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Aim. To determine the distribution of sugar beet cyst nematode Heterodera schachtii in Ukraine, to define its
population density in soil, the degree of damage and the efficiency of control measures. Methods. Field survey
for soil samples, cyst extraction by flotation and sieving method, light microscopy. Results. The examination
of 12,130 ha of agricultural fields in six regions of Ukraine, conducted in 2010-2015, recorded the sugar beet
cyst nematode to occur in five of them (Kyiv, Chernihiv, Cherkasy, Khmelnytsky, and Vinnytsia), at a total area
of 2,572 ha. Taking into consideration the results of previous nematological surveys, the presence of sugar beet
cyst nematode has now been documented for 18 regions of Ukraine. In most regions H. schachtii was present
in 10-11 % of the examined sugar and seed producing farms with nematode population densities reaching up to
142,000 eggs and juveniles in 100 cc of soil (710-fold above the economic threshold). Conclusions. The main
reasons for this wide distribution of H. schachtii in Ukraine are seen in the negligence of prevention measures,
unavailability of documented data on its occurrence (missing surveys), crop rotations with over 20 % of host

plants, and unavailability of efficient nematicides and domestic nematode-resistant sugar beet cultivars.
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INTRODUCTION

According to studies conducted in Ukraine by dif-
ferent scientists, about 59 species of nematodes from
6 orders, 26 families, and 43 genera were detected in
association with sugar beet. Among those, the follow-
ing species of plant parasitic nematodes were found:
Heterodera schachtii Schmidt, 1871; Paratylenchus
nanus (Cobb, 1923) Brzeski, 1936; Ditylenchus dip-
saci (Kuhn, 1857) Filipjev, 1936; Pratylenchus pra-
tensis (de Man, 1880) Filipjev, 1936; Helicotylenchus
dihystera (Cobb, 1893) Sher, 1961; Longidorus elon-
gatus (de Man, 1876) Thorne et Swanger, 1936; Ty-
lenchorhynchus dubius (Butschli, 1873) Filipjev,
1936 [1-12].
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Infestations of plants by nematodes may occur with-
out causing any aboveground symptoms, which are
inconsistent (wilting, early death, reduced growth)
and can vary with the age of plants, time of season,
temperature, or organic content of the soil. The most
evident sign of infestation can be detected on the root
surface where tiny, pinhead size, lemon-shaped bodies
of H. schachtii or galls of root knot nematodes can be
seen [1-15]. Species such as P. nanus, Pr. pratensis, H.
dihystera and T. dubius do not cause any specific symp-
toms, but their feeding on the roots promotes the inhi-
bition of plant growth and development [1, 2, 13-15].

In Ukraine sugar beet fields are mostly affected by
H. schachtii [5-12] and L. elongatus [3]. The sugar
beet cyst nematode H. schachtii is wide-spread

3



PYLYPENKO et al.

around the world and occurs in most countries where
sugar beets are grown [13-18]. H. schachtii was first
reported from Germany where it caused the so called
“Rubenmidigkeit des Bodens” or “sugar beet replant
disease” [16, 17]. Besides Germany, H. schachtii was
found in other European countries as well: the Nether-
lands and Poland (25 % of the fields), former Czecho-
slovakia (20 %), Italy (19 %), former Yugoslavia (10—
12 %), Sweden (10-15 %), Spain and Great Britain
(10 %), and France (3%). In addition, H. schachtii has
been reported from Albania, Austria, Belgium, Bul-
garia, Denmark, Finland, Greece, Hungary, Ireland,
Portugal, Romania, Switzerland and Turkey. Outside
of Europe, H. schachtii is known to occur in USA,
Canada, Latin America, Israel, Iran, Irag, Jordan, Paki-
stan, Syria, China, Japan, Australia, New Zealand, and
on the African continent — Algeria, Cape Verde, Egypt,
Gambia, Libya, Morocco, Tunisia, Senegal and South
Africa (EPPO database and CABI datasheet) [13-15].

In the former USSR, the sugar beet cyst nematode
was first discovered by Professor Korab in Ukraine in
August of 1923 on the fields of the Pii sugar beet farm
(Kyiv region) [5]. Since then different republics of the
former USSR started detailed examination of sugar
beet fields for the presence of this parasite in the soil.
Regular soil surveys in Ukraine, Russia, Western Si-
beria, and Middle Asia in 1926-1930 resulted in the
detection of 657 nematode-infested fields in the vi-
cinity of 144 sugar refineries covering a total area of
108,800 ha [6]. In 1932 the sugar beet cyst nematode
was found in Lithuania [19], and in 1939 in Kazakh-
stan [20]. According to the studies of T. S. Skarbilov-
ich in the 1950’s in Russia, H. schachtii was found in
Belgorod, Kursk, Tula, Kaliningrad, Leningrad, Pskov,
Novgorod, Rostov, Tambov, Smolensk, and Kirov re-
gions as well as the Krasnodar territory, Western Si-
beria, and Transcaucasia [21]. Much later, in 1964,
outbreaks of H. schachtii were reported from Moldova
[22], and in 1966 from Kirghizia [23]. Similar out-
breaks were noted in Belarus, Estonia, Tajikistan [22],
Uzbekistan [24], and Georgia [25].

Studies on determining the range of sugar beet cyst
nematode and its damage potential are urgently need-
ed to define its current economic threat. For instance,
regular examinations of sugar beet fields in different
regions of Ukraine documented further distribution of
H. schachtii. For example, in the 1980’s H. schachtii
was registered in 16 [7] and in the late 1990’s — early
2000’s — in 17 regions of the country [8]. Selective
nematological examinations of the fields and plant-
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ings of sugar beet in the course of recent twenty years
revealed new H. schachtii outbreaks in traditional
sugar beet growing districts of Ukraine. In particu-
lar, in 1995-2000 the examination of 5,744 ha re-
vealed that 4,833 ha (or 84.1 %) were infested with
H. schachtii [9]. Outbreaks of this dangerous patho-
gen were registered in Vinnytsia (Bershad district —
570 ha, Trostianets district — 185 ha; Lityn district —
888 ha; Khmilnyk district — 1,184 ha), Zhytomyr
(Brusyliv district — 100 ha), Kyiv (Kyiv-Sviatoshyn
district — 300 ha; Baryshivka district — 100 ha),
Kirovograd (Novoukrayinsk district — 663 ha), and
Khmelnytsky (Teofipol district — 1,022 ha) regions.
In most infested areas (3,709 ha) the population of
sugar beet cyst nematode did not exceed 100 eggs +
+ juveniles/100 cc of soil. At an area of 317 ha the
rate of soil infestation with this pathogen ranged
from 101 to 300 eggs + juveniles/100 cc of soil, and
at an area of 809 ha the population density exceeded
300 eggs + juveniles/100 cc of soil [9].

During the same period there was the examination of
6,649 ha of sugar beet fields in Vinnytsia, Poltava, Terno-
pil, and Khmelnytsky regions, where 1,150 ha, or 17.3 %,
were found to be infested with sugar beet cyst nemato-
de — only single females were observed on plant roots [9].

During the subsequent four years (2001-2004)
nematological surveys were conducted in Vinnyt-
sia (13 seed farms — 3,069 ha) and Khmelnytsky (se-
ven farms — 3,507 ha) regions with the total area of 6,576
ha [10]. It was determined that 81 % of fields were in-
fested with sugar beet cyst nematode. For instance, 2,235
out of 3,069 ha, or 72.8 %, were infested in Vinnytsia
region, where it was intended to grow beet for industrial
production. In four out of 13 farms examined, the popu-
lation of sugar beet cyst nematode exceeded its thresh-
old level of 200 eggs + juveniles/100 cc soil with num-
bers ranging between 228 and 773 eggs + juveniles/100
cc of soil. This density of nematode population in soil
had a negative impact on the yield of sugar beet seeds,
the weight of 1,000 seeds and its germination. With the
increase of the initial infestation up to 300 eggs + juve-
niles/100 cc of soil, there was a decrease in the yield of
sugar beet seeds by 6.6%, in the weight of 1,000 seeds by
8.7 %, and in the germination rate of seeds by 3.5 %.
With an increase in the nematode population up to 700
eggs + juveniles/100 cc of soil, these indices were 47.4,
26.8, and 13.3 %, respectively. Yield reductions of in-
dustrial sugar beets and grafters at H. schachtii densities
above 700 eggs + juveniles/100 cc of soil were 34.5 %
[10].
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Examination of 3,507 ha (seven farms in Teofipol
district) in Khmelnytsky region resulted in 3,092 ha or
88.2 % being infested with H. schachtii. It should be
noted that in an area of 1,589 ha (51.4 %) the nema-
tode population exceeded 300 eggs + juveniles/100 cc
of soil, and in some fields the number of eggs + juve-
niles/100 cc of soil reached peaks between 1,102 and
2,310 eggs + juveniles/100 cc soil [10].

In 2010-2015 our studies were aimed at conducting
the nematological survey in six regions of Ukraine to
determine the distribution of sugar beet nematode, to
define its population density and the degree of its harm-
fulness in sugar beet fields, to register the specific plant
symptoms associated with it and to check for the effec-
tiveness of practical control measures.

MATERIALS AND METHODS

The nematological survey was conducted to docu-
ment the occurrence of the sugar beet cyst nematode
in six regions of Ukraine, namely Kyiv, Chernihiv,
Cherkasy, Khmelnytsky, Kirovograd and Vinnytsia.
Five soil cores per sample were taken every 5-10 m
from the top 20 cm of soil along two diagonals of the
field or in a zigzag form, using a soil auger or spade.
An average sample size of 200-250 cc was placed in a
polyethylene bag, labeled with sampling site, date of
examination, and transported to the laboratory for fur-
ther analysis [26].

The flotation and sieving method was used to ex-
tract the cysts of H. schachtii from the soil samples
[26]. For identification, cysts were prepared by Kyri-
anova’s method [14]. Morphology and morphomet-

rics of cysts, vulva cone, and juveniles were studied
using light microscopy. The number of eggs and juve-
niles extracted from cysts were calculated per 100 cc
of soil (eggs + juveniles/100 cc of soil) and served as
an index of nematode population density in soil [26].

During the vegetation period, the presence of sugar
beet cyst nematode and the degree of plant infestation
was determined by external disease symptoms as well
as the number of white females on the roots and brown
cysts in the soil [26].

The crop rotation was analyzed for the presence of
host plants in accordance to determine the reasons for
high densities of the sugar beet cyst nematode.

RESULTS AND DISCUSSION

In 2010-2015 the nematological survey was con-
ducted on a total area of 12,130 ha. The sugar beet cyst
nematode H. schachtii was found in Kyiv, Chernihiv,
Cherkasy, Khmelnytsky, and Vinnytsia regions, but not
in Kirovograd region, at the total area of 2,572 ha or
21,2 % of the area examined (Table 1).

The majority (50.4 %) of fields infested with sugar
beet cyst nematode (1,296 ha) had a high rate of nema-
tode population exceeding 600 eggs + juveniles/100 cc
of soil. Medium infestation rates ranging from 201
to 600 eggs + juveniles/100 cc of soil were found at
515 ha or 20.0 % of the infested area. Low infestation rates
of H. schachtii with up to 200 eggs + juveniles/100 cc of
soil were found at 761 ha or 29.6 % of the infested area.

In Kyiv region the nematological survey was con-
ducted at the total area of 965.0 ha (Stavyshche dis-

Table 1. Infestation of different regions of Ukraine with the sugar beet cyst nematode Heterodera schachtii (2010-2015)

Examined area (ha)
. . Degree of H. schachtii infestation
Region Infested with H. schachtii (eggs + juveniles/100 cc of soil)
Total
Medium .
ha Low < 200 201-600 High > 600
Kyiv 965.0 867.0 89.8 531.0 152.0 184.0
Chernihiv 820.0 820.0 100.0 230.0 263.0 327.0
Cherkasy 350.0 350.0 100.0 0.0 0.0 350.0
Khmelnytsky 435.0 435.0 100.0 0.0 0.0 435.0
Kirovograd 9460.9 0.0 0.0 0.0 0.0
Vinnytsia 100.0 100.0 100.0 0.0 100 0.0
Total 12130.9 2572.0 21.2 761.0 515.0 1296.0
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Fig. 1. A sugar beet root heavily infested with Heterodera
schachtii showing intensive lateral root growth (“root
beard”) and white females attached to the root (Cherkasy
region, 2014)

Fig. 2. Sugar beet roots affected by the sugar beet cyst nema-
tode Heterodera schachtii showing severe biforking and de-
formation (Khmelnytsky region, 2015)

trict — 920 ha, Tetiyiv district — 45 ha). Out of this,
867.0 ha (or 89.8 %) were found to be infested with
H. schachtii. Low rates of H. schachtii were found at
531 ha, with population densities ranging between 32
and 198 eggs + juveniles/100 cc of soil. At 152 ha the
population of H. schachtii did not exceed the medi-
um index of 339 eggs + juveniles/100 cc of soil, whi-
le 184 ha were found to be heavily infested with
3,666 eggs + juveniles/100 cc of soil on 89 ha and
10,432 eggs + juveniles/100 cc of soil on 95 ha. Only
on two fields with the total area of 98 ha sugar beet
cyst nematode was not detected.

Similar results were obtained for the Chernihiv and
Cherkasy regions. For instance, H. schachtii was found
at a total area of 820 ha in Chernihiv region. A high
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rate of H. schachtii was recorded at an area of 327 ha
with population densities of 721 to 66,144 eggs + ju-
veniles/100 cc of soil, or 10 to 312 cysts, respectively.
A further 230 ha had a low rate of H. schachtii infesta-
tion with densities below 85 eggs + juveniles/100 cc
of soil, respectively 1-2 cysts. Medium nematode den-
sities were found at 263 ha ranging from 355 to
492 eggs + juveniles/100 cc of soil.

Considerable infestation with H. schachtii was re-
gistered while examining 350 ha of sugar beet fields in
Cherkasy region (Korsun-Shevchenkivsky and Lysian-
ka districts). All fields were found to be infested. Ana-
lysis of sugar beet plants resulted in the detection of 13
to 136 white females per root (Fig. 1). The soil density
of H. schachtii was in the range between 72,352 and
142,788 eggs + juveniles /100 cc of soil.

In Khmelnytsky region (Krasyliv district) a total of
435 ha of sugar beet fields were monitored. Between
1 and 34 white females were found on sugar beet roots
and soil population of H. schachtii ranged between
173 and 11,780 eggs + juveniles/100 of soil. Visual
examination of sugar beets collected from infested
areas showed reduced growth and development, outer
leaves with yellow shade and brown spots, and root
weight less than half of healthy beets (Fig. 2).

In Vinnytsia region a total area of 100 ha was mo-
nitored. The number of sugar beet nematode cysts
in soil ranged from 1 to 77 per 100 cc of soil, and
the average number of eggs + juveniles was 227 per
100 cc of soil.

The largest area with 9,460 ha of fields was exam-
ined in Kirovograd region. Unfortunately, in none of
the samples was H. schachtii detected, although the
nematode has been found in this region before.

Taking into consideration the results of the previous
studies, it is reasonable to state that as of January 01,
2016 sugar beet nematode is present in 18 regions of
Ukraine: Kyiv, Cherkasy, Vinnytsia, Sumy, Zhytomyr,
Chernihiv, Khmelnytsky, Ternopil, Rivne, Volyn, Lviv,
Ivano-Frankivsk, Chernivtsi, Kharkiv, Poltava, Kiro-
vograd, Dnipropetrovsk, and Donetsk regions (Fig.
3). In most mentioned regions the infestation level of
H. schachtii is around 10-11 % of the examined fields.
The distribution zone for H. schachtii coincides with
the borders of the sugar beet growing area neither in the
northern nor in the southern part of Ukraine, as sugar
beet nematode was found both in industrial fields and
in small private holdings, where it infested both com-
mon and red beet [9].
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Fig. 3. The distribution (marked with red dots) of the sugar beet cyst nematode Heterodera schachtii in different regions of

Ukraine (as of January 01, 2016)

The problems associated with H. schachtii are not
accidental. Although the nematode itself cannot move
more than 50 c¢cm, long-distance transport is possible
via soil attached to farm machinery, sugar beet waste
from industry delivered back to the field and wind ero-
sion. However, all those means will only set the initial
infestation but not cause economic damage straight
away. Only if good host plants like sugar beet or
rape are planted in distances less than 3-4 years, H.
schachtii can build up to damaging levels. Therefore,
the observed increase in the number of sugar beet cyst
nematodes is most likely related to poor agricultural
practice, i.e. too short intervals between host plants [6,
9-11, 27]. This was confirmed for the heavily infested
fields by their documented history, showing that sugar
beet was grown once in every three years, either as
peas — wheat — sugar beet or corn — wheat — sugar beet.

At a first glance, the increasing importance of
H. schachtii over the past years might be surprising
considering the decline of sugar beet cropped area
from 1,605,400 ha in 1990 to 238,900 ha in 2015
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(Table 2). However, at the same time production area of
rape, also an excellent host for H. schachtii, increased
from 89,700 ha in 1990 to 684,400 ha in 2015. There-
fore, the total area cropped with good host plants for
H. schachtii did not vary so much in the last 25 years,
and there must be a different explanation for the recent
increase in H. schachtii damage on sugar beets.

During the survey it became evident, that some
farms planted sugar beet and rape every other year [9].
This clearly explains the observed massive multipli-
cation of H. schachtii in the studied fields and its as-
sociated yield losses of up to 70 % in sugar beet and
50 % in rape. Further planting of sugar beet or rape
in nematode-infested fields becomes unprofitable [27].
The fundamental principle of good agricultural prac-
tice, that host plants for H. schachtii should not exceed
20 % within the rotation, was clear [9, 10, 27]. Farmers
should be made aware about this critical situation and
trained in recognizing the typical symptoms caused by
H. schachtii, e.g. patches of reduced growth, biforking
of main root, bearded root, white/brown cysts on the
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Fig. 4. Poor seedling emergence of sugar beet seedlings due to early infestation by the sugar beet cyst nematode Heterodera
schachtii (Vinnytsia region, 2015)

root surface, and how to improve their rotation. The
farmer should also know that as soon as patches of
poor growth are first visually recognizable in the field

Table 2. The harvested areas under sugar beet and rape in
Ukraine

Harvested area under crop*, x1000 ha
Year
Sugar beet Rape Total
1990 1605.4 89.7 1695.6
1995 1448.5 49.1 1497.6
2000 757.5 214.3 971.8
2001 852.6 120.0 972.6
2002 764.6 81.4 846.0
2003 665.0 68.6 733.6
2004 699.0 117.0 816.0
2005 623.3 207.4 830.7
2006 788.0 414.2 1202.2
2007 584.0 890.7 1474.7
2008 387.0 1411.8 1798.8
2009 319.7 1059.5 1379.2
2010 492.0 907.4 1399.4
2011 515.8 870.0 1385.8
2012 448.9 566.0 1014.9
2013 270.5 1017.0 1287.5
2014 329.6 881.6 1212.2
2015 238.9 684.4 922.3

*According to the data of the State Statistics Service of
Ukraine.
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(Fig. 4), yield losses are already more than 10 %, which
in many cases is equal to the profit of the entire crop.

Farmers and extension specialists should be moti-
vated to let suspected fields be checked for sugar beet
cyst nematodes, especially in those areas where the
nematode is known to be wide spread. Therefore, the
collection of soil samples, which should be conducted
in autumn after harvest (highest numbers expected) or
in spring prior to sowing (most accurate numbers) al-
lows both revealing the area, infested with this nema-
tode, and forecasting future losses due to the infestation
with H. schachtii [27].

According to the nematode analysis measures can
be taken. At nematode numbers below 200 eggs + ju-
veniles/100 cc of soil susceptible, high yielding sugar
beet cultivars can be grown. At critical numbers of
200-600 eggs + juveniles/10 cc of soil a tolerant sugar
beet cultivar should be selected or planting can be de-
layed to allow a feaster seedling that can better tole-
rate early nematode infestations. If numbers exceed
600 eggs + juveniles/100 cc of soil the options are
growing a resistant cultivar (see below) or a non-host.
Both will reduce the H. schachtii density in the field
[6, 9-15, 21, 27, 28].

Additional measures could be adjusting the time span
between two host plants to the actual nematode level in
the field, i.e. at high nematode levels grow sugar beets
only once in 5-6 years until nematode densities have
declined to acceptable levels and then go back to sugar
beets once in 3-4 years.

Some farms practice planting of resistant fodder rad-
ish cultivars (e.g. Colonel, Pegleta, Matador, Zhurav-
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ka) or yellow mustard cultivars (e.g Accent, Concerta,
Maxi, Pidpecheretska) as a green manure after wheat
and before sugar beet [11].

If rape is grown, make sure that the volunteer rape
that usually comes up shortly after harvest is de-
stroyed 4-5 weeks after emergence at latest. If done
correctly, H. schachtii juveniles have penetrated the
rape seedlings, become trapped in the roots and if the
seedlings are killed mechanically of with a herbicide
before females have developed, the nematode will
get killed, too. This is an example of the so-called
trap crop.

Besides, farmers should not neglect taking curative
measures, aimed at preventing the introduction of ne-
matode cysts to other fields along with equipment, soil
tillage tools, etc. In addition, as data clearly demon-
strated, the largest outbreaks of H. schachtii are often
on the farms located near sugar refineries that have re-
ceived the sugar beet wastes from these refineries, a
main source of H. schachtii distribution to non-infested
fields. Thus, the wastes should be checked for the pre-
sence of nematode cysts, and in case of positive fin-
dings, should be treated by heat, anaerobic fermenta-
tion or similar and by no means brought onto land in-
tended for growing sugar beets or rape [6, 9-15, 27].

Other agrotechnical measures controlling H. scha-
chtii include the compliance with recommended crop
rotation, timely and thorough seed bed preparation, use
of certified seeds, optimal time for planting, applica-
tion of organic-mineral and microfertilizers in balance
to the crop requirements, accurate weed control on all
fields of the crop rotation, short-term planting of trap
crops such as mustard, oil seed rape, rape, which are
sown in August-September, then cut and plowed under
latest after 40-45 days [6, 9-15, 21, 27].

As for chemical means of protecting the fields from
sugar beet nematode, there are no nematicides in the do-
mestic market, and the insecticides, used to treat sugar
beet seeds, are efficient only against its first nematode
generation. By the end of vegetation of sugar beet, due
to the development of a second and subsequent gen-
eration, nematode numbers restore and are generally
higher than before planting [27, 28].

In addition to the abovementioned measures, the most
economically and environmentally safe and efficient
method of controlling H. schachtii and securing sugar
beet yield at the same time is planting of resistant cultivars
[12-15, 29-35]. In recent years, scientists have conduct-
ed intense search for donors of resistance to this parasite.
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Modern scientific methods allowed mapping of genes in
wild beet species that provide resistance towards the sug-
ar beet cyst nematode, such as Hs1t, Hs2pro-7, Hs1weo-L,
Hs1ve7 Hs1%e-8 and Hslrat [29-32]. Out of those,
Hs1r! was successfully bred into modern high yielding
sugar beet cultivars: Nemata, Paulina, Rianna, Sanetta.
When grown, those cultivars will lower the H. schachtii
infestation of the soil. Unfortunately, those cultivars have
a lower yield potential in the absence of nematode infes-
tation and therefore are only economically grown at H.
schachtii densities above 1000 eggs + juveniles/100 cc of
soil. An alternative could be tolerant sugar beet cultivars.
Those cultivars do not react within a certain range to H.
schachtii infestation with reduced plant growth, i.e. they
can tolerate the damage the nematode does. However,
they do increase nematode densities in the field, although
less than normal cultivars. So if repeatedly grown, care
needs to be taken that nematode densities do not increase
to such high levels that sugar beet yield finally starts to
decline. Tolerant cultivars produce similar, sometimes
even higher yields than normal cultivars and therefore are
successfully grown in areas infested with H. schachtii.
Tolerant cultivars in 2016 include: Adrianna, Annalisa,
Belladonna, Brix, BTS440, BTS8750N, Corvetta, Daph-
na, Finola, Firoella, Kepler, Kleist, Kristallina, Kihn,
Lisanna, Pauletta, Theresa and Vasco [33]. Additional
nematode-tolerant sugar beet cultivars, including Corrida,
Slawa, Bison, Federika, Balu [12] and Attack were regis-
tered in Ukraine [34]. In Ukraine the breeding of resistant
or tolerant cultivars has not yielded considerable re-
sults yet. It is currently possible to talk about some
tolerance — the ability of the domestic sugar beet culti-
var, Bilotcerkivsky monosperm 45, to withstand some
damage.

CONCLUSIONS

Sugar beet remains a strategically and economi-
cally important crop in Ukraine. Taking into account
the wide distribution of the sugar beet cyst nematode
H. schachtii in the country, the problem of protecting
the fields from this devastating nematode is urgent.

The examination of 12,130 ha of agricultural fields
in six regions of Ukraine, conducted in 2010-2015,
detected the sugar beet cyst nematode in five of them
(Kyiv, Chernihiv, Cherkasy, Khmelnytsky, and Vinny-
tsia), at a total area of 2,572 ha. Having taken into con-
sideration the results of previous nematological stud-
ies, the presence of the sugar beet cyst nematode has
now been confirmed for 18 regions of Ukraine, with an
average of 10-11 % of the sugar and seed producing
fields being infested.
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The severity of the situation was confirmed by ex-
treme infestation levels up to 142,000 eggs + juve-
niles/100 cc of soil which represents 710-fold of the
economic threshold level.

The main reasons for this wide distribution of
H. schachtii in Ukraine seen in the negligence of pre-
vention measures, unavailability of documented da-
ta on its occurrence (missing surveys), crop rotations
with over 20 % of host plants, and unavailability of ef-
ficient nematicides and domestic nematode-resistant
sugar beet cultivars.

MMomupeHicTh Ta WKIIIMBiCTH OypSIKOBOT HEMATOIH
Heterodera schachtii B Ykpaini

JI. A. Iununenxo 1, K. A. Kanaryp 2, M. Xamivann 3
e-mail: liliya.pylypenko@gmail.com, kkalatur@meta.ua
e-mail: johannes.hallmann@julius-kuehn
! TucrutyT 3axucry pocnua HAAH
Byn. BacmiekiBerbka, 33, Kuis, Ykpaina, 03022

2 JHcTUTYT Gi0CHEPIeTHYHUX KYIIBTYP
i mykpoBux Oypsikis HAAH

Byn. Kniniuna, 25, Kuis, Ykpaina, 03141

® Tucruryt im. FOmiyca Kiona — ®enepansuuit
JOCITITHALBKHH [IEHTP CUIbCHKOTOCIOAPCHKUX POCIIHH,
[HCTHTYT emizemionorii Ta JiarHOCTHKHY TTaTOTEHIB,
By, Toppheideweg 88, 48161, Mrouxen, Himeudanna

Meta. BuszHaunuTn mommpeHicTs OypskoBoi Hemaroqn He-
terodera schachtii B VYkpaini, BCTaHOBUTH IIUTBHICTE i
OIS B TPYHTI, CTYIIHB MIKiIJTHBOCTI Ta €()EeKTHBHICTH
3aCTOCYBAHHS CHCTEMH 3aXO[iB 3aXHCTY IOCIBIB LYKPOBHX
OypsikiB Big rereponepo3y. Meroxau. JlaboparopHuid, «dio-
TaIiHHO-TIHKOBUI» METOH, EJIEKTPOHHO-CBITIIOBA MIKPOCKO-
misi. PesyawsTarn. Ilig wac obcrexenns 12130,9 ra ciib-
TOCIYTiAb IiecTH obnactell Ykpainu, nposenenoro B 2010—
2015 pp., OypsKOBy HEMAaToJy BHUSIBICHO B II'STH 3 HHX
(KuiBcnkiit, YepHiriBeokiit, Yepkachkiit, XMETbHUIBKIA i
Binnunpkiit) Ha 3aranpHiil mwiomi 2572 ra. 3 ypaxyBaHHIM
PE3yNbTATIB MOMEPEIHIX HEMATONIOTIYHUX OOCTEIKCHD KOH-
CTaTOBaHO HAsBHICTH OypsikoBoi Hemaroau y 18 obmactsix
Vkpaind, B OUIBIIOCTI 3 HHUX BOTHHINA TETEPOACPO3Y
snaiaeno Ha 10-11 % oOcTe)KeHMX IUION] BUPOOHUYMX Ta
HACIHHEBUX IMOCIBIB IyKpoBuX OypskiB. [Ipo ckmamgmicTh
(hiTocaHiTapHOI CUTYyalii y JESKIX TOCIIOAAPCTBAX CBITYHUTH
TPUCYTHICTh BOTHHUIIl TETEPOACPO3Yy, y SKUX IIIIHHICTH
nonyssii Hemaroau B 100 cm® rpyHTY cTaHOBUTE TIOHAT 142
THC. JINYMHOK 1 si€lb (epEeBUIICHHS OPOTY LIKIJUTHBOCTI Y
710 pa3ziB). BucHoBkH. OCHOBHUMH NMPUYUHAMH 3HAYHOTO
nowupents H. schachtii 8 Ykpaini € HexTyBaHHs 3axomamu
npodinaktuky (30KpeMa, BiJCYTHICTh INIAHOMIPHUX HEMa-
TOJIOTIYHUX OOCTEKEHb), HACHUYCHICTh CiBO3MIH POCIIHHA-
MU — TocronapssMu Hematonu y mMexax 20 %, BiICyTHICTh
Ha PUHKY JIOCTYITHHX BHCOKOC()EKTHBHUX HEMAaTHIHJIIB Ta
BITYM3HSHUX HEMaTOJOCTIMKUX TiOPHIIB IyKPOBUX OypSIKiB.

Koiouogi ciioBa: OypsikoBa HeMaroa, MOIUPEHICTb, MIKiJI-
JIMBICTB, 3aX0/IN KOHTPOJIIO.
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JI. A. Tnnunenxo %, E. A. Kanaryp 2, 1. Xanamann 2

e-mail: liliya.pylypenko@gmail.com, kkalatur@meta.ua
e-mail: johannes.hallmann@julius-kuehn

! MucruryT 3amuts! pactennii HAAH
V1. Bacunbkosckast, 33, Kues, Yikpaunna, 03022

2 THCTUTYT OMOIHEPTETHIECKHUX KYJIBTYD
u caxapHoii cBekiibl HAAH
V. Kimuandaeckas, 25, Kues, Ykpanna, 03141

$ Mucrutyt um. FOmuyca Kiona —
®denepalibHbIN UCCNEI0BATENBbCKUNA IEHTP
CEJIbCKOXO3SICTBEHHBIX pacTeHul, MHCTUTYT
SIMIEMUOIOTHH U JUATHOCTHKH I1aTONE€HOB,
V. Toppheideweg 88, 48161, MiouxeH, ['epmanus

Heab. Omnpenenurs pacnpoCTPaHEHHOCTh CBEKIOBHYHOM
Hemarornsl Heterodera schachtii B Vkpaunne, yctaHoBUTBH
IUTOTHOCTB €€ MOMYJISIIMH B TIOUBE, CTEIIEHb BPEJOHOCHOCTH
U 3(PEKTHBHOCTD CHCTEMBI 3alUTHl IOCEBOB CaXapHOM
CBEKJIBI OT Terepoaepo3a. Metoasl. JlaGopartopHslii, «diro-
TaLMOHHO-JICHKOBBII» METON, AJIEKTPOHHO-CBETOBAas MHKPO-
crorusi. Pesyawrarel. IIpu obcnenoBannn 12130,9 ra cenb-
XO3yTOJIMi B IIECTH OOJACTSIX YKpaWHbI, MPOBEICHHOM B
2010-2015 rr., CBEKJIOBUYHYIO HEMATOJY BBISBHIIU B IISITH
u3 Hux (Kuesckoit, YepHurosckoii, Yepkacckoit, XMemb-
HUIKOH W BuuuMIKO#) Ha o6me# mwiomanu 2572,0 ra. C
YUETOM PE3yJIbTaTOB MPEIbIAYIINX HEMaToOJOrn4ecKux 00-
CJIC/IOBAaHUH KOHCTaTUPOBAHO INPHUCYTCTBHUE CBEKIOBHUYHOM
Hemaronpl B 18 oOmactsax YkpawHbl, B OOJBIIMHCTBE W3
KOTOPBIX OYard rerepopeposza oOHapyxkeHel Ha 10-11%
00CJIeIOBAaHHBIX IUIOMIAACH IPOM3BOACTBEHHBIX M CEMEH-
HBIX TIOCEBOB caxapHOH CBEKJbl. O CIIOKHOCTH (PUTOCAHU-
TApHOW CHUTYyalliM B OTIENIBHBIX XO3SHCTBaX CBHJCTEINb-
CTBYET HAJIMYME OYAroB IeTepojepo3a, B KOTOPBIX YHCIICH-
HOCTh nomyJsiin Hemarozbl B 100 cM® mouBbl cocrasiisier
6onee 142 Tpic. NMMYMHOK W sull (OPEBBILICHHE MOpPOra
BpenoHocHoctd B 710 pa3). BeiBogbl. OCHOBHBIMH TpH-
YHHAMH [IUPOKOTo pacnpoctpanenus H. schachtii B Ykpan-
HE SIBISIETCS TPeHEOpeXeHue MepaMu NpoQHIaKTHKA (B
YAaCTHOCTH, OTCYTCTBHE IUIAHOMEPHBIX HEMAaTOJOTHYECKUX
o0cienoBanmii), HACHIMEHHOCT CEBOOOOPOTOB PACTCHHSI-
MH — Xo03sieBaMH Hemarozbl B mipezenax 20 %, orcyrcrBue
Ha PBIHKE JOCTYIHBIX BBICOKOA(D(EKTHBHBIX HEMATHIUIOB
M OTEYECTBEHHBIX HEMarTO/I0yCTOMYMBBIX TMOPUIOB caxap-
HOM CBEKIJIBL.

KnaroueBble c¢jioBa: CBEKIIOBUYIHAS HEMarTo/ia, pacupocrpa-
HEHHOCTB, BpEAOHOCHOCTDb, MEPHI 3aIUTHI.

REFERENCES

1. Sigareva DD. Impact of crop rotation saturation with beets
on its being affected by phytonematodes. Teoreticheskie
osnovy i practicheskie priemy vyrashchivaniya saharnoi
svekly i drygikh kultur: Coll. of scient. works. VNIS.
Kyiv. 1977;99-101.

AGRICULTURAL SCIENCE AND PRACTICE Vol.3 No.3 2016



SUGAR BEET NEMATODE HETERODERA SCHACHTII DISTRIBUTION AND HARMFULNESS IN UKRAINE

2. Galagan TO, Grigoriev VM. Complexes of phytone-
matodes of beet agrocenosis. Zakhyst i karantyn roslyn:
interdepart. them. scient. coll. Kyiv. 2004; Iss. 50:184-9.

3. Sigareva DD, Filenko VL, Sosenko EB. Protection
of sugar beet fields from longidorosis. Proizvodstvo
ekologicheski bezopasnoi produkcii rastenievodstva.
Pushchino. 1996;(2):186-7.

4. Shcherbak PD, Skarbilovich TS. Distribution and harm-
fulness of stem beet nematode in Zaporizhzhia region.
Biulet. Vses. instituta helmintolohii 1973;(11):95-7.

5. Korab YY. Sugar beet nematode (Heterodera schachtii
Schm.) in Ukraine. Biuleten Kyivskoi Stantsii Zakhystu
Roslyn Vid Shkidnykiv. 1924;Ch. 2:4-7.

6. Korab YY. The main measures of fighting beet-cellar
nematodes. Voprosy fitohelmintolohii. Moscow.1961;84—95.

7. Linnik LI. Beet cellar Heterodera in Ukraine. Zashchita
rastenii. 1978;(5):40-1.

8. Sosenko OB. Spreading of sugar beet nematode in
Ukraine. Visnyk Ahrarnoi Nauky.1998;(5):83.

9. Sigariova DD, Pylypenko LA. Beet nematode in beet and
rape crop rotations: monitoring and ways of decreasing
the population. Zakhyst roslyn. 2001;(4):11-2.

10. Sigariova DD, Shvets HD, Pylypenko LA. Nematological
examination of seed-growing holdings of Vinnytsia region.
Suchasna nauka: napriamy doslidzhen, stan i perspektyvy:
coll. of materials of the 4" interinstit. scient.-pract. con-
ference of PhD students (April 5-7, 2004, Vinnytsia).
Vinnytsia. 2004;49-51.

11. Roik MV, Sigariova DD, Nurmukhammedov AK. Risks of
growing rape and corn in beet crop rotations. Propozytsia.
2007;(11):86-92.

12. Pylypenko LA, Kalatur KA. Breeding and usage of sugar
beet cultivars and hybrids resistant to sugar beet nematode
Heterodera schachtii. Agric. Sci. Pract. 2015;2(1):12-22.

13. Decker H. Phytonematologie. Biologie und Bekampfung
pflanzenparasitarer Nematoden Phytonematologie. Berlin,
Deutscher Landwirtschaftsverlag. 1969;526 S.

14.Kyrianova ES, Krall EL. Parasitic nematodes of
plants and measures of controlling them. Leningrad,
Nauka.1969;Vol. 1:447 p.

15. Fichtner E, Grabert D, Fichtner W, Wiesner K, Gentzsch
D. Schadwirkung, Populationsdynamic, Uberwachung und
Bekampfung der RUlbennematoden. Forschungsberichte
fir die Landwirtschaft und Na-hrungsguterwirtschaft.
Berlin, IL1D.1982;44 S.

16. Schacht H. Uber einige Feinde der Ribenfelder. Z. \er.
Ribenzuckerind. Zollverein. 1859;(9):175-9.

17.Schacht H. Uber einige Feinde und Krankheiten der
Zuckerriibe. Z. Ver. Rlbenzuckerind. Zollverein. 1859;
(9):239-50.

18.Muller J. The economic importance of Heterodera
schachtii in Europe. Helminthologia. 1999;(36):205-13.

19. Shlepetne YuA. To the perception of spreading beet-
cellar heterodera (Heterodera schachtii Schmidt, 1871)
in the Lithuanian SSR. Voprosy fitohelmyntolohii.
Moscow.1961;216-7.

AGRICULTURAL SCIENCE AND PRACTICE Vol.3 No.3 2016

20. Kuanshalieva EN. Heteroderosis of sugar beet in Ka-
zakhstan. VIII Vsesoiuznoe soveshchanie po nematod-
nym bolezniam selskokhoziaistvennykh kultur. Kishiney,
Shtiintsa;1976;54 p.

21.Skarbilovich TS. Beet-cellar nematode and measures
of controlling it. Trudy VYHYS. Moscow.1960;\Vol. 8:
9-207.

22. Nesterov PY. Beet-cellar nematode. Kishinev, Shtiintsa.
1973;28 p.

23.Huskova LA, Zobin BN, Chakaeva ASh, Polevoi VV.
Spreading of beet-cellar cyst-forming nematode (He-
terodera schachtii Schmidt, 1871) in Kirghizia. Vseso-
iuznoe soveshchanie po nematodnym bolezniam selsko-
khoziaistvennykh kultur. Kishinev, Shtiintsa;1976;49-50.

24.Narbaev ZN. On spreading of cyst-forming nemato-
des in Uzbekistan. Uzbekskii biolohicheskii zhurnal.
1974;(5):64—6.

25.Bahaturiia NL. To the study of nematode-fauna of
sugar beet in eastern Georgia. Soobshch. AN Hruzinskoi
SSR.1971;(1):217-30.

26. Sigariova DD, Kalatur KA, Pylypenko LA. Monitoring
system for parasitic nematodes in sugar beet fields.
Metodyky provedennia doslidzhen u buriakivnytstvi.
Eds Roik MV, Hisbullin NG, Kyiv, PE Korzun DYu.
2014;132-44.

27.Kalatur KA. Rape and beet nematode. Agroexpert.
2012;(43):40-2.

28. Grygoriev VM. Efficiency of action of insecticides and
their compositions against sugar beet nematode. Pro-
ceedings of the Institute of bioenergy crops and sugar
beet: Coll. Science. 2003;Ch. 5: 301-5.

29.Mesbah M, De Bock ThSM, Sandbrink JM, Klein-
Lankhorst RM, Lange W. Molecular and morphological
characterization of monosomic additions in Beta vul-
garis, carrying extra chromosomes of B. procumbens or
B. patellaris. Mol Breed.1997;3(2):147-57.

30. Cai D, Kleine M, Kiffe S, Harloff HJ, Sandal NN, Marc-
ker KA, Klein-Lankhorst RM, Salentijn EM, Lange W,
Stiekema WJ, Wyss U, Grundler FM, Jung C. Positional
cloning of a gene for nematode resistance in sugar beet.
Science.1997;275(5301):832—4.

31.Lange W, Miller J, De Bock ThSM. Virulence in the
beet cyst-nematode (Heterodera schachtii) versus some
alien genes for resistance in beet. Fundam Appl Nematol.
1993;16(5):447-54.

32. Kleine M, Voss H, Cai D, Jung C. Evaluation of nematode-
resistant sugar beet (Beta vulgaris L.) lines by molecular
analysis. Theor Appl Genet.1998.97(5-6):896—-904.

33.Schlinker G. Sorten profitierten von geringem Druck
durch Blattkrankheiten. Zuckerrlbe. 2013;(6):37—41.

34. Melnychuk Yu, Lysiana K. Updated portfolio of sugar
beet hybrids of Syngenta company. Visnyk Tsukrovykiv
Ukrayiny. 2015;10(113):78—81.

35. Nelles F. Was leisten nematodoresistente und—tolerante
Zuckerriibensorten? Zuckerriibe. 2013;(4):48-9.

11




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


