rate on
the studying variants of row-spacing width differs
noticeably. So, at the seeding rate of 500 thousand
pieces/ha on variants with 15 cm row-spacing, it
is closer to a square with the ratio of sides 1.1:1.0,
with 30 cm row-spacing, it has the shape of a rect-
angle with the sides ratio 4.4:1.0 and on variants
with 45 cm row-spacing — an elongated rectangle
with the ratio of sides — 10.2:1.0.

In the range of the seeding rate of 600 to
800 thousand pieces/ha on the sowing variants
with row-spacing of 15 and 30 cm nutrition area
has the ratio of sides 10:1, while at 45 cm row-
spacing width it has the shape of an elongated
rectangle in a ratio of sides more than 10:1. In
particular, for the seeding rates of 600, 700, 800
and 900 thousand pieces/ha, this ratio is 12.2:1.0;
14.1:1.0, 16.1:1.0 and 18.0:1.0, respectively.

Based on the given data, wide-row sowing
at 45 cm provides significantly worse conditions
for plants growth and development, since even at
the smallest seeding rate, the shape of the area is
strongly narrowed with a ratio 10.2:1.0. The shape
that is closer to the optimal area of plant nutrition is
formed on variants with 15 cm row-spacing, since
even at the maximum seeding rate of 900 thousand/
ha the ratio of sides of the rectangle was 2.0:1.0. On
the variants with 30 cm row-spacing, taking into
account admissible indices of distance between
plants in the row below which they begin to reduce
productivity dramatically (Kent McKay, 2018,
Fartukov et al., 2018, Petrova et al., 2018), the
seeding rate of 500 to 800 thousand pieces/ha pro-
vided better conditions for plants development. At

the maximum seeding rate of 900 thousand pieces/
ha on the variants with row-spacing width of 30 cm,
distance between plants in the row was less than 4.0
cm, and the shape of the nutrition area was closer
to the elongated, that leads to an abrupt worsening
of conditions formation of productive agrocenosis.

It is quite naturally that bigger number of
plants before harvesting at a similar seeding rate
was marked on the variants of drill sowing method
with 15 cm row-spacing. To a greater extent this
tendency evinced at higher seeding rate, in other
words, at a bigger competition between plants in
the row. For example, on average during the years,
the difference between the number of plants on
variants with row-spacing of 15 and 45 cm at the
seeding rate of 500, 600, 700, 800 and 900 thou-
sand pieces/ha made 1.6 pieces/m?, 3.8, 3.4, 5.3
and 7.4 pieces/m?, respectively. The difference by
this indicator between the variants with row-spac-
ing of 15 and 30 cm was much smaller — 0.7 piec-
es/m?, 1.5, 0.1, 1.8 and 3.6 pieces/m?, respectively.

Research results show that the difference by
the number of plants before harvesting on vari-
ants with row-spacing of 15 and 30 cm became
apparent by increasing the seeding rate over 800
thousand pieces/ha. It proves that in the range of
500 to 800 thousand pieces/ha competition be-
tween chickpea plants by row-spacing width of 15
and 30 cm was virtually equivalent. On variants
with 45 cm row-spacing, the number of plants be-
fore harvesting in comparison with 15 cm row-
spacing was less by all seeding rates, which says
about worse conditions for the resource potential
expression of plant productivity and, as a result, a
decrease in cropping capacity.

Analysis of crop structure elements has
shown that plants productivity depended on the
number and mass of grain from one plant, and in
combination with the indicators of plants number
before harvesting, the level of chickpea varieties
yield was determined.

Similar to the indicators of plants number per
unit of area, the number of seeds per plant also to
a greater extent depends on the seeding rate. By
its gradual rise on step of gradation, more notice-
able decrease in the number of seeds on one plant
was noticed. So, on average by varieties and sow-
ing methods, with increasing the seeding rate of
500 to 600 thousand pieces/ha and of 600 to 700
thousand pieces/ha the number of seeds on one
plant decreased by 0.5 pieces, of 700 to 800 thou-
sand pieces/ha — by 0.7 pieces and of 800 to 900
thousand units/ha by 1.1 pieces (Table 2).
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Table 2. Number of seeds per chickpea plant depending on row-spacing width and the seeding rate, pieces

(average for 2016-2019)

Variety Seeding rate, thousand Row-spacing width, cm (factor B) Average

(factor A) pieces/ha (factor C) 15 30 45

500 12.1 12.0 1.4 11.8

600 1.7 1.7 11.0 11.5

Budzhak 700 1.5 11.3 10.1 11.0

800 11.1 10.6 9.8 10.5

900 9.9 9.7 8.9 9.5

500 13.2 12.8 12.2 12.7

600 12.9 12.5 11.5 12.3

Odyssey 700 12.4 12.0 10.9 11.8

800 11.6 11.1 10.4 11.0

900 10.5 10.3 9.2 10.0

Average by factor A Budzhak 11.3 11.1 10.2 10.9

Odyssey 12.1 11.7 10.8 11.5

500 12.7 12.4 11.8 12.3

600 12.3 12.1 11.3 11.9

Average by factor C 700 12.0 1.7 10.5 1.4

800 11.4 10.9 10.1 10.8

900 10.2 10.0 9.1 9.8

Average by factor B 1.7 114 10.6 11.2

It should be noted that with an increase in
the seeding rate, the number of seeds per plant
decreased in Odyssey variety more, although
this index at all seeding rates was higher than in
Budzhak variety. On the one hand, this indicates
higher genetic potential of Odyssey variety, on
the other — a narrower range of optimal plant den-
sity for this variety. Thus, the highest difference
by number of seeds per plant, depending on the
seeding rate, on average by the variants of row-
spacing width in Budzhak variety was 2.5 pieces,
and in Odyssey variety — 3.0 pieces.

To a greater extent the influence of the seed-
ing rate the mutability of grains number per plant
became apparent by row-spacing width of 45 cm.
So, the maximum discrepancy of seeds number
from plants at the influence of this factor on the
variants with 15 cm row-spacing was 2.7 pieces
(27.0%), and on the variants with 45 cm row-
spacing — 3.0 pieces (34.0%).

In the studying variants with different row-
spacing width, a significant variability in seeds
number per plant has also been determined.
On average by the years, varieties and sowing
rates the highest seeds number per plant was ob-
tained on the variants with 15 cm row-spacing
width. By the increase of row-spacing width of
15 to 30 cm seeds number per plant decreased
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significantly less in comparison with the broad-
ening of row-spacing of 30 to 45 cm. On the
variants with density of 500 and 600 thousand
pieces/ha there wasn’t any difference by seeds
number per plant between the variants with row-
spacing width of 15 and 30 cm.

At all possible combinations of the seeding
rate and row-spacing width, bigger number of
seeds from a plant was formed in Odyssey variety.
The biggest difference between varieties by this
indicator was noted for 15 ¢cm row-spacing width
and 500 thousand pieces/ha seeding rate, which
says about higher exactingness of Odyssey variety
for optimization of plant nutrition area in sowings.

As it was already noted, along with the num-
ber of plants per unit of area, the level of plant
productivity is determined by the mass of seeds
per plant. It is an integral indicator of a number
of other crop structure elements. Indeed, by the
quantitative parameters of plants (the number of
beans and seeds) it is impossible to determine the
level of their productivity, since the mass of the
seed can vary with a significant range depending
on a complex of factors.

For researches that involve studying the in-
fluence of different combinations of plant nutri-
tion area and its shape, it is especially important
to determine the level of seed productivity of an
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individual plant, since this indicator has a reverse
connection with the number of plants per unit of
sown area. Therefore, the task is to determine the
optimal combination of plants productivity with
their number per unit of area, which ensures the
formation of maximum grain yield indicators.

In the conducted studies, with an increase
in the seeding rate, the seed productivity of one
plant naturally decreased. The maximum mass of
grain per plant at the seeding rate of 500 thousand
pieces/m? was 4.88 g, the minimum at the rate of
900 thousand pieces/ha was 3.57 g (Table 3).

We have noted the tendency for increasing
the difference between the indices of grain mass
from a plant in the variants with a gradual rise in
the seeding rate by 100 thousand/ha. So, with its
increase from 500 to 600 thousand/ha, grain mass
from a plant decreased by 0.32 g, from 600 to 700
thousand pieces/ha — by 0.22 g, from 700 to 800
thousand pieces/ha — by 0.31 g and 800 to 900
thousand pieces/ha — by 0.46 g.

As to the studying variants of row-spacing
width, the tendency for reduction the seeds mass
of one plant, under conditions of rise in the seed-
ing rate, differed a little. In particular, on the
variants of drill sowing method with 15 cm row-
spacing, the maximum difference by this indica-
tor was between the variants of the seeding rates

of 800 and 900 thousand pieces/ha, and on the
variants with 30 cm row-spacing was between
the seeding rate of 700 and 800 thousand pieces/
ha. On the variants of wide-row sowing meth-
od with 45 cm row-spacing grain mass reduc-
tion from a plant at rise in the seeding rate had
more aligned linear trend. Namely, at reduction
of the seeding rate by a constant indicator, the
grain mass decreased by the same size and was
at the level of the maximum indicators on both
variants of drill sowing method. Thus, the range
of mutability of grain mass indicators from a
plant depending on the seeding rate was bigger
by wide-row sowing method with 45 cm row-
spacing. On the variants with row-spacing of 15
and 30 cm it was 34.7 and 36.4% and in case of
sowing with row-spacing of 45 cm — 39.4%.

It is logically that with the broadening of row-
spacing, grain mass decreased due to the worsening
of plant nutrition area. To a greater extent the reduc-
tion in grain mass from one plant was observed with
the increase in row-spacing width of 30 to 45 cm.
On average at the seeding rates and varieties, broad-
ening of row-spacing from 15 to 30 cm reduced the
mass of grains from one plant only by 0.11 g, and
with row-spacing broadening from 30 to 45 cm — by
0.52 g. Such tendency was observed on the crops of
both varieties in all variants with the seeding rates.

Table 3. Grain mass from one chickpea plant depending on row-spacing width and the seeding rate, g (average

for 2016-2019)

Variety Seeding rate, thousand Row-spacing width, cm (factor B) Average

(factor A) pieces/ha (factor C) 15 30 45

500 4.70 4.74 4.19 4.54

600 4.35 4.50 3.87 4.24

Budzhak 700 4.33 4.31 3.62 4.09

800 4.16 3.90 3.46 3,84

900 3.60 3.52 3.14 3.42

500 5.37 5.23 4.82 5.14

600 5.16 4.94 4.48 4.86

Odyssey 700 4.88 4.69 4.21 4.59

800 4.53 4.32 3.91 4.25

900 4.05 3.92 3.37 3.78

Average by factor A Budzhak 4.23 4.19 3.66 4.03

Odyssey 4.80 4.62 4.16 4.53

500 5.03 4.99 4.51 4.84

600 4.76 472 4.18 4.55

Average by factor C 700 4.61 4.50 3.92 4.34

800 4.35 4.11 3.69 4.05

900 3.83 3.72 3.26 3.60

Average by factor B 4.52 4.41 3.91 4.28
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To a greater extent chickpea varieties differed
just by the indicators of grain mass from a plant. It
was determined a tendency to decrease the differ-
ence between grain mass of one plant of both vari-
eties with an increase in the cenotic tension, which
indicates the interconnection of a variety with the
seeding rate and row-spacing width. Obtained
data show less plasticity of Odyssey variety to the
mutability of plant nutrition area and its shape.
Budzhak variety plants change their productivity
in the studying range of the seeding rates and vari-
ants of row-spacing width to a lesser extent.

According to the indicators of grain yield of
both chickpea varieties, two better combinations
of the seeding rate and row-spacing width were
identified. This is combination of the seeding rate
of 800 thousand/ha with 15 cm row-spacing and
the seeding rate of 700 thousand pieces/ha with
30 cm row-spacing. On these indicated variants
the grain yield of Budzhak variety made 2.34 and
2.44 t/ha respectively, and on Odyssey variety —
2.61 and 2.51 t/ha (Table 4).

Noticed combinations of variants provided the
formation of the highest grain yield for all years of
research (Table 5), in addition, the distribution of
indicators by variants was also similar, despite a
significant discrepancy of cropping capacity level.
It indicates the independence of plant nutrition area
and its shape from weather conditions of a year,
which makes it much easier to choose parameters
of plants density and their distribution on the area.

To a greater extent mutability of chickpea grain
yield depended on the influence of weather condi-
tions of the year. It was the highest in 2017 — 2.51
t/ha, the lowest in 2016 — 1.66 t/ha. The maximum
range of cropping capacity mutability depending on
weather conditions of the growing season was 0.85
t/ha, while at different variants of the seeding rate,
row-spacing width and biological peculiarities of the
variety — 0.29 t/ha, 0.30 and 0.19 t/ha, respectively.

The experiments showed a tendency to in-
crease the influence of the seeding rate under
more favorable weather conditions of the grow-
ing season. Thus, the highest discrepancy be-
tween yield indicators at different seeding rates
in favorable for growing 2017 and 2019 was 0.34
and 0.64 t/ha, respectively, while in less favorable
2016 and 2018 — 0.32 and 0.19 t/ha.

On average, by years, varieties and variants of
row-spacing width, the highest grain yield indica-
tors were formed at the seeding rates of 700 and
800 thousand pieces/ha. In particular, for density
of 500, 600, 700, 800 and 900 thousand pieces/ha,
cropping capacity was 1.97, 2.15, 2.25, 2.26 and
2.10 t/ha, respectively. Mentioned tendency was
observed every year. So, in 2016, on the variants
of the seeding rate of 500, 600, 700, 800 and 900
thousand pieces/ha, it was 1.60 t/ha, 1.72, 1.77,
1.74 and 1.44 t/ha, respectively, in 2017 — 2.29 t/
ha, 2.47, 2.59, 2.63 and 2.55 t/ha, in 2018 — 1.98 t/
ha, 2.11,2.12,2.06 and 1.93 t/ha and in 2019 —1.94
t/ha, 2.29, 2.51, 2.58 and 2.47 t/ha, respectively.

Table 4. Grain yield of chickpea varieties depending on row-spacing and the seeding rate, t/ha (average for 2016-2019)

Variety Seeding rate, thousand pieces/ha Row-spacing width, cm (factor B)

(factor A) (factor C) 15 30 45 Average

500 1.75 1.99 1.77 1.84

600 2.02 2.26 1.96 2.08

Budzhak 700 2.21 2.44 1.96 2.20

800 2.34 2.26 1.91 217

900 2.21 2.15 1.76 2.04

500 2.02 2.08 217 2.09

600 2.14 2.33 2.16 2.21

Odyssey 700 2.27 2.51 2.09 2.29

800 2.61 2.40 2.00 2.34

900 2.36 2.23 1.87 2.15

Average by factor A Budzhak 211 2.22 1.87 2.07

Odyssey 2.28 2.31 2.06 2.22

500 1.89 2.04 1.97 1.97

600 2.08 2.30 2.06 2.15

Average by factor C 700 2.24 2.48 2.03 2.25

800 2.48 2.33 1.96 2.26

900 2.29 2.19 1.82 2.10
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The influence of the seeding rates greatly
depended on the chosen variant of row-spacing
width, so the nature of the trends line of chick-
pea grain yield at a gradual increase in the seed-
ing rate depending on row-spacing width differs
noticeably (Fig. 1).

Presented regression equations are relevant
only within the studying range of the seeding rate.
They are not subject to extrapolation, since be-
yond the limits of the studying range of the seed-
ing rates it is not correct to predict the level of
grain yield on the base of these equations.

On variants with 15 cm row-spacing, the high-
est cropping capacity of chick-pea varieties on av-
erage over the years — 2.48 t’ha was obtained at the
seeding rate of 800 thousand pieces/hectare. The
same grain yield in the variants of 30 cm row-spac-
ing was formed at the seeding rate of 700 thousand
pieces/ha. Seeding rate of 600 thousand pieces/ha
provided maximum cropping capacity on variants
with 45 cm row-spacing — 2.06 t/ha.

It was determined that the greatest range of
variability of grain yield was provided by variants
of row-spacing width. Thus, the discrepancy in

Table 5. Cropping capacity of chickpea grain depending on the combination of row-spacing width and the seeding
rate by the years of research, t/ha

Row-spacing width, Seeding rate, thousand Year
cm (factor B) pieces/ha (factor C) 2016 2017 2018 2019
500 0.91/1.63* 2.12/2.31 1.86/2.18 2.11/1.96
600 1.49/1.50 2.31/2.38 2.02/2.31 2.25/2.36
15 700 1.72/1.52 2.54/2.70 1.99/2.22 2.60/2.63
800 1.73/2.24 2.71/2.86 2.12/2.41 2.81/2.91
900 1.29/1.43 2.74/2.83 2.03/2.23 2.76/2.94
500 1.97/1.86 2.27/2.42 1.90/2.05 1.83/2.00
600 1.93/2.05 2.72/2.69 2.13/2.24 2.27/2.33
30 700 2.12/2.18 2.72/2.87 2.28/2.41 2.64/2.57
800 1.7111.77 2.77/2.81 1.87/2.30 2.69/2.70
900 1.61/1.51 2.68/2.66 1.77/2.13 2.55/2.63
500 1.29/2.00 2.13/2.51 1.76/2.15 1.90/2.02
600 1.40/1.93 2.30/2.39 1.93/2.03 2.21/2.30
45 700 1.34/1.71 2.38/2.33 1.84/1.97 2.27/2.33
800 1.35/1.65 2.36/2.27 1.79/1.88 2.15/2.20
900 1.17/1.65 2.24/2.13 1.67/1.74 1.94/1.97
500 1.61 2.29 1.98 1.94
600 1.72 2.47 2.1 2.29
ﬁ‘fgjﬁz ?;’tgh: 700 1.77 2.59 2.12 2.51
800 1.74 2.63 2.06 2.58
900 1.45 2.55 1.93 2.47
15 1.55 2.55 2.14 2.51
Q;’:(’;?f;vt;{i:;";’s' 30 1.87 2.66 2.11 2.42
45 1.55 2.30 1.88 213
Average by Budzhak 1.54 2.47 1.93 2.32
varieties Odyssey 1.78 2.54 2.15 2.39
Average by years 1.66 2.51 2.04 2.36
LSD,, (of the main effect A) 0.06* 0.04* 0.05* 0.06*
LSD,, (of the main effect B) 0.06* 0.03* 0.05* 0.12*
LSD,, (of the main effect C) 0.05* 0.03* 0.05* 0.09*
LSD,, (of partial comparisons A) 0.22* 0.14* 0.19 0.20*
LSD,, (of partial comparisons B) 0.19* 0.10* 0.16 0.17*
LSD,, (of partial comparisons C) 0.13* 0.06 0.13* 0.11*

Note: * — the numerator shows indicators for Budzhak chickpea variety, and the denominator is for Odyssey variety.
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Figure 1. Cropping capacity of chickpea grain depending on row-spacing width and the seeding rate, t/ha

(average by years and varieties). Row-spacing variants: —&

grain yield at the influence of this factor was 0.30
t/ha (15.7%), the seeding rate — 0.20 t/ha (10.2%),
varietal peculiarities — 0.17 t/ha (8.6%).

Wide-row sowing with 45 cm row-spacing
at all variants of the seeding rates provided
lower cropping capacity compared to 30 cm
row-spacing width. Only on variants of 500
and 600 thousand pieces/ha, wide-row sowing
on 45 cm had the advantage over 15 cm row-
spacing, however, the level of cropping capac-
ity was significantly lower compared with the
highest index in the experiment.

During all years of research at different com-
binations of the seeding rates and row-spacing
width, the highest cropping capacity was pro-
vided by Odyssey variety. It is important to note
that the advantage of this variety in productivity
was higher under condition of plants density
optimization. With the thickening of crops and
row-spacing broadening, the difference by crop-
ping capacity was gradually levelled, which says
about the necessity to choose the optimal density
of crops of this variety, in other words, about its
greater exactingness for growing conditions.

Over the years of research, the effect of vari-
etal peculiarities also differed. Under more drying
conditions, the advantage of Odyssey variety in
cropping capacity was less. At the same time, in
all years of research the highest seeds yield was
provided by this variety. In particular, in 2016,
2017, 2018 and 2019, its cropping capacity on
average by the seeding rates and sowing methods
was 0.18 t/ha, 0.07, 0.23 and 0.07 t/ha higher than
in Budzhak variety.
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Among the studying factors, the mutability of
grain yield in all years was influenced by sow-
ing methods more. The part of this factor in 2016,
2017, 2018 and 2019 was 23.0%, 37.2, 30.0 and
29.5%, respectively (Fig. 2).

2016 year 14,5
11,5 aame

13,9

2017 year

24,1
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e
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Figure 2. Contributions of the studying factors and
combinations of their interaction to the mutability of
chickpea seed yield by years, %. Studying factors:
- factor A (variety); B - facor B (sowing method);
[ - factor C (the seeding rate); OO0 - AB; l - BC; B -
AC + ABC; [ - others
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The complex contribution of sowing method,
taking into account the interaction with other ele-
ments, was significantly greater, since the effects
of double interaction of this factor with the seed-
ing rates and varieties were an important factor
in the total mutability of cropping capacity in the
experiments. For example, the part of interaction
between the sowing method and the seeding rates
and with varieties in changes of grain yield level
in 2016 was 9.3 and 23.5%, respectively. In ad-
dition, the part of interaction of all studying fac-
tors was 7.9 %. Thereby, variants for row-spacing
width in 2016 in interaction with other factors
were providing 65.7 % of grain yield changes.
In 2017, 2018 and 2019, these indicators were
64.6%, 53.4% and 57.4%, respectively.

Bydzhak HA

Figure 3. Tightness of correlation links of grain yield
with the main elements of the chickpea crop structure
according to four-year data. Symbols: HA — the height
of a lower bean attachment; NB — the number of beans
on a plant; NS — the number of seeds on a plant; MG
— the mass of grain from one plant; M — the mass
of 1000 seeds; NP — the number of plants before
harvesting per 1 m?

The part of the seeding rate in the mutability
of chickpea grain yield in 2016, 2017, 2018 and
2019 was 13.9%, 26.7, 12.0 and 18.3%, respec-
tively. At the same time, taking into account the
interaction with other factors, its contribution
was significantly higher.

Conducted correlation analysis revealed dif-
ferent close links between the grain yield of both
varieties and the main elements of the crop struc-
ture. Closer direct and reverse links became ap-
parent on variants with Odyssey variety. Grain
yield of this variety had a close direct connection
with the number of beans on plant before harvest-
ing (»=0.85), the number of seeds from one plant
(r=0.92), and the mass of grain from one plant (»
=0.91) (Fig. 3). For Budzhak variety, similar con-
nections were significantly smaller — 0.57, 0.63,
and 0.68, respectively, and were classified as di-
rect connections of average strength.

The grain yield had a strong reverse link with
the height of a lower bean attachment in Odyssey
variety (r=—0.87) and areverse link of an average
strength in Budzhak variety (»=—0.60). There was
an average reverse link between the cropping ca-
pacity and the mass of 1000 seeds in both varieties.
For Odyssey variety it was r =—0.62, for Budzhak
variety — 7 =—0.44. Grain yield of Budzhak variety
had a weak direct link with the number of plants
before harvesting — » = 0.21, in Odyssey variety —
an average direct link — 7= 0.39.

Based on conducted analysis, it can be seen
that the cropping capacity of seeds depends most
on the number and mass of seeds from one plant,
and to a lesser extent on the number of plants be-
fore harvesting. Rise in seed cropping capacity is
accompanied by a decrease in the mass of 1000
seeds and the height of a lower bean attachment.
However, these are general tendencies of links
that may change under certain circumstances.

CONCLUSIONS

The conducted studies give grounds to draw
such conclusions.

The highest level of chickpea plant productivi-
ty of Budzhak and Odyssey varieties in all years of
researches was formed on variants with the lowest
seeding rate in combination with 15 cm row-spac-
ing. In this variant, plant nutrition area was close
to a square with ratio of sides 1.0:1.1. At the same
time, through the smaller number of plants per unit
of area, the grain yield was significantly inferior to
the variants with a higher seeding rate.
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Mentioned tendency of increasing the differ-
ence between the mass of grain on the variants
of sowing seeds at its gradual rise on the step of
gradation — 100 thousand pieces/ha. So, with rise
in the seeding rate of 500 to 900 thousand pieces/
ha grain mass from a plant decreased by 0.32 g,
0.22, 0.31 and 0.46 g, respectively.

By indicators of grain yield of both chickpea
varieties, two better combinations of the seeding
rate and row-spacing width were distinguished.
This is a combination of 800 thousand pieces/
ha seeding rate with 15 cm row-spacing and
700 thousand pieces/ha seeding rate with 30 cm
row-spacing. On these variants, grain yield of
Budzhak variety was 2.34 and 2.44 t/ha respec-
tively, and grain yield of Odyssey variety was
2.61 and 2.51 t/ha.

In all years of researches, at different com-
binations of the seeding rates and row-spacing
width, the highest cropping capacity was provid-
ed by Odyssey variety. The advantage of this va-
riety was higher under condition of plant density
optimization, which indicates about its greater
exactingness for growing conditions.
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