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Problem statement. Carrot (Daucus carota L.), one
of the most important root crops of the Apiaceae family, is
cultivated worldwide. This root crop is widely used due to
its richness in carotenoids, anthocyanins, dietary fiber, vita-
mins and other nutrients. The area occupied by this crop in
the world is increasing every year, as the need for its con-
sumption in fresh and processed form is growing. Breeders
have created many varieties and hybrids that are charac-
terized by high yield, improved uniformity, market value and
resistance to diseases and pests, competitiveness against
weeds, high product quality. For highly efficient cultivation
of vegetables, the use of high-quality seed material is of
paramount importance. The main goal of seed production
is the propagation and introduction into production of new,
highly productive varieties and hybrids of vegetable crops.

Analysis of recent research and publications. Carrot
seeds are grown in two ways: by transplanting and with-
out transplanting the mother root crops. In the transplanting
method, the mother root crops are planted in early spring
after winter storage and autumn selection. In the second
year, a seed plant is formed from the mother root crop.
The technology of growing seeds consists of three stages:
growing mother root crops, storing mother material, and
growing seed plants. This method is also called “root to
seed” [1]. The yield and quality of mother root crops largely
depend on the choice of plant density. Depending on the
growing conditions, the density ranges from 400 thousand
pcs./ha to 1.0 million pcs./ha [2, 3]. Growing conditions
have a significant impact on the productivity of seed plants.
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The size of the mother root crop affects the growth, devel-
opment of plants, seed productivity, and seed quality [4].
According to llyas et al. Larger root crops (mother plants)
form more branched seed plants [5]. As the area of carrot
seed plants feeding decreases, the architecture of the seed
bush changes. As a result, the yield per plant decreases,
but increases per unit area [6]. By increasing the density
of small-sized root crops, it is possible to obtain a 22%
higher seed yield compared to medium-sized mother plants
[7]. Depending on the growing conditions, the seed yield
ranges from 0.4 to 2 t/ha, from one plant - 6.3-10.6 g [8, 9].

In the no-seedling method, the mother plants of the
summer sowing periods are not harvested, but left for the
winter in the field. In the second year, the mother plants
enter the generative phase — they form flowering shoots,
bloom and set seeds [10]. American scientists call this
method “seed to seed” [11]. The method of growing by
direct sowing of seeds at the end of summer for root crops
(sugar beets, fodder beets, table carrots) is used in regions
with a short, relatively warm winter period. Growing seeds
in the no-seedling method in the conditions of the southern
part of Ukraine has a number of advantages: weather
and climatic conditions are favorable for the successful
overwintering of mother plants; there is no need for winter
storage and planting of mother plants, which significantly
reduces the overall costs of growing seeds; plants use
spring moisture reserves better and flower-bearing shoots
grow earlier. However, in some years, significant freezing
of mother plants is possible. Damage and death of mother
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plants can be caused by severe frosts in snowless winters,
sharp temperature fluctuations, stagnation of water on the
soil surface (soaking), ice crusts, etc. Often, death occurs
from the combined action of several factors [12].

To conduct seed production of table carrots using the
no-till method, it is necessary to specify the cultivation
parameters taking into account soil and climatic factors in
each specific zone in order to avoid negative consequences
or to minimize their impact using technological methods of
cultivation. One of the main elements of the technology
of no-till cultivation is the choice of the time for sowing
carrot seeds [13]. Seed yield, to a large extent, depends
on the phase of development of root crops at the end of
the autumn vegetation and overwintering of plants [14].
Weather conditions of the growing season significantly
affect the passage of all phases of growth and development
of carrot seed plants. Low air temperatures in April and May
and sufficient moisture reserves in the soil contribute to the
formation of large seed bushes [15].

Along with climatic conditions, De Resende at al., and
LingJuan at al., indicate that plant density significantly
affects the formation of seed productivity of carrot plants
[16, 17]. Increasing the density of seed plants to 200,000
pcs./ha significantly increases yield without significant
deterioration of seed quality [18]. On the other hand, the
best quality of carrot seeds was obtained with the largest
area of feeding of seed plants [19].

Studies by Mengistu et al. have established a direct
positive correlation between seed yield per hectare and the
number of inflorescences per plant (r2=0.58), umbel diameter
(r2=0.78), and seed yield per umbel (r2=0.89) [2]. The main
mass of the seed yield is formed by the inflorescences of the
central and first orders. Scientists point to the different quality
of seeds collected from inflorescences of different orders.
The highest germination percentage (78%) and the mass of
1000 seeds (1.91 g) were characterized by seeds from the
central inflorescence. The germination of seeds formed in
inflorescences of higher orders decreased by 6% [20]. Seeds
from shoots of the first orders give, with subsequent sowing,
a higher marketable yield than seeds from inflorescences of
higher orders [21]. Under favorable weather conditions and
compliance with the elements of technology, the no-sowing
method allows for high yields of high-quality carrot seeds.
The seeds' compliance with varietal characteristics is
96-98% [22]. This method is used once for growing certified
seeds, which are used to obtain marketable products.

Methods and materials of research. The research
was conducted on the experimental field of the Institute of
Irrigated Agriculture of the NAAS in 2018-2021. The soil
of the experimental plot is dark chestnut, slightly saline,
medium loam. Experimental scheme: factor A — sowing
time: 1) the first decade of August, 2) the second decade
of August; 3) the third decade of August. Factor B — plant
density: 1) 150 thousand pcs./ha, 2) 200 thousand pcs./ha,
3) 250 thousand pcs./ha. The first vegetative irrigation was
carried out immediately after sowing, the following were
prescribed when the moisture content of the soil layer 0-30
cm decreased to 70% RH. Irrigation in the experimental
plots began immediately after sowing. During the autumn
vegetation of the mother plants, 3-6 irrigations were carried

out, the irrigation rate was 100—160 mha'. At the beginning
of the spring-summer vegetation of plants, watering began
in 2019 — June 10, in 2020 — May 10, in 2021 — May 15. In
total, 8-12 waterings were carried out during the vegetation
period. Seed sowing qualities were determined by indicators:
weight of 1000 pcs. seeds, germination energy (determined
on the 6th day of germination in Petri dishes in a thermostat
at t 25) and seed germination (determined on the 12th day).

Research results. According to scientists, in different
climatic zones, from 11-14% to 45-73% overwinter [15].
The decisive factor in the overwintering of root crops is
the soil temperature at the depth of the growth point (the
top of the root crop) and the duration of low temperatures
[23]. Our studies have established that in the conditions
of southern Ukraine, mother plants well tolerated winter
conditions in all years of research. Accounting for the state
of overwintering of mother plants showed that when sowing
in the first decade of August, 50.4—61.4% of plants survived
after winter (Fig.1).

On average over the years of research, the best survival
after winter (569.7%) was noted for sowing in the second
decade of August. The number of plants that overwintered
well during the first sowing period was 57.1%, during the
third — 54.3%. At a density of 150 thousand pcs./ha, 55.4%
of plants survived, at a density of 200 thousand pcs./ha,
an increase in their number by 1.5% was observed, at
250 thousand pcs./ha — by 3.4% more than during the first
sowing period. In the phase of mass regrowth of flowering
stems, the actual plant density was recorded, which was
69.4-139.3 thousand pcs./ha depending on the sowing
period and the density of seed plants (Fig. 2).

When sowing in the first decade of August, the actual
density of plants in the field was on average 107 thousand
pcs./ha, which is 6.0% more than when sowing in the third
decade of August. During the second sowing period, the
density of seed plants in the spring was on average 110
thousand pcs./ha, which is 9.0% more than during the latest
sowing period.

We conducted an analysis of biometric measurements of
carrot plants in the mass flowering phase, which showed that
the height of seed plants was the greatest during the early sow-
ing period. Thus, on average over the years of research, plants
formed from mother plants sown in the first decade of August
had a height of the central flowering shoot of 111.1-116.4 cm,
in the second decade of August — 101.8—105.9 cm, in the third
decade of August—97.0-101.8 cm. The diameter of the central
inflorescence (umbrella) was, respectively, 10.6; 10.1; 9.9 cm.
Plant density has a smaller effect on the formation of the carrot
seed bush. The height of the seed bush at the maximum plant
density was 4.7 cm higher than at a density of 150 thousand
pcs./ha (103.3 cm). The diameter of the inflorescence did not
decrease significantly.

According to scientists, the productivity of carrot seed
plants largely depends on growing conditions, and in the
no-till method varies from 190 to 1264 kg/ha [13].

Analysis of plant seed productivity data in our exper-
iment showed that the yield of carrot seeds when sown
in 2019 was 422-561 kg/ha, in 2020 — 384—-624 kg/ha, in
2021 — 417-604 kg/ha, depending on growing conditions
(Table 1).
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Figure 1. The level of overwintering of mother plants of carrot, 2019-2021

Treatment 1 — sowing at first decade of August, density 150 thus. ha'; 2 — sowing at first decade of August, density 200 thus.

ha'; 3 —

sowing at first decade of August, density 150 thous.ha™'; 4 — sowing at second decade of August, density 150 thous.ha™';

5 — sowing at second decade of August, density 200 thus. ha™'; 6 — sowing at second decade of August, density 250 thus. ha’; 7 —
sowing at third decade of August, density 150 thous.ha™'; 8 — sowing at third decade of August, density 200 thus. ha'; 9 — sowing
at third decade of August, density 200 thus. ha'
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Figure 2. The density of carrot seed plants in the phase of mass stemming (average of 2019-2021)

Table 1
Productivity of carrots in fallow trees by time of sowing and density of seed plants
Seed yield by years of research, t ha"!
Variant Time of sowing Plant de:s_:ty, thus.
@ 2019 2020 2021 2019-2021

1 150 509 469 503 494

2 The first decade of August 200 542 538 551 544

3 250 561 624 604 596

4 150 471 472 483 475

5 The second decade of August | 200 498 586 551 545

6 250 524 596 566 562

7 150 422 384 417 408

8 The third decade of August 200 465 471 482 473

9 250 489 514 510 504

LSD,s main effects on factor A 24,2 171 19,3

LSD ,, main effects on factor B 19,1 10,0 11,5

210



ArpapHi iHHoBauii. 2024. Ne 27

CmopiHka M0s100020 84€HO20

The sowing date and plant density are crucial for
successful seed production of root crops using the no-till
method. The highest density of carrot plants after winter
(64.9-73.8 thousand pcs./ha) was reported for sowing in
the first decade of August, and the plant density in autumn
was 600 thousand pcs./ha. This technology results in the
formation of more developed seed heads, which provide a
seed yield of 440 kg/ha, which is 193% more than with the
traditional seedling method. On the other hand, the yield
from one plant using the seedling method (root to seed) is
reported to be higher compared to no-till cultivation. High
yields can only be obtained with optimal plant density after
wintering [22].

Our research also confirms that the sowing date and
plant density significantly affect the yield of carrot seeds. The
highest seed productivity was characterized by plants of the
early sowing date. On average, over the years of research,
when sowing in the first decade of August, the seed yield
is 545 kg/ha, in the second decade of August — 527 kg/ha,
in the third decade of August — 462 kg/ha. The increase in
yield during early sowing is 18 kg/ha (3.4%) compared to
the second term and 83 kg/ha (18.0%) compared to the
third term. At a plant density of 250 thousand pcs./ha, the
seed yield is 554 kg/ha, which is 34 kg/ha (6.5%) more than
at a density of 200 thousand pcs./ha and 95 kg/ha (20.8%)
more than at 150 thousand pcs./ha. The highest seed yield
(596 kg/ha) was obtained at the first sowing date and a
seed plant density of 250 thousand pcs./ha.

According to the results of the correlation analysis, a
direct relationship was found between seed yield and factors
influencing the formation of plant productivity. In 2021, a
mathematical model was calculated that characterizes
the dependence of plant seed productivity on sowing
dates (sum of active temperatures over 10°C during the
growing season) and plant density, and is expressed by the
regression equation: Y = 1.07-0.021x"+ 0.034x2, where Y—
seed yield, t/ha; x' — sum of active temperatures during the
growing season, thousand°C; x2 — plant density, thousand
pcs./ha. This model shows that sowing dates and plant
density significantly affect plant seed productivity. During
the third sowing date, the yield significantly decreases
compared to the first date. A strong direct functional

correlation dependence was established between the
average seed yield over the years of research and plant
density: the correlation coefficient for different sowing dates
is r=0.94-0.99, R=0.88-0.98.

Seed quality is a set of indicators that include the
sowing and yield qualities of the grown seeds. Carrot seeds
obtained from the central inflorescence have a greater
mass of 1000 pcs. seeds and germination compared to
seeds from umbrellas of higher orders. Therefore, an
increase in plant density contributes to an increase in the
number of less branched seed plants of the 1st and 2nd
types of branching and leads to a decrease in the number
of inflorescences of higher orders. Under such conditions,
the largest seed yield with better biological properties is
formed. In experiments with a no-sowing method, the seed
germination energy was 62—72%, germination — 76-80%.
Field inspection of the obtained seeds showed that the
varietal purity of seeds in subsequent generations was at
the level of 97% [22].

In our studies, the sowing date did not have a significant
effect on the sowing quality of seeds (Table 2).

The weight of 1000 pcs. seeds on average over
the years of research was 0.82-0.90 g, germination
energy — 63-66%, laboratory germination — 77-84%. The
germination energy of seeds grown during sowing in the
first decade of August was 1.3% higher compared to the
third term (63.7%). During sowing in the first decade of
August, seed germination was 4.3% higher compared to
the third term of sowing (78.7%). At a plant density of 150
thousand pcs./ha, an increase in germination energy by
1.7%, seed germination — by 2.7% compared to a density of
250 thousand pcs./ha is observed. Inspection of crops was
carried out. The conformity of the variety in all parameters
(typicality) of the obtained seeds in the offspring was within
96.0-99.0%. In the reference version, where plants were
grown by the seedling method, where autumn and spring
selection of mother plants were carried out, during which
the mother root crops typical of the Yaskrava variety were
selected, it was 100.0%. The varietal purity of seeds for the
first sowing period was 97.0%, for the second — 97.7%, for
the third — 97.0%. The varietal purity of seeds for growing
seed plants with different densities was 97.0-97.3%. The

Table 2
Seed quality of carrot by different time of sowing and density of seed plants, (average of 2019-2021)
Seed quality
Variant Time of sowing Plant density, thus. ha™ weight 1000 . . germination
vigour index, % .
pcs. seed, g capacity, %
1 The first decade of 150 0,90 66 84
2 e firstdecade of - 1200 0,87 64 84
August
3 250 0,85 65 81
4 ™ d decad 150 0,88 66 82
5 © second decade 200 0,87 63 81
of August
6 250 0,86 64 80
7 The third decade of 150 0,85 65 80
8 e fhird decade ot 1200 0,84 63 79
August
9 250 0,82 63 77
LSD,, main effects on factor A 0,3 3,3 3,1
LSD ,, main effects on factor B 0,1 2,3 2,4
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varietal purity indicators are higher than the minimum
permissible level (95%), which meets the requirements for
certified carrot seeds.

Thus, the use of the seedling-free method makes it

possible to obtain seeds with high sowing qualities.

Conclusions. In the conditions of southern Ukraine,

when growing carrot seeds without transplanting, the
optimal sowing time is the first or second decade of August.
Seed yield increases significantly compared to sowing in
the third decade of August. Increasing plant density from
150 to 250 thousand pcs./ha reduces the yield per plant,
but increases the yield per unit area by 21.3%. Correlations
between plant density and seed yield were established.
Seed sowing qualities did not depend on the sowing time
and the density of seed plants. Varietal purity (typicality) of
the obtained seeds was 96.0-99.0%.
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Khuw B.l., Wa6na O.C., Opo6it O.C. HaciHHeBa npo-
OYKTUBHiCTb MopkBM (Daucus carota L.) 3a 6e3Bucan-
KOBOr0O CNoco6y BUPOLLYBaHHS HAaCiHHA B 3pOLlyBaHMX
ymoBax niBgHsa YKpaiHu

MeTa — gocniguTi BB enemMeHTiB TEXHOIOTIT Ha BPO-

XalHICTb Ta §IKiCTb HaciHHA Mopkeu (Daucus carota L.) 3a
6e3BncaaKkoBoro crnocoby BMPOLLYBaHHSA B 3pOLUYBaHMX
ymoBax niBaHA YkpaiHu. Metoam Ta matepianu pocni-
[)KeHb: MOMbOBWI, Bi3yanbHWA, MaTeMaTUKO-CTaTUCTWY-
HWIA, PO3PaxyHKOBO-NMOPIBHAMbHUIA. Pe3ynbratu. Y cTarTi
HaBedeHO pe3ynbrati JocnigXeHb 6e3BncagkoBoOro cro-
coby BMpOLLYBaHHA HACIHHA MOPKBM B 3POLLYBaHWX YMO-
Bax niBAHA YkpaiHw. [peactaBneHo AaHi nepesvmieni
MaTOYHWX POCAWH COPTY MOPKBU FAckpaBa, GioMeTpUYHI
napameTpu HacCiHHEBUX POCHWH, YPOXaWHICTb HACIHHS.
3anexHo Big yMOB BUPOLLYBaHHSA OOCNIMKEHI SKICHI Mokas-
HWKW HaciHHA. HalbinbLua ryctoTa nicns 3MoBoro nepiogy
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dopmyeTbes 3a ciBOM y nepLuii Aekagi cepnHsa — BiACOTOK
nepesunmieni — 59,7%. 3anexHo Big CTpokiB ciBOGK Ta ryc-
TOTM POCIMH BOCEHU (haKTUYHa rycToTa HaciHHEBMX POCINH
Ha 4yac 30upaHHsi Bpoxato ctaHoBuna 69,4-139,3 Tuc./ra.
Hanbinblwy BpoxariHicTb (596 kr/ra) cdhopmMyBanm HaCciHHEBI
POCNVHW, OTPMMaHI Bif CiBOW Y NepLuin Aekaai cepnHs i ryc-
TOTU MaTOYHUX pocnuH BoceHn 250 Tuc./ra. HanbinbLuni
BNNMB Ha (POPMYBaHHS NMPOAYKTUBHOCTI YMHWNA ryctoTa
pocnvH. Pi3HuUA MK pIBHAMW BPOXaWHOCTI 3a rycToTu
150 Ta 250 Tuc/ra 6yna 20,8%. Maca 1000 wT. HACiHUH
B CepeaHbOMY 3a poku gocnigxeHb ctaHosuna 0,82-0,90 ,
eHeprisi npopocTaHHs — 63—-66%, nabopaTopHa CXOXiCTb —
77-84%. EHepria npopoCTaHHs HaciHHA, Wo Oyno BMpo-
LWeHo 3a ciBbu y nepuwin gekadi cepnHs 6yna Ha 1,3%
BinbLUOK MOPIBHAHO 3 TpeTiM cTpokoM (63,7%). 3a cisbu
y NepLin gekagi cepnHsi CXoxicTb HaciHHA 6yna Ha 4,3%
GiNbLUOK MOPIBHAHO 3 TPeTiM CTpoKoM ciBbu (78,7%). 3a
ryctotn pocnumH 150 Tuc. wr./ra cnocrepiraetbest 36inb-
LWeHHS eHeprii npopocTaHHs Ha 1,7%, CXOXOCTi HACIHHA —
Ha 2,7% nopiBHAHO 3 ryctototo 250 Tuc. wr./ra. B ymosax
niBgHs YkpaiHnm 3a 6e3BMcCagkoBOro crnocoby BMpoLLy-
BaHHA HACIiHHS MOPKBM OMNTMManbHUM CTPOKOM CiBOU
€ nepLua-apyra gekagn cepnHga. BctaHoBneHo kopensuinHi
3B’AA3KM MK FYCTOTOK POCINH Ta BPOXAMHICTIO HACiHHSA.
lMociBHI AKOCTI HACiHHSI He 3anexanu Big CTPOKy ciBbu i ryc-
TOTM HaciHHeBMX pocnuH. CopTtoBa umucToTa (TUMOBICTb)
OTpMMaHOro HaciHHA byna 96,0—-99,0%. Hawi gocnigxeHHs
nokasanu, Lo B yMOBax MiBaHA YKpaiHM MOXIMBO BUPOLLY-
BaTW BUCOKOSIKICHE cepTuUdikoBaHe HaCiHHSA MOPKBMU.

Knro4voBi cnoBa: mopkea (Daucus carota L.), cnocio
BMPOLLYBaHHS HACIHHSA, CTPOKM CiBOW, rycToTa pOCnunH, BpO-
KaMHICTb, SIKICTb HACIHHS.

Kokoiko V.V., Marchenko T.Yu., Kosenko N.P.,
Knysh V.I., Shablia O.S., Drobit O.S. Seed productivity
of carrot (Daucus carota L.) By direct sowing method of
growing of cultivation in irrigated conditions of south-
ern Ukraine

The aim is to investigate the influence of technology
elements on the yield and quality of carrot seeds (Daucus
carota L.) under the no-till method of cultivation in irrigated
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conditions of southern Ukraine. Research methods and
materials: field, visual, mathematical-statistical, compu-
tational-comparative. Results. The article presents the
results of research on the no-till method of growing car-
rot seeds in irrigated conditions in southern Ukraine. Data
on the overwintering of mother plants of the carrot variety
Yaskrava, biometric parameters of seed plants, and seed
yield are presented. Depending on the growing conditions,
qualitative indicators of seeds were studied. The highest
density after the winter period is formed when sowing in
the first decade of August — the percentage of overwinter-
ing is 59.7%. Depending on the sowing dates and plant
density in autumn, the actual density of seed plants at the
time of harvesting was 69.4-139.3 thousand/ha. The high-
est yield (596 kg/ha) was formed by seed plants obtained
from sowing in the first decade of August and a density of
mother plants in autumn of 250 thousand/ha. The great-
est influence on the formation of productivity was exerted
by plant density. The difference between the yield levels
at densities of 150 and 250 thousand/ha was 20.8%. The
weight of 1000 pcs. seeds on average over the years of
research was 0.82—0.90 g, germination energy — 63—-66%,
laboratory germination — 77-84%. The germination energy
of seeds grown during sowing in the first decade of August
was 1.3% higher compared to the third term (63.7%). When
sowing in the first decade of August, seed germination was
4.3% higher compared to the third term of sowing (78.7%).
At a plant density of 150 thousand pcs./ha, an increase in
germination energy by 1.7%, seed germination — by 2.7%
compared to a density of 250 thousand pcs./ha is observed.
In the conditions of southern Ukraine, when growing car-
rot seeds without transplanting, the optimal sowing time is
the first or second decade of August. Correlations between
plant density and seed yield have been established. Seed
quality did not depend on the sowing time and density of
seed plants. Varietal purity (typicality) of the obtained seeds
was 96.0—99.0%. Our studies have shown that in the condi-
tions of southern Ukraine it is possible to grow high-quality
certified carrot seeds.

Key words: carrot (Daucus carota L.), seed growing
method, sowing time, plant density, yield, seed quality.



