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Abstract

Karashchuk, G., llchuk, V. & Lavrenko, S. (2022). The impact of varieties, inter-row spacing and doses of fertil-
izers on fruit productivity and effectiveness of pumpkin production in the South of Ukraine. Bulg. J. Agric. Sci.,
28 (1), 89-95

The paper presents the results of the research on the impact of doses of mineral fertilizers and inter-row spacing on fruit
productivity of pumpkin. The research was conducted in 2017-2019 in dark-chestnut slightly alkaline soils. The experiment
scheme included the following factors and their variants: the varieties Yanina, Dolia, Rodzynka; the inter-row spacing: 70 cm,
140 cm, 210 cm; the doses of fertilizers: without fertilizers, N, P, , N P, Ny P, . The experimental data were processed by

the standard ANOVA procedure within MS Excel software. A steady level of fruit productivity of pumpkin with high economic
indexes in the South of Ukraine is reached when growing the varieties Dolia and Rodzynka with the inter-row spacing of 140

and applying N

GOPGO'

We established that the application of these techniques allows achieving the fruit productivity at the level

of 25-30 t/ha, the net profit being 63024 and 78026 UAH/ha, and the level of profitability being 165.1 and 201.2%.
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Introduction

Muscat pumpkin (Cucurbita moschata Duch. ex Poir.)
is the most valuable among other pumpkin types by its taste
characteristics, with tender fibers and very sweet flesh. This
crop can be successfully grown in southern regions of Ukraine
provided that basic agro-ecological elements of crop produc-
tion technologies are developed and improved, the population
is provided with environmentally friendly products, which not
only have prophylactic, therapeutic and dietary effects, but are
also enriched with biologically active substances.

Pumpkin exhibits medicinal properties on the human and
animal (Bai et al., 2020; Rohman. & Irnawati, 2020; Rouag
et al., 2020).

Pumpkin is a crop that can be grown as monospecies or
mixed with corn (Momirovi¢ et al., 2015).

Over the past decade there has been a steady global ten-
dency for an increase in pumpkin production. It is mainly
caused by the fact that it is a highly productive crop and
is very popular, in Ukraine in particular (Koltunov et al.,
2016a; Rohman & Irnawati, 2020).

The correct selection of varieties for growing is also in-
fluenced by the nutrient content of the pumpkin. This is in-
dicated by numerous studies of scientists (Aktas et al., 2018;
Assous et al., 2014; Chu et al., 2020; Lalnunthari et al., 2020;
Loy, 2004; Mehditabar et al., 2020; Quijano-Ortega et al.,
2020; Zhao et al., 2015).

The volumes of pumpkin production in the world make
about 20 million tons. There is a steady tendency for an in-
crease in this crop production because of its high produc-
tivity, and it is extremely important under conditions of an
impending global food crisis. Ukraine enters the top 10 coun-
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tries — the largest pumpkin producers in the world taking the
8™t place. However, whereas China, taking the 1% place, an-
nually grows 6056 thousand tons of pumpkin on average and
Russia (the 3™ place) — 1076 thousand tons, Ukraine grows
only 502 thousand tons, i.e. 12 times less than China does
and 2.14 times less than Russia does. Calculated per capita,
the superiority of these countries decreases considerably in
favor of Ukraine.

Over the past decade the biggest increase in pumpkin
production (31.7%) has been observed in Ukraine. 5 regions,
located in the South and in the East of the country (Dniprop-
etrovsk, Donetsk, Mykolaiv, Kharkiv and Kherson regions),
i.e. in the steppe and the forest-steppe zones, grow 37% of
the gross harvest. One of the problems of sufficient pumpkin
production and even provision of the market with high-qual-
ity, transportable, long-lasting and competitive fruits by a
complex of characteristics not only for the domestic, but
also for international trade is appropriate selection of variet-
ies, adapted to particular soil and climate zones of Ukraine
(Koltunov et al., 2016a).

Appropriate selection of pumpkin types and varieties al-
lows planning the time of using fruits for food considering
their expiration date (Sych, 2016).

The most important characteristic of a variety for large-
scale production is its high adaptiveness to certain soil and
climate conditions (Lavrenko et al., 2021).

Lately there has been not only an active process of cre-
ating pumpkin varieties for different purposes, but also im-
provement of the growing techniques.

The research on the development of growing techniques
for pumpkin production mainly focuses on the issues of
evaluating preceding crops, applying growth stimulators and
plant protection measures, different methods of pre-sowing
seed preparation, doses and ratios of mineral fertilizers, ex-
amining nutrition area (Yevtushenko & Romanov, 2018).

For instance, when planting pumpkin the size of nutrition
area also depends on soil and climate conditions, in particu-
lar, on the amount of precipitation (Belik, 1982).

Nutrition area is determined on the basis of environmen-
tal conditions and biological characteristics of a variety. It
is larger in dry areas than in the zones with higher mois-
ture supply (Ladychuk et al., 2021). Under conditions of the
Southern Steppe naked seed pumpkin is planted with the in-
ter-row spacing of 1.4 and 2.1 m and the plant spacing — 0.7-
1.4 m (Maidaniuk, 2016).

Wide-row seeding methods with the inter-row spacing of
140, 180 and 280 cm are the most common. The scheme of
placing plants when growing pumpkin varieties with a long
vine in the Southern Steppe of Ukraine is 210 cm (Serhien-
ko, 2017).

It is necessary to mention that melons as sun loving
plants, produce high yields under conditions of optimal nu-
trition area and density, sufficient light on fertilized fields.
They react to changes in plant nutrition area, moisture sup-
ply and nutrients very rapidly (Kiendler, 1997).

Doses of fertilizers and ratios of mineral nutrition ele-
ments are determined considering soil fertility, the content
of mobile nutrients, fertilizers applied when growing preced-
ing crops and biological characteristics of plants (Maidani-
uk, 2012; Ekanem & Akpheokhai, 2019; Jukneviéiené et al.,
2019).

Appropriate application of fertilizers for melons contrib-
utes to a considerable increase in their yields, accelerates
fruit ripening and also improves their quality in all the soil
and climate zones of the country (Lykhatskyi, 2002).

Growing pumpkins, like any other crop is not possible
without the use of fertilizers. Currently, the maximum effect
producers can get from the application of mineral fertilizers
(Studstill et al., 2003).

In Southeastern Nigeria the maximum yield of 21.76 t/ha
of pumpkin fruit was obtained at an application rate of 20 t/
ha of poultry manure (Agu, 2004).

Mineral fertilizers for pumpkin are applied locally at
the dose of N, P, K, . It is a half of the recommended dose
that corresponds to the concept of applying mineral fertil-
izers under current economic conditions (Knysh, 2018).

The experiment carried out in University of Baghdad
included two factors, first was irrigation with normal wa-
ter (A1), irrigation with magnetized water 500 gauss (A2)
and the second factor included six levels of fertilizers are:
control (without fertilization) (F1), chemical fertilization
(Recommended) (F2), fertilization with mushrooms waste
5%(F3), 7.5% (F4), fertilization with poultry manure 5%
(F5), 7.5% (F6). Highest yield of the fruits was at treat-
ment F2 with A1 and F6 with A2 in open field (40.0, 33.5
t/ha respectively) and treatment F5 with A1 in green house
(29.7 t/ha) (Almrani et al., 2016).

Research conducted at the University Obafemi Volvo,
Ile-Ife, Nigeria showed that for the best dose of mineral fer-
tilizers (NPK) for pumpkin is 180 kg/ha (Oloyede, 2012;
Oloyede et al., 2012).

Research in northern Nigeria has shown that «Ta gidan
gonay is the best pumpkin variety to grow. NPK (20-10-10)
application at a dose of 450 kg/ha contributed to the forma-
tion of maximum vine length, leaf area index (LAI), and fruit
circumference (Lawal et al., 2009).

In the South of Ukraine the application of the mineral
fertilizers N, . P_ K, _in autumn plowing has the greatest

40-90™ 60-90 "40-60

effect (Maidaniuk, 2016).
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Materials and Methods

The experiments were conducted on the experimental
plots of the LLC “TH Dolynske” in Chaplynka district of
Kherson region. The experimental plots are located at the
46°26°48”N, 33°41°53” E. The elevation is 26 m.

The following factors and their variants were included in
the research scheme:

— A — Muscat pumpkin variety: Al — Yanina; A2 — Dolia;
A3 — Rodzynka;

— B — inter-row spacing: B1 — 70 cm; B2 — 140 cm; B3
—210 cm;

— C — doses of fertilizers: C1 — without fertilizers, C2 —
N30P30’ C3- NeoPeo’ C4 - N90P90'

The research was conducted in dark-chestnut slightly
alkaline soil with the content of mobile nitrogen — 6.6, mo-
bile phosphorous 36.0, mobile potassium — 422.0 mg/kg in
the soil layer of 0-30 cm on average for three years of the
research. The topsoil tilth is characterized by the following
agrochemical parameters: humus content is 1.75-1.91, pH of
salt extract is 7.4.

Growing techniques used in the research were common
for the zone of the Southern Steppe of Ukraine, except the
factors under study. Winter wheat was a preceding crop.

After harvesting the preceding crop, the stubble was re-
moved in two steps. In autumn tilling was performed to the
depth of 25-27 cm.

In spring, when the soil was physically mature, early
spring harrowing was performed in two directions to the
depth of 4-6 cm. According to the research scheme, miner-
al fertilizers were broadcast in deep cultivation to the depth
of 12-14 cm. Pre-sowing cultivation was performed to the
depth of planting a seed.

The characteristics of the varieties under study:

Yanina. The country of origin: Ukraine. The purpose of
using: versatile. Muscat pumpkin with the growing season of
105 days. The fruit is elongated-oval and short-oval, slightly
ribbed, orange. Fruits are formed on the main stem. The av-
erage fruit weight is 6.5 kg, the fruit yield on the dry land is
25.4 t/ha. The weight of 1000 seeds is 150-170 g. The flesh
is orange, thick, juicy and sweet. The dry matter content is
11%. The seeds are of a cream color with a distinct contour,
medium size. The variety is long-lasting — up to 3.5 months,
relatively resistant to powdery mildew.

The year of registration: 2005. The breeder of the variety:
the Institute of the Southern vegetable and melon growing of
the NAAS of Ukraine. The owner of the right to spread the
variety: the Institute of the Southern vegetable and melon
growing of the NAAS of Ukraine. The recommended zone
for growing: the Forest Steppe, Polissia and the Steppe.

Dolia. The country of origin: Ukraine. The purpose of us-
ing: versatile. The method of creating the variety: cross polli-
nation. The maturation time: 125-130 days. The fruit weight:
4-6 kg. The productivity: 20.0-40.0 t/ha. The fruit shape:
elongated cylindrical. The fruit color: that of unripe fruits is
green, that of ripe fruits is yellow. The flesh color is bright
orange. The resistance to diseases: the variety is relatively
resistant to diseases. The peculiarities: the taste characteris-
tics are excellent, it is the best variety for long-term storage.

The year of registration: 2010. The breeder of the vari-
ety: Dnipropetrovsk Research Station of the Institute of the
Southern vegetable and melon growing of the NAAS of
Ukraine. The owner of the right to spread the variety: Dni-
propetrovsk Research Station of the Institute of the Southern
vegetable and melon growing of the NAAS of Ukraine. The
recommended zone for growing: the Forest Steppe, Polissia
and the Steppe.

Rodzynka. The country of origin: Ukraine. The variety of
muscat pumpkin. The method of creating the variety: cross
pollination. The growing season is 120-125 days. Trans-
portable, a long-lasting variety of a muscat type with a large
branchy vine.

The fruits are elongated-cylindrical with a thickened
base, the average weight is 3—4 kg. The flesh is light orange,
juicy and sweet. Medium resistant to powdery mildew. The
variety is meant for cooking. The fruits are used fresh, boiled
or fried and for squash juice.

The experimental data were processed by the standard
procedure of ANOVA within MS Excel software. Signifi-
cance of the differences was proved for the reliability level
of 95% (LSD,,).

The year of registration: 2014. The breeder of the variety:
the Institute of the Southern vegetable and melon growing of
the NAAS of Ukraine. The owner of the right to spread the
variety: the Institute of the Southern vegetable and melon
growing of the NAAS of Ukraine. The recommended zone
for growing: the Steppe.

The seeds of the pumpkin varieties were planted in the
first decade of May with a wide row method with the in-
ter-row spacing according to the experiment scheme. The
planting density was at the rate of 9 thousand pieces of plants
per hectare in all the variants of the experiment.

The plant care after the emergence of seedlings and prior
to leaf overlapping in the inter-row spacing included two in-
ter-row cultivations and manual weeding in the rows.

The crop was harvested at the stage of fruit industrial
ripeness. The fruits were harvested in one step from the plots
in each replication manually.

Meteorological indexes in the years of the research
(2017-2019) entirely reflected the characteristic of the
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Table 1. Meteorological indexes during the growing season of Cucurbita moschata Duch. ex Poir. in the field experiments
(the meteorological station “Askania Nova” in Chaplynka district of Kherson region)

2017 2018 2019 Months
AT, °C PA, mm RH, % AT, °C PA, mm RH, % AT, °C PA, mm RH, %
15.9 8.5 62 18.9 18.7 60 17.4 42.4 72 May
22.0 9.4 55 22.4 11.0 53 24.5 14.1 56 June
23.5 62.4 56 24.3 36.9 64 23.3 61.7 54 July
25.2 33.0 48 25.1 0 44 23.3 47.6 53 August
19.4 13.7 63 18.7 19.5 60 17.5 39.6 56 September

Note: AT — air temperature; PA — precipitation amounts; RH — relative humidity.

Southern Steppe of Ukraine by weather conditions, that al-
lowed obtaining reliable experimental data, drawing conclu-
sions and make recommendations to agricultural producers
of the region (Table 1).

In the growing season of pumpkin in 2017 the air tem-
perature was 21.2°C, that is higher by 2.0°C than the aver-
age multi-year data of the growing zone. This year of the
research was characterized by soil moisture deficit. The
amount of precipitation was 127 mm, that was less by 56 mm
than the multi-year indexes (the standard index is 183 mm).
This index had an impact on the relative humidity being 57%
in this period.

The weather conditions of the growing season of 2018
indicate to a hot climate. The average daily air temperature
was 21.9°C and was higher by 2.7°C than the multi-year in-
dexes. In addition to high temperature we registered little
precipitation in this period — 86.1 mm (47.0% of the norm).
The relative humidity in that year of the research was 56%.

The most favorable period for the growth, development
and yield formation was the growing season of 2019, when
the air temperature was 21.2°C (the norm is 19.2°C) on aver-
age in the growing season of pumpkin. The amount of pre-
cipitation exceeded the multi-year indexes by 112.2% being
205.4 mm under the relative humidity of 58%.

Results and Discussions

Yields with high economic and marketable commodi-
ty indexes are possible only under conditions of optimal
combination of life factors, basic biological and agricultural
laws. A plant can fully realize its genetic potential of growth,
development, productivity and ability to last long only under
conditions of optimal supply of all life factors. Consumption
characteristics and matrical stability of a variety mainly de-
pend on abiotic factors in combination with anthropogenic
factors (agro-technical, harvesting, storage etc) (Koltunov,
2016a).

The basis for the formation of commodity quality of
fruits is soil and climate conditions approximated to optimal

conditions corresponding to their biological requirements,
since the ultimate amount and quality of yields are total
manifestation of different soil, meteorological, agro-techni-
cal and other impacts and effects during the entire cycle of
ontogenesis (Koltunov et al., 2016b).

The results of our experiments allowed establishing that,
on average in 2017-2019 the fruit productivity of the variety
Dolia was 16.1-26.7 t/ha depending on the inter-row spacing
and doses of fertilizers (Table 2). The productivity of the va-
riety Yanina was lower by 6-20% depending on the factors
under study, in comparison with the variety Dolia.

The highest fruit productivity was characteristic of the
variety Rodzynka being 19.2-30.3 t/ha depending on the
dose of fertilizers and the inter-row spacing, that is higher by
2.9—4.1 t/ha than that of the variety Dolia and by 5.1-5.9 t/ha
than that of the variety Yanina.

Table 2. Fruit productivity of pumpkin depending on
varieties, inter-row spacing and doses of fertilizers, t/ha
(the average in 2017-2019)

Variety | Inter-row Dose of fertilizers (C)
(A) spacing, Cl C2 C3 c4
cm (B)
B1 13.4 17.1 20.2 21.3
Al B2 15.5 20.0 23.7 25.2
B3 14.3 19.0 22.8 24.4
B1 16.1 19.9 22.5 23.7
A2 B2 17.3 21.7 25.3 26.7
B3 15.7 20.5 24.4 26.0
Bl 19.2 22.8 26.1 27.1
A3 B2 21.0 25.6 29.2 30.3
B3 19.8 24.3 28.2 29.8
A 0.60
B 0.60
C 0.69
LSD, | AB 1.04
AC 1.20
BC 1.20
ABC 2.08
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Table 3. The cost price of 1 t of pumpkin fruits depending
on varieties, inter-row spacing and doses of fertilizers,
UAH (the average in 2017-2019)

Table S. Impact of the factors under study on the level of
profitability of pumpkin production, % (the average in
2017-2019)

Variety | Inter-row Dose of fertilizers (C) Variety | Inter-row Dose of fertilizers (C)
(A) spacing, [ (] C2 C3 c4 (A) spacing, [ (1 C2 C3 C4
cm (B) cm (B)

Al Bl 2348.63 | 2018.09 | 1851.15 | 2053.14 Bl 70.3 98.2 116.1 94.8
B2 2051.21 | 1747.70 | 1600.42 | 1761.89 Al B2 95.0 128.9 149.9 127.0
B3 2210.47 | 1831.61 | 1657.54 | 1814.04 B3 81.0 118.4 141.3 120.5

A2 Bl 1980.48 | 1755.71 | 1677.60 | 1862.57 Bl 102.0 127.8 138.4 114.8
B2 1853.75 | 1622.80 | 1508.91 | 1672.53 A2 B2 115.8 146.5 165.1 139.2
B3 2027.03 | 1708.82 | 1558.91 | 1712.95 B3 97.3 134.1 156.6 1335

A3 Bl 1685.48 | 1551.91 | 1467.36 | 1650.37 Bl 137.3 157.7 172.6 142.4
B2 1554.16 | 1398.94 | 1327.86 | 1494.15 A3 B2 157.4 185.9 201.2 167.7
B3 1639.05 | 1465.58 | 1369.51 | 1516.35 B3 144.0 172.9 192.1 163.8

The data obtained in the research prove that the highest
productivity of pumpkin is achieved provided that the in-
ter-row spacing is 140 cm being 15.5-25.2 t/ha in the variety
Yanina, 17.3-26.7 t/ha in the variety Dolia, 21.0-30.3 t/ha in
the variety Rodzynka on average for three years depending
on the dose of fertilizers.

When sown with the inter-row spacing of 70 cm the fruit
productivity fell by 2.1-3.9 t/ha in the variety Yanina, by
1.2-3.0 t/ha in the variety Dolia and by 1.8-3.2 t/ha in the
variety Rodzynka, and with the inter-row spacing of 210 cm
—by 0.8-1.2, 0.7-1.6 and 0.5-1.3 t/ha respectively.

The application of mineral fertilizers at the dose of N P,
contributed to an increase in the fruit productivity of pump-
kin, when compared to the variant without fertilizers: by 51—
59% in the variety Yanina, by 40—55% in the variety Dolia,
and by 36-42% in the variety Rodzynka on average for three
years. A decrease in the dose of fertilizers to N, P, caused a
decline in the fruit productivity of pumpkin by 18-20, 13—17
an 14-16% respectively.

It is necessary to mention that an increase in the dose
of fertilizers from N, P, to N P caused an inconsiderable
rise in the yield at the level of 20.2-23.7 and 21.3-25.2 in
the variety Yanina, 22.5-25.3 and 23.7-26.7 in the variety
Dolia, 26.1-29.2 and 27.1-30.3 t/ha in the variety Rodzynka
respectively.

In order to implement any element of the growing tech-
nology efficiently it is necessary to perform economic eval-
vation which will allow determining the appropriateness of
using it. The main indexes of economic evaluation are the
cost price of an item, net profit and the level of profitability
(Hryzenkova et al., 1996).

In our experiments the maximal economic efficiency of
pumpkin fruit production was reached when growing the
varieties Dolia and Rodzynka and applying N P in basic
tillage and the inter-row spacing of 140 cm, that provided the
cost price of 1508.91 and 1327.86 UAH/t respectively (Ta-
ble 3), the net profit of 63024 and 78026 UAH/ha (Table 4),
and the level of profitability of 165.1 and 201.2% (Table 5).

Table 4. The net profit of growing pumpkin fruits depending on the factors under study, UAH/ha (the average in 2017-

2019)
Variety (A) Inter-row spacing, Dose of fertilizers (C)
cm (B) Cl C2 C3 c4
BI 22128.31 33890.73 43406.77 41468.11
Al B2 30206.25 45045.97 56869.99 56400.37
B3 25590.29 41199.33 53408.02 53337.34
Bl 32514.23 44661.30 52254.03 50657.19
A2 B2 37130.19 51585.25 63024.61 62143.55
B3 30975.57 46969.28 59562.63 59463.40
Bl 44438.80 55816.54 66101.91 63675.07
A3 B2 51362.74 66587.12 78026.48 75927.18
B3 46746.78 61586.50 74179,85 74012.79




94

Gennadiy Karashchuk, Vadym Illchuk and Sergiy Lavrenko

Conclusions

In order to obtain fruit yields of 25-30 t/ha when grow-
ing pumpkin under conditions of the South of Ukraine we
recommend planting the highly productive varieties Dolia
and Rodzynka with the inter-row spacing of 140 cm and
applying N_P_, that ensures the net profit of 63024 and

60" 607

78026 UAH/ha and the level of profitability of 165.1 and
201.2% respectively.
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