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DYNAMICS OF BIOMETRIC INDICATORS
OF ENERGY WILLOW PLANTS
DEPENDING ON PLANTING DENSITY
AND FEEDING BACKGROUND

Development of world civilization is closely linked to energy resources,
which significantly affect the country's independency policy.

In the structure of renewable energy sources in the world more than 50% is
energy received from biomass of vegetable origin and 15% of the total energy used.

Ukraine belongs to energydeficient countries, which is unable to provide the
energy sector with fossil fuels, therefore task of alternative energy development for
our country is urgent.

In Ukraine, in the last decade, much attention has been paid to improving the
efficiency of biofuels and bioenergy, which reduces the dependence of national
economy on energy imports, reduce its energy intensity and ensure economic
development.

A promising renewable fuel source is the biomass of grass and tree crops.
Among wood energy crops, the largest plantations are of willow.

To date, the impact of basic environmental conditions and cultivation
technologies on crop productivity has been disclosed in many scientific publications
and literary sources. However, currently the issue of the impact of cultivation
technology, soil and climatic factors on the growth and development of energy
willow plants in the Pre-Carpathians is little studied and insufficiently covered in
scientific publications, which causes the relevance of this issue.

The research results showed that the highest shoots (6.8—7.0 m on the fifth
year of energy willow vegetation) was recorded in the variant with a planting density
of 18 thousand pieces/ha. The diameter of the central shoot in this variant was in the
range 36-42 mm. Number of shoots 2.1-2.9 pcs. per 1 plant and 37.8—52.2 thousand
pieces per 1 hectare. The largest diameter of the central shoot was recorded in the
variant with a planting density of 12 thousand pcs/ha, where it was in the range 41-
44 mm. Number of shoots 4.2—4.8 pcs. per 1 plant and 50.4—57.6 thousand pieces
per 1 hectare.

After analyzing the dynamics of vegetative mass growth of energy willow, it should
be noted that the average increase in one growing year of the five—year cycle ranged
from 1.32 to 1.40 m. The annual increase in the diameter of the central shoot was
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7.2—9.2 mm.
Key words: energy willow, vegetative mass, mineral nutrition.

Tkauyk H. JI.

IIpukapnaTcbka JepKaBHa CIIBCBKOTOCIIONApChKa JOCHIAHA  CTaHLISA
IacTuTyTY cinmbebkoro rocnonapersa Kapnarcekoro periony HAAH

JluHamika OioMeTpMYHHX NOKA3HUKIB pPOCIHH BepOM eHepreTH4Hol
3aJ1€2KHO BiJl IyCTOTH HacaJ:KeHHs i GOHY KUBJICHHS

Po3BuTOK CBiTOBOI IUBLMI3alil TICHO TOB'3aHMII 3 EHEPrCTUYHHMHU
pecypcamu, IO CYTTEBO BIUTMBAIOTh Ha HE3AIEKHY MOMITHKY KpaiHU.

VY cTpyKTypi BiIHOBIIIOBAaHUX JUKEpeN eHeprii y cBiTi Oimbuie 50 % 3aiimae
€Heprid, oTpuMaHa 3 0ioMacH POCIMHHOTO MOXOMXKEHH:, Ta 15 % Bciei cykymHoi
€Heprii, sIka BUKOPHCTOBYEThCA.

VYkpaiHa HaJeXuTh IO eHeprogediqUTHUX KpaiH, sKa HE B 3MO3l
3a0e3MeynTH €HepreTUYHy rajy3b BHKOINHHMH BHAAMH IIajiMBa, TOMY JUI HaIroi
JIeprKaBU € aKTyaJIbHUM 3aBJIaHHS PO3BUTKY JIbTEPHATHBHOI CHEPTeTHKY.

B Vkpaini B ocTaHHe necsaTupivys 3HAYHY yBary HPUIUISIOTH MiJABUIICHHIO
e(eKTUBHOCTI BUKOpPHUCTaHHsA OiomanuBa Ta OioeHeprii, MO J03BOJIAE 3MEHIIUTH
3aJIeKHICTP HALlIOHATHHOI EKOHOMIKM Bif IMIOPTY €HEProHOCIiB, 3HH3HUTH il
E€HEPTOEMHICTS 1 320€3MEeYUTH EKOHOMIYHHI PO3BHTOK.

IlepcnekTHBHUM  TOHOBIIOBAaHMM  JDKEpPENIOM  TajguBa €  Oiomaca
TpaB'SIHUCTHX 1 JepeBHUX KynbTyp. Cepen AEpeBHUX EHEPreTUYHHX KYJIBTYp
BUPOIIYIOTh HAHO1IbIII TUIAaHTALi] BepOH.

Ha cporomni BINIMB OCHOBHMX YMOB CEpEIOBMINA Ta TEXHOJOTIH
BUPOIIYBaHHS HAa MPOIYKTHUBHICTh CLIBCHKOTOCIIOJAPCHKUX KYyJIBTYp PO3KPHUTO B
6araTh0X HayKOBHX BHIAHHIX 1 JliTepaTypHuX Jkepenax. [Ipore Ha TenepimHiit yac
NUTaHHS IMOJ0 BIUIMBY TEXHOJOTIl BHPOIIYBaHHS Ta IPYHTOBO-KIIMATHIHMX
YUHHUKIB Ha PICT 1 PO3BHTOK PpOCIMH CHEPreTHYHOI BepOM B yMOBax
IlepenxapmarTst Mano BUBYCHO 1 HEJOCTATHRO BUCBITIICHO B HAYKOBUX IMyOJiKAIIisX,
10 0OYMOBITIOE aKTyalbHICTh I[bOTO IIUTAHHS.

PesynbpraTamMu 1OCIHIIKEHb BCTAHOBIICHO, 1110 HAHOIMBITY BUCOTY IMAroHiB 3a
M’ATH pik Bererarlii BepOM eHepreTHYHol 3a(ikCOBaHO y BapiaHTI 3 TYCTOTOIO
caminas 18 tuc. mr./ra (6,8—7,0 M). JliaMeTp IEHTPaIBLHOrO TaroHa 3a IBOTO
BapianTa OyB y Mexax Bix 36 mo 42 MM, KUIbKiCTh maroHiB — 2,1-2,9 mr. Ha
1 pocnuni Ta 37,8—52,2 Trc. wT. Ha 1 rexrapi. HaifGinpmmit niaMmeTp meHTpasIbHOTO
naroHa 3a()ikcoBaHO 3a BapiaHTa 3 TYCTOTO camiHHS 12 THc. mT. /Ta, ne BiH OyB y
Mexax Bifg 41 mo 44 mm, KuTbKicTh maroHiB — 4,2—4,8 wT. Ha 1 pocmuri Ta 50,4—
57,6 Tuc. wr. Ha 1 rexTapi.

[IpoananizyBaBimM JUHAMIKy HApOCTAaHHS BEreTaTHBHOI MacH BepOu
CHEePreTHYHOI, CITiI BiI3HAYUTH, IO CEpeAHiil MPHUPICT 3a OJUH BETCTAIlMHUIN piK
I’ ITUPIYHOTO LMKy cTaHoBHB Bin 1,32 mo 1,40 M, piuHMil mpupicT 3a AiaMeTpom
LEHTpaJIbHOTO MaroHa — 7,2—9,2 mm.

KnrouoBi cioBa: BepOa eHepreTwdHa, BereTaTHBHA Maca, MiHepalbHe
JKUBJICHHSI.
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Introduction. Since the beginning of the new century, humanity is
actively seeking to replace traditional energy sources with renewable energy
sources. This need is largely due to the depletion of world hydrocarbon
reserves, disruption of the natural balance of ecosystems, global
environmental  problems, including increasing greenhouse gas
concentrations in the atmosphere, leading to frequent natural disasters and
drastic changes in the earth's surface. Therefore, the development of such a
new branch of science as bioenergy is becoming increasingly important,
which can become an important element in reducing the deficit of fossil
hydrocarbons and the basis for sustainable provision of the state with
bioresources and energy security.

In Ukraine, in the last decade, much attention has been paid to
improving the efficiency of biofuels and bioenergy, which reduces the
dependence of the national economy on energy imports, reduce its energy
intensity and ensure economic development [5, 7, 11, 12].

One of the main factors of balanced ecological and economic
development of Ukraine is the efficient use of natural resources, in
particular, renewable energy sources in the balance of the country's agro-
industrial and forestry complex. It is known that European countries have
achieved 10% of their energy needs through renewable energy [9, 30]. In
Ukraine, this figure is only 4%, but Ukraine's energy strategy for the period
up to 2030 obliges to increase the share of renewable energy sources to 10%
[29-30]. Our state is forced to import about 65% of energy. The vast
majority of imports are natural gas (79%) and petroleum products (66%),
the price of which is constantly rising.

At the same time, Ukraine's potential in terms of renewable energy
production is quite large. First of all, this is due to the fact that Ukraine has
a scarce resource in the world — land. We have a large number of arable
lands, which, for one reason or another, are not used in agricultural
production and which would be quite suitable for growing bioenergy crops.
Thus, there are all the prerequisites for the creation of a national bioenergy
complex. Moreover, the global growth in demand for energy crops
contributes to rising prices for bioenergy raw materials, which, in turn,
generates growth in supply. Therefore, agriculture in Ukraine has every
chance to become an industry that can provide not only food but also, to
some extent, energy security of the country [15].

However, in the energy balance of Ukraine the share of renewable
energy sources remains insignificant 2.7%, of which 1.9% is hydropower
and only 0.8% biofuels, wind and solar energy. Thus, a large reserve for
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increasing the percentage of biofuels in the energy balance of Ukraine may
be biofuels derived from the cultivation of energy crops.

The dependence of Ukraine's economy on energy imports
necessitates the search for alternative sources to obtain them. The solution
to this problem in the near future is extremely important. Especially given
that in 7-10 years the world's proven oil reserves will be depleted by 60-
65%, natural gas reserves will be enough only for 50-60 years, oil — for
25-30, coal — for 500—600 years. Constantly rising tariffs for gas and
utilities further stimulate the search for, introduction and use of alternative,
non-traditional energy sources.

Increasing energy consumption, while increasing the price of energy
resources and increasing harmful emissions into the atmosphere, makes the
development of bioenergy extremely important.

Much attention is paid to the use of biomass as a source for biofuel
production in Germany, Poland, Sweden and Denmark.

Among the promising crops for green energy are such major energy
crops as energy willow [22, 23], poplar [24, 25], miscanthus, candlegrass,
perennial sedge. These crops are undemanding to soil and climatic
conditions, due to many years of continuous cultivation improve soil
structure, and fallen leaves and root residues that remain in the soil can
somewhat improve its fertility.

Energy willow is the main energy crop for solid fuel production in
the world. This is a plant with a very high weight gain (14 times larger than
a naturally growing forest). The average annual increase in yield per hectare
is 15-30 tons of wood. Harvesting is carried out every 2-3 years [10].

Energy willow is a species of willow (Salix) that grows quickly and
is suitable for use as biomass. It is used by direct combustion of shredded
biomass or for the production of fuel pellets and reduces the loss of
traditional energy sources. Among all energy plants in the world, willow is
today used as the main energy crop for the production of solid fuels [13, 20,
22]. The largest willow plantations today in Sweden, which are about 18-20
thousand hectares, in neighboring Poland more than 6,000 hectares. In
Ukraine, despite the large number of unused non-agricultural lands,
industrial plantations of energy crops are still insufficient. The average
weight gain of energy willow is 1.5 meters per year. Harvesting takes place
every 2-3 years, the harvest period is November — February, when the
leaves fall. The number of harvest cycles from one planting is 7-8 times,
after which it is possible to recultivate the land for planting other crops or
establish a new willow plantation. Today willow is effectively used in anti-
erosion measures to strengthen soils; enriches soils with minerals and trace
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elements, nutrients of natural origin; energy willow plantations are natural
filters for the removal of agricultural waste, used as buffer zones in places
of accumulation of biological waste from farms; energy willow is a natural
filter for cleaning soils from pesticides [27]. Willows can withstand periodic
water cover, but are not a water crop. Thus, willow survives in meadows
and areas with periodic flooding, where the cultivation of conventional
crops is for some reason risky [28]. Another advantage of growing this crop
is that compared to traditional crops, energy willow plantations require 3-5
times less nutrients and replenish organic matter in the soil due to leaf fall.
They cover much deeper soil horizons than, for example, cereals, receiving
additional nutrients and moisture from them. Created energy plantations
significantly improve the aesthetic and ecological condition of agricultural
and urban landscapes, increase the diversity of flora and fauna [8, 26].
Willow plantations are widely used to secure river banks and ravines, and
due to their high transpiration capacity (intensive evaporation of moisture
from the leaf blade surface) are used to drain soils [4, 16, 17]. A number of
studies have been conducted and the positive aspects of the use of energy
crops have been proven [1, 2, 4, 17, 18]. However, there are many reasons
that motivate scientists to look for new, alternative energy sources, and one
of them is ecology. Most "energy" plants form a powerful vegetative mass
that intensively photosynthesizes, reducing excess carbon dioxide in the
atmosphere and the effects of the "greenhouse effect" of anthropogenic
origin. The root system, with long-term cultivation in one place, enriches
the organic matter content in the soil thereby increasing its fertility [14, 18,
20, 24].

Materials and methods. Research was carried out in the research
fields of the Carpathian State Agricultural Research Station of the Institute
of Agriculture of the Carpathian region of NAAS and in the laboratory [3].

The soil of the experimental field is sod podzolic. The thickness of
the humus horizon is 40 cm. The granulometric composition of the soil is
coarse-medium-loamy. The structure of the arable layer is sprayed (lumpy-
dusty). Therefore, after the rains, these soils can float and form a crust.
Agrochemical characteristics: pHsair (potentiometric) — 4.6, the amount of
absorbed bases (Ca+Mg) — 11.4 mg-eq/100 g (according to Kappen), humus
content (according to Turin) — 2.54%, alkaline hydrolyzed nitrogen
(according to Cornfield) — 79.0, mobile phosphorus (according to Kirsanov)
— 48.0, mobile potassium (according to Kirsanov) — 82.0 mg/kg of soil;
mobile forms of microelements: boron (according to Berger and Truog) —
1.0, molybdenum (according to Grieg) — 0.20, manganese (according to
Peive and Rinkis) — 48.0 mg/kg of soil.
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The research involves the study of the influence of a number of
factors (planting density, mineral nutrition) on the growth, development and
productivity of crops.

1. The scheme of the experiment

Culture Planting density Mineral nutrition

1 18 thousand Without fertilizers

2 pcs/ha Na4oP300Ks00 + Nao

Energy willow 3 15 thousand Without fertilizers
4 pcs/ha N4oP300K300 + Nao

5 12 thousand Without fertilizers

6 pcs/ha N40P300K300 + Nao

The experiment is based on four repetitions. The sown area is 150
m?, the accounting area is 125 m? The total area of the plots in the
experiment is 0.36 ha.

According to the planting scheme, the crops are planted in paired
rows with a distance of 0.70 m and row spacing of 2 m.

Results and discussion. Soil preparation consisted of the
following technological operations: stubble peeling, plowing and pre-
planting tillage. In order to prune rhizomes, destroy wheatgrass and other
root-sprouting weeds, peeling was carried out to a depth of 16 cm with a
BDT-3 disc harrow in a unit with a T-150 K tractor. The next technological
operation was plowing the soil to a depth of 22 cm.

Two weeks after plowing, the soil was loosened and leveled to a
depth of 12 cm with a cultivator KPSP-4 with toothed harrows. This
allowed to destroy the sprouted weeds and level the surface of the field.
Prior to this operation, according to the scheme of the experiment, fertilizers
were applied to the planned areas in the norm of NaoP300Ks00. The following
mineral fertilizers were used for research: nitrogen — in the form of
ammonium nitrate (34.4% d. r.); potassium — potassium chloride (60% d.
r.); phosphorus — granular superphosphate (18.7% d. r.). Fertilizers were
applied to the plots in the spring by manual cultivation. Cuttings 22-25 cm
long and 0.8-1.00 cm in diameter were used for planting. 5-12 buds on
each cutting. During planting, the buds were dormant and swollen. The
distance between the buds was from 2 cmto 5 cm.

Before planting, the cuttings were soaked in water for 24 hours. 12
days after planting, the soil was loosened and weeds were destroyed in
between rows of willows by a cultivator.
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As of 12.05, the height of willow shoots ranged from 6.2 m to 6.5
m. The diameter of the central shoot for this period ranged from 30 to 41
mm. Number of shoots 2.1-4.8 pcs. The largest increase in vegetative mass
according to the conducted phenological studies was obtained for the period
from June to August. The last biometric measurements were carried out on
08.10. The height of plants in this period was in the range of 6.5-7.0 m. The
diameter of the central shoot was in the range of 36 to 44 mm. The number
of shoots did not change (Table 2).

2. Biometric indicators of energy willow plants depending on planting
density and feeding background

Date of accounting Average increase for
. 26.05.2016 08.10.2020 one growing year
= 5 «| Diameter, mm Diameter, mm
= . E| -, 8 . E 4, 8 1 £ /
= Lo B8 Lo 8o on ons | € | on on %
S |55 32 S5 22 ocm |height| 85 0em | height
oDl v & Ol n S oo
< g < g <
T T
1 025 01|68 | 21 36 25 1,36 7,2 50
2 0,28 | 2,0 7,0 29 42 29 1,40 8,4 5,8
3 034 | 18 | 66 | 24 38 26 1,32 7,6 5,2
4 036 | 27 | 70 | 3,6 46 32 1,40 9,2 6,4
5 0,56 | 2,6 6,5 472 41 27 1,30 8,2 54
6 055| 30| 68 | 48 44 35 1,36 8,8 7,0

The highest shoots in the fifth year of vegetation was recorded in
the variant with a planting density of 18 thousand pieces/ha — 6.8-7.0 m.
The diameter of the central shoot in this variant ranged from 36 to 42 mm.
Number of shoots 2.1-2.9 pcs. per 1 plant and 37.8—52.2 thousand pieces
per 1 hectare. The largest diameter of the central shoot was recorded in the
variant with a planting density of 12 thousand pieces/ha, where it was in the
range from 41 to 44 mm. Number of shoots 4.2—4.8 pcs. per 1 plant and
50.4-57.6 thousand pieces per 1 hectare.

The application of mineral fertilizers (NsoPs00Ks00) provided the
plants with more available nutrients and helped to increase the thickness of
the shoots from 3 to 8 mm. The height of the plants was 0.2-0.4 m higher
than in the variant without fertilizers.

Analyzing the increase in biometric indicators of energy willow in
the fifth year of the growing season, it should be noted that they were
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significantly lower than in the third and fourth growing seasons. Thus, in
the third year of vegetation the height of plants increased by an average of
1.8 m, in the fourth year of vegetation the increase was on average 0.8 m,
and in the fifth vegetation year only 0.5 m. This also applies to the diameter
of shoots, where in the third year of the growing season the diameter of the
central shoot increased by an average of 14 mm, in the fourth year of the
growing season the increase was on average 3 mm, and in the fifth growing
year only 2 mm.

Analyzing the dynamics of growth of vegetative mass of energy
willow, it should be noted that the average increase in one vegetative year
of the five-year cycle ranged from 1.32 to 1.40 m. The annual increase in
diameter of the central shoot was 7.2-9.2 mm.

After the first three-year cycle of vegetation, part of the shoots of
energy willow was cut. During the phenological observation of the growing
shoots of the second year, the following biometric indicators were obtained:
plant height 302.2—401.0 cm, diameter of the central shoot 9—16 mm. The
number of shoots increased significantly compared to the first cycle of
vegetation and was 9-12 pieces on the plant (Table 3).

3. Biometric indicators of two-year energy willow plantations after
cutting the first three-year cycle

Date of accounting Increment
10.05.2020 p. 08.10.2020 p.
2 o £ o £ £
= c| & | 85| | & | 8E c| sE&
£ | 22| 24| 88| B2| 24| 82| B2 B8
S | &%) §%| £2| €8 §%| 52| £%| :£2
% 3 % 8 8
1 1,28 8 4 3,02 9 9 1,74 5
2 1,54 11 7 3,23 11 12 1,69 5
3 1,34 9 6 3,30 9 11 1,96 5
4 1,56 8 7 3,49 9 12 1,93 5
5 1,63 8 9 3,65 10 14 2,02 5
6 1,80 12 11 4,01 12 16 2,21 5

Conclusions. The results of research have shown that increasing the
area of nutrition and application of mineral fertilizers promotes better
growth and development of energy willow. The application of mineral
fertilizers (NsoP300Ksoo) provided the plants with more available nutrients
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and helped to increase the height of the plants and the thickness of the

shoots during the growing season.
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