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S. Pospielov The study results of seed productivity of pale purple coneflower (Echinacea pallida (Nutt.) Nutt.), a promising

E-mail: medicinal and honey crop are presented. The research was conducted in the conditions of production plantations of
sergii.pospielov@pdau.eduua  Poltava region. It was established that at the early stages of ontogenesis, pale purple coneflower developed slowly:
T thefirstsprouts appeared 11-15 days after sowing and this period extended to 20-25 days. The cotyledon leaf phase
E?};:Z:S:;ate Agrarian lasted about for 7-9 days, and the first true leaf was formed during 25-32 days. The above-ground part and root
Skovoroda, st 173, system grew slowly in the first two months, their development accelerated from July. By the end of the vegetation,
Poltava, 36000, Ukraine the plant formed a rosette of leaves and a fleshy vertically thickened rhizome. The generative period of pale purple
coneflower began from the second year of growing season. Flowering lasted on the average for 46-52 days, starting
in June. Plants reached a height of 85 cm, forming from 1 to 9 generative stems (on the average — 5.4). The average
number of seeds per plant made 2770 pieces, and thousand-seed weight varied within 2.3-3.55 g. The morphometric
study of the parameters of different orders’ inflorescences on the shoot shows that the anthodia of the first-fourth
orders were characterized by the largest diameter (3.02-3.60 cm) and the height of the inflorescences (2.44—
3.25 cm). The first three inflorescences provided 68 % of the total seeds’ weight from the plant, which indicates
their highest productivity and value. It is emphasized that the sowing qualities of pale purple coneflower seeds are
limited by a long period of organic dormancy. Laboratory germination of freshly harvested seeds from inflorescences
of the first order did not exceed 60%, but of inflorescences of the second and third orders was 75-78 %. Infectious
structures of five fungi genera (Alternaria, Cladosporium, Fusarium, Mucor, Stachybotrys) were found on the
achenia. To increase germination, it is recommended to conduct stratification at a temperature of +4-5°C for
at least 60 days. It was concluded that seed crops of pale purple coneflower can be used more rationally by
harvesting inflorescences of the fourth and higher orders for pharmaceutical needs. Taking into account the
biological characteristics of the crop will contribute to increasing the yield and ensuring the stable cultivation of this
promising plant.
Keywords: Pale purple coneflower, Echinacea pallida, seed productivity, medicinal plants.

®opMyBaHHSI HACIHHEBOI MPOAYKTHUBHOCTI exiHauei 041in0i (Echinacea pallida (Nutt.) Nutt.)
B ymoBax JliBoOepe:xnoro Jlicocreny Ykpainu
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TonTaschkuii epaBHuit HaBeneni pe3ysibTaT [OCIIKEHb HACIHHEBOI MPOJYKTHBHOCTI HEPCIEKTUBHOI JIKAPCHKOI Ta MEIOHOCHOI
arpapHuii yHiBepCUTeT, KyJIbTypu exiHauei Ominoi (Echinacea pallida (Nutt.) Nutt.), mpoBeieHHX B yMOBaX BHPOOHMYMX IUTaHTALiit
M. [oxrasa, Ypaina IMonTaBcbkoi 06nacTi. BcTaHOBIEHO, 0 HA PAaHHIX €Talax OHTOTEHEe3y eXiHales ONiZa pO3BHBANIACH MOBLIBHO:

mepur cxomu 3’sABIsUMCH 4yepe3d 11-15 mi6 micas ciBOM i1 meit mepiox mogomxkyBaTHCh n0 20-25 nuiB. dasza
ciM’SITONTBHUX JIMCTKIB TpHBasa 6;113bKko 7-9 110, a mepiuii crpaBkHii JIMCTOK hopMyBaBcs poTsarom 25-32 ni6.
HapzemHa yacTHHA i KOPEHEBA CHCTEMA B TIEPILI ZBa MiCSL POCIHX IOBUIBHO, IX PO3BUTOK IIPHUCKOPIOBABCS 3 JIAITHS.
Jlo kiHIA BereTarlii pociInHa yTBOPIOBaa PO3ETKY JMCTKIB Ta M’SICHCTE BEPTHKAJIBHO ITOTOBIIEHE KOPECHEBHIIE.
I'enepatuBHU mepion exiHarei ONioi HacTaBaB 3 APYroro poky Bererauii. LIBITiHHS TPUBalO B CEpeAHBOMY
46-52 ni6, mouNHAIOYHCH Y YepBHi. Pocimau csranu Bucotu 85 cM, yTBOproioun Bix 1 10 9 reHepaTHBHUX HaroHiB
(y cepenubomy — 5,4). CepeaHst KibKiCTh HACIHHS Ha OJHY pOCciaHHy craHoBmiIa 2770 mTyk, a Maca 1000 HaciHuH
BapitoBana B Mexax 2,3-3,55 r. MopdomMeTpuuHe JOCTIPKEHHS TapaMeTpiB CYLBIiTh Pi3HUX HOPSIKIB HA MaroHi
CBi[4aTh, M0 KOMIMKH NEPHINX—YETBEPTUX IOPSAKIB XapaKTepHu3yBalics HalbinpmmM aiametpom (3,02-3,60 cm)
Ta BUCOTOIO CYLBITh (2,44-3,25 cm). [Tepuri Tpu cyusiTTs 3a6e3nedysanu 68 % 3arajibHoi MacH HACiHHS 3 POCIIUHH,
110 BKa3ye Ha IXHIO HaWOLIbITy IPOXYKTHBHICTE 1 3HaueHHs. HaromomryeTtses, o MOCiBHI SIKOCTI HACIHHS exiHarel
6111101 0OMEXKXYIOTBCSI TPUBAIUM TIEPIOOM OPraHiuyHOro crokorw. JlabopaTopHa CXOXKICTh CBIXKO3iI0paHOro HACIHHS
CYUBITb NEPIIOTo MOPSAKY He mepesuinyBana 60 %, npoTe 3 CyLBiTh APYrOro Ta TPETHOTO IOPAAKY CTaHOBHIJIA
75-78 %. Ha cim’siHKaxX BUSIBIIEH] iHQEKWilHI CTPYyKTYpH II'ITH pOAiB IpubiB (Alternaria, Cladosporium, Fusarium,
Mucor, Stachybotrys). J1nisl HiABUILEHHSI CX0XKOCTI PEKOMEHIOBAHO MPOBOAUTH CTpaTH(IKALIIO MPU TeMIepaTypi
+4-5°C npotsirom He MeHe 60 1i0. 3poOaeHuiT BUCHOBOK, 10 HACIHHEBI MOCIBY exiHanei 01101 MOXHa Ol
palioHaNIbHO BHKOPUCTOBYBATH 3a pPAaXyHOK 30HpaHHSA CyLBITb YEeTBEPTOro 1 Oimblle MOPSAKIB I
tapmarieBTHUHHX T0Tpe6. BpaxyBaHHs OIOJOTIYHMX OCOOJHMBOCTEH KyJIbTypH CHOPHUATHME i IBHILCHHIO
BPOXKAHHOCTI Ta 3a0€3MEYCHHIO CTabIbHOrO BUPOLLYBAaHHSI Li€] MEPCIICKTHBHOI POCIIHHH.
Kaiouosi cioBa: Exinanes 6mina, Echinacea pallida, HaciHHeBa IPOXYKTHBHICTD, TKApCHhKi POCIHHH.
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Introduction

The demand for medicinal plants as pharmaceutical
raw materials in the world is constantly growing and
correlates with the trend of using natural components for
the production of medical preparations [4, 13, 19].
Despite the decline of medicinal plant growing as an
industry, Ukraine has a strong potential in the form of
scientific personnel, varieties, experience in cultivating
and procuring medicinal raw materials. After creating
economic and social conditions for development, the
industry can make a significant contribution to the post-
war recovery of Ukraine.

The representatives of Echinacea (Echinacea
Moench.) genus have been successfully introduced
to Ukraine and are popular not only as medicinal plants,
but also as honey-bearing, fodder, and ornamental
crops [14, 15]. This is facilitated by the unique phyto-
chemistry of plants: the aerial part and root system contain
a complex of natural compounds [1, 9], the content of
which can be influenced by growing conditions and
environmental factors [18, 5, 10]; they have antibacterial,
antiviral, antioxidant activity, etc. [20, 21]. Among them,
pale purple coneflower (Echinacea pallida (Nutt.) Nutt.)
is not as well-known as purple coneflower, but has great
prospects and needs to be widely popularized [6, 11].

Among its advantages, it is worth mentioning its
drought resistance. The vertically thickened rhizome
penetrates deeply into the soil and is able to use moisture
from the lower layers, and the dense leaves and stems’
pubescence contributes to the economical use of water by
the plant [8]. Positive characteristics also include the rapid
formation of reproduction organs in spring and the
beginning of flowering in June. The combination of pale
purple coneflower and purple coneflower, which begins
to bloom in July, allows create a truly unique honey-
bearing conveyor [15].

However, there are certain biological peculiarities that
somewhat impede the cultivation of pale purple
coneflower. The main one is low field germination [6].
At the beginning of introductory research, in the 90s of
the past century, the seeds of samples obtained from the
prairies of the USA had the laboratory germination of up
to 32 %. The result of acclimatization and selection was a
significant increase in the indicator to 60-70 %. However,
in field conditions, low germination leads to thinning of
crops [7].

The ways to overcome this problem are to propagate
pale purple coneflower by seedlings and to use methods
to stimulate seed germination [17]. In America and
Europe, there is already a positive experience, especially
in growing seedlings, but this does not apply to large areas
and requires special infrastructure and technical potential,
which is problematic for Ukraine. The physiological
dormancy of seeds can also be overcome by treating them
with growth regulators, chemicals, by applying physical
factors such as irradiation, low temperatures, etc. [16, 23].

Among the technological peculiarities of cultivation,
it is worth mentioning a low competition of first-year
plants with segetal vegetation, which requires manual
weeding and loosening [8]. For the seed production of
pale purple coneflower, the choice of harvesting dates is
important, which is connected with the non-simultaneity

of ripening the anthodia of different orders. During the
harvesting of coneflower seeds, the fruits are easily
damaged, which affects further storage. The seed
productivity of pale purple coneflower in production
conditions has not been sufficiently studied, which is
primarily due to the low volumes of cultivating this
species not only in Ukraine, but also abroad. We believe
that the issue is relevant for modern medicinal plant
growing and requires profound study.

The aim of the study

The research objective is to investigate the
peculiarities of the formation of pale purple coneflower
(Echinacea pallida (Nutt.) Nutt.) seed productivity.

The task of the study is to assess the seed productivity
of anthodia of different orders and their share in the total
productivity; to determine the seeds’ sowing properties
depending on the order of inflorescences’ arrangement on
the shoot.

Materials and methods

The studies of pale purple coneflower (Echinacea
pallida (Nutt.) Nutt.) seed productivity of were conducted
in 2023-2024 in Radianskyi Agricultural Complex of
Kremenchuk district in Poltava region. The soils are black
residually deeply slightly saline, located on loess terraces.
The humus content is 2.1-2.4 %, pH = 5.9-6.8. The
climate is moderately continental with unstable
moistening. In 2023, regular precipitation in the first
period of the vegetation made it possible to obtain sprouts
and form a rosette of leaves, which provided developed
plants by the end of the growing season. In 2024, the
combination of atmospheric drought and unproductive
precipitation did not allow the maximum implementation
of the seed potential of pale purple coneflower.

The cultivation technology included sowing with a
precision seeder at a width of 45 cm and a sowing rate of
10-12 kg/ha, inter-row loosening, fertilizer application,
and manual weeding in the first year of vegetation.

Experiment 1. During the growing season in the first
year of vegetation and from the moment of plant re-
growing in the second year, samples (15 plants) were
taken, determining the morphometric characteristics of
the above-ground part and root system. Among the
indicators of the above-ground mass development, the
weight of stems, leaves, inflorescences and their
morphological parameters (the length and width of leaves,
diameter of inflorescences, and height of stems) were
determined. Also, the number of leaves, inflorescences,
stems, anthodia and seeds were calculated.

Experiment 2. The study of seed productivity. The
most typical model plants of pale purple coneflower were
cut and the structure of the above-ground mass and seed
productivity were determined: inflorescence parameters,
number of seeds and their weight in inflorescences, the
assessment of productivity by inflorescence orders.
Biological yield was assessed by threshing pale purple
coneflower plants harvested from an area of one square
meter in five replicates.

Experiment 3. The determination of pale purple
coneflower seeds sowing properties. 100 seeds in
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triplicate were placed in Petri dishes on filter paper, then
5 ml of distilled water was added and the seeds were
germinated at a temperature of 22-24°C. Germination
energy was determined on the seventh day, laboratory
germination — on the 14th day [7].

The statistical assessment of the obtained results was
conducted using the method of variance analysis in the
MS OFFICE program package.

Results and discussion

We have established that pale purple coneflower
at the initial stage of ontogenesis, namely in its
virginal period, develops slowly. After sowing,
the sprouts began to appear only on the 11"-18% day.
In some years, especially dry ones, the period of shoots
can be extended to 20-25 days. At the stage of
cotyledonary leaves, pale purple coneflower shoots were

on average 7-9 days (Fig. I). After that, the first true leaf
began to develop. This process, depending on weather
conditions, extended to 25-32 days from the moment of
sprouts emergence.

Our studies indicate that during the first two months
of vegetation, the above-ground part and root system
of pale purple coneflower developed much more slowly
than in the following months. During the growing period
of the first vegetation year, the plants formed a developed
rosette of leaves and a fleshy vertically thickened
rhizome. This distinguishes pale purple coneflower f
rom other species of this genus. Taking it into account,
we note that this biological peculiarity gives it great
advantages both in ecological and technological terms.
The transition to the generative period was accompanied
by the formation of the shoot with inflorescences. This
period in pale purple coneflower began from the second
year of vegetation.

Fig. 1. Pale purple coneflower plants: sprouts, the first year of vegetation, the second year of vegetation,
before seed cropping

Starting from the re-vegetation, the plants quickly
went through the stages of organogenesis and flowering
began in June. As our observations show, pale purple
coneflower plants bloom for an average of 46 days. In this
case, inflorescences of the first to fourth orders bloom
almost simultaneously, the following ones are formed and
bloom later depending on the existing soil and climatic
conditions [22].

Pale purple coneflower plants at the time of seed
cropping were characterized by a number of
morphometric  indicators reflecting their biomass

(Table 1). The average plant height made 85.4 cm,
and the number of shoots per plant was 5.4 pcs. The
stems weight reached 81.6 g, and the number of stem
leaves made 68.5 pcs. with a total weight of 42.3 g.
Besides, an average of 18.4 rosette leaves were formed on
one plant weighing 15.6 g. The plants formed an average
of 21.4 inflorescences, which ensured their productivity,
and the total weight of anthodia made 32.3 g.

It was established that one plant in the second year of
life produced an average of 2770 seeds, with a total weight
of 9.84 g. The laboratory germination of freshly cropped
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seeds did not exceed 60%, which corresponded to the data
of other researchers [12]. Moreover, the attention has to
be paid to the fact that this species has a fairly long period
of its achenia organic dormancy. This should be taken into
account when growing pale purple coneflower and
methods of regulating seed dormancy should be used [16].
According to our previous observations, the dry
stratification method deserves attention, while its duration
at a temperature of +4-5°C must not be less than 60 days.

Table 1
The indicators of pale purple coneflower plant
development at the time of seed cropping

Indicators Value
Plant height, cm. 85.4
Number of shoots per plant, pcs. 5.4
Stems weight, g. 81.6
Number of stem leaves, pcs. 68.5
Weight of stem leaves, g. 423
Number of rosette leaves, pcs. 18.4
Weight of rosette leaves, g. 15.6
Number of inflorescences, pcs. 21.4
Weight of inflorescences, g. 323
Weight of the above-ground part, g. 171.8
Weight of raw root, g. 41.5

The analysis of morphometric characteristics of pale
purple coneflower inflorescences shows that the anthodia
sizes of the first four orders gradually decreased
(Table 2). For example, the inflorescences diameter
varied from 3.60 cm (the first order) to 3.02 cm (the fourth
order). A similar trend was observed as to the
inflorescences height (from 3.25 cm to 2.44 cm) and the
stem diameter under the inflorescence (from 0.71 cm to
0.54 cm). The indicators of the inflorescences of
subsequent orders did not have a clear pattern.

Table 2
The parameters of pale purple coneflower inflorescences
according to the order of their arrangement

Inflorescence Inflorescence  Stem diameter
Inflorescence diameter height, ~under
order om ? cm inflorescence,
cm
1% order 3.60 3.25 0.71
2" order 3.12 2.61 0.56
3" order 3.09 2.51 0.55
4" order 3.02 2.44 0.54
5t order 321 2.71 0.59
6" order 2.97 2.92 0.58
7% order 3.07 227 0.51

The analysis of the number of achenia in one
inflorescence (Fig. 2) shows that the conditions of fruit
formation significantly influenced the indicator, which
proves the possibility of regulating this process by
ensuring the optimal soil moistening during flowering. On
the average, from 148 to 186 fruits were formed in one
inflorescence. At the same time, the number of fruits
gradually decreased from the first to the third order, and
then increased again to 153.1 pieces. However, the first

inflorescence in our experiments formed 93-95 more
fruits than the inflorescences of other orders.

Number, pcs
—_
S
S
L

1 2 3 4 5 6 7
Innflorences orders

Fig. 2. The number of achenia in inflorescences of pale
purple coneflower of different orders, pcs.

Concerning the fruits weight in the inflorescence, a
similar trend is observed as to the number of achenia. This
is explained by a significant correlation between the
number of achenia and their weight. The largest fruits
weight was observed in the inflorescences of the first
order — 0.66 g (Fig. 3). This indicator gradually decreased
to the 3™ order (0.29 g). In subsequent orders, the weight
grew to 0.45 g (4" order) and decreased again to 0.3 g.
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w
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Inflorences orders

1 2 3 4 5 6 7

Fig. 3. Fruits weight in inflorescences and thousand-seed

weight in inflorescences of different orders of pale
purple coneflower, g.

Thousand-seed weight in the experiments fluctuated less.
In the anthodia of the first order it was the largest and
amounted to 3.55 g (Fig. 3). It is worth mentioning that there
was no high dependence of thousand-seed weight on the
fruits weight in inflorescences (R = 0.48). The amplitude of
thousand-seed weight was in the range from 2.30 to 3.82 g.
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The calculations show that the main share
of the obtained harvest falls on the first 3 inflorescences
(Fig. 4). It amounted to 68% of the total achenia weight,
and the other inflorescences of the 4%-7" orders provided
only 32 % of the harvest. Taking into account the
above-mentioned, the question of the rational use of seed
crops arises. It is quite realistic to introduce the
technology when inflorescences of the 4" and higher
orders can be used as pharmaceutical raw materials.
On the one hand, this will allow improve the seeds’
sowing qualities, and on the other hand, to use the
plantation more effectively.

2nd order
14.1%

3rd order

1st order 10.7%

43.2%

4th order
12.1%

5th order
7.4%

6th order

4.6%
7th order
7.9%

Fig. 4. The analysis of the yield structure by the orders
of pale purple coneflower inflorescences

Taking into account the above-mentioned
peculiarities, the assessment of pale purple coneflower
biological yield was conducted (Zable 3). According
to the yield structure, on the average, 4 inflorescences
were formed on one shoot, in which 98.1 pcs. of seeds
weighing 0.35 grams were formed. One plant on the

thousand-seed weight amounted to 3.55 g, one plant
formed 7.56 grams of seeds. If we take into account that
90 thousand plants are grown on one hectare, the
biological potential of seed productivity in pale purple
coneflower in Kobeliaky district was 0.68 t/ha. It is worth
noting that in the conditions of production sown areas,
the yield is much lower, which is explained by the uneven
ripening of anthodia, significant losses during harvesting
and subsequent seed cleaning. In our opinion, the issue of
coneflower seed production has been little studied, and
therefore it is a broad field of activity for agronomists,
physiologists, and seed scientists to search for levers to
improve the fruit formation of this crop.

Table 3
The structure of the biological yield of pale purple
coneflower seeds

Indicators LCRCET
results
Number of stems per plant, pcs. 5.40
Number of inflorescences per 1 stem, pcs. 4.00
Number of fruits in the inflorescence, pcs. 98.10
Fruit weight in 1 inflorescence, g. 0.35
Thousand-seed weight 3.55
Fruit weight per plant, g. 7.56
Number of plants per 1 ha, pcs. 90000
Yield from 1 hectare, tons. 0.68

In laboratory conditions, studies were conducted
of the sowing qualities of freshly harvested pale
purple coneflower seeds collected from inflorescences
of different orders (Fig. 5). At the same time, germination
energy and laboratory germination were determined.
The dynamics of seed germination shows that, regardless
of the inflorescence order, the largest number of
achenia germinated on the 4"-7" day. After the seventh
day, the number of germinated seeds significantly
decreased, and on the 12%-14" day the germination

average formed 5.4 shoots.  Considering  that process stopped.
70 ~ 80 -
X 60 - s 87
50 76 A
i 74
40 - 72 4
30 4 70 A
20 | 68 -
66 -
10 9 Inflorences orders, Lsd05=9.2% 64 - Inflorences orders, Lsd05=8.5%
0 62
1 \ 2 3 \ 1 | 2 | 3
e=Om Germination 45 56 60 —0— Labo_rato_ry 68 ‘ 75 ‘ 78
energy germination

Fig. 5. Germination energy and laboratory germination of pale purple coneflower seeds

The seed germination energy was the highest in
fruits of the second and third orders, and amounted to 56—
60 %. This indicator was somewhat lower in fruits of
the first order — 45 %. As for laboratory germination, i
n the seeds of the first order inflorescences it was
minimal — 68 % and higher — in the seeds of the second
and third order inflorescences — 75-78 %.

Phyto-pathological expert examination of seeds
showed the presence on the achenia of five fungi genera
infectious  structures:  Alternaria, Cladosporium,
Fusarium, Mucor, and Stachybotrys. The representatives
of the primary infection of Alternaria and Fusarium
genera dominated, the level of contamination by which
reached 36% of the analyzed material. The obtained
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results coincided in regularities with the studies of other
authors and are explained by the peculiarities of the crop
biology [7].

Conclusions

The conducted studies on the seed productivity of pale
purple coneflower allow us to draw the following conclusions:

1. The formation of plant productivity in the first year
of vegetation occurs slowly. After sowing, the sprouts
appear after 11-18 days, and in dry weather the period is
extended to 20-25 days. In the cotyledon leaf phase,
the sprouts remain for about 7-9 days, after which the
development of the first true leaf begins, which lasts
for 25-32 days. The above-ground part and the root
system grow slowly in the first two months, but from July
the growth accelerates significantly. Pale purple
coneflower forms a fleshy vertically thickened rhizome,
which is a distinctive feature of this species.

2. On the second year of vegetation, flowering begins
in June and lasts on the average for 46 days, which makes
pale purple coneflower a promising honey-bearing crop.
At the time of seed harvesting, the plant height reaches
85.4 cm, and the number of generative shoots varies from
1 to 9, on the average — 5.4 shoots. The average number
of seeds per plant is 2770 pieces with a total weight 0f9.84 g,
and thousand-seed weight varies within 2.30-3.55 g.

3.1t was found that the largest share of seed
productivity is provided by the first three inflorescences,
which form 68 % of the total seed mass. 148—185 fruits
were formed in one anthodium. The first inflorescences
on the shoot formed 93-95 fruits more than the
inflorescences of other orders. The fruits weight in the
inflorescences of the first-third orders amounted to 0.29—
0.66 g, and thousand-seed weight was 3.05-3.85 grams.
It is suggested to harvest inflorescences on the areas sown
for seeds below the third order for pharmaceutical needs,
which will improve the quality of seed material.

4. According to the assessment of biological yield,
one plant formed 5.4 shoots, on which 7.56 grams
of seeds were formed, which calculated per hectare
(90 thousand plants) made 0.68 t/ha. The germination
energy of freshly harvested seeds did not exceed 60 %,
which is explained by a long period of organic dormancy.
The highest germination rates were observed in the seeds
of the second and third order inflorescences (75-78 %).
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