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Study of some biochemical parameters and productivity
of Silphium L. genotypes as perspective energetic crops
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Purpose. This study was aimed to determine some biochemical parameters and productivity of the gene fund of
Silphium L. genus in the M. M. Gryshko National Botanical Garden of the NAS of Ukraine. Methods. Plant raw material
investigated at the flowering stage (17 genotypes) and the end of vegetation (20 genotypes) of Silphium spp. 3 species
and 4 cultivars studied for the content of nutrients at the flowering. Determination of dry matter, ash, calcium, nitrogen-
free extractives conducted according to Hrytsaienko et al. (2003), phosphorus, protein — according to Pochinok (1976),
sugars — according to Krishchenko (1983), cellulose — according to Zheng et al. (2018), lipids — according to Zamowski,
Suzuki (2004). It was used productivity parameters: yield of above-ground mass, the yield of dry mass, energetic value,
yield of energy. Data analyzed statistically. Results. Investigation of nutrients content showed that content of dry mat-
ter was in the range of 18.90-29.3%, protein — in the range of 8.88-23.56%, cellulose — 15.10-36.14%, ash — 8.13-12.19%,
lipids — 1.83-3.97%; yield of above-ground mass — 45.0-139.0 t/ha, the yield of dry matter — 10.31-36.92 t/ha,
energy value — 3933-4249 cal/g, and yield of energy — 43.81-149.27 Gcal/ha. A study of genotypes at the flowering
and end of vegetation identified that the content of dry matter for all samples was in a range of 18.38-67.49%, su-
gars — 2.78-19.0%, ash — 3.93-11.20%, calcium — 1.68-5.99%, phosphorus — 0.14-1.21%, energy value — 3153.36—
3770.28 cal/g. Conclusions. Plant raw material of genotypes of Silphium L. spp. is a valuable source of nutrients.
The content of ash, its components, energetic value, and parameters of productivity depending on genotype and
stage of growth. The results allow recommending selected Silphium genotypes as perspective energetic crops in
Ukraine as well as other countries.
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absolutely dry mass [1-3]. Some authors de-

Introduction noted that these plants are native to America

Natural flora includes an inexhaustible
gene fund that can be used in the introductive
and selective process more actively to create
valuable varieties and cultivars for practical
use [1].

Last time numerous scientists indicated on
the advantages of growing of representatives
of Silphium L. (cup flower) as a highly adaptive
and perspective energetic crop that from the
second year of vegetation provide 13—20 t/ha of
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and about 12 species of Silphium are aborigi-
nal plants of the prairies of the northern Uni-
ted States and Canada [4—6]. In Ukraine, these
species are known as cultural plants [7].

Cup flower plants demonstrated high poten-
tial in the production of bioenergy in the South
and North of America, Europe. S. perfoliatum
is an extremely perspective crop for biogas pro-
duction throughout Europe due to high yield of
biomass, durability (up to 25 years), and the
ability to grow in marginal lands [8-12]. Also,
these species known as valuable forage, techni-
cal, honey, ornamental and phytomeliorative
crops [8].

As energy plants, highly productive varie-
ties and hybrids of cup flower plants can pro-
vide phyto raw materials yield up to 200 t/ha,
dry matter yield — up to 35 t/ha, conventional
phytofuels up to 30 t/ha, biogas yield — 20 thou-
sand m3/ha, biofuel calorific value — up to
4500 kcal/kg and energy yield from 1 ha over
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60 Gecal [13-15]. It was found that the applica-
tion of mineral fertilizers, in particular nit-
rate, affects the energy yield of S. perfoliatum
biomass [16].

Plants of S. laciniatum L. use at all as orna-
mental and medicinal and create interspecific
hybrids with S. terebinthianaceum on the bor-
der of overlapping of their ranges [17]. S. tere-
binthianaceum growth in the natural flora of
Indiana, southern Michigan, northern Wiscon-
sin, and Missouri. It is distributed on both
plains and mountain prairies and cultivated as
a drought-resistant medicinal plant [17].

Extracts of cup flower herb demonstrated
diuretic activity and able to decrease the cho-
lesterol level. Herb of this plant is used in folk
and traditional medicine as a diaphoretic, ton-
ic, and kidney disease. Also, fresh herbs are
used in homeopathy. Plant raw material of Sil-
phium perfoliatum contains caffeic, p-couma-
ric, p-hydroxybenzoic, vanillic, etc. phenolic
acids [18; 19]. Extracts of these plants show
antioxidant, antibacterial, immunomodulatory
activity [20]. The lipid fraction of the seeds of
these plants contains 44% linolenic and 13.2%
oleic fatty acids [21].

Previous reports showed that more attention
was paid to research and the use of S. perfolia-
tum among other species in Ukraine as well as
in the world [3; 10]. Based on many-years ob-
servations and obtained data about introduc-
tive and selective studies of Silphium spp. in
the M. M. Gryshko National Botanical Garden
of the NAS of Ukraine it should be noted that
will be relevant a comprehensive study of indi-
vidual species and created genotypes in the
conditions of a specific agroclimatic zone of
Ukraine.

The goal of this study was to determine and
compare certain biochemical parameters and
selected aspects of productivity of the plant
raw material of Silphium L. genotypes as per-
spective crops in Ukraine and the world.

Material and methods

Plant material

The investigation was conducted in the M. M.
Gryshko National Botanical Garden of the
NAS (NBG) of Ukraine during 2018-2020. In
this study used plant raw material of Silphium
L. (cup plant) genotypes that represented the
gene fund of these plants: S. perfoliatum L.,
var. PP-1; S. perfoliatum, var. PP-2; S. perfolia-
tum, var. NRK-7; S. perfoliatum, var. SR-6;
S. perfoliatum, cv. Bogatyr; S. perfoliatum, cv.
Peremozhets; S. perfoliatum, cv. Kanadchanka;
S. perfoliatum x S. integrifolium; S. integrifo-
lium Michx., var. GD-5; S. integrifolium, var.
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GKR-1; S. integrifolium, var. LPL-4; S. integri-
folium, f. EBSFS; S. integrifolium, cv. Yuvi-
leinyi-90; S. integrifolium x S. trifoliatum L.;
S. laciniatum L.; S. laciniatum, f. 1; S. lacini-
atum, f. 2; S. laciniatum, var. PL-3; S. trifoli-
atum L.; S. trifoliatum x S. integrifolium; S. tere-
binthinaceum Jacq.; S. asperrimum Hook.
Plants took for analyses at the stages of
flowering and the end of vegetation [22].

Study of plant productivity

Field experiments were established by the
existing methods for the State Variety Net-
work and research institutions lasting from
three to six years in four replications. The
size of sown plots is 60-100 m?2, their regis-
tration area is 30—60 m?2. The placement of
variants on repetitions depending on the ex-
periment is systematic and randomized [23].
It was conducted measurement of plant mass
(yield).

Biochemical analyses

Biochemical analyses were carried out in the
biochemical laboratory of the Cultural Flora
Department of NBG. The dry matter is deter-
mined by the drying at the temperature of
105 °C till constant mass. The content of ash
was investigated by the method of combustion
of the samples in the muffle oven (SNOL 7.2-
1100, Termolab) at the 200-500 °C. After com-
bustion, the ash is used for the determination
of calcium and phosphorus content by titrimet-
ric methods. Ash was dissolved in hydrochloric
acid solution to determine total calcium con-
tent. After the routine procedure described in
the method, a solution was titrated by Trilon-B
in the presence of hydroxylamine and mu-
rexide [24].

Ash was dissolved in the nitric acid solution
to determine the total phosphorus content. Af-
ter adding molybdenum acid ammonium, a so-
lution of potassium oxalate, all mixture was
titrated by sodium hydroxide in presence of
phenolphthalein [25].

The total content of sugars determined by
the Bertrand method with the use of Fehling
solutions [26]. The content of protein is carried
out by chloramine method [25], cellulose — by
washing 4% sulphuric acid and 2% sodium
hydroxide [27], nitrogen-free extractives — by
[24], lipids — with Soxhlet apparatus in petro-
leum ether according to [28] with slight modi-
fication. Caloricity of raw measured on the
calorimeter IKA C-200 (benzoic acid as stan-
dard). Obtained data analyzed with Microsoft
Excel Software and given as averages and
standard deviation of the mean. Data repre-
sented in Table 1 and Figures 1-6.
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Results and discussion

In the Cultural Flora Department of the
NBG last decades conducted the comprehen-
sive introduction and selection study with the
species of Silphium L. genus, as a result of
which were cultivars (4), varieties and forms
(11), and interspecific hybrids (4) [22]. Results
of the many-years investigations conducted in
the NBG showed that phyto raw of these
plants is a valuable source of nutritive com-
pounds such as vitamins, sugars, cellulose,
protein, etc. [1, 7, 29]. 100 kg of green mass
of these plants contains the 14-16 feed units,
one of which includes 140-160 g of digestible
protein [7].

Investigation of biochemical composition
and peculiarities of nutrient accumulation is

an important direction for the evaluation of
plant raw material, especially as forage.

It is established that the above-ground mass
yield of investigated genotypes of Silphium
spp. was from 45 (S. asperrimum) to 126 (S. in-
tegrifolium, cv. Yuvileinyi-90) t/ha, dry matter
yield — from 10.31 (S. asperrimum) to 36.92
(S. integrifolium, cv. Yuvileinyi-90) t/ha
(Table 1). The highest yield of above-ground
mass had S. perfoliatum, cv. Peremozhets, the
highest dry matter yield — S. integrifolium,
cv. Yuvileinyi-90. S. asperrimum (4249 kcal/kg)
characterized by the most caloricity, while the
least found for S. perfoliatum, cv. Peremozhets
(3933 kcal/kg). The maximal yield of energy
determined for S. integrifolium, cv. Yuvilei-
nyi-90 (149.27 Gcal/ha) and minimal — for
S. asperrimum (43.81 Gcal/ha).

Table 1

Energetic productivity of the plants of Silphium L. genus depending on genotype
at the stage of start of budding-flowering

Species, cultivar Yield of above-ground mass, t/ha | Yield of dry matter, t/ha | Caloricity, kcal/kg | Yield of energy, Gecal/ha

S. asperrimum 45.0 10.31 4249 43.81
S. integrifolium,

cv. Yuvileinyi-90 126.0 36.92 4043 149.27
S. lacinatum 54.0 11.88 4175 49.60
S. perfoliatum,

cv. Bogatyr 119.0 25.23 4175 105.34
S. perfoliatum,

cv. Peremozhets 139.0 30.58 3933 120.27
S. perfoliatum,

cv. Kanadchanka 106.0 20.03 3979 79.70
S. terebinthinaceum 97.0 25.71 4192 107.78

LSD, 2.25 - - -

According to Bury et al. (2020), the yield of
biomass increased in the first two years of full
vegetation [30]. As reported Kowalski (2007), the
yield of biomass and dry matter at the cultiva-
tion of 8. trifoliatum can give up to 28.8 t/ha
of dry biomass [31]. In our study, this result
was closed to S. perfoliatum, cv. Peremo-
zhets.

The biochemical composition is also an impor-
tant aspect concerning the introduction of en-
ergy crops. In this case, ash content and min-
eral composition are very useful [32]. Also, se-
lected biochemical analyses were conducted with
seventeen genotypes at the periods of flowering
and end of vegetation as perspective energetic
plants. The content of dry matter and total con-
tent of sugars at the flowering stage for seven-
teen genotypes of Silphium represented in Fi-
gure 1. Dry matter content at this stage was
from 18.38 (S. perfoliatum, cv. Kanadchanka) to
34.77 (S. asperrimum) % depending on the sam-
ple. The total content of sugars at the flowering
stage was from 6.36 to 19.0% depending on
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genotype. The most sugars accumulated in raw
of S. perfoliatum SR-6, the least — in hybrid
S. integrifolium x S. perfoliatum.

One of the important parameters in the
research of energetic plants is the total con-
tent of ash that is correlated with calorific
value [33]. Ash is the remainder of unburned
compounds, which obtained after the com-
bustion of raw at high temperatures. Total
ash it’s a complex of mineral components,
among which highlighted macro- and micro-
elements [34]. Content of ash in the investi-
gated genotypes at the flowering stage deter-
mined from 4.20 (S. perfoliatum, SR-6) to
8.12 (S. integrifolium, f. EBSFS) % (Fig. 2).
According to Franzaring et al. (2014), the
content of ash in the raw S. perfoliatum was
15.4% [2]. Comparing with our investigation
this parameter was approximately 2 times
less. The content of calcium at the flowering
stage was in a range from 1.68 (S. lacinia-
tum, f. 2) to 3.38 (S. integrifolium, f. EBSFS)
% and phosphorus — in a range from 0.42
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Figure 1. The dry matter content and total content of sugars in the raw of Silphium L. genotype
at the period of flowering
(1-S. asperrimum; 2 - S. integrifolium, f. EBSFS; 3 - S. integrifolium, GKR-1; 4 - S. integrifolium x S. perfoliatum;
5 — S. integrifolium, cv. Yuvileinyi-90; 6 — S. integrifolium, LPL-4; 7 - S. integrifolium, GD-5; 8 - S. laciniatum, PL-3;
9 - S. laciniatum, f. 2; 10 - S. laciniatum, . 1; 11 - S. perfoliatum, SR-6; 12 - S. perfoliatum, cv. Kanadchanka;
13 - S. perfoliatum, cv. Bogatyr; 14 — S. perfoliatum, PP-1; 15 - S. perfoliatum, PP-2;
16 — S. trifoliatum x S. integrifolium; 17 - S. trifoliatum)
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Figure 2. The content of ash, calcium and phosphorus (%) in the genotypes of Silphium L.
genus at the stage of flowering

(1 - S. asperrimum; 2 - S. integrifolium, f. EBSFS; 3 - S. integrifolium, GKR-1; 4 - S. integrifolium x S. perfoliatum;
5 — S. integrifolium, cv. Yuvileinyi-90; 6 - S. integrifolium, LPL-4; 7 - S. integrifolium, GD-5; 8 — S. laciniatum, PL-3;
9 - S. laciniatum, f. 2; 10 - S. laciniatum, f. 1; 11 - S. perfoliatum, SR-6; 12 — S. perfoliatum, cv. Kanadchanka;
13 - S. perfoliatum, cv. Bogatyr; 14 — S. perfoliatum, PP-1; 15 - S. perfoliatum, PP- 2; 16 - S. trifoliatum x S. integrifolium;
17 - S. trifoliatum)
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Figure 3. Energetic value of plants (cal/g) of different genotypes of Silphium L. genus at the stage of flowering
(1 -S. asperrimum; 2 - S. integrifolium, f. EBSFS; 3 - S. integrifolium, GKR-1; 4 - S. integrifolium x S. perfoliatum;
5 — S. integrifolium, cv. Yuvileinyi-90; 6 — S. integrifolium, LPL-4; 7 - S. integrifolium, GD-5; 8 - S. laciniatum, PL-3;
9 - S. laciniatum, f. 2; 10 - S. laciniatum, f. 1; 11 - S. perfoliatum, SR-6; 12 — S. perfoliatum, cv. Kanadchanka;
13 - S. perfoliatum, cv. Bogatyr; 14 — S. perfoliatum, PP-1; 15 - S. perfoliatum, PP-2; 16 - S. trifoliatum x S. integrifolium;
17 - S. trifoliatum)
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(S. integrifolium, cv. Yuvileinyi-90) to 1.21
(S. perfoliatum, cv. Bogatyr) %.

Bury et al. (2020) determined that the con-
tent of ash in the raw material of S. perfolia-
tum was from 2.84 to 4.46%, the most of it
determined in the seeds [30]. The energetic
value of different genotypes of investigated
plants at the stage of flowering was from
3253.21 to 3608.54 cal/g (Fig. 3). The higher
value of caloricity determined for S. lacinia-
tum, f. 2, and the less — for S. perfoliatum,
cv. Kanadchanka.

The content of dry matter in the raw of inves-
tigated plants at the end of vegetation was iden-
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tified on twenty genotypes and was of 24.76—
67.49% (Fig. 4). The most of dry matter content
found in S. laciniatum, PL-3, the least —
in S. perfoliatum, NRK-7. The total content of
sugars in the plants at the end of vegetation
was from 2.78 (S. integrifolium, GD-5) to 13.12
(S. integrifolium, GKR-1) %. This parameter de-
creased comparing with the period of flowering.

At the end of the vegetation content of ash
was in a range from 3.93 (S. integrifolium, cv.
Yuvileinyi-90) to 11.2 (S. perfoliatum, PP-1) %
(Fig. 5). The content of calcium and phospho-
rus in this period was determined as 1.92-5.99
and 0.14-0.86%, respectively.
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Figure 4. The content of dry matter and total content of sugars in the different genotypes
of Silphium L. genus at the end of vegetation, %
(1 - S. asperrimum; 2 - S. integrifolium, GD-5; 3 — S. integrifolium, GKR-1; 4 — S. integrifolium, cv. Yuvileinyi-90;
5 - S. integrifolium, LPL-4; 6 - S. integrifolium, f. EBSFS; 7 - S. integrifolium x S. trifoliatum; 8 — S. laciniatum, f. 2;
9 - S. laciniatum, . 1; 10 - S. laciniatum, PL-3; 11 - S. perfoliatum, PP-1; 12 — S. perfoliatum x S. integrifolium;
13 - S. perfoliatum, NRK-7; 14 - S. perfoliatum, cv. Bogatyr; 15 - S. perfoliatum, cv. Peremozhets; 16 — S. perfoliatum, SR-6;
17 - S. perfoliatum, PP-2; 18 - S. perfoliatum, cv. Kanadchanka; 19 - S. trifoliatum x S. integrifolium; 20 - S. trifoliatum)
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Figure 5. The total content of ash, calcium and phosphorus in the different genotypes of Silphium L.
at the end of vegetation, %

(1 - S. asperrimum; 2 - S. integrifolium, GD-5; 3 — S. integrifolium, GKR-1; 4 — S. integrifolium, cv. Yuvileinyi-90;
5 - S. integrifolium, LPL-4; 6 - S. integrifolium, f. EBSFS; 7 - S. integrifolium x S. trifoliatum; 8 — S. laciniatum, f. 2;
9 - S. laciniatum, f. 1; 10 - S. laciniatum, PL-3; 11 - S. perfoliatum, PP-1; 12 — S. perfoliatum x S. integrifolium;
13 - S. perfoliatum, NRK-7; 14 - S. perfoliatum, cv. Bogatyr; 15 - S. perfoliatum, cv. Peremozhets;

16 - S. perfoliatum, SR-6; 17 - S. perfoliatum, PP-2; 18 - S. perfoliatum, cv. Kanadchanka;

19 - S. trifoliatum x S. integrifolium; 20 - S. trifoliatum)
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Comparing with the flowering stage the
energetic value of plant raw material of Sil-
phium genotypes at the end of vegetation in-
creased (Fig. 6). In total, the caloricity of
raw was from 3153.36 (S. perfoliatum, PP-1)
to 3770.28 (S. perfoliatum, cv. Bogatyr) cal/g.
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Its should be noted that results of many-
years investigations demonstrated that phy-
to raw of many samples of Silphium at the
budding-start of the flowering period in se-
lected years energetic value achieved up to
4000 kcal/kg [14].

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Figure 6. Energetic value of different genotypes of Silphium L. genus at the end of vegetation, cal/g
(1 - S. asperrimum; 2 - S. integrifolium, GD-5; 3 - S. integrifolium, GKR-1; 4 - S. integrifolium, cv. Yuvileinyi-90;
5 — S. integrifolium, LPL-4; 6 — S. integrifolium, f. EBSFS; 7 - S. integrifolium x S. trifoliatum; 8 - S. laciniatum, f. 2;
9 - S. laciniatum, f. 1; 10 - S. laciniatum, PL-3; 11 - S. perfoliatum, PP-1; 12 - S. perfoliatum x S. integrifolium;
13 - S. perfoliatum, NRK-7; 14 - S. perfoliatum, cv. Bogatyr; 15 - S. perfoliatum, cv. Peremozhets;
16 - S. perfoliatum, SR-6; 17 — S. perfoliatum, PP-2; 18 - S. perfoliatum, cv. Kanadchanka;
19 - S. trifoliatum x S. integrifolium; 20 - S. trifoliatum)

In addition, plants of cup flower provide
high yield conditional biofuel (10-5, sometimes
till 30 t/ha), the energetic value of solid bio-
fuel is 3800—4300 kcal/kg, energetic productiv-
ity of plants achieves 40—60 (mo 120) Gcal/ha,
calculated fuel yield of biogas was 7000—-12000
(sometimes to 20000) m3/ha [15, 35].

Collecting of phytomass for biogas and feed
conducts at the May-June — first term and af-
ter 50—55 days second and more (3—4-times
mowing), seeds — September, dry phytomass as
an energetic plant — October—November. Plants
should be mowed on biogas purpose at bud-
ding-start of the flowering stage [15].

Thus, the gene fund of Silphium L. plants
that grow in the M. M. Gryshko National Bo-
tanical Garden is represented by valuable sam-
ples that are sources of high quality of raw for
the fodder and energetic purposes. In this case,
the most perspective cultivars were S. perfolia-
tum cv. Bogatyr (high content of phosphorus
and energetic value), S. integrifolium cv. Yuvi-
leinyi-90 (less content of ash, high yield of
dry matter, and energy), S. perfoliatum cv.
Peremozhets (high yield of above-ground
mass), S. perfoliatum cv. Kanadchanka (high
content of protein). S. asperrimum had maxi-
mal content of cellulose. The highest content
of dry matter had variety S. lacinatum PL-3,
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sugars — S. perfoliatum SR-6, calcium -

S. perfoliatum PP-1.
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HayioHansHuti 6omaniyHul cad imeHi M. M. Ipuwika HAH Ykpainu, syn. Tumipssescoka, 1, M. Kuis, 01014, Ykpaina, “e-mail: jamal_r@bigmir.net
KiHUi BereTauii (20 reHOTUNIB). YMiCT NOXMBHUX PEYOBUH Nif,
yac KBiTyBaHHSA BMBYEHO Y 3 BMiB Ta 4 COPTiB poCiuH. Bu3Ha-
YeHHSA BMiCTy Cyxoi pe4yoBMHMU, 301H, Kanbliito, 6€33a30TUCTUX
€KCTPAKTUBHUX Pe4oBUH NpoBoaunu 3a MpuuaeHKkoM i cnisasr.
(2003), cocdopy, Ginka — 3a MouuHok (1976), UykpiB —

MeTa. lle nocnigxeHHs Mano Ha MeTi BU3HAYMTU AeskKi
GioxiMiyHi napameTpu Ta NPOAYKTUBHICTb reHO(OHAY POC/UH
poay Silphium L. y HauioHanbHoMy 60TaHiYHOMY cagy iMeHi
M. M. Tpuwka HAH Ykpainu. Metogu. PocnmHHa cupoBuHa
Silphium pocnipxeHa y da3i keitTyBaHHA (17 reHoTMniB) Ta B
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3a KpuweHko (1983), uentonosun — 3a Zheng et al. (2018),
ninigis — 3a Zamowski, Suzuki (2004). bynu BU3HayeHi na-
pameTpu MpOAYKTUBHOCTI POC/AMH: YPOXAWMHICTb Ha3eMHOT
Macy, BUXif CyXoi Macu, eHepreTMyHa LiHHiCTb CUPOBMHY Ta
BUXif, eHeprii 3 oguHKLi nowi. [laHi aHanizoBaHi cTatucTuy-
Ho. Pesynbratu. [JOCNigXKEHHS BMiCTy MOXWMBHUX PEYOBUH
noKasano, Wo BMiCT Cyx0i PeYOBMHW 3HAXOAMBCA B Mexwax
18,90-29,3%, 6inka — 8,88-23,56, uentono3un — 15,10-36,14,
3o — 8,13-12,19, ninigie — 1,83-3,97%; ypoxalHicTb
Ha3eMHOi Macu — 45,0-139,0 T/ra, BUXiA CyXOi peyoBUHU —
10,31-36,927/ra,eHepreTMyHaLiHHiCTb hiTOCMPOBUHM — 3933 -
4249 Kan/r, BUXif eHeprii 3 ypoxaem — 43,81-149,27 Tkan/ra.
JocnigKeHHs reHoTMniB y nepiof KBiTYBaHHA Ta B KiHUi
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BereTauii 4ano 3Mory BUABMTH, WO BMiCT CyX0i PEYOBUHM B
yCix 3pa3kax ctaHoBuB 18,38-67,49%, uykpis — 2,78-19,0,
30nm — 3,93-11,20, kanbuio — 1,68-5,99, dhocthopy — 0,14—
1,21%, eHepreTuyHa UiHHicTb — 3153,36-3770,28 kan/r.
BucHoBKkuM. PocnnHHa cupoBuHa reHoTunis Silphium L. spp. €
LiHHUM [)KEpenoM MOXMUBHUX PEYOBUH. YMiCT 30.u, ii Komno-
HEHTW, eHepreTMyHa LiHHiCTb Ta NapameTpy NPOLYKTUBHOCTI
3aNeXNTb Bifi FEHOTUMY Ta Nepiofy poCTy 1 PO3BUTKY POCAUH.
PesynbTatt gocnifxeHb [aloTb 3MOTYy PEKOMeHAYBaTH AeskKi
reHoTunu Silphium K nepcrekTUBHi eHepreTUYHi KynbTypu B
YKpaiHi, a TaKoX iHWUX KpaiHax.

Knioyosi cnosa: Silphium L.; 2eHomunu; eHepeemuyHa
YTHHICMb; NPOOYKMUBHICMb,; 30/14.

Haoitiwna 19.08.2020
loeodweHo do Opyky 16.09.2020

269



