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Abstract: Topic relevance. Being a valuable source of inulin, fructose and pectin, Jerusalem arti-
choke (Helianthus tuberosus L.) is one of the most promising bioenergy crops for common usage.
Animals have been reported to eat both Jerusalem artichoke green mass and tubers with pleasure.
On the one hand, Jerusalem artichoke is cultivated on the area of about 3 thousand hectares in
Russia. On the other hand, there are more than 200 crop species. So it is critical to choose a proper
variety suitable both for soil and climatic conditions. The purpose of the research is to study Jeru-
salem artichoke, taking into account varietal characteristics appropriate for forage production. Re-
search objects — varieties of Jerusalem artichoke: early ripening Skorospelka (RF); mid-early Vyl-
gortskiy (RF); mid-season Dieticheskiy (RF), Kaluzhskiy (RF), Korenevskiy (RF), Nadezhda (RF),
Nakhodka (RF), Podmoskovniy (RF), Sireniki (RB), Blank Brekos (France), Violet de Rense
(France); late ripening Interest (RF), Interest 21 (RF), Novosti VIRa (RF), Tadzhikskiy Krasniy
(USSR), Spindle (Germany). The soil for evaluating Jerusalem artichoke varieties was from exper-
imental plot base "Korenevo". It is characterized as sod-slightly podzolic sandy loam. The field tri-
al was established and the records and observations were carried out in accordance with the re-
quirements of the field experiment methodology (1985), and the Program and methodology for
evaluating Jerusalem artichoke varieties in test nurseries (2014). The varieties Vylgortskiy, Diet-
icheskiy, Nadezhda, Nakhodka, Sireniki, Skorospelka, Blank Brekos and Kaluzhskiy were found
to reach due height of 155 - 170 cm at the end of the growing season; the varieties Podmoskovniy,
Interest reached proper height of 175 - 208 cm; the varieties Interest 21, Tadzhikskiy and Violet de
Rense were about 220 - 235 cm in hight; as for the varieties Korenevskiy, Novost VIRa, Spindly
their hight was 270 - 280 cm. According to aggregate amount of feed units per 1 ha, the following
varieties have been shown to be the most reasonable for fodder production: Novost VIRa (22,438
fodder units), Nadezhda (19,928 fodder units), Korenevskiy (17,798 fodder units), Shpindle (16,887
fodder units), Dieticheskiy (16,395 fodder units), and Interest (16,116 fodder units). The highest to-
tal coefficient of energy efficiency has been found in the following varieties: Novost VIRa — 3.09,
Tadzhikskiy - 2.78; Spindle — 2.68; Korenevskiy — 2.43; Interest — 2.10; Skorospelka — 1.98. The re-
sults of experimental and theoretical studies obtained were verified on-the-farm conditions based
on a seed-speciality farm LLC Kaluga-Agro (the Kaluga region) and demonstrated beneficial ef-
fect.
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1. Introduction

Topic relevance. Jerusalem artichoke (Helianthus tuberosus L.) is considered to be
one of the most appreciable bioenergetic agricultural crops for general-purpose applica-
tion, since it is a source of inulin, fructose and pectin [1,2].

Jerusalem artichoke green mass is characterized by a high content of carbohydrate
complex (fructose, glucose, sucrose, fructosides, etc.), that makes it possible to obtain up
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to 100 kg of inulin, 83.2 liters of alcohol, and high-quality feeds per a ton. Plan tdry mass
contains up to 17% protein with a balanced amino acid composition. Introduction of inu-
lin and bioethanol process waste from Jerusalem artichoke into feed composition may
provide an increase in the economic efficiency of animal husbandry and guarantee eco-
logical safety of animal products [3,4].

Since the beginning of the twentieth century Jerusalem artichoke has been known in
India, Afghanistan, Egypt. As a valuable fodder, food and medicinal crop it has been
grown in the USA, Canada, Australia, Japan and some other countries. In 1981 the area
under Jerusalem artichoke was 400 hectares in the USA, in 1982 it was equal to 2200 ha,
and in 1983 the crops was cultivated on the area upto 60 - 80 thousand hectares. Current-
ly the area under Jerusalem artichoke is globally about 2.5 million hectares, in France, for
example, it is almost equal to the area under potato. Despite the shortage of arable land
China has intensively been developing the production of Jerusalem artichoke. Jerusalem
artichoke is grown as a vegetable crop in many countries, e.g. Italy, Spain, and Germany.
It is imported as a vegetable crop in small quantities to Russia as well. [5].

Jerusalem artichoke is cultivated on an area of only about 3 thousand hectares in
Russia, mainly in the regions of Nizhny Novgorod, Lipetsk, Tver, Ryazan, Tula, Ulya-
novsk, Kostroma, Volgograd, Omsk, Bryansk, Moscow, Saratov, Yaroslavl, as well as, in
the Republic of Chuvashia, Krasnodar and Stavropol regions [6,7]. There are more than
200 Jerusalem artichoke species, most of them being herbaceous like sunflowers, some
being semi-shrubs, and very few being real shrubs up to 5 - 7 m in height [1]. E.L
Stroeva, an individual entrepreneur, the head of the farm in the Kameshkovskiy district,
the Vladimir region, is sure that Jerusalem artichoke is a very unpretentious plant [8,9]
(Figure 1).

Figure 1. Areas planted with Artichoke at the farm household headed by E.I. Stroeva, an individ-
ual entrepreneur (village Serebrovo, Kameshkovskiy district, Vladimir region).

World experience in the cultivation of Jerusalem artichoke has shown that the plant
do best in areas with a temperate climate [10,11]. It grows well on different soils, exclud-
ing acidic, saline and waterlogged soils. It thrives even on nutrient-poor soils. The plant
has a high reproduction rate, frost and drought resistance. It easily tolerates spring frosts
and autumn cold snaps [1,12]. Thus it is vital to choose a variety suitable both for soil
and climatic conditions. Otherwise a variety that is not adapted to local environments
will result in poor quality production and low plant productivity [13,14], as the geo-
graphical location of the area for Jerusalem artichoke cultivation is crucial to ensure
maximum yield [15].
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Since Jerusalem artichoke belongs to short-day crops, the productivity of a variety
depends on its photoperiodic sensitivity and adaptive ability to local growing condi-
tions. In this regard, the photosynthetic activity of varieties is very different and it also
depends on the degree of their short-day duration, as well as on the ecological and geo-
graphical conditions of cultivation [16]. The total leaf area of plants is an indicator of the
photosynthetic activity and productivity of each variety [17,18].

Young Jerusalem artichoke sprouts can sometimes be damaged by larvae of May
beetles and mole crickets, caterpillars of meadow moth. Roots and tubers can be injured
by wireworms, false wireworms, May beetle larvae [1].

Animals have been nored to consume readily both Jerusalem artichoke green mass
and root crops (Figure 2).

Figure 2. Artichoke green mass is kickshaws (the farm household headed by E.L Stroeva, an individual entrepreneur
(village Serebrovo, Kameshkovskiy district, Vladimir region).

The purpose of the research is to study Jerusalem artichoke, taking into account va-
rietal characteristics suitable for forage production. To achieve this purpose the follow-
ing tasks were solved: 1) to carry out phenological observations, 2) to measure biometric
parameters of different Jerusalem artichoke varieties; 3) to record diseases and pests; 4)
to determine green mass morphological characteristics and productivity; 5) to calculate
Jerusalem artichoke tuber yields; 6) to find out the value of Jerusalem artichoke as a fod-
der crop; 7) to investigate the properties of Jerusalem artichoke varietal resources; and 8)
to estimate the energy efficiency of Jerusalem artichoke cultivation.

2. Methodology
2.1. Trial field soils

The Moscow Region is a constituent entity of the Russian Federation and belongs to
the Central Federal District. The middle part of the territory of Russia, including the
Central, Central Black Earth regions, the Middle Volga region, Western Siberia, the
Urals, mountainous regions, despite the wide variety of soil composition and fertility,
the amount and uniformity of precipitation, is generally characterized by a relatively
moderate background of infectious load and can be considered as a fairly fortunate re-
gion for organizing own production of high-quality Jerusalem artichoke for seeds and
forage [19,20].

The research results were obtained on the basis of laboratory-field experiments, laid
on soils typical for the Non-Chernozem zone of the Russian Federation in terms of their
agrophysical and agrochemical properties.

The soil of the field trials site for evaluating Jerusalem artichoke varieties on the ex-
perimental base "Korenevo" is characterized (table 1) as sod-slightly podzolic sandy
loam with high exchangeable and hydrolytic acidity (pHKCl = 4.4-4.9; Hg = 3.3- 4.8
meq/100 g of soil); low amount of absorbed bases and saturation degree (S = 1.5-3.9
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meq/100g of soil; V = 31.0-46.8%); high content of mobile phosphorus (267-354 mg/kg of
soil) and below the average content of exchangeable potassium (95-136 mg/kg of soil);
low humus content (1.6-1.9% humus).

Table 1. Agrochemical characteristics of sod-slightly podzolic sandy loam soils before field trial

establishment.
Sum of
Hr S N-NOs  P20s K:0 \" Humus
Years pHxa N-NH:
., mg/kgof mg/kg of soil o
mg eq/100 g of soil <oil (by Kirsanov) Yo

2014 4.7 3.7 2.4 23.3 264 127 39.3 1.8
2015 4.7 3.6 2.2 16.5 280 100 37.9 1.7
2016 49 3.6 2.5 24.5 342 64 41.0 1.7

2.2. Agrometeorological conditions for conducting research

The research was carried out during the period of 2014-2016 on the test site of the
Experimental base "Korenevo", production tests were carried out in 2016 at LLC "Kaluga
Agro" of the Dzerzheyu district of the Kaluga region.

The meteorological conditions during the research years are presented in Figure 3.

The most capacious character of weather conditions is reflected by the hydrother-
mal coefficient according to Selyaninov (HTC), the value of which is closely related to
the yield level. HTC is determined by dividing the precipitation amount for the calculat-
ed period by the amount of effective temperatures (10 °C), reduced by 10 times over the
same period. Decrease in yield is observed at HTC = 0.8 or less during the tuberization
period. When HTC is more than 3.0, yield decreases are resulted from moisture excess
[21].

Agrometeorological conditions during the growing seasons of 2014-2016 were gen-
erally satisfactory for Jerusalem artichoke growth, development and productivity. The
average air temperature in 2014 was 12.4 °C (in 2015 - 12.5 °C, in 2016 - 12.4 °C), with a
norm of 11.4° C. Total precipitation during the growing season in 2014 wasl 300.2 mm or
73.2% (in 2015 - 425 mm or 103.7%, in 2016 - 642.3 mm or 156.6%) of the norm (410.1
mm). Besides HTC in 2014 was 0.97 (dry), in 2015 it was 1.61 (wet), in 2016 it was 2.03
(very wet).

elcius degree

v

Precipitation amount, mm

Temperature, C

OOEEEE  procpinsas amesat-2014, 2=
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Figure 3. Meteorological conditions during research years (2014-2016) (The data from the Korene-
vo meteorological station, Lyuberetskiy district of the Moscow region).
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2.3. Research conditions

Objects of the research - Jerusalem artichoke varieties [22]: early ripening Skoros-
pelka (RF); mid-early Vylgortskiy (RF); mid-season Dieticheskiy (RF), Kaluzhskiy (RF),
Korenevskiy (RF), Nadezhda (RF), Nakhodka (RF), Podmoskovniy (RF), Sireniki (RB),
Blank Brekos (France), Violet de Rense (France); late ripening Interest (RF), Interest 21
(RF), Novost VIRa (RF), Tadzhikskiy Krasniy (USSR), Spindle (Germany).

The following operations were done in the studies: 1) disking of green manure
crops (vetch + oats) in 2 tracks using an aggregate with a disc harrow in the first ten days
of August of the previous year; 2) autumn plowing (first ten-day period of October) - us-
ing a unit with a reversible plow without a skimmer to a depth of 18-20 cm; 3) spring
continuous cultivation with harrowing (second - third ten-day period of April) — using a
unit with a continuous cultivator with tooth harrows attachedt; 4) rest-balk formation
using a row cultivator with fertilizer dispensers. Calibration and selection of healthy tu-
bers were conducted for seed preparation. Seed tubers of 25-40 mm in transverse diame-
ter were planted on the test plot using a hand-dropping potato planter to a depth of 8-10
cm.

Field test scheme: repeatability of the experiment - 4 times; planting density - 25
thousand pcs./ha (75 x 53 cm); accounting plot area — 20.0 m2.

Planting date April 27-30.

Mineral fertilizers in the form of azofoska (N60P60K60) were applied locally in May
with two belts using a row cultivator with fertilizer dispensers. The arrangement of the
ribbons is about 4 cm wide, 4-5 cm in each direction from the center of the rest-balk and
by 3-4 cm below the row of tubers. Planting management included one pre-emergence
and one post-emergence inter-row cultivation with hilling using a row cultivator, in
May-June. Weed control protective measures on stands were carried out with a boom
sprayer — herbicides (the 1st treatment - Zenkor 600 g/ha + Titus 30 g/ha + Trend 200
ml/ha), in May.

2.4. Methodology of field experiments, observations, analyzes and reports

The field experiment was established, records and observations were carried out in
accordance with the requirements of the field experiment methodology [23], the Pro-
gram and methodology for Jerusalem artichoke varieties assessment in test nurseries
[24].

The evaluation of soil agrochemical parameters was fulfilled during the soil field
survey meeting the requirements of the Methodology for the soil samples selection on
elementary field areas for differentiated use of fertilizers. Agrochemical characteristics of
the soil before fertilization were: humus according to Tyurin (Russian National Standard
GOST 26,213 - 91); P20s and K20 - according to Kirsanov (GOST 26,207 - 91); pH (salt)
potentiometrically (GOST 26,483 - 85); hydrolytic acidity - according to Kappen, modi-
fied by ZINAO (GOST 26,212 - 91).

Phenological observations were carried out according to the method of the State
Sortset. For each variety, the number of days from planting to emergence of shoots, the
onset of budding, flowering and complete wilting of the green mass was taken into ac-
count [25].

Biometric parameters (plant height, leaf area) were assessed during the flowering
phase of early wilt varieties of the aboveground plant parts [26].

Visual infestation registration of Jerusalem artichoke plants. Evaluation of viral and
bacterial diseases and pests was carried out on the basis of visual examination of plants
in the plot.

Calculation of fungal, bacterial, and viral diseases in the field was carried out ac-
cording to the method of testing Jerusalem artichoke, similar to the potato testing by the
method of samples [23,27]. In the following periods: the first survey was carried out at a
plant height of up to 100 cm (July), the second — in the early flowering phase, and for
mid-early varieties (third ten-day period of August — first ten-day period of September),
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the third - in the budding-flowering phase of late varieties (the third ten-day period of
October).

Disease analyses were done by examining each plant in the sample (for rust, pow-
dery mildew, cercospora, ascochitosis, bacterial spot, septoria) according to the number
of affected plants on a scale: 9 points - no symptoms of damage; 8 points - the lesion can
be from 1% to 10% of the leaf surface in the form of single spots on individual plants (up
to about 10 leaves are affected by infection, in total about 50 spots per plant); 7 points -
from 10 to 25% of the leaf surface is affected (damage symptoms can be observed on al-
most all leaves of the plants, but bushes retain their normal shape, clearly predominant
color is green); 5 points - from 25 to 50% of the surface of plant leaves is affected (almost
every plant is affected, but the main color of the bush remains green, although brown
spots on the leaves make up a significant part); 3 points - more than 50% of the leaf area
of all plants is affected (it is difficult to determine which color is dominant - brown or
green, but the stems of most plants remain green); 1 point - all leaves of the plant are
completely affected, the stems are getting dead or have already been dead [28].

The damage to the plants tops by leaf-eating pests was taken into account on a 5-
point scale: 1 point - up to 5% of the leaf surface was destroyed; 2 - from 5 to 25%; 3 -
from 25 to 50%; 4 - from 50 to 75%; 5 - more than 75% of the leaf surface was damaged.

For yield valuation two manually weighing of green mass (tubers) from 4 - 8 bushes
were completed: the first weighting in the flowering phase for early wilting top plant
varieties; the second one at the end of October.

In the harvesting samples during the flowering phase of varieties with early plant
tops wilting, according to all variants of the experiment, the following findings were de-
termined:

1. Indicators of forage qualities of green mass: maximum plant height, cm; number
of main stems, pcs; branching; the thickness of the main stem (at the butt and at a height
of 40 cm), mm; leaf area, m?/bush; the amount of green mass, t, in terms of 1 hectare;
number of fodder units FU/ha.

2. Productivity of tubers, t/ha and indicators of tubers quality [27]: dry matter con-
tent - by thermostat-weight method; nitrate content - ionometric (nitratomar-tester); the
content of soluble and insoluble substances - by hot water diffusion; carbohydrate con-
tent, % - by liquid chromatography; disease affection of tubers after harvesting.

Tuber analyzes of Jerusalem artichoke were carried out immediately after harvest-
ing.

During the analyses, Jerusalem artichoke was washed in water and each tuber was
examined. The number of diseased and damaged tubers was expressed as a percentage
of the total number of tubers in the sample. The following diseases on Jerusalem arti-
choke tubers were taken into account: sclerotinosis, bacteriosis, gray rot, soft rot, and
fusarium [29,30]. In case of Jerusalem artichoke, the presence of quarantine diseases is
not allowed in the Russian Federation: brown bacterial rot, phomopsis [29,30].

3 Determination of tuber table qualities for fresh consumption (in the flowering
phase of early plant top wilting varieties).

Technological qualities of pulp: degree of sweetness; juiciness of the pulp.

Taste qualities of raw pulp on-scale: 1 - bad (unpleasant, bitter); 3 - fresh; 5 - satis-
factory (including sweetish); 7 - good; 9 excellent.

Pulp firmness on-scale: 1 - fibrous; 2 - firm; 3 - moderately firm; 4 - soft (gentle).

Smell on-scale: 1 - not typical of Jerusalem artichoke with an unpleasant odor; 3 -
not typical of Jerusalem artichoke; 5 - poorly expressed, satisfactory (with a slight pres-
ence of foreign odor); 7 - poorly expressed, good, without foreign odors; 9 - pleasant,
characteristic of Jerusalem artichoke, without foreign odors.

Darkening of the pulp on-scale: 1 — it darkens very strongly; 3 — it darkens strongly
over the entire surface; 5 — it darkens moderately; 7 — it darkens slightly; 9 — it does not
get dark.
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4 Bioenergetic efficiency analyses of technological methods combination according
to the methodology of All-russian scientific research institute of patent informationl
(1983) and the bioenergy assessment method [31].

5 Variance analysis of the data obtained according to B.A. Dospekhov [23].

The degree of reliability and implementation of research results. The reliability has
been confirmed by the accepted field experiments methodology for 3 research years, the
statistical processing results have been obtained by the variance, correlation and regres-
sion analyzes.

3. Results
3.1. Phenological observations and biometric parameters of plants.

During the research experimental procedure for each variety, the number of days
from planting to emergence, the onset of budding and flowering phases was taken into
account. The time of developmental phases was different for varieties (table 2).

Table 2. Results of phenological observations and biometric indicators records (on average for

2014-2016).
Number of days from planting to:
Sl ) flo- above- lant leaf area,
0 Varlety s‘eed- budding rescenc ground por- haf'vest- heiI:g,ht, cm m2/bush
lings . . ing
e tion wilt

1 Vylgortskiy 37 106 120 162 176 155 0.41
2 Diyeticheskiy 37 106 119 161 176 165 0.84
3 Interes 36 176 - 200 176 208 2.31
4 Interes 21 36 - - 200 176 235 1.30
5 Kaluzhskiy 35 - - 200 176 165 1.54
6  Korenevskiy 35 165 176 200 176 280 0.93
7 Nadezhda 36 108 121 161 176 167 0.70
8 Nakhodka 35 107 120 162 176 147 0.49
9 Novost VIRa 34 170 - 200 176 270 1.44
10 Podmoskovniy 36 105 118 160 176 175 1.03
11 Sireniki 35 106 120 162 176 150 0.60
12 Skorospelka 36 108 118 160 176 170 1.00
13  Tadzhikskiy 36 176 - 200 176 230 2.10
14 Blank Brekos 37 107 121 161 176 158 0.57
15 Violet de Rense 36 176 - 200 176 220 0.96
16 Shpindel 34 165 176 200 176 270 1.59
Average 36 134 131 181 176 197.8 1.11
LSDos 092 3219 2257 19.45 0.00 45.33 0.54

3.2. Evaluation of pest diseases on Jerusalem artichoke plants

Jerusalem artichoke is affected by pathogens of various etiologies: bacteria, viruses,
fungi. Furthermore, plants suffer from nonparasitic functional diseases caused by vari-
ous environmental factors such as the lack of nutrients, in particular nitrogenous and
phosphorus compounds, etc. [32].

4 types of bacteria periodically parasitize and develop as semi-parasites and sapro-
phytes on Jerusalem artichoke in different areas of the distribution area.

No bacterial diseases were found in the samples of our experiments.

Up to the present, Jerusalem artichoke viruses are not widespread, but due to ab-
rupt changes in climatic conditions and associated plant stress the number of viral
pathotypes of Jerusalem artichoke may increase. Currently, 9 viral and mycoplasma dis-
eases have been known. They occure in the form of spots, mosaics, curly deformation of
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apical leaves, corrugation of leaf blades, overgrowth and reduction of leaves, defor-
mation of the corolla, and sterility of seeds [1,29,33].

We should mention that no viral diseases were found on Jerusalem artichoke sam-
ples in our research.

Powdery mildew practically did not affect the yield of tubers, but negatively affects
the quality of green forage and silage (Figure 4). In July, a slight infestation of leaves
with downy mildew 1 - 3% was noted (Table 3.2). In this case, the plant damage was 1-
10% of the leaf surface in the form of single spots on individual plants, which corre-
sponds to 8 points.

Table 3. Distribution of powdery mildew on Jerusalem artichoke varieties (on average for 2014-
2016), Korenevo, Moscow Region.

The number of plants affected by powdery mildew, %

SI. Ne Variety

July Sept. Oct.
1 Vylgortskiy 1 11 -
2 Diyeticheskiy 2 9 -
3 Interes 1 7 9
4 Interes 21 1 6 9
5 Kaluzhskiy 2 10 24
6 Korenevskiy 2 4 7
7 Nadezhda 1 12 -
8 Nakhodka 2 8 -
9 Novost VIRa 1 5 24
10 Podmoskovniy 2 7 -
11 Sireniki 1 12 -
12 Skorospelka 3 15 -
13 Tadzhikskiy 1 1 2
14 Blank Brekos 3 14 -
15 Violet de Rense 2 2 3
16 Shpindel 1 5 28

-

Figure 4. Jerusalem potato affected by powdery mildew.
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The pest infestation assessment was carried out on the basis of a plant visual exam-
ination in the registration plot.

Pests on Jerusalem potato collection in 2014-2016:

June: aphids (Aphidoidea) - 0.46 pieces/m? cruciferous flea beaver (genus Phyl-
lotreta) - 0.14 pieces/m?, yellow sawfly (Nematus leucotrochus) - 0.02 pieces/m?, sun-
flower moth - Homoeosoma nebulellum Den. et Schiff. - 0.01 pieces/m?, thrips (Thrips
spp.) - 0.01 pieces/m?, weevil (Tanymecus palliates Fabr.) - 0.006 pieces/m?, beetle (Rhi-
zotrogus solstitialis) - 0.004 pieces/m?, spider mite (Tetranychus urticae) - 0.001 pcs/m2.

July: rape bug (Eurydema oleracea L.) - 1.22 pcs/m?, leaf beetles (Chrysomelidae) -
0.6 pcs/m?, small moths of various species (Pyralidae family) - 0.27 pcs/m?, moths (family
Geometridae) - 0.2 pcs/m2.

3.3. Green mass morphological characteristics and productivity

Table 4 depicts stem mass morphological characteristics in the flowering phase of
varieties with early top wilting (early September). There were 2-3 pcs/bush of main
stems on the "early" varieties, and 1-2 pcs/bush on the "late" varieties.

Table 4. Morphological characteristics of the stem mass.

Thickness up to..., mm

SI. Ne Variety Nu@ber, Lateral development* at a height of
units at the butt end
40 cm
1 Vylgortskiy 2 much/much** 12 10
2 Diyeticheskiy 3 0/much 23 16
3 Interes 3 0/much 31 21
4 Interes 21 1 0/much 29 22
5 Kaluzhskiy 1 0/much 32 23
6 Korenevskiy 2 much/much 14 12
7 Nadezhda 2 much/much 24 19
8 Nakhodka 2 much/much 14 13
9 Novost VIRa 2 0/much 25 21
10 Podmoskovniy 2 much/much 22 14
11 Sireniki 2 much/much 17 15
12 Skorospelka 3 much/much 27 17
13  Tadzhikskiy 3 0/not much 25 20
14  Blank Brekos 2 much/much 20 16
15 Violet de Rense 1 0/much 20 18
16 Shpindel 2 much/much 17 16
Average 2.1 - 22.0 17.1
LSDos 0.66 - 5.94 3.65

* at the top of the stem/at the bottom of the stem; ** much (more than three).

Total productivity of the artichoke green mass grown on sod-podzolic sandy loam
soils under the Korenevo experimental base conditions, Lyubertsy District, Moscow Re-
gion, including the one expressed in fodder units per 1 ha, has been shown in Table 5.
The reports were carried out in two periods: 1) the flowering phase of varieties with ear-
ly leaf wilting (early September) and 2) the budding-flowering phase of varieties with
late leaf wilting (the third ten-day period of October).

Table 5. Total productivity of Jerusalem artichoke green mass, (2014-2016).

Yield, ton per hectare Fodder units

SL - -
No Sept. Oct. Mereasein Sept. Oct.

yield

Variety
average
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Varieties of early leaf wilting ("early variety")

1 Vylgortskiy 249 18.8 -6.1 5603 4230 4916
2 Diyeticheskiy 23.6 18.1 -5.5 5310 4073 4691
3 Nadezhda 42.3 25.4 -16.9 9518 5715 7616
4 Nakhodka 13.5 13.0 -0.5 3038 2925 2981
5  Podmoskovniy 28.4 19.0 -9.4 6390 4275 5333
6 Sireniki 32.5 19.4 -13.1 7313 4365 5839
7 Skorospelka 37.6 18.7 -18.9 8460 4208 6334
8 Blank Brekos 34.8 14.1 -20.7 7830 3173 5501

Group average 29.7 18.3 - - - -

LSDos 8.51 3.51 - - - -

Varieties of late leaf wilting ("late varieties")

9 Interes 53.8 53.9 +0.1 12105 12128 12116
10 Interes 21 25.3 29.2 +3.9 5693 6570 6131
11 Kaluzhskiy 31.0 31.4 +0.4 6975 7065 7020
12 Korenevskiy 38.4 57.3 +18.9 8640 12893 10766
13 Novost VIRa 86.0 86.9 +0.9 19350 19553 19451
14 Tadzhikskiy 56.5 79.3 +22.8 12713 17843 15278
15  Violet de Rense 23.6 28.2 +4.6 5310 6345 5828
16 Shpindel 65.4 80.0 +14.6 14715 18000 16358

Group average 47.5 55.8 - - - -

LSDos 20.44 22.85 - - - -

Total average 38.6 37.0 - - - -

LSDos 18.01 24.86 - - - -

3.4. Record of Jerusalem artichoke tubers yield and quality

For each variety tuber yield was registered in two periods (table 6): the flowering
phase of varieties with an early period of top wilting (early September) and the phase of
budding-flowering of varieties with a late period of top wilting (the third ten-day period
of October).

Table 6. Productivity of Jerusalem artichoke tubers (2014-2016), t/ha.

SI. . September October
Variety
Ne >30mm <30mm total >30mm <30mm total
Varieties of early leaf wilting ("early variety")
1 Vylgortskiy 1.9 11.5 134 36.0 1.5 37.5
2 Diyeticheskiy 40.1 3.4 43.5 40.1 6.0 46.1
3 Nadezhda 11.8 29.0 40.8 41.2 4.8 46.0
4 Nakhodka 21.2 2.1 23.3 50.3 0.8 51.1
5 Podmoskovniy 244 2.1 26.5 43.5 0.9 44.4
6 Sireniki 9.3 13.8 23.1 31.1 15.8 46.9
7 Skorospelka 16.7 2.7 19.4 47.2 3.5 50.7
8 Blank Brekos 27.1 3.7 30.8 1.9 31,2 33.1
Group average - - 27.6 - - 445
LSDos - - 9.66 - - 5.83
Varieties of late leaf wilting ("late varieties")
9 Interes 6.3 9.5 15.8 19.3 7.8 27.1
10 Interes 21 7.0 6.6 13.6 17.7 17.8 35.5
11 Kaluzhskiy 2.6 7.5 10.1 12,3 7.1 19.4
12 Korenevskiy 31.7 4.2 35.9 33.0 9.9 42.9

13 Novost VIRa 0.6 11.5 12.1 24.7 0.5 25.2
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14 Tadzhikskiy 5.4 3.9 9.3 22.5 0.9 23.4
15 Violet de Rense 0.0 6.0 6.0 6.3 8.1 144
16 Shpindel 0.0 8.5 8.5 14.3 29.6 43.9
Group average - - 13.9 - - 29.0
LSDos - - 8.79 - - 10.08

Total average - - 20.8 - - 36.7
LSDos - - 11.49 - - 11.30

3.5. The value of Jerusalem artichoke as a forage crop

Being expressed in fodder units per hectare, the total productivity of various arti-
choke varieties grown on sod-podzolic sandy loam soils under conditions of the Ko-
renevo experimental base, Lyubertsy District of the MoscowRegion, has clearly been
shown in Figure 5.

Artichoke varieties productivity
in feeding units

1. Wylgortskiy 9. Novost VIRa
2. Diyeticheskiy 10. Podmoskovniy
3. Interes 11. Sireniki

4. Interes 21 12. Skorospelka

5. Kaluzhskiy 13. Tadzhikskiy

6. Korenevskiy 14. Blank Brekos
7. Nadezhda 15. Violet de Rense
8. Nakhodka 16. Shpindel

Figure 5. General productivity of Jerusalem artichoke (green mass + tubers), the 1st ten-day period of September, feeding

units.
3.6. Energy efficiency of Jerusalem potato varieties cultivation
While calculating the energy efficiency of artichoke varieties (table 7), it is necessary
to take into account the yield obtained both of tubers and of green mass, the latter being
considered as high-quality animal feeds or full-fledged green manure crops.
Table 7. Energy efficiency of artichoke varieties (2014-2016).
E b- E b- E f-
Energy n.ergy ° Energy ef- Green NeIBY 9% Total ener- r}e‘rgy €
Tuber tained (tu- . . . taned ficiency
Ne . . costs, ficiency mass yield, gy ob- ..
Variety yield, ton bers), .. (green . coefficient
/i K M]J per coefficient ton per tained
per hectare hectare K M]J per (tubers)  hectare mass), K MJ (tubers +
hectare K M] tops)

Varieties of early leaf wilting ("early variety")
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1 Vylgortskiy 37.5 36.2 40.7 1.12 24.9 19.4 60.1 1.66
2 Diyeticheskiy 46.1 39.4 52.7 1.34 23.6 18.4 71.1 1.80
3 Nadezhda 46.0 394 51.4 1.30 42.3 32.9 84.4 2.14
4 Nakhodka 51.1 41.3 56.8 1.37 13.5 10.5 67.3 1.63
5 Podmoskovniy 444 38.8 48.2 1.24 284 22.1 70.4 1.81
6 Sireniki 46.9 39.7 45.9 1.16 325 25.3 71.3 1.80
7 Skorospelka 50.7 41.2 52.2 1.27 37.6 29.3 81.5 1.98
8  Blank Brekos 33.1 34.5 41.8 1.21 34.8 27.1 68.9 2.00
Average (early) 44.5 38.8 48.7 1.3 29.7 23.1 71.9 1.9
LSDos 5.83 2.20 5.25 0.08 8.51 6.63 7.25 0.16
Varieties of late leaf wilting ("late varieties")

9 Interes 27.1 32.2 25.7 0.80 53.9 42.0 67.7 2.10
10 Interes 21 355 354 32.8 0.93 29.2 22.7 55.5 1.57
11 Kaluzhskiy 19.4 29.3 25.6 0.87 31.4 24.5 50.0 1.71
12 Korenevskiy 429 38.2 48.2 1.26 57.3 44.6 92.8 2.43
13 Novost VIRa 25.2 31.5 29.6 0.94 86.9 67.7 97.3 3.09
14  Tadzhikskiy 234 30.8 239 0.78 79.3 61.8 85.7 2.78
15 Violet de Rense 14.4 27.4 15.0 0.55 28.2 22.0 37.0 1.35
16 Shpindel 439 38.6 41.1 1.06 80.0 62.3 103.4 2.68
Average (late) 29.0 32.9 30.2 0.9 55.8 43.5 73.7 2.2
LSDos 10.08 3.82 9.76 0.20 22.85 17.80 22.98 0.59

Total average 36.7 35.9 39.5 1.1 42.7 33.3 72.8 2.0
Total LSDos 11.30 4.29 12.11 0.23 21.61 16.84 17.06 0.47

4. Discussion
4.1. Phenological observations and biometric parameters of plants

During the growing season of Jerusalem artichoke plants, the following phenologi-
cal phases of development were observed: shoots, budding, flowering, tuberization,
wilting of the plantaboveground part.

The process intensity of passing the phenological phases of plant development de-
pends on: varietal characteristics, meteorological conditions and agricultural practices.
The optimum temperature for germination of Jerusalem artichoke tubers is 18 ° - 20 °C.
Flowering does best at 20 ° - 22 °C. The growth of tubers stops at temperatures below 7
°C. The optimum temperature for tuberization is considered to be in the range of 18 ° -
19 °C. The yield and quality of Jerusalem artichoke are significantly affected by the devi-
ation of soil and air temperature from the optimal values [1,34].

Full shoots of all varieties established in the first ten days of June, i.e. 34-37 days af-
ter planting (table 2).

The budding phase in the varieties Vylgortskiy, Dieticheskiy, Nadezhda, Nakhod-
ka, Podmoskovniy, Sireniki, Skorospelka and Blank Brekos began in the second ten-day
period of August, that is, 105-108 days after planting, and in the varieties Interest, Ko-
renevskiy, Novost VIRa, Tadzhikskiy, Violet de Rense and Spindle attacked in the sec-
ond half of October, that is, 165-176 days after planting. For the varieties Interest 21 and
Kaluzhskiy, the budding phase did not have time to set in until frost, during which the
green mass of plants was frozen, and the processes of plant top development stopped.

The flowering phase in the varieties Vylgortskiy, Dieticheskiy, Nadezhda, Nakhod-
ka, Podmoskovniy, Sireniki, Skorospelka and Blank Brekos began in the third ten-day
period of August, that is, 118-121 days after planting, and in the varieties Korenevskiy
and Shpindel it started at the end of October, that is 176 days after planting. For varieties
Interest, Interest 21, Kaluzhskiy, Novost VIRa, Tadzhikskiy and Violet de Rense, the
flowering phase did not have time to begin before frost.

The phase of top wilting in varieties Vylgortskiy, Dieticheskiy, Nadezhda, Na-
khodka, Podmoskovniy, Sireniki, Skorospelka and Blank Brekos began in early October,
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that is, 160-162 days after planting, and in varieties Interest, Interest 21, Kaluzhskiy Ko-
renevskiy, Novost VIRa, Tadzhikskiy, Violet de Rense and Spindel started in the second
ten-day period of November, that is, 200 days after planting.

Analyzing the data in Table 2 in terms of plant height, it can be noted that the varie-
ties Vylgortskiy, Dieticheskiy, Nadezhda, Nakhodka, Sireniki, Skorospelka, Blank
Brekos and Kaluzhskiy reached due height at the end of the growing season - 155 - 170
cm; varieties Podmoskovniy, Interest reached proper height of 175 - 208 cm; varieties In-
terest 21, Tadzhikskiy and Violet de Rense - 220 - 235 cm; varieties Korenevskiy, Novost
VIRa, Spindel - 270 - 280 cm.

The area of the assimilation surface of leaves at the beginning of September (table 2)
in the varieties Vylgortskiy, Dieticheskiy, Nadezhda, Nakhodka, Sireniki, and Blank
Brekos was 0.41 - 0.84 m?/bush; Podmoskovniy, Skorospelka, Interest 21, Korenevskiy.
Violet de Rense was 0.93 - 1.30 m?/bush, varieties Kaluzhskiy, Novost VIRa, Spindel -
1.44 - 1.59 m?bush. The greatest area of the assimilation surface of leaves 2.10 - 2.31
m?/bush was in the varieties Interes and Tadzhikskiy.

Therefore, according to the parameters mentioned above, all tested varieties are
suitable for use as feed.

4.2. Analyzing diseases and pests on Jerusalem artichoke plants

Jerusalem artichoke in different areas of the distribution area were infected by 32
species of phytopathogenic fungi periodically parasitize and develop as parasites, semi-
parasites and saprophytes. As for pathogens of stems and leaves, the most widespread
were: sclerotiniasis (two types of pathogen - sclerotinia sclerotiorum Jerusalem artichoke
(Sclerotinia sclerotiorum (Lib,) Mass.) And Sclerotium Rolfsii Sacc.)) Dugg.) And pow-
dery fungi - downy mildew = mildew (Plasmopara helianthi Scaw. Novot/f. Helianthi
Novot.) And Powdery mildew (Erysiphe cichoracearum DCF helianthi Jacz.) [1,35,36].

Powdery mildew practically did not affect the tuber yield, but negatively affected
the quality of green forage and silage (Figure 4). Among them are plants of early varie-
ties (Skorospelka, Blank Brekos) up to 14 - 15% of leaves and mid-early varieties (Vyl-
gortskiy, Nadezhda) up to 11 - 12%, mid-ripening varieties (Dieticheskiy, Kaluzhskiy,
Nakhodka, Podmoskovniy, Sireniki) up to 8 - 12%. Late-ripening plants (Interest, Inter-
est 21, Novost VIRa, Shpindel) varieties are slightly affected up to 5 - 7%. The least af-
fected were plants of mid-season varieties (Korenevskiy, Podmoskovniy, Violet de
Rense) and late Tadzhikskiy varieties - up to 1 - 4% of leaves. In this case, the damage of
plants was 1-10% of the leaf surface in the form of single spots on individual plants,
which corresponds to 8 points.

Plants of the following varieties were the most affected by powdery mildew in the
3rd ten-day period of September: Kaluzhskiy, Novost VIRa, Shpindel 24-28% of leaves.
Plants of varieties are slightly affected: Interest, Interest 21, Korenevskiy - 7 -. 9%. In this
case, the damage to plants was 1-10% of the leaf surface in the form of single spots on
individual plants, which corresponds to 8 points. Almost all leaves were clean on varie-
ties: Tadzhikskiy and Violet de Rense - 2 -. 3%.

The average number of plants affected by powdery mildew was 1.6% in July, 8.0%
in September, and 13.3% in October. HCPos was 0.70; 4.00; 9.72%, respectively. Therefore,
if Jerusalem artichoke is grown for green fodder, then it is better to mow the above-
ground mass before the 3rd ten-day period of September in order to avoid serious leaf
damage due to downy mildew.

As a result, according to these findings, all tested varieties are suitable for use as
feed.

Taking into account the damage to the plant tops by leaf-eating pests on a 5-point
scale, it was noted that only some plants were damaged, which corresponds to 1 point
on-scale - up to 5% of the leaf surface was injured.

4.3. Morphological characteristics and productivity of green mass
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Varieties Interes, Interes 21, Kaluzhskiy and Novost VIRa have been found to have
a larger diameter of stems at the butt (25 - 32 mm); hence, it is more difficult to use the
green mass of these varieties in a fresh, unprocessed form (Table 4). In addition, these
varieties have smaller tubers in the first ten-day period of September. From this point of
view, varieties are more attractive for animals: Vylgortskiy, Korenevskiy, Nakhodka,
Podmoskovniy, Sireniki. In the case of repeated mowing without harvesting tubers,
these varieties can also be used [37,38].

Varieties Interest, Interest 21, Kaluzhskiy and Novost VIRa are more suitable for
processing into pelleted feed, since the aboveground mass of these varieties remains
green until the end of October.

In the process of feeding the tubers and green mass of Jerusalem artichoke to ani-
mals, it was revealed that there is a significant attraction for all species of animals to Je-
rusalem artichoke as forage (green mass and tubers) and its preference over other forag-
es [1,39].

Analyzing the data in Table 5, it can be noted that at the end of October, for all "ear-
ly" varieties, the value of green mass yield decreased by 0.5 - 20.7 t/ha due to drying or
almost complete drying of plant tops. At the same time, dry or almost dry "bushes" of Je-
rusalem artichoke of these varieties can still be used for animal feed.

In terms of the number of feed units per hectare at the beginning of September, the
following results were distinguished from the "early" varieties: Nadezhda (9,518 fodder
units), Skorospelka (8,460 fodder units) and Blank Brekos (7,830 fodder units). Among
the "late" varieties, the largest number of food units was found in the following varieties:
Novost VIRa (19,350 fodder units), Shpindel (14,715 fodder units), Interes (12,105 fodder
units).

At the end of October, the largest number of feed units was found in the following
varieties: Novost VIRa (19,553 fodder units), Shpindel (18,000 fodder units), Tadzhikskiy
(17,843 fodder units).

4.4. Analyzing of Jerusalem artichoke tubers yield and quality

Being harvested in early September, the yield of tubers with a fraction of more than
30 mm in transverse diameter in accordance with the requirements (more than 25.0 t/ha)
was obtained from the following varieties (Table 6): Diyeticheskiy (40.1 t/ha), Korenev-
skiy (31, 7), Blank Brekos (27.1 t/ha). The yield slightly lower than 25 t/ha was obtained
from the following varieties: Nakhodka (21.2 t/ha), Podmoskovniy (24.4 t/ha), Skoros-
pelka (16.7 t/ha).

Jerusalem artichoke is a unique crop which can be used wholly, i.e. all its elements
(large tubers, small tubers, stems, leaves, flowers, stolons, roots). Thus, it is important to
take into account the yield of tubers not only of the coarse fraction (more than 30 mm in
transverse diameter), but also small tubers (less than 30 mm). At the same time, the total
(gross) yield in accordance with the requirements (more than 25.0 t/ha) was obtained
from the following varieties: Diyeticheskiy (43.5 t/ha), Nadezhda (40.8 t/ha), Korenev-
skiy (35.9), Blank Brekos (30.8 t/ha), Podmoskovniy (26.5 t/ha).

When tubers were harvested in the third ten-day period of October, the yield of tu-
bers with a fraction of more than 30 mm in transverse diameter in accordance with the
requirements (more than 25.0 t/ha) was obtained from the following varieties: Nakhodka
(50.3 t/ha), Skorospelka (47.2 t/ha), Podmoskovniy (43.5 t/ha), Nadezhda (41.2 t/ha), Diet-
icheskiy (40.1 t/ha), Vylgortsky (36.0 t/ha), Korenevskiy (33.0 t/ha) ha), Sireniki (31.1
t/ha).

At the same time, the total (gross) yield in accordance with the requirements (more
than 25.0 t/ha) was obtained on all varieties of early leaf wilting: Nakhodka (51.2 t/ha),
Skorospelka (50.7 t/ha), Sireniki (46.9 t/ha), Dieticheskiy (46.1 t/ha), Nadezhda (46.0 t/ha),
Podmoskovniy (44.4 t/ha), Vylgortskiy (37.5 t/ha), Blank Brekos (33.1 t/ha), as well as for
five varieties of late leaf wilting: Spindel (43.9 t/ha), Korenevskiy (42.9 t/ha), Interest 21
(35.5 t/ha), Interest (27.1 t/ha), Novost VIR (25.2 t/ha).
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4.5. The value of Jerusalem artichoke as a forage crop

One of the main objectives of the state program for agriculture development is the
worldwide forage production increase. Fodder production is sure to be a fundamental
branch of agriculture. The analyses of the scientific and technical state of feed produc-
tion and animal husbandry in recent years and the prospects for the development of
these industries in a market economy have shown that breakthrough innovative solu-
tions are urgent for the successful progress in animal husbandry, fish farming, and do-
mestic animals keeping. In the long term Jerusalem artichoke should become a strategic
point for further forage production development in the country, along with grain. The
green mass of Jerusalem artichoke must be used for the production of inexpensive, high-
quality feed, both for large and personal subsidiary plots [40,41].

The aboveground mass of Jerusalem artichoke can be applied for livestock feeding
in the form of green top dressing, hay or in silage. Possessing the ability to regrow after
grazing, Jerusalem artichoke can also be used as a pasture crop. Green mass in its nutri-
tional value is not inferior and even surpasses other fodder crops [42,43]. The yield of
green mass and digestible protein from Jerusalem artichoke per 1 hectare is 2-4 times
higher than that of other forage plants. For example, 1 quintal of Jerusalem artichoke
green mass contains 22.5 feed units and 1.9 kg of digestible protein that is 1.5-1.6 times
more than in corn. Being high in dry matter and soluble sugar content (in stems and
leaves - up to 14%), it is an excellent raw material for ensiling. Silage from Jerusalem ar-
tichoke green mass is second only to corn silage in nutritional value; it surpasses sun-
flower silage in taste. It is readily eaten by cattle, pigs, sheep, goats and rabbits. So, 100
kg of such silage contains 1.2% digestible protein and 17.7% feed. units, while sunflower
silage has 0.8% and 17.0 feed units, respectively, as to corn - 0.6% and 19.8 feed units
[1,44,45]. The value of Jerusalem artichoke as a fodder, vegetable, industrial and medici-
nal crop is determined, first of all, by the chemical composition of the plant [46,47].
Green mass serves as a source of potassium, magnesium, calcium, etc. [1,48,49]. Jerusa-
lem artichoke tubers and aboveground mass contain a large amount of dietary fiber,
protein, amino acids, including essential ones, vitamins, vital macro- and microelements,
as well as organic and fatty acids. By the content of magnesium, iron, silicon, zinc, as
well as vitamins of B and C group Jerusalem artichoke surpasses potatoes, carrots, beets
[41,50,51].

In feeding Jerusalem artichoke tubers and green mass to animals it was revealed
that there is a significant attraction for all classes of animals to this crop as a forage
(green mass and tubers) and its preference over other forages [52,53].

Animals fed from a very early age with feeds made from Jerusalem artichoke are,
on average, three times healthier than everyone else and do not need antibiotics. Jerusa-
lem artichoke increases milk yield by 20-25%, its fat and protein content being improved
as well. Jerusalem artichoke is likely to raise the chicken egg production by 10% and
dramatically advance egg taste. But on the other hand, feeding animals with Jerusalem
artichoke, it is necessary to keep in mind the usual precautions of transferring animals to
new feed, i.e. first, include a little Jerusalem artichoke in the feeding ration, and then in-
crease the dose step by step. Recommended rates for adding Jerusalem artichoke silage
to the daily diet are: for cattle - up to 25-45 kg; sheep and goats - up to 3-5 kg; pigs of all
ages - up to 3-8 kg; horses - up to 8 kg; rabbits, nutria - up to 0.25 kg; poultry - up to 0.04-
0.25 kg [1,54].

According to the total number of feed units per hectare (Figure 5), the following va-
rieties are considered as the most suitable for fodder production: Novost VIRa (22,438
fodder units), Nadezhda (19,928 fodder units), Korenevskiy (17,798 fodder units), Spin-
del (16,887 feed units), Dieticheskiy (16,395 feed units), Interest (16,116 feed units).

4.6. Energy efficiency of Jerusalem artichoke varieties cultivation

The analyses of main energy assessment indicators of different Jerusalem artichoke
varieties tubers (table 7) have shown that with an increase in energy consumption (on
average by 5.9 MJ/ha) in case of growing varieties with early green mass wilting (com-
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pared with late green mass wilting varieties), the amount of energy received also in-
creases (on average by 18.5 MJ/ha). The energy efficiency ratio increased by an average
of 0.4.

Despite the low tubers yield of Novost VIRa, the highest total energy efficiency co-
efficient of 3.09 was obtained, since this variety had the highest yield of green mass. The
total coefficient of energy efficiency was slightly lower in the varieties: Tadzhikskiy -
2.78; Spindle- 2.68; Korenevskiy - 2.43. The highest total coefficient of energy efficiency
among varieties with early green mass wilting was found in varieties: Nadezhda - 2.14;
Blacn Brekos - 2.00; Skorospelka - 1.98.

Thus, Jerusalem artichoke is one of the most promising crops and its cultivation is
economically feasible.

5. Conclusion

1. The soil and climatic conditions of the Central Federal District meet Jerusalem ar-
tichoke growing requirements and allow obtaining high-quality seeds, high yields of
green mass and tubers.

2. There are no reliable data on Jerusalem artichoke varieties characteristics. Our
studies will let us give a preliminary assessment of Jerusalem artichoke varieties grown
in the Central Federal District. This will be useful for growers in choosing a variety to
start growing Jerusalem artichoke for forage purposes.

3. Varieties Vylgortskiy, Dieticheskiy, Nadezhda, Nakhodka, Sireniki, Skorospelka,
Blank Brekos and Kaluzhskiy reached due height at the end of the growing season — 155
- 170 cm; varieties Podmoskovniy, Interest reached proper height of 175 - 208 cm; varie-
ties Interest 21, Tadzhikskiy and Violet de Rense - 220 - 235 cm; varieties Korenevskiy,
Novost VIRa, Spindle - 270 - 280 cm. The maximum value of the leaf apparatus assimila-
tion surface have been formed by the varieties with early green mass wilting by the end
of flowering: Interest - 2.3 m?/bush, Tadzhikskiy, Kaluzhskiy - 2.1 m?*bush, Spindle 1.6
m?/bush, Novost VIRa and Podmoskovniy - 1.4 m%/bush, Skorospelka - 1 m2/bush.

4. Jerusalem artichoke plants are disease resistant. The main diseases that appeared
at the end of the growing season (powdery mildew) did not significantly affect the yield.

5. For the consumption of green mass in fresh, unprocessed form, varieties with
thin stems are more attractive: Vylgortskiy, Korenevskiy, Nakhodka, Podmoskovniy, Si-
reniki.

6. The highest gross yield of tubers was obtained in the following varieties: Na-
khodka (51.2 t/ha), Skorospelka (50.7 t/ha), Sireniki (46.9 t/ha), Dieticheskiy (46.1 t/ha),
Nadezhda (46.0 t/ha), Podmoskovniy (44.4 t/ha), Spindle (43.9 t/ha), Korenevskiy (42.9
t/ha), Interest 21 (35.5 t/ha), Vylgortskiy (37.5 t/ha), Blank Brekos (33.1 t/ha), Interest
(27.1 t/ha), Novost VIRa (25.2 t/ha).

7. According to the total number of fodder units per 1 ha, the following varieties
were distinguished: Nadezhda (30.346 fodder units), Novost VIRa (22.438 fodder units),
Korenevskiy (17.798 fodder units), Spindle (16.887 fodder units), Dieticheskiy (16.395
feed units), Interest (16.116 feed units).

8. The highest total coefficient of energy efficiency was found in the following varie-
ties: Novost VIRa - 3.09, Tadzhikskiy - 2.78; Spindle - 2.68; Korenevskiy - 2.43; Interest -
2.10; Skorospelka - 1.98.

9. The results of experimental and theoretical studies obtained were checked on-
the-farm conditions based on a seed-speciality farm LLC Kaluga-Agro (the Kaluga re-
gion) and proved positive effect results of the research.

10. Thus, Jerusalem artichoke is one of the most promising crops and its cultivation
is economically feasible.
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