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Participants of the IV International symposium on sugar beet protections





INTRODUCTION

Department for Environmental and Plant Protection has a long lasting tra-
dition in studies concerning sugar beet diseases, pests and weeds and measures
of their control. The Department for Environmental and Plant Protection orga-
nized three very successful International Symposiums on Sugar Beet Protec-
tion. They were all held in Novi Sad: 1964 — 7 participating countries, 1966
— 17 participating countries, 1969 — 19 participating countries, as well as the
II R B Scientific Meeting of the working group for sugar beet pest studies
(Novi Sad, 1978).

In cooperation with Serbian Academy of Sciences and Arts, branch in
Novi Sad, Research Institute for Field and Vegetable Crops, Novi Sad and
Matica srpska, Novi Sad, the Department for Environmental and Plant protec-
tion of the Faculty of Agriculture, Novi Sad organized the IV International
Symposium on Sugar beet Protection celebrating 45 years of its existence.

AMBITIONS OF THE SYMPOSIUM:
The exchange of scientific research results with European and world re-

sults.
The development of regional cooperation with the aim of joint effort con-

cerning the Europian market.
The improvement of production technology for increased and stable crops

of sugar beet.
Unification of all the subjects in sugar beet production — science, exper-

tise, technology of sugar beet processing, chemical and seed companies, far-
mers.

Our wish is to make your participation in the symposium and stay in No-
vi Sad pleasent ones. Our aspirations are directed towards its outgrowth into a
nourished tradition.

The expectations and ambitions of the organizers were accomplished sin-
ce 53 lecturers from our country and 44 lecturers from 12 foreign countries
were present. Within the fields of phytopathology, phytopharmacy, herbology
and enthomology, 45 papers were presented. Foreign lecturers on request were
from the USA (Barry Jacobsen, PhD, phytopathologist), Israel (Baruch Rubin,
PhD, herbologist) and Ukraine (academician Vitaly Fedorenko, PhD, enthomo-
logist and academician Mykola Royik, PhD, selectionist). Other participating
countries were Greece, Hungary, the Czech Republic, Slovakia, Russia, Belo-
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rus, Moldavia, Romania and Serbia and Monte Negro. The Symposium was
supported by the Ministry of Science and Environmental Protection, Ministry
of Agriculture, Water economy and Forestry, Vojvodina Province Secretariat
of Agriculture, Water economy and Forestry, Secretariat of Sience and Tech-
nological Development, as well as by Secretariat for Environmental Protection
and Sustainable development. Chemical companies which supported the Sym-
posium were Magan-Yu, BASF, Bayer Crop Science, Agrimatco group —
Dipkom, VST trend, DELTA M, Syngenta, Hemovet, Galenika — phytophar-
macy. Companies for seed production and distribution: Research Institute for
Field and Vegetable Crops, Novi Sad, SES Vanderhave, Atel company, KWS,
Lion seeds and sugar rafineries: MK group, stock company, sugar rafinery
“Šajkaška" — Ÿabalj and stock company sugar rafinery Crvenka, insurance
company DDOR Novi Sad and Media Zemun.

About 200 people from the field of science, profesion and sugar beet pro-
cessing participated in the Symposium.

The official languages of the Symposium were English and Serbian.

President of the organizing committee
Doc. dr Vera Stojšin
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B a r r y J. J a c o b s e n

Department of Plant Sciences and Plant Pathology
Montana State University, Bozeman, MT 59717-3150, USA

ROOT ROT DISEASES OF SUGAR BEET*

ABSTRACT: Root rot diseases of sugar beet caused by Rhizoctonia solani (AG 2-2
IIIB and AG 2-2 IV), R. crocorum, Aphanomyces cochlioides, Phoma betae, Macrophomina
phaeseolina, Fusarium oxysporum f.sp. radicis-betae, Pythium aphanidermatum, Phytoph-
thora drechsleri, Rhizopus stolonifer, R. arrhizus and Sclerotium rolfsii cause significant
losses wherever sugar beets are grown. However, not all these soil-borne pathogens have
been reported in all sugar beet production areas. Losses include reduced harvestable tonnage
and reduced white sugar recovery. Many of these pathogens also cause post harvest losses
in storage piles. Control for diseases caused by these pathogens include disease resistant
cultivars, avoidance of stresses, cultural practices such as water management and the use of
fungicides.

KEY WORDS: control, effects of environment, sugar beet, root rot diseases

RHIZOCTONIA CROWN AND ROOT ROT

Rhizoctonia crown and root rot caused by the fungus, Rhizoctonia solani,
AG 2-2 intraspecific groups IIIB and IV (perfect stage, Thanatephorus cucu-
meris) causes one of the most damaging sugar beet diseases wherever sugar
beets are grown. These fungi are considered common soil inhabitants (W i n -
d e l s et al., 1997). In the USA more than 24% of planted acres have econo-
mic damage from this disease while in Europe only 5—10% of planted acres
are considered to have economic losses, although the incidence of this disease
seems to be increasing (B ü t t n e r et al., 2003). Losses can range from negli-
gible to more than 50%. Yield reductions result from loss of harvestable roots
in the field, reduced tonnage due to decay of harvestable roots and from redu-
ced white sugar recovery. Symptoms include a sudden and permanent wilting
of leaves and a dark-brown to black discoloration of petiole bases. Taproot le-
sions are dark-brown to black in color and typically originate near the crown.
Lesions are superficial and there is a sharp distinction between diseased and
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health tissues. Rhizoctonia rotted roots are often cracked. In advanced stages,
the entire root may rot leaving holes in the ground at harvest. While both R.
solani intraspecific groups can also cause damping-off and crown and root rot
of sugar beet and can attack both Phaseolus sp. and soybean, they differ in
that AG 2-2 IIIB can attack wheat, maize, rice and matt rush and can grow at
35°C whereas AG 2-2 IV does not grow at 35°C and does not attack wheat or
maize. Both intraspecific groups are found worldwide although AG 2-2 IIIB
seems to be more common in Europe, particularly where sugar beets are rota-
ted with maize. Rhizoctonia solani AG-4 causes damping-off for sugar beets,
Phaseolus sp., alfalfa and soybeans. It is important to identify which AG gro-
up is prevalent in a production area so that appropriate rotations can be plan-
ned. Losses are highest in warm, irrigated production areas where sugar beets
are cropped intensively. Occurrence is similar in dry land production, but
chronically, wet areas are often most affected. Typically, damage occurs in
patches where presumably populations of suppressive organisms are low relati-
ve to undamaged areas of fields. Our research and that of others clearly show
that most infections occur through the crown from bulbils (sclerotia) deposited
there during cultivation and by wind or water. Infection seems to be dependent
on soil temperature with temperatures less than 15—20°C resulting in little di-
sease development compared to temperatures of 24—35°C for AG 2-2 IV. Si-
milar data is not available for AG 2-2 IIIB although observations suggest that
this intraspecific group is damaging at higher temperatures than AG 2-2 IV.

While this disease occurs in all soil types, it is commonly most severe in
heavy, poorly drained soils. Once soil populations of this fungus are built up,
rotation is of little value and growers are dependent on relatively ineffective
cultural controls such as early planting, avoiding cultivating soil into the row,
maintaining adequate, balanced fertility for good crop growth and maintaining
adequate soil drainage. Effects of nitrogen fertility have been reviewed by
R u s h and W i n t e r (1990) and E l m e r (1997). E l m e r (1997) demon-
strated that application of chloride salts reduce the disease on table beet.
Where disease pressure is high, growers can plant specialty varieties with resi-
stance. Available resistance is incomplete and these varieties typically have
yield potentials 10—20% less than the best approved varieties, although newer
varieties are only 0—10% lower yielding than the best approved varieties (J a -
c o b s e n et al., 2005). However, these varieties may not have other important
disease resistant characteristics such as resistance to the curly top and Rhizo-
mania viruses, Fusarium yellows, Aphanomyces black root rot, or Cercospora
leaf spot. An alternative to the use of partially resistant varieties is the use of
fungicides applied in furrow at planting, when plants have 4—8 leaves or
when soil temperatures at the 10 cm level are greater than 20—24°C. In studi-
es in Montana, optimal economic returns and disease control have been with
susceptible varieties with fungicide application. The best partially resistant va-
rieties have also shown yield responses to fungicide application but have never
equaled the yield of susceptible varieties sprayed with fungicide.

Several fungicides have been shown to be useful in reducing disease inci-
dence including TPTH, chlorothalonil, pencycuron, PCNB, tebuconazole, azo-
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xystrobin, trifloxystrobin and pyraclastrobin. Of these, azoxystrobin has provi-
ded the most consistent level of control in both inoculated and natural infec-
tion trials (K i e w i c k et al., 2001; J a c o b s e n et al., 2005). Timing of ap-
plication is critical, with fungicide deposition in the crown needed before in-
fection occurs. Recent studies in Montana and in North Dakota have shown
that application of azoxystrobin when the soil temperature at the 10 cm depth
is in the 19—22°C range will provide good to excellent control while applica-
tions when the 10 cm soil temperature exceeds 24°C result in poor or no con-
trol.

VIOLET ROOT ROT

Violet root rot is caused by Rhizoctonia crocorum (Pers.: Fr.) De Can-
dolle (perfect stage, Helicobasidium brebissonii) and has been observed spora-
dically throughout the western U.S. and Europe where sugar beet is grown. It
is considered to be the most important disease of sugar beet in Spain. The fun-
gus has been observed on other hosts nearly worldwide. Unlike R. solani AG
2-2, this fungus seems to be intimately associated with the roots of weed hosts
such as white cockle (Lynchnis alba M i l l.), annual sowthistle (Sonchus ole-
raceous L.), common yarrow (Achillea millefolium L.), shepaherds purse (Cap-
sella bursa-pastoris (L.), medic and common groundsel (Senecio vulgaris L.)
( S c h n e i d e r and W h i t n e y, 1986).

Affected plants generally occur in localized, often circular patches. While
wilting sometimes occurs, root symptoms are most characteristic. Roots initi-
ally have purple, reddish-purple spots with a similar felt like fungal growth
that advances from the root tip to the crown. Roots shrivel and will have large
amounts of soil associated with the root surface. Sclerotia are often found aro-
und secondary roots.

Specific control have not been developed and management involves rota-
tions that avoid susceptible crops such as potato, sweet potato, carrot, aspara-
gus, bean, cabbage, turnip, rape, oil seed radish, pea, clover, vetch and alfalfa
and control of weed hosts. There are more than 160 plant species that are
known hosts. Improved soil aeration is said to reduce disease severity. Early
harvest may reduce losses.

APHANOMYCES BLACK ROOT

Aphanomyces black root has been reported from the sugar beet growing
areas of the North Central and High Plains regions of the U.S., Canada, En-
gland, Europe, Chile and Japan. Losses can be 0—100% depending on envi-
ronmental factors and the degree of soil infestation (W i n d e l s, 2000). In all
areas, the disease occurs in two phases, acute seeding blight and chronic root
rot. Infection and disease development requires warm (22—28°C), wet soils.
Seedling damping-off is typically characterized initially by grayish, water-soa-
ked hypocotyls lesions that eventually become black, constricting lesions near
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the soil line. These constricting lesions often extend up the hypocotyls causing
the hypocotyls be black and threadlike. Plants often break off at the site of
these lesions. Chronic root rot symptoms initially appear as yellowish-brown
lesions that extend into the root interior. These lesions become dark-brown or
black with time. The root may rot entirely, have only tip rot, or will have bark
like scabby superficial lesions. Tip rots will often become dry and constrict the
root. Above ground portions of the plant will exhibit wilt on hot, bright days,
often with recovery at night. Leaves may show scorch type symptoms. While
the disease can develop in soils of all textures, it is most common in heavy-
-textured soils that have a propensity to remain wet for extended periods.

This disease is caused by the oomycete, Aphanomyces cochlioides D r e s c h
and survives as oospores (16—24 �m) in the soil. Large numbers of oospores
are produced in rooted root tissues. The fungus is homothallic and a relatively
small percentage of oospores will form sporangia at any given time. Recent
studies have shown that some oospores are relatively short lived, however ro-
tations are relatively ineffective because of the large numbers of oospores pro-
duced (D y e r et al., 2004). While oospores can directly infect roots, infection
is more commonly the result of sporangia formation and release of zoospores
(biflagellate, 7—11 �m). Sporangia formation and zoospore release is favored
by temperatures in the 22—28°C range, by presence root exudates and by pre-
sence of free water. Secondary infections can occur from zoospores released
by sporangia produced on the surface of diseased roots. Aphanomyces cochlio-
ides can also cause disease on table beet, mangel, chard, spinach, Chenopodi-
um, Amaranthus and Beta species. Weed species appear to contribute to the
survival and increase of inoculum levels in soils where rotations are used. The
pathogen is spread by anything that moves infested soil. Growers should avoid
pacing tare soil back on production fields.

Black root is best controlled by implementation of an integrated manage-
ment program that may include partially resistant varieties, seed treatment with
hymexazole, early planting, enhanced soil drainage, control of Chenopodium
and Amaranthus weed species, soil indexing (long rotations with non-host
crops, use of oat green manures (W i n d e l s and B r a n t n e r, 2004) and ap-
plication of industrial waste lime (W i n d e l s et al., 2004). While soil index-
ing to predict disease severity has limitations, it is useful in predicting the
need for partially resistant varieties or avoiding planting fields with high root
rot potential (W i n d e l s and N a b b e n - S c h i n d l e r, 1996). It is impor-
tant to understand that in general the partially resistant varieties have a lower
yield potential in the absence of disease than susceptible varieties and that se-
verely infested fields can have non-economic yields if conditions favor disease
despite implementation of the best integrated management program. The use of
hymexazole plus bacterial biological seed treatments has shown promise in re-
ducing Aphanomyces black root damage under moderate disease pressure. Be-
cause Aphanomyces infected roots have higher respiration and increased invert
sugar levels, they deteriorate more rapidly in storage than healthy roots thus
heavily infected lots should be processed as soon as possible (C a m p b e l l and
K l o t z, 2005).
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PHOMA ROOT ROT

Phoma root rot caused by Phoma betae (perfect stage, Pleospora bjoer-
lingii, Byford) has been reported in wherever sugar beets are grown in Asia,
Australia, Europe and North America. The causal fungus can cause seedling
damping-off, root rot and leaf spot in the field and decay in storage piles. Un-
less plants are stressed in the field, root rot is generally of little economic im-
portance. Seedling damping-off results from planting infected seed. Root rot
symptoms in the field include wilting of foliage and the occurrence of small,
dark-brown, sunken lesions with a watery rot near the crown. Decay spreads
inward with the decayed area typically becoming dark-brown to black with
prominent black lines. Later, rotted areas become coal-black, dry and shrive-
led. Bolting beets are most likely to be killed. Phoma rot in storage often does
not appear until after approximately 80 days of storage and is considered to be
one of the most important reasons for storage pile deterioration. Rot typically
begins in the center of the crown and extends downward developing a cone
shaped decayed area. Decayed tissues often have pockets lined with white
mycelium of the causal fungus.

Infected seed is considered to be the primary source of inoculum, altho-
ugh ascospores have also been shown to initiate infection of seed plants after
overwintering in overwintering infected root debris (B u g b e e and C o l e,
1981). Damping-off is favored by cool (5—20°C) weather and conditions that
slow seed germination. Plants that survive seedling infection may continue to
harbor the fungus systemically (E d s o n, 1915). Under moist conditions, coni-
dia exude out of pycnidia on hypocotyls and may also cause leaf spots and le-
sions on seed stalks when spread by splashing water. The percentage decay in
storage is highly correlated with the percentage of infected seed planted.

This disease is best controlled by planting seed free of infection. Seed
should be produced in dry areas under surface irrigation. Seed treatments in-
cluding hot water, thiram, prochloraz and benzimidazole fungicides will reduce
or eliminate seed infection. Field root rot is best reduced by growing the crop
with minimal stress due to water and nutrient availability. Decayed roots asso-
ciated with tare or old storage piles should not be placed in production fields.
The fungus has been shown to be able to survive in rotted root tissues for up
to 26 months.

CHARCOAL ROT

Charcoal rot caused by Macrophomina phaseolina (Tassi) Goid. (syn. M.
phaseoli (Maubl.) Ashby) is common in the hot interior valleys of California
and it has also been reported in Greece, Egypt, Iran, Hungary, India and se-
veral countries in the former USSR (S c h n e i d e r and W h i t n e y, 1986).
Like other root rots, Charcoal rot reduces root yield, sugar percentage and pu-
rity and makes roots less storable. Losses range from 0—30%, with high los-
ses only occurring where beets are produced under high temperatures (31°C
optimum) and significant moisture stress. Initial signs of this disease are pro-
nounced wilting of the foliage, which subsequently turns brown and dies. Root
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lesions are brownish-black and are irregular in shape, typically occurring in
the crown region. Old lesions rupture to expose masses of charcoal-colored
microsclerotia. Decayed areas of the internal root are initially mustard yellow
and subsequently change in color to buffy citrine. In advanced stages of decay,
root tissue is brownish-black, with masses of microsclerotia commonly found
in cavities. Such roots may ultimately shrink and become mummified.

The fungus survives as microsclerotia in soil or host tissue for at least
two years. Microsclerotia are formed in beet and other hosts such as common
bean, cotton, maize, potato, sorghum, soybean, strawberry, sunflower and
sweet potato (C o l l i n s et al., 1991, S u et al., 2001). Because of the lon-
gevity of microsclerotia and the broad host range crop rotation is not a practi-
cal control. Control measures should focus on preventing moisture stress by
using proper irrigation methods or using cultural practices that conserve soil
moisture.

FUSARIUM ROOT ROT

Fusarium root rot, caused by F. oxysporum f.sp. radis-betae, has been
observed in Texas, Colorado and Montana and likely occurs in other sugar be-
et producing areas of the U.S. (F r a n c et al., 2001). It has likely been overlo-
oked because it often occurs as part of a complex with other root diseases
such as Rhizoctonia root and crown rot, Aphanomyces root rot and rhizomania
and with the wilt disease Fusarium yellows. Other Fusarium species such as
F. culmorum and F. solani have been described as causal agents of root rot di-
seases in sugar beets in the U.K.

Foliar symptoms associated with Fusarium root rot are similar to those of
Fusarium yellows caused by Fusarium oxysporum Schlecht f.sp. betae Snyd &
Hans. These include intervenal yellowing, general chlorosis, wilting and brown
scorched leaves. Initially wilted plants may regain turgor at night, but plants
severely affected by Fusarium root rot seldom recover completely. Root symp-
toms are characterized by a distinctive black external rot on the distal tip of
the primary taproot and necrosis of vascular elements.

Fusarium oxysporum f.sp. radis-betae is morphologically similar to the F.
oxysporum f. sp. betae. Microconidia (3—5 x 8—10 �m) are produced in false
heads and globose to ovoid chlamydospores (4—7.5 x 20—30 �m) are com-
mon. Macrocondia are produced only sparsely on common media. These spe-
cies can be differentiated by analyses utilizing RAPD PCR, isozymes from at
least 3 enzymes and vegetative compatibility groupings (VCGs) (H a r v e s o n
and R u s h, 1997).

The pathogen most likely survives in the soil between host crops as
chlamydospores and observations suggest that it can survive for long periods
without a host. Disease development is favored by temperatures in excess of
27°C (H a r v e s o n and R u s h, 1998). Some isolates are specific only to su-
gar beet while others can cause disease in other plants in the family Chenopo-
diaceae, such as spinach (Spinacia oleraceae) and red root pigweed (Amaran-
thus retroflexus).
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This disease is best controlled by the use of resistant germplasm and
practices that minimize moisture stress. Early planting that allows plant deve-
lopment before conditions favor infection, crop rotation with non-host crops
and control of weeds within the family Chenopodiaceae are also thought to be
effective management practices.

PYTHIUM ROOT ROT

Pythium root rot caused by Pythium aphanidermatum (Edson) Fitzp has
been reported in the states of Arizona, California, Colorado and Texas in the
U.S. and in Canada, Austria and Iran. P. deliense Meurs, has been reported to
cause a root rot with different symptoms in Arizona and Texas (R u s h, 1987).
Root rot caused by P. aphanidermatum is characterized by wilting and a
watery dark-brown to black rot of petioles and the interior portion of the ta-
proot. On the exterior of the root lesions are dark colored and irregular in sha-
pe and maybe similar to those caused by Rhizoctonia crown and root rot. In-
fected roots often have a “rubbery feel". Root rot caused by P. deliense is cha-
racterized by a marbled brown to black root rot that progresses upward in the
taproot from infections of secondary roots.

These Pythium species survive in the soil as oospores (17—19 �m).
When conditions are favorable, the oospores germinate directly or produce zo-
ospores. Favorable conditions for infection and disease development are soil
temperatures of 27°C or greater for at least 12 hours and wet soil conditions (0
to –0.1 bar). Epiphytotics have been associated with the fore-mentioned envi-
ronmental conditions and alkaline soils with high levels of soluble salts and
exchangeable sodium (H i n e and R u p p l e, 1969; v o n B r e t z e l et al.,
1988).

Management of this disease is best accomplished by avoiding practices
that promote prolonged periods of high soil moisture. The use of hymexazole
and metalaxyl seed treatments or metalaxyl soil treatments may be helpful.

PHYTOPHTHORA ROOT ROT

Phytophthora root rot caused by Phytophthora drechsleri Tucker has
been observed in the states of California, Colorado, Idaho, Montana, Oregon
and Utah in the U.S and in Iran. In England, P. megasperma has been reported
to cause as similar root rot. In nearly every report beets are exposed to
excessive soil moisture when temperatures are high (28—32°C). This member
of the Oomycota survives in the soil as chlamydospores (7—15 �m) and oo-
spores (24—36 �m). Oospores germinate to form sporangia which release zoo-
spores that infect plants. Symptoms include wilting and a wet rot at the base
of the taproot that eventually extends upward toward the crown. There is a
sharp margin between rotted and healthy tissues. Wilted plants may recover at
night in the early stages of this disease. This disease often occurs when wilted
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beets are irrigated during hot weather. Disease progress will slow markedly
when soil temperatures cool.

Management of this disease is best accomplished by avoiding practices
that promote prolonged periods of high soil moisture (S c h n e i d e r and
W h i t n e y, 1986).

RHIZOPUS ROOT ROT

Rhizopus root rot caused by Rhizopus stolonifer and R. arrhizus has been
reported as occurring in Arizona, California, Wyoming and Colorado in the U.
S. and in Canada (Alberta and Ontario) and Italy, Iran, France and many coun-
tries that made up the former USSR. Like other root rot diseases, the first
symptom is wilting of the foliage. In this case the foliage rapidly wilt and be-
comes dry and brittle, collapsing on the crown similar in appearance to plants
affected by Rhizoctonia crown and root rot. Initially, gray to brown lesions
are seen on the taproot. These lesions gradually spread downward from the
crown and eventually are covered with a white mycelial growth that later takes
on a dark appearance as sporangia develop. Internal decay is brown and
spongy in appearance. In advanced stages there are cavities in the decayed
area filled with a fluid with the smell of vinegar. Secondary roots are gene-
rally unaffected.

Both Rhizopus species are considered to be common saprophytes on orga-
nic matter and only weak parasites on sugar beet. Sporangia are airborne and
infect sugar beet only when the beet is stressed by excessive soil moisture,
mechanical damage to the crown or insect damage. High temperatures (30—
40°C) are required for infection and disease development by R. arrhizus while
low temperatures (14—16°C) favor R. stolonifer.

This disease is best controlled by avoiding excessive moisture and redu-
cing mechanical damage or insect damage to the crown. Implementation of
techniques that favor healthy, rapid plant growth will be helpful in reducing
damage (S c h n e i d e r and W h i t n e y, 1986).

SOUTHERN SCLEROTIUM ROOT ROT

Southern Sclerotium Root Rot caused by the fungus, Sclerotium rolfsii,
which has been reported as occurring in the southern and southwestern U. S.
and in Argentina, Bangladesh, Brazil, Czechoslovakia, Egypt, Italy, India,
Israel, Japan, Korea, Morocco, Pakistan, Spain, Taiwan and Uruguay. This
fungus is found worldwide and will like cause root rot of sugar beet wherever
frozen soil does not occur in the winter. The fungus survives in unfrozen soils
as sclerotia and anything that moves infested soil will spread the pathogen.
The fungus has a host range of more than 200 species. Disease development is
favored by moist soils and temperatures in the 25—30°C range (S c h n e i -
d e r and W h i t n e y, 1986).
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Symptoms initially include unthrift top growth and wilting. Infected roots
are covered by white cottony mycelium and masses of white tan-orange to
brown sclerotia. Internal decay is a watery soft rot.

This is a difficult disease to manage because of the wide host range and
pervasive presence of sclerotia in tropical to subtropical areas. Rotations that
include less susceptible hosts such as wheat, barley, corn, alfalfa or asparagus
will reduce inoculum potential. Application of adequate nitrogen and other
nutrients will provide vigorous growth that will reduce losses (L e a c h and
D a v e y, 1942). While resistance is known in breeding lines no resistant culti-
vars are known to exist. Use of soil applications of carboxin, chloroneb,
PCNB and some triazole class fungicides have provided control in sugar beets
and other crops such as peanut, although there are no registered uses for these
fungicides on sugar beet in the U.S.
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TRULEŸ KORENA ŠEÃERNE REPE

Beri X. Xejkobsen
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Rezime

Bolesti truleÿa korena predstavqaju najveãi problem u proizvodwi še-
ãerne repe svugde u svetu gde se ona gaji. Sve ove bolesti su prouzrokovane ze-
mqišnim gqivama i karakteristiåno je da predstavqaju najveãi problem u
oblastima u kojima se tokom duÿeg niza godina proizvodi repa i gde se pri-
mewuje uzan plodored. Najvaÿnije bolesti truleÿi korena šeãerne repe prou-
zrokuju patogeni Rhizoctonia solani (AG-4, AG 2-2 IIIB i AG 2-2 IV), R. crocorum,
Aphanomyces cochlioides, Phoma betae, Macrophomina phaeseolina, Fusarium oxyspo-
rum f.sp. radicis-betae, Pythium aphanidermatum, Phytophthora drechsleri, Rhizopus
stolonifer, R. arrhizus i Sclerotium rolfsii. Meðutim, svi ovi patogeni koji se pre-
nose zemqištem nisu uoåeni u svim oblastima proizvodwe šeãerne repe. Vaÿ-
nost bilo kojeg od ovih patogena, prouzrokovaåa truleÿi korena u odreðenoj
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proizvodnoj oblasti, u velikoj meri zavisi od temperature, zemqišnih faktora
kao što su vlaga i soli u zemqištu, proizvodne prakse i plodoreda. Mnogi od
ovih patogena prouzrokuju gubitke i posle vaðewa repe, u skladištima. Rad ãe
se usredsrediti na rasprostrawenost ovih patogena, identifikaciju oboqewa i
ciklus razvoja bolesti, epidemiologiju i integralne mere suzbijawa. Integral-
ne mere suzbijawa ovih patogena ukquåuju sorte otporne na bolesti, nezaraÿeno
seme, izbegavawe stresa, agrotehniåke mere kao što su navodwavawe i primena
fungicida. Biãe razmotrena primena azoksistrobina za suzbijawe rizoktonio-
zne truleÿi glave i korena repe u odnosu na metode primene i doze, vremena
primene i u poreðewu sa drugim fungicidima.
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IN UKRAINE AND INTEGRAL MEASURES

FOR THEIR CONTROL*

ABSTRACT: The report delivers the origins of the insect complex formation on su-
gar beet fields in Ukraine. Biological, ethological and ecological peculiarities of the most
numerous pest species have been shown. Regularities of many-year dynamics of pests, the
problems of phytosanitary state of agrocenosis of sugar beet fields and conceptual grounds
of pest control in contemporary conditions have been substantiated.
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Since the great discovery in 1474 by Andreas Marggraf, history of impro-
vement of sugar beet growing has had a relatively short period. Nevertheless,
the grandiose efforts to change multi-tillering wild forms of Beta vulgaris L.
into high-productive hybrids with a single tiller have been conducted.

However, now on 258th year of commercial growing of sugar beet, nu-
merous species of pest organisms lay obstacles for high yield of this crop.

In Ukraine, where growing of the crops is of supreme importance, the
dangers that the part of the pests pose are as serious as everywhere. In Ukrai-
ne, commercial growing of sugar beet continues for more than 180 years. Over
this period, areas under sugar beet fields have grown steadfastly (1). In these
circumstances, the number of herbivores insects adapted to feeding on this
crop has been ever-increasing. Now, the area growing sugar beet has been sta-
bilized, reaching 900,000 ha over diverse soil-climatic zones. That is why the
species composition of pest arthropods in sugar beet fields is widely heteroge-
neous (2).
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In agrobiocenosis of a sugar beet fields, 146 species of insects (Insecta)
inhabiting the soil surface and 407 species in the stem stand have been disco-
vered. The beetles (Coleoptera) dominate (195 species). The flies (Diptera) are
numerous (71 species). The number of other species strains is as follows: suc-
king insects — the bugs (Hemiptera), 68; the aphids (Homoptera), 27; the
wasps (Hymenoptera), 29. The remaining strains are represented in the insigni-
ficant number.

On the soil surface, the participation of beetles (Coleoptera) is 77%. The
following 22 families in decreasing order are: weevils (Curculionidae), le-
af-beetles (Chysomelidae), carabids (Carabidae), lady-beetles (Coccinelidae),
click-beetles (Elateridae) and others. In flies (Diptera), 24 families are known,
including Bibionidae, Opomysidae, Syrphidae, Tupulida, and others. The bugs
are presented by 10 families Miridae, Pentatomidae, Nabidae, Anthocaridae.

Homeostasis of primary and secondary cenoses is characterized by diver-
se levels of stability over time (in agrocenoses, the successions are limited by
antropic factor), which exerts effect on species composition, constancy and di-
stribution of insects in stations depending on ecological and especially trophic
conditions.

In natural cenoses, species diversity is nearly twice as high as comparing
to that in agrocenoses, although in the latter, the biomass of insects is much
lesser than that in the former. Primary cenoses are the main factors of mainte-
nance of stable equilibrium in ecosystems of any level. Mini natural reserves
serve as the best source of the stability. Also, the plots of limited agricultural
management are useful for this aim. In such conditions, potential, sporadic and
extremely dangerous pests of sugar beet have been formed. The number of
such tiresome pest species is usually close to 40 items (3). Over the period of
growing sugar beet in Ukraine, great many studies concerning biology of the
pests and methods of their control have been conducted (Y. P. B ß å u k,
1971, Y. M. B r u n e r, 1947, E. M. V a s ß l ü › v, 1906, 1907, 1908, G.
F . G a p o n o v a, 1959, O. N. Ÿ i t k e v i å, 1959, E. V. Z v e r o z o m b -
- Z u b o v s ü k i ö, 1928, 1934, 1938, 1956, A. V. Z n a m e n s ü k i ö, 1926,
A. ¡. Z r a ÿ e v s ü k i ö, 1959, E. M. K ß t ß c i n, 1959, Ö. Ö. K o r a b,
1927, 1930, M. O. K u z ü m ß n, 1936, ¡. V. L ß n d e m a n, 1928, 1929, 1930,
K. A. O r l a å o v a, 1956, V. F. P a l ß ö, 1959, O. Ö. P e t r u h a, 1940,
1961, 1967, 1980, Z. M. S a v i c ü k a, 1968, G. Y. S o b o l ü, 1958, M.
P . Å a r k o v s ü k i ö, 1959).

However, there are great many problems, which need new, non-ordinary
solutions. They should be based on the systematic approach to understanding
regularities of interrelations in fauna of pests and useful insects in agrobioce-
nosis with the aim of developing ecologically directed methods of managing
population dynamics, taking into account the protection of the environment
from pollution (S. O. T r i b e l ü, 1989, V. T. S a b l u k, 1989, V. A. S a -
n ß n, 1971, V. P. F e d o r e n k o, 1998).

Now, phytosanitary situation in Ukraine gets worse which is the result of
a number of factors, in particular slow reforming of agriculture. This resulted
in the increase in density of pests and negative processes in agrobiocenoses
that will lead to non-predictable successions.
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Therefore, concerning the organization of phytosanitary monitoring, it is
necessary to take into account a number of factors, including contemporary
economical reality, global warming, abnormal weather changes, adaptation of
insects to new trophic conditions, the appearance of resistant genotypes, inten-
sive translocation of dominants in cell nucleus of pests and useful insects, the
disturbance of crop rotation. These factors determine the increase in dangers
caused by the part of pests.

Only by taking into account all these factors, it is possible to improve
and develop contemporary system of protective measures against pest orga-
nisms.

MATERIAL AND METHODS

The material was collected in all the zones in Ukraine where sugar beet is
grown. The tests were of diverse character: laboratory, greenhouse, separate fi-
eld and farm (full-scale). They were conducted in the zone of the Central Fo-
rest-Steppe in Ukraine (V. P. F e d o r e n k o, 1998).

Studies of insect complex were conducted in sugar beet agrobiocenoses
within the beet rotation and in adjacent cenoses (fallows, forest edges, shel-
terbelts, ravines) according to the methods of the Institute of Sugar Beet of
UAAS (O. P., P e t r u h a, 1969, 1976a, O. Ö. P e t r u h a, A. P. B u -
t o v s k i ö, G. E. S o b o l ü, 1981, V. P. F e d o r e n k o, 1985).

In doing so, the soil surface (on square meter plots) under plants covering
the edges of shelterbelts and forests were observed in 15 points of the field.

In fields of inter-tilled crops, the evaluations were conducted on 100
plants distributed by 10 pierces in 10 points of the field. Population density
was recorded by counting insect number or by means of evaluating in numeric
scores. Also, 100 wages by a sweep net were used.

Density of flea beetles was counted on 25 x 25 cm plots with the Pet-
lyuk's box.

Barber's soil traps improved by V. P. F e d o r e n k o (1997) were
used for counting soil insects.

Density of Atomaria linearis Steph. beetle was counted by means of the
special four-angle probe — collector 10 x 10 x 10 cm in dimensions. During
season, the density of the pests was counted in diverse layers of the soil. In
doing so, a cylindrical soil auger with 11.28 cm diameter was used.

The soil-dwelling pests were counted by soil excavations by digging 50 x
50 x 50 cm pits.

Density of beet root aphid was counted by taking soil samples with colo-
nies of the aphid. The samples were washed by water. Distribution of the ap-
hid along soil layers was studied at following depths: 0—5, 6—15, 16—25,
26—40, 41—60, 61—80, 81—100, 101—120, 121—130 cm.

Density of Tanimecus beetle was counted by soil excavations at the
following depths: 0—15, 16—30, 31—45, 46—60, 61—80, 81—100, 101—
120, 121—140, 141—160 cm and more. Within each of the above depths, a 2
cm soil layer was taken for counting the beetles. Dimensions of the pits were
100 x 100 cm.
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The effect of toxity of host-plants on fecundity of Tanimecus beetle was
studied by rearing of the insects in cages of glass jars. The bottom of the jars
was filled with sand, which had been screened through a sieve with 0.5 mm
cells in diameter. This diameter was less than that of eggs of the beetle. There-
fore, when screening the sand, eggs were left in the sieve.

Fecundity of the beet root aphid was studied on samples of beet roots in
Koch's dishes under soil cowlets. The dishes were kept in a polytermostat. Pe-
culiarities of aphid's development were studied by dissection of aphid abdo-
men under a microscope.

Pest resistance to pesticides was studied on the example of the leaf beet
aphid according to the method of I. V. Z i l ü b e r m i n c, 1984.

Vegetative tests were conducted according to the conventional method
(O. D. S k a z k i n, E. I. L o v å i n s k a ä, T. A. K r a s n o s e l ü s k a ä,
1948).

Field tests were conducted in a special scientific crop rotation system ac-
cording to the conventional methods (K. A. G a r, 1963, B. A. D o s p e h o v,
1985, F. V a g n e r, 1965).

The level of affection of plants by pests dwelling above the soil surface
was studied according to the scale with four numeric scores:

1 — less than 25% of leaf surface affected;
2 — 26—50% of leaf surface affected;
3 — 51—75% of leaf surface affected;
4 — 76—100% of leaf surface affected.
For every pest species, the average numeric score and the coefficient of

colonization of plants was calculated according to the formula:

C
A B

c �
�

100

Where Cc is the coefficient of colonization of plants; A is the percentage
of beet plants colonized by pests; B is the average numeric score of damage or
colonization (the sum of numeric scores divided by the number of damaged
plants).

Evaluation of effectiveness of insecticides was conducted by means of
placing the insects in the test cages.

The indices, which characterize the structure of insect populations inhabi-
ting beet crop rotation system were calculated according to the following for-
mulae:

1. Coefficient of species diversity (F i s h e r R. A., C o r b e t A. S.,
W i l l i a m s C. B., 1943):

d
S

N
�
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Where d is the coefficient of species diversity; S is the total number of
species in biocenosis; N is the total number of insects at counting.

2. Coefficient of density of a species (V. F. P a l ß ö, 1961):
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Where Ca is the coefficient of density of separate species in entomofauna;
p is the percentage of ratio of a given species to the total number of collected
insects; d is the occurrence of a given species in the inspections.

3. Coefficient of resemblance of entomofauna of diverse cenoses (M o -
u n f o r d M. D., 1962):
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j
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�
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Where J is the coefficient of resemblance; a and b are the numbers of
species in points of counting (stations); j is the number of species similar for
all the stations.

For characteristic weather conditions which influence the development of
insects, besides values of air temperature and precipitations, the hydrothermal
coefficient (HTC) was calculated according to the formula by S e l ä n ß n o -
v a (1928):

HTC �
�sum of precipitations

sum of effective t

10

emperatures above 10 C�

DISCUSSION OF RESULTS

In last years, the areas of application of pesticides have decreased 3.4 ti-
mes (4). This led to sharp worsening of phytosanitary state in agrocenoses, in
particular to the increase in colonization by soil pest insects 2.8 times (5).

The significant worsening of the phytosanitary state was promoted by
sharp cutting down of the number of laboratories of biological methods for
pest control in Ukraine. Their number was 268 in the mid 1990s, whereas
now, only 73 of them remained.

So, in 1991, biological method of plant protection was applied on the
area of 5 million ha, whereas at present, on only a million ha. The causes of
growth of pest density and the increase in areas of their damage are the struc-
tural changes in agricultural landscapes induced by abandoning vast areas of
arable lands.

The global warming has also contributed to conventional zonal distri-
bution of some pests.

So, for example, from the beginning of 1994, the increase in density of
tiresome polyphagous pest, the locust Calliptamus italicus L. was observed.
This species, being a typical pest in the south of Ukraine, now is getting com-
mon in the forest-steppe zone and even in the forest zone (6). This pest occu-
pies 250.000 ha with the density up to 5.000 insects per square meter.

The effect of the global warming might be traced not only in polyphago-
us pests, but also in the specialized sugar beet pest, the weevil Bothynoderus
punctiventris G e r m.
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In fact, after the prolonged depression, from the beginning of 1992, the
growth of population density of this species takes place. In 2000, in infestation
spots, its density reached 68 beetles per square meter.

The growth of population density is promoted by greater sum of effective
temperatures that has been observed in recent years. Indeed, if the sum over
two years is greater than 1.135°C over two seasons, the probability of increase
in its density is high (O. Ö. P e t r u h a, 1981).

This regularity has been substantiated in last years, because the density of
weevil approaches its density in 1932—1940. In that time, 14.387 tons of be-
etles were collected per day (A. S. M i ø e n k o, I. S. L y b o m u d r o v,
1941) (7).

Anomalous sharp changes of weather conditions also influence the da-
mage exerted by sugar beet pests and on efficiency of protective measures. In
spite of the global warming, mighty onsets of cold take place in spring. Thus,
in 1998 and 1999, late frost in the first half of May, when air temperature dec-
reased to 8°C below zero, postponed the appearance of B. punctiventris on the
soil surface. However, the late frost retarded germination. Therefore, the plan-
tlets evaded the damage.

In 2002, at late frosts, mass appearance of weevil took place by in
“waves". The first, most potent one was recorded from 13th to 16th April. In
that period, the density of weevil was 1.0 beetles per square meter. The second
“wave" was recorded at the beginning of June. This situation decreased the
density of weevil as well as the damage.

Weather situation influences vertical migrations of wire-worms in the soil
and the efficiency of toxication of plantlets (8). At late onset of spring, fresh
weather decreases the activity of wire-worms and allows sugar beet to grow.
As the result, the damage gets lessened. On the contrary, in the early spring,
the damage is great. Therefore, sugar beet needs to be protected by means of
seed treatment with carbofuranous insecticides.

At delayed migration of wire-worms, seed treatment insecticides with
prolonged period of toxity have to be used (Tiametoxam or Imidocloprid).

There are diverse views concerning the effect of weather on the activity
of root beet aphid (Pemphigus fuscicornis K o c h.). It is supposed that dro-
ught promotes the activity of the aphid. But (V. O. M a m o n t o v a, 1975) it
has been reported that the aphid develops better in the conditions of moderate
moisture.

The studies by the author that have been conducted over a twenty-year
period showed that the best conditions for the development of the aphid are at
high values of HTC. The increased harmfulness of the aphid at drought is
explained by the theory by Academician M. S. G ß l ä r o v a (1948). He has
shown that feeding by tissues rich with juices is one of the main adaptations
of soil-dwelling insects for protection against desiccation. The aphids consume
significantly more plant juices than it is needed for providing nutrients com-
pensating intensive evaporation through thin chitinous outer coverings (9).

Adaptation to new trophic conditions is traced well on the example of
beet leaf aphid (Aphis fabae S c o p.). Studies over 19 years of effect of mine-
ral fertilization on density of the aphid showed that the increased rates sup-
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pressed aphid development from 1973 up to 1983; in some years 3—5 times
(10). However, from the beginning of 1984, the difference between test and
check variants was not recorded. This is an effect of global application of the
increased rates of fertilizers. Firstly, this factor suppressed the aphid. Since
than, this factor ceased to be the limiting one. The adaptation of the aphid was
promoted by its continuous changes of generations, great fecundity and wide
natural variation.

Contrary to leaf beet aphid, root beet aphid reproduces only parthenoge-
netically, i.e. independently of panmixia. Therefore, their density is determined
mainly by trophics. It was discovered that at the beginning of vegetation, lar-
vae of root beet aphid prefer colonizing weeds of Chenopodiceae family. He-
re, they also develop better. In the second part of vegetation, they colonize su-
gar beet intensively. The increased fecundity of root beet aphid (Pemphigus fu-
sicornis K o c h.) was proved experimentally. When setting the aphid on the
sugar beet, brood of a female reached 1319 insects for 25 days, whereas at set-
ting on the weeds, the brood was only 310 insects. In the past, when sugar be-
et was not cultivated, in the second part of the season, the aphid seemed to be
suppressed on the weeds. Later, when sugar beet began to be grown, the aphid
got the host-plant, which provided these insects with favorite food over sea-
son.

This fact promises the means of suppression of the aphid by exclusion of
weeds of Chenopodiceae family. In doing so, the trophic chain would be bro-
ken.

On areas of non-arable lands, where the weeds are abundant, density of
the aphid is the most stable. Dense stem stock of cereals suppresses the weeds
that postponed the development of the aphid. But after harvesting, the weeds
thrive and the density of the aphid grows. Then, they colonize sugar beet. The-
refore, after harvesting of cereals, the weeds need to be destroyed by clean til-
lage (11).

The specific trophic relations are traced in the cassid beetles.
Beetles (Cassida nobilis L.) colonize fields in spring, where they before

the appearance of sugar beet plantlets feed on weeds of Chenopodiceae,
Caryophyllaceae and Amaranthaceae families.

In last years, in spring, when plantlets of sugar beet are protected by in-
secticides, C. nobilis leaves these fields and feeds on wild plants and beetles
return on sugar beet after its toxity gets lost.

In the beginning, C. nebulosa L. concentrates on Chenopodiceae weeds
and only in the second part of the season it colonizes beet fields. Its trophic
peculiarities significantly influence fecundity, time of development and there-
fore seasonal dynamics of density. These factors determine the tactics of con-
trol measures.

Indeed, C. nobilis has transformed into a typical inhabitant of sugar beet
fields, whereas C. nebulosa finishes its life cycle on sugar beet only in some
years with fecundity of only 4 egg clusters per female. This is a very low va-
lue comparing with fecundity on weeds, 19 or 33 egg clusters (12 and 13).

Beetles of C. nobilis live till August, whereas beetles of C. nebulosa live
till the end of September, when wild host-plants die. Therefore, the main role
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of sugar beet with the prolonged period of vegetation, which allows bridging a
gap in the trophic chain is clear.

Due to its unique trophic possibilities, gray beet weevil (Tanymecus palli-
atus F.) also evades contact with toxicated plants in the stage of plantlets and
therefore increases in density.

It was discovered that larvae of gray beet weevil are able to develop on
roots of sugar beet, but they complete their development on roots of perennial
weeds and leguminous grasses, because roots of sugar beet are harvested
which brakes the trophic link of the larvae.

These polyphagous beetles feed on numerous crops and weeds. Therefore,
regularities of seasonal and many-year dynamics of the species are determined
mainly by trophic factors.

The greatest fecundity of this pest is observed at feeding on weeds Cir-
sium arvense S c o p. and Convolvulus arvensis L., whereas the least fecundity
is observed in feeding on plants of Chenopodiceae family (14).

Littering of fields with C. arvense S c o p., C. arvensies and other weeds
promoted wide spread of weevil in fields of crop rotation where its densitry is
greater than that on sugar beet fields (15).

Such fields are continual sources of weevil reproduction. They enlarge its
stock on sugar beet plantations.

Last years, as the result of wide application of seed toxication with carbo-
furan preparations, the ecolological situation changed. Results of studies have
shown that mixed feeding on wild host-plants and on toxicated as well as
non-toxicated plantlets of sugar beet promotes the appearance of gray beet
weevil reproductive and adaptive heterosis that results in the increase in its fe-
cundity (the bumerang-effect).

Due to this phenomenon, seed treatment during prolonged time did not
provide the decrease in overall population density of weevils. On the contrary,
this measure promoted the selection of resistant genotypes of this species. This
means that with many insects, not only adaptation to new trophic conditions
appears, but also genotypes resistant to certain group of insecticides are for-
med intensively.

The quickest development of resistant populations is observed in aphids,
which is explained by the presence of numerous clones in their populations
which differ from each other and with the fact that aphids are able to adapt to
changed conditions in the process of natural selection. Aphids obtain resistance
to insecticides during one or two seasons (M. S. G ß l ä r o v a, 1948). The
most prospective insecticides are those which do not pollute the environment.
Therefore, the author studied the sensitivity of leaf beet aphid to Furadan,
which has been applied in Ukraine for over 20 years.

As the material for the studies, two populations, Bilotserkivska (this is a
zone of intensive, many-year application of this insecticide) and Kyivska (in
this Region the preparation was never applyed) were used.

Toxical characteristic (LC95) was determined for aphid populations taken
in nature from diverse host-plants (goose foot and sugar beet) and for the labo-
ratory population which was reared on sugar beet; seeds of beet were treated
by Furadan (16).
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The comparison of sensitivity to this insecticide between two populations
showed that the Kyivska population was 17 times more sensitive to Carbofu-
ran than Bilotserkivska.

Thus, the toxication of sugar beet by means of seed treatment and decrea-
se of toxicity of the plants in the period of colonization by the aphid promote
selection of resistant forms of this pest.

Antropic influence. Worsening of ecological situation has led to the im-
poverishment of species composition of insects. In fact, the coefficient of spe-
cies diversity, which was reconstructed by the author for 1946—1953, showed
that the impoverishment reached 33%.

In interspecies competition due to the antropic factor, the transcyclic gra-
dation of species with greater ecological valency took place. They enlarge eco-
logical niches of certain trophical levels and take up dominate state in the nuc-
leus of pests. In other words, intensive redistribution of dominants in the nuc-
leus of pest species as well as of useful ones takes place.

Thus, according to O. P. P e t r u h i, A. P. B u t o v s ü k o g o (1947),
in the Kyiv Government from 1901, gray beet weevil dominated among other
species of its genus and constituted about 70% of collected beetles. In 1927,
participation of this species did not exceed 6% of the total number of beet
weevils in April and 15% in May. At the same time, D. punctiventris had high
density exerting heavy damage. Eventually, this species fell in deep depres-
sion. At the same time, the domination of T. palliates and of east beet weevil
(Bothynoderes foveicollis G e b l e r.) enlargened. (17)

The monopoly of harmfulness of these species on the given trophical le-
vel was especially expressed on the background of decrease of B. punctiven-
tris. Nevertheless, the increase in the population density of the latter weevil,
which took place from the begining of 1992 was quite predictable because its
outbreaks appear over 2—4 years with intervals of 10—11 years (S. O. T r i -
b e l ü, 1998).

Concerning wire-worms (Elateridae) dwelling in beet crop rotation sys-
tems, the ratio of species underwent changes as well. Thus, in 1952—1953, in
stationary tests of the Department of Cultural Practices of Bila Tserkva Exp.
Brd. Sta., the larvae of click beetle (Agriotes gurgistanus F a l d.) dominated
and constituted more than 90% of all click beetles found. Recent inspections
(1994—2004) on the same fields showed that A. gurgistanus continued to do-
minate, but its participation lowered. (18)

The trend of significant increase of density of click beetles Agriotes ob-
scurus L. and Melanomus brucnnipes G e r m. was revealed, which earlier oc-
curred in insignificant density only. Also, the density of click beetle Selatoso-
mus latus F. decreased, whereas the density of click beetles Agriotes sputator
and A. ustulatus S c h l l. stayed on the same level.

The change of dominating species was caused by the application of new
technological processes in cultural practices and wide intensification of agri-
culture which modified ecological conditions. The latter promoted the species
with wide ecological adaptability-polyphagous insects.
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FORECAST

An intelligence service of crop protection is necessary for prevision of
phytosanitary situation, for rational, skilful, timely and effective application of
systems of protective measures. When such prerequisites are ignored, so called
“sudden burstings of multiplication" are inevitable. Nevertheless, the forecast
continues to be a weak link in the integrated plant protection.

Here is a notable fact. During the occupation of Ukraine by German
Natsy in World War II, their administration maintained the local web of For-
cast Service and every year published a map of density and distribution of the
main pests of sugar beet.

Unfortunately, in last decades, this important service was weakened. Now,
in this service, 190 Stations of Signalization and Forecast operate, with 247
members of the staff. This is insufficient for the valid forecast. In fact, the
staff of State Service of Meteorology is as much as 20 times lower. Therefore,
the reinforcement and modernization are needed for this link of protective me-
asures based on the theory by O . L . Å i ÿ e v s ü k o g o (1995). He has te-
ached us that the effects on live nature of the environment situated outside the
soil should be taken into account.

The need for the above-mentioned modernization is demonstrated by the
following fact: the converted method of forecast of leaf beet aphid (Aphis fa-
bae S c o p.), which is based on the counts of overwintering eggs and their
mortality in this period is actually wrong because the correlation between the
above values takes place in rare instances.

For the forecast of this species, it is advisable to take into account the va-
lues of the Hydro-thermal coefficient (HTC), rather than to count overwinte-
ring eggs (19).

The control measures express their efficiency on the background of pro-
per cultural practices. I am sure that any other country cannot perceive the
advantages of crop rotation, soil tillage, the application of nutrients as Ukraine
can. Unfortunately, this country suffers catastrophic impacts: Chernobyl disa-
ster, decline of agriculture after 1991 that has led to the appearance of vast
areas of abandoned fields and to abundant littering of arable lands with weeds
due to the lack of herbicide application. As the result, pest organisms, being
earlier suppressed by severe control, now stay on high population density.
These processes have reached the scale of the all-national disaster.

The negative effects of the decline on phytosanitary state of agrocenoses
is expressed especially in crop rotation systems developed by scientific organi-
zations. In fact, the inter-tilled crop rotation system promotes the decrease in
density of wire-worms, because it makes unfavorable conditions for their
existence. In the grain inter-tilled crop rotation, the presence of a field with
perennial grasses promotes the increase in the density of soil-dwelling pests.
(20)

Concerning the fertilizers, the optimal rate for sugar beet which would es-
sentially decrease population density of soil-dwelling pests is the treatment
with 40 metric tons per ha manure and N80-P100-K100. (21)

30



Optimizing the technological agricultural processes on the background of
developed cultural practices oppresses the reproduction of soil-dwelling pests
up to the density close to ETHs. This gives a possibility of decreasing insecti-
cidal loading on agrobiocenoses, because in the integtrated systems of plant
protection, the application of modern chemical preparations on the basis of
using new technologies was foreseen.

In particular, this is “seed dressing" with insecticides, which is now most
economically and ecologically purpousfull technological method. So, all the
seeds of sugar beet are treated with the protecting and stimulating preparations
in seeds factories. Instead of carbofuran preparations that had been applied in
Ukraine since 1985, insecticides of new generation on the basis of active in-
gredients — imidacchloprid and tiamethoxam came into usage at present. The-
se insecticides have significant advantages in comparison with carbofuranous
ones concerning their efficiency, persistence and safety for the environment.

In fact, at the application of Gaucho, in the first 24-hour period, 85% of
weevil beetles were affected, whereas 60% of them died. In five 24-hour peri-
ods, the mortality of weevil reached about 90%. (22) Concerning Cruiser effi-
ciency on sugar beet (23), the coefficient of damage of host-plants by weevil
B. punctiventris was 3.5 times less comparing with the control and the damage
caused by leaf beetles, twice less. Efficiency of Tiametoxam is twice as much
higher as that of carbofuranous seed dressing preparations. (24)

With the aim of increasing efficiency of insecticides for the sake of
synergism and taking into account species composition of herbivores, it is pur-
poseful to treat the seeds with preparations of diverse activity. So, in the tests
being carried out in 2004, it was stated that joint treatment of seeds by Force
and Cruiser was more effective than separate treatment by the preparations
(25).

Such protection of sugar beet is ecologically oriented and by author's ob-
servations has no negative effect on useful insects (26). Density of the latter,
in Barbar's traps was practically the same, both for the control and for the va-
riant with systemic insecticides for seed dressing being applied.

Beside seed dressing with above-mentioned insecticides, the efficiency of
application of preprations with active ingradients Carboxan-Marshal (25% i.e.)
and Flagman (10% i.e.) was also studied. In doing so, they were carried in
rows with the help of the pump of peristaltic action (27).

This test bears evidence that pre-sowing seed dressing in combination
with droplet application of liquid preparations in the soil at sowing allows the
5-time decrease in the density of wire worms.

Taking into account all these pecularities of phytosanitary state in agroce-
noses of sugar beet fields, it is possible to develop the scientifically substantia-
ted system of integrated protection for sugar beet from pests (28).
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NAJVAŸNIJE ŠTETOÅINE ŠEÃERNE REPE U UKRAJINI
I INTEGRALNE MERE ZA WIHOVO SUZBIJAWE

Vitalij P. Fedorenko
Institut za zaštitu biqa Ukrajinske akademije nauka

Vasilkivska 33, 03022 Kijev, Ukrajina

Rezime

Industrijska proizvodwa šeãerne repe u Ukrajini postoji oko 180 godina.
Tokom ovog vremena mnogi insekti su se adaptirali na usev šeãerne repe.

Sada šeãernu repu ošteãuju sledeãe štetoåine: larve Elateridae i Scara-
baeidae, repina mrvica, buvaå, Curculionidae-Bothynoderes punctiventris G e r m.,
Tanymecus palliatus F. i Psalidium maxillosum F., Cassidinae, lisni mineri, afide
lista i korena, Noctuidae, i drugi leptiri.

Posledwih godina u Ukrajini je uoåeno pogoršawe fitosanitarne situa-
cije agrobicenoze, što je uslovqeno efektom ekoloških i ekonomskih faktora.

Ovo je dovelo do velikog poveãawa u nivoima kako broja štetoåina i ši-
rewa zona wihove štetnosti polifaga, tako i specijalizovanih štetoåina še-
ãerne repe. Migrirajuãi skakavac donosi šeãernoj repi specifiåan problem
zato što, buduãi tipiåna štetoåina za juÿne oblasti, postaje korak po korak
uobiåajena štetoåina i za šumsko-stepske i šumske pojaseve.

Ilustracija ovog je B. punctiventris G e r m., åiji se broj poveãava nakon du-
ÿeg perioda krize, poåevši od 1922.

Visoke efektivne temperature uoåene posledwih godina pogodovale su po-
rastu populacije B. punctiventris.

Intenzivno širewe korova, omiqenih biqnih domaãina T. palliatus, poåe-
lo je da pogoduje poveãawu populacije ove štetoåine.

Ista situacija je i kod larve Elateridae. Gustina wihove populacije je ka-
tastrofalno poveãana, što dovodi do redistribucije dominantih meðu najštet-
nijim vrstama.

Posledwih godina poqa šeãerne repe ošteãuju insekti koji sisaju: aphida
Aphis fabae S c o p. je postala ekonomski znaåajna štetoåina, ali Pemphigus fu-
scicornis K o c h., iako potisnut, predstavqa potencijalno opasnu štetoåinu.

Uloga Noctuidae je znatno porasla povodom više ili mawe stabilne štet-
nosti repine mrvice, buvaåa i drugih štetoåina.

Stoga je u sadašwim uslovima uveden fitosanitarni monitoring agroce-
noza. On pruÿa moguãnost za optimalnije izvoðewe i podizawe verovatnoãe
prognoze razvoja najopasnijih štetoåina.

Izraðena je i tehnologija primene Trichogramma sp. u oblasti wene sta-
bilne efikasnosti.

Širewe podruåja pod repom (Brassica napus var. oleifera) i wihovo uvoðewe
u plodored šeãerne repe su uzrok poveãawu štetnosti repine åistolike nema-
tode koja se proširila kroz oblast proizvodwe šeãerne repe. Zato je u praksu
uveden monitoring nematoda, uz pomoã sistema kompleksnih metoda za suzbijawe.

Jedan od najvaÿnijih uslova za integralnu zaštitu šeãerne repe je metod
hemijskog suzbijawa gustine populacija štetoåina metodom oblagawa semena
insekticidima, unošewem preparata u zemqu preko sistema kap-po-kap i pr-
skawem poqa tokom vegetacionog perioda, za šta se preporuåuju najboqi prepa-
rati i wihove mešavine.

Neophodno je istaãi da je visoka efikasnost hemijske zaštite šeãerne re-
pe moguãa samo na visokom nivou agrotehnike.
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IMPORTANCE OF PRACTICAL MEASURES AND
AGROECOLOGICAL CONDITIONS FOR FORMATION

OF YIELD AND QUALITY OF SUGAR BEET
IN VOJVODINA*

ABSTRACT: Yields of cultivated plants are the result of congruence between culti-
vated plant demands and agro ecological conditions of the region.

Fertilization is a practical measure associated with the highest losses.
In actual production conditions, deficiency in NPK nutrition results in losses up to

2.1—14.9 t ha–1, excess amounts of these nutrients in losses of 5.8—18.9 t ha–1. Quality
losses are important, too.

Decreases in sugar content fluctuate between 0,2% and 0,9%, sugar utilization from
0,3—7,6% and total sugar losses from 380 to 1060 kgha–1.

KEY WORDS: Fertilization, sugar beet, quality, yield

INTRODUCTION

Agricultural production is the manifestation of mankind's utilization of
free nature. It is conscious and purposeful production that guarantees the survi-
val of human species on our planet. People become less dependent on nature's
unpredictability due to functioning of this production system. However, we
must not forget the fact that we are the part of the same nature and that we
should respect its laws.

In production technology of sugar beet or any other cultivated plant, all
cultural practices are of the same importance, but yield will be defined by the
most poorly applied one. A mistake in one cultural practice cannot be rectified
by using other agronomic practices.

Sugar beet yields, obtained during 1960—1984 in France, Hungary, Italy,
Romania and Serbia and Montenegro are shown in Graph. 1. Sugar beet yields
in France had an increasing trend, with a growing rate of 998 kgha–1. In our
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country, the growth rate of yield increase is 62 kgha–1. The coefficient of yield
variation from the trend line was 8% in France and 18% in our country.

At present, the average yields are above 70 tha–1 in France and between
30 and 40 tha–1 in our country. However, if we look back at the previous pe-
riod, we can see significant differences. In 1961—1980 periods, yield growth
rate was 1092 kgha–1 and 550 kgha–1 in France and 1692 kgha–1 and 631
kgha–1 in our country. The coefficient of yield variation in our country was
higher than in France. In the following 20 years, sugar beet yields in France
had a growth rate of 878—4666 kgha–1. In Serbia and Montenegro during the
same period, the yield had decreasing tendency, with an annual growth rate of
403—1879 kgha–1.

MATERIAL AND METHODS

The study was conducted on a long-term stationary trial at Rimski Šanåe-
vi. The trial was established in 1964 on chernozem soil, with good physical,
chemical and biological properties. The amounts of NPK nutrient then applied
were 50, 100 and 150 kgha–1. The fertilization treatments are triple nutrient
combinations with a control treatment without fertilization. The rest of practi-
cal measures were standard for this plant species.
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Graph. 1 Sugar beet yield trend in period 1960—2004. (In the world)



From the total amount of nutrient, 50% of nitrogen was applied in au-
tumn, before plowing, while the rest of it was incorporated in summer, before
pre-sowing tillage.

The effects of NPK nutrient on yield in production conditions were moni-
tored. From 1993 to 2004, 62,419 ha were analyzed in the province of Vojvo-
dina in total.

RESULTS

Fertilization of sugar beet is specific. It is a practical measure that signifi-
cantly influences the yield. Fertilization is a measure that negatively effects the
yield when there is a surplus or deficit of nutrients. Fertilization should help
obtaining optimal and good quality yields. In the previous period, scientists
believed that a surplus of phosphorus and potassium had no negative effects
on yield. However, the latest studies have shown that all three nutrients have
an equally negative effect on yield and quality, M a r i n k o v i ã et al. (2000)
obtained similar results.

Table 1. Root yield (tha–1) at different levels of nitrogen, phosphorus and potassium fertilization
(Average 1992—2004)

Fertilization variants Root yield tha–1

Control 32,65

N50 K2O550 K2O50 44,65

N50 P2O5100 K2O50 44,22

N50 P2O5100 K2O100 43,52

N100 P2O550 K2O50 43,82

N100 P2O5100 K2O50 46,90

N100 P2O5100 K2O100 45,75

N100 P2O5150 K2O50 47,95

N100 P2O5150 K2O150 45,47

N150 P2O550 K2O50 48,10

N150 P2O5100 K2O50 49,06

N150 P2O5100 K2O100 48,54

N150 P2O5150 K2O100 47,95

N150 P2O5150 K2O150 49,60

LSD 005 2,83

Table 1. shows the average root yield from the NPK trial. At the lower
level of nitrogen fertilization (50 kgha–1), the highest levels of P and K fertili-
zation (100 kgha–1 each) decreased root yield by 1 tha–1. At the middle level of
nitrogen fertilization (100 kgha–1), increasing levels of P and K (more than 100
kgha–1 P2O5 and more than 50 kgha–1 K2O) decreased the yield by 1,4 tha–1.
The same results were achieved with the high levels of nitrogen. In the treat-
ment with 100 kgha–1, the increase was 2,6 tha–1 and was not significant. Ferti-
lization of sugar beet should be based on the results of N-min method and the

41



distribution of mineral nitrogen. The optimal amount of phosphorus for cher-
nozem soil, at Rimski Šanåevi is 50—100 kg P2O5. The optimal amounts of
potassium for the same soil are about 50 kg K2O. Intensive fertilization with P
and K decreases sugar content (0,2—0,9%), sugar utilization (0,3—7,6%) and
sugar yield (380—1060 kgha–1).

The yield of 35 tha–1 is obtained at the level of 10mg of P2O5 per 100 g
of soil (Al-method). At the level 10 to 20 mg (per 100 g of soil), yield increa-
sed up to 44,5 tha–1. Further increasing of nutrients decreased the yield to 40,7
tha–1 (i.e. by 3,8 tha–1). The coefficient of correlation between the phosphorus
amounts in soil and yield is high and statistically significant (y = 59,7—
0,672x r = –0,354*). Concerning potassium, the highest yield was at the level
of 10 mg of K2O per 100 g of soil (48,0 tha–1). At 20 mg, the yield decreased
to 45,5 tha–1 (–2,5 tha–1, y = 54,6—0,710x r = –0,1929). More than 25 mg of
K2O produced yield decreases (42,6 tha–1, y = 65,4—0,9240x r = –439*).

Shown in Table 2. are the results of the application of NPK amounts and
yields achieved.

Table 2. Influence of NPK nutrition on root yield

51—100
kgha–1

101—150
kgha–1

151—200
kgha–1

201—250
kgha–1

251—300
kgha–1

301—350
kgha–1

NPK 61,2 59,0 56,2 55,4 45,1 42,1

% area 0,1 12,1 10,5 22,4 26,3 15,3

Increase in NPK nutrients beyond 200 kgha–1 decreased the yield by 0,8
tha–1, 3,6 tha–1, 5,8 tha–1. With further increases in nutrient amounts, yield dec-
rease continued.

Sugar beet fertilization should be adapted to cultivar/hybrid demands, fi-
eld potential and practical measures. The necessary nitrogen amounts should
be determined with N-min method (Scharp and Verhman) and fertilization
should be based on the balance method. Spring nitrogen amounts should be
determined on the basis of the next equation:

Y = a x b [(c + d)-e]

a — Planned yield (for cultivar, field, year)
b — Necessary nitrogen amounts (for 1t of root and adequate leaves and heads
amounts)
c — Amount of mineral spring nitrogen in soil layer
d — Soil mineral ability
c — Nitrogen amounts at the end of vegetation

Planned yield should be determined for every cultivar/hybrid, for every
field and year. Depth of humus accumulative horizon significantly influences
field yield potential, relative to mineralization ability. Yield height will be de-
fined by growing season precipitations and nitrogen distribution in soil profile
(r = 0,315 for layer 30—60, r = 0,265 for layer 60—90).
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The level of significance in all cases is extremely high. With winter pre-
cipitation, it is 0,3% and at nitrogen it is 1,5 and 4,3%. Yield depends on ac-
tual evapo-transpiration in May, June and July. The main cause must be yield
readjustment to the amount of growing season precipitations and nitrogen di-
stribution in profile.

These facts can be seen in Graphs 2. and 3. In Graph 2, yields from 1998
and 1999 are shown, as is nitrogen distribution and weather conditions. Based
on the weather conditions, these two years are very similar. However, nitrogen
distribution in 1998 was definitely more favorable and there was no precipita-
tion surplus. Because of that, the root is better developed and guarantees better
yield (72,2 tha–1, as opposed 53,6 tha–1). A dry period (deficiency 49 lm–2) du-
ring the summer of 1999 apparently caused a decline in yield (18,6 tha–1).
Shown in Graph 3 are the same parameters for the years 2000 and 2001. The
year 2001 had better weather conditions than the year 2000. Winter precipitati-
ons were 535 lm–2 higher, growing season precipitations by 105 lm–2, actual
evapo-transpiration by 236 lm–2 and potential evapo-transpiration by 51 lm–2.
Yield in 2001 was 39,3 tha–1 while in 2000 it was 33,5 tha–1 (higher for 5,8
tha–1). Small yield in 2001 was affected by poor nitrogen distribution (high
amounts in the layer at 30—60 cm depth) and excessive precipitation in April
(80 lm–2). Because of poor root development and nitrogen deficiency, precipi-
tation deficiency (140 lm–2) was decisive.
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Years

1998 1999

Growing season precipitation lm–2 265 395

Vegetation rainfall lm–2 491 542

ETP 591 591

ETR 531 542

Deficiency 61 44

Surplus 0 47 (IV; VI)

Root yield tha–1 72,2 53,6

Sugar yield tha–1 7,0 5,7

Graph. 2 Influence of nitrogen distribution in the soil profile and weather conditions
on sugar beet root yield



Many scientific papers have been written about the significance of fertili-
zation (Š a r i ã et al., 1993, K a s t o r i et al., 1983, M a r i n k o v i ã et al.,
1993, 2000) For more than five years, Marinkoviã et al. have been warning
about the bad influence of excess of P and K.

Special attention should be paid to sugar beet fertilization. Fertilization
must not be done without previous soil analysis. Knowledge and ability must
be in accordance with field yield potential, prevailing conditions in a given
year, cultivar/hybrid and the technology applied.

CONCLUSIONS

Based on trial and production results the following conclusions were made:
Increased amounts of phosphorus and potassium in trials resulted in yield

increases of 1—1,4 tha–1.
Fertilization with high amounts of NPK nutrients decreased sugar content

(0,2—0,9%), sugar utilization (0,3—7,6%) and sugar yield (380—1060 kgha–1).
In production conditions, the optimal level of phosphorus is 10—20 mg

per 100g of soil, while the optimal level of potassium is 10 mg per 100 g of
soil.

With lower phosphorus level in the soil, lower yield was obtained (by 9,5
tha–1).
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Years

2000 2001

Growing season precipitation. lm–2 148 683

Vegetation rainfall lm–2 132 237

ETP 635 584

ETR 208 444

Deficiency 427 140

Surplus 0 239 (IV-80; VI-115)

Root yield tha–1 33,5 39,3

Sugar yield tha–1 4,4 4,4

Graph. 3. Influence of nitrogen distribution in the soil profile and weather conditions
on sugar beet root yield



With the highest phosphorus content in the soil, root yield decreased by
3.8 tha–1, while with the highest potassium content it decreased by 2,5 and 5,4
tha–1.

Yield stability is secured when mineral nitrogen in spring is positioned at
30—90 cm depth.

With correct distribution of mineral nitrogen in the soil profile, the yield
can be increased by 18,6 tha–1.

Optimal and stabile yields can be achieved with fertilization based on
cultural practice soil analyses.
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ZNAÅAJ AGROTEHNIKE I AGROEKOLOŠKIH USLOVA
ZA FORMIRAWE PRINOSA I KVALITETA ŠEÃERNE REPE

U VOJVODINI

Branko J. Marinkoviã, Jovan Z. Crnobarac
Poqoprivredni fakultet, Trg Dositeja Obradoviãa 8,

21000 Novi Sad, Srbija i Crna Gora

Rezime

Prinos biqaka predstavqa pravilno usaglašene zahteve gajene biqke sa
agroekološkim uslovima regiona.

Ðubrewem šeãerne repe prave se najveãe greške i kod ove agrotehniåke
mere najveãi su gubici.

Posmatrano u celini za NPK hraniva, u proizvodnim uslovima, zbog nedo-
statka hraniva gubici su od 2,1 do 14,9 tha–1, a zbog suviška hraniva smawewe
prinosa je od 5,8 do 18,9 tha–1. Gubici u kvalitetu korena su takoðe znaåajni.
Smawewe sadrÿaja šeãera varira od 0,2 do 0,9%, iskorišãewe šeãera od 0,3
do 7,6% i ukupan gubitak šeãera od 380 do 1060 kgha–1.
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STUDY OF SUGAR BEET VIRUSES TRANSMITTED BY
POLYMYXA BETAE IN THE CZECH REPUBLIC*

ABSTRACT: Sugar beet viruses transmitted by Polymyxa betae are very widespread
in the Czech Republic. Beet soil-borne virus (BSBV) is present in almost all fields used for
sugar beet growing, beet virus Q (BVQ) is present in about 50% of fields but beet necrotic
yellow vein virus (BNYVV) is present in some limited regions only. It means that mixed
infections of sugar beet by at least two viruses are quite common in the field. P. betae also
occurs in almost all fields where sugar beet is now grown. Only two populations of P. be-
tae not transmitting any virus were found. Cystosori of P. betae can harbour viruses
without loosing infectivity for a very long time. We were able to detect these viruses in
plants grown in soil stored dry for 12 years. BNYVV can cause serious yield losses under
mideuropean conditions reaching up to 50% of sugar yield, whereas harmfulness BSBV and
BVQ is questionable, because they also occur in fields with no problems concerning sugar
beet growing. The host range of these viruses was studied. Both infect all types of beet (su-
gar, fodder, red beet, mangold) and spinach and usually are detectable in root system only.
Other chenopodiaceous plants are infected only by some virus strains. These strains are also
able to spread into above-ground parts of plants.

KEY WORDS: sugar beet, Polymyxa betae, beet soil-borne virus, beet virus Q, beet
necrotic yellow vein virus

INTRODUCTION

BNYVV causes serious disease of sugar beet, rhizomania. It was origi-
nally described in Italy (C a n o v a, 1959) but now it is present in sugar beet
areas all over the world (A s h e r and D e w a r, 1999). Losses can reach mo-
re than 50% of root yield. Sugar content is usually substantially decreased as
well as sugar extractability because of higher content of alkaline elements
( H e i j b r o e k, 1989). Its presence in the Czech Republic was first confirmed
in 1993 (K o n e c n y, 1994).
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BSBV was first found by I v a n o v i å and M c F a r l a n e (1982) in
England and further described by H e n r y et al. (1986). It is widespread in
sugar beet growing areas all over the world (P r i l l w i t z and S c h l o s s e r
(1992), L i n d s t e n (1991), T u r i n a et al. (1996). The virus is transmitted
by soil protist Polymyxa betae (I v a n o v i å et al., 1983) and meets the crite-
ria to be included into genus Pomovirus (H u l l, 2002). The host range of
BSBV was studied by H e n r y et al. (1986) using mechanical inoculation of
leaves of tested plant species. BSBV can probably spread systemically in cer-
tain hosts after mechanical inoculation but no data are available concerning
host range and spreading in plants after natural transmission by P. betae.
BSBV was reported to reduce fresh weight of young plants (K a u f m a n n et
al., 1993) and to increase losses caused by BNYVV in pot experiments. Ne-
vertheless, no data are available about direct losses in field conditions.

BVQ was originally considered to be a serologically distinct strain from
BSBV, but finally K o e n i g (1998) proved its different RNA composition
substantiating its separation from BSBV. The host range of BVQ is supposed
to be similar to that of BSBV but in fact no data are available. The situation is
the same concerning knowledge about BVQ distribution in infected plants.

MATERIALS AND METHODS

Survey of soil-borne viruses

100 soil samples were taken from fields where sugar beet is really grown,
including the fields with rhizomania occurrence in the past and with no pro-
blems concerning sugar beet growing. Altogether, about 5 kilograms of soil
was taken on several sites from each field. Sugar beet baiting plants (cv. Stef-
fi) were sown into pots with soil samples, those were placed into climatized
room, exposed to 16 hours of light (22°C) and 8 hours of dark (18°C). After
six weeks, roots of baiting plants were harvested, washed and examined by
optical microscope for the presence of cystosori of P. betae. If they were fo-
und, roots were tested for the presence of viruses. If not, plants were harvested
and examined after additional two weeks. Some soil samples taken 12 years
ago and stored dry at naturally changing temperature were also retested.

Detection of viruses

The testing of baiting plants for the presence of BNYVV was done by
ELISA test using antibodies from Loewe Biochemica. BSBV was tested using
antibodies from prof Lindsten (Uppsala, Sweden) and from DSMZ Braun-
schweig and BVQ by antibodies from Braunschweig. All these tests were per-
formed according to the protocols provided by manufacturers of antibodies.
Moreover, both BSBV and BVQ were tested by RT PCR as described by
Z o u h a r et al. (2000).
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Studies of host range and spreading of viruses in plants

From all soil samples, three (A, B, C), containing both BSBV and BVQ
were further used for host range studies. Baiting plants of different species
from the families Chenopodiaceae, Caryophyllaceae and Amaranthaceae were
sown into soil and their roots were subsequently tested by RT PCR as descri-
bed above. If viruses were confirmed in roots, hypocotyls and leaves were also
tested. Positive results from RT PCR were confirmed by mechanical inocula-
tion of Chenopodium quinoa leaves using HEPES buffer, pH 7.5 containing
5% of polyvinylpyrrolidone. Local lesions from C. quinoa leaves were also te-
sted by RT PCR and subsequent mechanical passages on C. quinoa leaves
were made.

RESULTS

Survey of soil-borne viruses

Cystosori of P. betae were found in all but 2 soil samples taken during
the survey. BSBV was proved to be very widespread as it was present in 96
samples. BVQ was confirmed in 48 samples, mostly together with BSBV.
Only one sample contained BVQ alone. BNYVV was confirmed in only 20
samples from fields where it had already been confirmed by State Phytosani-
tary Administration. This means that in some samples, sugar beet is infested
by two, sometimes by three viruses (all BNYVV containing samples). Both
BSBV and BVQ were readily detected in baiting plants from samples taken 12
years ago.

Host range

In soil samples A and B, all varieties of sugar (8), red (3), fodder (3) beet,
spinach (15) and mangold (3) were infected by BSBV and BVQ. Both viruses
were confined to roots only. No other species were infected (Beta patellaris,
Chenopodium album, C. amaranthicolor, C. bonus-henricus, C. ficifolium, C.
foetidum, C. hybridum, C. murale, C. polyspermum, C. quinoa, C. ugandae, C.
urbicum, C. vulvaria, Amaranthus blitoides, A. lividus, A. retroflexus, A. trico-
lor, Atriplex lampa, A. calotheca A. hortensis, A. procera, A. sagittata, Celosia
argentea, C. cristata, Tetragonia expansa).

In sample C, some species apart from beets and spinach were also infec-
ted. C. vulvaria was infected by both BSBV and BVQ, whereas C. murale
was infected by BSBV only. C. quinoa was sometimes infected by BSBV and
sometimes by BVQ only (Figure 1).
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Spreading of viruses in plants

In samples A and B, BSBV and BVQ have never been confirmed in abo-
ve-ground parts. On the contrary, in sample C, viruses were also present in
hypocotyl and leaves of sugar beet, spinach and C. vulvaria as revealed by RT
PCR (Figure 2) and for BSBV, also proved by mechanical inoculation of C.
quinoa leaves. When local lesions were tested by RT PCR, only BSBV was
proved. After mechanical inoculation of C. quinoa leaves from systemically
infected material, mainly rather compact chlorotic and later necrotic local lesi-
ons formed (Figure 3). After subsequent passage, mainly vein banding with
some necrotization appeared (Figure 4).
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M Markers
1. Negative control
2. Positive control of BSBV and BVQ
3. C. quinoa
4. C. vulvaria
5. C. album
6. C. urbicum
7. C. murale
8. Amaranthus tricolor
9. Spinacia oleracea

10. A. blitoides

Fig 1. Host range testing of roots of baiting
plants by RT-PCR
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A B
M Markers
1. Negative control
2. Positive control of BSBV and BVQ
3. Lambada roots San Marco roots
4. Lambada hypocotyl San Marco hypocotyl
5. Lambada leaves San Marco leaves
6. Carambole roots Matador roots
7. Carambole hypocotyl Matador hypocotyl
8. Carambole leaves Matador leaves

Fig. 2. Results of testing of spinach varieties by RT-PCR

Fig. 3. BSBV local lesions on C. quinoa plants after mechanical inoculation
with homogenate from sugar beet roots. Healthy leaf on the left



DISCUSSION

Our survey of soil-borne viruses of sugar beet in the Czech Republic re-
vealed that Polymyxa betae, as a vector of some soil-borne viruses is present
in almost all fields where sugar beet is grown. BSBV is almost omnipresent,
as well. This is in agreement with some studies in other countries like Belgi-
um and Italy (L e g r e v e et al., in press; R u b i e s A u t o n e l l et al., in
press). At the same time, it becomes evident that the impact of this virus on
sugar beet yield is rather low, if any, because it occurs on fields with no pro-
blems concerning sugar beet growing, even when some interactions with other
viruses, mainly BNYVV also appear. BNYVV is present in some, until now
restricted areas in the Czech Republic (east of Prague and mainly Central Mo-
ravia). Long-term ability of P. betae to harbour viruses it transmits was confir-
med as both BSBV and BVQ were detected in samples taken 12 years ago.

BSBV and BVQ are generally able to infect naturally sugar, red, fodder
beet, mangold and also spinach. It seems that some strains only are also able
to infect other chenopodiaceous species like C. vulvaria, C. quinoa and C. mu-
rale. According to H e n r y et al. (1986) C. album, C. amaranthicolor, C. fo-
etidum, C. murale, C. polyspermum and C. quinoa can be infected by mecha-
nical inoculation of leaves. However, from these species only C. quinoa and
C. murale were infected by P. betae zoospores in our experiments. Some of
them are not infected by P. betae at all, others, like C. album, may be immune
to infection via roots or the concrete forma speciales of P. betae is not able to
transmit the viruses. At the same time, these virus strains are also able to
spread into above-ground parts of plants. Further studies are needed to disco-
ver the reason(s) for these differences. Another interesting thing is the change
of the character of symptoms caused by BSBV between the first and second
passage on C. quinoa leaves. Maybe, there are some deletions in virus RNA
that are causing this change of symptoms and finally loss of infectivity as it is
known from the case of BNYVV (B o u z o b a a et al., 1991).
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Fig. 4. Vein banding on C. quinoa plants after subsequent mechanical
inoculation with homogenate from local lesions
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PROUÅAVAWE VIRUSA ŠEÃERNE REPE KOJE PRENOSI
POLIMYXA BETAE U ÅEŠKOJ REPUBLICI

Pavel Risanek, Ihmed Homa
Departman za zaštitu biqa, Åeški poqoprivredni univerzitet,

Prag, Åeška republika

Rezime

Virusi šeãerne repe koje prenosi Polymyxa betae su u Åeškoj Republici
široko rasprostraweni. Virus šeãerne repe koji se prenosi zemqištem (BSBV)
je prisutan u skoro svim poqima gde se šeãerna repa gaji, Q virus šeãerne repe
(BVQ) je zastupqen na oko 50% poqa, dok je virus nekritiånog ÿutila nerava
šeãerne repe (BNYVV) prisutan samo u nekim, ograniåenim oblastima. To zna-
åi da su mešovite zaraze šeãerne repe sa bar dva virusa uobiåajene u poqu. P.
betae se pojavquje i u skoro svim poqima na kojima se šeãerna repa sada gaji.
Našli smo samo dve populacije P. betae koje ne prenose ni jedan virus. Cistoso-
rusi P. betae mogu da sadrÿe viruse koji infektivnost ne gube tokom veoma dugog
vremenskog perioda. Bili smo u moguãnosti da otkrijemo ove viruse u biqkama
uzgajanim u zemqi, uksladištenim na suvom tokom 12 godina. BNYVV moÿe da
prouzrokuje ozbiqne gubitke u prinosu u uslovima sredwe Evrope, koji dostiÿu
do 50% gubitka prinosa šeãera. Štetnost BSBV i BVQ je pod znakom pitawa
jer se oni pojavquju i na poqima na kojima nema problema kod uzgoja šeãerne
repe. Razvijen je PCR metod za otkrivawe i diferencijaciju BSBV i BVQ u jed-
noj reakciji. Prouåavan je krug domaãina ovih virusa. Oba zaraÿavaju uglavnom
sve tipove repe (šeãerne, stoåne, crvene) i spanaãa i obiåno se mogu otkriti
samo u korenovom sistemu. Druge biqke iz familije Chenopodiaceae su zaraÿene
samo nekim sojevima virusa. Ovi sojevi mogu da se prošire i na nadzemne de-
love biqke. Elektronska mikroskopija, uz pomoã metoda obeleÿavawa antitela
zlatom, otkrila je da se BSBV pojavquje u lisnom tkivu mehaniåki inokulisane
Chenopodium quinoa u karakteristiånim inkluzijama formiranim od nekoliko
åestica poreðanih jedna pored druge. Bez obzira na to, do sada u tkivu korena
nismo uspeli da ih naðemo.
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THE MOST IMPORTANT PATHOGENS
TRANSMITTED BY SUGAR BEET*

ABSTRACT: Pathogenic fungi and viruses transmitted by sugar beet seed represent a
complex group of organisms. Detection of these pathogens is an important issue in sugar
beet protection. Their identification is a difficult task because the most available methods
rely on the growth characteristics, morphological and biochemical criteria. Three domestic
and eight foreign sugar beet varieties, from Germany, Italy and Greece were included in the
investigation. Seed health testing was performed in laboratory and in field conditions. Du-
ring the trials, the following methods were used: blotter method, agar plate method and
ELISA test for viruses. Seeds were incubated in “Conviron" aparatus at 22°C which is sui-
table for sporulation of different kind of fungi (light and temperature were adjustable). The
appereance of following fungi was noted during incubation: Pleospora bjoerlingii (Phoma
betae), Fusarium spp., Pythium spp. Aphanomyces cochlioides and Cercospora beticola. Vi-
ruses tested by ELISA test were beet necrotic yellow vein virus (BNYVV) and beet yellows
virus (BYV). Viruses were tested in sugar beet seedlings grown in laboratory conditions
and on leaves of individual plants from the field. The disease index was calculated on the
basis of intensity of infection of plants for Cercospora beticola and Phoma betae according
to Mc Kinney's formula. Results were presented by graphs, tables and original photos.

KEY WORDS: ELISA test, leasf spot, seed-borne, sugar beet, diseases, viruses

INTRODUCTION

More than 90% of food in the world is produced from the seed. Seed it-
self often presents the basic source of parasite inoculum. The reasons for gi-
ving such attention to pathogens are ever more increasing exchange of seed
material and the danger of spreading of new pathogens to those parts of the
world where they were not found previously. The exchange of seed material
contributed to increased number of seed-borne pathogens. Viruses found in
field and vegetable crops only recently gained importance. Economic impor-
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tance of seed-borne parasites led to altered attitude of developed countries to-
wards phytopathology and the seed-borne pathogens. Now, special attention is
paid to problems related to quarantine, seed quality determination and chemi-
cal protection. Seed certification has become the part of integral management
system in plant protection (M i l o š e v i ã, 2001).

Regular control of seed health on the presence of quarantine and econo-
mically harmful organisms, in the laboratory and in the quarantine field is ne-
cessary due to the increased import of sugar beet seed from different parts of
the world. Continual quarantine and post-quarantine supervision is the basis
for well developed and stable production as well as for the protection of do-
mestic varieties from uncontrolled import.

Sugar beet seed plays an important role in seed certification scheme. Due
to economic importance of this plant species, it is important to be familiar
with harmful organisms attacking its seed. The most common sugar beet
seed-borne parasites are Pleospora bjoerlingii B y f o r d (an. Phoma betae
B j o e r l i n g) — Phoma leaf spot and damping off; Peronospora farinosa
(Fr.) Fr. f. sp. betae B y f — downy mildew; Cercospora beticola S a c c. —
Cercospora leaf spot; Ramularia beticola F a u t r. et L a m b. — Ramularia
leaf spot; Uromyces betae (P e r s.) L e v. — sugar beet rust; Alternaria tenuis
N e e s. — Alternaria leaf spot; Fusarium oxysporum — Fusarium yellows;
beet necrotic yellow vein virus (BNYVV); beet yellows virus (BYV).

Beet necrotic yellow vein virus is a quarantine parasite listed on the A2
EPPO list No. 160 (OEPP/EPPO, 1988). It is also listed in Rules on health
examination of crops and objects for production of seed, seedlings and plan-
ting material and health examination of seed, seedling and planting material
(Official register of SRJ, 66/99). Beet yellows virus, Peronospora farinosa and
Phoma betae are also listed as economically significant parasites.

Effective protection of crops from those above mentioned diseases could
be achived by complex mesaures in which cultivation practice, the introduction
of tolerant varieties into production and the application of fungicides are inclu-
ded (M a r i ã and J e v t i ã, 2001).

MATERIAL AND METHODS

The appearance of quarantine and economically harmful parasites of su-
gar beet on domestic and foreign varieties was observed. Three domestic and
eight foreign sugar beet varieties from Germany, Italy and Greece were inclu-
ded in the investigation. Domestic varieties were marked as S1, S2 and S3;
those from Germany as N1, N2, N3 and N4; those from Italy as I1, I2 and
from Greece as G1 and G2. Testing was done both in the field and in the la-
boratory.

Laboratory testing

Seed health testing was done in laboratory conditions in the National la-
boratory for seed testing as a part of regular testing of samples from domestic
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trade and import. Blotter method, method of nutritive media and ELISA test
were used as laboratory tests.

Pelleted seed was previously washed in order to remove preparation and
initiate the development of seed-borne parasites. The seed for testing on blotter
and nutritive media were initially prepared by immersing in 1% NaOCl solu-
tion for 5 minutes. After that, the seed was washed (3 times) in sterile water,
dried and placed into previously prepared Petri dishes. Ten seeds, from 400
were placed into each Petri dish. The incubation of seed on blotter and potato
dextrose agar was done in sterile conditions in Petri dishes for 7 days at 22°C
(ISTA Rules, 2002) using alternating light cycle (12h NUV/12h of dark, “Con-
viron" apparatus). Upon incubation, each seed was observed under a stereo
microscope and present pathogens were determined (M a t h u r and K o n g s -
d a l, 2003).

Viruses were identified using serological method (Enzyme immuno-ad-
sorbtion ELISA test). Samples were tested in two stages. In the first stage, the
seed was germinated in sterile boxes and ELISA test was done using obtained
sugar beet seedlings. In the second stage, the samples of leaves from field
were used. Forty-five seedlings from one variety and 45 leaves from individual
plants were tested for both viruses.

Table 1. — ELISA test for BNYVV and BYV

Procedure Reagent Time of
incubation

Incubation
temperature

Number of
washing

Incubation
of the antybody

(NUNC-96 plates)

IgG dilution 1:200
in coating buffer 4 h 37°C 4x

Forming of the
antibody-antigen

complex

Extraction of samples
(seedling) in

buffer-relation 1:20
Over night 4°C 5x

Application
of the antibody
AP-conjugate

AP-conjugate
diluted 1:200 in
extraction buffer

4 h 37°C 5x

Enzymic assay Substrate solution 1—2 h Room
temperature —

Reagents of beet necrotic yellow vein virus BNYVV and beet yellows vi-
rus (BYV) (LOEWE Biochemica GmbH, Germany), Kit Complete consisting
of antibody, conjugate, positive and negative control were used. Automatic
ELISA reader, Multiskan Ascent at 405 nm was used for reading of Nunc pla-
tes with 96 wells.

Field testing

The survey was conducted in 2005 at Rimski Šanåevi testing field 1
(quarantine field of National laboratory for seed testing). Chosen varieties
were sawn in the first part of April (2005-04-04). Each sample was sawn in
two rows using sawing machine for micro trials. Rows were 10 m in length
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with 70 cm distance between the rows. Fungicide treatments were not used du-
ring vegetation period. Disease intensity was evaluated by exemination of indi-
vidual plants (each fifth plant) according to scale of 0—9. Disease index was
calculated on the basis of the intensity of leaf spot diseases according to Mc
Kinney's formula.

I — disease index
a — number of exeminated plants
b — number of categories (0—9)
k — total number of plants
10 — number of categories

I
axb

kx
x�

� ( )

10
100

RESULTS

Results of laboratory testing

Results of laboratory testing on blotter and nutritive media are shown in
graphs 1 and 2. Total percentage of seed infection ranged from 2—5% on
blotter, and from 4—7% on nutritive media. Aphanomyces cochlioides and
Pythium sp. were not found in sugar beet samples.
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Graph. 1 — Percentage of sugar beet infection caused by Fusarium sp., Phoma betae and
Cercospora beticola on blotter



According to obtained results of ELISA test (Table 2) for sugar beet see-
dlings, all tested samples were healthy.

Table 2 — Range of absorption values obtained by DAS ELISA test for beet necrotic yellow vein
virus (BNYV) and beet yellows virus (BYV) (from seedlings)

Variety Beet necrotic yellow vein virus
(BNYV)

Beet yellows virus
(BYV)

S1 0,074—0,092 0,055—0,111

S2 0,072—0,137 0,041—0,131

S3 0,093—0,134 0,043—0,132

N1 0,076—0,127 0,052—0,121

N2 0,076—0,116 0,051—0,109

N3 0,089—0,133 0,062—0,100

N4 0,083—0,134 0,044—0,110

I1 0,085—0,125 0,055—0,121

I2 0,070—0,122 0,066—0,133

G1 0,072—0,124 0,067—0,119

G2 0,072—0,103 0,058—0,128

Positive control 1,295 0,768

Negative control 0,137 0,118

Results of laboratory testing

According to ELISA test (Table 3) results obtained from sugar beet lea-
ves, all tested samples were healthy.
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Graph. 2 — Percentage of sugar beet seed infection caused by Fusarium sp., Phoma betae and
Cercospora beticola on nutritive media (PDA)



Table 3 — Range of absorption values obtained by DAS ELISA test for beet necrotic yellow vein
virus (BNYV) and beet yellows virus (BYV) (from leaves of individual plants from field)

Variety beet necrotic yellow vein virus (BNYV)
(rhizomania) (BNYV)

beet yellows virus
(BYV)

S1 0,081—0,103 0,083—0,103

S2 0,086—0,098 0,089—0,098

S3 0,099—0,112 0,089—0,112

N1 0,101—0,129 0,110—0,129

N2 0,123—0,135 0,111—0,125

N3 0,078—0,141 0,088—0,121

N4 0,085—0,138 0,086—0,118

I1 0,111—0,139 0,101—0,124

I2 0,127—0,130 0,066—0,115

G1 0,106—0,145 0,076—0,125

G2 0,110—0,132 0,100—0,128

Positive control 1,301 0,833

Negative control 0,150 0,121

The high percentage of infection caused by Cercospora beticola ranging
from 19—60% was noticed based on the results of index of diseases (Graph.
3), while Phoma betae was present in much smaller percentage, from 10—
25%
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Graph 3 — Index of diseases according to Mc Kinney's formula for causal agents
of beet leaf spot



Symptoms of sugar beet leaf spot (Cercospora beticola and Phoma be-
tae) are shown on figure 1 and 2. C. beticola causes appearance of tiny, round,
grey spots with dark red tissue zone on the edge of sugar beet leaf (Figure 1).
P. betae forms large round concentrically zoned spots, often with cracked tis-
sue in the centre (Figure 2).

DISCUSSION

Sugar beet seed health testing (blotter and nutritive media) revealed the
presence of parasitic fungi Phoma betae and Cercospora beticola, and fungi
from Fusarium genus. Total percentage of infection ranged from 2—5%. From
obtained results, it can be seen that Fusarium was present on most of the vari-
eties except on N2 and I2. Phoma betae was found on two tested varieties: I2
and G2 and the percentage of infection did not exceed 1%. Cercospora betico-
la was not found in domestic variety S1 and the percentage of infection in ot-
her varieties ranged from 1—3%.

Nutritive media method revealed the presence of seed parasites in appro-
ximately the same percentage as in the method on blotter. Obtained percentage
of infection is the result of chemical treatment (pelleted seed) and does not
significantly influence disease level on plants in the field (R i c h a r d s o n,
1990).

According to results obtained by ELISA automatic reader at 405 nm, all
tested seed samples (seedlings) were negative for both BYV and BNYV,
which was also confirmed by comparison of obtained values with positive and
negative controls. ELISA test is used as one of serological procedures for pat-
hogen identification. This method is a modern technique in seed health testing
(M a c h a d o et al., 2002). High reliability and speed of pathogen detection
are major elements in many areas where efficient and precise analyses and re-
sults presentation is needed. This method is recommended as an efficient and
reliable for determination of latent infections when import consignments are in
question. This is especially significant since the possibility of transmission of
beet yellows virus by seed is mentioned in the literature (N e e r g a a r d,
1979). It is also known that virus of rhizomania can be indirectly transmitted
by seeds coated with residues of infected beet or soil parts (Š u t i ã, 1995). In
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spite of different opinions on seed virus transmission, those in charge of sugar
beet import should check the seed on the presence of beet yellows virus and
beet necrotic yellow vein virus in a laboratory and check crops prior to main
aphids flight in the field (group of authors, 1980).

ELISA test was also used for samples of individual plants from the field
(parts of leaf were taken). Viruses were not found in analyzed samples. Con-
centration of viruses is usually very unequal and content of viruses and their
concentration is higher in older leaves (A g r i o s, 1997). Beet necrotic yellow
vein virus and beet yellows virus are mainly found in phloem, although they
can be found in other plant parts too (leaf) (Š u t i ã, 1995). These viruses can
be transmitted during vegetation period from overwintered infection sources,
such as some weeds, mangel or fodder rape pits, self seeded plants etc. Virus
vectors are aphids Myzus persicae and Aphis fabae. Intensity of infection de-
pends on density of aphid population and sources of infection, especially those
close to sugar beet field.

Field trials were observed during vegetation period. Seedling decline was
not found in the stage of sugar beet emergence due to fungicide treatment
(pelleted seed). Mini-pelleting and pelleting of sugar beet seed is a technologi-
cal procedure in seed processing when seed is covered with several different
micro and macro substances, growth stimulators, fungicides and insecticides
( K a w a k a t s u et al., 1998).

Meteorological conditions during vegetation period and especially quan-
tity and schedule of precipitation influenced intensity of appearance of leaf di-
seases during 2005. No chemical fungicide treatment was used during sugar
beet vegetation period. Sugar beet in isolation was sown on the bordering plot
(0,1 ha) in the previous year (2003/04) which could be the source of initial pa-
rasite inoculum. High percentage of appearance of leaf diseases is the result of
combination of above mentioned factors. The greatest values of disease index
for Cercospora beticola (60%) were found for I1 and G2 varieties, while the
smallest index was found for domestic varieties S1 and S2 (20%). Phoma be-
tae was found in much lesser percentage, ranging from 10—25%.

Optimal conditions for plant infection are temperature at around 25°C and
relative humidity exceeding 95%. By cultivating tolerant variety and using re-
gular agrotechnical measures and chemical protection, the intensity of appea-
rance of sugar beet leaf diseases is decreased. Infected seed could be a poten-
tial source of inoculum, but infected residual debris, poor agrotechnical measu-
res and irregular crop rotations make even greater threat. Infected leaves left
on field are the most significant source of infection, so regular crop rotation
has great influence on disease development.

Regular expert seed health control related to quarantine and economically
harmful organisms, done in the acredited laboratories is the basis for high and
stable yields besides proper agricultural measures and the application of che-
mical preparations.
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EKONOMSKI NAJZNAÅAJNIJI PARAZITI KOJI SE PRENOSE
SEMENOM ŠEÃERNE REPE

Mirjana B. Miloševiã, Maja V. Igwatov i Slaðana S. Mediã-Pap
Nacionalna laboratorija za ispitivawe semena, Maksima Gorkog 30,

21000 Novi Sad, Srbija i Crna Gora

Rezime

Patogene gqive i virusi koji se prenose semenom šeãerne repe predsta-
vqaju kompleksnu grupu organizama. Ispitivawe ovih patogena je veoma znaåaj-
no u zaštiti šeãerne repe. Wihova identifikacija je dosta sloÿena zbog toga
što se mnoge dostupne metode odnose na karakteristike porasta, morfološke i
biohemijske osobine. U ispitivawa su bile ukquåene tri domaãe i osam stra-
nih sorti šeãerne repe poreklom iz Nemaåke, Italije i Gråke. Ogledi su izve-
deni u laboratoriji i u poqu. Zdravstveno stawe semena odreðivano je u labora-
torijskim uslovima. U toku rada korišãene su sledeãe metode: filter papir
metod, metod hranqive podloge i ELISA test na prisustvo virusa. Seme je inku-
birano u termostatima na 22°S i u „Conviron" aparatu gde postoji moguãnost
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podešavawa svetlosti i temperature, potrebnih za sporulaciju razliåitih gqi-
va. Tokom inkubacije praãena je pojava sledeãih parazitnih gqiva: Pleospora
bjoerlingii (Phoma betae), Fusarium spp., Pythium spp., Aphanomyces cochlioides i
Cercospora beticola. Virusi su ispitivani ELISA testom i to: Virus nekrotiå-
nog ÿutila nerava šeãerne repe (Beet necrotic yellow vein virus BNYVV) i Virus
ÿutice šeãerne repe (Beet yellows virus BYV). Virusi su analizirani iz poni-
ka dobijenih naklijavawem u laboratorijskim uslovima i iz lista pojedinaånih
biqaka u poqu. Na osnovu intenziteta zaraze biqaka u poqu izraåunat je indeks
oboqewa za gqive Cercospora beticola i Phoma betae prema Mc Kinney-evoj for-
muli. Dobijeni rezultati predstavqeni su grafikonima, tabelama i original-
nim fotografijama.
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ROOT ROT OF SUGAR BEET IN THE
VOJVODINA PROVINCE*

ABSTRACT: Large changes introduced in the sugar beet production technology in
the Vojvodina Province over last 40 years resulted in changes in the etiology and harmful-
ness of different agents of sugar beet root diseases. Improvements in cultivation practices
reduced the harmfulness of some diseases while increased the harmfulness of others. Some
disease agents became obsolete, but others gained importance. New agents of root diseases
were found. The most frequent damages, persisting over long periods of time were caused
by seedling damping-off, Fusarium root rot, charcoal root rot, parasitic (Rhizomania) and
non-parasitic root bearding. The parasitic damping-off, caused by several fungal species but
most frequently by Phoma betae occurred at the time when multigerm seeds were used in
combination with extensive cultural practices. The agents of seedling diseases completely
lost their significance as the consequence of switching to fungicide — treated monogerm
seeds, earlier planting and improved soil tillage. In the period of intensive use of agricultu-
ral chemicals, seedling damping-off occurred frequently due to the phytotoxic action of che-
micals (insecticides, herbicides and mineral fertilizers). In some years, frosts caused dam-
ping-off of sugar beet seedlings on a large scale in the Vojvodina Province. Poor sugar beet
germination and emergence were frequently due to spring droughts. Sometimes, they were
due to strong winds. The occurrence of Fusarium root rot and charcoal root rot intensified
on poor soils. Fusariosis symptoms were exhibited as plant wilting and different forms of
root rot. In recent years, root tip rot has occurred frequently in the first part of the growing
season, causing necrosis and dying of plants. Lateral roots tended to proliferate from the he-
althy tissue, giving the root a bearded appearance similar to Rhizomania. Fusarium oxyspo-
rum was the most frequent agent of this fusariosis. F. graminearum, F. equiseti, F. solani
have also been identified in recent years as the agent of root rot, but its importance was
much lower. Charcoal root rot and plant wilting (Macrophomina phaseolina) have caused
extensive damages in sugar beets, especially under the conditions of severe drought and
high temperatures in summer. In some years, it was the dominant agent of root rot. Mixed
infections caused by fungi from the genera Fusarium and M. phaseolina were encountered
frequently. The extent of damage caused by these diseases was reduced by improved pro-
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duction technology. Rhizomania of sugar beet (caused by beet necrotic yellow vein virus)
was identified in Serbia in the 1970s. Results of recent investigations have shown that
BNYVV is widespread in Vojvodina, since the virus was found on 36,7% (24,674 ha) of
acreages from 67,213 ha of total sugar beet acreages inspected on incidence of BNYVV in
the period from 1997 to 2004 year. In the last few years, the occurrence of Rhizoctonia root
rot (Rhizoctonia solani) was registered in some localities in Vojvodina.

KEY WORD: BNYVV, charcoal rot, etiology, Fusarium spp., root rot, Macrophomi-
na phaseolina, sugar beet, Vojvodina

INTRODUCTION

In the last four decades, great changes occurred in sugar beet production
in Vojvodina. New processing capacities were built and the areas covered with
sugar beet greatly increased. Sugar beet production spread onto unfavorable,
arid areas as well as on the areas characterized by poor soil conditions. The
technology of sugar beet production was constantly changing. Great amounts
of chemical substances were used and at one point, their uncontrollable appli-
cation in agricultural production was observed. Great amounts of mineral ferti-
lizers, soil insecticides and herbicides were applied into the soil surface. Crop
rotation was narrowed, thus, beet was often cultivated in two-crop rotation.
Due to such conditions, different sugar beet diseases occurred, which in some
cases, significantly influenced the yield and the quality of the product (M a -
r i ã and S t o j š i n, 2004).

MATERIALS AND METHODS

Collecting root samples

Sugar beet root rot was observed in several localities in Vojvodina and
was monitored during the period of vegetation from 1998 to 2004. In order to
determine and identify the agents of root rot and to study disease symptoms,
root samples characterized by rot symptoms were collected from several diffe-
rent localities. Roots were randomly chosen and the part of roots with charac-
teristic disease symptoms were used for isolating and determining the parasi-
tes, causal agents of rot.

Fungi isolation

Fythopathological isolations were conducted in standard way in Petri dis-
hes on nutritive potato-decstrose agar medium and then incubated at 25°C for
fungi isolation. After the colonies had been developed, transplantation of isola-
tes was conducted in order to achieve pure cultures and determine the fungi.

Fungi determination

Pure fungi cultures belonging to Fusarium genus were transplanted onto
the carnation medium (CLA) and exposed to special light, so called “black
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light", in order to trigger fructification. On the basis of fungi colony appearan-
ce, conidia and conidiophores as well as on the basis of chlamydospore crea-
tion, the determination of species was conducted (N e l s o n et al., 1983,
B u r g e s s et al., 1988, 1991).

Based on the morphological characteristics of vegetative and reproductive
organs, all other fungi species were determined (W h i t n e y and D u f f u s,
1989).

The investigation of NPK fertilization influence on the occurrence of root
rot and bearded root were conducted on the fields of Research Institute for Fi-
eld and Vegetable Crops, Novi Sad, Rimski šanåevi, over a 14-year period
(from 1989 to 2004, excluding 1999). Sugar beet is sown in four-year crop ro-
tation where plant species are rotated as follows: sugar beet, corn, sunflower,
and wheat. The influence of 20 variants of NKP nutritive is investigated in the
trial in four replications. Each year, the same plot is given the same amount
and ratio of mineral fertilizers, whereas plant species are rotated as mentioned
above. Mean values of root rot and bearded root, of yield on all fertilized vari-
ants relative to control as well as the amount of precipitation relative to the
vegetative period and corresponding years are presented in the paper (Table 1).
The influence of NPK nutritive on the intensity of the appearance of root rot
and bearded root are evaluated at the end of vegetation, during sugar beet har-
vesting. Ocular evaluation of 50 roots taken from each of the plots and ge-
notypes, the intensity of the occurrence was registered.

In order to investigate the soil infestation, the occurrence and distribution
of beet necrotic yellow vein virus, soil sampling was conducted. Samples were
taken in production areas of sugar beet refineries Vrbas, Crvenka, Ÿabalj, Baå,
Senta, Zrenjanin, Kovaåica, Nova Crnja and Peãinci, meaning Baåka, Banat
and Srem, three regions of Vojvodina where sugar beet is grown in our coun-
try, over the period of eight years (1997—2004). The number of hectares in-
spected on the presence of virus relative to years and regions is presented in
Table 1. In order to determine the presence of virus and its distribution in the
soil, from each 10 ha, one average soil sample was taken. Individual soil sam-
pling was done by bin samplers at the depth of 30 cm according to the prede-
termined plan (chess system) at every 10 ha. Plastic dishes of the volume 1 1
were filled with the collected soil samples. Then, sensitive variant, Delta was
sown into these dishes. Dishes were kept in glasshouse for six weeks. After
six weeks, emerged sugar beet plants were collected from the ground, the root
was taken and the average sample was made in order to be tested on the pre-
sence of the virus. The presence of beet necrotic yellow vein virus was confir-
med by enzyme-linked immunosorbent assay, (C l a r k and A d a m s, 1977),
DAS-ELISA-test. For these tests, IgG and IgG-konjugate anti-bodies of beet
necrotic yellow vein virus were used, produced by “Bioreba", Basel. Healthy
beet root grown in the same way on sterile soil was used as the negative con-
trol.
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RESULTS

Seedling damping-off

Seedling damping-off and crop thinning occurs every year in Vojvodina
to a higher or lesser extent, depending on the number of agroecological fac-
tors.

Parasitic damping-off

In the course of many-year studies of harmful population of phitopatho-
genic fungi, it was determined that on the diseased seedlings seed transmitted
or soil borne fungi are dominant (M a r i ã, 1963). Concerning the frequency
and pathogenicity, Phoma betae is considered to be the most important causal
agent of sugar beet seedling damping-off. The main resource of inoculum was
the seed. Temperature and soil humidity are the basic pre-conditions for the
occurrence of parasitic seedling damping-off. Temperatures above 20°C are
extremely favorable for the development of the mentioned parasites, thus, pa-
rasitic seedling damping-off rarely occurs with early sowing. The weakening
of seedlings due to droughts causes stronger fungi attacks belonging to Fusa-
rium genus. Seed quality has a great influence on the occurrence of seedling
damping-off. Healthy seed, characterized by good germination and germination
viability are basic pre-conditions of achieving strong, vital seedlings which at
the same time are resistant to parasitic damping-off. Technical processing of
seed removes the pericarp layer and the greatest part of harmful micro flora
with it (M a r i ã and S t o j š i n, 2004).

Non-parasitic damping-off

With the transfer to using monogerm seed and with the intensive applica-
tion of chemical substances, important changes occurred in the etiology of seed-
ling damping-off. Non-parasitic causes of this disease like crust soil, drought,
frost, toxic effect of herbicides, insecticides and mineral fertilizers are met mo-
re often (M a r i ã and S t o j š i n, 2004).

Root rot

Fusarium species are dominant causal agents of sugar beet root rot in
Vojvodina (65,8%). Species Macrophomina phaseolina (10,1%), Alternaria
spp. (10,5%), Rhizoctonia solani (4,7%) and other fungi genera are registered
in much lesser percentage (Figure 1).
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Fusarium root rot (Fusarium spp.)

General opinion is that root rots in our conditions are caused by fungi be-
longing to Fusarium genus (M a r i ã, 1992, S t o j š i n, Vera, 2001, J a s n i ã
et al., 2001, S t o j š i n, Vera et al., 2002, J a s n i ã et al., 2004, M a r i ã,
S t o j š i n, Vera, 2004). According to almost all the authors, the decisive fac-
tor influencing the occurrence of the disease are ecological conditions during
vegetation. The disease is occurs more intensively in the years with dry sum-
mers. The weakening of plants in the conditions of high soil and air drought
leads to the intensified appearance of parasites on root hair and side roots,
especially on the poor soil types and in the conditions of low nutrition of
plants. Leaf chlorosis and plant wilting are visible symptoms appearing in the
second part of beet vegetation. Surface root tissues become gray-brownish in
colour and soften and rot in humid conditions. Over the last years, rot of the
root tail was noticed which deteriorates in the first part of vegetation. Concer-
ning the healthy tissue, proliferation of side roots and bearded root often appe-
ars. Fusarium oxysporum is the dominant causal agent of root rot. Over the
last years, as causal agents of rot the following species were also determined:
F. solani, F. equiseti, F. proliferatum, F. semitectum, F. graminearum, but
their importance is almost insignificant.

Charcoal root rot

Macrophomina phaseolina T a s s i , G o i d a n i c h
(sin. Sclerotium bataticola T a u b. B u t l.)

M. phaseolina was the dominant causal agent of beet root rot and plant
wilting in Vojvodina in 1992 (S t o j š i n, 1993). Symptoms of the disease are
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revealed in wilting of the diseased plants. Infested tissues are gray-brownish or
black in colour with silver shine. Diseased rhizoderm gets thinner, breaks and
easily divides from other parts of tissue. Within rhizoderm, numerous fungi
microsclerotia are formed. Interior tissue of the infested root is of pith appea-
rance, yellowish and eventually brown-black in colour. Highly infested root in
dry conditions mummifies and in humid conditions, humid rot appears. Char-
coal rot develops more intensively in the conditions of intensive drought and
high temperatures during summer (M a r i ã and S t o j š i n, 2004).

Rhizoctonia root rot

Thanatephorus cucumeris (anamorf Rhyzoctonia solani)

Based on our research, it can be seen that Rhizoctonia solani is present
on fields where sugar beet is grown. In the last years, the intensive occurrence
of this parasite is registered (4,7%) (Figure 1). The first symptoms observed
on diseased plants are sudden chlorosis and leaf wilting. Later, black necrosis
of leaf stands appears, most frequently near the head of the root. Wilted leaves
die quickly, forming brown-black rosette from the dead leaves, which remains
during the whole period of vegetation. Root rot and head rot can be complete
or partial. On the infested root, brown or black areas are observed. They can
unify capturing most parts of the root or the whole root. Deep cracks often ap-
pear near the head of the root. In the humid conditions, softening of tissue ap-
pears as well as the symptoms of humid rot. The second type of symptoms on
the root is dry rot manifested with concentric, dark or light-brown areas.
Below the lesions, mycelium of the parasite is formed with distinctive margins
between healthy and infested tissue.

The influence of mineral nutrition on sugar beet
root rot and bearded root

Sugar beet root rot and bearded root occurred almost regularly, in conditi-
ons of different mineral nutrition of plants as well as in the control variant.
The most frequent appearance of these diseases was registered in very dry
years as 2000 was when root rot in fertilized variants was 89% and in the con-
trol 96% and bearded root 41,6% and 22%, which affected root yield (fertili-
zed treatments 44t/ha and control only 25t/ha) (Table 1). These diseases did
not occur in very favorable conditions for sugar beet growth (2004), when the
best yields were achieved. Root rot appeared more intensively in control vari-
ant of the trial and bearded root was more prominent on fertilized crops. In
this trial, drought was the most important factor of the appearance of the dise-
ases and low sugar beet root yield.
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Table 1. Intensity of root and root bearding in condition of different mineral nutrition during 14
year invastigation

Year 89 90 91 92 93 94 96 97 98 00 01 02 03 04 Ave-
rage

Root
rot
%

fertislised 0.0 5.8 3.3 19.1 1.4 2.1 4.3 0.9 2.1 89.0 0.0 0.7 0.0 0.0 9,2
non
fertilised 0.0 3.0 18.0 26.0 0.0 2.0 10.8 1.0 1.0 96.0 0.5 1.2 3.5 0.0 11,6

Bear-
ded
roots
%

fertislised 1.2 1.3 4.7 1.2 3.4 2.3 17.1 7.3 4.0 22.0 3.6 2.0 1.1 0.0 5,0

non
fertilised 0.0 1.3 4.7 1.2 3.4 2.3 17.1 7.3 4.0 22.0 3.6 2.0 1.1 0.0 5,0

Root
yield
t/ha

fertilised 49.5 29.3 — 25 38 34 51 54 47 44 60 59 45 82 47,5
non
fertilised 38.1 23.9 — 21 29 22 38 39 34 25 40 40 27 70 34,4

Precipitation
IV—IX month
(mm)

354 217 487 229 249 345 250 433 491 148 742 279 237 459 —

Annual
precipitation
(mm)

507 451 779 532 498 569 814 764 755 288 999 482 501 836 —

Sugar beet Rhizomania (Beet necrotic yellow vein virus)

Results concerning distribution of beet necrotic yellow vein virus in Voj-
vodina in the period of 1997—2004 are shown in table 2. Over eight years of
investigating the infestation of soil, total area of 67.213 ha was inspected, out
of which 24.674 ha was infested with Rhizomania, i.e. 36,7% of the area, on
average, more than one third.

Table 2. Distribution of beet necrotic yellow vein virus relative to regions of sugar beet growing
in Vojvodina over the period of 1997—2004.

Years

Srem Banat Baåka Sum
of

inspec-
ted

fields
(ha)

Infected
(ha)

Sum of
inspec-

ted
fields
(ha)

Sum of
infected

Sum of
inspec-

ted
fields
(ha)

Sum of
infected

Sum of
inspec-

ted
fields
(ha)

Sum of
infected No.

of
hec-
tares

%
haNo. of

hecta-
res

%
No. of
hecta-

res
%

No. of
hecta-

res
%

1997 427 295 69,1 2110 912 43,2 2580 150 5,8 5177 1357 26,2

1998 348 100 28,9 6376 2397 37,5 6975 1293 18,5 13699 3790 27,6

1999 — — — 2365 1013 43,0 3262 710 21,8 5627 1723 30,6

2000 — — — 2006 751 37,4 4452 2522 56,6 6458 3273 50,7

2001 — — — 2176 1951 89,6 5139 2603 50,6 7315 4554 70,0

2002 320 50 15,6 3060 1440 47,1 15874 4773 30,1 19254 6263 32,5

2003 — — — 701 223 31,8 4555 1956 42,9 5256 2179 41,4

2004 — — — — — — 4427 1535 34,7 4427 1535 34,7

Sum
Average

1095 445
40,6

18795 8687
46,2

47264 15542
32,9

67213 24674
36,7
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From table 2, the tendency of virus spreading and the increase in infested
areas in Vojvodina can also be seen. However, distribution of the virus in Voj-
vodina varies depending on the year.

DISCUSSION

During our investigations of causal agents of sugar beet root rot by isola-
ting from rotten roots, F. oxysporum species was most commonly gained, besi-
des F. solani and R. solani and M. Phaseolina fungi. Dominant distribution of
F. oxysporum species as the causal agent of root rot is also emphasized by ot-
her authors (S n y d e r, H a n s e n, 1940, M a r i ã, 1974, W h i t n e y, D i f -
f u s, 1986, R u p p e l, 1991, J a s n i ã et al., 2001, M a r i ã, S t o j š i n, Ve-
ra, 2004). Distribution of other fungi like R. solani (4,7%) and M. phaseolina
(2,8%) was much lower and depended on weather conditions. According to
many authors, weather conditions during the period of vegetation are decisive
factors influencing the distribution of certain fungi species, causal agents of
root rot (M a r i ã, 1974, B a l a ÿ, S t o j š i n, Vera, 1997, J a s n i ã et al.,
2001, J a s n i ã et al., 2004).

Rhizoctonia solani, causal agent of charcoal root rot appears in years with
warm and humid summers. These conditions favorably influence the develop-
ment of this fungus (P a r m e t e r, 1970). These conditions are rarely seen in
our areas, thus, that is one of the reasons of lower incidence of R. solani.

By analyzing the soil samples over the period of 1997—2004, in order to
determine the areas infested by Rhizomania, significant distribution of beet
necrotic yellow vein virus was observed in Vojvodina (Table 2). Beside preci-
se data about the spreading and distribution of virus in many European coun-
tries (B l u n t, 1989), no data were available about the distribution of Rhizo-
mania in Serbia (I v a n o v i ã, 1996). It is well-known that beet necrotic
yellow vein virus, causal agent of Rhizomania is widespread in our country.
Since it was discovered in Srem in 1977 (Š u t i ã and M i l o v a n o v i ã,
1978), virus has spread on significant areas in many regions where sugar beet
is grown in Srem, Banat, Baåka (Š u t i ã et al., 1986, J a s n i ã et al., 1999
a , J a s n i ã et al., 1999 b) with the tendency of spreading in other parts of
Serbia as well.
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BOLESTI KORENA ŠEÃERNE REPE U VOJVODINI
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Rezime

U radu se daju pregled bolesti korena šeãerne repe tokom višegodišweg
perioda u Vojvodini i rezultati ispitivawa wihove etiologije. Intenzitet
pojave ovih bolesti zavisio je od vremenskih uslova tokom vegetacije i od pri-
mewenih agrotehniåkih mera. Paleÿ klijanaca, fuzariozna i ugqenasta truleÿ,
parazitna (rizomanija) i neparazitna bradatost korena bile su najuåestalije
bolesti korena. Veãina parazitnih bolesti klijanaca se intenzivnije javqala u
periodu primene ekstenzivne agrotehnike. Fusarium oxysporum je najåešãi pro-
uzrokovaå fuzariozne truleÿi repa korena. Posledwih godina determinisane
su i sledeãe vrste: F. solani, F. equiseti, F. proliferatum, F. semitectum i F. grami-
nearum, ali wihov znaåaj je mnogo mawi. Ugqenasta truleÿ korena i uvenuãe bi-
qaka (Macrophomina phaseolina) izazivaju velike štete na šeãernoj repi, naro-
åito u uslovima jake suše i visokih temperatura tokom leta. Rizomanija šeãer-
ne repe (BNYVV) je široko rasprostrawena u Vojvodini, pošto je virus u pe-
riodu 1997—2004. utvrðen na 36,7% (24674 ha) površina od ukupno 67.213 ha
pregledanih. Posledwih nekoliko godina registrovana je intenzivnija pojava
Rhizoctonia solani prouzrokovaåa mrke truleÿi korena na pojedinim podruåjima
Vojvodine.
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EVALUATION OF QUALITY OF SUGAR BEET GROWN
ON SOILS HIGHLY INFECTED WITH RHIZOMANIA*

ABSTRACT: A field trial study with sugar beet varieties having different resistances
to Rhizomania was conducted at two test sites in 2004. The field trials were located at Ru-
ma (the Agricultural station) and at Sremska Mitrovica (the Institute of Agriculture). At
both locations, twenty-one sugar beet varieties and a control variety (intolerant to the disea-
se) were planted. The selected varieties were provided from several seed companies distri-
buting seed material in Serbia.

At Ruma, the difference between the first-ranked variety Alvira (100.82 t/ha) and the
control variety (61.63 t/ha) was 39.19 t/ha or 38.87%. But, significant variability in proces-
sing quality within varieties and the control variety was observed. For example, the diffe-
rence between root sugar contents of the first-ranked variety and the control one amounted
to 4.64% absolute.

At Sremska Mitrovica, significant variability of the observed parameters within varie-
ties was also found. The highest sugar yielding variety was Leila (15.66%) producing better
results for 3.42% absolute in comparison to the control variety. This variety produced good
stands for the other parameters, too.

KEY WORDS: processing quality, Rhizomania, root yield, sugar beet, sugar content,
sugar yield

INTRODUCTION

The role of variety on yield and quality attributes in the production of all
agricultural crops is very important. It is a known fact that cultivar yield de-
pends on two groups of factors: a) variety and b) processing technology (K o -

75

* The paper was presented at the first scientific meeting IV INTERNATIONAL SYMPO-
SIUM ON SUGAR BEET Protection held from 26—28 september 2005 in Novi Sad.



v a å e v, 1992). In Europe, many researchers have been involved in studies on
quality performances (B u r b a and H a r l i n g, 2003) of sugar beet as well as
in quality management in sugar beet cultivation (B u r b a and J a n s e n,
2000). The achieved root yields and sugar percentages have been significantly
higher than those reported thirty years ago. But, during the last decade, drastic
decline of yields and processing quality of sugar beet has been observed in
Serbia due to many reasons: reduced economic ability of produceres, obsolete
mechanization, inadequate cultivation techniques, occurence of soil-borne dise-
ase — Rhizomania, etc. According to T o š i ã (1995), several tens of thou-
sands of hectares have been affected by the disease in Serbia.

MATERIAL AND METHODS

Registered foreign and domestic varieties of sugar beet tolerant to rhizo-
mania were studied in a trial conducted at two localities (Ruma and Sremska
Mitrovica experiment stations). The study also included some varieties and
hybrids considered for registration at the Federal Committee for Varieties. Su-
gar beet seed material was obtained from local sugar factories under the super-
vision of the Committee members. The samples were coded. During the first
decade of november, after harvest, experimental work and data processing
were done, the samples decoded.

The experimental material comprised twenty-one varieties: Chiara, Leila,
Rama and Bjanka, selected from the collection of KWS, Germany, then Me-
rak, Libero, Esprit, Remos, Stru 2206 and Donna from the collection of Stru-
be-Dieckmann, Germany, then Sofarizo, Dorotea and HI 0135 from the collec-
tion of Hilleschog, Sweden, then Lion 06 YU and Ivona from the collection of
Lion Seeds, England, then Opera, Porto and Concerto representing the collec-
tion of Delitzsch, Germany and Aleksina-R and Alvira from the collection of
Aleksinac, Serbia.

A foreign, Rhizomania intolerant variety was also planted as a control
sample. Variety Rama was the standard reference.

The cultivars were planted in a randomized complete block experimental
design with five replicates at each location. The size of experimental plots was
19,60 cm2. Quality tests were determined according to the standard methods
used in sugar industry in Serbia.

Two-way analysis of variance (ANOVA) was used for the analysis of da-
ta on the most important quality parameters of sugar beet.

RESULTS

Results of micro-trials at Ruma

The achieved root and sugar yields as well as other parameters of quality
performance, significantly varied depending on variety. The average root yield
for this micro-trial was high and amounted up to 87,59 t/ha. But, the results
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showed significant variability in root yield among varieties. For example, Al-
vira had the highest root yield (100.82 t/ha) and the lowest root yield (61,63
t/ha) was recorded for the control sample (intolerant to Rhizomania). Thus, the
extreme difference in root yield between two cultivars was 39.19 t/ha or
38.87%. Significant differences in root yield were observed within other exa-
mined varieties, too (Table 1).

Table 1: Results of sugar beet field trial at Ruma in 2004.

No. Variety Root yield
(t/ha)

Sugar content
(%)

Sugar utilization
(% on beet)

Crystalline sugar
yield (t/ha)

1 Dorotea 86,02 13,83 10,97 9,423

2 Chiara 98,67 13,65 10,94 10,778

3 Lion 06 YU 94,26 13,50 11,06 10,422

4 Donna 97,04 14,29 12,05 11,692

5 Sofarizo 82,45 14,10 11,55 9,533

6 Aleksinac-R 84,90 13,28 10,32 8,753

7 Opera 84,59 13,75 11,16 9,428

8 Porto 92,45 14,20 11,65 10,694

9 Esprit 77,96 13,75 11,38 8,879

10 Remos 88,27 14,31 12,16 10,734

11 Concerto 97,45 13,30 10,46 10,202

12 Alvira 100,82 12,79 10,13 10,214

13 Libero 88,57 13,95 11,57 10,259

14 Leila 79,59 15,00 12,60 10,025

15 Merak 83,67 14,10 11,62 9,712

16 Ivona 88,06 14,61 12,26 10,796

17 Rama 81,33 14,25 11,60 9,419

18 Hi 0135 91,63 14,44 11,83 10,832

19 Strube 2206 92,24 14,46 12,13 11,184

20 Bjanka 87,86 13,99 11,51 10,123

21 Control 61,63 10,36 7,58 4,672

Average 87,59 13,80 11,26 9,894

LSD Variety
0,05 10,02 0,50 0,55 1,191

0,01 13,28 0,66 0,73 1,579

Cv (%) 12,74 7,18 10,01 16,32

The variation in sugar content was significant among the varieties at this
locality. The average sugar content for this trial was 13.80% and it was a me-
dium one considering the agroecological conditions in the year (Table 1).

The extreme difference in sugar yield between the first-ranked variety
(Leila, 15.00%) and the last-ranked one (control, 10.36%) amounted up to
4.64% absolute or 30.93% relative. Statistically significant differences for su-
gar content were calculated for all other varieties (Table 1).
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Even greater variability among cultivars was recorded for other quality
parameters. For example, sugar utilization (% calculated on beet), between the
first-ranked Leila (12.60%) and control (7.58%) amounted up to 5.02% abso-
lute or 39.84% relative (Table 1).

Extreme differences for other quality parameters were as follows:
— coefficient of thick juice, 4.10,
— sugar content in molasses, 0.81% calculated on beet,
— potassium content, 9.21 mmol/100°S,
— sodium content, 26.32 mmol/100°S,
— alpha-amino nitrogen content varied depending on the tolerance of

cultivar to Rhizomania (Table 1a).

Table 1a: Results of sugar beet field trial at Ruma in 2004.

No. Variety
Q

saturated
juice

Sugar in
molasses,
% on beet

K Na 	-amino N

mmol/100°S

1 Dorotea 89,50 2,26 24,61 23,87 20,61

2 Chiara 90,22 2,11 23,76 23,41 16,88

3 Lion 06 YU 90,85 1,84 20,59 21,01 18,06

4 Donna 92,06 1,64 18,88 16,63 15,63

5 Sofarizo 90,83 1,95 20,64 21,10 18,05

6 Aleksinac-R 88,09 2,36 27,54 23,42 28,01

7 Opera 90,75 1,99 19,27 25,22 15,84

8 Porto 90,84 1,95 19,80 22,03 17,85

9 Esprit 91,22 1,77 19,71 19,56 17,75

10 Remos 92,19 1,55 20,43 12,84 17,00

11 Concerto 89,49 2,24 23,61 27,20 18,38

12 Alvira 89,84 2,06 21,35 27,97 17,37

13 Libero 91,32 1,78 20,52 18,30 17,53

14 Leila 91,85 1,80 19,78 17,01 15,80

15 Merak 90,07 1,88 20,07 20,11 18,65

16 Ivona 91,58 1,75 21,33 14,70 18,52

17 Rama 90,20 2,05 25,62 16,82 21,78

18 Hi 0135 90,50 2,01 19,24 21,86 20,98

19 Strube 2206 91,62 1,73 21,35 14,90 18,00

20 Bjanka 90,89 1,88 23,88 16,73 18,72

21 Control 88,13 2,18 28,09 39,16 11,42

Average 90,62 1,94 21,91 21,14 18,23

LSD Variety
0,05 0,77 0,16 1,53 3,15 2,68

0,01 1,02 0,2 2,03 4,17 3,56

Cv (%) 1,43 12,68 13,54 29,23 21,52

The most important quality attribute, crystalline sugar yield also varied
across wide ranges for the investigated varieties. The first-ranked variety Don-
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na (11.692 t/ha) performed higher crystalline sugar content by 7.020 t/ha or
60.04% relative in comparison to the control (4.672 t/ha).

Results of micro-trials at Sremska Mitrovica

The average root yield at this site was 78.64 t/ha. The variation in this
parameter was statistically significant within the varieties. The most marked
difference was recorded between the first-ranked variety (Chiara, 87.47 t/ha)
and the control (53.68 t/ha) and it amounted up to 33.79 t/ha or 38.63% (Ta-
ble 2).

Table 2: Results of sugar beet field trial at Sremska Mitrovica in 2004.

No. Variety Root yield
(t/ha)

Sugar content
(%)

Sugar utilization
(% on beet)

Crystalline sugar
yield (t/ha)

1 Dorotea 76,52 14,40 11,42 8,732

2 Chiara 87,47 14,10 10,76 9,412

3 Lion 06 YU 84,62 15,00 11,90 10,070

4 Donna 82,03 15,28 12,35 10,133

5 Sofarizo 80,66 14,89 11,82 9,525

6 Aleksinac-R 80,43 14,53 11,20 9.006

7 Opera 73,71 15,34 12,33 9,084

8 Porto 80,80 14,80 11,80 9,534

9 Esprit 76,46 15,08 12,23 9,349

10 Remos 79,11 15,33 12,74 10,077

11 Concerto 86,73 14,33 11,01 9,548

12 Alvira 80,70 14,71 11,59 9,350

13 Libero 82,34 15,14 12,33 10,148

14 Leila 79,86 15,66 12,96 10,352

15 Merak 82,33 15,48 12,75 10,498

16 Ivona 67,37 15,45 12,74 8,588

17 Rama 75,04 15,31 12,33 9,253

18 Hi 0135 77,92 15,55 12,64 9,851

19 Strube 2206 82,01 15,57 12,81 10,507

20 Bjanka 81,74 15,14 12,14 9,921

21 Control 53,68 12,24 8,82 4,735

Average 78,64 14,92 11,94 9,413

LSD Variety
0,05 1,92 0,46 0,59 0,493

0,01 2,56 0,60 0,78 0,654

Cv (%) 9,22 5,52 8,65 10,12

The results have shown a significant effect of variety on the most impor-
tant quality parameters of sugar beet with the most marked differences listed
below:
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— sugar content, 3.42% apsolute or 21.84% relative,
— sugar utilization, 4.14% calculated on beet or 31.94% relative (Table 2),
— coefficient of thick juice, 3.97,
— sugar content in molasses, 0.83% calculated on beet,
— potassium content, 11.25 mmol/100°S,
— sodium content, 23.62% mmol/100°S and alpha-amino nitrogen con-

tent, too (Table 2a).

Table 2a: Results of sugar beet field trial at Sremska Mitrovica in 2004.

No. Variety
Q

saturated
juice

Sugar in
molasses,
% on beet

K Na 	-amino N

mmol/100°S

1 Dorotea 89,20 2,38 26,39 22,07 22,73

2 Chiara 87,56 2,74 30,48 25,23 26,99

3 Lion 06 YU 88,81 2,50 26,45 20,90 26,59

4 Donna 89,49 2,33 25,80 17,58 25,79

5 Sofarizo 88,73 2,47 24,95 22,02 27,55

6 Aleksinac-R 87,25 2,73 31,45 20,58 32,85

7 Opera 89,49 2,41 23,32 21,86 23,98

8 Porto 88,84 2,40 25,76 20,07 27,90

9 Esprit 89,56 2,25 24,54 17,64 26,53

10 Remos 90,42 1,99 23,73 12,79 26,15

11 Concerto 87,54 2,72 28,80 24,76 29,30

12 Alvira 88,58 2,53 25.53 23,31 26,73

13 Libero 89,80 2,21 23,18 18,38 25,45

14 Leila 90,56 2,10 22,20 16,31 23,17

15 Merak 90,27 2,13 23,40 15,83 24,45

16 Ivona 90,39 2,11 24,76 14,41 23,65

17 Rama 89,27 2,38 28,68 15,23 26,79

18 Hi 0135 89,42 2,31 23,22 18,22 28,22

19 Strube 2206 89,88 2,16 24,95 13,80 27,66

20 Bjanka 89,08 2,40 27,59 17,26 27,17

21 Control 86,59 2,82 33,45 36,41 19,64

Average 89,08 2,38 26,13 19,75 26,16

LSD Variety
0,05 0,98 0,19 2,30 3,19 3,41

0,01 1,30 0,26 3,06 4,23 4,52

Cv (%) 1,47 11,74 13,21 28,51 13,90

The most marked difference in crystalline sugar content was recorded
between Strube 2206 (10.507 t/ha) and the control (4.735 t/ha) and amounted
up to 5.772 t/ha or 54.93% (Table 2).
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DISCUSSION

The beet root yields achieved at both localities in 2004 were high and if
averaged across varieties and sites the mean root yield amounted to 83.12 t/ha.
But, the average root yield of the control sample (intolerant to Rhizomania)
was 57.66% at both sites. Thus, root yield of the control variety has decreased
by 25.46 t/ha or 30.63% relative. Similar results were reported by R a d i v o -
j e v i ã et al. (2001).

The variability in beet sugar content averaged across varieties and sites
and between mean values at both sites and mean value of the control amoun-
ted up to 3.06% or 21.31% relative. M a r l e n d e r and R o v e r (1994) also
reported significant effect of variety on sugar content (8.72% relative), but
lower still comparing to the results of this experiment.

The values of the other quality parameters (sugar utilization, coefficient
of saturated diffusion juice, sugar content in molasses, potassium and sodium
content, alpha-amino nitrogen content) were significantly lower in comparison
to the means at both sites. For example, sugar utilization for the first-ranked
variety Leila, averaged across sites was 83.5% and for the control 72.5%. The
obtained difference was 11.0% which is a very high value. This result is in ac-
cordance with the findings of R i c h a r d - M o l a r d and C a r i a l l e (2001)
proving that the selection of varieties tolerant to Rhizomania enables high
yields and good processing quality of sugar beet.

Comparing the yields of crystalline sugar averaged across sites between
the first-ranked (11.100 t/ha) and the control variety (4.703 t/ha), very high
difference can be observed, 6.397 t/ha or 57.63%. But, higher yields of
crystalline sugar could be achieved by increasing the yields of beet root as
well (M a r l e n d e r, 1991).

CONCLUSION

The results of the study revealed significant variations in root and sugar
yield within varieties having different tolerances to Rhizomania.

The established difference in root yield, averaged across sites, between
the first-ranked (94.15 t/ha) and the control (57.66 t/ha) variety was 36.49 t/ha
or 38.76%.

The most marked difference in location averages of sugar content bet-
ween the first-ranked variety Leila (15.33%) and the control (11.30%) was
4.03% or 26.29% relative.

Very high difference in crystalline sugar content, averaged across sites
was eshtablished between the first-ranked and the control variety and amoun-
ted up to 6.397 t/ha or 57.63%.
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Rezime

Na lokalitetima u Rumi i Sremskoj Mitrovici, u toku 2004. godine, izve-
deni su sortni mikroogledi šeãerne repe, sa sortama razliåite tolerantnosti
na rizomaniju. Mikroogledi šeãerne repe bili su zasejani u Poqoprivrednoj
stanici u Rumi i u Poqoprivrednom institutu u Sremskoj Mitrovici. Na oba
mikroogleda bile su zasejane iste sorte, razliåite tolerantnosti na rizomani-
ju, sa ukupno dvadeset i jednom sortom, ukquåujuãi i kontrolu. Zasejane sorte
šeãerne repe pripadale su razliåitim selekcionim kuãama, koje su zastupqene
u strukturi setve u našoj zemqi.
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Ustanovqena razlika u prinosu korena na mikroogledu u Rumi izmeðu prve
po rangu (Alvira, 100,82 t/ha) i kontrole (61,63 t/ha) iznosila je 39,19 t/ha ili
38,87%. Meðutim, u pogledu tehnološkog kvaliteta šeãerne repe razlike su bi-
le veoma izraÿene, u odnosu na kontrolu (netolerantnu na rizomaniju). Prime-
ra radi, utvrðena razlika u sadrÿaju šeãera u repi izmeðu prvorangirane i
kontrole iznosila je 4,64% apsolutnih.

Na lokalitetu u Sremskoj Mitrovici takoðe je utvrðena znaåajna razlika
izmeðu ispitivanih sorti, kako u prinosu korena i šeãera, tako i u tehnolo-
škom kvalitetu. Prvorangirana sorta u sadrÿaju šeãera u repi (Leila, 15,66%)
bila je boqa u odnosu na kontrolu za 3,42% apsolutnih, a takoðe i u odnosu na
druge pokazateqe kvaliteta.
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INCIDENCE AND DISTRIBUTION OF
BEET NECROTIC YELLOW VEIN VIRUS

IN VOJVODINA*

ABSTRACT: From 1997 to 2004, 67213 ha were surveyed in Vojvodina in order to
determine the incidence and distribution of beet necrotic yellow vein virus (BNYVV), the
causer of Rhizomania on sugar beet in the fields in Vojvodina. The number of inspected
hectares was different and ranged from 4.427 ha in 2004 to 19.254 ha in 2002.

The survey showed that BNYVV is not equally widespread in all sugar beet growing
areas of Vojvodina. The regions of Srem and Banat had higher incidence of the virus, while
in region of Baåka the incidence of virus was lower than in other parts of Vojvodina. The
BNYVV was found, on average, on 46,2% in Banat, on 40,6% in Srem and on 32,9% in
Baåka of sugar beet acreages involved, during the period of eight years (1997—2004).

These results show that BNYVV is widespread in Vojvodina, since the virus was fo-
und on 36,7% (24.674 ha) of acreages from 67.213 ha of total sugar beet acreages inspected
on incidence of BNYVV in the period from 1997 to 2004.

KEY WORDS: beet necrotic yellow vein virus, ditribution, sugar beet, Vojvodina

INTRODUCTION

Rhizomania, caused by beet necrotic yellow vein virus (BNYVV) is one
of the most important sugar beet diseases in our region and in the world. The
disease symptoms are leaf chlorosis, leafpetal elongation, leaflet narrowing, ro-
ot dwarfing, dividing and bearding. On the cross section, the vascular tissue
necrosis can also be observed. Leaf and leafveins necrosis are very rare
symptoms (T o š i ã et al., 1978, T o š i ã, 1982).

Rhizomania causes great losses, decreasing root yield (for about 50%)
and digestion (between 3 and 4% or more) (Š u t i ã and M i l o v a n o v i ã,
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1978, M i l o v a n o v i ã, 1989). Rhizomania was described for the first time
in Italy (C a n o v a, 1959). Today, the disease is widely distributed in almost
all European countries, Asia and North America (B l u n t, 1989). In our con-
try, this virosis was found in 1977 (Š u t i ã and M i l o v a n o v i ã, 1978).
Although the significant appearance of Rhizomania and yield losses in Vojvo-
dina were described, we had no accurate information about virus distribution
in Vojvodina.

The goal of these investigations was to determine the soil infestation with
beet necrotic yellow vein virus and on the basis of the information obtained to
determine the distribution of virus in the province of Vojvodina.

MATERIAL AND METHODS

For the analysis of soil infestation and virus distribution asessment, soil
sampling was conducted during eight years (1997—2004) in beet production
regions of sugar rafineries Vrbas, Crvenka, Ÿabalj, Baå, Senta, Zrenjanin, Ko-
vaåica, Nova Crnja and Peãinci, more precisely from all three regions of Voj-
vodina: Baåka, Banat and Srem.

The total number of inspected fields during eight years of investigations
as well as regions are presented in Table 1.

Tab. 1 Distribution of sugar beet Rhizomania in Vojvodina during 8 year of investigations
(1997—2004).

Years

Regions of Vojvodina
Sum
of

inspec-
ted

fields
(ha)

Total
infected
area (ha)Srem Banat Baåka

Sum of
inspec-

ted
fields
(ha)

Sum of
infected area

Sum of
inspec-

ted
fields
(ha)

Sum of
infected area

Sum of
inspec-

ted
fields
(ha)

Sum of
infected area No.

of
hec-
tars

%
haNo. of

hectars % No. of
hectars % No. of

hectars %

1997 427 295 69,1 2110 912 43,2 2580 150 5,8 5177 1357 26,2

1998 348 100 28,9 6376 2397 37,5 6975 1293 18,5 13699 3790 27,6

1999 — — — 2365 1013 43,0 3262 710 21,8 5627 1723 30,6

2000 — — — 2006 751 37,4 4452 2522 56,6 6458 3273 50,7

2001 — — — 2176 1951 89,6 5139 2603 50,6 7315 4554 70,0

2002 320 50 15,6 3060 1440 47,1 15874 4773 30,1 19254 6263 32,5

2003 — — — 701 223 31,8 4555 1956 42,9 5256 2179 41,4

2004 — — — — — — 4427 1535 34,7 4427 1535 34,7

Sum
Average

1095 445
40,6

18795 8687
46,2

47264 15542
32,9

67213 24674
36,7

For virus analysis, from every 10 hectars of field, one average sample
was formed. The average sample was obtained from 20 individual, smaller
samples, which were then combined. The individual samples were collected by
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soil sonde from 30 cm depth according to chess-table pattern on every 10 ha
of investigated surface.

The plastic containers, volume 1l were filled with the collected soil sam-
ples. The seeds of succeptible sugar beet genotypes, Delta were sown in those
pots. The plants were grown during 6 weeks in greenhouses of Department of
sugar beet, Scientific Institute of field and vegetable crops. After that period,
the plants were removed from soil, their roots were collected and the average
root sample was formed for virus presence analysis (F r a n c et al., 1996). The
BNYVV determination was made by DAS-ELISA-test (C l a r k and A d a m s,
1977). For serological analysis, Bioreba (Basel) commercial IgG antiserum and
IgG conjugate were used. Roots of healthy beet plants, grown in sterile soil
were used as negative control.

RESULTS

Distribution of beet necrotic yellow vein virus in Vojvodina, during 1997—
2004 are presented in table 1. During eight year of investigation of BNYVV
distribution, the total area examined was 67.213 ha. More then 1/3 of investi-
gated surface proved to be infected with virus: precisely, 24.674 ha of fields
area were infected, which is 36,7% of total area investigated.

On the basis of obtained information during period of eight year, it can
be concluded that the most intense distribution was registered in Banat, with
average of 46,2% of infected field, but smaller infection intensity was registe-
red in Baåka (average 32,9%). From data in table 1. it can also be seen that
the incidence and distribution of virus depends on the year, examined area, as
well as on suitable climatic conditions for virus spreading during the investiga-
ted year. Meanwhile, there is clear tendency of increase in infected areas and
the spread of virus distribution in Vojvodina in the period of 1997—2004.
This tendency is particulary present in Baåka region, where during the first
year of investigation infection level of 5,8% was detected, but during the next
few investigated years, a sudden increase in infected surfaces was detected.

DISCUSSION

On the basis of soil samples analysis during 1997—2004 in Vojvodina,
conducted to determine the presence of beet necrotic yellow vein virus, signifi-
cant virus distrubution was established (Table 1). Apart from clear evidence
about spreading and distribution of virus in many European countries (B l u n t,
1989), there were no data about Rhizomania distribution in Serbia (I v a n o v i ã,
1996). It is known that the BNYVV is present in our country. After the first
evidence of this virus in Srem in 1977 (Š u t i ã and M i l o v a n o v i ã,
1978), virus spread and expanded to significant areas in many beet production
areas in Srem, Banat, Baåka and Pomoravlje (I v a n o v i ã, D., 1979; T o š i ã
et al., 1985, Š u t i ã et al., 1986, J a s n i ã et al., 1999 a, J a s n i ã et al.,
1999 b), with further tendency of spreading to other parts of Serbia. In that
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context, Rhizomania was noted for the first time in 1989 in Maåva region (B.
K r s t i ã and T o š i ã, 1990).

According to results in this paper, which is the first effort made to form
sistematic registration and evidence of BNYVV distribution, it can be conclu-
ded that the virus is significantly distributed in Vojvodina. Beet growing fields
in Srem and Banat are highly infected and in Baåka the tendency of virus
spreading to non-infected fields is also registered, although the infection level
is still not high.

One important protection measure is growing tolerant beet cultivars or
hybrids on infected fields. With the introduction of new, virus tolerant ge-
notypes into production, the losses caused by Rhizomania are brought down to
acceptably low level (K o v a å e v et al., 2004).

REFERENCES

B l u n t, S. J. (1989): The ecology of Polymixa betae, a fungal root parasite of Beta

vulgaris, Ph. Thesis University of Cambridge, 126.
C a n o v a, A. (1959): Appunti di patologia della barbietola, Inf. Fitopat. 9: 390—396.
C l a r k, M. F., A d a m s, A. M. (1977): Characteristic of microplate method of enzi-

me-linked imunosorbent assay for detection of plant viruses, Journal of general vi-
rology 34: 425—483.

F r a n c, G. G., K e r r, E. D., B r a u n, W., R i s s e l m a n, J. H. (1996): Rhizomania

of sugar beet, University of Wyoming.
I v a n o v i ã, D. (1979): Prouåavanje virusa nekrotiånog ÿutila nerava repe, Magistar-

ska teza, Poljoprivredni fakultet, Zemun.
I v a n o v i ã, M. (1996): Rizomanija šeãerne repe u svetu i kod nas, Zbornik radova In-

stituta za ratarstvo i povrtarstvo, Novi Sad, sv. 25: 165—177.
J a s n i ã, S., K o v a å e v, L., Å a å i ã, N., S k l e n a r, P. (1999 a): Rasprostranjenost

rizomanije u Vojvodini i mere suzbijanja, Zbornik radova Instituta za ratarstvo i
povrtarstvo, N. Sad, sv. 31: 505—514.

J a s n i ã, S., K o v a å e v, L., Å a å i ã, N., S k l e n a r, P. (1999 b): Rasprostranjenost

rizomanije šeãerne repe u Vojvodini, Zbornik radova Instituta za ratarstvo i povr-
tarstvo, N. Sad, sv. 32: 149—156.

K o v a å e v, L., M e z e i, S., Å a å i ã, N., S k l e n a r, P., N a g l, N. (2003): Rizoma-

nija — novija saznanja i proizvodna svojstva NS-hibridnih sorti šeãerne repe tole-

rantnih prema ovom obolenju, Zbornik radova Instituta za ratarstvo i povrtarstvo,
N. Sad, sv. 38: 281—290.

K o v a å e v, L., Å a å i ã, N., M e z e i, S., N a g l, N. (2004): Produktivnost NS-hi-

bridnih sorti šeãerne repe otpornih prema rizomaniji (BNYVV) u višegodišnjim

ogledima, Zbornik radova Instituta za ratarstvo i povrtarstvo, Novi Sad, sv. 40:
379—387.

K r s t i ã, B., T o š i ã, M. (1990): Rizomanija šeãerne repe u Maåvi, Zaštita bilja br.
193: 259—262.

M i l o v a n o v i ã, M. (1989): O uticaju virusa rizomanije na proizvodne i anatom-

sko-histološke osobine korena nekih sorti šeãerne repe, Doktorska disertacija,
Polj. fakultet, Zemun.

88



Š u t i ã, D., M i l o v a n o v i ã, M. (1978): Pojava i znaåaj krÿljavosti korena šeãerne

repe, Agrohemija, br. 9—10; 363—368.
Š u t i ã, D., T o š i ã, M., P a n i ã, M. (1986): Noviji podaci o raširenosti rizomanije

korena šeãerne repe u Jugoslaviji, VII Kongres biologa Jugoslavije, Budva, Ple-
narni referat izvod saopštenja, str. 370.

T o š i ã, M. (1982): Prilog poznavanju infektivne krÿljavosti korena šeãerne repe, Zašti-
ta bilja, br. 162: 465—470.

T o š i ã, M., Š u t i ã, D., I v a n o v i ã, M. (1978): Prouzrokovaå infektivne krÿljavosti

korena šeãerne repe, Agrohemija 9—10: 369—375.
T o š i ã, M., Š u t i ã, D., M i l o v a n o v i ã, M. (1985): Investigations of sugar beet

Rhizomania in Yugoslavia, 48th Winter Congress, International Institute of sugar
beet research, Bruxelles, str.: 431—435.

POJAVA I RASPROSTRAWENOST VIRUSA
NEKROTIÅNOG ŸUTILA NERAVA ŠEÃERNE REPE*

Stevan M. Jasniã1, Ferenc F. Bagi2, Vera B. Stojšin2,
Kornelija D. Jelinåiã1

1 Nauåni Institut za ratarstvo i povrtarstvo,
Maksima Gorkog 30, Novi Sad, Srbija i Crna Gora

2 Poqoprivredni fakultet, Trg D. Obradoviãa 8,
Novi Sad, Srbija i Crna Gora

Rezime

U periodu od 1997. do 2004. godine na teritoriji Vojvodine pregledano je
ukupno 67.213 ha useva šeãerne repe u ciqu odreðivawa pojave i rasprostrawe-
nosti virusa nekrotiånog ÿutila nerava šeãerne repe (VNŸNR), prouzrokova-
åa rizomanije. Broj pregledanih hektara je varirao od 4.427 ha u 2004. do 19.254
ha u 2002. godini.

Rezultati istraÿivawa su pokazali da virus nekrotiånog ÿutila nerava
šeãerne repe nije ravnomerno rasprostrawen u svim rejonima gajewa šeãerne
repe u Vojvodini. Pojava oboqewa je intenzivnija na podruåju Srema i Banata,
dok je u Baåkoj pojava ovog virusnog oboqewa niÿa. U osmogodišwem periodu
VNŸNR je u proseku u Banatu utvrðen na 46,2%, u Sremu na 40,6%, a u Baåkoj
na 32,9% površina pod šeãernom repom.

Ovi rezultati dokazuju da je VNŸNR široko rasprostrawen u Vojvodini,
pošto je virus u periodu 1997—2004. utvrðen na 36,7% (24674 ha) površina od
ukupno 67.213 ha pregledanih.
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VARIATION IN THE YIELD OF ROOT, SUGAR AND THE
QUALITY OF SUGAR BEET DEPENDING ON VARIETY

AND SOIL INFESTATION WITH RHIZOMANIA*

ABSTRACT: Sugar beet field trials were planted in 2004 in order to determine sugar
and root yield and the quality of sugar beet varieties depending on varietal tolerance to Rhi-
zomania. The field trials were located at the agricultural station in Kikinda, covering a
highly infested area and at the “Agroinstitut" in Sombor, where no infestation had been re-
ported. At both locations, twenty-one sugar beet varieties were planted. The selected varieti-
es were provided from breeders distributing new selections in Serbia.

At Kikinda, beet root yield was 85.78 t/ha for Concerto variety and 12.00 t/ha for
control variety (intolerant to disease). The obtained difference amounts to 73.78 t/ha or
86.01%. Difference in sugar content within the first-ranked variety Ivona (15.36%) and the
control sample (10.91%) was 4.45% absolute. But, the established difference for crystalline
sugar yield between the first-ranked variety Remos (9.205 t/ha) and the control variety
(0.842 t/ha) amounted to 8.363 t/ha or 90.85%.

At the other location, Sombor, extreme differences within varieties were also obser-
ved but to a lesser extent.

KEY WORDS: processing quality, Rhizomania, sugar beet, variety, yield (% on beet)

INTRODUCTION

The quantity of sugar beet root and sugar yield mostly depends on vari-
ety, climatic and agrotechnical conditions (K o v a å e v et al., 2005). Lately,
significant variation in sugar beet root yield and the percentage of sugar was
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observed in our environmental conditions. It is possible to moderate the obser-
ved variations in yields selecting an appropriate variety, recognizing the soil
requirements, applying optimal cultivation techniques, etc.

MATERIAL AND METHODS

In 2004, field trials with sugar beet cultivars tolerant to Rhizomania, used
in mass production were planted at two locations, Kikinda and Sombor. The
trial at Kikinda was organised by the Agricultural Station on experimental fi-
eld “Kinða". The trial at Sombor was carried out on experimental fields of the
Institute of Agriculture.

The scope of the study were 21 sugar beet cultivars:
— Chiara, Leila, Rama (standard reference variety) and Bjanka, selected

from the collection of KWS, Germany,
— Merak, Libero, Esprit, Remos, Stru 2206 and Donna from the collec-

tion of Strube-Dieckmann, Germany, provided by distributor “Atel", Novi Sad,
Serbia,

— Sofarizo, Dorotea and HI 0135 from the collection of Hilleschog,
Sweden, provided by distributor “Agrostar", Novi Sad, Serbia,

— Lion 05 YU and Ivona from the collection of Lion Seeds, England,
provided by distributor “Lion Seeds NS" DOO, Novi Sad, Serbia,

— Opera, Porto and Concerto representing the collection of Delitzsch,
Germany, provided by distributor “Jugošeãer", Belgrade, Serbia,

— Aleksina-R and Alvira from the collection of Aleksinac, Serbia.
As a control sample, one variety intolerant to Rhizomania, selected from

the collection of foreign seed company was also planted. Variety Rama was a
standard reference variety.

The cultivars were planted in a randomised complete block experimental
design with five replicates at each location. The size of experimental plots was
19,60 cm2. Quality tests were determined according to standard methods used
in sugar industry in Serbia.

Sugar beet plants were lifted from the ground in optimal period (at the
beginning of October). Two-way analysis of variance (ANOVA) was used for
the analysis of data. Significance in the variability of means was calculated for
the following parameters: root yield, sugar yield, sugar utilization (% on beet),
coefficient of thick juice, sugar content in molasses (% on beet), potassium,
sodium, and alpha-amino nitrogen content as well as yield of polarized and
crystalline sugar.

It is also important to mention that all the samples of sugar beet cultivars
and hybrids were coded. Decoding of the samples was carried out at the end
of August 2004.

Environmental conditions

In April 2004, average monthly temperatures increased by 0,7°C compa-
ring to the several-year average (11,4°C) (Table 1).
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In May, monthly temperatures were 1,3°C lower than the several-year
average (16,5°C). During the rest of the vegetation period, average monthly
temperatures did not significantly vary from the several-year means except for
October, being 1,8°C higher. Average temperature over the vegetation period
increased by 0,3°C comparing to the several-year average.

Over the 2004 growing season (Nov. 2004—Oct. 2004) average rainfall
(Table 2) was higher than the several-year average and was well timed. In
2004, timely and abundant rainfalls prevailed in Sombor (82,0 mm in each
month or 571,0 mm total). Thus, the most important climatic factors acted fa-
vourably towards sugar beet, resulting in higher yields of root and sugar as
well as good over-all quality of sugar beet during 2004.

RESULTS

a) Rhizomania-infested soil

The average root yield at Kikinda locality (Table 3) was 72.46 tha–1 and
was followed by Chiara 81,49 tha–1, Libero 81,24 tha–1, Sofarizo 80,27 tha–1,
Donna tha–1 and others, while the control variety (susceptible to Rhizomania)
performed rather low root yield (12,00 tha–1). Variety Concerto (85,78 tha–1)
achieved higher root yield by 86,0% or 7,15 times higher than the control
(12,00 tha–1). The results showed the obvious occurrence of Rhizomania and
the possibility for other diseases occurrence in this trial.

The percentage of sugar ranged from 15,36% for Ivona to 10,93% for the
control. The difference in the percentage of sugar between the first-ranked and
the last-ranked variety was 4,45% absolute or 29,0% relative. The difference
was found to be statistically significant.

The variation of other quality parameters within the varieties was even
more marked. For example, the most marked difference in sugar utilization in
% per beet was 5,21% absolute or 42,67% relative between Stru 2206 (12,21%)
and the control (7,00%).

Hybrid Stru 2206 (11,55 mmol/100°C) had 3,52 times lower sodium con-
tent than the control (40,71 mmol/100°C).

Variety Remos was among the highest in crystalline sugar yield (9,205
tha–1) and the control was the lowest (0,842 tha–1). The difference between the-
se varieties in crystalline sugar content was 90,85% or 10,93 times.

b) Soil not infested with Rhizomania

The average sugar beet root yield at Sombor site (Table 4) was very high:
114,40 tha–1. Variety Bjanka showed the record root yield 126,54 tha–1 fol-
lowed by Chiara (122,95 tha–1), Concerto (122,40 tha–1), Alvira (121,14 tha–1)
and others. The lowest root yield was recorded for Hi 0135 (101,82 tha–1). The
most marked difference obtained was between the first-ranked (Bjanka 126,54
tha–1) and the last-ranked (Hi 0135 101,82 tha–1) being 24,72 tha–1 or 19,54%.

93



Remos was among the highest in the percentage of sugar (16,46%). Hi
0135 (16,22%), Dorotea (16,17%), Opera (16,13%) and Lion 06 YU (16,05%)
followed. The lowest was for Chiara (15,12%). The most marked difference
was 1,34% absolute or 8,14% relative.

The average percentage of sugar for this trial was high (15,82%). The
cultivars showed good stands for other quality parameters, too. The best pro-
cessing quality was recorded for Remos and Leila because of the highest per-
centage of sugar utilization (89,0%).

Remos had the record crystalline sugar yield (17,458 tha–1), followed by
Bjanka (17,018 tha–1), Lion 06 YU (16,768 tha–1), Esprit (16,690 tha–1), Stru
2206 (tha–1), Alvira (16,633 tha–1), with the lowest yield for Rama (13,676
tha–1). The most marked difference in crystalline sugar yield between the
first-ranked (Remos 17,458 tha–1) and the control (14,771 tha–1) was not so
high and amounted to 2,687 tha–1 or 15,40%.

DISCUSSION

The average root yields were 72,46 tha–1 at Kikinda and 114,40 tha–1 at
Sombor, ranging from 12,00 tha–1 (Kikinda) to 101,82 tha–1 (Sombor). Thus,
high variation in root yields was observed depending on the locality and vari-
ety. Similar results were reported by G l a t t k o w s k i et al. (1994) and
M a r l e n d e r and R o t h e (2005).

The variation in the percentage of sugar, averaged across sires was 1,68%
absolute. The most marked difference among varieties depending on locality
was 4,45% at Kikinda and 1,34% at Sombor. Similar results were published by
R a d i v o j e v i ã et al. (1999), K o v a å e v et al. (2003) and H o f m a n n et
al. (2002).

The variation in crystalline sugar yield within varieties was also rather
extreme: 8,363 tha–1 (90,85%) at Kikinda and 3,782 tha–1 (21,665) at Sombor.
These findings are consistent with those reported by B u t t n e r and M a n -
g o l d (1998) and many other researchers.

CONCLUSION

Significant variation in root yield, sugar content and crystalline sugar
content depending on soil infestation with Rhizomania was found.

On soil affected by Rhizomania (at Kikinda site), the variability of qua-
lity parameters was as follows:

— Root yield varied from 12,00 tha–1 to 85,78 tha–1 or 7,15 times or
73,78 tha–1;

— Percentage of sugar on beet varied from 10,93% to 15,36% or 4,45%
absolute or 29,0% relative;

— Crystalline sugar yield varied from 0,842 tha–1 to 9,205 tha–1 or
10,93 times.
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On sound soil (not infested with Rhizomania) at Sombor site, the variabi-
lity of the quality parameters was as follows:

— Root yield varied from 101,82 tha–1 to 126,54 tha–1 or 19,54%;
— Percentage of sugar on beet varied from 15,12% to 16,46% or 1,34%

absolute or 8,14% relative;
— Crystalline sugar yield varied from 13,676 tha–1 to 17,458 tha–1 or

21,66%.
In order to achieve high and stable yields and good processing quality of

sugar beet, the producers should analyse the soil on the presence of Rhizoma-
nia and choose cultivars highly tolerant to it.
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Table 3. Sugar beet field-trial results at Kikinda in 2004.

No. Variety Root yield
(t/ha)

Sugar
content

(%)

Sugar
utilization
% on beet

Polarized
sugar yield

(t/ha)

Crystalline
sugar yield

(t/ha)

1 Dorotea 77,45 13,89 10,29 10,749 7,953

2 Chiara 81,49 13,17 9,46 10,718 7,691

3 Lion 06 YU 75,41 13,94 10,44 10,518 7,873

4 Donna 78,80 14,66 11,44 11,550 9,014

5 Sofarizo 80,27 14,78 11,47 11,859 9,196

6 Aleksinac-R 74,10 13,69 9,80 10,153 7,271

7 Opera 66,69 13,94 10,39 9,287 6,915

8 Porto 77,51 14,15 10,62 10,971 8,238

9 Esprit 76,88 14,41 11.04 11,079 8,483

10 Remos 77,82 14,93 11,83 11,619 9,205

11 Concerto 85,78 14,11 10,32 12,098 8,843

12 Alvira 77,80 13,12 9,61 10,194 7,464

13 Libero 81,24 14,10 10,60 11,453 8,613

14 Leila 70,69 15,17 12,05 10,727 8,524

15 Merak 76.84 14,48 11,15 11,116 8,555

16 Ivona 58,65 15,36 12,05 9,011 7,066

17 Rama 69,08 14,65 11,26 10,115 7,769

18 Hi 0135 69,94 14,29 11,09 9,982 7,739

19 Strube 2206 74,94 15,19 12,21 11.376 9,143

20 Bjanka 78,22 13,83 10,39 10,808 8,122

21 Control 12,00 10,91 7,00 1,311 0,842

Mean. 72,46 14,13 10,69 10,319 7,834

LSD
0,05 6,97 0,41 0,47 0,971 0,741

0,01 9,24 0,55 0,62 1,288 0,983

Cv (%) 21,55 7,01 11,17 22,06 22,88
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Table 3 continued: Sugar beet field-trial results at Kikinda in 2004.

No Variety Q
Thick juice

Sugar in
molasses

% on beet

K Na 	-amino N

mmol/°S

1 Dorotea 85,91 3,00 38,19 22,12 33,93

2 Chiara 84,79 3,11 35,95 29,82 36,34

3 Lion 06 YU 86,07 2,90 32,69 24,70 35,74

4 Donna 87,30 2,62 30,68 17,74 36,12

5 Sofarizo 87,48 2,71 31,18 19,46 32,61

6 Aleksinac-R 83,55 3,29 40,58 23,36 46,84

7 Opera 86,24 2,95 32,97 26,35 32,61

8 Porto 86,08 2,93 33,80 22,96 36,27

9 Esprit 86,65 2,77 31,95 20,55 36,54

10 Remos 88,16 2,50 32,69 13,32 32,48

11 Concerto 85,65 3,19 36,18 27,30 32,63

12 Alvira 85,77 2,91 33,73 29,02 32,46

13 Libero 86,47 2,90 33,59 23,76 33,02

14 Leila 88,02 2,52 28,93 16,16 34,41

15 Merak 86,99 2,73 32,59 19,01 35,09

16 Ivona 87,67 2,71 34,78 13,28 33,84

17 Rama 86,50 2,79 34,36 16,77 38,97

18 Hi 0135 87,51 2,60 29,91 20,61 32,55

19 Strube 2206 88,35 2,38 30,58 11,55 35,03

20 Bjanka 86,21 2,84 36,64 19,99 35,52

21 Control. 82,71 3,31 48,59 40,71 27,40

Mean 86,38 2,84 34,31 21,83 34,78

LSD
0,05 0,76 0,14 2,32 3,22 3,33

0,01 1,00 0,18 3,08 4,27 4,42

Cv (%) 1,77 9,43 13,34 31,81 13,31
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Table 4. Sugar beet field-trial results at Sombor in 2004.

No. Variety Root yield
(t/ha)

Sugar
content

(%)

Sugar
utilization
% on beet

Polarized
sugar yield

(t/ha)

Crystalline
sugar yield

(t/ha)

1 Dorotea 117,68 16,17 14,03 19,022 16,498

2 Chiara 122,95 15,12 12,71 18,595 15,632

3 Lion 06 YU 119,95 16,05 13,97 19,254 16,768

4 Donna 110,43 16,02 13,93 17,693 15,383

5 Sofarizo 105,44 15,98 13,82 16,856 14,577

6 Aleksinac-R 111,89 15,20 12,58 17,009 14,087

7 Opera 112,37 16,13 14,11 18,117 15,852

8 Porto 109,57 15,54 13,28 17,032 14,551

9 Esprit 119,56 16,04 13,97 19,168 16,690

10 Remos 118,92 16,46 14,67 19,587 17,458

11 Concerto 122,40 15,74 13,32 19,271 16,316

12 Alvira 121,14 15,76 13,74 19,094 16,633

13 Libero 115,16 15,84 13,96 18,259 16,103

14 Leila 113,16 15,99 14,22 18,086 16,094

15 Merak 107,29 15,91 14,05 17,069 15,076

16 Ivona 111,24 15,70 13,70 17,467 15,238

17 Rama 104,75 15,17 13,06 15,892 13,676

18 Hi 0135 101,82 16,22 14,06 16,515 14,321

19 Strube 2206 119,38 15,85 13,95 18,921 16,659

20 Bjanka 126,54 15,61 13,44 19,757 17,018

21 Control. 110,69 15,41 13,34 17,063 14,771

Mean 114,40 15,81 13,71 18,082 15,686

LSD
0,05 7,32 0,38 0,44 1,256 1,155

0,01 9,70 0,51 0,58 1,666 1,532

Cv (%) 7,42 2,88 4,50 8,07 8,78
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Table 4 continued: Sugar beet field-trial results at Sombor in 2004.

No Variety Q
Thick juice

Sugar in
molasses

% on beet

K Na 	-amino N

mmol/°S

1 Dorotea 93,07 1,54 23,99 5,31 14,81

2 Chiara 91,67 1,81 29,09 6,88 17,92

3 Lion 06 YU 92,93 1,48 23,75 3,96 17,32

4 Donna 92,73 1,49 24,76 2,96 18,76

5 Sofarizo 92,42 1,56 23,83 4,83 19,99

6 Aleksinac-R 90,11 2,02 32,55 4,45 27,80

7 Opera 93,13 1,42 21,82 4,69 17,17

8 Porto 92,15 1,66 27,54 4,47 18,52

9 Esprit 92,78 1,47 23,61 3,63 18,90

10 Remos 93.96 1,19 20,72 1,72 15,39

11 Concerto 91,84 1,81 28,47 6,02 18,23

12 Alvira 92,89 1,43 21,82 5,28 18,24

13 Libero 93,44 1,28 21,61 3,04 16,84

14 Leila 93,88 1,17 18,82 3,73 15,86

15 Merak 93,40 1,26 20,75 3,02 18,01

16 Ivona 92,67 1,40 22,93 3,05 20,90

17 Rama 92,22 1,51 25,94 3,44 20,63

18 Hi 0135 92,58 1,56 23,31 4,93 19,29

19 Strube 2206 93,18 1,30 22,39 2,01 18,91

20 Bjanka 92,09 1,57 25,52 3,64 21,80

21 Control 92,24 1,47 23,55 4,10 22,26

Mean 92,64 1,49 24,13 4,05 18,93

LSD
0,05 0,56 0,12 1,93 0,98 2,60

0,01 0,74 0,16 2,56 1,30 3,44

Cv (%) 1,13 17,24 16,62 36,14 19,15
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Rezime

U toku 2004. godine izvedena su dva sortna mikroogleda sa sortama šeãer-
ne repe razliåite tolerantnosti na rizomaniju. Mikroogledi su bili posta-
vqeni u Poqoprivrednoj stanici u Kikindi, gde je utvrðen visok stepen zaraze
na rizomaniju i u „Agroinstitutu" u Somboru, gde ona nije bila ustanovqena.
Na oba mikroogleda bile su zasejane iste sorte šeãerne repe, ukupno dvadeset i
jedna, sa razliåitim stepenom tolerantnosti na rizomaniju. Zasejane sorte še-
ãerne repe pripadale su razliåitim selekcionim kompanijama koje su zastu-
pqene kod nas.

Kretawe prinosa korena šeãerne repe na mikoroogledu u Kikindi, izno-
silo je od 85,78 t ha–1 kod sorte Concerto do svega 12,00 t ha–1 kod kontrole, ne-
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tolerantne na rizomaniju. Ostvarena razlika, u navedenom pokazatequ, iznosila
je 73,78 t ha–1, odnosno 86,01%. Utvrðena razlika u sadrÿaju šeãera izmeðu pr-
vorangirane sorte Ivona (15,36%) i kontrole (10,91%) iznosila je 4,45% apso-
lutnih. Meðutim, ustanovqena razlika u prinosu kristalnog šeãera izmeðu pr-
vorangirane sorte Remos (9,205 ha–1) i kontrole (od svega 0,842 t ha–1) iznosila
je 8,363 t ha, ili 90,85%.

Na drugom lokalitetu, u Somboru, ustanovqene ekstremne razlike izmeðu
ispitivanih sorti bile su znaåajno niÿe, ali takoðe dosta izraÿene.
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RHIZOCTONIA ROOT ROT (RHIZOCTONIA SOLANI
K Ü H N.) OF SUGAR BEET IN PROVINCE VOJVODINA*

ABSTRACT: Sugar beet root rot appears regularly each year, but its intensity de-
pends on agro ecological conditions. The predominant causers of root rot in Vojvodina are
fungi from Fusarium genus and species Macrophomina phaseolina. Over the last couple of
years, more intense occurrence of Rhizoctonia root rot has been observed.

Rhizoctonia solani, the causal agent of root rot is present in sugar beet fields. During
2000—2005, on the territory of Vojvodina, the frequency of Rhizoctonia solani in phytopat-
hological isolations from rotted sugar beet roots was between 0,0—18,2%. The intensity of
the disease depends on localities, agro ecological conditions and genotypes.

Symptoms of Rhizoctonia root rot were registered at some localities in all regions of
Vojvodina: Srem, Banat and Baåka. The disease appearance is above all local. It occurs in
small patches, on heavy, non-structured soil and on depressed, wet parts of plots. Individual
diseased plants can be found during July. Brown rot appears on sugar beet roots, with dried
tissue on surface, which is present on the tail as well as on the middle part and the head of
root. Tissues with described symptoms are deeper regarding the healthy part of root. On
vertical root section, the necrotic changes are clearly visible comparing to tissue section
without symptoms. The heavily infected tissue forms fissures on roots in most cases. Besi-
des the above-mentioned symptoms on roots, the plant wilting and leaf handle necrosis as
well as leaf dying are also observed. When rot spreads to the whole root head, plants
quickly die.

KEY WORDS: distribution, aetiology, Rhizoctonia root rot, Rhizoctonia solani, sugar
beet, Vojvodina

INTRODUCTION

Various types of rot on sugar beet root have become more and more
frequent in the last couple of years and have caused economically significant
losses in our country (S t o j š i n, 2003, M a r i ã and S t o j š i n, 2004).
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There are a lot of available data on parasites that cause root rot. The first
noteworthy occurrence and greater losses were registered during 1960s in Ba-
nat and the north part of Baåka (M a r i ã et al., 1970). Later, in the last deca-
de of 20th and at the beginning of 21st century, root rot occurred, usually in dry
years, when it caused economically significant losses which manifested in dec-
rease of yield and digestion. According to many authors (M a r i ã et al., 1970,
S t o j š i n et al. 2001, J a s n i ã et al., 2001, J a s n i ã et al., 2004, P e j o -
v i ã et al., 2003, M a r i ã and S t o j š i n, 2004, S t o j š i n, 2003), Fusa-
rium root rot is the most important root disease in our country. This one, to-
gether with charcoal root rot (Macrophomina phaseolina) causes huge dama-
ges on sugar beet, especially in dry years (M a r i ã et al., 1970, S t o j š i n,
1993, S t o j š i n, et al., 1999). Other species like Thanatephorus cucumeris
(anamorphic Rhizoctonia solani) — Rhizoctonia root rot, Erwinia carotovora
— causal agent of bacterial soft rot, Streptomyces scabies — the causal agent
of scab root, Pleospora bjoerlingii (anamorphic Phoma betae) — seedling
damping-off, etc. appear from time to time on individual plots or isolated
plants and they are not harmful to sugar beet in Vojvodina (M a r i ã and
S t o j š i n, 2004). Nevertheless, some authors claim that Rhizoctonia root rot
(Rhizoctonia solani) is spread in Vojvodina and that it can cause significant
losses in some years, especially in Srem (V i c o et al., 2004).

MATERIAL AND METHODS

Collecting root samples

Root rot was evidenced in more localities in Vojvodina and was being
followed during vegetative periods in years from 2000 to 2005. In order to di-
agnose and identify the cause of root rot and to examine symptoms of decay,
sample roots with symptoms of the rot were collected from different localities.
The roots were selected randomly and the part of roots with typical symptoms
was used for isolation and determination of parasites that cause rot.

Isolation

Phytopathological isolations were done by standard procedure, which me-
ans isolation on Potato Dextrose Agar (PDA) medium, in Petri dishes and in-
cubation in thermostat at 25°C. After the colony development, isolates were
transferred in order to get pure cultures and to determine the fungus.

Determination

Isolates were determined as Rhizoctonia solani on the base of morpho-
logy of vegetative and generative organs (B a r u c h, S. et al., 1998).
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THE RESULTS AND DISCUSSION

Phytopathological isolations

During experimental period, Fusarium species were predominant pathoge-
nes which caused sugar beet root rot in Vojvodina (40,8%). Species like Mac-
rophomina phaseolina (2,86%), Rhizoctonia solani (8,94%) and other fungi
genera were registered in lower percentage (19,76%) (Table 1).

Table 1. Isolation from diseased sugar beet roots in different locations in Vojvodina (2000—2004)

Year
Number

of diseased
roots

Isolated fungi (%)

Fusarium
spp. R. solani

Macrophomina
phaseolina

Others
saprophytic
organisms

2000 99 68,8 0,0 2,5 6,0

2001 30 16,7 10,0 0,0 6,7

2002 60 26,3 4,7 4,7 48,3

2003 30 61,3 11,8 7,1 23,3

2004 55 30,9 18,2 0,0 14,5

Average 54,8 40,8 8,94 2,86 19,76

Symptoms of Rhizoctonia root rot

The first symptoms which could be noticed on diseased plants are sudden
chlorosis and wilting of leaves. Black necrosis of leaf stems appear, especially
on leaves close to the root head. Faded, wilted leaves quickly collapse and
form brown to black rosette, which is present throughout the whole vegetative
period. Root rot can be complete or partial. Brown to black parts of tissue ap-
pear on diseased root. They can unify and capture one part or the whole root.
Deep fissures are usually located near the head of the root. In humid conditi-
ons, tissue can soften and symptoms of wet rot are present then. Another type
of symptom is dry rot, which manifests itself in lesions which are light and
dark brown, in the shape of concentric circles. Under the lesions, parasite
mycelium is formed with clearly distinguished margins between healthy and
diseased tissue.

DISCUSSION

Intensity of Rhizoctonia root rot depends on the large number of biotic
and abiotic factors. The degree of disease caused by R. solani depends on the
amount of inoculum in the soil, time of infection, environmental conditions
(temperature and humidity) and include physical, chemical and biological cha-
racteristics of the soil (B u d d e r m e y e r and P e t e r s e n, 2004). Rhizocto-
nia root rot more frequently appears on heavy, non-structured soils as well as
on depressed, wet parts of the soil with high level of underground water. Para-
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site causes greater losses when sugar beet is grown (B u d d e r m e y e r and
P e t e r s e n, 2004) in monoculture (inadequate crop rotation) or in frequent
breeding on one parcel only (M a r i ã, 1992, B u d d e r m e y e r and P e -
t e r s e n, 2004, W e s t e r d i j k et al., 2004). Therefore, concerning all these
reasons, it is necessary to use integrated control to fight Rhizoctonia root rot,
caused by R. solani. These means that control should include improved culti-
vation practice, then the use of fungicides as well as biological means of con-
trol against the disease.

One of the most important measures concerning cultivation practice is
crop rotation. On the parcels where sugar beet is grown in monoculture, the
percentage of Rhizoctonia root rot is significantly higher, while on those par-
cels with preceding cereal crops (wheat or barley) or grasses, the frequency of
diseased plants is much lower (W e s t e r d i j k et al., 2004).

On compacted soil the intensity of the disease is higher. That is why soil
impacting and compressing should be avoided. Soil for sugar beet breeding ne-
eds to be loose and well-aerated.

Also, it is recommended to breed resistant sugar beet variants, since the
resistant genotypes exist. However, environmental conditions and the amount
of inoculum can effect the resistance degree. Seedlings of resistant sugar beet
variants are usually very susceptible to the parasite (W e s t e r d i j k et al.,
2004). With the purpose of seedling protection chemical measures are recom-
mended. These measures include fungicide treatment of the seeds as well as
chemical treatments of young plants. The treatment of young plants with the
fungicides on the basis of strobilurin (active substance is azoxystrobin, com-
mercial product Quadris) turned out to be a very successful one. According to
the results of S t u m p and F r a n c (2003), the use of strobilurin decreases
the appearance of root rot in 41—81% and increases yield 3—4 times compa-
ring to non-treated control in the conditions of artificial inoculation of sugar
beet in field. Seed treatment with protective fungicides (Maneb, Mankozeb and
Tiram) is efficient in seedling protection.

Biological measures against damping-off and flattening of the seedlings,
since they are non-resistant to R. solani are usually recommended and they in-
clude seed treatment with spore suspension of Trichoderma virens fungus. So-
me of these isolates express high efficiency against seedling damping-off
( H a n s o n, 2003). It is well known that fungus from Trichoderma genus
form antibiotics, which inhibit the development of other fungi species (H o -
w e l l et al., 1993). T. harzianum manifests activity against Rhizoctonia root
rot, but it does not affect damping-off and flattening of seedlings (R u p p e l et
al., 1983).
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Rezime

Truleÿ korena šeãerne repe javqa se svake godine u slabijem, ili jaåem
intenzitetu, pre svega u zavisnosti od agroekoloških uslova. Dominantni pro-
uzrokovaåi truleÿi korena šeãerne repe u našoj zemqi su gqive iz roda Fusa-
rium i Macrophomina phaseolina. Posledwih godina uoåena je intenzivnija poja-
va mrke truleÿi korena šeãerne repe prouzrokovane od strane Rhizoctonia solani.

Rhizoctonia solani, prouzrokovaå mrke truleÿi korena, prisutna je na poqi-
ma pod šeãernom repom. U periodu 2000—2005. na teritoriji Vojvodine zastu-
pqenost gqive Rhizoctonia solani u fitopatološkim izolacijama iz korena sa
simptomima truleÿi bila je u intervalu 0,0—18,2%. Intenzitet pojave oboqe-
wa zavisi od lokaliteta, vremenskih uslova i genotipa.

Simptomi mrke truleÿi korena registrovani su na pojedinim lokaliteti-
ma Srema, Banata i Baåke. Oboqewe se pre svega javqa lokalno, u mawim oazama
na parcelama, na teÿim nestrukturnim zemqištima, kao i zabarenim delovima
wiva. Pojedinaåne obolele biqke se nalaze tokom jula. Na korenu šeãerne repe
javqa se tip simptoma mrke, suve truleÿi na površini tkiva, koja se javqa kako
na repnom, tako i na sredwem delu i glavi korena. Tkivo sa opisanim simpto-
mima je ugnuto u odnosu na zdravo. Na uzduÿnom preseku korena uoåava se smena
mrkog, nekrotiånog tkiva, sa tkivom bez vidqive promene boje. Jaåe zaraÿeno
tkivo kod veãeg broja uzoraka puca stvarajuãi pukotine na korenu. Pored opisa-
nih simptoma, uoåava se i pad turgora, nekroza i truleÿ osnova lisnih drški
i sušewe lišãa. Kada truleÿ zahvati åitavu glavu korena, biqke ubrzo ugiwa-
vaju.
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MULTINUCLEATE RHIZOCTONIA SP. — PATHOGEN OF
SUGAR BEET AND SUSCEPTIBILITY OF CULTIVARS

UNDER FIELD CONDITIONS*

ABSTRACT: Sugar beet root rot has severely occurred in our country recently, espe-
cially in localities of Pazova, Peãinci, Ruma, Sremska Mitrovica and Šid. From diseased ro-
ots as well as from soil collected from the localities where decay occurred, fungal isolates
were obtained by bait plant method. Based on their characteristics, they were identified as
multinucleate Rhizoctonia sp.

During the year of 2004 in Mitrosrem trial field T-11, where the presence of multi-
nucleate Rhizoctonia sp. was confirmed, an experiment under the coordination of Commit-
tee for Acknowledgement and Registration of New Cultivars in our country was conducted
in order to determine cultivars' tolerance, i.e. their susceptibility and possibility for growing
on infested fields. Six cultivars of sugar beet, Laetitia (as standard) and five new ones were
included in the investigation. The trial was conducted in accordance with the established
and accepted method (Ministry of Agriculture, Forestry and Water Resources, Republic of
Serbia). Susceptibility of investigated cultivars was evaluated according to significant pro-
duction characteristics: root yield, sugar content, corrected sugar content, thick juice Q, mo-
lasses sugar, content of K, Na and amino-N, polarized sugar yield and white sugar yield, as
it was recommended by the method.

Conducted investigations have revealed that tested sugar beet cultivars showed diffe-
rent reactions to natural infection with multinucleate Rhizoctonia sp. Concerning root yield
as the most important agricultural characteristic, statistically significantly higher yield was
obtained with the cultivar under code mark 5 (61.120 kg/ha), whereas the cultivar marked
under code 6 had significantly lower yield comparing to the standard (38.100 kg/ha).

KEY WORDS: multinucleate Rhizoctonia sp., natural infection, tolerant cultivars,
yield
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INTRODUCTION

Rhizoctonia solani is the most studied species of Rhizoctonia genus and
was described for the first time on potato in 1858 (S n e h et al., 1991). Based
on the number of nuclei in their cells, fungi belonging to Rhizoctonia spp. can
be divided in two groups: binucleate and multinucleate. Species described as
Rh. solani has more than three nuclei in its cells, thus this species belongs to
the group of multinucleate Rhizoctonia sp. According to new criteria in the
taxonomy of Rhizoctonia, it is recommended to describe Rh. solani as multi-
nucleate Rhizoctonia sp. (S n e h et al., 1996).

Multinucleate Rhizoctonia sp. is economically important for growing on
numerous plant hosts worldwide and in our country it is common on potato,
beans, alfalfa (V i c o et al., 1996), tomato, cabbage (I v a n o v i ã and I v a -
n o v i ã, 2001) and ornamentals (V i c o et al., 2005). Besides mentioned
hosts, in several localities in our country, this fungus is proved to be causing
sugar beet root rot (V i c o et al., 2004).

In localities of Pazova, Peãinci, Ruma, Sremska Mitrovica and Šid, mas-
sive decay of sugar beet has been observed. From diseased roots, as well as
from the soil originating in these localities, fungus was isolated using plant ba-
it method and was identified as multinucleate Rhizoctonia sp., based on some
of its characteristics (V i c o et al., 2004). This fungus can survive as sclerotia
or mycelia on plant debris in infested soil for a very long period (S c h e i d e r
and W h i t n e y, 1986). Since it is polifagous, attacking numerous plant hosts,
its inoculum accumulates in the soil although crop rotation is employed. In
these conditions, after multinucleate Rhizoctonia sp. is registered in a certain
locality, the only economically justified and available control measure is gro-
wing resistant or tolerant cultivars (H a r v e s o n, 2003).

The aim of described investigations was to examine reactions of some su-
gar beet cultivars to natural infection in order to evaluate their capacity for
growing on soil infested by multinucleate Rhizoctonia sp.

MATERIAL AND METHODS

During 2003, on Mitrosrem field in Glac locality, near Sremska Mitrovi-
ca, where sugar beet rot had been noticed in previous years, five soil samples
were collected. These samples, each consisting of 1 kg of soil, were investiga-
ted for the presence of plant pathogenic fungi using bait method (F o x, 1993).
Soil was placed in appropriate pots and sowed with sugar beet, cv. Dana. Af-
ter seedlings had emerged in greenhouse conditions, symptoms were observed
each day. Greenhouse and phytopatological investigations were conducted in
the facilities of Department of Phytopathology, Faculty of Agriculture, Belgra-
de, Zemun.

From bait plants-seedlings with disease symptoms, isolation by usual
methods was performed on potato-dextrose agar (PDA). Previously superfici-
ally disinfected (1 min, 2% Natriumhipohlorit, NaClO) root and crown frag-
ments were placed or immersed in PDA media. Incubation was at 23°C, in
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dark. After fungi were developed around the plant fragments, a colony frag-
ment was transferred, first on fresh PDA and afterwards on water agar (WA)
where hyphal tip isolates were obtained.

In order to identify the obtained fungal isolates, macroscopic and micro-
scopic morphological, as well as some biological characteristics were investi-
gated. Colony appearance and characteristics like shape, dimensions and cha-
racteristics of spores and mycelia, as well as the number of nuclei in cells
were studied. On seven days old fungal colonies on PDA, incubated at 24°C
in dark, macroscopic properties of isolates were studied, following the criteria
proposed by M u n t a n o l a - C v e t k o v i ã (1987). Studied properties were
growth rate, colony appearance, colony edge characteristics, colour, the presen-
ce of fructifying bodies, exudation, scent and pigmentation. Seven days old
fungal colonies on PDA and WA were used for observing and studying micro-
scopic characteristics. Studied microscopic properties were mycelia appearan-
ce, hyphal appearance, branching and septation, characteristics of septae, spo-
rulation, as well as the appearance of myceliar bodies. Hyphal width and the
length from the branching point to the first septae and dimensions of spores
and myceliar bodies were measured. The number of nuclei per cell in obtained
isolates was investigated applying two methods: shafranin O staining (B a n -
d o n i, 1979) and staining with aniline blue in lactophenol (0,5% solution)
( B u r p e e et al., 1978). The number of nuclei per cell was determined in
100 randomly selected hyphal or moniliformous cells in seven days old cultu-
res of investigated isolates, grown on PDA and WA media.

During 2004 in the Mitrosrem field, in Glac locality, where multinucleate
Rhizoctonia sp. presence was proved, a field experiment was set up, under the
guidance of Committee for Acknowledgement and Registration of New Culti-
vars. Six sugar beet cultivars, Laetitia (as standard) as well as five new ones
were included in the investigation. The experiment was set up in accordance
with the recommended and accepted methodology of Cultivar Committee (Mi-
nistry of Agriculture, Forestry and Water Resources, Republic of Serbia). It
was designed in five replications according to random block system. Sugar be-
et was planted at the beginning of April 2004, in the rows, 50 cm apart with
20 cm distance between plants in one row. During vegetation, usual agricultu-
ral and disease control measures were applied. Root harvesting was manual, at
the beginning of October. The number of plants per experimental plot was cal-
culated and expressed in 000/ha. Yield was measured and roots were then
transported to Laboratory of Sugar Technology Department, Faculty of Food
Technology, Novi Sad. Evaluated tolerance of investigated sugar beet cultivars
was based on significant productional characteristics such as the number of
harvested plants, root yield, sugar content, corrected sugar content, thick juice
Q, molasses sugar, K, Na, and amino-N content, polarized sugar yield and
white sugar yield, as it is recommended by the method. Obtained results were
statistically analysed as separate monofactorial trials according to random
block system. Pair evaluations were calculated using LSD test at 0,05 and 0,01
levels of significance.
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RESULTS

Symptoms on bait plants and identification of fungi

On diseased sugar beet seedlings, 7—10 days after emerging, damping
off occurred as the result of root and crown necrosis (Figure 1). From diseased
bait plants with symptoms of necrosis, fungus was isolated on PDA. After ob-
taining hyphal tip cultures, the identification was carried out.

Isolates expressed following macroscopic characteristics: beige to brown
colonies, rich and well developed showing rapid growth (average 24,55 mm
per day); edge uninterrupted and smooth; mycelium developed on the glass;
sclerotia (numerous, thick, spherical, light to dark brownish, usually in groups,
0,5—3 mm in diameter) were formed superficially in the colonies, 5—6 days
after transferring to PDA and usually distributed near colony edge (Figure 2).

Microscopic properties of investigated isolates were: mycelia wavy and
multicelullar; young hyphae branching under almost right angle; at the bran-
ching point, where lateral hyphae began to grow, there was a characteristic
narrow point near which septae could be found on the lateral branch (Figure
3); moniliformous cells appeared in long chains (Figure 4). Hyphal width was
from 5,5—7,5 �m, hyphal length from the branching point to the first septae
was 4,7—7,5 �m, hyphal width at the narrow point was 4,5 �m on average.

Symptoms during vegetation

During the field trial, complete plant decay was found in some sugar beet
cultivars. On a few of the remaining plants there were symptoms of rot which
could be seen during harvesting, at the end of the experiment. Symptoms on
mature plants were dark brown necrosis and superficial root splitting (Figure
6). Necrosis and rot were spreading towards root core. Plant decay and root rot
were observed in different intensity on investigated sugar beet cultivars. Du-
ring root harvesting, a similar number of 1—4 rotted roots per replicate was
established with cultivars under codes 2, 4 and 5, while the cultivar under co-
de 6 had 17—20 roots with symptoms. Nevertheless, all investigated sugar be-
et cultivars expressed similar capability of finishing vegetation in the soil infe-
sted with multinucleate Rhizoctonia sp. (Figure 5). The number of harvested
plants was not statistically different comparing to the standard. The only
exception was the cultivar under code 5 where statistically significantlly higher
number of plants completed the vegetation (Table 1).

Productional properties of investigated sugar beet cultivars

In the conditions of natural infection with multinucleate Rhizoctonia sp.,
sugar beet cultivars expressed different productional properties and the results
were summarised in Table 1.
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As it can be seen in Table 1, the highest yield was recorded for the culti-
var under code 5 (61,120 kg/ha) and this was statistically significantlly higher
comparing to the standard, cv. Laetitia, which was under code 1. The lowest
yield was recorded for the cultivar under code 6 (38100 kg/ha) and this was
statistically significantlly lower than the standard. The highest sugar content
was found in the cultivar under code 3 (15,58%), followed by the cultivar un-
der code 5 (15,40%). Both were statistically significantlly higher comparing to
the standard. Remaining cultivars, 2, 4 and 6 also had statistically significantly
higher sugar content comparing to Laetitia (14,17%). Concerning plant number
per ha, the only statisticaly significant difference comparing to the standard
was with the cultivar under code 5 where the higher number of plants mana-
ged to complete vegetation (95400 plants/ha).

In Table 2, the remaining productional characteristics were summarized.
Among these, the important ones are polarized sugar yield and white sugar
yield which were the highest with the cultivar under code 5 (5418 and 7904
kg/ha, respectively) and the lowest with the cultivar under code 6 (5759 and
4830 kg/ha, respectively).

DISCUSSION

Obtained fungal isolates were identified as multinucleate Rhizoctonia sp.
based on disease symptoms on bait plants, i.e. sugar beet seedlings, isolation
and morphological properties as well as on the number of nuclei in the cells
( S n e h et al., 1991; C e r e s i n i, 1991). The presence of plant pathogenic
fungi Rhizoctonia sp. was confirmed in the soil of Mitrosrem T-11 field,
which made it appropriate for setting the cultivar experiment.

During vegetation, with all investigated sugar beet cultivars, necrosis and
decay of smaller number of plants were established. Not all the plants that had
been planted and then emerged, managed to complete vegetation. Multinuclea-
te Rhizoctonia sp. is the causal agent of necrosis and decay of sugar beet, cau-
sing yield reduction by 2—30% (S c h e i d e r and W h i t n e y, 1986) and
even up to 50% (G a l l i a n n, 1998). This yield reduction is greatly due to
plant decay before harvesting. In the conditions of this experiment, with all in-
vestigated sugar beet cultivars, a large number of plants was able to finish ve-
getation, so all investigated cultivars posses a certain level of tolerance to-
wards Rhizoctonia sp. and the capacity to be cultured in infested soil.

For evaluating the capability of sugar beet cultivars to grow in infested
soil, productional properties such as yield and sugar content proved to be ap-
propriate. These two parameters separated investigated cultivars and emphasi-
sed differences between them on the level of significance LSD 0.05 and 0.01.
The cultivar under code 5 had statistically significantly higher yield in the con-
ditions of this experiment and statistically very significantly higher sugar con-
tent comparing to the cultivar Laetitia which represented the standard as an
acknowledged tolerant sugar beet cultivar. The selection of new sugar beet
cultivars tolerant against multinucleate Rhizoctonia sp. and their introduction
into practice represent an intensive research field in the world. L e o n a r d
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and H a n s o n (2003) recommend yield measurement and disease intensity
assessment as tools for selecting tolerant sugar beet genotypes in the conditi-
ons of natural infection. L e o n a r d (2003) examined the tolerance of sugar
beet cultivars against multinucleate Rhizoctonia sp., but cultivar reaction was
compared to a susceptible standard. In that way, the reaction of tolerant culti-
vars was more obvious. Based on the results obtained in this investigation and
comparing them to literature data, sugar beet cultivar under code 5 could be
recommended for further evaluations, because it showed statistically signifi-
cantly higher yield and statistically very significantly higher sugar content than
the standard.

Results obtained in conducted investigations showed that tolerant sugar
beet cultivars are available and able to give satisfactory yield in the conditions
of soil infestation with multinucleate Rhizoctonia sp. in our climate. Since the
growing of tolerant sugar beet genotypes on infested soil is the only economi-
cally justified control measure of sugar beet root rot caused by multinucleate
Rhizoctonia sp., results obtained in presented investigations are significant for
scientific as well as for practical aspects of sugar beet production.
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Table 1. Major productional characteristics of investigated sugar beet cultivars naturally infected
with multinucleate Rhizoctonia sp. during 2004.

Sugar beet cultivars Root yield (t/ha) Plant No (000/ha) Sugar content (%)

1 50,80 83,00 14,1667

2 59,64 92,60 14,9500*

3 50,28 87,00 15,5833**

4 53,52 93,00 14,8833*

5 61,12* 95,40* 15,4000**

6 38,00* 79,40 15,1000*

LSD 0.05 10,08044 9,959461 0,672487

LSD 0.01 13,75012 13,5851 0,956532

CV 14,65922% 8,588364 2,462034

Note:
* Statistically significant difference comparing to standard with LSD 0,05.

** Statistically significant difference comparing to standard with LSD 0,01.

Table 2. Other measured productional characteristics of investigated sugar beet cultivars naturally
infected with multinucleate Rhizoctonia sp. during 2004.

Sugar-
beet

cultivars

Corrected
sugar

content
%

Thick
juice

Q

Molasses
Sugar

%

K Na Amino N
Polarized

sugar
yield

000 kg/ha

White
sugar
yield

000 kg/hammol/100°S

1 11,28 90,68 2,29 30,05 20,66 10,14 7,120 5,668

2 11,66 92,54 1,69 25,09 10,72 11,95 8,915 7,548

3 13,46 93,63 1,52 23,11 8,85 8,22 7,833 6,769

4 12,44 92,42 1,84 24,41 15,15 9,07 7,963 6,657

5 12,92 92,51 1,88 24,36 14,74 8,90 9,418 7,904

6 12,68 92,44 1,82 24,41 14,11 9,96 5,759 4,830
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Figure 1. Multinucleate Rhizoctonia sp.: Root necrosis of bait plants

Figure 2. Multinucleate Rhizoctonia sp.: Sclerotia on colony edge on PDA
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Figure 3. Multinucleate Rhizoctonia sp.:
Junction point of branching hyphae

Figure 4. Multinucleate Rhizoctonia sp.: Moniliformous cells, detail
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Figure 5. Multinucleate Rhizoctonia sp.: Multiple nuclei in the hyphal cells
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Figure 6. Multinucleate Rhizoctonia sp.: Necrosis and splitting on sugar beet roots
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VIŠEJEDARNA RHIZOCTONIA SP. — PATOGEN ŠEÃERNE REPE
I OSETQIVOST SORTI U POQU
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Rezime

Posledwih godina uoåeno je masovno propadawe šeãerne repe u našoj ze-
mqi i to u lokalitetima Pazove, Peãinaca, Rume, Sremske Mitrovice i Šida.
Iz obolelih korenova i iz zemqišta prikupqenog sa terena gde je propadawe
uoåeno, metodom mamaka izolovana je gqiva koja je po svojim osobinama identi-
fikovana kao višejedarna Rhizoctonia sp.

U toku 2004. godine na parceli Mitrosrema T-11, gde je izolacijom doka-
zano prisustvo višejedarne Rhizoctonia sp., postavqen je ogled u okviru sortne
komisije za priznavawe i registraciju novih sorti u našoj zemqi sa ciqem
utvrðivawa tolerantnosti, odnosno osetqivosti pojedinih sorti i time wiho-
ve pogodnosti za gajewe na infestiranom zemqištu. U ispitivawa je ukquåeno
6 sorti šeãerne repe: Laetitia (kao standard) i još pet novih sorti. Ogled je
posejan po utvrðenoj i prihvaãenoj metodi sortne komisije (Ministarstvo po-
qoprivrede, šumarstva i vodoprivrede Republike Srbije). Osetqivost ispiti-
vanih sorti ocewivana je na osnovu znaåajnih proizvodnih osobina: prinos ko-
rena, polarizacija, korigovani sadrÿaj šeãera, Q gustog soka, sadrÿaja seãera u
melasi, sadrÿaja K, Na i amino N, prinos polarizacionog šeãera i prinos
kristalnog šeãera, kako to metoda i zahteva.

Na osnovu obavqenih istraÿivawa ustanovqeno je da se ispitivane sorte
šeãerne repe razliåito ponašaju u uslovima prirodne zaraze višejedarnom
Rhizoctonia sp. U pogledu prinosa, kao najvaÿnije proizvodne karakteristike,
statistiåki znaåajno viši prinos od standarda ispoqila je sorta koja se vodi
pod šifrom 5 (61.120 kg/ha), dok je sorta koja se vodi pod šifrom 6 imala sta-
tistiåki znaåajno niÿi prinos u poreðewu sa standardom (38.100 kg/ha).
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ROOT ROT DISEASES OF SUGAR BEET
(BETA VULGARIS L.) AS AFFECTED BY

DEFOLIATION INTENSITY*

ABSTRACT: The aim of this work was to study the effect of sugar beet re-growth
after water stress defoliation on root rots of three cultivars (Europa, Rival, Corsica), which
were spring sown in Thessaly, central Greece, for two growing seasons (2003—04). At the
beginning of July, sugar beets were subjected to water deficit with irrigation withholding. A
month later, three defoliation levels (control — C, moderate — MD, severe — SD) and ir-
rigation were applied. Thus, sugar beets were forced to re-grow and three harvests (15, 30
and 40 days after defoliation — DAD) were conducted. Rotted roots per hectare were coun-
ted and pathogens were identified. Data were analyzed as a four-factor randomized comple-
te block design with years, defoliation levels, sampling times and cultivars as main factors.
The number of rotted roots was increased with the defoliation level and was significantly
higher for SD sugar beets (3748 roots ha–1). No significant differences were found between
C and MD treatments (1543 and 2116 roots ha–1, respectively). Rival was the most suscep-
tible cultivar to root rots. Sugar beets were more susceptible to rotting 15 and 40 DAD
(2778 and 2998 roots ha–1). The causal agents of root rots were the fungi, Fusarium spp.,
Rhizopus stolonifer, Macrophomina phaseolina and Rhizoctonia solani.

KEY WORDS: defoliation, re-growth, root rot diseases, sugar beet

INTRODUCTION

Sugar beet is the main cash crop for central and northern Greece. In
Thessaly plains, sugar beet crop covers the acreage of 10.000 ha. In Thessaly,
sugar beet crop productivity is limited by water stress. Drought will become a
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serious restrictive factor of sugar beet growth in numerous areas in Europe
( J o n e s et al., 2003). In Greece, water deficit occurs in July and August
when evapo-transpiration exceeds water inputs. Supplementary irrigation is
provided in order to bridge the gap between needs and input but this is often
inevitable due to shortage of irrigating water.

Sudden and erratic rainfalls or restoration of irrigation water supply en-
force sugar beets to re-grow with detrimental effects on qualitative and quanti-
tative traits of sugar beet roots (M u r o et al., 1998). From field observations,
sugar beets defoliated by water stress, which are then forced to re-grow show
an increasing susceptibility to root rotting after water supply restoration. Thus,
the aim of this work was to study the effects and to identify the soil pathogens
responsible for root rots which appear after irrigation restoration in three culti-
vars of sugar beet subjected to drought stress.

METHODS AND MATERIALS

Three sugar beet cultivars (Europa-van der Have, Rilland, The Nether-
lands, Rival-SES EUROPE NV/SA, Tienen, Belgium, Corsica-Maribo, Dani-
sco Seed, Holefy, Denmark) were established in a randomized complete block
design, with four replications, in Amfithea farm of Hellenic Sugar Industry SA
(39° 43' N, 22° 28' E, 76 m). Seeding was conducted on 17 April 2003 and
on 18 March 2004 and seeds were drilled with Hege 80 machine at 45 cm
between rows and 8.1 cm on a row. After seedling emergence, plants were
thinned by hand. Sugar beets were provided a total of 150 kg N ha–1 (as basal
and top-dressing), 75 kg P2O5 ha–1 and 75 kg K2O ha–1. Full protection against
pests and pathogens was supplied by spraying.

In order to be subjected to drought stress, sugar beets were left without
irrigation for about a month (during July). Then, three defoliation treatments
(control — C, moderate defoliation — MD, severe defoliation — SD) were
applied by hand. At MD treatment, half of the foliage was removed while at
SD treatment only the meristems left. Then, irrigation (Â70 mm) was applied
in order to achieve the foliage re-growth. Three samplings (15, 30 and 40
Days after Defoliation — DAD) were taken in order to study quantitative and
qualitative sugar beet traits. In each sampling, two rows (7 m long, 6.3 m2)
were harvested by hand and the total and rotted root numbers were determi-
ned. Rotted roots were collected and pathogens were isolated using acidified
PDA media. The pathogens were examined using a binocular light microscope.
Fungal hyphae, fruiting bodies and spores were used for the identification of
the parasitic fungi.

The data of rotted roots were subjected to analysis of variance (ANOVA)
as a randomized complete block design with four main factors (years, defolia-
tion levels, sampling times, cultivars). For the analysis, MSTAT-C (version
1.41, Crop and Soil Sciences Department, Michigan State University, USA),
statistical package was used and results were compared by LSD test.
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RESULTS AND DISCUSSION

No significant differences between main factors were found concerning
the total root number (data not shown). Table 1 presents ANOVA for rotted
root number. Rotted root number was not significantly affected by years and
was marginally insignificant (P=0.055) regarding cultivars. Rival proved to be
the most susceptible cultivar to root rots (3021 roots ha–1), followed by Corsi-
ca (2668 roots ha–1) which had no significant differences comparing to Europa
(1719 roots ha–1). However, a significant Year and Cultivar interaction was
evident (Table 1). In 2003, Corsica and Rival preoved to be more susceptible
to rotting but in 2004, this was evident for Europa and Corsica. It is well esta-
blished by field observations that sugar beet cultivars show different reaction
to root rots caused by soil fungi.

Table 1. Analysis of Variance (ANOVA) of rotted root number. Where df = degrees of freedom,
ns = not significant, * = P

Source of variation df F Significance

Block 3 3.29 ns

Years (Y) 1 3.91 ns

Defoliation level (D) 2 7.86 **

Y x D 2 4.21 *

Sampling times (S) 2 3.51 *

Y x S 2 5.11 **

D x S 4 1.60 ns

Y x D x S 4 1.34 ns

Cultivar (C) 2 2.95 ns

Y x C 2 10.91 ***

D x C 4 1.82 ns

Y x D x C 4 3.06 *

S x C 4 0.26 ns

Y x S x C 4 0.49 ns

D x S x C 8 0.30 ns

Y x D x S x C 8 1.11 ns

CV (%) 134.53

Defoliation level and sampling times had a significant impact on root
rots. Although MD had no effect on root rots compared to C treatment (2116
and 1543 roots ha–1, respectively), SD significantly increased root susceptibi-
lity to rots (Figure 1). A possible explanation for this is that SD plants had
osmotically accumulated water in their roots after irrigation, without having
an active transpiration surface to limit root water content. Increased root wa-
ter content and availability are factors promoting root susceptibility to rots
( A g r i o s, 1988).
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Time of root sampling had a significant effect on rotted root, number be-
ing higher at early and late sampling (2778 and 2998 roots ha–1, respectively),
while 30 DAD rotted root number was the lowest (1632 roots ha–1) (Figure 1).

Soil fungi identified to cause root rots were Fusarium spp., Rhizopus sto-
lonifer, Macrophomina phaseolina and Rhizoctonia solani. All the isolated
fungal species correlated with stressed, weakened or injured sugar beets (H u l l
1960, S c h n e i d e r and W h i t n e y, 1986).
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Rezime

Ciq ovog rada bio je da se ispita efekat retrovegetacije nakon opadawa
lišãa usled vodnog stresa na truleÿ korena tri komercijalne sorte (Europa,
Rival, Korsika) koje su tokom proleãa sejane u Tesaliji (centralna Gråka) to-
kom dve vegetacije (2003—2004). Poåetkom jula šeãerna repa je podvrgnuta de-
ficitu vode obustavqawem navodwavawa. Mesec dana kasnije primewena su tri
nivoa opadawa lišãa (kontrolno, umereno, jako), a navodwavawem prskalicama
obezbeðeno je oko 70 mm vode. Šeãerna repa je bila prisiqena na retrovegeta-
ciju. Izvedena su i tri vaðewa (15, 30 i 40 dana nakon opadawa lišãa). Izbro-
jano je trulo korewe po ha i identifikovani su patogeni. Podaci su analizi-
rani u åetvorofaktorijalnom sluåajnom blok-sistemu sa godinama, sortama, ni-
voima opadawa lišãa i vaðewem korena kao osnovnim faktorima. Broj trulih
korena se poveãao sa nivoom opadawa lišãa i bio je znaåajno veãi za šeãernu
repu sa jako opalim lišãem (3748 roots ha–1). Izmeðu kontrole i umerenog opa-
dawa lišãa nije naðena nikakva znaåajna razlika (1543 i 2116 korena ha–1). Ri-
val je bila najosetqivija sorta (3021 korena ha–1) zatim Korsika (2668 korena
ha–1) koja nije imala nikakvu znaåajnu razliku u odnosu na Europu (1719 korena
ha–1). Šeãerna repa je bila osetqivija na truleÿ pri vaðewu korena 15. i 40.
dana nakon opadawa lišãa (2778 i 2998 korena ha–1), dok je kod 30 dana nakon
opadawa lišãa zabeleÿen mawi broj trulog korena (1632 korena ha–1). Prouzro-
kovaåi truleÿi korena bile su gqive, Fusarium spp., Rhizopus stolonifer, Macrop-
homina phaseolina i Rhizoctonia solani.
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SURVEY OF ROOT ROT DISEASES OF SUGAR BEET
IN CENTRAL GREECE*

ABSTRACT: An extensive survey was conducted during the summer and autumn of
2004 in sugar beet fields in the area of Larissa, Thessaly region, with plants showing
symptoms of root rot diseases. The aim of the monitoring was to identify the causal agents
of root rot diseases. In total, 76 sugar beet fields were surveyed and 5—10 diseased roots
were examined from each field. Isolations, carried out on PDA, showed that two main fun-
gal pathogens causing root rot were Rhizoctonia solani and Phytophthora cryptogea. The
former was isolated in 46% of the fields and the latter in 38% of the fields. In addition,
Rhizopus stolonifer, Fusarium spp., Scerotium rolfsii and Rhizoctonia violacea were isolated
in 14%, 7%, 4% and 1% of the fields, respectively. In most of the surveyed fields only one
pathogen species was isolated and only in a few of them more than one fungal species was
identified.

KEY WORDS: root rot diseases, sugar beet

INTRODUCTION

During the summer and autumn of 2004, an extensive survey of root rot
diseases was conducted in 76 sugar beet fields in the area of Larissa, Thessaly
region, where each year 10—12 thousand hectares are cultivated with sugar
beet.

The climate in Thessaly is warm and humid with a few rain showers du-
ring summer and early autumn. Irrigation is absolutely necessary for sugar be-
et cultivation. Growers generally use a 3—4-year rotation system mainly with
cereals and cotton.

Root rot diseases more often appear in randomly scattered plants within a
field, but they also, very often occur in small patches with a few meters in di-
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ameter. It is estimated that an average of 1—5% yield is lost due to these dise-
ases annually, but it is not uncommon to have 10—30% loss in some fields.

Root rot diseases are considered to be of minor importance for the sugar
beet crop in Greece and there are only a few reports (G i l p a t h i et al., 2001)
related to soil fungal pathogens infecting sugar beet roots. The aim of this sur-
vey was to identify the fungal pathogens which relate to this kind of disease
symptoms.

MATERIALS AND METHODS

From each sampled field, 5—10 rotted roots were collected and transfer-
red into the laboratory for pathogen isolation. Only roots showing rot in ini-
tial stage were selected to reduce contaminating saprophytic microorganisms.
Small root tissue pieces, obtained from the margin between the healthy and di-
seased internal tissue were transferred on PDA slants, amended with lactic
acid to avoid bacterial contamination. Petri dishes were incubated in the dark,
at 25 C. After 2—3 days of incubation, fungal colonies were visible and agar
blocks were removed and transferred to new PDA petri dishes for growth. Af-
ter a week of incubation, the fungal cultures were identified using a binocular
light microscope (magnification 10—40X). Fungal hyphae, fruiting bodies and
spores were used for the identification of parasitic fungi.

RESULTS AND DISCUSSION

During summer and early autumn of 2004 the climate in the region of
Thessaly was warm and humid. The total amount of precipitation was 32 mm
of rainfall. Microscopic examination of the isolated fungal cultures showed
that Rhizoctonia solani and Phytophthora cryptogea are the major soil fungal
pathogens of sugar beet roots in Central Greece. They were isolated from all
the counties and all the types of soil.

Rhizopus stolonifer and Fusarium spp. were isolated only from crops suf-
fering from water deficiency or abnormal irrigation, while Scerotium rolfsii
was isolated only from fields of saline soil. Rhizoctonia violacea was isolated
in the field where the previous crop was alfalfa.

In 10 out of 76 sampled fields more than 2 pathogens related to root rot
diseases were isolated. Results are shown in Table 1.

The purpose of this paper is to record the fungal pathogens which induce
root rot diseases of sugar beet in Central Greece.

The results from the survey showed that Rhizoctonia solani and Phyto-
phthora cryptogea were the major causal agents of root rot diseases of sugar
beets in Thessaly.

Root rot diseases from Rhizopus stolonifer and Fusarium spp. seem to be
related only to sugar beet stressed from draught. Scerotium rolfsii and Rhizoc-
tonia violacea were only rarely isolated from diseased sugar beet roots. In
most cases, only one pathogen was involved in root rot disease in each sam-
pled field.
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Table 1. Fungal species isolated from diseased sugar beets showing root rot symptoms in Greece
during 2004.

Casual agent Number of fields with pathogen /
Total number of fields % fields with pathogen

Rhizoctonia solani 35/76 46

Phytophthora cryptogea 29/76 38

Rhizopus stolonifer 11/76 14

Fusarium spp. 5/76 7

Sclerotium rolfsii 3/76 4

Rhizoctonia violacea 1/76 1
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BOLESTI KORENA ŠEÃERNE REPE U CENTRALNOJ GRÅKOJ
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Rezime

Tokom leta 2004. u poqima šeãerne repe u oblasti Larise, u regionu So-
luna, izveden je ekstenzivan pregled biqaka koje pokazuju simptome bolesti tru-
leÿi korena. Ciq monitoringa bio je da se identifikuju prouzrokovaåi bole-
sti truleÿi korena. Pregledano je ukupno 76 poqa šeãerne repe i sa svakog
poqa je pregledano 5—10 obolelih korena. Izolacije, izvedene na PDA, pokaza-
le su da su glavni prouzrokovaåi truleÿi korena dva glavna patogena izolovana
iz obolelih korena, Rhizoctonia solani i Phytophthora cryptogea. Prvi je izolovan
sa 46% poqa, a drugi sa 38% poqa. Uz to, Rhizopus stolonifer, Fusarium spp., Scle-
rotium rolfsii i Rhizoctonia violacea izolovani su sa 14%, 7%, 4% i 1% poqa. Kod
veãine pregledanih poqa izolovana je samo jedna patogena vrsta, a samo na ne-
koliko poqa su utvrðene više od jedne vrste gqiva.
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CONTROL OF SUGAR BEET POWDERY MILDEW
WITH STROBILURIN FUNGICIDES*

ABSTRACT: Powdery mildew, caused by Erysiphe betae is a major foliar disease of
sugar beet in areas with dry and relatively warm weather conditions throughout the world.
In the present study, four fungicides belonging to the relatively new class of strobilurin fun-
gicides, azoxystrobin, kresoxim-methyl, pyraclostrobin and trifloxystrobin were evaluated in
three different application doses (100, 150 and 200 mg a.i. ha–1) during 2003—2004 for the
control of the disease. Among the four strobilurin fungicides tested, trifloxystrobin and
kresoxim-methyl were the most effective with control efficiency values higher than 94%
compared to the control treatment even when applied at lower application dose of 100 mg
a.i. ha–1. Azoxystrobin and pyraclostrobin showed a poor to modest activity against the di-
sease even when applied at the highest application dose of 200 �g a.i. ha–1. Disease seve-
rity, in terms of AUDPC values was significantly correlated to decreased root yield, while
no significant correlation existed among disease severity and sugar content of the roots or
sucrose yield. In addition, the efficiency of tank mixtures of four strobilurin fungicides ap-
plied at 100 �g a.i. ha–1 with two sterol demethylation — inhibiting fungicides (DMIs), di-
fenoconazole and cyproconazole applied at 62.5 and 25 mg a.i. ha–1, respectively, was eva-
luated. The mixtures of azoxystrobin and pyraclostrobin with either difenoconazole or
cyproconazole provided a better control efficiency compared to the single application of
each mixture partner, while the tank mixtures of trifloxystrobin and kresoxim-methyl with
either difenoconazole or cyproconazole provided a better control efficiency compared to
single application of difenoconazole or cyproconazole and similar control efficiency compa-
red to the efficiency obtained by single application of the strobilurin fungicides.

KEY WORDS: azoxystrobin, chemical control, Erysiphe betae, kresoxim-methyl,
pyraclostrobin, trifloxystrobin

INTRODUCTION

Sugar beet powdery mildew, caused by Erysiphe betae, is among the
most important foliar diseases of sugar beet worldwide. In the conditions of
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high disease pressure and in the absence of control measures, the reduction of
root yield may exceed 22% and root sucrose content may exceed 13% (F o r -
s t e r, 1979). Disease development is favored by dry conditions and relatively
high temperatures. The control of disease is mainly achieved by applications
of broad spectrum of systemic fungicides, mainly belonging to the ergosterol
biosynthesis inhibitors class (EBIs) which are also active against Cercospora
leaf spot caused by Cercospora beticola or by applications of the protective
fungicide sulfur which is powdery mildew specific (B y f o r d, 1996). Qo inhi-
biting fungicides (strobilurin and strobilurin-related fungicides) constitute a re-
latively new fungicide class that inhibits mitochondrial respiration by binding
at the Qo site of cytochrome b, possessing an extremely broad spectrum of ac-
tivity against several fungal classes (B a r t l e t t et al., 2002). The current
study was conducted to test: i) the efficiency of four strobilurin fungicides,
azoxystrobin, trifloxystrobin, pyraclostrobin and kresoxim-methyl against the
pathogen in the field conditions and ii) the efficiency of tank mixtures of four
strobilurin fungicides with two triazole fungicides, difenoconazole and cypro-
conazole.

MATERIALS AND METHODS

Fungicides: Fungicides used in the study were commercial formulations
of trifloxystrobin (Flint 50 WG), pyraclostrobin (F-500 25), kresoxim-methyl
(Strobby 50WG), azoxystrobin (Ortiva 25 SC) difenoconazole (Score 25 EC),
cyproconazole (Caddy 10 SL) and sulfur (Thiovit 80 WG).

Plant material: Sugar beet cultivar selected for the experiment was “Ri-
val", a cultivar sensitive to powdery mildew. Field plots consisted of six
11-meter rows spaced 45 cm apart and arranged in a randomized block design
with four replicates per treatment.

Time of application: Fungicides were applied preventively. Spray applica-
tions initiated before the appearance of any disease symptom on the plants, af-
ter the “closing" of rows and repeated at intervals of 15—20 days. In total, fo-
ur spray applications per treatment were carried out. Fungicide solutions were
applied using an AZO precision sprayer, at a volume of 0.4 L per plot and
pressure 4 atm.

Disease assessment: For the assessment of powdery mildew severity, a
six-category scale disease index suggested by H i l l s et al. (1980) was used.
Scale categories indicated leaf area covered by fungus mycelium (R0 = 0%,
R1 = 10%, R2 = 35%, R3 = 65%, R4 = 90%, R5 = 100%). Area Under Dise-
ase Progress Curve (AUDPC) was calculated for the assessment period as
follows: AUDPC = an i = 1[(Yi + 1 + Yi)/2][ti + 1 -ti] where Yi = disease se-
verity at the ith observation, Ti = time (days) at the ith observation and n =
total number of observations.

Data on AUDPC values were subjected to an analysis of variance (ANOVA)
and compared using the Fischer's least significant difference (LSD) procedure
at p = 0.05.
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RESULTS

Control efficiency of strobilurin fungicides. During both years of the
study, AUDPC values in plots treated with fungicides were significantly lower
(P < 0.05) than in the uintreated control plots. Among four strobilurin fungi-
cides tested, kresoxim-methyl and trifloxystrobin were the most effective.
AUDPC values in plots treated with kresoxim-methyl and trifloxystrobin were
extremely low in all of three application rates and control efficiency had valu-
es higher than 94% during both years of the study. Pyraclostrobin showed a
modest activity against powdery mildew since AUDPC values in plots treated
with that fungicide ranged from 907 to 380 in 2003 and from 910 to 450 in
2004, significantly lower (P < 0.05) compared to the respetcie values in plots
treated with the same rates of either kresoxim-methyl or trifloxystrobin. Azo-
xystrobin showed weaker (P < 0.05) activity against powdery mildew compa-
red to remaining three strobilurin fungicides tested, with AUDPC values ran-
ging from 1585 to 1075 in 2003 and 862 to 698 in 2004. Data on Area Under
Disease Progress Curve (AUDPC) are summarized in Table 1. and Table 2.

Table 1. Area under the disease progress curve (AUDPC)a of powdery mildew on sugar beet and
control efficiency (%) in plots treated with strobilurin fungicides in 2003

Treatment Application Dose
gr a.i. ha–1 AUDPC Control (%)

sulfur 3840 685 fb 72.1

azoxystrobin 100 1585 b 35.4

azoxystrobin 150 1300 c 47.0

azoxystrobin 200 1075 d 56.2

pyraclostrobin 100 907 e 63.1

pyraclostrobin 150 525 g 78.6

pyraclostrobin 200 380 h 84.6

kresoxim-methyl 100 125 i 95.0

kresoxim-methyl 150 105 i 95.8

kresoxim-methyl 200 80 i 96.8

trifloxystrobin 100 117 i 95.3

trifloxystrobin 150 85 i 96.6

trifloxystrobin 200 56 i 97.8

control — 2452 a —

a AUDPC values were calculated according to W o l f and V e r r e e t (2002).
b Means followed by different letters in the column are significantly different according to an
LSD test at P = 0.05.
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Table 2. Area under the disease progress curve (AUDPC)a of powdery mildew on sugar beet and
control efficiency (%) in plots treated with strobilurin fungicides in 2004

Treatment Application Dose
gr a.i. ha–1 AUDPC Control (%)

sulfur 3840 100 gb 93.3

azoxystrobin 100 862 c 41.5

azoxystrobin 150 795 d 46.0

azoxystrobin 200 698 e 47.0

pyraclostrobin 100 910 b 38.2

pyraclostrobin 150 469 f 68.2

pyraclostrobin 200 450 f 69.5

kresoxim-methyl 100 42 h 97.0

kresoxim-methyl 150 36 h 97.6

kresoxim-methyl 200 0 i 100

trifloxystrobin 100 91 g 94.0

trifloxystrobin 150 91 g 94.0

trifloxystrobin 200 36 h 97.6

control — 1471 a 0.00

a AUDPC values were calculated according to W o l f and V e r r e e t (2002)
b Means followed by different letters in the column are significantly different according to an
LSD test at P = 0.05.

Control efficiency of mixtures of strobilurin and triazole fungicides. The
trials were designed in order to test the control efficiency obtained by tank
mixtures of four strobilurin fungicides used in the study and two DMI fungici-
des, difenoconazole and cyproconazole. Difenoconazole, applied alone, showed
a weak to modest activity against E. betae during both years of the study with
control efficiency values ranging from 21.1 to 55.7% in 2003 and from 40.3 to
69.9% in 2004, while cyproconazole showed a better performance particularly
when applied at the dose of 50 gr a.i ha–1. The addition of the DMI fungicides
into the spray solution did not affect the efficacy of trifloxystrobin and kre-
soxim methyl significantly, since they showed extremely high control effici-
ency even when they were applied alone at 100 gr a.i ha–1. In contrast, in plots
treated with tank mixtures of azoxystrobin or pyraclostrobin and difenoconazo-
le or cyproconazole, disease severity in terms of AUDPC values was signifi-
cantly lower (P < 0,05) compared to that in plots treated with either azoxystro-
bin, or pyraclostrobin applied at 100 gr a.i ha–1 during both 2003 and 2004.
Data on Area Under Disease Progress Curve (AUDPC) are summarized in Ta-
ble 3. and Table 4.
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Table 3. Area under the disease progress curve (AUDPC)a of powdery mildew on sugar beet and
control efficiency (%) in plots treated with tank mixtures of strobilurin and DMI fungicides in
2003

Treatment Application Dose
gr a.i. ha–1 AUDPC Control (%)

sulfur 3.840 420 hb 81.9

difenoconazole 62.5 1832 b 21.1

difenoconazole 150 1030 e 55.7

cyproconazole 25 1060 e 54.4

cyproconazole 50 340 h 85.4

azoxystrobin 100 1620 c 30.2

azoxystrobin + difenoconazole 100 + 62.5 1300 d 44.0

azoxystrobin + cyproconazole 100 + 25 890 f 61.7

pyraclostrobin 100 950 ef 59.1

pyraclostrobin + difenoconazole 100 + 62.5 767 g 67.0

pyraclostrobin + cyproconazole 100 + 25 695 g 70.1

kresoxim-methyl 100 80 i 96.6

kresoxim-methyl + difenoconazole 100 + 62.5 40 i 98.3

kresoxim-methyl + cyproconazole 100 + 25 40 i 98.3

trifloxystrobin 100 60 i 97.4

trifloxystrobin + difenoconazole 100 + 62.5 16 i 99.3

trifloxystrobin + cyproconazole 100 + 25 0 i 100

control — 2320 a 0.00

a AUDPC values were calculated according to W o l f and V e r r e e t (2002).
b Means followed by different letters in the column are significantly different according to an
LSD test at P = 0.05.

Table 4. Area under the disease progress curve (AUDPC) a of powdery mildew on sugar beet and
control efficiency (%) in plots treated with tank mixtures of strobilurin and DMI fungicides in
2004

Treatment Application Dose
gr a.i. ha–1 AUDPC Control (%)

sulfur 3.840 270 gb 84.4

difenoconazole 62.5 102 b 40.3

difenoconazole 150 529 e 69.3

cyproconazole 25 850 c 50.6

cyproconazole 50 170 h 90.1

azoxystrobin 100 952 b 44.7

azoxystrobin + difenoconazole 100 + 62.5 836 c 51.4

azoxystrobin + cyproconazole 100 + 25 650 d 62.3

pyraclostrobin 100 620 d 64.0

pyraclostrobin + difenoconazole 100 + 62.5 480 e 72.1

pyraclostrobin + cyproconazole 100 + 25 350 f 79.7

kresoxim-methyl 100 70 i 96.0
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kresoxim-methyl + difenoconazole 100 + 62.5 45 ij 97.4

kresoxim-methyl + cyproconazole 100 + 25 0 j 100

trifloxystrobin 100 65 ij 96.3

trifloxystrobin + difenoconazole 100 + 62.5 10 ij 99.5

trifloxystrobin + cyproconazole 100 + 25 0 j 100

control — 1720 a 0.0

a AUDPC values were calculated according to W o l f and V e r r e e t (2002)
b Means followed by different letters in the column are significantly different according to an
LSD test at P = 0.05.

CONCLUSIONS

• Significant reduction of powdery mildew incidence in all the fungici-
de-treated plots compared to the untreated control plots.

• Trifloxystrobin and kresoxim-methyl showed better performance compa-
red to remaining two strobilurin fungicides, azoxystrobin and pyraclostrobin
that showed a poor to modest activity against the disease, during both years of
the study.

• Differences in the level of control efficiency, obtained by several strobi-
lurin fungicide treatments can be explained by variation in the level of intrin-
sic activity of each fungicide against the pathogen.

• The mixtures of trifloxystrobin or kresoxim-methyl with either difeno-
conazole or cyproconazole had excellent performance against the disease.

• When cyproconazole or difenoconazole were applied in mixture with
azoxystrobin or pyraclostrobin, a significant improvement of control efficiency
was achieved compared to the control.
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Rezime

Pepelnica koju prouzrokuje Erysiphe betae je u celom svetu osnovna bolest
lišãa šeãerne repe, u podruåjima sa suvim i relativno toplim vremenskim
uslovima. U sadašwem ispitivawu åetiri fungicida koji pripadaju relativno
novoj klasi stobilurinskih fungicida, azoksistrobina, kresoksim-metila, pi-
raklostrobina i trifloskistrobina, tokom 2003—2004, u ciqu suzbijawa ove
bolesti ispitane su u tri razliåite koliåine primene (100, 150 i 200 �g a.i.
ha–1). Od åetiri ispitana, trifloksitrobin i kresoksim-metil su bili najde-
lotvorniji u suzbijawu sa efikasnošãu veãom od 94% u poreðewu sa kontrol-
nim tretmanom åak i prilikom primene niÿe koliåine od 100 �g a.i. ha–1.
Azoksistrobin i piraklostrobin bili su slabo ili umereno aktivni protiv
ove bolesti åak i prilikom primene najviše koliåine od 200 �g a.i. ha–1. Ja-
åina bolesti, u terminima vrednosti AUDPC, bila je u znaåajnoj korelaciji sa
smawenim prinosom korena, dok nije postojala znaåajna korelacija izmeðu jaåi-
ne oboqewa i sadrÿaja šeãera korena ili prinosa šeãera. Uz to, ispitana je
efikasnost mešavina åetiri strobilurinska fungicida primewena sa 100 �g
a.i. ha–1 sa dva sterol demetilacion-inhibirajuãim fungicidima (DMIs), di-
fenokonazolom i cirpokonazolom primewenima sa 62,5 i 25 �g a.i. ha–1. Me-
šavine azoksitrobina i piraklostrobina sa difenokonazolom ili ciprokona-
zolom obezbedile su boqu efikasnost u suzbijawu u poreðewu sa pojedinaånim
primenama svakog fungicida u mešavini, dok su mešavine trifloksistrobina
i kresoksim-metila sa difenokonazolom ili ciprokonazolom pokazale boqu
efikasnost u poreðewu sa pojedinaånim primenama difenokonazola ili ci-
prokonazola i sliånu efikasnost u suzbijawu u poreðewu sa onom postignutom
prilikom pojedinaånih primena strobilurinskih fungicida.

139



Zbornik Matice srpske za prirodne nauke / Proc. Nat. Sci, Matica Srpska Novi Sad,
¥ 110, 141—149, 2006

UDC 633.63:632.9(498)

A n t o n I. D o n c i l a

Str. Intrarea Aurel Vlaicu, Nr. 3
Comuna Branesti — 077030, Indetul Ilfoo, Romania

RETROSPECTION CONCERNING THE SUGAR BEET
PROTECTION ON FUNDULEA ZONE, DISTRICT
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ABSTRACT: The paper represents a synthesis concerning sugar beet protection in the
specific conditions (soil and climatic) of Fundulea zone. The presented aspects refer to the
beet diseases, pests and weeds (primary and secondary concerning economic importance)
since these organisms are continually limiting root and sugar yields. At the same time, it re-
fers to the present control possibilities, the aim being the efficiancy and environmental de-
mands. The basis of the synthesis are main data and results obtained at the Institute (in
experimental fields and demonstration plots), during 1982—2003 (the Institute was founded
in 1981) about natural infections and infestations without treatments. It contains three parts
(pathogens, pests, weeds) and has original pictures enclosed in the annex: some symptoms
of pathogen and pests attacks, weed control and other aspects such as herbicides fitotoxity,
strangled roots, Cuscuta as a parasitic plant etc.

KEY WORDS: control, diseases, fungicides, herbicides, insecticides, pests, sugar
beet, weeds

DISEASES

Primary and secondary beet diseases are shown in Table 1. The mean va-
lues (frequency F %, attack degree AD %) were dependent on weather conditi-
ons favorability (air temperature, air and soil humidity, seed infections with
some pathogens such as Phoma, Peronospora, Cercospora, this having the va-
lues of 26—34% to 61% (the seed having untreated lots as source).

For Fundulea conditions, the main diseases were fungal: Cercospora leaf
spot (29% AD, with 63,9% as maximum in 1997), black leg (21,5% F, with
31,8% as maximum in 1997), powdery mildew (19,1% AD, with 33,4% as
maximum in 1996), incipient infections of downy mildew (9,8% F, with 29,8%
as maximum in 1989), the other fungal and bacterial leaf diseases registering
under 10% of attack frequency. However, during 1990—1993, there were
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many bacterial lesions on petioles of leaves and downy mildew frequency up
to 53% in the second half of summer. Concerning virus diseases (yellows, mo-
saic), their attack frequency was 21,1%, 20,4%, respectively, generally the va-
lues decreasing in the period analyzed (which is in correlation with the vectors
decline). Rhizomania was not present in Fundulea zone, but it remains one of
the major diseases for other districts.

Regarding the root rots, these registered low values as frequency attack
was (under 5%) 1,5% for soft rot and 4,5% for fungal roots (dominant patho-
gens being Fusarium, Pythium and Phoma; in the conditions of the year 1998,
there was a sporadical attack of Phytophtora megasperma — wet rot).

Beet diseases caused 30—40%, mean damages of yield varieties poten-
tial.

Preventive measures as technological elements (rotation of crops, fertili-
zing, tolerant varieties, seed treatment, etc.) enabled only a limited protection
of beet plants. Therefore, curative measures were necessary (the fungicides
used proved efficiancy ensuring the environmental demands as well, being of
low toxity group). Some of the fungicides and antibiotics used for seed treat-
ment and foliar treatment are shown in tables 2 and 3. The treatments assured
good efficiancy (87—92%) for diseases of the following period (black leg,
downy mildew) and 90—98% at foliar diseases. The fungicides applied for the
main foliar disease control, Cercospora leaf spot (with contact and systemic
action) were used as elements of F.R.A.C. strategy (Fungicide Resistance Ac-
tion Committee), the aim being the prevention of pathogen resistance (in the
south of the country this has already been installed with fungicides of benzi-
midazole and carbonic acid chemical group). The interval between foliar treat-
ments was 8—12 days for contact fungicides and 18—21 days for systemic
fungicides, depending on the infection pressure caused by weather conditions
favorability. At the first symptoms of disease we applied the first treatment
(not later). In Fundulea, 3, rarely 4 treatments were necessary.

In some years, the holoparasitic plant Cuscuta spp. was present on beet
plants which remained small and yellow.

Concerning Cercospora leaf spot control, the fungicides based on stanium
acetate or hydroxide were replaced (with clorotalonil) because of environmen-
tal demands.

PESTS

In Fundulea, the beet crops are attacked by about 20 pests. Some of them
are very important by their high density and especially in favorable conditions
for attack. Pests, especially soil pests can destroy the crop. In this zone soil
pests like weevils (Bothynoderes punctiventris, Tanymecus spp.), wireworms
(Agriotes spp.), beet flea (Chaetocnema spp.) are very important. Their cumu-
lative attack destroyed over 50% of plants and in some areas even more than
that. In dry years (2002, 2003), weevils and beet flea attack was very intense
(85% was frequency attack of Bothynoderes and 100% for Chaetocnema), but
in cold and rainy spring of 1997, Agriotes density was high (up to 4 wire-
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worms per young plant and after lucerne, as precursory plant, more than 4; in
this case the crop was destroyed).

We used different insecticides for seed treatment (table 4 has an example
for year 1997) and the efficiancy was (mean values) more than 97% for Agrio-
tes control, between 89—94% for Chaetocnema control and 83—88% for
Bothynoderes control (these products replaced the old products like Lindatox,
Duplitox, Heptaclor, Sinoratox, then Furadan). Because of high density of
weevils (more than 7 insects/sq. m.) and of beet flea, foliar treatments were ap-
plied (complementary to seed treatment) using insecticides such as Karate
Zeon, Polytrin 200 EC, Regent 200 SC.

Other pests were: black aphid (Aphis fabae), peach aphid (Myzus persi-
cae), rot aphid (Pemphigus fuscicornis as Aphididae); also, Lepidoptera as be-
et moth (Scrobipalpa ocellatella), tiger moth (Hyphantria cunea), cutworms
(Agrotis segetum), leaf-eaters (Mamestra brassicae, Plusia gamma); concer-
ning beet leaf miner (Pegomia betae) and beet cyst-nematode, their attack was
sporadical. However, as a particular aspect, we mention the attack of rot aphid
Pemphigus (very virulent in 2000 and 2001, when about 15%, 18% of the
plants were affected, respectively), beet flea attack (to 100% plants with holes,
especially in the last years) and in some years Lixus junci attack (the larvae
caused 7—16% broken petioles).

The mean yield damages caused by foliar pests were more at sugar
(50—60%).

For the control of foliar pests different products were used (some of them
in table 5), their efficiancy being more than 95%. These replaced the insectici-
des of the first and secondary toxity groups. The treatments were applied at
warning for Aphididae (usually when the first colonies come out) and also at
warning for Lepidoptera, the warning in this case being based on “feromonal
traps" using synthetical feromons (4 traps/ha).

Not only chemical control for Lepidoptera was used. Their biological
control was accomplished with Trichogramma wasp spp. (1986—1998) having
the same efficiancy with the “piretroid" insecticides (we used about 150.000
eggs parasited with Trichogramma/ha/treatment), 2—3 treatments were ap-
plied.

As biological products, Muscardin 45m (based on Bauveria fungus) for
Bothynoderes and Tanymecus limitation and Thuringing 150 M (based on Ba-
cillus thuringiensis bacterium) for Plusia, Agrotis and Mamestra limitation
were used. The biological products also protected the auxiliary useful entomo-
fauna like the invertebrate groups (Oribatidae, Collembolae, Enchytreide) and
Harpalus aeneus, Calosoma spp., Coccinellidae, Arachnidae.

WEEDS

In the Fundulea conditions beet crops were infested with many weeds
(more than 150 annual and perennial, monocotyledonous and dicotyledonous
species). About 40 species were more frequent, constituting a serious problem
because they compete with beet plants and at the same time are “host plants"
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for pathogens and pests. Generally, infestations were high and very high
(180—210 to 400—550 weeds/sq. m. in some areas). Frequent weed species
were Cirsium arvense, Convolvus arvensis, Sonchus arvensis, Cardaria draba,
Sorghum halepense, Agropyron repens, Cynodon dactylon as perennial; Setaria
spp., Digitaria sanguinalis, Echinochloa crus-galli, Poa anua, Avena fatua,
Alopecurus myosuroides, Agrostis tenuis, Apera spica-venti, Amaranthus retro-
flexus, Atriplex patula, Capsella bursa-pastoris, Chenopodium album, Fumaria
officinalis, Galium aparine, Polygonum aviculare, Matricaria chamomilla, Ra-
phanus raphanistrum, Senecio vernalis, Sinapis arvensis, Solanum nigrum,
Stellaria media, Thlaspi arvense, Portulaca oleracea, Viola tricolor, Xanthium
strumarium, Polygonum convolvulus, Mercurialis annua, Polygonum persica-
ria, Galeopsis tetrahit, Taraxacum officinale, Abutilon theophrasti as annual
weeds.

However, among weeds, great damage was caused by “problem weeds"
such as Cirsium arvense, Convolvulus arvensis, Sorghum halepense, Agropy-
ron repens, Cynodon dactylon, Arena fatua, Solanum nigrum, Apera spica-
-venti, Echinochloa crus-galli, Polygonum convolvulus, Xanthium strumarium.

At big infestations, the loss of sugar yield was 60—65%. The preventive
measures were not enough, thus the chemical control was also necessary.

Because of high infestation, two kinds of applications were necessary
(one in pre-emergence period and 2—3 in post-emergence period). All herbici-
des used were selective (note 1 on EWRS scale) for beet plants (table 6). At
pre-emergence period, in the last years, we used the mixture Frontier + Pyra-
min (Cerberus) for annual monocotyledonous and dicotyledonous control. At
post-emergence period, for annual dicotyledonous, broad spectrum of herbici-
des with improved effect was necessary (constituted on 3 active ingredients as
Regio or Betanal expert) applied in 2—3 treatments. Regio, as active ingredi-
ents has 50 g/l fenmedifam + 50 g/l desmedifam + 300 g/l cloridazon and Be-
tanal expert has 91 g/l fenmedifam + 71 g/l desmedifam + 112 g/l etofumesat.
The interval between treatments is of 7—11 days, the treatments being applied
when weeds are sensitive (cotyledons stage for Betanal up to 2 and no more
than 4 leaves for Regio). For monocotyledonous control, one of these herbici-
des was mixed with Aramo 50 when perennial weeds had 10—15 cm (Agro-
pyron) and 15—20 cm (Sorghum).

Cirsium arvense was controlled using herbicides based on “clopiralid"
(10—12 cm rosette stage, no more than 15 cm).

Perennial weeds were controlled with 1—2 treatments.
The whole system (pre-emergence + post-emergence) determined 80—

95% as control degree, this depending on the infestation degree, the structure
and domination of species, the size of the weeds and weather conditions.

The increase of Cirsium arvense and Abutilon theophrasti infestation in
the last 5 years (on some portions in some areas to 92, 11 plants/sqm, respecti-
vely) should be mentioned as well as Convolvulus arvensis for its difficult
control (though it can be controlled using Roundup Ready herbicide on “RR"
varieties or Liberty herbicide on varieties showing resistance to this herbicide;
tested in the 1998—2000 period).
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CONCLUSIONS

1. The main diseases are: black leg, Cercospora leaf spot, powdery
mildew, downy mildew, virus diseases and in some years Alternaria leaf spot
and Bacterial leaf spot. Rhizomania is not present in Fundulea.

2. The main pests are: weevils, beet flea, wireworms, then Lepidoptera,
Root aphid Pemphigus and other Aphididae; in some years Lixus spp. as well.

3. In the conditions of Fundulea the weeds were much present (broad
spectrum of species). The total control of them could be possible using only
genetically modified varieties.

4. For diseases and pests control (preventive measures enabled only a li-
mited protection) chemical treatments were necessary, taking into account the
environmental demands and resistance warning. Having this in mind, we pro-
moted chemical products of low toxity, biological and antibiotic products.
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Table 2. Fungicides Used for the Beet Seeds Treatment

Product (active ingredient;
kg/t. seed)

Control

Fusa-
rium
spp.

Pythium
spp.

Phoma
betae

Rhizo-
ctonia
solani

Aphano-
myces

cochlioides

Perono-
spora

farinosa

Tiradin 500 SC
(500 g/l tiram; 10) 
 
 


Tiramet 60 PTS (40% tiram +
20% tiofanat metil; 5) 
 
 
 


Tachigaren 70 WP
(70% himexazol; 6) 
 
 
 
 


Apron XL 350 ES
(350 g/l metalaxil; 4) 
 


Previcur 607 SL + Tiradin 70
PUS (607 g/l propamocarb +
70% tiram; 20 + 6)


 
 
 
 


Validacin 3 S
(3% validamicin; 3) 
 
 


Table 3. Fungicides Used for the Control of Main Foliar Beet Diseases

Product (kg/ha/treatment) Cercospora leaf spot Powdery mildew Downy mildew

Score 250 EC (0,3) 
 


Rias 300 EC (0,3) 
 


Tilt 250 EC (0,3) 


Alto combi 420 SC (0,5) 
 


Alert (0,5) 
 


Tango super (1,0) 
 


Impact 250 SC (0,250) 
 


Kasumin 2 L (2) 


Bravo 500 SC (2) 


Thiovit jet (5) 


Funguran OH (4) 


Table 4. Insecticides Used for the Control of the Main Soil Pests (frequency of attack)

Product (dose) Bothynoderes
punctiventris

Tanymecus
dillaticolis

Chaectonema
tibialis

Agriotes
spp.

Montur 190 FS (19 g a.i./u.g.) 11,3 6,4 7,2 0,5

Gaucho 70 WP (30 g/kg) 10,4 9,7 6,4 0,4

Mospilan 70 WP (30 g/kg) 11,7 8,3 9,3 0,7

Cosmos 250 FS (15 ml/kg) 14,5 11,2 11,3 1,2

Cruiser 350 FS (20 ml/kg) 12,4 10,3 9,47 0,9

Untreated 85 72,1 100,0 100,0
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Table 5. Insecticides Used for Foliar Pests Control

Product Dose (l/ha/treatment) Pest (homologated tests)

Alpha combi 26,25 0,6 Lepidoptera

Fastac 10 CE 0,1 Lepidoptera, Beet flea

Karate Zeon 0,2 Weevils, Lepidoptera

Polytrin 200 EC 0,1 Weevils, Beet flea, Lepidoptera, Aphididae

Chinmix 5 EC 0,3 Lepidoptera, Aphididae

Regent 200 SC 0,1 Weevils

Sumi alpha 2,5 EC 0,3 Lepidoptera

Talstar 10 EC 0,1 Lepidoptera

Table 6. Herbicides Used for Weeds Control at Sugar Beet Crop

Product Dose (l/kg/treatment) Weeds controlled

Agil 100 EC 1—2 (post-emergence) Monocotyledonous

Aramo 50 1—2 (post-emergence) Monocotyledonous

Betanal expert 1,2 (post-emergence) Annual dicotyledonous

Cliophar 300 SL 0,5 (post-emergence) Cirsium arvense

Frontier 900 EC 1—1,2 (pre-emergence) Annual monocotyledonous

Fusilade super 2—3 (post-emergence) Monocotyledonous

Gallant super 1—1,5 (post-emergence) Monocotyledonous

Kerb 50 W 4 (post-emergence) Cuscuta spp.

Pyramin Fl 6—9 (pre-emergence) Annual dicotyledonous

Regio 3 (post-emergence) Annual dicotyledonous

Pantera 40 EC 0,75—1,5 (post-emergence) Monocotyledonous

Leopard 5 EC 0.75—1,5 (post-emergence) Monocotyledonous
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ISTORIJAT ZAŠTITE ŠEÃERNE REPE U OBLASTI FUNDULEA,
KALARASI, RUMUNIJA

Anton Doncila
Institut za istraÿivawe i uzgajawe šeãerne repe,

Ulica Intrarea Aurel Vlajku 3, Komuna Branešti 077030, Rumunija

Rezime

Ovaj rad je sinteza u odnosu na zaštitu šeãerne repe u specifiånim ze-
mqišnim i klimatskim uslovima oblasti Fundulea. Predstavqeni aspekti od-
nose se na oboqewa, štetoåine i korove (osnovne i sekundarne ekonomske va-
ÿnosti). Ovi organizmi ograniåavaju prinos korena i šeãera, ali u isto vreme
predstavqaju moguãnosti za suzbijawe, åiji je ciq efikasnost u skladu sa zahte-
vima ÿivotne okoline. Sinteza ima osnovnu bazu podataka i rezultate dobijene
u eksperimentalnim poqima i demonstracionim parcelama Instituta, tokom
1982—2003 (Institut je osnovan 1981) o prirodnim zarazama i napadima inse-
kata bez tretmana. Sastoji se iz tri dela (patogeni, štetoåine, korovi), a u do-
datku sadrÿi originalne slike nekih simptoma napada patogena i štetoåina,
suzbijawa korova i drugih aspekata kao što su to fitotoksiånost herbicida,
Cuscuta itd.
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POTENTIAL AND REAL RESIDUES OF PESTICIDES
IN SUGAR BEET*

ABSTRACT: Crops and their products can be contaminated either by direct applica-
tion of pesticides for the protection of insects, acarives, agents of plant diseases and/or
weeds, i.e. as the result of growing them on the soil containing pesticide residues applied in
previous years.

For the protection of sugar beet in our country, 23 insectisides, 17 fungicides and 18
herbicides have been registered. The pre-harvest interval (PHI) ranges from 14 to 42 days,
i.e. they are provided by the time of application (PTA) whereas the pre-harvest interval for
herbicides ranges from 30 to 91 days and is ensured by the application period.

Based on the results from the literature and on their own studies, the authors are of
the opinion that the residues of the applied pesticides in sugar beet protection in accordance
with the principles of good agricultural practice will be significantly lower than the maxi-
mum tolerable ammounts and that at the level from 1/4 to 1/10 of MRL.

IT is necessary to emphasize the necessity of MRL determination both in leaves and
in sugar loaf.in case they are used as animal feed.

KEY WORDS: sugar beet, pesticides, residues, MRL (maximum residue level), pre-
-harvest interval (PHI)

INTRODUCTION

Crops and their products can be contaminated either by direct application
of pesticides, acarives, agents of plant diseases and/or weeds, i.e. as the result
of growing them on the soil containing pesticide residues applied in previous
years. Sugar beet demands intensive protection during vegetation and for that
purpose for the protection of sugar beet in our country 23 insecticides, 17 fun-
gicides and 18 herbicides have been registered as active ingredients or their
combinations (M i t i ã, 2004, S a v å i ã - P e t r i ã, 2005) (Table 1). The majo-
rity of the registered insecticides are non-systematic in contrast to a greater
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part of fungicides that are systematic in action. Chemically, they belong to va-
rious groups. Among insecticides, the dominant ones are synthetic pirethroides
and organophosphate compounds, among fungicides triazolinones and among
herbicides aril-oxycarbon acids.

Table 1. Pesticides Registered for in Sugar Beet

Insekticide (active ingredians) MRL (mg/kg) PHI (days)
bifenthrin 0,01 21
lambda-cyhalothrin 0,01 14
tefluthrin 0,02 PTA
alpha-cypermethrin 0,05 35
cypermethrin 0,05 35
esfenvalerat 0,05 14
fenthion 0,05 42
hlorpyrifos 0,05 28
methidathion 0,05 21 r; 42 l
monocrotophos 0,05 42
phoxim 0,05 35
imidacloprid 0,05 PTA
terbufos 0,05 PTA
dimethoate 0,1 42
endosulfan 0,1 35
fenitrothion 0,1 42
carbofuran 0,1 PTA
carbosulfan 0,1 PTA
methomyl 0,1 42
oxydemeton-methyl 0,1 42
malathion 0,5 35
pyrimiphos-methyl 0,5 28
thyametoxam / PMA
cyproconazole 0,02 42
flutriafol 0,02 35
chlorothalonil 0,05 21
difenoconazole 0,05 14 l; 35 k
epoxikonazole 0,05 42
flucvinconazole 0,05 PTA
flusilazole 0,05 21
propikonazol 0,05
benomyl 0,1 42
carbendazim 0,1 42
fentin-hydroxide 0,1 28 r; 42 l
tetraconazole 0,5 21
triforine 0,5 42
carboxin / PMA
mancozeb / PMA
thiram / PMA

MRL — maximum residue level; PHI — pre-harvest interval; PTA — provided by the time of
application; PMA — provided by the application mode; r — root; l — leaves.
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Applied insecticides are neuroactive compounds: orgahochlorine insecti-
cides and synthetic pirethroides interfere with axonal transmission, organopho-
sphate and methyl-carbamate insecticides inhibit the activity of acetylcholine-
-esterase and neonicotinoides bind to acetilholine receptor.

Regarding the fungicide action, triazoles are ergosterol biosynthesis inhi-
bitors, ditiocarbamates inhibit the respiration, inactivating — SH groups in
enzymes of pathogens, benzimidazoles inhibit cell division (� tubuline synthe-
sis) and DNA biosynthesis, while organotin compounds inhibit the oxidative
phosphorylation.

Herbicides act as the inhibitors of photosynthesis (elctron transport), bio-
synthesis of lipides, cell division etc.

RESULTS AND DISCUSSION

Residues of fentin acetate (1966—1968) and fentin hydroxide (1967—
1969) were determined in leaves with loafs and roots without sugar beet loafs
treated by pesticides Brestan (20% of fentin acetate), Duter (20% of fentin
hydroxide) and Liro (34% of maneb and 11.5% of fentin acetate) in different
concentrations, localities and application techniques (Š o v l j a n s k i, 1970,
1971).

After a 42-day interval, a root without loaf can be used for obtaining su-
gar, molasses and pulp for stock feeding. Fungicide residues were 0.03—0.08
mg/kg (MRL amounts 0.10 mg/kg).

Fentin acetate residues in leaves with head that were found 42 days after
treatment were 0.3—0.65 mg/kg. Three weeks after the second treatment, fen-
tin acetate residues in sugar beet leaves represented 2/3 of tolerant value and 6
weeks after treatment about ¼ of tolerant value.

Due to the fact that treated leaves of sugar beet leave a specific smell and
taste in the milk of dairy cows fed by it, they are not used as the only animal
feed, thus reducing the possibility of contamination by these compounds. The
existing pre-harvest interval, i.e. time of waiting of 42 days is completely safe.

During 1984 and 1985, 41 samples of sugar beet roots and sugar from all
Slovakian sugar plants were analyzed. The content of some herbicides such as
fenmedipham, desmedipham, lenacil and chloridazon in sugar beet root was
0.001—0.1 mg/kg, while in sugar it was under the detection limit (0.001
mg/kg) (T e k e l et al., 1988).

The literature overview of pesticide residues in sugar beet leaves and ro-
ots, published in FAO in the period 1993—2000 is given in Table 2.
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Among fungicides that are registered for use in sugar beet protection,
only some triazoles have determined pre-harvest intervals and MRL separately
for leaves and roots, unlike other chemical compounds (Table 3).

Table 3. Some fungicides pre-harvest interval and MRL for sugar beet leaves and root

Fugicides
Leaves Root

PHI
days

MRL
mg/kg

PHI
days

MRL
mg/kg

Difenoconazole 14 0.05 35 0.05

Propiconazole 14 0.05 35 0.05

Tetraconazole 21 0.5 21 0.1

PHI = pre-harvest interval; MRL = maximum residue level

In 1981 FAO anticipated guideline levels as a proposal for MRL for be-
nomyl and carbendazim in sugar beet root in the quantity of 0.5 mg/kg and in
leaves 5.0 mg/kg.

In the paper the pre-harvest intervals and MRL for pesticides registered in
our country are given as well as detected pesticide residues in sugar beet roots
and leaves from trials performed in controlled conditions. Respecting the prin-
ciples of good agricultural practice, referring to the use of approved chemical
compounds only in determined rate/concentration, in defined manner, phenop-
hase etc. and with respect to the pre-harvest interval, it can reliably be said
that the use of pesticides for sugar beet protection is entirely safe regarding the
sugar beet root processing into sugar, molasses and pulp. Pesticide residues
during sugar beet root extraction and processing represent usually about ¼ or
1/10 MRL.

If leaves with head are intended for animal feed, pre-harvest intervals for
leaves must be determined as well as MRL for the pesticides that are used in
sugar beet protection.
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POTENCIJALNI I REALNI OSTACI PESTICIDA
U ŠEÃERNOJ REPI

Radmila D. Šovqanski, Sawa D. Laziã, Slavica M. Vukoviã
Poqoprivredni fakultet, Departman za zaštitu biqa i ÿivotne sredine,

Trg Dositeja Obradoviãa 8, Novi Sad, Srbija i Crna Gora

Rezime

Poqoprivredni usevi i wihovi proizvodi mogu biti kontaminirani bilo
usled direktne primene pesticida u ciqu zaštite od štetnih insekata, pre-
gqeva, prouzrokovaåa biqnih bolesti i/ili neÿeqenih korova, odnosno usled
gajewa na zemqištu koje sadrÿi ostatke pesticida primewenih ranijih godina.

Za zaštitu šeãerne repe u našoj zemqi registrovano je 23 insekticida,
17 fungicida i 18 herbicida. Karence za insekticide i fungicide se kreãu od
14 do 42 dana, odnosno odreðene su vremenom primene (OVP), dok se karence za
herbicide kreãu od 30 do 91 dan, odnosno obezbeðene su vremenom primene.

Pregledom rezultata odreðivawa iz literature i sopstvenih istraÿivawa,
autori smatraju da ãe ostaci primewenih pesticida u zaštiti šeãerne repe, uz
poštovawe principa dobre poqoprivredne prakse, biti znatno ispod maksi-
malno dozvoqenih koliåina (MDK) i to na nivou 1/4 do 1/10 od MDK.

Treba naglasiti neophodnost odreðivawa MDK za pesticide i u lišãu i
na glavi šeãerne repe, ukoliko se oni koriste kao stoåna hrana.
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HIGH RISK PESTICIDES
IN SUGAR BEET PROTECTION*

ABSTRACT: According to traits of pesticides permitted to use in sugar beet (oral,
percutaneus and inhalation toxicity, toxicity to wildlife, bees and aquatic organisms, re-en-
try interval, maximum number of treatments, effects on reproduction) do not present health
risk in sugar production/technology. However, the danger exists for workers by chronic
exposure during the application, especially from pesticide being potential endocrine disrup-
tors (EDS) (fentin acetate, benomyl, endosulfan, methomyl, methidathion). EDS can cause
sterility or decreased fertility, impaired development, birth defects of the reproductive tract
and metabolic disorders. Authors recommend limited application of EDS pesticides (to limit
the number of treatments to only one during the vegetation), replacement with pesticides
with low risk to humans, game and fishes, as well as mandatory submission of re-entry data
for registration

KEY WORDS: insecticides, fungicides, sugar beet, toxicity, EDS

INTRODUCTION

Sugar beet is one of five most important crops in Vojvodina region. The
production technology requires most intensive control of great number of
pests, pathogens and weeds. For this purpose, in Serbia, permission to be used
in sugar beet are granted 23 insecticides and acaricides, 17 fungicides and 18
herbicides, altogether 57 active ingredients and their combinations (S a v å i ã,
P e t r i ã, 2005).

Already in 1988, sugar beet was heavily protected. Consumption of sugar
beet pesticides in Vojvodina in 1988 was 26,8 kg/ha (61,7% insecticides, 6,1%
fungicides and 32,4% herbicides (M a r k o v i ã, 1988). At that time, 10 fungi-
cidal active ingredients (against Cercospora beticola and powdery mildew)
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and 19 insecticide and 16 herbicide active ingredients were permitted. Accor-
ding to data of Regional Office for Agriculture of Province of Vojvodina, agri-
culture inspection services, pesticides distributors and big agricultural estates,
the consumption of pesticides in sugar beet was 17,8—47,2 kg/ha with an ave-
rage of 3—12 treatments per season (Š o v l j a n s k i, 1987).

ANALYSES OF DATA PRESENTED IN HANDBOOK
ON PESTICIDES REGISTERED IN SMN

For each registered pesticide permitted for sugar beet protection in menti-
oned Handbook (M i t i ã, 2004), the following data are cited: acute oral medi-
um lethal dose (AOLD50) and acute dermal medium lethal dose (ADLD50),
acute inhalation medium lethal concentration (AILC50), toxicity for rats; geno-
toxicity (mutagenicity, teratogenicity, carcinogenicity and effects on reproduc-
tion); eco-toxicological data (toxicity for aquatic organisms — two species of
fish, daphnia and algae, honey bees, birds, (MRL) maximum residual limits),
(PHI) pre-harvest interval and not always — REI (re-entry interval), data on
application-dosage/concentrations, timings of treatment, number of treatments
in one vegetative season), data on application from aircraft and buffer zone to
waterways and settlements; phytotoxicity, compatibility, mechanisms of action,
signs of poisoning and first aid (Table 1. and 2).

Table 1. Toxicological traits of insecticides registered for sugar beet

Insecticides
for rats (mg/kg)

REI PHI MNT EDS
AOLD50 AOLD50

alpha-cypermethrin 79—400 > 2000 28 2 +

bifenthrin �55,5; �53,4 > 2000 21 1 +

cypermethrin 251—4123 > 1600 1 35 2 +

dimethoate 387 353—800 1 42 2 +

endosulfan 74—681 1 35 2 +

esfenvalerate 75—88 > 5000 1 35 2

fenitrothion 1700 810 3 42 3

fenthion 250 586—800 1 42 3 +

chlorpyrifos 33—56 > 2000 28 2 +

carbofuran > 2000 PTA 1

carbosulfan �182; �90,5 > 2000 PTA 2

imidacloprid 400 > 5000 PTA 1

lambda-cyhalothrine �68,9; �52,12 632—696 14 2 +

malathion 1375—2800 > 4444 2 35 2 +

methidathion 1546 21 2 +

methomyl > 1000 2 42 3 +

monocrotophos 126—112 2 42 2 +

oxyidemeton-methyl 30—85 100—150 3 42 1 +

phoxim > 2000 > 5000 1 35 3
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pyrimiphos methyl �2050; �1861 > 2000 28 3

tefluthrin �316; �177 PTA 1

terbufos PTA 1

thiamethoxam 1563 > 2000 1 PTA 2

PTA — provided by time of application; MNT — maximum number of treatment in vegetation.
REI — re-entry interval; PHI — pre harvest interval; EDS — endocrine disrupting substances.

Table 2. Toxicological traits of fungicides registered for sugar beet

Fungicides
for rats (mg/kg)

REI PHI MNT EDS
AOLD50 ADLD50

benomyl > 10000 > 10000 42 1 +

carbendazime > 15000 > 2000 42 3 +

carboxin 3820 > 4000 PTA 1

chlorothalonile > 5.000 > 10000 21 3—4

cyproconazole �1115; �1342 > 2000 42 3

difenoconazole 1453 > 2000 ? 1—2 +

epoxiconazole > 5000 > 2000 42 2 +

fentin-hydroxide �171; �110 �1600 28 2 +

fluquinconazole 112 �2679; �625 PTA 2

flusilazole �1110 �674 > 2000 21 2 +

flutriafol �1140; �1480 > 1000 35 2

mancozeb > 5.000 > 5000 PTA 1 +

propiconazole 1.517 > 4000 14 2

tetraconazole 1.031—1.248 > 2000 21 2

thiophanat-methyl �7500; �6640 > 10000 42 2

thiram 2.600 > 2000 PTA 1 +

triforine > 16000 > 10000 42 2

PTA — provided by time of application; MNT — maximum number of treatment in vegetation.
REI — re-entry interval; PHI — pre harvest interval; EDS — endocrine disrupting substances.

In this paper, only insecticides and fungicides traits considered more toxic
and higher risk compounds than herbicides are reviewed.

The application determines safety for operator and consumers. Seed coa-
ting and in furrow applied insecticides protect the seed, seedlings and young
plants: as imidacloprid, thiamethoxam, carbofuran, carbosulfan, tefluthrin, ter-
bufos are considered safe as PHI could be respected. They are effective against
Grullotalpa, Mellolontha larvae, wireworms, Sitona, Halticinae, weewils. Fun-
gicide active agents protecting seedlings from seed and soil pathogens based
on active ingredients mancozeb, carboxin, thiram and methalaxyl M are regi-
stered and present the risk for operators coming in contact with coated seed.

Foliar applicable products are considered to create more risk to operator
as it is more difficult to respect PHI and reduce treatment frequency. Majority
of insecticides are used several times during vegetation — in young plants and
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late in season to suppress Halticinae, aphids, Noctuid caterpillars (Mamestra
brassicae, Autographa gamma, Scotia segetum and S. ypsilon), as well as aga-
inst caterpillar of beet moth and other leaf pests. For the only chlorinated
hydrocarbon — compound endosulfan and OP, the PHI is 30 days and it is
more or less respected due to technology of beet processing.

Table 3. Ecotoxicological traits of insecticides registered for sugar beet

insecticides DT50 in soil
(days) birds fish honey bees earthworm

alpha-cypermethrin 91 N V V H

bifenthrin 65—125 N V V

cypermethrin 8—16 N V V H

dimethoate 2—4,1 T H V H

endosulfan 30—70 H V N V

esfenvalerate 88—287 V V V

fenitrothion 12—28 H T V

fenthion 1,5 V T V H

chlorpyrifos 33—56 H-V V V H

carbofuran 30—60 V V V

carbosulfan 2—5 T V V V

imidacloprid 4 h T-N N V T

lambda-cyhalothrine 6—40 N V V N

malathion 1—4 H V V

methidathion 3—18 T V V V

methomyl 10—15 T V V T

monocrotophos 1—5 V H V

oxyidemeton-methyl quick T H T H

phoxim quick T V V

pyrimiphos methyl < 30 T T V H

tefluthrin 150 H V V V

terbufos 9—27 T V T N

thiamethoxam 7—30 N N V N

DT50 — half life in soil; N — non-toxic; H — harmful; T — toxic; V — very toxic.

Table 4. Ecotoxicological traits of fungicides registered for sugar beet

fungicides DT50 in soil
(days) birds fish honey bees earthworm

benomyl 0,75 H V N T

carbendazim 18—32 N V H V

carboxin 1 N V N N

chlorothalonil 5—36 d N H N N

cyproconazole 90 T H N H

difenoconazole 75—882 N V N N

epoxiconazole 60—90 N T N N
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fentin-hydroxide 140 T V T

fluquinconazole 50—300 N T N N

flusilazole 95 H T N H

flutriafol slow N H T N

mancozeb 6—15 d N T N V

metalaxyl-M 74 H-N N N N

propiconazole 40—70 d N T N N

tetraconazole T T N T

thiophanate-methyl 21—28 N T-H N

thiram 0.5 d N V N H

triforine 21 N N N N

N — non-toxic; H — harmful; T — toxic; V — very toxic.

The majority of sugar beet fungicides are registered for foliar treatment
during summer season against Cercospora beticola and only one-triforin —
against Erysiphe betae. Metalaxyl M is registered against — Peronospora

schahti on seed beet, but the permission has expired this year. For other patho-
gens, no fungicides are registered in our country.

Their PHI render from 21 to 42 days, with low mammalian toxicity and
the majority are eco-toxicologicaly harmless: only eight of them are very toxic
to fish, two to earth worms, only three are toxic to birds and two to honey be-
es. But eight out of 18 are suspected of being endocrine disruptors.

ENDOCRINE DISRUPTORS IN-BETWEEN
SUGAR BEET PESTICIDES

Over the last 10 to 15 years, toxicologists became involved in investiga-
tion on many pesticides and industrial chemicals capable of interfering with
proper functioning of estrogen, androgen and thyroid hormones in humans and
animals. These substances are called endocrine disruptors (EDS). Agricultural
workers at working place or consumers by food, water or air are chronically
exposed. These substances impair or disrupt the function of endocrine glands
and corresponding hormones. At the beginning, the impaired fertility of fish,
game and later humans was observed.

EDS are exogenous chemicals which act by variety of mechanisms, bin-
ding to hormone receptors, mimicking or antagonising the physiological fun-
ctions. They could stimulate or inhibit enzymes responsible for synthesis or li-
beration of hormones and increase or block hormonal action or trigger inap-
propriate hormone activity (S h a r a r a et al., 1998, M u m t a z et al., 2002,
A l l e r a et al., 2004, G o l u b et al., 2004).

Hormones play significant role in the differentiation of early embryo de-
velopment, so exposure of pregnant females to these substances could alter
normal development processes.
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The exposure effects are visible immediately or later during the lifetime,
like changes in learning ability, behaviour, reproductive capacity. The biggest
attention is paid to EDS on sexual hormones and thyroid gland.

Both sexes have both hormones-estrogen responsible for female characte-
ristics is prevalent in females and androgen — responsible for male characteri-
stics and predominant in males. Many pesticides have estrogenic, androgenic
or anti-androgenic mode of actions (D a x e n b e r g e r, 2002, A l l e r a et al.,
2004, P e t r e l l i et M a n t o v a n i, 2002, M o r i n a g a et al., 2004, T o f t
et al., 2004).

The EDS of this group are bio-accumulative industrial chemicals —
polychlorinated biphenyls, PCB, dioxins, poly cyclic aromatic hydrocarbons —
PAH, phenyl-phenol (imported in citrus fruits), chlorinated hydrocarbon insec-
ticides as DDT, heptachlor, dieldrin, etc. — now banned and endosulfan which
is still permitted in sugar beet, even in fruit and potato.

These substances induce early sexual maturity, disorders of functions, ste-
rility and accelerated loss of fertility.

Antiandrogenic EDS cause the alteration of behaviour, structural deformi-
ties of reproductive organs, including inter sexual types, influence reproductive
capacity of males and females, spontaneous miscarriages, premature delivery,
increased genitourinary malformations of the new born and increase incidence
of cancer. The demasculinization of male and virilization of female rats (loss
of masculine traits in males and feminine in females). Fungicides of benzimi-
dazole class (benomyl), phtalimide (captan), triphenyltin compounds (fentin-
-acetate and -hydroxide) triazole derivatives (difenoconazole, epoxicinazole)
act anti-androgenic as well as certain synthetic pyrethroides (cypermethrin, es-
fenvalerate), some chlorinated hydrocarbon and methyl-carbamate insecticides
(dimethoate, methidathion, methomyl etc.).

Chronic exposures to organic phosphorous and methyl-carbamates have
special effects. Besides influence on sexual hormones, the slowdown reactiva-
tion of acetylcholine esterase responsible for acetylcholine degradation and ca-
using retarded reaction characteristic for old age.

Prenatal exposure to pesticide affects thyroid gland functioning responsi-
ble for brain development — (intelligence and memory). Professionally expo-
sed persons, employed on the production and application of ED pesticides,
may suffer of disfunction of thyroid gland, goitre, malignant tumours etc. For
thyroid obstruction herbicides linuron, atrazine, alachlor, amitrole and dithio-
carbamate fungicides (zineb, ziram, thiram, mancozeb) are being suspected.

DISCUSSION AND CONCLUSION

The majority of insecticides for sugar beet protection are toxic or highly
toxic, but fungicides and herbicides are of low toxicity, or harmless for mam-
mals and other beneficial organisms. Products suspected of being endocrine
disruptors are present in all three groups.

In between insecticides approved for sugar beet, 15 are very toxic to fish
and 20 to honey bees. Long half-life in soil have endosulfan, bifenthrin, esfen-
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valerate, chlorpyrifos, carbofuran, tefluthrin. The risks and hazards in the sense
of way and frequency of application of these insecticides as well as fungicides
with long soil half-life as triazole derivatives and suspected endocrine disrup-
tors should be re-evaluated.

It would be of major importance to publish this EC list in open and to
mandatory oblige every producer to state clearly ES status and re-entry inter-
val, especially for OP and methyl-carbamate compounds. In some countries,
REI are elaborated upon plant species, degree of development and way of ap-
plication (Anonymous, 2004). This is very important from the point of chronic
exposure and maximum protection of workers. Only nine insecticides are per-
mitted to be used from aircraft and six of them are suspected as EDS, but
maximum buffer zone to waterways and settlements are stated.

We suggest obligatory submission of data on endocrine disruption poten-
tials for pesticide registration and mandatory warning of agriculture producers
by publishing these data in handbooks or through other means as government
agriculture extension services. The necessary precaution steps in timing of pe-
sticide application would become apparent to every agricultural producer when
planning pesticide usage schedule in sugar beet protection. ED pesticide sho-
uld be avoided or number of treatments reduced to minimum, or replaced by
less danger pesticides whenever possible.

It would be desirable to acquire from the “EC strategy act on the sustai-
nable use of pesticides" the scenario and form the national plan to reduce ha-
zard and risks of exclusive dependence on chemicals. The plan should include
mandatory education/certification of sprayers, farmers and professional pest
control operators, mandatory education of pesticide retailers, distributors; man-
datory pesticide training and accreditation for crop protection advisers and
agricultural extension officials, extension services/programmes promoting need-
-based models (decision support, warning systems).
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VISOKORIZIÅNI PESTICIDI U ZAŠTITI ŠEÃERNE REPE

Radmila A. Šovqanski, Zlata D. Klokoåar-Šmit, Dušanka V. Inðiã
Poqoprivredni fakultet, Departman za zaštitu biqa i ÿivotne sredine,

Trg D. Obradoviãa 8, 21000 Novi Sad, Srbija i Crna Gora

Rezime

Osobine pesticida dozvoqenih za primenu u šeãernoj repi (akutna oral-
na, dermalna i inhalaciona toksiånost, toksiånost za divqaå, påele i akvatiå-
ne organizme, uticaj na reprodukciju i endokrini sistem, radna karenca, mak-
simalan broj tretirawa u toku vegetacije uz poštovawe dobre poqoprivredne
prakse) ukazuju da nema opasnosti za radnike u proizvodwi šeãera, ali ima
pri primeni (hroniåna izloÿenost), naroåito od sredstava s efektima na en-
dokrini sistem (fentin-acetat, benomil, endosulfan, metomil, metidation).
Endokrini disraptori mogu prouzrokovati sterilnost, smawiti fertilnost,
omesti razvoj, izazvati poremeãaje reproduktivnih organa novoroðenåadi kao i
metaboliåke smetwe. Preporuåuje se ograniåena primena pesticida endokrinih
disraptora (najviše jednom u vegetaciji), zamena nekima mawe riziånim po
zdravqe qudi, divqaåi i riba kao i obavezno ukquåivawe radne karence pri
registraciji.
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STATE OF WEED INFESTATION AND FEATURES
OF SUGAR BEET PROTECTION IN BELARUS*

ABSTRACT: The changes of phytosanitary situation recently taking place in sugar
beet crops in the Republic of Belarus are shown. It is noticed that in the crop agrocoenosi-
ses there is a high infestation level caused by Japanese barnyard millet (Echinochloa
crus-galli (L.) P a l . B e a u v.), field sowthistle (Sonchus arvensis L.), chickweed (Stella-
ria media (L) V i l l.), quick grass (Agropyron repens (L.) P a l B e a u v.), matricary (Ma-
tricaria perforate M e r a t), creeping thistle (Circium arvense (L.) s c o p), marsh wound-
wort (Stachus palustris L.), wild buckwheat (Polygonum convolvulus L.), bristle stem hemp
nettle (Galeopsis tetrahit L.), common horsetail (Equisetum arvense L.), field forget-me-not
(Myosotis arvensis (L.) H i l l.), shepherd's purse (Capsella bursa-pastoris (L.) M e d.) etc.
Due to non-observance of preventive and separate agrotechnical techniques especially in
spring-summer period, such weeds as bedstraw (Galium aparine L.), white campion (Me-
landrium album (M i l l.) G a r c k e), green amaranthus (Amaranthus retroflexus L.) started
to appear in the crops. To protect sugar beet effectively, two variants of herbicides applica-
tion are proposed. The first one — a combined, one stipulating soil action herbicides appli-
cation before planting or before sugar beet seedlings emergence and on seedlings — to ca-
rry out two treatment by post-emergence preparations. The second variant, a split post-
-emergence herbicide application (two-three times spraying) on growing weeds at small ap-
plication rates. In the next 5—6 years, a combined method will be of a primary importance
in the conditions of the Republic.

KEY WORDS: agrocoenosis, specific composition, herbicides, sugar beet, weed plants,
phytosanitary condition

INTRODUCTION

One of the elements for obtaining high sugar beet yields and the corre-
spondent sugar output per unit area is a wide introduction of measures on the
effective eradication of weed plants in the crops. However, the development of
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the effective measures on weed extirpation and spread prevention is possible
only on the bases of the detailed study of their specific composition, biological
features of growth and development, regularities of species change and also on
the bases of degree of their harmfulness, spread and occurrence in sugar beet
agrocoenosises. Based on the data of the “Institute of plant protection", Natio-
nal Academy of Sciences of Belarus (K. P. P a d i o n o v et al., 2004), a joint
sugar beet growing with weeds is allowed for not more than 15 days from the
moment of the crop seedlings appearance. The herbicide application is the
most expedient during this period. By combined growing of sugar beet with
weeds in the course of 30 days, the root crop yield is decreased up to 45%.

In order to decrease sugar beet weed infestation, a complex of agrotechni-
cal, organizational, chemical and other measures is necessary. However, the
most available and justifiable technique is the application of herbicides against
the background of high agronomical practices. Thus, to carry out the protecti-
ve measures effectively, it is necessary to have the information on the charac-
ter of weed plants growing in the crops and their quantitative and specific di-
versity on the plot, spectrum of preparation actions, soil peculiarities, weather
and other conditions. However, their application is an expensive measure since
a significant yield portion is used to cover the expenses for getting herbicides.
Based on our calculations, even the minimum expenses for carrying out pro-
tective measures are justified only by obtaining root crop yield within the ran-
ge of 300 cwt/ha. Based on K. P. P a d i o n o v (2002) data, a root crop re-
turn for the expenses against the background of pre-planting Vitox, 72% EC
application (EPTC) makes 49—55 cwt/ha. Against pre-planting or pre-emer-
gence application of Piramin turbo, 520 g/l SC (chloridazon) makes 67—82
cwt/ha, Goltix, SC and WP (metamitron, 700 g/l, 700 g/kg) — 95—110
cwt/ha; against the background of post-emergence herbicide application based
on phenmedipham and desmedipham (three times spraying) pure and in com-
bination with the preparations of other spectrum of activities (the preparations
based on chloridazon, metamitron, sulfonylurea) it makes 33—115 cwt/ha at a
price of 30 USD per one ton of root crops.

PLACE AND METHOD OF RESEARCHES

The determination of specific composition and weed plant number in dif-
ferent zones of the Republic was done by way of itinerary inspections of sugar
beet weed infestation and the herbicide efficiency study on the experimental fi-
eld of the RUE “Institute of plant protection" National Academy of Sciences
of Belarus (p. Priluki, Minsk region) and in sugar beet planting farms of the
Republic following general methods.

The climatic conditions of sugar beet growing regions of Belarus are fa-
vorable for sugar beet cultivation. The duration of a vegetation period is 180
days (from April, 15 till October, 20). The average daily sum of temperatures
during the vegetation period exceeds 2000°C, which is quite enough for sugar
beet growth and development. There is a high precipitation level — 600—700
mm in a year in Belarus. In the western regions more than half of the annual
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precipitation norm falls in spring-summer period, among them near 108 mm
come in April-May, in June and August the amount of precipitation is 249—
277 mm. Thus, in July and August, such important months for sugar beet de-
velopment, the precipitation makes 85—90 mm. In autumn, the precipitation
norm fluctuates within the range of 142—147 mm (V. D. T i m o s h i n i n et
al., 1956). The characteristic feature of western districts of Belarus climate is
uneven spread of rainfall and warmth in the course of the year. Often, the
years are marked when the rainfall amount and the sum of positive air tempe-
ratures, on average, correspond to the norm, but their distribution over months
of vegetation period takes place irregularly and unfavorably for sugar beet (N.
P. V o s t r u k h i n a, 1978).

In soil covering of arable land of Belarus, a prevalent type are soddy-
-podzolic soils with different degree of podzolization of the upper layer. They
occupy 94,5% of arable land. By mechanical composition, soddy-podzolic lo-
amy and sandy soils are prevalent (N. P. V o s t r u k h i n, 1974).

RESULTS OF RESEARCHES

As the result of itinerary inspections, it is determined that even after che-
mical weeding, the most often met in sugar beet (at leaf closing stage in inter-
-rows) are Japanese barnyard millet (Echinochloa crus-galli (L.) P a l. B e a u v.),
quick grass (Agropyron repens (L) P a l . B e a u v r.), chickweed (Stellaria
media (L) V i l l.), fat hen (Chenopodium album L.), field violet (Viola arven-
sis M u r r.), matricary (Matricaria perforate M e r a t), wild buckwheat (Poly-
gonum convolvulus L.) (Table 1).

Table 1. Weed plants occurrence in sugar beet crops (Itinerary inspection)

Weed plant species 1979 1996—2000 2001 2003 2004

Fat hen (Chenopodium album L.) xxx xxx xxx xx xx

Quick grass (Agropyron repens (L.) P a l . B e a u v.) — xxx xx xx xx

Green amaranth (Amaranthus retroflexus L.) — xxx xx xx x

Japanes barnyard millet (Echinochloa crus-galli (L.)
P a l . B e a u v.) x xxx xx xx xxx

Matricary (Matricaria perforata M e r a t) xxx xxx xxx xx xx

Knotgrass (Polygonum aviculare L.) xx xx xxx xxx x

Wild buckwheat (Polygonum convolvulus L.) xx xx xxx xx xx

Lady's-thumb (Polygonum persicaria L.) — — x x x

Scabiose knotweed (Polygonum lapathifolium L.) xx xx xx xx x

Creeping thistle (Cirsium arvense (L.) S c o p.) xx xx xx x x

Field forget-me-not (Myosotis arvensis (L.) H i l l.) x — x x x

Chickweed (Stellaria media (L.) V i l l.) — xx xx x xx

Cornflower (Centaurea cyanus L.) x x x x x

Shepherd's purse (Capsella bursa-pastoris (L.) M e d.) xxx — xx x xx

Field sow thistle (Sonchus arvensis L.) xx xx x x xx

Bristle stem hemp nettle (Galeopsis tetrahit L.) xx x x x x
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White campion (Melandrium album (M i l l.) G a r c k e) — x xx xx x

Annual meadowgrass (Poa annua L.) x x x x x

Field spurry (Spergula arvensis L.) — x xx x x

Marsh woundwort (Stachus palustris L.) — x x x x

Mugwort (Artemisia vulgaris L.) x x — — —

Common speedwell (Veronica arvensis L.) — — — x x

Field violet (Viola arvensis M u r r.) — — xxx xx xx

Common horsetail (Equisetum arvense L.) — x x x x

Common dandelion (Taraxacum officinale W e b.) — — — x x

Note: xxx — weed plants occurrence on 75—100% of fields; xx — occurrence on 30—70% of
fields; x — up to 30% of fields.

From the remaining weed plants, depending on the year of researches, the
annual weeds are presented by 12—16 species, among them 10—14 — di-
cotyledonous (Table 2). Perennial weeds are presented by 3—5 species: quick
grass (Agropyron repens (L.) P a l . B e a u v.), field sowthistle (Sonchus ar-
vensis L.), creeping thistle (Cirsium arvense (L.) s c o p.), common hors tail
(Equisetum arvense L.), marsh woundwort (Stachus palustris L.) or field mint
(Mentha arvensis L.). The specific composition of weed plants after weeding
differs by districts of the Republic: in Brest district — 24 species are met,
Minsk — 20, Vitebsk — 17, Mogiliov — 12, Gomel and Grodno — 9 and 8
species, accordingly.

Table 2. Specific weed plant composition in sugar beet crops (Itinerary inspection at leaf closure
in inter-rows stage)

Number of weed plant species, weed plants

1996—2000 2001 2003 2004

On the average in Belarus

Total species number: 19 18 21 15

Annual 14 14 16 12

including dicotyledonous 12 13 14 10

Grass 2 1 2 2

Perennial 5 4 5 3

including dicotyledonous 4 2 3 2

Grass 1 1 1 1

Spore 1 1

On average, in the Republic, 27—40 weed plants/m2 grow before sugar
beet harvest (Table 3), which is 4—9 times above the threshold of harmful-
ness. Dominate Japanese barnyard millet (Echinochloa crus-galli (L.) P a l.
B e a u v.) has 7,1 weed plants/m2, quick grass (Agropyron repens (L.) P a l.
B e a u v.) has 6,9 weed plants/m2, chickweed (Stellaria media (L.) V i l l.) has
4,9 weed plants/m2, fat hen (Chenopodium album L.) has 3,8 weed plants/m2,
field violet (Viola arvensis M u r r.) has 1,9 weed plants/m2, matricary (Matri-
caria perforate M e r a t) has 1,0 weed plants/m2.
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Table 3. Sugar beet weed infestation (Itinerary inspection at leaf closure in inter-row stage)

Weed plants number, weed plants/m2

2001 2003 2004

On the average in the Republic

Total number of weeds: 27 36 40

Annual 22 31 31

including dicotyledonous 19 27 24

Grass 3 4 7

Perennial 5 5 9

including dicotyledonous 2 2 1

Grass 3 3 7

Spore 1

Threshold of harmfulness — 3—10 weed plants/m2

Significant differences in sugar beet weed infestation by districts — in
Brest district, 94 weed plants/m2, Minsk, 20, Grodno, 17, Vitebsk, 81, Mogili-
ov, 16 and Gomel, 12 weed plants/m2. Annual group weed plant number fluc-
tuated from 8 weed plants/m2 in Mogiliov district up to 84 weed plants/m2 in
Brest; perennial, from 3 weed plants/m2 in Grodno district to 26 in Vitebsk.

Analyzing sugar beet weed infestation data, one can make conclusions
that on the whole infestation decreased for the last 3—5 years in the Republic.
However, weed infestation by Japanese barnyard millet (Echinochloa crus-gal-
li (L.) P a l. B e a u v.), field sowthistle (Sonchus arvensis L.), chickweed
(Stellaria media (L.) V i l l), quick grass (Agropyron repens (L.) P a l. B e a u v.),
matricary (Matricaria perforate M e r a t), creeping thistle (Circium arvense
(L.) S c o p), marsh woundwort (Stachus palustris L.), wild buckwheat (Poly-
gonum convolvulus L.), bristle stem hemp nettle (Galeopsis tetrachit L.), com-
mon horsetail (Equisetum arvense L.), field forget-me-not (Myosotis arvensis
(L.) H i l l.), shepherd's purse (Capsella bursa-pastoris (L.) M e d.) etc. rema-
ins high. Before 2001, there was no field violet (Viola arvensis M u r r.); star-
ting with 2004, common dandelion (Taraxacum officinale W e b.) and wall
speedwell (Veronica arvensis L.) appeared in sugar beet crops. The main rea-
son for perennial weed plant number increase (quick grass (Agropyron repens
(L.) P a l. B e a u v.), field sowthistle (Sonchus arvensis L.), creeping thistle
(Cirsium arvense (L.) S c o p.) etc.) is the insufficient use of bastard fallow
soil tillage technique. Due to non-observance of preventive and separate agro-
technical techniques especially in spring-summer period on separate fields, do-
minate bedstraw (Galium aparine L.), white campion (Melandrium album
( M i l l.) G a r c k e ), green amaranthus (Amaranthus retroflexus L.).

In order to carry out the effective protective measures, the main parame-
ters of herbicides application are developed at the “Institute of plant protec-
tion", taking into account time and methods of their application depending on
weed plant spectrum and the dynamics of coenosis formation, soil features,
weather and other conditions. Optimum time for herbicide treatment is deter-
mined by persistent, dominating weeds such as green amaranthus (Amaranthus
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retroflexus L.), jointweed (Polygonaceae spp.), bedstraw (Galium aparine L.),
bristle stem hemp nettle (Galeopsis tetrachit L.), fat hen (Chenopodium album
L.) etc.

Taking into account the fact that sugar beet is very sensitive to weeds at
early stages of development, it is necessary to carry out this crop protection
against perennial weeds during autumn soil preparation using common eradica-
tive action herbicides based on glyphosate: Roundup, 360 g/l a.s.; Glyphogan,
360 g/l a.s.; Glialka, 360 g/l a.s.; Uragan, AS; Belphosate, 360 g/l a.s.; Pilara-
und, 360 g/l a.s. etc., at the rates of application of 4,0—6,0 l/ha. Perennial
weed plant infestation is decreased for 85—955, which allows carrying out
measures on soil preparation, fertilizers application and sugar beet planting the
next year at a high quality level.

During sugar beet vegetation to extirpate weeds germinated in fields, two
variants of herbicides application are recommended. A combined one, stipula-
ting pre-planting or before sugar beet seedlings emergence application of soil
herbicides (Goltix, SC and WP (metamitron, 700 g/l, 700 g/kg), Pilot, WWC
(metamitron, 700 g/l), Yutix, SC (metamitron, 700 g/l), Piramin turbo, 52% g/l
SC (Chloridazon) — (2—3 l/ha); Lenacil BetaMax, WP (lenacil, 800 g/kg) —
(1,0 kg/ha); Dual gold, EC (C-Metolachlor, 960 g/l EC (dimetenamide-II) —
(1,0—1,2 l/ha) and their mixtures) and on seedlings — the preparations based
on phenmedipmam and desmedipham. Vitox, 72% EC (EPTC) (2,8—5,6 l/ha)
is applied only before crop planting with the immediate incorporation, within
15—20 minutes. A combined variant of herbicides application is the most ap-
plicable at sufficient soil moisture content.

In dry hot weather or under insufficient rainfall precipitation (especially
at the beginning of vegetation period or in sugar beet planting on spring plo-
ughing, it is recommended to use herbicides by split post-emergent application
at small application rates, three times, considering weed plant development sta-
ges. Betanal progress AM, EC (desmedipham, 60 g/l + phenmedipham, 60 g/l
+ ethofumesate, 60 g/l) — (1,5 + 1,5 + 1,5 l/ha); Betanal expert OF, EC EC
(desmedipham, 71 g/l + phenmedipham, 91 g/l + ethofumesate, 112 g/l) or Be-
tanes, EC (desmedipham, 70 g/l + phenmedipham, 90 g/l + ethofumesate, 110
g/l) — (1,0 + 1,0 + 1,0 l/ha); Biphor, EC (desmedipham, 80 g/l + phenmedip-
ham, 80 g/l) — (1,5 + 2,0 + 2,0 l/ha); Betanal AM 11, EC (desmedipham, 80
g/l + phenmedipham, 80 g/l) — (2,0 + 2,0 + 2,0 l/ha); Agrybit (Bitape FD
11), 16% EC. (desmedipham, 8% + phenmedipham, 8%) — (1,5 + 2,0 + 2,0
l/ha); Karibu, 50% WP (triflusulfuronmethyl) — (30 g/ha + 200 ml/ha of Sur-
factant Trend 90 at every treatment). Post-emergence herbicides can be used
both as an independent technique and in a tank mixture with herbicides of ot-
her spectrum of action (preparations based on chloridazon, metamitron or sul-
fonylurea). The first treatment by post-emergence herbicides is done at cotyle-
don leaf stage of weed plants, the second and the subsequent ones at 7—14
days interval, after the appearance of new weed plant seedlings. Sugar beet
stage of development does not play a significant role.

In case of no application of herbicides derivatives of glyphosate, in au-
tumn against perennial dicotyledonous weeds (creeping thistle, field sowthistle)
and also matricary, jointweed, corn flower lontrel, 300, 30% a.s. (clopyralid)
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is added to betanal group preparations — (0,3—0,4 l/ha), against quick grass
and annual grass weeds, one of grass action preparations (Targa super, 5% EC
(Quizalofop-II-ethyl) — (1,0—2,0 l/ha); Leopard, 5% EC (quizalofop-II-ethyl,
50 g/l) — (1,0—2,0 l/ha), Miura, EC (quizalofop-II-ethyl, 125 g/l) — (0,4—
1,2 l/ha); Panther, 4% EC. (quizalofop-II-tephuryl) — (0,75—1,5 l/ha); Target,
EC (quizalofop-II-ethyl, 51,6 g/l) — (1,0—2,0 l/ha); Zellec super, EC (galoxy-
fop-R-etoxymethyl acid, 104 g/l) — (0,5—1,0 l/ha; Fusilade forte, EC (fluazi-
fop-II-butyl, 150 g/l); Aramo, 50 g/l EC (tetraloxydim, 50 g/l) — (1,5—2,0 l/ha).

The most widely used herbicide systems:
— before planting with the immediate incorporation: Vitox (2,8—5,6

l/ha), before planting or before sugar beet seedlings emergence — Goltix, Pilot
or Piramin Turbo (2,0—3,0 l/ha) or a mixture of any of these preparations at
half application rates;

— after sugar beet seedlings emergence: the first treatment — Goltix, Pi-
lot or Piramin turbo (1,5 l/ha) + betanal group preparations (1,2—2,0 l/ha) and
if it is necessary to add lontrel — 0,3—0,5 l/ha and one of grass herbicides
(1,5—2,0 l/ha). The second treatment can be carried out only by betanal group
preparations or with the addition of Goltix, Pilot or Piramin turbo at the appli-
cation rates of 1,5—2,0 l/ha;

— two or three times herbicide application gives an opportunity to avoid
inter-row treatments in order to prevent root system damage by treatment in-
struments and soil compaction. By such herbicide application, the active ingre-
dients of preparations are more quickly decomposed in soil and plants, which
promotes the improvement of ecological situation.

CONCLUSIONS

The evaluation of the dynamics of formation and specific composition of
weed plant changes gives an opportunity to form an optimum assortment of
herbicides and prevent the formation of resistant weed plants as well as it ena-
bles preventing the accumulation of herbicide residues in the environment.
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STAWE KOROVSKE ZARAŸENOSTI I KARAKTERISTIKE ZAŠTITE
ŠEÃERNE REPE U BELORUSIJI

Sergej Vladimiroviå Soroka, Galina Josipovna Gaxijeva
Institut za zaštitu biqa Nacionalne akademije nauka,

Ulica Mira 2, 223011 Priluki, Region Minsk, Belorusija

Rezime

Zaraÿenost šeãerne repe korovima u Belorusiji znaåajno nadmašuje pra-
gove štetnosti korova i pretpostavka je intenzivne primene herbicidnog asor-
timana koji bi trebalo stalno obnavqati. Sada se u šeãernoj repi koriste dve
varijante primene herbicida. Prva je usmerena na upotrebu zemqišnih herbi-
cida pre setve ili pre nicawa klijanaca šeãerne repe, i na klijancima — iz-
voðewem dva tretmana sa herbicidima posle nicawa. Druga varijanta je split
post-emergentna primena herbicida (2—3 prskawa) pri niskim dozama primene
na korove u vegetaciji. Za najmawe 5—6 godina zbog objektivnih razloga kombi-
novana varijanta ãe biti od prevashodne vaÿnosti.

Uzimajuãi u obzir ove karakteristike, nedavno su u RUC „Institutu za za-
štitu biqa" NAS iz Belorusije istraÿivaåi radili ne samo u jednom smeru
podizawa biološke efikasnosti primewenih herbicida, nego i u koliåini
wihove primene i smawewu toksiånosti u objektima ÿivotne sredine. Da bi se
usevi šeãerne repe efikasno zaštitili od korovskih biqaka, neophodno je
imati podatke o specifiånom diverzitetu, biološkim karakteristikama rasta
i razvoja, dinamici formirawa i specifiånostima promena vrsta, broju ko-
rovskih biqaka i štetnosti. Na osnovu toga, u radu ãe biti predstavqeni re-
zultati višegodišweg monitoringa zaraÿenosti šeãerne repe u republici,
kao i efikasnost niza perspektivnih herbicida primewenih u tehnologiji uz-
goja useva. Prikazani ãe biti i sistemi zaštite koji uzimaju u obzir dinamiku
formirawa korovske cenoze, specifiåan sastav korovske biqke, spektar herbi-
cida, osobine zemqišta, vreme i drugi uslovi.
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OCCURRENCE, SPREAD AND POSSIBILITIES OF
INVASIVE WEEDS CONTROL IN SUGAR BEET*

ABSTRACT: Floristically rich and diverse weed comunity of sugar beet is in our co-
untry represented by 150 weed species. They are not all equaly significant in weediness of
this crop. Only a limited number of them participate in weed comunity composition. These
are: Abuthilon theophrasti M e d i c., Ambrosia artemisiifolia L., Amaranthus retroflexus L.,
Chenopodium album L., Cirsium arvense (L.) S c o p., Convolvulus arvensis L., Cynodon
dactylon (L.) P e r s., Digitaria sanguinalis (L.) S c o p., Hibiscus trionum L., Rubus caesi-
us L., Echinochloa crus-gall L., Polygonum aviculare L., P. lapathifolium L., P. persicaria
L., Setaria glauca (L.) P. B., S. viridis (L.) P. B., Solanum nigrum L. and Sorghum hale-
pense (L.) P e r s. In shooting period up to 4—8 weeks upon emergence, sugar beet is un-
der the haviest harmfull inluence of weeds, especially invasive ones such as: Abuthilon the-
ophrasti M e d i c., Ambrosia artemisiifolia L., Cirsium arvense (L.) S c o p., Iva xanthi-
folia L., Sorghum halepense (L.) P e r s. and Xanthium strumarium L. Sugar beet growing
requires intensive cultural practices, i.e. basic and additional tillage and cultivation. Due to
the widening of weed problems, frequent herbicide use in several applications is needed in
the longer time period.

KEY WORDS: control, invasive weed species, herbicides, sugar beet

INTRODUCTION

Sugar beet is broadcast planted spring row crop that gives the highest
yield per unit of area. It is highly demanding regarding human labor and mac-
hinery use. Along with other means of protection, weed control must be paidd
special attention in order to achieve high yields. Because of exceptional su-
sceptibility of sugar beet regarding the harmful influence of weeds, more suc-
cessful yield and higher suggar content are provided by their control. Besides,
herbicide use is economically justified for human labor costs are dicreased, as
well as interrow cultivation and hoeing (K o n s t a n t i n o v i ã, 1999). The
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beggining of plant development is the most susceptible period for weed con-
trol and herbicide use. Therefore, it demands great attention of specialists as
well as plant protection against weeds by corresponding weed-killers. Relati-
vely broad free interrow distance in early phases of sugar beet development
and low capacity of competing enables fast spreading of weeds. Successful
control of competing weed plants increases leaf mass, root and sugar content
per area of unit. Early sowing and crop growth rate, method of growing and
sugar beet cultivation, as well as its planting density and coverage enable the
development of characteristic weed vegetation (K o n s t a n t i n o v i ã and M a r -
k o v i ã, 2000). Equation of agroecological conditions for sugar beet growing
creates conditions for the occurrence of relatively small number of weed speci-
es in comparison to other row crops. By the beggining of spring, upon sugar
beet emergence until closing of the rows, the most frequent weed species are:
Fumaria officinalis L. (spring ephemeres), Capsella bursa-pastoris (L.) M e -
d i c., Viola arvensis M u r r. (winter and spring weeds), Polygonum convolvu-
lus L. (early spring weeds) and Sinapis arvensis L. (K o j i ã et al., 1972).

By the end of spring, late spring and perrenial weeds that overgrow and
often are higher than sugar beet plants emerge. Of these, the most frequent
are: Amaranthus retroflexus L., Abutilon theophrasti M e d i c., Ambrosia arte-
misiifolia L., Chenopodium album L., Datura stramonium L., Echinochloa
crus-galli L., Setaria glauca (L.) P. B., S. viridis (L.) P. B. and Sorghum hale-
pense (L.) P e r s. In comparison with grass weeds, broad-leaved weeds that
overgrow and overshadow sugar beet cause more damage (K o n s t a n t i n o -
v i ã et al., 2001).

In shooting period up to 4—8 weeks upon emergence, sugar beet is under
severe harmful inluence of weeds, especially invasive ones such as: Abuthilon
theophrasti M e d i c., Ambrosia artemisiifolia L., Cirsium arvense (L.) S c o p.,
Iva xanthifolia L., Sorghum halepense (L.) P e r s. and Xanthium strumarium
L. (K o n s t a n t i n o v i ã and M e s e l d ÿ i j a, 2001). Sugar beet growing
demands intensive cultural practice, including basic and additional soil tillage,
as well as crop cultivation. Due to the broadening of weed problems, herbici-
des frequently need to be used several times and in a longer time period
( N a y l o r, 2002). Herbicides can be applied before sowing with incorpora-
tion, or after sowing, but before shooting with later herbicide use for post-
-emergence weed control of Ambrosia artemisiifoli L., Cirsium arvense (L.)
S c o p., Sorghum halepense (L.) P e r s., from rhyzomes, Xanthium strumari-
um L., Iva xanthifolia L. and other invasive weeds. These combinations lead
to more efficient protection in longer time period with reduced risk that emer-
ges from inconveniant weather conditions. Optimum application time for the
first treatment is in the weed phase from shooting up to 2 leaves. The second
treatment is perfomed in the phase of 4 developed weed leaves and eventually,
the third one, after repeated weed occurrence, i.e. 7—10 days after the second
treatment (K o n s t a n t i n o v i ã et al., 2001).

If a pan, or farrowing occure after emergence, crop cultivation measures
include cultivating before emergence. Both of these masures are efficient in
the control of weeds in early phases of sugar beet and weed development. Af-
ter emergence up to closing of the rows, several interrow cultivations are to be

174



performed. In the zone of rows, hand hoeing is to be accomplished. Optimal
period for the first hoeing is after formation of the first pair of leaves in 2—5
cm of depth, whereas for the first cultivation, the optimal period is before su-
gar beet thinning and the second one after the formation of the final composi-
tion of plants. Each following cultivation is performed after repeated emergen-
ce of weeds up to closing of the sugar beet rows. It is more efficient to per-
form more interrow cultivations and less hoeing within the row. Application of
cultural practices solves the problem of weeds only for a limited time period,
for in certain periods, depending predominantly upon meteorological conditi-
ons renewal of weed comunity occurs (K o n s t a n t i n o v i ã, 1999).

There is a great number of herbicides that are convenient for using in su-
gar beet. However, due to the relatively narrow spectrum of action, low persi-
stence and selectivity and with the aim of sugar beet protection during the
whole of the vegetation period repeated treatments in low rates, i.e. split appli-
cation and the use of more different herbicides are needed (H a n c e and
H o l l y, 1990).

MATERIAL AND METHODS

During 2004 and 2005, herbicide trials in sugar beet crops (Table 1.)
were set up in two locations, Baåki Magliã and Åurug according to the stan-
dard EPPO/OEPP methods (Anonymous, 1998) in randomized block design in
four replications. Trial plot size was 5 x 5 m exp (2). Applied water quantity
was 300 l/ha. Control plot, which was free of herbicide treatment was also set
up in the trial and was used for calculating the herbicide efficiency coefficient.

Table 1. Herbicides and herbicide combinations used in the trials

No. Herbicides Active ingredients
Applied quantity
(kg; lx ha exp

(–1))
Application time

1 Frontier super +
(Tornado + Ethosat)

dimethenamid + (metamitron
+ ethofumesate) 1.0 + (3 + 2) x 2 pre. em. +

(2 i 4 leaves)

2 Frontier super +
Synbetan p forte

dimethenamid + phenmedipham
+ ethofumesate 1.2 + (2.5) x 2 pre. em. +

(2 i 4 leaves)

3 Frontier super +
Synbetan d forte

dimethenamid + desmedipham
+ ethofumesate 1.4 + (2.5) x 2 pre. em. +

(2 i 4 leaves)

4 Synbetan p forte
+ Tornado

phenmedipham + ethofumesate
+ metamitron (2.5 + 2) x 2 cotiledons + 2

leaves + 4 leaves

5 Synbetan d forte
+ Tornado

desmedipham + ethofumesate
+ metamitron (2.5 + 2) x 2 cotiledons + 2

leaves + 4 leaves

6 Agrobet super phenmedipham +
desmedipham 3 + 3 2 leaves +

4 leaves

7
Safari 50 WG +

Trend-90 +
Synbetan p forte

triflusulfuron-methyl +
(izodecil alcohol etoksilat) +

phenmedipham + ethofumesate

(0.03 + 0.05%
+ 2.5) x 2

2 leaves +
4 leaves

8
Safari 50 WG +

Trend-90 + Betanal
AM 11 New

triflusulfuron-methyl +
(izodecil alcohol etoksilat) +

desmedipham + phenmedipham

(0.03 + 0.05%
+ 2.5) x 2

2 leaves +
4 leaves
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9 Proponit + Agil
100 EC propisochlor + propaquizafop 1.8 + 1.0 pre. em. +

post. em.

10 Proponit +
Gallant super

propisochlor +
haloxyfop-P-methyl 2.5 + 1.0 pre. em. +

post. em.

11 Lontrel 100 clopyralid 1.2 post. em.

12 Goltix metamitron 6.0 pre. em.

13 Control — — —

RESULTS OF THE STUDY

Durign two years of the herbicide combinations studies in sugar beet
crops in locations Baåki Magliã and Åurug, dominant weed species were:
Amutilon theophrasti M e d i c., Ambrosia artemisiifolia L., Amaranthus retro-
flexus L., Chenopodium album L., Chenopodium hybridum L., Cirsium arven-
se (L.) S c o p., Datura stramonium L., Echinocloa crus-galli L., Iva xanthi-
folia L., Polygonum persicaria L., Sinapis arvensis L., Sorghum halepense
( L . ) S c o p. and Xanthim strumarium L. The efficiency coeficients of the
applied herbicides against invasive weed species present in the trials (Abutilon
thoephrasti M e d i c., Ambrosia artemisiifolia L., Cirsium arvense (L.) S c o p.,
Iva xanthifolia L, Sorghum halepense (L.) P e r s., Xanthium strumarium L.)
are given in Table 2.

Table 2. Efficiency of the applied herbicides against invasive weed species

No. Herbicides
Efficiency coefficient (%)

ABTH AMAR CIAR IVXA SOHA XAST

1 Frontier super + (Tornado + Etosat) 76 98 74 84 — 70

2 Frontier super + Synbetan p forte 72 86 54 94 — 66

3 Frontier super + Synbetan d forte 79 68 46 75 — 57

4 Synbetan p forte + Tornado 71 92 76 81 — 69

5 Synbetan d forte + Tornado 69 94 78 83 — 71

6 Agrobet super 79 96 81 92 — 98

7 Safari 50 WG + Trend-90 +
Synbetan p forte 98 96 71 84 — 67

8 Safari 50 WG + Trend-90 +
Betanal AM 11 New 96 95 84 99 — 78

9 Proponit + Agil 100 EC 98 96 76 97 98 80

10 Proponit + Gallant super 90 94 81 96 96 80

11 Lontrel 100 94 96 91 87 — 90

12 Goltix 81 99 83 96 — 80

Remark: ABTH — Abutilon theophrasti; AMAR — Ambrosia artemisiifolia; CIAR — Cirsium
arvense; IVXA — Iva xanthifolia; SAHA — Sorghum halepense; XAST — Xanthium strumarium
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DISCUSSION

During two years of studies of herbicides and their combinations in sugar
beet crops, the following weed species were dominant: Abutilon theophrasti
M e d ic., Ambrosia artemisiifolia L., Cirsium arvense (L.) S c o p., Iva xanthi-
folia L., Sorghum halepense (L.) P e r s. and Xanthium strumarium L. The
most efficient in the control of the present weed vegetation were combinations
of herbicides with different modes of action: triflusulfuron-methyl + phenme-
dipham + ethofumesate and triflusulfuron-methyl + desmedipham + phenme-
dipham. The highest efficiency against grass species, Sorghum halepense (L.)
P e r s. which was 96—98% showed the phenoxy group of herbicides, propa-
quizafop and haloxyfop, whereas the remaining herbicides were used only for
the control of broad-leaved weed species. Cirsium arvense (L.) S c o p. was
the most efficiently controlled by herbicide Lontrel 100 based upon active the
clopyralid ingredient.
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Rezime

Korovska zajednica šeãerne repe je floristiåki bogata i raznovrsna, a
kod nas broji oko 150 korovskih vrsta koje nemaju podjednak znaåaj u zakorovqi-
vawu ovog useva. Samo mawi broj vrsta uåestvuje u izgradwi karakteristiånog
skupa korovske zajednice: Abuthilon theophrasti M e d i c., Ambrosia artemisiifolia
L., Amaranthus retroflexus L., Chenopodium album L., Cirsium arvense (L.) S c o p.,
Convolvulus arvensis L., Cynodon dactylon (L.) P e r s., Digitaria sanguinalis (L.)
S c o p., Hibiscus trionum L., Rubus caesius L., Echinochloa crus-galli L., Polygonum
aviculare L., P. lapathifolium L., P. persicaria L., Setaria glauca (L.) P. B., S. viridis
(L.) P. B., Solanum nigrum L., Sorghum halepense (L.) P e r s. U periodu nicawa pa
do 4—8 nedeqa nakon nicawa, šeãerna repa je najviše izloÿena štetnom dej-
stvu korova, naroåito invazivnih vrsta kao što su: Abuthilon theophrasti M e d i c.,
Ambrosia artemisiifolia L., Cirsium arvense (L.) S c o p., Iva xanthifolia L., Sorghum
halepense (L.) P e r s. i Xanthium strumarium L. Za gajewe šeãerne repe potrebne
su intenzivne agrotehniåke mere, kako osnovne i dopunske obrade zemqišta,
tako i mere nege. Usled raširenosti problema korova, potrebno je åesto pri-
meniti herbicide u više navrata i u duÿem vremenskom periodu.

178



Zbornik Matice srpske za prirodne nauke / Proc. Nat. Sci, Matica Srpska Novi Sad,
¥ 110, 179—185, 2006

UDC 633.63:632.5:632.9(437.6)

P e t e r T ó t h, J á n J. T a n c i k
‡ u d o v í t C a g á º

Slovak Agricultural University, Department of Plant Protection
A. Hlinku 2, 949 76 Nitra, Slovak Republic

DISTRIBUTION AND HARMFULNESS OF FIELD DODDER
(CUSCUTA CAMPESTRIS Y U N C K E R) AT SUGAR BEET

FIELDS IN SLOVAKIA*

ABSTRACT: During 2002—2004, field surveys of field dodder (Cuscuta campestris
Y u n c k e r) in croplands were done in southwestern Slovakia. From among 150 localities
surveyed, 80 were found infested by the field dodder. Within crop plants, C. campestris in-
fested sugar beet (Beta vulgaris), alfalfa (Medicago sativa), tobacco (Nicotiana tabacum),
potato (Solanum tuberosum), lentil (Lens esculenta), parsley (Pastinaca sativa) and onion
(Allium cepa). Besides the crops, 18 weed species were also recorded. The species from the
genus Polygonum (Polygonaceae) were the most important and acted as a significant reser-
voir of field dodder in cropland. C. campestris was not found in cold climatic regions with
altitude higher than 240 m.

The impact of field dodder infestation on sugar beet yield was studied during the year
of 2004 in two localities (Šalov and Ÿitavce) in southwestern Slovakia. The presence of fi-
eld dodder markedly reduced both, quantity and quality of sugar beet yield. Weight of hea-
vily infested beets was reduced from 21.6 to 37.4% and sugar content from 12.0 to 15.2%.
Such decline of both parameters was also recorded when field dodder was removed together
with leaves of sugar beet during growing season at the end of July. The aim of the infested
leaves removal was to decrease mass of field dodder seeds. Although the leaf area of sugar
beet regenerates, the decrease of quality and quantity was observed. The decline was the sa-
me at both localities, no matter whether the fields were irrigated (Šalov) or not (Ÿitavce).

KEY WORDS: Beta vulgaris, Cuscuta campestris, dodder, infested leaf removal, su-
gar content reduction, yield losses

INTRODUCTION

Field dodder (Cuscuta campestris) is an annual holoparasitic stem parasi-
te in the family Cuscutaceae with leafless, thread-like, orange or yellow stems
that twine over other plants. The species was introduced from North America
to Europe in 1883 (J e h l í k, 1998). C. campestris was found on 85 host plant
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species, including sugar beet, alfalfa, potato, tomato, onion and other vegetable
crops (E r d ö s, 1971, N e m l i, 1986) but not grasses (D a w s o n et al.,
1994). In addition, dodder seed is difficult to exclude from commercial alfalfa,
clover, or flax seed (P a r k e r and R i c h e s, 1993).

Detailed data on the basic biology of C. campestris are reported by C o o k e
and B l a c k (1987), M a l i k and S i n g h (1979) and V i s s e r (1985).

There is no evidence that Cuscuta spp. does not injure crop plants by
producing allelochemicals, nor does Cuscuta spp. compete with crop plants in
gathering environmental resources. The interference of Cuscuta spp. with crop
plants is entirely by parasitism. The crop gathers resources and elaborates
them into organic substances. The parasitic Cuscuta spp. then diverts the ela-
borated products (e.g. sugar) as well as basic resources (water and minerals) to
itself. Parasitism by Cuscuta spp. can suppress the host plant severely (D a w -
s o n et al., 1994). Field dodder can also transmit various viruses (G a r a u et
al., 1993, K u m a r and M o h a n, 1994) and mycoplasma-like organisms
( C r e d i and S a n t u c c i, 1992, V i c z i a n et al., 1998).

Intensity and severity of C. campestris attack on sugar beet highly de-
pends on the effect of mineral nutrition (NPK fertilization). Lower rates of
inadequate ratio of minerals, particularly in dry years are responsible for incre-
ases in C. campestris infection (S t o j š i n et al., 1991). C. campestris parasi-
tizing sugar beet inhibits the growth of the host plant and reduces the content
of sugars in leaves, petioles and roots, also altering the ratio of various sugars
present (E v t u s h e n k o et al., 1973). Besides, the field dodder infestation on
sugar beet slightly reduces K and Na contents and slightly increases Ca and
Mg contents of the host plant (C h e p k a s o v a, 1973). The study of pho-
tosynthetic pigments in leaves of dodder-infested sugar beet plants showed that
sugar beet plants intensively synthesized pigments, especially chlorophyll, in
the early stages of infestation. As parasitization progressed, the pigment con-
tent of host plants declined and photosynthesis decreased (K a r a k e e v a,
1973).

The objectives of this research were to investigate the distribution and
harmfulness of field dodder at sugar beet fields in Slovakia in order to find out
more about an emerging threat for sugar beet and other field crops.

MATERIAL AND METHODS

During the growing seasons 2002—2004, the occurrence of Cuscuta spp.
was observed in the agroecosystems of Slovakia following the natural pheno-
logy of dodders. 150 localities were chosen in different geographic and clima-
tic regions. Collections were made depending on the amount of variation in
the geography. Collecting sites were grassy or weedy roadsides, fallow fields
and Cuscuta spp. — infested croplands planted with various crops. At each lo-
cality, plants were identified. Identification was based on the flower structure.

The impact of field dodder, C. campestris, infestation on sugar beet yield
and quality was studied during 2004 in two commercial sugar beet fields in
southwestern Slovakia, Šalov (48°01'N 18°48'E, 178 m a. s. l., field was irri-
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gated) and Ÿitavce (48°12'N 18°18'E, 141 m a. s. l., no irrigation present).
The samples were taken during September at both locations. The samples con-
sisted of 25 sugar beet plants infested by field dodder, 25 plants without infe-
station and 25 plants with recovered leaf area after the infestation removal.
The samples were selected at random within field dodder infested and uninfec-
ted sugar beet plants. Sugar beet roots were topped, placed in bags and tran-
sported to the sugar refinery Eastern Sugar Dunajská Streda for analyses. The
percentage of sucrose and quality analyses were determined by the Eastern Su-
gar laboratory using standard industry procedures.

RESULTS

Altogether, four species of dodders were found on 150 different localities
in agroecosystems of Slovakia, C. campestris, C. epithymum, C. europaea and
C. lupuliformis. From among 150 localities surveyed, 80 were infested by field
dodder (C. campestris). The complete view of localities infested by field dod-
der is given in Figure 1. Within crop plants, C. campestris infested sugar beet
(Beta vulgaris prov. altissima), alfalfa (Medicago sativa), tobacco (Nicotiana
tabacum), potato (Solanum tuberosum), lentil (Lens esculenta), parsley (Pasti-
naca sativa) and onion (Allium cepa) in Slovakia. Besides the crops, 18 weed
species were also recorded. The species from the genus Polygonum (Polygona-
ceae) were the most important. C. campestris was not found in cold climatic
regions with altitude higher than 240 m. In Slovakia, the only locations with
regular infestation of sugar beet by field dodder (these are marked with white
dots in Figure 1) were Abrahám (48°15'N 17°37'E, 125 m a. s. l.), Iºa
(48°11'N 18°30'E, 180 m a. s. l.), Šalov (48°01'N 18°48'E, 178 m a. s. l.),
Ve®kþ Cetín (48°13'N 18°12'E, 137 m a. s. l.) and Ÿitavce (48°12'N 18°18'E,
141 m a. s. l.).

At both locations observed (Šalov, Ÿitavce) for the impact of field dodder
on sugar beet, dodder infestation reduced weight and sugar content (Table 1
and 2). At Ÿitavce, weight of 25 beets, taken from dodder-infested plants was
reduced by 4 kg (37.4% reduction) and sugar content by 2.2% (12% reduc-
tion). At Šalov, weight of 25 beets, taken from infested plants was reduced by
2.7 kg (21.6% reduction) and sugar content by 2.4% (12.7% reduction). The
reduction was slightly lower (except of sugar content at Šalov) in beets taken
from plants where leaf area recovered after the infestation and dodder removal.
In this case, weight of 25 beets was reduced by 1.9 kg (17.4% reduction) and
sugar content by 2% (11.4% reduction) at Ÿitavce and by 2 kg of weight
(15.6% reduction) and by 2.9% of sugar content (15.2% reduction) at Šalov.
The decline was the same at both localities, no matter whether the fields were
irrigated (Šalov) or not (Ÿitavce).

DISCUSSION

Of the four dodder species recorded at Slovakian croplands, only C. cam-
pestris and C. epithymum were regularly found throughout south of Slovakia.
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C. campestris never exceeded 240 m a. s. l. and was found exclusively at the
warmest localities of Slovakia, with maximum occurrence in the western part
of state (Figure 1). From the literature, it is known that 85 various crop plants
and weeds serve as hosts for C. campestris (E r d ö s, 1971), our findings show
that in Slovakia, crops parasitized by this species included only potato (Sola-
num tuberosum L.), sugar beet (Beta vulgaris L.), alfalfa (Medicago sativa L.),
lentils (Lens esculenta), tobacco (Nicotiana tabacum L.), parsley (Pastinaca
sativa) and onion (Allium cepa). In addition, other 18 plants were found as
hosts for C. campestris. Within these hosts, Polygonum spp. was the most
common one occurring on 44 out of 47 localities observed. It acted as a signi-
ficant reservoir of field dodder in cropland. Similarly J e h l í k et al. (1998)
cited Polygonum arenastrum, Artemisia vulgaris and Atriplex tatarica like do-
minant hosts of C. campestris in Slovakia. The only problematic species are C.
campestris and C. epithymum in the agroecosystems of Slovakia. While C. epi-
thymum has already been infesting huge amount of alfalfa fields throughout
the state, hitherto C. campestris has been damaging crops at the warmest loca-
lities exclusively. On the other hand, there is a big potential of C. campestris
to spread into agricultural crops. The reasons for such spread are different.
Above all: 1) the great distribution of the main host plant (Polygonum spp.)
throughout Slovakia and very low host specificity, 2) limited number of natu-
ral enemies of C. campestris expected (because it is an invasive plant) in order
to suppress population density and 3) expected warming, which can make the
species more aggressive.

Field dodder reduces the average weight of sugar beet roots and foliage
and reduces the sugar content, total N, invert sugar and ash contents of roots
and increases the content of pectin substances (K a r a k e e v a, 1973). The pre-
sence of field dodder markedly reduced both, quantity and quality of sugar be-
et yield in Slovakia. Weight of heavily infested sugar beet roots was reduced
from 21.6 to 37.4%. Similarly, L u k o v i n and K i t e n k o (1974) noted su-
gar beet root yields reduction up to 50% in Kyrgyzstan. Of the studies that ha-
ve been done to determine the impact of field dodder on sugar content, there
were similar results regarding actual sucrose losses. For example, K a r a k e e -
v a (1973) observed 1—2.6% sugar reduction and B e l y a e v a et al. (1978)
reported reduction in the sugar content by 1.5—1.9% and the sugar yield by
3.5—4 t/ha, both in Kyrgyzstan. Sugar content reduction ranges from 2.2—
2.4% (i.e. 12.0—12.7% of sugar yield reduction) in Slovakia. Such decline of
both parameters was also recorded when field dodder was removed together
with leaves of sugar beet during growing season at the end of July. The aim of
the infested leaves removal was to decrease mass of field dodder seeds. Altho-
ugh, the leaf area of sugar beet regenerates, the slight decrease of quality and
quantity was observed (Table 1. and 2).
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Table 1. Gross yield and sugar content of sugar beet infested by field dodder, Cuscuta campestris,
at location Šalov. Results are based on samples of 25 sugar beets taken on September 27, 2004

Sugar beet plants Weight/kg Beet tops/kg Sugar content/%*

Non-infested with field dodder 12,71 5,04 19,03

Infested with field dodder 9,96 7,43 16,61

Leaf area recovered after the
infestation removal 10,73 5,43 16,14

* Laboratory tests, the percentage of sucrose and quality analyses were determined by sugar refi-
nery, Eastern Sugar Dunajská Streda using standard industry procedures

Table 2. Gross yield and sugar content of sugar beet infested by field dodder, Cuscuta campestris,
at location Ÿitavce. Results are based on samples of 25 sugar beets taken on September 22, 2004

Sugar beet plants Weight/kg Beet tops/kg Sugar content/%*

Non-infested with field dodder 10,81 3,10 18,10

Infested with field dodder 6,77 4,93 15,92

Leaf area recovered after the
infestation removal 8,93 3,28 16,03

* Laboratory tests, the percentage of sucrose and quality analyses were determined by sugar refi-
nery, Eastern Sugar Dunajská Streda using standard industry procedures

The severity of infestation depends on the growth stage of the host plant
at the time of initial dodder attachment. The greatest growth reduction occurs
when dodder attaches to sugar beet plants very early. Although established
host plants are usually not killed by dodder infestation, reduction of both,
quantity and quality of sugar beet will occur. When multiple attachments are
made to the same host plant (already established), death can occur as we found
in the case of sugar beet in Slovakia. The weakened state of infected plants al-
so predisposes them to losses caused by other pests such as diseases, insect
and nematode invasions (C u d n e y et al., 1992).

There are many options available to help decrease the crop infestations by
dodders such as hand cultivation, spot or field burning, close mowing, later
planting time and crop rotation with cereals or corn (D a w s o n et al., 1994).
Within chemical control, interesting results were obtained using maleic hydra-
zide at 7 kg/ha + wetter 0.5% applied at the flowering stage of dodder. The
procedure reduced the foliage of the parasite by 74—88%, the germination of
surviving malformed seeds was reduced to less than 25% and thus, seed reser-
ves in the soil were decreased (B e l y a e v a et al., 1978). On the other hand,
biological control is particularly attractive means of suppressing field dodder
in crop because, owing to its intimate relationship with the host plant, it is dif-
ficult to apply chemical herbicides in such a way the crop is not adversely af-
fected (CAB, 1987). Hence, it is surprising that little effort has been made to
achieve biological control of these weeds worldwide, so the search for biologi-
cal control agents therefore seems to be warranted.
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RASPROSTRAWENOST I ŠTETNOST KRUPNOZRNE KOSICE,
CUSCUTA CAMPESTRIS Y U N C K E R, U USEVIMA ŠEÃERNE REPE

U SLOVAÅKOJ

Peter Tot, Jan J. Tancik, Qudovit Cagaw
Slovaåki poqoprivredni univerzitet u Witri,

Departman za zaštitu biqa A. Hlinku 2, 94976 Witra, Slovaåka

Rezime

Tokom 2003. i 2004. godine praãena je rasprostrawenost krupnozrne vili-
ne kosice (Cuscuta campestris Y u n c k e r) u agroekosistemima u Slovaåkoj. C.
campestris je bila konstatovana na 80 lokaliteta u raznim delovima Slovaåke na
sledeãim biqkama domaãinima iz grupe gajenih biqaka: šeãerna repa (Beta vul-
garis prov. altissima), lucerka (Medicago sativa), duvan (Nicotiana tabacum), krom-
pir (Solanum tuberosum) i peršun (Pastinaca sativa). Osim na kulturnim biqka-
ma krupnozrna vilina kosica je konstatovana i na 18 vrsta korova, od kojih su
najvaÿnije vrste iz roda Polygonum (Polygonaceae), koji predstavqa znaåajan re-
zervoar ove vrste viline kosice u agroekosistemima. C. campestris nije bila
konstatovana u hladnijim klimatskim podruåjima na nadmorskoj visini iznad
240 m.

Analizirali smo i uticaj krupnozrne viline kosice na visinu prinosa i
kvalitet šeãerne repe na dva lokaliteta jugozapadne Slovaåke (Šalov i Ÿi-
tavce). Prisustvo krupnozrne viline kosice imalo je uticaj ne samo na visinu
prinosa nego i na kvalitet šeãerne repe na oba lokaliteta. Teÿina korena na-
padnutih biqaka bila je niÿa od 12,7 do 22,0% u poreðewu sa nenapadnutima, a
sadrÿaj šeãera je u napadnutim biqkama bio niÿi od 12,5 do 37,4%. Do sni-
ÿewa oba parametra dolazilo je i u situaciji kada je u toku vegetacije (krajem
jula) odstrawena vilina kosica zajedno sa lišãem šeãerne repe. Ciq ove mere
je bio sniÿewe produkcije semena viline kosice. Lisna masa se regenerisala,
ali sniÿewe kvantiteta i kvaliteta prinosa nije zaustavqeno. Razlika u sni-
ÿewu kvaliteta i kvantiteta prinosa nije bilo ni izmeðu biqaka koje su bile
zalivane (Šalov) i biqaka sa parcela iz suvog ratarewa (Ÿitavce).
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FORECASTING OF MAJOR SUGAR BEET PEST
OCCURRENCE IN SERBIA DURING THE PERIOD

1961—2004*

ABSTRACT: In Serbia, sugar beet is grown in the province of Vojvodina mostly.
The increase in areas sown to this crop in the province from 30,000 hectares in 1931—1939
to over 70,000 in 1951—2000 provided a large boost to the reproduction of sugar beet pests
in this part of the country. More than 15 species are considered major pests of sugar beet.
The Department of Plant and Environmental Protection of the Faculty of Agriculture in No-
vi Sad and the Institute of Field and Vegetable Crops in Novi Sad have been making fore-
casts of the occurrence of major sugar beet pests since 1961. Over the last 30 years
(1975—2004), the following average pest numbers per meter square at the end of the
growing season have been recorded: Bothynoderes punctiventris (3.3), Elateridae (3.6), Me-

lolonthidae (1.0), Scotia spp. (0.4), Mamestra spp. (1.5) and Scrobipalpa ocellatella (14.8).
In addition to these, population dynamics of the following pest species are also monitored:
Lixus scabricollis, Chaetocnema tibialis, Cassida spp., Aphis fabae, Pemphigus fuscicornis,
Autographa gamma and Loxostege sticticalis.

KEY WORDS: sugar beet, pests, population dynamics, forecasts of occurrence

INTRODUCTION

Sugar beet is important crop in Serbia, mainly grown in the province of
Vojvodina (northern part of the country). Areas sown to sugar beet in the pro-
vince varied over the years as follows: 30.000 ha (1930—1939), 43.000 ha
(1947—1960), 45.000 ha (1961—1970), 68.000 (1971—1980) and 86.000 ha
(1981—1990). At the end of the 20th century, the acreage under this crop sig-
nificantly decreased.
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The acreage in sugar beet increased greatly in the second half of the 20th
century compared with the first and sugar beet growing became concentrated
in large agricultural estates. This promoted the multiplying of numerous pest
species and enhanced their agricultural importance. There are over 15 pest spe-
cies or pest groups that are considered major pests of sugar beet (Å a m p r a g,
1992). These include Bothynoderes punctiventris G e r m., Tanymecus dilati-
collis G y l l., Chaetocnema tibialis I l l i g., Elateridae (Agriotes spp.), Melo-
lonthidae, Euxoa temera H b., Scotia segetum S c h i f f., S. ipsilon H u f n.,
Mamestra brassicae L., Scrobipalpa ocellatella B o y d., Loxostege sticticalis
L., Aphis fabae S c o p., Pemphigus fuscicornis K o c h., Heterodera schachtii
S c h m i d t., Microtus arvalis P a l l. and Cricetus cricetus L.

MATERIALS AND METHODS

In 1961, the research began in Vojvodina on the long- and short-term
predictions of the severity of occurrence of major sugar beet pests in the pro-
vince in order to reduce losses caused by them, make the crop protection more
economical and reduce agroecosystem and environmental pollution by pestici-
des. This effort, headed by the Department for Plant and Environmental Pro-
tection of the Faculty of Agriculture in Novi Sad has been ongoing for the
past 45 years and is carried out in collaboration with 13 regional agricultural
organizations (institutes, departments and stations) and several major agricultu-
ral cooperations. It produces exact long-term predictions for B. punctiventris,
Elateridae, and Melolonthidae and more approximate long-term predictions for
S. segetum, M. brassicae and S. ocellatella. Data for these prognoses are col-
lected during September/October by examining soil sown to sugar beet as well
as that on which wheat, the most common preceding crop in sugar beet pro-
duction was previously grown. In the last 45 years, on average, around 75 fi-
elds sown to sugar beet and around 100 of those on which wheat was the last
crop have been examined annually. The samples have been collected using
probes 0.25 m2 in size (50 x 50 cm and up to 50 cm deep).

The dynamics of S. ocellatella incidence was determined by examining
the total of 100 sugar beets in late September (10 locations were inspected
overall and 10 plants were taken from each). The same method was also used
during the growing season to monitor population dynamics and frequency of
occurrence of most of other major sugar beet pests in order to make short-term
predictions of their incidence.

RESULTS AND DISCUSSION

Table 1. shows population dynamics by year of six pest species or pest
groups (of the families Coleoptera and Lepidoptera) during 1975—2004. In
that period, it often happened that in years in which the incidence of the speci-
es B. punctiventris and S. ocellatella was high, that of the species of the Ma-
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mestra genus was low and vice versa. The former two species are xerother-
mophilous, while the latter are hygrophilous and do not like high temperatures.

Table 1. Population dynamics of major pests of sugar beet in Vojvodina during 1975—2004.

Year
Pest density (No. per 1 m2)

Bothynoderes
punctiventris

Elateridae Melolonthidae
Scotia
spp.

Mamestra
spp.

Scrobipalpa
ocellatella

1975 0.0 5.5 0.6 0.60 7.8 0.0

1976 1.6 2.6 0.6 1.10 2.6 2.4

1977 0.0 3.9 0.8 0.30 0.4 1.6

1978 0.1 4.6 0.5 0.30 14.0 1.6

1979 0.0 5.0 0.4 0.70 4.0 4.0

1980 1.1 3.9 0.3 0.20 3.5 6.4

1981 3.6 7.1 0.7 0.48 0.4 3.2

1982 8.0 8.2 1.5 0.63 1.7 4.0

1983 9.8 6.8 0.9 0.50 0.3 40.0

1984 15.5 3.2 0.9 0.25 1.0 21.6

1985 6.3 5.2 1.0 0.39 4.1 8.8

1986 1.9 4.6 1.3 0.17 0.3 35.2

1987 2.1 3.7 1.0 1.20 1.0 26.4

1988 5.2 2.1 0.5 0.13 0.3 74.4

1989 2.1 4.2 1.2 0.94 0.4 4.8

1990 1.8 1.3 0.4 0.19 1.4 9.6

1991 5.7 1.8 1.0 1.00 1.3 6.4

1992 3.6 1.0 2.9 0.38 0.1 38.4

1993 5.3 0.7 1.4 0.05 0.0 12.8

1994 7.5 3.5 2.5 0.03 0.1 22.4

1995 2.4 1.2 0.6 0.23 0.5 4.0

1996 1.1 3.6 1.0 0.28 0.2 2.4

1997 0.7 2.1 0.3 0.16 2.6 0.8

1998 0.6 4.0 0.9 0.61 0.1 4.0

1999 2.1 4.3 0.8 0.64 0.4 0.0

2000 1.0 1.7 1.2 0.04 0.0 25.6

2001 2.9 3.6 1.4 0.13 0.0 3.2

2002 1.3 4.9 2.9 0.22 0.2 10.4

2003 3.9 2.0 1.0 0.13 0.0 36.8

2004 1.0 3.1 0.4 0.13 0.2 ?

Average 3.3 3.6 1.0 0.39 1.5 14.8

Shown in Table 2. are data on the percentage contributions of different
levels of infestation by B. punctiventris, Mamestra spp. and Elateridae on fi-
elds in years with high and low incidences of these pests. In years with low
abundance of the overwintering individuals of these species, a prediction was
made in the autumn that their incidence would be low the following spring,
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which made it possible to make major savings in the area of chemical crop
protection.

Bothynoderes punctiventris G e r m. This species is the most important
pest of sugar beet in Vojvodina. Over the last 60 years, it has destroyed more
than 250,000 hectares of young sugar beets in total and has caused crops to be
resown. Between 1961 and 2003, 3.1 individuals were recorded per meter
square on average (Å a m p r a g, S e k u l i ã et al., 2004). By the end of the
decade, the average varied as follows: 3.5 (1961—1970), 0.6 (1971—1980),
5.6 (1981—1990) and 3.0 (1991—2000).

The abundance of B. punctiventris in the last 30 years is shown in Table
1. It varied from 0 to 15.5 m2 depending on the year. Mass reproduction of the
insect is favored by higher temperatures and drought during the growing sea-
son, especially when there are two to three such years in succession. Based on
the number of overwintering individuals, a long-term prognosis is made in au-
tumn in order to estimate the level of danger from this pest for the following
year. The level of risk in 1979 was much lower than that in 1984 (Table 2).

Table 2. Different possibilities for making savings in sugar beet pest control by forecasting

Number per m2

P e r c e n t a g e c o n t r i b u t i o n o f f i e l d s
with different pests density

Bothynoderes punctiventris Mamestra spp.

1979 1984 1963 1965

0 81 1 57 1

0.1—1 19 5 34 5

1.1—5 0 35 9 17

5.1—10 0 22 0 22

10.1—20 0 12 0 29

> 20 0 25 0 26

Total 100% 100% 100% 100%

Average density/m2 0.1 15.5 0.3 18.6

Elateridae. After the cultivation of wheat, which is most often followed
by sugar beet, around 20 click beetle species were found in the Vojvodina pro-
vince. The dominant pests are the larvae of Agriotes ustulatus S c h a l l., fol-
lowed by A. sputator L. and other species. Agriotes genus accounts for 79% of
all click beetle individuals found in the province and for 76% of those found
in Ukraine (F e d o r e n k o, 1998). Over a 30-year period, the average number
of the larvae recorded per meter square was 3.6, ranging from 0.7 to 8.2/m2

depending on the year (Table 1). During the 1961—2003 period, the average
number was 3.3/m2.

Chemical control of click beetle larvae should be performed when their
incidence exceeds the economic damage threshold of one individual per meter
square. Many sugar beet growers incorporate insecticides into the soil preven-
tatively without inspecting the field for larval abundance beforehand and thus
unnecessarily increase their production costs. The larval abundance per meter
square varies widely from field to field and from year to year, as illustrated by
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Table 2. Larger savings could have been made on the chemical control of
click beetle larvae in 1993 than in 1982.

Melolonthidae. The soil on fields sown to sugar beet is dominated by the
larvae of the following three species: Anisoplia austriaca H r b s t., Rhizotro-
gus aequinoctialis H r b s t. and Amphimallon solstitialis L. Population dyna-
mics of the entire family during 1975—2004 are presented in Table 1. The an-
nual incidence ranged from 0.3 to 2.9 m2, averaging 1.0. The best conditions
for the reproduction of A. austriaca in Vojvodina existed during the 1992—
1994 period, when the average abundance of the species was 2.3/m2. Larvae of
A. austriaca account for 65% of all Melolonthidae larvae present in Vojvodina
and for 58% of those reported in neighbouring Hungary (M a n n i n g e r,
1955).

Scotia spp. In Vojvodina, S. segetum S c h i f f. species is highly domi-
nant, while S. ipsilon H u f n. is second in importance. The abundance of the
second generation caterpillars ranged between 0.03 and 1.2/m2 during 1975—
2004 (Table 1). On average, 0.4 larvae per meter square were recorded. The
same average was recorded in Hungary between 1955 and 1964.

In the last six decades, there were three massive outbreaks of S. segetum
in Hungary, in 1948—1950, 1962 and 1968 (M é s z á r o s, 1993). Such out-
breaks were recorded in the same years in Vojvodina as well. In the past 36
years, however, there was no major, widespread outbreak of this pest in the
province.

Euxoa temera H b. This species is a dangerous polyphagous pest that ca-
uses major damage to sugar beet crops from time to time. The last huge out-
break of this insect in the region was recorded back in 1946—1950 in Serbia,
Bulgaria and Hungary. In 1948 in Bulgaria, the pest completely destroyed abo-
ut 7,200 hectares of young sugar beet, which represented one third of the total
acreage sown to this crop in the country that year.

For over half a century, there has been no mass reproduction of E. temera
in the above countries. The last mass outbreak of huge proportions mentioned
above was caused by drought and high temperatures that lasted several years.
In the 20th century, the average growing season temperature in Belgrade was
18.5°C. The hottest five-year stretch during that 100-year period was the time
between 1946 and 1950, when the average temperature during the growing se-
ason was 19.9°C and frequent droughts occurred, causing the afore-mentioned
massive outbreak of E. temera. There has been no repeat of such conditions
since 1951. Short-term predictions of E. temera occurrence in Serbia are made
by monitoring the flight dynamics of the butterflies during August/September
using light traps.

Mamestra spp. There are two Mamestra species that are important for
Serbian sugar beet production, namely M. brassicae and M. oleracea. The for-
mer species is of particular importance, because it accounts for 80% of all in-
dividuals of this genus found in the country, while the remaining 20% belong
to the latter species. The same ratio is found in neighbouring Hungary (M é -
s z á r o s, 1993). A single caterpillar of the cabbage moth consumes a total of
169 cm2, or 5.8 g of sugar beet leaves in the course of its life (S e k u l i ã,
1972).
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During 1961—2003, an average of 2.8 individuals per meter square was
recorded in the country for the second generation (Å a m p r a g, S e k u l i ã et
al., 2004). Depending on the decade, this average varied as follows: 5.9
(1960s), 6.5 (1970s), 1.1 (1980s) and 0.5 (1990s). Table 1 shows cabbage
moth abundance by years over the last 30 years. Between 1961 and 2004, the
incidence of this pest ranged from 0 to 18.6/m2 and was the highest in 1965.

Mass reproduction of the cabbage moth is favored by wetter growing sea-
son conditions (i.e. wetter microclimate of sugar beet crop) with no high tem-
peratures. This insect was not on the list of sugar beet pests in Croatia in
1930s, when average yields of around 20 t/ha were obtained (K o v a å e v i ã,
1931). It became major sugar beet pest in Serbia and Croatia because of inten-
sified production (use of higher-yielding varieties, higher nitrogen fertilizer ra-
tes and irrigation) and the development of luxuriant sugar beet plants as well
as of the use of dense and complete stands in sugar beet production. The in-
sect is found in fields that produce high yields and is absent from those where
the crops are in poor condition. For example:

1930—1939 = 19 t/ha on average (no major presence of the pest)
1961—1980 = 38 t/ha on average (mass reproduction of the pest)
Rough long-term predictions for the cabbage moth are made based on the

abundance of the insect overwintering pupae. Very different levels of infesta-
tion were predicted in the autumn of 1963 and 1965 for the first generation in
the following year (Table 2).

In our country, the flight dynamics of cabbage moth butterflies are moni-
tored using light traps. The butterfly abundance determines the level of infesta-
tion by the catterpillars and the extent of the need for crop protection. In Voj-
vodina, 345—393 butterflies were caught for three consecutive years (1978—
1980) and 13,000 hectares of sugar beet were treated on average. In the fol-
lowing year, 1981, 105 butterflies were caught and 2,950 hectares were treated.

Scrobipalpa ocellatella B o y d. This species reproduces on a mass scale
occasionally, when there is dry and warm weather during the growing season.
Weather conditions, especially during July and August, play the dominant role
in the population dynamics of this pest (S t a n k o v i ã, 1954). In Vojvodina,
mass outbreaks were recorded in 1949—1950, 1962—1964 and in several
years during the 1983—1994 period.

Between 1975 and 2003, about 15 catterpillars per meter square were re-
corded at the end of the growing season on average, ranging from 0 in 1999 to
74 in 1988 (Table 1). In 1988, the year with peak incidence of the pest, the
population dynamics were as follows: June 7—10% of the fields infested (1%
of sugar beet plants attacked), June 23—70% (4%), July 13—90% (14%), July
28—100% (26%), August 8—100% (65%) and September 29—100% (92%).

For prediction-making purposes, the abundance and frequency of occur-
rence of the following sugar beet pests is monitored: Lixus scabricollis B o h.,
Chaetocnema tibialis I l l i g., Cassida spp., Aphis fabae S c o p., Pemphigus
fuscicornis K o c h. and so on.

The long- and short-term predictions of the occurrence of sugar beet pests
are presented to the public in various ways (at crop protection seminars and
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consultations, at consultation meetings of agronomists, by publication in the
journal Plant Doctor or in agricultural magazines such as the Farmer and others).

The economic damage thresholds for some of the sugar beet pest species
are as follows: Elateridae (over 1 individual per meter square), Amphimallon
and Rhizotrogus spp. (2—3 ind./m2), Bothynoderes punctiventris (0.1—0.3
ind./m2 for seedlings), Euxoa temera (0.3—1 ind./m2), Scotia ipsilon (1—2
ind./m2), S. segetum (2—3 ind./m2), and Mamestra spp. (8—10 ind./m2).
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PROGNOZIRAWE POJAVE ŠTETOÅINA ŠEÃERNE REPE
U SRBIJI U PERIODU 1961—2004. GODINA
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Rezime

Šeãerna repa se u Srbiji uglavnom gaji u pokrajini Vojvodini. Poveãawe
površina u Vojvodini sa 30.000 hektara (1931—1939) na preko 70.000 (1951—
2000), veoma je pogodovalo poveãawu razmnoÿavawa štetoåina šeãerne repe.
Tome je doprinela i koncentracija proizvodwe na krupnim gazdinstvima. U va-
ÿnije štetoåine ove kulture ubraja se preko 15 vrsta. Departman za zaštitu
biqa i ÿivotne sredine (Poqoprivrednog fakulteta u Novom Sadu) i Nauåni
institut za ratarstvo i povrtarstvo od 1961. bave se prognozirawem pojave va-
ÿnijih štetoåina šeãerne repe. To se obavqa u saradwi sa 13 regionalnih
ustanova poqoprivredne sluÿbe i sa nekoliko poqoprivrednih kombinata. To-
kom 30 godina (1975—2004) ustanovqena je krajem vegetacije proseåna brojnost
po m2 sledeãih štetoåina: Bothynoderes punctiventris (3,3), Elateridae (3,6), Melo-
lonthidae (1,0), Scotia spp. (0,4), Mamestra spp. (1,5) i Scrobipalpa ocellatella (14,8).
U godinama kada je brojnost repine pipe i repinog moqca visoka, ponajåešãe
brojnost kupusne sovice bude niska, kao i obratno. Pored navedenih štetoåi-
na, prati se kretawe brojnosti i uåestalosti sretawa Lixus scabricollis, Chaetoc-
nema tibialis, Cassida spp., Aphis fabae, Pemphigus fuscicornis, Autographa gamma i
Loxostege sticticalis.
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CONTROL OF SUGAR BEET PESTS AT EARLY SEASON
BY SEED TREATMENT WITH INSECTICIDES*

ABSTRACT: In the period 2001—2004, experiments were conducted in the region of
Baåka (northern Serbia) to assess the efficiency of insecticide treatment of sugar beet seeds
in controlling soil pests (larvae of Elateridae family) and reducing the damage caused by
beet weevil (Bothynoderes punctiventris G e r m.) and flea beetle (Chaetocnema tibialis
I l l i g.). Several insecticides, mostly systemic ones (carbofuran, thiamethoxam, fipronil,
imidacloprid and clothianidin), and their combinations with pyrethroids in different doses
were tested in field conditions. Stand density, percentages of plants damaged by B. puncti-
ventris and C. tibialis, injury level and weight of juvenile plants served as parameters for
evaluation of insecticide efficiency. Most of the insecticides applied to seeds provided a sig-
nificantly better stand density compared with the untreated control. Because of their syste-
mic action, imidacloprid, thiamethoxam and their mixtures with pyrethroids provided very
good protection of juvenile plants from C. tibialis and in some cases from B. punctiventris.

KEY WORDS: sugar beet, insecticides, seed treatment, wireworms (Elateridae), su-
gar beet weevil (Bothynoderes punctiventris G e r m.), flea beetle (Chaetocnema tibialis
I l l i g.)

INTRODUCTION

Under the conditions of southeastern Europe including our country, a lar-
ge number of harmful insects occur during initial stages of sugar beet develop-
ment (from germination and emergence to the development of 2—4 pairs of
permanent leaves). Their occurrence is the key factor of stability in sugar beet
production. Among the pests of underground plant parts, click beetle and cha-
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fer larvae (Elateridae and Scarabaeidae families) are distinguished for their
economic importance. For last ten or so years in Serbia, soil pests, primarily
wireworms have been controlled at about 80% of a total sugar beet acreage of
about 60,000 hectares. Newly emerged sugar beet crops are threatened by nu-
merous coleopterans, especially beet weevil (Bothynoderes punctiventris G e r m.),
weevil (Psalidium maxillosum F.), gray corn weevil (Tanymecus dilaticollis
G y l l.), flea beetle (Chaetocnema tibialis I l l i g.) and other species that oc-
curred in some years. These pests are frequently the cause of thin crop stands
and replanting at large areas (Å a m p r a g, 2000).

In spite of attempts to introduce integrated management of the above
mentioned pests, which implies the combining of all available measures in ti-
me and space (agrotechnical, mechanical, biological etc.), chemical measures
still hold the dominant place. However, more and more stringent requirements
regarding the economy of crop production and environmental protection impo-
se the need of introducing less costly and ecologically more selective methods
of insecticide application, such as seed treatment during processing or before
planting.

This paper reviews the results of experiments undertaken to assess the ef-
ficiency of sugar beet seed insecticide treatment in the control of wireworms
(the larvae of Elateridae family), beet weevil (Bothynoderes punctiventris) and
flea beetle (Chaetocnema tibialis).

MATERIAL AND METHOD

In the period 2001—2004, in several locations in the region of Baåka
(northern Serbia), on the calcareous chernozem soil, we assessed the efficiency
of seed treatment with insecticides in controlling soil pests and pests that at-
tack sugar beets at the beginning of growing season. Sugar beet seed treatment
(mostly encrusted seeds, except for 2003, when pelleted seeds were used) was
performed immediately before planting, in the seed processing facilities of In-
stitute of Field and Vegetable Crops in Novi Sad.

The experiments included the following insecticides: thiamethoxam (at
the doses of 2 l/100 kg of seeds and 15, 20, 30, 45 and 60 g active substance
(a.s.)/seed unit (s.u.), imidacloprid (at the doses of 25, 50 and 90 g a.s./s.u.),
fipronil (at the doses of 80 and 100 ml a.s./s.u.), carbofuran (at the doses of 30
g a.s./s.u. and 3 and 4 l/100 kg seeds), tefluthrin (at the doses of 8 g a.s./s.u.
and 5.0 kg/ha) and clothianidin (at the dose of 68 g a.s./s.u.), the mixtures
thiamethoxam + tefluthrin (15 + 6, 15 + 8, 60 + 4 and 60 + 8 g/s.u.), imidac-
loprid + beta-cyfluthrin (15 + 8, 45 + 6 and 60 + 8 g a.s./s.u.), imidacloprid +
tefluthrin (15 + 4 g a.s./s.u.), imidacloprid + pencycuron (100 ml a.s./s.u.), car-
bofuran + bifenthrin (2.0 + 0.2 l/100 kg seeds) and a granulated insecticide
terbufos (at the dose of 25 kg/ha).

The experiments were conducted in the field, usually in small plot trials
(large plot trials were used only in the first two years in the location of Kljaji-
ãevo), in a block design with four replications, with the basic experimental
unit size of 20—30 m2 (4—6 rows 8—10 meters long). The experiment plots
were mostly machine-planted (except in the location Aleksa Šantiã, where
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planting was performed manually), at the optimum date (March 19—29), in
the spacing from 50 x 6 cm to 50 x 18 cm (in different years and locations).

The efficiency of the applied insecticides was evaluated via the following
parameters: the achieved stand density, percentages of plants damaged by B.
punctiventris and C. tibialis, injury level caused by C. tibialis and weight of
juvenile plants. The results were mostly expressed in relative values.

RESULTS

The effect of the tested insecticides varied depending on the pest popula-
tion density and weather conditions during the study period.

The effect of seed treatment on soil pests and B. punctiventris. In the first
year of study (2001), better protection of crop stand from the soil pests was
achieved in the location A. Šantiã than in the location Kljajiãevo. The first lo-
cation had a higher density of wireworm larvae from Agriotes genus than the
second one (14.0/m2 and 3.2/m2, respectively). In A. Šantiã, stand density was
higher comparing to the control (in the second, final evaluation) from 15—
19% in the case of thiamethoxam to 36—46% in the cases of imidacloprid and
its mixtures with tefluthrin and beta-cyfluthrin (Table 1). The case was rever-
sed with B. punctiventris. Its occurrence was lower in the first location (only
15.5% slightly damaged plants in the control) and the efficiency of insecticides
was proportionally lower. In the location Kljajiãevo, all control plants were in-
tensively damaged by B. punctiventris. The lowest percentage of damaged
plants (26—30%), with very low intensity of damage was achieved with
thiamethoxam (60 g a.s./s.u.) and imidacloprid (90 g a.s./s.u.).

Table 1. The effects of seed treatments by insecticides against wireworms (Elateridae) and sugar
beet weevil (Bothynoderes punctiventris G e r m.) in sugar beet crops, expressed through relative
stand density and percentage of damaged plants in 2001

Active
substance

Amount of
active substance

(g, ml/unit)

Relative crop stand
(%)

Percentage of plants damageda)

by B. punctiventris (%)

A. Šantiã Kljajiãevo A. Šantiã Kljajiãevo

Carbofuran 30 98.7 98.2 9.5 42.0*

Thiamethoxam 45 115.1 102.0 14.6 70.0*

Thiamethoxam 60 119.2 116.8 12.7 26.0

Imidacloprid 90 144.8 113.0 10.7 30.0

Imidacloprid +
tefluthrin 15 + 4 146.1 99.3 14.7 94.0**

Imidacloprid +
betacyfluthrin 15 + 8 136.5 — 7.1 —

Imidacloprid +
betacyfluthrin 45 + 6 145.9 — 8.7 —

Imidacloprid +
betacyfluthrin 60 + 8 143.1 — 9.9 —

Control — 100.0 100.0 15.5 100.0***

a) Damage extent from B. punctiventris: — very low, * low, ** medium, *** high
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In the second year of study (2002), although the density of wireworm lar-
vae in the soil (6.0 and 8.4/m2) was similar in the respective locations, results
were similar to previous year regarding the maintenance of stand density and
the degree of plant damage by B. punctiventris (Table 2). In the location A.
Šantiã, insecticides exhibited high efficiency regarding the control of soil
pests, i.e. the maintenance of stand density, with the percentages from 18.6%
in the case of carbofuran to about 31% in the cases of fipronil (100 ml/s.u.)
and terbufos. The occurrence of B. punctiventris in that location was low (only
14.2% of slightly damaged plants in the control) and the activity of insectici-
des was modest. In the location Kljajiãevo, the control had about 30% of
plants slightly damaged by B. punctiventris. The lowest percentages of dama-
ged plants (5—8%), together with low intensities of damage were achieved
with the application of terbufos, thiamethoxam and fipronil (100 ml a.s./s.u.).

Table 2. The effect of seed treatments by insecticides against wireworms (Elateridae) and sugar
beet weevil (Bothynoderes punctiventris G e r m.) in sugar beet crops, expressed through relative
stand density and percentage of damaged plants in 2002

Active
substance

Amount of
active substance

(g, ml/unit)

Relative crop stand
(%)

Percentage of plants damageda)

by B. punctiventris (%)

A. Šantiã Kljajiãevo A. Šantiã Kljajiãevo

Carbofuran 3.0 l/100 kg seed 118.6 62.2 10.0 16.2

Thiamethoxam 2.0 l/100 kg seed 123.1 71.2 9.8 7.2

Fipronil 100 130.2 95.8 11.7 8.1

Fipronil 80 124.8 — 12.5 —

Imidacloprid +
pencycuron 100 128.4 — 11.0 —

Terbufos 25.0 kg/ha 130.7 92.8 10.6 5.3

Control — 118.6 100.0 14.2 29.6

a) Damage extent from B. punctiventris: A. Šantiã — very low, Kljajiãevo — low

In the third year of study (2003), in the conditions of an extremely dry
spring, all preparations and mixtures exhibited highly positive effects regarding
the protection of crop stand against soil pests in all three locations (Figure 1).
The effect was the highest in A. Šantiã, where the population density of
wireworms was also the highest (14.7 individuals/m2). Compared to the con-
trol, the stands were from 63% higher in the plots with mixture of imidaclo-
prid and tefluthrin to 98—116% in the case of the mixtures of thiamethoxam
and tefluthrin (the percentage increasing in proportion with the dose). In the
location of Sombor (7.2 individuals/m2) the stands were higher from 21% (te-
fluthrin) to 77% (thiamethoxam) in relation to the control. In the location R.
Šanåevi (6.3 individuals/m2), the efficiency was somewhat lower than in the
first two locations and it was at the same significance level as the treated crop
stands in relation to the control and the stands were from 25% higher in the
case of thiamethoxam to 34% in the case of the medium dose of the mixture
of thiamethoxam and tefluthrin.
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In the last year of study (2004), which was characterized by considerably
lower density of the wireworm population in the soil and abundant rainfall in
April and May, which postponed the emergence and growth of plants while
accelerating the degradation and leaching of the applied insecticides, the effici-
ency of the insecticides in the protection of crop stand was much lower (Figu-
re 2) than in the previous years, especially in the location of R. Šanåevi. In the
location A. Šantiã, which had the highest density of wireworms (2.7 individu-
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Fig. 1. The effect of seed treatment by insecticides against wireworms (Elateridae)
in sugar beet crops, expressed through relative stand density in 2003

Fig. 2. The effect of seed treatment by insecticides against wireworms (Elateridae)
in sugar beet crops, expressed through relative stand density in 2004



als/m2), crop density was from 3.1—8.6% higher than in the control in the ca-
ses of carbofuran, its mixture with bifenthrin, the two higher doses of thia-
methoxam and the higher dose of its mixture with tefluthrin to 11.3—19.6%
(the highest percentage was obtained with clothianidin). In the location of
Sombor (1.6 larvae/m2), the stand was from 6.3% higher (in the case of carbo-
furan + bifenthrin) to 30.2% (in the case of imidacloprid, 50 g a.s./s.u.).

In 2003 and 2004, the occurrence of B. punctiventris in the examined lo-
cations was either very low or very intensive (when foliar treatments had to be
performed), so that it was not possible to make valid estimates of the activity
of the applied insecticides.

The effect of seed treatment on beet flea beetle. The occurrence of C. tibi-
alis was intensive in 2001 and 2003 and medium in 2004. As the occurrence
of the pest was limited to the location of R. Šanåevi, insecticide efficiency was
assessed only in that location. As the results from 2001 and the part of 2003
experiments had already been reported, this paper deals only with the results
from the last two years.

On 8 May 2003, about 40 days after planting, 25 plants were sampled
from each experiment unit (i.e. 100 plants per treatment), at the phenophase of
2—3 pairs of permanent leaves and assessed in laboratory for the intensity of
damage by beet flea beetles and measured for plant weight. In the conditions
of high population density of beet flea beetles, high air temperatures (maxi-
mum daily temperatures ranging between 28 and 32°C) and exceptionally low
rainfall (8 mm in April and 9 mm in May), practically all plants were dama-
ged but with various levels of damage intensity (according to the scale of S e -
k u l i ã et al., 2002). In the control and the treatment with terbufos (Table 3),
there were no slightly damaged plants (1—10 holes per plant), 12% and 15%
of plants, respectively, were medium damaged (11—50 holes per plant) and
88% and 85% of plants, respectively, were intensively damaged (over 50 holes
per plant). The treatment with tefluthrin provided poor control of beet flea
beetles (5% slight damage, 33% medium damage and 62% intensively dama-
ged plants). However, tefluthrin mixture with imidacloprid, and especially with
thiamethoxam provided very good control of beet flea beetles (75—97% re-
spectively slight damage, 4—15% medium damage and only 0.8—14% inten-
sively damaged plants).

Table 3. The effect of seed treatment by insecticides on young plants weight of sugar beet and in-
jury level from Chaetocnema tibialis (Rimski Šanåevi, 2003)

Active substance
Amount of

active substance
(g, ml/unit)

Young
plants

weight (g)

% of plants with different injury
level from C. tibialis

no injuries low medium high

Imidacloprid + tefluthrin 15 + 4 71.8 0.0 75.0 11.0 14.0

Tefluthrin 8 43.0 0.0 5.0 33.0 62.0

Thiamethoxam 60 65.8 0.0 96.8 3.2 0.0

Thiamethoxam + tefluthrin 15 + 6 75.8 0.0 84.0 15.2 0.8

Thiamethoxam + tefluthrin 60 + 4 77.6 0.0 96.0 4.0 0.0

Terbufos 25.0 kg/ha 30.9 0.0 0.0 15.0 85.0

Control — 23.0 0.0 0.0 12.0 88.0
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The weight of 25 young plants was the largest (71.8—77.6 g) with plants
that emerged from seeds treated with mixtures of the insecticides imidacloprid
and thiamethoxam with the pyrethroid tefluthrin. The weight was slightly
smaller (65.8 g) with the treatment of thiamethoxam alone. Significantly lower
weights were obtained with tefluthrin and terbufos (43.0 and 30.9 g, respecti-
vely) and in the control (only 23.0 g).

During the second assessment in 2004, about 50 days after planting (20
May), 100-plant samples were examined in the laboratory at the phenophase of
2—3 pairs of permanent leaves and the same parameters were assessed as in
the previous year. The percentage of damaged plants from C. tibialis was very
high in all treatments and control (62.5—98.4%), but damage extent was very
different (Table 4). Almost all insecticides provided high percentages of sligh-
tly damaged plants (31.7—74.2%), low portions of medium damaged plants
(1.71—39.2%) and the lowest portions of intensively damaged plants (0—
21.7%).

Table 4. The effect of seed treatment by insecticides on young plants weight of sugar beet and in-
jury level from Chaetocnema tibialis (Rimski Šanåevi, 2004)

Active substance
Amount of

active substance
(g, ml/unit)

Young
plants
weight

(g)

% of plants with different injury
level from C. tibialis

no
injuries low medium high

Carbofuran 4.0 l/100 kg seed 32.2 1.6 74.2 21.7 2.5

Carbofuran + bifenthrin 2.0 + 0.2/100 kg
seed 30.2 11.7 31.7 35.0 21.6

Imidacloprid 25 36.8 2.5 56.6 39.2 1.7

Imidacloprid 50 45.4 12.5 73.3 14.2 0.0

Imidacloprid 90 39.7 37.5 60.8 1.7 0.0

Tefluthrin 5.0 kg/ha 35.9 8.3 55.0 35.9 0.8

Thiamethoxam 15 34.3 7.5 73.3 16.7 2.5

Thiamethoxam 20 38.1 20.8 53.3 25.9 0.0

Thiamethoxam 30 37.0 26.7 43.3 8.3 21.7

Thiamethoxam + tefluthrin 15 + 6 41.8 26.6 55.0 9.2 9.2

Thiamethoxam + tefluthrin 15 + 8 38.8 26.7 70.0 3.3 0.0

Clothianidin 68 35.7 28.3 61.7 9.2 0.8

Terbufos 25.0 kg/ha 23.7 2.5 74.2 23.3 0.0

Control — 23.0 2.5 33.3 50.9 13.3

The weight of 25 juvenile plants was the highest in the plants that emer-
ged from the seeds treated with imidacloprid (37—45.4 g) and mixtures of
thiamethoxam and tefluthrin (38.8—41.8 g). Slightly lower values (34.3—38.1
g) were achieved with thiamethoxam applied alone, clothianidin and granula-
ted tefluthrin. Significantly lower values were achieved with terbufos (23.7 g)
and in the control variant (23.0 g).

201



DISCUSSION

When referring to seed treatment with insecticides, one has in mind pri-
marily plant protection against soil-dwelling pests, but also a complete or par-
tial protection of scant foliage of the young plants from different weevils, flea
beetles and other pests which attack sugar beets at the beginning of growing
season. Sugar beet seed treatment is performed more frequently than it is the
case with other crops. In 18 countries of West Europe, insecticide-treated su-
gar beet seeds are used at 80% of the sugar beet acreage (D e w a r and A s -
h e r, 1994). The effects of seed treatment with insecticides are amply discus-
sed in international and domestic literature. A l t m a n n (1991), for example,
points out the duration of action of imidacloprid (2—3 months) and its effici-
ency in the control of beet flea beetle, as well as of the species Atomaria line-
aris, Agriotes lineatus and Pegomyia hyoscyami. W a u t e r s and D e w a r
(1994) report similar data on the action of imidacloprid, but they also mention
that carbofuran provides good protection of young sugar beet crops against be-
et flea beetle, beet leaf miner and Lygus bugs. K i m e l (1997) in Hungary and
F e d o r e n k o and D e m j a n u k (2003) in Ukraine recommend seed treatment
for control of beet weevil if its numbers in old sugar beet fields do not exceed
1—2 individuals per m2.

Studies conducted in our country (S e k u l i ã et al., 1998—2002; K e -
r e š i et al., 2003, 2004) showed that seed treatment with insecticides, in addi-
tion to controlling soil pests in row crops (with the pest population density up
to 5 individuals per m2) successfully controls gray corn weevil in young corn
crops, leafcurl plum aphid (Brachycaudus helichrysi K a l t.) and corn weevil
in sunflower as well as beet flea beetle in young sugar beet crops, or at least
reduces the number of field treatments needed for their control.

In the experiments conducted in the period of 2001—2004, especially in
2003, almost all of the tested seed treatment insecticides and their mixtures en-
sured a significantly better stand of sugar beet crop than the control variant.
The highest effects in the maintenance of crop stand were registered in all
years in the location A. Šantiã, where the population density of the elaterid
larvae was the highest. In the first two years of study, in the location Kljajiãe-
vo, considerable reductions of the percentage and intensity of damage of
young plants by beet weevil were achieved by the application of thiametho-
xam and imidacloprid.

The effect of seed treatment on beet flea beetle was most evident in the
location R. Šanåevi during 2001 (S e k u l i ã et al., 2002) and 2003. In the
spring of 2003, the best protection of young plants from beet flea beetles was
achieved with thiamethoxam, applied alone or in mixture with tefluthrin and a
mixture of imidacloprid + tefluthrin. These treatments ensured significantly
lower percentages of damaged plants and intensities of damage than the con-
trol variant, while simultaneously ensuring significantly higher plant weight.
Similar results, in the same year and in the same location, were obtained with
the application of thiamethoxam and a mixture of carbofuran and bifenthrin to
encrusted sugar beet seeds (K e r e š i et al., 2004).
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Taking into consideration our own long-termed experience in that field,
results of numerous studies conducted around the world and the fact that in the
European Union as well as in Ukraine treated sunflower and sugar beet seeds
are used practically at the entire acreages of these crops, the use of seed treat-
ment should be expanded in our country because, evidently, it is fully both
economically and ecologically justified.
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Rezime

Tokom 2001—2004. godine na podruåju Baåke utvrðivana je efikasnost in-
sekticida za tretirawe semena šeãerne repe u ciqu suzbijawa štetoåina u ze-
mqištu (larve fam. Elateridae) i smawewa šteta od repine pipe (Bothynoderes
punctiventris G e r m.) i repinog buvaåa (Chaetocnema tibialis I l l.). Testirano je
više insekticida, preteÿno sistemiånih (karbofuran, tiametoksam, fipro-
nil, imidakloprid i klotianidin) i wihovih kombinacija sa piretroidima u
razliåitim dozama. Ocena efikasnosti izraÿena je preko ostvarenog biqnog
sklopa, procenta biqaka ošteãenih od pipe i buvaåa, intenziteta ošteãenosti
od buvaåa i mase mladih biqaka.

Efekat ispitivanih insekticida je varirao, zavisno od gustine populaci-
je štetoåina i vremenskih uslova u periodu istraÿivawa. Najveãe poveãawe
sklopa u odnosu na kontrolu registrovano je u 2003. godini (25—32% na R.
Šanåevima, 21—77% u Somboru i 63—116% u A. Šantiãu), ali je i u ostalim
godinama bilo vrlo dobro (naroåito u A. Šantiãu). Najboqa zaštita mladih
biqaka od repine pipe ostvarena je 2001. i 2002. godine u Kqajiãevu.

Efekat insekticida na repinog buvaåa najoåigledniji je bio u 2001. i
2003. godini, u lokalitetu R. Šanåevi. Dok je u kontroli 85—100% biqaka bi-
lo ošteãeno preteÿno jako, u tretmanima sa imidaklopridom, tiametoksamom i
wihovim mešavinama sa piretroidima procenat ošteãenih biqaka je bio mno-
go mawi, intenzitet ošteãenosti je uglavnom bio slab, a masa biqaka veãa.
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EFFECTIVENESS OF DIFFERENT TRAP DESIGN
IN MASS TRAPPING OF BOTHYNODERES

PUNCTIVENTRIS G E R M A R.*

ABSTRACT: The discovery of an aggregation attractant for Bothynoderes punctiven-

tris G e r m. raised several questions for possible improvements of IPM of Bothynoderes

punctiventris in sugar beet. First results on exploration of possibilities for its use for moni-
toring purposes as well as for mass trapping of adults of the pest are described in this pa-
per. Trap design effectiveness was evaluated in the overwintering fields of sugar beet
weevil for two years in localities in Serbia and Hungary. Among trap designs tested, it was
proved that baited CSALOMON® TAL trap design was optimal.

KEY WORDS: aggregation attractant, Bothynoderes punctiventris, sugar beet, traps

INTRODUCTION

Sugar beet weevil is an important sugar beet pest (Å a m p r a g, 1963,
1973). In some years it can cause severe damages by cutting young sugar beet
plants. Adult insects are relatively large and they are good flyers during the
warm weather. Its control is difficult and mainly based on chemical insectici-
des (S e k u l i ã et al., 1997). Critical period of insect activity is during warm
sunny weather, early in the spring — during April, when adults are capable of
flying and infesting fields with newly emerged sugar beet plants. Due to very
frequent and long-term intensive use of chemicals, sugar beet weevils lowered
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sensitivity to applied insecticides is already registered in some localities in
Serbia (I n ð i ã et al., 1995).

New administrative regulations within EU market as well as environmen-
tal concerns and demands for more ecological pest management and less pollu-
ted environment has as the consequence the reduction of market — available
chemical insecticides used, so far, as standard control means against sugar beet
weevil (Anonymous, 2002).

All these facts created the basis and need for exploring new methods
which can fulfill requirements for environmentally safe and sustainable sugar
beet production and protection.

The discovery of an aggregation attractant for B. punctiventris facilitated
resea h on its properties and possible means of application (T ó t h et al., 2002
a, b, c). Our goal in this paper was to investigate the use of formulated aggre-
gation attractant in different trap designs in order to find out an optimal trap
which can be recommended and used for monitoring the population density
changes and for mass trapping of B. punctiventris adults.

MATERIAL AND METHODS

Trap designs, field tested for their effectiveness are represented in Figure 1.

In Serbia, trials were set up during 1999 and 2000, early in the spring. In
the vicinity of Zemun Polje, former sugar beet field as over wintering site for
B. punctiventris G e r m. was chosen. In both years, sets of five different traps
were tested in five replicates. Replicates were located 100 m from each other.
Traps in each replicate were placed in a circle and 15 m apart from one anot-
her. In 1999, traps were placed in the field on 17th March and the number of
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beetles caught was registered up to 5th April. In 2000, traps were operated
between 28th March up to 5th May.

Field trials of trap design efficiency in Hungary were set up in 1999, in
locality Pusztaszabolcs and traps were in the field from April 23rd to May 20th

and in 2000, in localities Adony, April 1st—May 5th and Debrecen, April
12th—May 9th. Tested traps were placed in the field according to the same pro-
tocol and design as described above.

In order to compare efficiency of the optimal trap design with other me-
ans of population estimation methods, we organized field trials in Serbia, Ÿar-
kovci, April 9th—May 25th, 1999 and in locality Panåevo, April 13th—Jun 20th.
In these trials, we used 10 standard baited TAL traps and 10 unbaited TAL
traps and visual population density estimation using wooden frame of 1m2.
Traps were placed on the 1 ha of newly planted sugar beet field in zig-zag
pattern, while visual checking was done during each inspection date.

Bait longevity test was done in Serbia, locality Ÿarkovci May 28th—July
8th. For this purpose, we used baits in traps already exposed in the sugar beet
field for 2 months as well as fresh ones. There were 14 baits, two months old
and 11 fresh baits placed in the field in zig-zag order.

RESULTS

During preliminary tests, it was estimated that adults are avoiding sticky
surface so, at the beginning of designing traps for testing, sticky traps were
omitted. Besides that, adult size and behavior predetermined the use of traps
without glue. Since sugar beet weevil adults are crawling on the soil, it was
clear that there has to be some kind of support for the insects before they fall
down to the pot of the trap. Therefore, variations of TAL and VAR (funnel)
traps with and without supporting screen for crawling insects were tested.

Results obtained in field test in Serbia during 1999 showed that among
six different designs, the most efficient was the standard TAL trap. Its effici-
ency was not statistically different from TAL trap covered with screen, bucket
trap and VAR placed on side (Figure 2). Based on these results, we omitted
ineffective designs from further testing and during 2000, we tested TAL trap,
bucket trap and VAR with screen trap with and without bait. Results showed
that the highest number of sugar beet weevil adults was caught in bucket traps
and TAL traps. The difference between these two designs and others in the
trial was statistically significant. The bucket trap effectiveness improvement
was due to proper placement of the traps edge on the level of the soil surface.
It is noticeable that with TAL design, there were no similar problems since
these traps contain support for crawling insects to enable entering the trap.
These trials also showed significant differences between baited and unbated
traps.

Results of the tests done in Hungary during 1999 showed that TAL traps
with and without supporting screen are catching significantly more adults of B.
punctiventris than other designs. Also, unbaited traps are catching significantly
less number of beetles than baited (Figure 3).
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Further tests, during 2000
in Adony and Debrecen show-
ed that the TAL trap design
was the most efficient in cat-
ching sugar beet beetles (Fi-
gure 4).

Based on the overall results,
we concluded that among te-
sted trap designs, baited TAL
traps were optimal for beetle
catching. Its design takes into
consideration the behavior of
the pest insect which makes
that trap more sensitive. Du-
ring the tests, it became clear
that traps effectiveness is not
decreasing and that trap has
high catching capacity of up
to 1.000 beetles.

In tests set up in Serbia du-
ring 1999 and 2000, we com-

pared standard methods of sugar beet weevil adult population monitoring with
catches on TAL traps. Results from these trials showed the advantages of
using TAL trap baited with aggregation attractant (Figure 5). Baited traps are
catching more beetles that unbaited and results on insect density and activity
are more consistent and realistic. Since insect activity is under high influence
of temperature, which is highly variable in April and May, results on insect
activity and density are much more precise than visual checking.

Bait longevity test was done in Serbia in 2000. It clearly showed that ba-
its used in traps in the sugar beet field for two months were as attractive as
fresh ones (Figure 6). This is very important since there is no need to replace
baits in the traps already mounted in the sugar beet field. Baited traps retain
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Figure 2. Efficiency of different trap designs in trials in Serbia 1999 and 2000

Figure 3. Efficiency of different trap designs in trial
in Hungary 1999



their activity throughout the full B. punctiventris flight season. Aggregation at-
tractant is also efficient during copulation and oviposition period.
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Figure 4. Efficiency of different trap designs in trials in Hungary 2000

Figure 5. Number of adults in baited and unbaited TAL traps and by visual checking



DISCUSSION

In our tests it was proved that the specially designed “TAL" trap is much
more sensitive in detecting the presence of the pest as well as it monitors po-
pulation levels more accurately than other available methods and traps used in
entomology for insect trapping and monitoring. Baited traps are very sensitive
and can be reliable and useful even in the state of sugar beet weevil low popu-
lation levels. It can be expected that the usage of traps for monitoring purpo-
ses is going to replace standard methods of population estimation like chec-
king the number of overwintering adults in the randomly selected soil samples
of 50 x 50 x 50 cm size. This widely recomended and standard method is time
consuming, needs several workers and depends very much on the number of
samples. Usually, this method was applied in large, state farms while for smal-
ler producers with several sugar beet fields it was not appropriate and was not
used frequently. Therefore, these producers were not quite aware of sugar beet
weevil population density in overwintering sites (former sugar beet fields) as
well as of infestation levels in newly planted sugar beet fields.

Simplicity for usage and efficiency in monitoring beetle population den-
sity is the key advantage of TAL trapping method. Effectiveness of other ap-
plied methods in sugar beet control can be enhanced. Primarily, it is a thoro-
ugh, easy and precise estimation of owervintering population density, precise
following of weevils settlement into newly planted sugar beet fields and espe-
cially, thorough possibility for timely insecticide application. Besides monito-
ring purposes, the number of sugar beet weevils caught is very high and there-
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fore, the effect of mass trapping is very important as well. According to the
preliminary results, proportion of trapped insects is significant and can be as
high as 100% (T o m a š e v et al., 2003, 2005).
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EFIKASNOST RAZLIÅITIH OBLIKA KLOPKI U MASOVNOM
IZLOVQAVAWU BOTHYNODERES PUNCTIVENTRIS G E R M A R.

Ivan Sivåev1, Mikloš Tot2, Ivan Tomašev1, Ištvan Ujvari3
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Budimpešta, Maðarska

Rezime

Repina pipa (Bothynoderes punctiventris G e r m a r.) je vaÿna štetoåina še-
ãerne repe. Weno suzbijawe u velikoj meri zavisi od insekticida hemijskog
porekla. Intenzivna upotreba ovakvih insekticida dovela je do pojave rezi-
stencije u nekim populacijama. Novija zakonska rešewa i zahtevi za boqom ÿi-
votnom sredinom doveli su do ograniåavawa broja trÿišno raspoloÿivih in-
sekticida. Stoga se nameãe potreba za iznalaÿewem strategije i novih naåina
odrÿivog suzbijawa repine pipe. Ovakve metode su neophodne proizvoðaåima
šeãerne repe. Otkriãe agregacionog atraktanta repine pipe omoguãava razvoj i
primenu novih metoda praãewa populacione gustine kao i za suzbijawe masov-
nim izlovqavawem.

Više tipova klopki je u poqskim uslovima poreðeno u ciqu iznalaÿewa
najefikasnijeg dizajna u izlovqavawu gmiÿuãih repinih pipa. Barberi posude,
koje se dugo koriste za izlovqavawa u entomologiji, modifikovane su u ciqu
podizawa wihove efikasnosti i jednostavnosti upotrebe. Ovakav oblik klopke
je oznaåen kao TAL i znatno je osetqiviji od klasiåne Barberi posude. Tokom
lovne sezone moÿe da ulovi do 1000 pipa dok zadrÿava aktivnost tokom sezone.
Efikasnost klasiånih Barberi posuda poveãali smo upotrebom posuda veãih
dimenzija sa ciqem da se koriste u masovnom izlovqavawu.
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FLIGHT DYNAMICS OF SOME LEPIDOPTERA SPECIES
OF SUGAR BEET AND POSSIBILITIES THEIR CONTROL

(TRANSYLVANIA—ROMANIA)*

ABSTRACT: In this paper, the authors present the obtained results regarding the
flight dynamics of some Lepidoptera species in sugar beet crops in Transylvania (the cen-
tral part of Romania). In order to limit the appearance of mentioned pests to the economic
threshold, Trichogramma spp. were obtained in laboratory conditions at ARDS Turda and
SBRDS Brasov. The experiments were conducted in production areas on 0,5 ha minimum
for each variant. The variants included four Trichogramma species: T. dendrolimi, T. evane-
scens, T. maidis, T. buesi that were manually released three times: the first release, 10.000
individuals/ha, the second, 120.000 individuals/ha and the third, 150.000 individuals/ha. The
first release was performed at the beginning of the Lepidoptera flight, the second at the
maximum flight and the third 5 days after the second.

The efficiency of T. maidis was between 75—90%, of T. evanescens, it was between
73—88%, of T. dendrolimi, it was between 85—92% and of T. buesi 79—82%. Among the
Trichogramma species utilized, T. dendrolimi and T. evanescens were very efficient in the
reduction of mentioned pests. Root production was significantly higher compared to the un-
treated variant, 4,0—4,7 t/ha more were recorded after the application of biological treat-
ments with T. evanescens and T. dendrolimi.

KEY WORDS: Biological treatments, flight dynamic, Lepidoptera species, pheromo-
nal traps, Trichogramma spp., roots production

INTRODUCTION

In Romania, sugar beet areas were significantly reduced in the last years.
Nowadays, there are approximately 20.000 ha of sugar beet, about 6.000 ha in
Transylvania. It is very important to study the fauna composition inhabiting
that biocenosis, as well as the activity of present species. In this way, it is ne-
cessary to know the ecology, biology of pests, behaviour and the population
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size of these. On the basis of the obtained results, the monitoring of species
evolution was done.

At the Chemistry Institute of Cluj Napoca, a large spectrum of sexual
pheromones was synthesized which were then tested on a series of lepidopte-
rous pests harmful for sugar beet crops. Further on, some abundance aspects of
the most harmful lepidopterous pests in Transylvania were presented (Turda
and Bra¤ov area) and some biological control aspects, also.

MATERIAL AND METHOD

Researches regarding the flight dynamics of lepidopterous pests were per-
formed at ARDS Turda and SBRDS Bra¤ov, between 1994—2003. The moni-
tored species were: Autographa gamma, Agrotis segetum, Agrotis exclama-
tionis, Agrotis ypsilon, Amathes c-nigrum, Mamestra suasa, Mamestra trifolii,
Mamestra brassicae. For setting the population dynamics of these pests, Ro-
manian sexual pheromones were used. The experiment included three repetiti-
ons, the traps being placed at 50 m distance between them and the captured
insects were recorded. The abundance of target species and other species of
captured lepidopterous pests were monitored for pointing out the attractiveness
of sexual pheromones for target species. The results of these observations were
materialized through flight curves, which show the species evolution depen-
ding on climatic conditions, which can serve as a warning that chemical or bi-
ological treatments should be applied. Some experiments with biological treat-
ments with Trichogramma species, T. dendrolimi, T. evanescens, and T. mai-
dis T. bues were conducted in field conditions. The area of a variant was 0,5
ha. There were three releases of Trichogramma spp.: 100.000 individuals/ha at
the first release, 120.000 individuals/ha at the second and 150.000 individu-
als/ha at the third release. The first release was done at the beginning of the
lepidopterous pests flight, the second one at the maximum flight and the third
one 5 days after the second one. The observations regarding the treatments ef-
ficiency were done on the frequency of the attacked plants and on the obtained
root yield.

RESULTS AND DISCUSSIONS

Between 1994—2004 (May—September), the medium value of tempera-
ture was between 15—22°C, in May, a medium temperature of 17°C was re-
corded, in July and August 20—22°C and in September 15—16°C. The amo-
unt of rainfall was between 27—46 mm, the highest value recorded in June, in
May and July being 27 mm and up to 21,5 mm in August and September.
These climatic conditions proved that the flight of lepidopterous pests is har-
mful for sugar beet crops. Since being thermophile, the maximum flight was at
18—21°C.

The specific sexual pheromones for lepidopterous pests presented the at-
tractiveness between 85—96% in Turda and between 87—94% in Bra¤ov.
Other lepidopterous species were in pheromone traps accidentally and not be-
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cause of their attraction to sexual pheromones which are specific and selective
for target species in a considerable proportion (Table 1).

Table 1. Specific attractiveness (%) of sexual pheromone in the both counties (May—September,
1994—2003)

The species
Specific attractiveness of sexual pheromones (%)

ARDS Turda SBRDS Bra¤ov

Autographa gamma 85,0 89,2

Amathes c-nigrum 93,0 91,3

Agrotis segetum 96,0 87,0

Agrotis ypsilon 95,0 93,8

Agrotis exclamationis 94,0 94,0

Mamestra trifolii 95,4 90,4

Mamestra suasa 94,3 93,4

Mamestra brassicae 95,1 94,0

Owing to good attractiveness and selectivity of sexual pheromones for
monitoring the species, high abundance of them was present during the whole
period of the studying years in both areas (over 18.000 and 30.000 adults in
Turda and Bra¤ov respectively) (Figure 1).

The evolution of mentioned species depending on climatic conditions is
presented in the flight curves. The adults flight of Autographa gamma and
Amathes c-nigrum began in May, growing higher in June when the medium
temperature was 18—19°C, the period when besides the native exemplars, tho-
se from Southern Europe migrating to North also appear. The first maximum
flight was recorded in the second (A. gamma) and third (A. c-nigrum) decade
of June, afterwards the flight continued but at lower values, followed by inten-
sification in August when the second maximum flight was recorded, A. c-ni-
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Figure 1. Abundance of Lepidoptera damaging sugar beet captured in sexual pheromone traps
(May—September, 1994—2003)



grum in the first and A. gamma in the second decade. The species were also
present in September but in reduced number (Figure 2).

The number of male species of Agrotis segetum and Agrotis exclama-
tionis recorded in pheromone traps was higher than that of Agrotis ypsilon
species. For the first two mentioned species, the first maximum flight was re-
corded at the end of June and the beginning of July when the medium tempe-
rature was about 19—20°C. The flight also continued with another maximum
at beginning of the second decade of August at 21°C and with the amount of
rainfall being 10—14 mm. For A. ypsilon, the first maximum was recorded in
the second decade of July and the second one in the third decade of August
(Figure 3).

The Mamestra genus was represented by M. trifolii, M. suasa and M.
brassicae. In the pheromone traps, there was a higher number of M. trifolii
and M. brassicae species. The first flight maximum was recorded in the first
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Figure 2. Flight curves of Autographa gamma and Amathes c-nigrum in sugar beet crops
(Turda, 1994—2003)

Figure 3. Flight curves of Agrotis segetum, A. ypsilon, A. exclamationis in sugar beet crops
(Turda, 1994—2003)



decade of July for all these species. Afterwards, the flight continued with low
oscillations and another maximum recorded in the second decade of August
(Figure 4).

In order to limit the number of these species, biological treatments with
some Trichogramma species, T. maidis, T. dendrolimi, T. evanescens, T. buesi,
were applied. The efficiency of these treatments was between 88—95% in
Turda, the highest efficiency presented by treatments using T. dendrolimi and
T. evanescens (Figure 5). In Bra¤ov, the efficiency was between 92,6—94,6%,
where besides two mentioned species, treatments with T. buesi also presented
high efficiency (Figure 6). Statistical calculations resulted in that root yield ob-
tained after the treatments with Trichogramma species was significantly hig-
her, especially after treatments with T. dendrolimi and T. evanescens. The
yield increase was about 4,4—4,7 to/ha compared to untreated variant (Figure 7).
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Figure 4. Flight curves of Mamestra trifolii, M. suasa, M. brassicae in sugar beet crops
(Turda, 1994—2003)

Figure 5. Efficiency of treatments with Trichogramma spp. in sugar beet crops
(Turda, 1994—2003)



CONCLUSIONS

1. During 10 years of studying sugar beet at ARDS Turda and SBRDS
Bra¤ov, over 50.000 individuals of the mentioned species were captured in
sexual pheromone traps.

2. High number of individuals was captured because of great capacity of
sexual pheromones attractiveness for each species, which oscillated between
85—96% in both areas in Transylvania.
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Figure 6. Efficiency of treatments with Trichogramma spp. in sugar beet crop
(Bra¤ov, 1994—2003)

Figure 7. Root production (to/ha) obtained after treatments with Trichogramma spp. in sugar
beet crops (Bra¤ov, 1994—2003)



3. The placing of sexual pheromones in natural habitat of species and re-
cording the captured number in correlation with climatic factors enabled the
mapping out of flight curves which through their forms, number and capture
period pointed out the number of generations of species developed in a certain
ecological area.

4. The efficiency of biological treatments with four Trichogramma speci-
es which was between 73—92% depends on the species utilized. T. dendrolimi
and T. evanescens significantly reduced the attack frequency, compared to un-
treated variant. Also, a significantly higher root yield with 4—4,7 to/ha more
was recorded in treated variants.
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Rezime

U uslovima Transilvanije (Poqoprivredna istraÿivaåko-razvojna stani-
ca Turda i Poqoprivredna istraÿivaåko-razvojna stanica za šeãernu repu
Brašov), u periodu maj—septembar 1994—2003, u usevu šeãerne repe je u fero-
monskim klopkama prikupqeno preko 40.000 jedinki Lepidoptera: Autographa
gamma, Agrotis segetum, Agrotis exclamationis, Agrotis ypsilon, Amathes c-nigrum,
Mamestra suasa, Mamestra trifolii, Mamestra brassicae. Do velikog broja odraslih
jedinki pomenutih vrsta došlo je zbog izrazito dobrog kapaciteta privlaåewa
seksualnih feromona, za svaku vrstu izmeðu 60 i 95%.

U ovom radu autori iznose rezultate dobijene u odnosu na dinamiku leta
nekih vrsta Lepidoptera u usevu šeãerne repe iz Transilvanije (centralni deo
Rumunije) Za ograniåavawe pomenutih štetoåina u ekonomskom pragu upotre-
bqene su Trichogramma spp. dobijene u laboratorijskim uslovima u PIRS Turda
i PIRSSR Brašov. Eksperimenti su izvedeni u proizvodnim uslovima obla-
sti na minimalno 0,5 ha za svaku varijantu. Varijante su saåiwavale åetiri vr-
ste Trichogramma: T. dendrolimi, T. evanescens, T. maidis, T. buesi. Unošewe ovih
vrsta Trichogramma u poqe je uraðeno ruåno, sa tri unošewa: prvo unošewe —
10.000 jedinki/ha, drugo — 120.000 jedinki/ha i treãe — 150.000 jedinki/ha. Pr-
vo izbacivawe izvedeno je na poåetku leta Lepidoptera, drugo u vreme maksimal-
nog leta, a treãe 5 dana nakon drugog.

Posmatrawe efikasnosti tretmana izvedeno je na uåestalosti napadnutih
biqaka i postignutoj proizvodwi korena. Efikasnost T. maidis je bila izmeðu
75 i 90%, T. evanescens izmeðu 73 i 88%, T. dendrolimi izmeðu 85 i 92%, a T. bue-
si 79 i 82%. Primeãeno je da su, od primewenih Trichogramma vrsta, T. dendroli-
mi i T. evanescens, T. evanescens i T. dendrolimi, uz zabeleÿeno poveãawe prinosa
4,0—4,7 t/ha.
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DISTRIBUTION, HOST PLANTS AND NATURAL
ENEMIES OF SUGAR BEET ROOT APHID

(PEMPHIGUS FUSCICORNIS) IN SLOVAKIA*

ABSTRACT: During 2003—2004, field surveys were realized to observe the distribu-
tion of sugar beet aphid, Pemphigus fuscicornis (K o c h) (Sternorrhyncha: Pemphigidae) in
southwestern Slovakia. The research was carried out at 60 different localities with altitudes
112—220 m a. s. l. Sugar beet root aphid was recorded at 30 localities. The aphid was re-
corded in Slovakia for the first time, but its occurrence was predicted and symptoms and
harmfulness overlooked by now. The presence of P. fuscicornis was investigated on roots
of various plants from Chenopodiaceae. The most important host plants were various speci-
es of lambsquarters (above all Chenopodium album). Furthermore sugar beet (Beta vulgaris
provar. altissima), red beet (B. vulgaris provar. conditiva) and oraches (Atriplex spp.) act as
host plants. Infestation of sugar beet by P. fuscicornis never exceeded 5% at single locality
in Slovakia. Dry and warm weather create presumptions for strong harmfulness. In Slo-
vakia, Chenopodium album is a very important indicator of sugar beet aphid presence
allowing evaluation of control requirements. During the study, the larvae of Thaumatomyia
glabra (Diptera: Chloropidae) were detected as important natural enemies of sugar beet ap-
hid. The species occurred at each location evaluated.

KEYWORDS: Pemphigus fuscicornis, insecst, aphids, Chenopodium, Beta vulgaris,
Sugar beet, Thaumatomyia glabra, natural enemies

INTRODUCTION

Sugar beet aphid, Pemphigus fuscicornis (K o c h, 1857) (Sternorrhyncha:
Pemphigidae) is important pest of sugar beet in Eastern Europe (Å a m p r a g,
2003). The occurrence is known from Poland (H e i e, 1980), Hungary, Bulga-
ria, Romania, Serbia, Croatia (Å a m p r a g, 2003), Greece (I o a n i d i s, 1996),
Ukraine and Russia (P i s n y a and F e d o r e n k o, 1988). Little is known
about distribution in Western Europe (H e i e, 1980). Accounts are available
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only for Germany (B o s c h and D u d a, 1994), Denmark, Sweden (H e i e,
1980) and Finland (A l b r e c h t et. al., 1996). Eastward and southward from
Europe, there are records from Asian countries like Georgia, Armenia, Ka-
zakhstan (Å a m p r a g, 2003) and Iran (S h a d m e h r i et al., 2001).

The species is similar to P. bursarius, but grayish-green, not whitish-
-yellow (H e i e, 1980). The rear portion of the body produces a mass of white,
waxy material. The aphids are most readily seen in the white mold-like mate-
rial that is found on the infested roots and in the surrounding soil. The aphid
is associated with fibrous roots rather than the main root.

Over 70 Pemphigus species have been described until know, of which, 46
are known to form galls on leaves or twigs of Populus. The life cycles of 17
of these gall-formers are known; four are monoecious on Populus, the alate
sexuparae being produced in the galls and in the other 13 species the alate pro-
geny of the fundatrix migrate to various herbaceous secondary hosts (B l a c k -
m a n and E a s t o p, 1994).

Although H e i e (1980) mentioned that the primary host is unknown,
B o s c h and D u d a (1994) noted that winged adults migrate from roots of
secondary hosts (Chenopodiaceae) to the cottonwood trees (Populus sp.), pri-
mary hosts, where they lay their eggs. On the other hand, anholocyclic popula-
tions often persist all year on secondary hosts (Å a m p r a g, 2003). Similar
species, Pemphigus betae Doane occur throughout the major sugar beet gro-
wing areas of North America (H u t c h i n s o n and C a m p b e l l, 1994). P.
betae is assumed to use cottonwood or poplar trees (Populus spp.) as primary
hosts (H a r p e r, 1963, W h i t h a m, 1978). Although sugar beet is usually
the secondary host concerning economic importance, the roots of red beets,
lambsquarter (Chenopodium album), spinach and alfalfa may also be colonized
by P. betae (H a r p e r, 1963). Large populations of “sugar beet root aphid",
Pemphigus populivenae F i t c h were observed to develop on quinoa (Cheno-
podium quinoa) roots in Colorado (C r a n s h a w et al., 1990).

The aim of this work was to detect the occurrence on host plants and na-
tural enemies of Pemphigus fuscicornis in Slovakia.

MATERIAL AND METHODS

During the autumn seasons 2003—2004, field surveys were conducted to
observe the distribution of sugar beet aphid, Pemphigus fuscicornis (K o c h)
(Sternorrhyncha: Pemphigidae) in southwestern Slovakia. The research was
carried out at 60 different, randomly chosen localities in different geographic
and climatic regions. Crops, where the samples were taken were grown accor-
ding to local farmers' practices. The roots of various species from Chenopodi-
aceae were used for investigation. Above all, lambsquarters (Chenopodium
sp.), oraches (Atriplex sp.), sugar beet (Beta vulgaris altissima) and red beet
(B. vulgaris provar. conditiva) were inspected. To record the presence of the
sugar beet aphid, 30 lambsquater plants were inspected at each location. The
number reached the maximum of 50 plants per site if sugar beet aphid were
not found. In addition, 30 randomly chosen plants of cover crops (sugar beet,
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red beet, spinach) were also inspected. Besides sugar beet aphid, natural ene-
mies were detected within the colonies. Recorded species were kept, reared
and identified.

RESULTS

The distribution of P. fuscicornis in Slovakia is shown in Figure 1. The
sugar beet aphid was found at 30 localities of Southwest Slovakia, confirming
that it is a common insect in that region and that it is closely related to the di-
stribution of its main host Chenopodium album. The species occurred at locali-
ties with altitudes 112—220 m a. s. l. Wingless and winged females of P. fu-
scicornis were found during July, September and October 2003 and 2004 at
following localities, recorded host plants are shown for each location: Branå
(48°13'N 18°09'E; 137 m a. s. l.), B. vulgaris altissima, Chenopodium sp.;
Åe®adice (48°20'N 18°15'E; 170 m a. s. l.), B. vulgaris altissima, B. vulgaris
conditiv,; Chenopodium sp.; Dolnþ Štál (47°56'N 17°43'E; 112 m a. s. l.), B.
vulgaris altissima, Chenopodium sp.; Domadice (48°11'N 18°47'E; 168 m a.
s. l.), Chenopodium sp.; Hontianska Vrbica (48°08'N 18°43'E; 173 m a. s. l.),
Chenopodium sp.; Hontianske Moravce (48°11'N 18°51'E; 159 m a. s. l.)
Chenopodium sp.; Hos¶ová (48°20'N 18°13'E; 198 m a. s. l.), Chenopodium
sp.; Hurbanovo (47°52'N 18°12'E; 115 m a. s. l.), Chenopodium sp.; Jelka
(48°09'N 17°31'E; 123 m a. s. l.), Chenopodium sp.; Kostolné Kraåany
(47°59'N 17°35'E; 8071; 119 m a. s. l.), B. vulgaris altissima; Chenopodium
sp.; Ondrochov (48°08'N 18°11'E; 126 m a. s. l.), Chenopodium sp.; Maºa
(48°09'N 18°17'E; 131 m a. s. l.), Chenopodium sp.; Nemåiºany (48°18'N
18°28'E; 7676; 212 m a. s. l.), Chenopodium sp; Nevidzany (48°17'N
18°23'E; 181 m a. s. l.), Chenopodium sp.; Nová Dedina (48°17'N 18°40'E;
190 m a. s. l.), Chenopodium sp.; Pinkové Kraåany (47°58'N 17°35'E; 119 m
a. s. l.), B. vulgaris altissima, Chenopodium sp.; Pribeta (47°54'N 18°19'E;
135 m a. s. l.), Chenopodium sp.; Santovka (48°09'N 18°46'E; 162 m a. s. l.),
Chenopodium sp.; Sokolce (47°51'N 17°50'E; 112 m a. s. l.), B. vulgaris al-
tissima, Chenopodium sp.; Tehla (48°11'N 18°23'E; 180 m a. s. l.), Chenopo-
dium sp.; Tlmaåe (48°17'N 18°32'E; 220 m a. s. l.), Chenopodium sp.; Tomá-
šikovo (48°05'N 17°42'E; 118 m a. s. l.), B. vulgaris altissima; Tôº (47°48'N
17°50'E; 112 m a. s. l.), Chenopodium sp.; Trávnica (48°09'N 18°20'E; 130
m a. s. l.), Chenopodium sp.; Ve®ké Chyndice (48°17'N 18°18'E; 190 m a. s.
l.), Chenopodium sp.; Ve®kþ Cetín (48°13'N 18°12'E; 130 m a. s. l.), Cheno-
podium sp.; Vlkanovo (47°57'N 18°14'E; 130 m a. s. l.), Chenopodium sp.;
Vráble (48°15'N 18°19'E; 142 m a. s. l.), Atriplex sp., Chenopodium sp.;
Záhorská Ves (48°22'N 16°51'E; 149 m a. s. l.), Chenopodium sp.; Zlaté
Klasy (48°07'N 17°25'E; 124 m a. s. l.), Chenopodium sp.; Zohor (48°15'N
16°58'E; 146 m a. s. l.), Chenopodium sp.

During the study, the larvae of Thaumatomyia glabra (M e i g e n) (Dipte-
ra: Chloropidae) were detected as an important natural enemy of sugar beet
aphid. The species occurred at each location evaluated.
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DISCUSSION

P. fuscicornis lives on roots of Matricaria sp., Tripleurospermum sp.
( A l b r e c h t et al., 1996) and wild and cultivated species from Chenopodia-
ceae family, including sugar beet (Beta vulgaris provar. altissima) (P i s n y a,
1986). We recorded lambsquarters (Chenopodium sp.), oraches (Atriplex sp.),
sugar beet and red beet (B. vulgaris provar. conditiva) as host plants in Slova-
kia. The most important reservoir and indicators of P. fuscicornis presence
were lambsquarters allowing evaluation of possible control requirements.

Although H e i e (1980) mentioned that the primary host is unknown,
B o s c h and D u d a (1994) noted that winged adults migrate from roots of
secondary hosts (Chenopodiaceae) to the cottonwood trees (Populus sp.), pri-
mary hosts, where they lay their eggs. Sugar beet aphid was not found on
cottonwood trees in Slovakia. On the other hand, anholocyclic populations of-
ten persist all year on secondary hosts (Å a m p r a g, 2003), what was confir-
med during our research as well.

The results show that P. fuscicornis is a usual insect in Southwest Slova-
kia with high potential to become an important sugar beet pest. The attack of
sugar beet aphid reduced significantly sugar yields and sugar content as well
as the other technological values of the root. In seemingly healthy plants, the
presence of the root aphid reduced the yield by 7,6%, while the sugar content
declined by 2,4% (S e k u l i ã et al., 2001).

During the study, the larvae of Thaumatomyia glabra (M e i g e n) (Dipte-
ra: Chloropidae) were detected as the only important natural enemies of sugar
beet aphid. T. glabra is known as common predator of root aphids (C o l e,
1969). Larvae and pupae of the chloropid predator T. glabra were also found
among the aphid colonies on the roots of quinoa (Chenopodium quinoa) in
Colorado (C r a n s h a w et al., 1990).
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Figure 1. Distribution of sugar beet root aphid (Pemphigus fuscicornis) in Slovakia
during 2003—2004
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RASPROSTRAWENOST, BIQKE DOMAÃINI
I PRIRODNI NEPRIJATEQI REPINE KORENOVE VAŠI,

PEMPHIGUS FUSCICORNIS K O C H., U SLOVAÅKOJ

Peter Tot, Jan J. Tancik, Monika Totova, Vladimir Paåuta
Slovaåki poqoprivredni univerzitet u Witri,

A. Hlinku 2, 94976 Witra, Slovaåka

Rezime

Tokom 2003. i 2004. godine praãena je rasprostrawenost repne korenove
vaši, Pemphigus fuscicornis (K o c h) (Sternorrhyncha: Pemphigidae), u jugozapadnoj
Slovaåkoj. Posmatrawa su uraðena na 60 lokaliteta na nadmorskim visinama od
112 do 220 m. Repna korenova vaš je registrovana na 31 lokalitetu. To je ujedno
bio i prvi nalaz ova vaši u Slovaåkoj. Pretpostavqamo da je ova vrsta vaši u
ovom regionu prisutna veã duÿe vreme ali weno prisustvo i simptomi na biq-
kama hraniteqkama ostali su nezapaÿeni. Prisustvo ove vaši smo pratili na
raznim vrstama biqaka iz familije Chenopodiaceae. Najåešãe napadnute biqke
bile su razne vrste pepequga, najviše obiåna pepequga, Chenopodium album. Za-
tim je vaš nalaÿena na šeãernoj repi (Beta vulgaris provar. altissima), cvekli (B.
vulgaris provar. conditiva) i lobodi (Atriplex spp.). Napad na šeãernoj repi ni na
jednom lokalitetu nije bio veãi od 5%. No, u buduãnosti suvo i toplo vreme
moÿe doprineti masovnom razmnoÿavawu ove štetoåine a time i poveãawu
štetnosti. Obiåna pepequga je u uslovima Slovaåke znaåajan indikator repine
korenove vaši i omoguãava lakše praãewe brojnosti ove štetoåine a time i
potrebu wene regulacije. U toku praãewa pojave ove vaši konstatovali smo sko-
ro na svakom lokalitetu i wenog prirodnog neprijateqa — larve vrste Thauma-
tomyia glabra (Diptera: Chloropidae).
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THE PHYTOSANITARY FORM AND FIGHTING
MEASURES AGAINST DISEASES AND PESTS OF
SUGAR BEET FROM REPUBLIC OF MOLDOVA*

ABSTRACT: Sugar beet is one of the most important agricultural crops in the Repu-
blic of Moldova. The North and Central regions have good enough pedoclimatic conditions.
The genetic potential of sorts and hybrids can be created through the application of modern
technologies in order to grow at least 32—35 tons/ha of sugar beet roots.

In the Republic of Moldova, sugar beet vegetates between 160 and 180 days in the
first year and needs approximately an amount of 2400—2900°C, average of 15.3—15.4°C.
Each phenological phase needs different temperatures: at least 4C° is necessary for planting
and springing; an amount of 650°C is necessary for foliar apparatus; an amount of 1150—
1800°C is necessary to grow the volume of roots and for sugar depositing the average of
2400 to 2600°C is necessary.

The mentioned temperatures ensure a normal development of sugar beet plants. If
these temperatures fluctuate, the pathogens and pests are stimulated to develop. The most
frequent diseases of sugar beet are: Pythium de baryanum H e s s e., Aphanomyces cochlioi-
des D r e s c h., Peronospora schachtii F u c k., Phoma betae F r. Cercospora beticola
S a c c., Erysiphe communis G r e v. f. betae J a c z., virosis — Beta virus 2, 3 ¤i 4 etc.

The main pests belong to the following categories: Homoptera: Aphis fabae S c o p.
(fam. Aphididae), Pemphigus fuscicornis K o c h. (fam. Pemphigidae); Coleoptera: Agriotes
sp. (fam. Elateridae), Chaetocnema concinna M. Ch. breviuscula Fld., Cassida nebulosa L.
(fam. Chrysomelidae), Atomaria linearis S t e p. (fam. Cryptophagidae); Bothynoderes pun-
ctiventris G e r m., Tanymechus dilaticollis G y l l., T. palliatus F., Psalidium maxillosum
F., (Curculionidae); Lepidoptera: Agrotis segetum D e n. et S c h i f f., Authographa gamma
L. Mamestra (Barathra) brassicae L. (Noctuidae), Loxostege sticticalis L. (Pyralidae), Gno-
rimoschema ocellatella B o y d.; Diptera Pegomyia betae C u r t i s. (fam. Anthomyidae).
Heterodera schachtii S c h m i d t (Heteroderidae).

The most recommended insecticides for fighting the pests are: Actara 25 WG, Actel-
lic 50 EC, Arrivo 250 CE, Bastar 40 EC, Bi-25 Nou, Decis 2,5 EC, Decis Duplet 36 EC,
Decis Forte 120 EC, Diazol 60 CE, Dursban 480 EC, Pirimor 50 WG, Pyrinex 250 ME,
Sumithion 50 CE, Sharpei ME, Virin — OS, Zolone 35 EC.
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The most important fungicides recommended for fighting the diseases are: Derosal 50
SC, Fundazol 50 WP, Impact 25 SC, Oxiclorurº de cupru WP, Privent 25 WP, etc. (D a -
n i l o v and colab., 2003; *Prognoz rasprostraneniä…).

KEY WORDS: Fytosanitory condition, pathogens, pests, sugar beet, R. Moldova

INTRODUCTION

The development of sugar industry in the R. of Moldova began in the
middle of the last century. This long period promoted significant expansion of
areas allocated to sugar beet. However, the market economy, changes of the
property and the form of the agricultural organization, instability on traditional
foreign markets and financial crisis led to that in 90s, the sector of cultivation
and processing of sugar beet is on the threshold of bankruptcy. The volume of
raw material decreases from year to year and some factories are practically
unable to work. The deep economic crisis in this sector risks to degrade into a
general social crisis. As the sugar industry in the North of Moldova is the ba-
sis for maintenance of 80 000 workplaces, including many farmers who refuse
to grow sugar beet because the local factories are processing the imported su-
gar cane. The processing of sugar cane is cheaper for the Moldavian factories.
As a result, the Moldavian sugar is excluded from the list of freely exported
products to Russia and Romania.

The areas covered with sugar beet in 2001 made 50 000 ha and in 2005,
32 000 ha. The areas decrease every year because of unstable economy, inclu-
ding sugar beet — one of the most labour-consuming cultures. The reason is
the constant change of technology of its cultivation and the search for new ap-
proaches to develop the ways of protecting this culture from wreckers and il-
lnesses. Besides, it is the most sensitive culture to damages, demanding special
attention.

MATERIAL AND METHODS

Annual data on phytosanitary condition of sugar beet in the R. of Moldo-
va have been collected from local information brochures about the protection
of plants published by the republican service. The information is used by lec-
turers as lesson subjects like: agricultural entomology, the forecast and the sig-
nal system in plant protection.

RESULTS

In the Republic of Moldova, about 200 species of insects develop on beet
and the greatest harm is caused by monophags and oligophags which have
adapted to it, transferring from wild-growing Chenopodiaceae. Some polipha-
gus larvae have developed a plentiful nutrition reserve because of their vegeta-
tion since spring till late autumn. Sugar beet to a great extent can provide the
development of one or several generations of the pests.
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Planted seeds, during their germination and the developing roots are da-
maged by many wreckers living in the ground belonging to Elateridae, Tene-
brionidae, larvae Atomaria linerais S t e p., larvae of Scarabaeidae and other
families. In the process of further growth of a root crop, down to harvest, the
underground part of plant is damaged by larvae of Scarabaeidae, Curculioni-
dae, Pemphigidae. The upper parts (head) are damaged by caterpillars Noctui-
dae, beet leafminer. Because of the head damage of root, the plant has a lag in
growth and develops abnormally and during the storage the damaged roots
quickly rot.

Embryos of sugar beet and then young plants-up to 4—6 pairs of leaves
— are damaged by Bothynoderes punctiventris G e r m., Tanymechus dilaticol-
lis G y l l., T. palliatus F., Psalidium maxillosum F. (Curculionidae); Chaetoc-
nema concinna M a r s h. Ch. breviuscula F l d. (Chrysoemlidae), Opatrum
sabulosum L., Blaps halophila F i s c h. (Tenebrionidae), Agrotis segetum
Den. et S c h i f f., Authographa gamma L. (Noctuidae) and others. If the con-
trol is not made in time, crops are strongly weeded or often perish. The dama-
ges of embryos and young plants of sugar beet at small norms of seeding of
the seeds applied at mechanized cultivation of sugar beet represent the greatest
danger.

Vegetative plants, begining with 2—3 pairs of leaves are infested by Ap-
his fabae S c o p. and damaged by larvae of Noctuidae, Pyralidae, Gnori-
moschema. Damages of insects cause reduction of roots weight and sugar. The
losses of roots can make 30—50 centner/ha and more and sugar decreases
1—3%. Species Aphis fabae S c o p., besides direct harm is also a carrier of
virus illnesses of sugar beet (jaundice, mosaic).

DISSCUSION

The phytosanitary condition of sugar beet for the 2001—2005 period:

Ord. Homoptera

Aphis fabae S c o p. The areal of the wrecker gradually increasesd. How-
ever, long droughty periods and the presence of entomophags constrain the in-
tensification of the wrecker multiplication. Especially it was visible in 2004
and continued in 2005. Migration on weeds and host-plants usually begins in
August/September. It occurs because less favorable conditions for development
of plant louse are created: reinforcement of leaves and lowered humidity. Mi-
gration of females on perennial plants can continue till October. In these pla-
ces, the plant aphids are developing in mass due to long warm weather. Some
data on such conditions are presented in table 1.
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Table 1. Settling and number of Aphis fabae S c o p. In 2001—2004 in R. Moldova

Species
Year

2000 2001 2002 2003 2004

Wintering of winter eggs 90,6 92,6 91,3 95,0 84,6

Infested areas, % 67,9 39,4 72,2 78,0 51,5

Infesed plants, % 7,5 7,4 15,6 21,8 5,1

Infested leaves, % 10,5 10,4 21,1 25,8—60 7,6

Pemphigus fuscicornis K o c h. Beginning with 2000, the species has
extended and caused damages in focus. Despite preservation of the urea size in
previous years (29,6% of the area), the population of plants, due to intensive
development of entomophags (1,2 exemplar/plant) and loss of deposits in
July/August in the north part of the republic (from 155,8 up to 169,8 mm)
decreased 2 times and before harvesting made 6,6%. In 2001, the droughty pe-
riod came in July/August after long damp and caused later infesting of beet.
These factors influenced the spreading of the pests which made 23,6%. Quick
increase in ground temperature accelerated the development of P. fuscicornis
K o c h., which led to the excess of plants population 2 times in comparison
with 2000 and made 13,0%. Simultaneously, the entomophags multiplicated
and the average quantity made 1,6 exp/plant.

The development of P. fuscicornis K o c h. on root crops of beet and root
species of Chenopodium L. continued up to the end of September. The alterna-
tion of dry and hot weather with torrential rains in 2003 negatively affected
the development of migratory larvae. Therefore, despite small expansion of the
infested focuses to 35,8%, harmfulness decreased up to 3 times and made
4,1% of the populated plants. In 2003, the development and accumulation of
P. fuscicornis K o c h. occured in May/June on Chenopodium album L. in
conditions of high deficiency of moisture in ground and high temperature of
air. Sugar beet was infested by migratory larvae, as in 2002, in the second de-
cade of July. In August, in conditions of hot weather and relative low humi-
dity, the centers of distribution extended up to 34,4% of the area and damage
increased up to 2 times, in comparison with 2002, making 9—20% of the da-
maged plants. Though for 2004, dangerous infesting of beet was predicted,
especially on fields after corn or the ground infested by weeds, it did not hap-
pen. The unstable character of weather in the first half of vegetation period of
beet negatively affected the development and distribution of P. fuscicornis
K o c h. This condition continues till nowadays. Avoiding the density of pest
population will allow reducing the contaminations of fields.

Ord. Coleoptera

Elateridae and Tenebrionidae. There was a significant accumulation of
larvae from Elateridae and Tenebrionidae family. The growth of number and
damages of commercial crops was marked in the conditions of optimum com-
bination by temperature and humidity during mass rise larvae in the top layers
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of ground in 2000. So the embryos of beet on 2,375 ha were damaged from
10,4 up to 20,3%. In 2001, the quick cold snap which came in the second half
of March, burdened the rise of larvae into the top layers of the ground. During
this period — March and April, 2001 — there was raised humidity of the gro-
und and thus, the period was marked by their returned migration that affected
the decrease in damage. Beet germs were populated on 69,8% of the area and
caused the damage on 6,9% of plants against 88,1 and 10,3% in 2000, with
the number exceeding the threshold of 39,2% of the populated area. Maximum
damage of 18,4% was registered on 1,4 ha with the number of 7,5 exp/m2.

Early warm spring in 2002 stimulated the rising of larvae into the top
layers of the ground and the cold snap which came in III/03—I/04 was the re-
ason of their backwards migration. Therefore, despite field population up to
71,0%, damaged beets embryos decreased and averaged by 4,0% (2001 —
6,9%), with the average number of 1,0 exp/m2 (2002 — 2,3%) having ex-
ceeded the threshold level with only 5,8% of the populated area. The maxi-
mum number — 2,3 exp/m2 was marked on 340 ha with the damage of 9,2%.
On 90 ha of beet embryos received from toxic seeds, the density of larvae was
high — 5,3 exp/m2 — but the damaged plants were not revealed. The decrease
in damage was marked on sunflower and corn as well.

In 2003, because of cold late spring the rise of larvae into the top layers
of the ground began two decades later than the last year terms. On emerging
embryos of beets, received from toxic seeds, the full destruction of larvae was
observed. With the end of April, in conditions of sharp rise of temperature that
caused fast drying of the ground, larvae migration into deeper layers of soil
was observed. On beet, as well as on other cultures, the decrease in larvae da-
mage was noticed in comparison with 2002.

In 2004, the rise of larvae into the top layers of soil had a stretched,
non-uniform character. In some areas, because of low humidity, the larvae pre-
sence in soil was not fixed. The changed conditions after the last rains, in
III/04—I/05 promoted mass rise and active larvae feeding on embryos of beet
which was expressed in the increase in damage parameters in comparisin with
the season of 2003. The harm on plants averaged 4,0% with the same number
of 1,1 exp/m2 on 44,2% of the area. Proceeding from it, in the view of water
saturation with long-term weeds in 2005, the danger of shoot damage of these
pests remained. Established during the autumn period, the high number of lar-
vae from Elateridae and Tenebrionidae family, 60% in advanced ages was the
reason of their mass damage, both on germs of sugar beet and on plants that
are grown in greenhouse.

Curculionidae. In 2000, all species of weevil spread on beet. Their output
from places of wintering coincided with average long-term data — in the se-
cond decade of April. The sharp cold snap in the first decade of May — mini-
mum T°C = 2° — caused stretched settling of weevil on beet. The number of
bugs on average was insignificant, 0,3—0,6 exp/m2. However, their damage
increased 2 times and made 9,9% of the damaged plants on 91,8% of the are-
as. The long dry period of autumn negatively affected the formation of win-
tering stock of B. punctiventris G e r m. So, on 16,6% of the areas, the
wrecker was generated in the stage of bug — 55% and larvae — 30%. Con-
cerning the population on the areas under beet, T. palliatus F a b r. was signi-
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ficant — 40,1% of the area with average population of 0,5 exp/m2 and bugs
— more than 80%. The density of T. dilaticollis G y l l. was 0,4 exp/m2 on
50,7% of the area. In 2001, the early output of bugs from places of wintering
was caused by temperature of 10,20°C in March and the beginning of April.
But, the unstable character of weather of the subsequent period lowered the
activity of weevil. Therefore, the population on beet during the occurrence of
embryos decreased up to 46,7%, T. dilaticollis G y l l and 46,2%, T. palliatus
F a b r. The number of wreckers was kept at former level, up to 0,6 exp/m2.
Weather conditions negatively affected the development of B. punctiventris
G e r m. which area of distribution was reduced 2,5 times and made 17,6%
with the wrecker density of 0,4 exp/m2. Cold weather, accompanied by weak
intensification of illumination enabled active living ability of Psalidium maxi-
losum F. The population of germ of this species increased from 0,5 (2000) up
to 16,9% in 2001. The density of bugs on m2 was up to 0,4—0,8 due to indi-
viduals from diapause of the last year which increased simultaneously as well.
Considering the degree of settling at heat approach and moisture presence du-
ring germination in the spring of 2002, the damage of weevil of all kinds rai-
sed.

In 2001, there was an expansion of the areas infested with all kinds of
weevil. See table 2.

Table 2. Change of population and number of weevil in 2001—2004 in R. of Moldova

Species
Population % Density/m2

2001 2002 2003 2004 2001 2002 2003 2004

Tanymechus dilaticollis G y l l. 46,7 54,5 33,1 80,3 0,6 0,3 0,7 1,1

Tanymechus palliatus F a b r. 6,2 52,0 43,4 56,7 0,5 0,2 0,9 1,0

Bothynoderes punctiventris G e r m. 7,6 24,4 33,8 34,3 0,4 0,3 0,6 0,5

Psalidium maxilosum F. 16,9 20,2 33,2 36,4 0,8 0,4 0,4 1,0

The reason of the changed number of these weevils are the sharp cold
snaps during an output from places of wintering for 2000—2001. Also, the
long droughty period during the autumn negatively affected the formation of
wintering stock of B. punctiventris G e r m. Cold weather and weak intensifi-
cation of illumination caused low capacity of development of P. maxilosum F.
The second half of the year of 2002 was characterised by drought being repla-
ced with torrential rains, which defined the character of wintering weevil
stock.

In 2003, high temperature conditions in May — maximum temperature
30—33,40 — enabled active settling and feeding of bugs. Favorable weather
conditions of the second half of vegetation and the autumn period positively
influenced the formation of wintering weevil stock which were sent away into
diapause basically in the imago stage, 83,8—90%, as the forecast of weevil in
2003 was positive because of satisfactory physiological readiness and factor of
infesting bugs. Therefore, in 2004 the damage of all kinds of weevil in compa-
rison with 2003 increased 2,7 times and averaged 27,4% of the damaged
plants. In 2005, in the majority of areas, especially on fields where preliminary
were long-term grasses or cereal grains, specific prevailing structures of T.
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palliatus F a b r. and B. punctiventris G e r m. were expected. Their number in
the host-plants exceeded the economic threshold of harmfulness 2 times due to
diapaused individuals of the previous years and also because dry and hot
weather strengthens their activity. The density of T. dilaticollis G y l l. simul-
taneously grows in a crop rotation where there preliminary was corn.

Atomaria linearis S t e p. In the of Republic of Moldova, the A. linearis
S t e p., during many years achieved wide spreading. It occurs because of in-
complete harvest of root crops of beet that helps bugs better development. In
March, due to temperature increase of more than 5—7°C the awakening of
bugs and settling on the remained root crops on old beets begins. In 2001, the
greatest density of bugs on the populated root crop reached from 18,5 up to
102 exp/m2 (table 3). However, this species depends on weather conditions
and its development strongly oscilates. That is why, in 2001 the damage dec-
reased 2 times in comparison with 2000 and the damaged plants reached 3,8%.
The part of population remained in the same places for wintering for the next
year. New generation of bugs migrate to soil in July/August and in Septem-
ber/October after, the deposits being dropped out, their autumn migration to
surface begins. The majority of population remains on the same field for
wintering and a part migrates into forest belts near old beet cultures on fields
of long-term grasses. This continues till now a days.

Table 3. Change of population and number of Atomaria linearis S t e p. In 2001—2004 in the R.
of Moldova

Index
Year

2000 2001 2002 2003 2004

Infesting, % 73,6—49 68,2 68,7 44,8 71,0

Number of rizocarp/m2 1,5 1,3 1,4 1,6 1,5

Density, exp/m2 15,2 18,5—102,0 12,7 3,9 14,7

Damage, % 7,9 3,8 4,0 2,8 3,7

Average number of cavities 1,6 1,7 1,5 1,4 1,5

Chaetocnema concinna M. Sugar beet beetle have reached general sprea-
ding on all kinds of beet. In the last 5 years, the number of beetles was the
highest, up to 6,2 indivds/m2, with the inspected areas up to 98,1%. During the
years with dry and hot weather, the crop supports active pesting of beetles
with high rate of damage, 3 times exceeding the medium pesting rate and ma-
king 33,7% of the damaged plants. The damage caused by flea beetles is pre-
sented in table 4.

Table 4. Damage caused by Chaetocnema concinna M. in 2001—2004 in R. Moldova

Index
Year

2000 2001 2002 2003 2004

Density of teritory, % 75,7 91,7 98,2 95,5 94,6

Density of bugs, indiv./m2 4,3 6,1 5,0 3,5 10,0

Damage, % 33,7 26,3 18,2 16,4 23,5
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According to data presented in table 3, it is visible that in the last 4
years, the area attacked by beetles mentained from 91,7% up to 98,2%. It is
also followed by the damage of 16,4% in 2003 and 23,5% in 2004. This
shows that this kind of species continues to cause essential harm to beet.

Cassida nebulosa L. For more than 8 years in dynamics of development,
Cassida nebulosa has kept the recession of population. The pest is spread in
focuses, basically on the littered sites and causes insignificant damage: 2,2—
4,5% of the damaged plants and the number from 0,3 up to 1,1 exp/m2.

Ord. Lepidoptera

Agrotis segetum D e n. et S c h i f f. The wintering of the pest passed sa-
fely — 89,5%. The conditions for pupae passage were succesful. That is why
the fruitfulness of females that wintered averaged 420 eggs. High temperature
conditions — 34,5°C — on the background of low humidity — 40—50% —
negatively affected the passage of eggs and the eclosion of the caterpillars of
the first generation, which was noticed with low number on all fields with
crop rotation. From the inspected fields, they had the greatest distribution on
sugar beet and tobacco in northern zone of the republic, after the deposits be-
ing dropped out. The density of caterpillars above the economic threshold of
damage of more than 2 individ/m2 was observed on only 13,2% of the popula-
ted areas. Also, the density of wintering caterpillars was high on sugar beet,
from 1,7 up to 2,5 individ/m2. In 2001, 0,7 individ/m2 were noticed wintering
on 36,2% of fields with sugar beet and other cultures. As the conditions were
favorable — warm and long autumn — the most part of caterpillars (66,7%)
finished their development at the age of 5—6. This positively reflected on the
passage of wintering. In 2002, because of low humidity of air (54%) in combi-
nation with high temperatures (30,3°C), deposited eggs of catepillars of youn-
ger age dried up and died. Therefore, the population of the first generation was
formed mainly due to the latest deposits. From here, the population of cultures
in 2002 as well as in 2001 remained of low level. Adverse weather conditions
of the winter period of 2002—2003 caused the destruction of 22,8—50,0% of
caterpillars, basically middle aged. However, the weather conditions of autumn
2003 caused the end of caterpillars feeding, leaving 78,9% of individuals with
the age of 5—6 and density of 0,8 individ/m2 for wintering on 47,5% of the
area. Thus, in 2004 mass multiplication of the pest was predicted. The forecast
was also justified with the fact that the survival rate of caterpillars during
winter diapausis was high — 83,3—100%. In 2005, the unstable weather and
the return of cold weather in April constrained the pupae of the pest, which
came to an end in the first half of the month. The flight of individuals that
passed wintering began at SÇT 220°C and had a stretched character.

Mamestra (Barathra) brassicae L. In 2000, the pesting average on sugar
beet made 4,8% of plants (5,2% in 1999) on 55,6% of the areas (69—3%,
1999) with the number of 1,2 exp/on the populated plant (1,5, 1999). In 2001,
the damage of caterpillars of the second generation on beet remained at the
last year level, i.e. low. For the autumn/winter period 2001—2002, 83,6% of
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pupae wintered. The number of pests during the season of vegetation increa-
sed. On sugar beet, on 35,6% of the area, the pested plants made 8,3% against
4,8 in 2001. Above the threshold number, it was marked on 342 ha. The au-
tumn period, characterized by moderate temperatures and humidity promoted
successful end of the pest development. In soil excavations on fields of cabba-
ge and beet, the number of wintering pupae was about 0,6 exp/m2 on 32,5% of
the surveyed area. The average weight of pupae from fields with beet made
420 mg and with cabbage 489 mg (600 mg is the maximum) which corre-
sponds to good survival rate of pupae and high fruitfulness of females. Such
parameters predicted the increase in number of the population in 2003. The fo-
recast was correct and the area of the pest extended on 49,3% against 26,3%
in 2002. On 82,2% of the area, 22,9% of plants were populated (35,7%, 2002)
and the number was 2,3 exp/plant (1,6, 2002). Long warm autumn promoted
successful end of caterpillars feeding and formation of a wintering stock which
considerably exceeded last years, having made 2,3 copy of pupae on 1 m2

(0,6, 2002) on 55,1% from the surveyed total area (32,5%, 2002). Concerning
sugar beet and cabbage, it is the area that made 10,3 thousand in ha. The
maximum number of pupae — 3,2 exp/m2 — is revealed on 970 ha with be-
ets. The weight of pupae was within the limits of 453—505 mg which corre-
sponds to good survival rate and expected high fruitfulness up to 1700 eggs.
Proceeding from it, in 2004, in the first generation at an optimal combination
of heat and moisture the mass duplication of the pest was kept. Significant
wintering number and high percentage of survival rate of pupae (87,4%) cau-
sed the potential of mass duplication of the pest in the first generation, as it
was predicted in 2003. On sugar beet population, it made 5,1% (4,3%, 2003)
on 53,8% of the area. In the second generation, the humidity deficiency (K =
0,3—0,5), during the critical period for scoop development (a stage of a pu-
pae) defined the decrease in intensification of pest duplication. The damage on
sugar beet made 5,7% of the areas and it was 2—3 times below the level of
2003. There was also a decrease in number of caterpillars from 1,7—2,3 in
2003 up to 1,2—1,7 in 2004. The surface of the populated area also decreased
up to 62,5%. In 2005, because of high percentage of wintering pupae from
2004 (90%), the pest has greater success in multiplying on many cultures, in-
cluding sugar beet.

Gnorimoschema ocelatella B o y d. A slight warming of climate of 1,2—
4,0°C favourises an earlier development of all 3 generations of G. ocelatella.
Having a high sensitivity on warmth, the occurrence of mines with caterpillars
of the first and second generations, in comparison with average long-term da-
ta, in 2000—2004 was fixed on the decade earlier in I/07 for the second gene-
ration and I/08 for G3. High temperatures of the given period promoted high
population of beet and formation of high biological reserve of the pest. Only
in 2001 cool rainy weather in May/June lowered the intensity of duplication of
the first 2 generations of G. ocelatella which damage was insignificant —
4,3% of the damaged plants. However, the established dry, warm weather in
July/August favourised the development of the third generation. In the next
year, the area of the damaged plants was from 53,3—55,4% in 2002—2003 up
to 35,3% in 2004 and harmed 5,1—6,1%. The recession of the damaged plants
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occured because of unstable character of weather in May/June 2004. In 2005,
it has kept focus distribution and insignificant harm.

Heterodera schachtii S c h m i d t — the area of distribution of the pest
has extended since 2002, covering new areas each year. Losses of plentiful de-
posits and moderate temperatures of air 19—23°C have developed favorable
conditions for development and multiplication of nematodes. The first host
with more than 15% of damage was noted on 175 ha of beet. On this site, the
weight reduction of root crops was observed. Intensive introduction of larvae
in root crops of sugar beet continued in August/September. Considering the
fact that eggs and larvae of nematodes are inside a cyst and are protected from
adverse conditions maintaining viability in ground till 4—8 years, in the
subsequent year the centers of infection with beet nematodes will extend at a
favorable combination of heat and moisture and infringement of a crop rota-
tion. In struggle with beet nematodes, the destruction of weeds especially Cru-
ciferae and Chenopodiacae is extremely important. Also, the lengthening of
break between repeated cultivation of beet with 3 till 5—6 years will lower the
number of nematodes for more than 3 times.

Pathogens

The complex of pathogens: Pythium debaryanum H e s s e., Aphanomyces
cochlioides D r e s c h., Peronospora schachtii F u c k., Phoma betae F r.,
Rhizoctonia violacea T u l., Fusarium sp. In the last 5 years, the percentage of
damaged plants increased almost 2 times and made 5,8—15,5%. Intensive ra-
ins during the third decade of April, 2000 condensed the ground. It provoked
the vigorous activity of soil pathogens, which caused the infection of embryos
of beet on 50,8% of the areas. Also, deposits of the end of July renewed the
activization of mycosis of Fusarium, Aphanomyces, Phoma. In September, the
display of pathogens and forms of various anomalies of root crops was later
observed. During the development of germs in 2001, plentiful deposits and
downturn of ground temperature improved conditions of activization of other
soil patogenes, Pythium, Phoma, Rizoctonia, Peronospora. These occured on
the fields with low agrotechnical level and late destruction of the surface core
because of the rain insufficiency. Thus, damages of germs exceeded 25% in
2001, 86,4% in 2002, 58,3 in 2003. In 2004, the display of disease began late
— in the third decade of April. The absence of deposits and low daily tempe-
ratures (12,1—15,2°C) constrained the development of soil patogenes. Despite
the fact that the area remained as former, as in 2003, the damage of the pato-
gens increased 2,2 times and made from 7,2 up to 30% of the plants in 2004.
The similar situation occurs in 2005.

Cercospora beticola S a c c. Droughty conditions of May/June, 2000 con-
strained the infection of beet with C. beticola S a c c. for a month. The occur-
rence was observed in the first decade of July but with a weak degree of deve-
lopment. Mass character of distribution was observed in September. The area
made 96,2% and the plants 21,3%. The heat of air in August lowered plant
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turgor which promoted mass defeat of beet oby C. beticola S a c c., conside-
ring full dependence of C. beticola S a c c. on humidity and temperature.

Erysiphe communis G r e v. f. betae J a c z. During the last 10 years, in
2000 pathogens captured the greatest area — 95,7%, with the average of infec-
ted plants — 44,6%. In 2001, the areas affected by pathogenicity made 92,1%
with the same damage as in 2000 — 42,9%. Dry, hot weather with small de-
posits in June/July, 2002—2003 promoted the infection of beet with E. com-
munis G r e v. However, plentiful rains at the end of July lowered the patho-
gene activity. Therefore, the distribution of parameters and the damage decrea-
sed in comparison with 2001 and made 86,4% of the infected area. In 2003, it
made 58,3%. In the subsequent years 2004—2005, the areas of infection have
again increased 2 times — 97,7%.

Pesticides recommended for controlling pest organisms in R. Moldova.
Insecticides: Decis Forte 120 EC; Lamdex 5 EC; Bastar 40 EC; Actellic

50 EC; Dursban 480 EC; Zolone 35 EC; Arrivo 250 EC; Decis Forte 120 EC;
Actara 25 WG; Lamdex 5 EC; Diazol 60 EC; Dursban 480 EC; Actellic 50
EC; Bi-58 Nou; Sumithion 50 EC; Bastar 40 EC.

Fungicides: Scor 250 EC; Alto Super 330 EC; Derosal 50 SC, Privent 25
EC; Fundazol 50 WP; Impact 25 SC.

CONCLUSION

1. In the Republic of Moldova, about 200 kinds of harmful organisms de-
velops on a sugar beet.

2. The greatest and constant harm is caused by the insects from Curculio-
nidae family (Bothynoderes punctiventris G e r m., Tanymechus dilaticollis
G y l l., T. palliatus F., Psalidium maxillosum F.) Chrysomelidae family (Cha-
etocnema concinna M. Ch. breviuscula F l d.), Aphididae (Aphis fabae S c o p.)
and Pemphigidae (Pemphigus fuscicornis K o c h.) families.

3. The most frequent diseases of sugar beet are: Pythium debaryanum
H e s s e., Aphanomyces cochlioides D r e s c h., Peronospora schachtii F u c k.,
Phoma betae F r. Cercospora beticola S a c c., Erysiphe communis G r e v. f.
betae J a c z., etc.

4. The most recommended insecticides for fighting the pests are: Actara
25 WG, Actellic 50 EC, Arrivo 250 CE, Bastar 40 EC, Bi-25 Nou, Decis 2,5
EC, Decis Duplet 36 EC, Decis Forte 120 EC, Diazol 60 CE, Dursban 480
EC, Pirimor 50 WG, Pyrinex 250 ME, Sumithion 50 CE, Sharpei ME, Virin
— OS, Zolone 35 EC.

5. The most recommended insecticides and fungicides are: Scor 250 EC;
Alto Super 330 EC; Derosal 50 SC, Privent 25 EC; Fundazol 50 WP; Impact
25 SC.
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Rezime

Šeãerna repa je jedan od najvaÿnijih poqoprivrednih useva u Republici
Moldaviji.

Severna i centralna oblast imaju dosta povoqne pedoklimatske uslove.
Genetski potencijal sorti i hibrida moÿe, kroz primenu modernih tehnologi-
ja, da omoguãi gajewe sa prinosom bar 32—25 tona/ha korena šeãerne repe.

U Republici Moldaviji razvoj šeãerne repe u prvoj godini vegetacije tra-
je izmeðu 160 i 180 dana i potreban joj je pribliÿan iznos 2400—2900°S, u pro-
seku 15.3—15.4°S. Svaka fenološka faza zahteva drugaåije temperature, za setvu
i nicawe neophodno je bar 4°S; za razvoj liste mase je neophodna koliåina od
650°S; za obim rasta korena neophodna je koliåina 1150—1800°S; a za depozit
šeãera neophodno je od 2400 do 2600°S.

Gore pomenute temperature obezbeðuju normalan razvoj biqke šeãerne re-
pe. Ukoliko ove temperature variraju, stimuliše se razvoj patogena i štetoåi-
na. Najuåestaliji patogeni šeãerne repe su: Pythium de baryanum H e s s e., Ap-
hanomyces cochlioides D r e s c h., Peronospora schachtii F u c k., Phoma betae F r.
Cercospora beticola S a c c., Erysiphe communis G r e v. f. betae J a c z., virosis —
Beta virus 2, 3, 4, itd.

Glavne štetoåine pripadaju sledeãim kategorijama: Homoptera: Aphis fabae
S c o p. (fam. Aphididae), Pemphigus fuscicornis K o c h. (fam. Pemphigidae); Coleop-
tera: Agriotes sp. (fam. Elateridae), Chaetocnema concinna M. Ch. breviuscula F l d.,
Cassida nebulosa L. (fam. Chrysomelidae), Atomaria linearis (fam. Cryptophagidae);
Bothynoderes punctiventris G e r m., Tanymechus dilaticollis G y l l., T. palliatus F., Psa-
lidium maxillosum F., (Curculionidae); Lepidoptera: Agrotis segetum Den. et S c h i f f.,
Authographa gamma L. (Noctuidae), Loxostege sticticalis L. (Pyralidae), Gnorimosche-
ma ocellatella B o y d.; Diptera Pegomyia betae C u r t i s. (fam. Anthomyidae).

Najåešãe preporuåivani insekticidi za suzbijawe štetoåina su: Actara
25 WG, Actellic 50 EC, Arrivo 250 CE, Bastar 40 EC, Bi-25 Nou, Decis 2,5 EC, Decis
Duplet 36 EC, Decis Forte 120 EC, Diazol 60 CE, Dursban 480 EC, Pirimor 50 WG,
Pyrinex 250 ME, Sumithion 50 CE, Sharpei ME, Virin — OS, Zolone 35 EC.

Najvaÿniji fungicidi koji se preporuåuju za suzbijawe bolesti su: Derosal
50 SC, Fundazol 50 WP, Impact 25 SC, Bakarni oksihlorid WP, Privent 25 WP, itd.
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SOLAR ACTIVITY INFLUENCE
TO THE NUMEROUSNESS DYNAMICS OF
BOTHYNODERES PUNCTIVENTRIS G E R M.

IN VOJVODINA*

ABSTRACT: In the region of Vojvodina, sugar beet weevil (Bothynoderes punctiven-
tris G e r m.) is the most important sugar beet pest. Therefore, it would be of great practical
benefit if we could establish some regularity in their population dynamics, if it exists and
then organize the control of this pest more successfully.

During the period of 1961—2004, in Vojvodina, the population density of B. puncti-
ventris was monitored. The annual average of population density varied between 0 and 15
insects per square meter. Analyzing the obtained data it was noticed that there existed a cer-
tain periodicity of population outbreaks (maximal densities), approximately of 11 years. Re-
garding the fact that the solar activity, known as solar flux (observed at 2800 MHz) has a
similar periodicity, a statistical processing in the paper of the collected data (periodograms,
cross periodograms /real and imaginary ones/, cross densities, cross quadratures, cross am-
plitudes, squared coherencies as well as cross correlations) was carried out.

Inter alia, it was concluded that the population outbreaks of B. punctiventris follows
the maximal solar activity (known as solar flux on 2800 MHz), with a lag of seven years.

KEY WORDS: solar activity, Bothynoderes punctiventris G e r m., population dyna-
mics

INTRODUCTION

The sugar beet has been attacked by a large number of pests. The most
important one is sugar beet weevil (Bothynoderes punctiventris G e r m.). It
often caused damages in the Middle and Eastern Europe during the XX cen-
tury, so it was studied by many scientists. Some of the well known were: B.
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Gróf, G. A. Manninger, L. Pintér, S. Zsembery, E. V. Zverezomb-Zubovski,
O. I. Petruha, E. N. Ÿitkoviå, V. P. Fedorenko, V. Bogdanov, F. Manolache,
O. Auerach, P. Steiner, N. Tielecke, D. Åamprag and others. Monography con-
cerning this pest was published (Å a m p r a g, 1984) in our country. In Ukrai-
ne, F e d o r e n k o (1998) studied the harmful insects and their natural enemi-
es on sugar beet, in detail.

Abiotic and biotic factors, such as soil type, solar activity, climatic influ-
ences, quantity and quality of plant hosts, physiological conditions of the pest,
natural enemies of the pests, agricultural activity of the mankind, influence to
the pest population. In the natural circumstances, the fluctuations of the insect
abundance, according to V i k t o r o v (1968), has certain limits, specific for
some species and is carried out automatically. The rational organization of
combat against pests is possible, emphasized the cited author, only by know-
ing the mechanism of the natural regulation of their abundance.

B e l e c k i (1986) represents the conception of the cyclical dynamics of
the pest population, based on dependency of the biosphere, biocenosis and
pests population on cyclical variations of the solar activity. The cited author
carried out an analysis of population outbreaks for approximately 70 species of
harmful insects in Ukraine (among which were sugar beet pests) over the pe-
riod of 130 years. He found the coincidence of the most massive occurrences
with strong fluctuations of the solar activity in a cycle of 11 years.

T r i b e l j (1990) emphasized that among abiotic factors (which affect
the growth of the insect populations) one must indispensably insert not only
temperature and precipitations, the solar radiation, but its cyclical variations,
the electromagnetic fields of the solar system and of our planet, with their
anomalies, the atmosphere, its gradients and other elements as well.

PERIODICAL PHENOMENA are events that occur after the same peri-
ods, which then have the same intensities. But, there are others, which do not
have the same rhythm and do not always have the same dimensions in their
periodical changing. We call such ones QUASIPERIODIC PHENOMENA.

There are different occurrences on the Sun which are visible, but some of
them are hidden — these ones, such as solar flux may be observed by using
various instruments. On the basis of such measurements we may computerize
them and get some useful results.

DATA AND PROCESSING METHODS

The study of B. punctiventris population dynamics in Vojvodina (the
northern part of Serbia) has been carried out during the period 1961—2004.
This species spend the winter as adult in the soil of fields after sugar beet. For
collecting the insect material, during September and October, the surveying of
soil has been used. During a period of 44 years, in average, 75 fields after su-
gar beet have been inspected annually. On large farms, one sample in each
two hectares, 0.25 m2 in size (50 x 50 cm, 50 cm deep) was taken. The digged
soil was inspected on the field, all the specimens of the B. punctiventris col-
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lected and later processed in the Entomological laboratory of the Faculty of
Agriculture in Novi Sad. The abundance per m2 was established.

There are two methods for data processing: the probability and the stati-
stical one. We used the second type here. Using the so-called SPECTRAL DE-
COMPOSITION THEOREME which states: “That the energy or variance, of
any time series, may be separated into contributions of statistical independent
oscillations with different periods (frequencies)", we processed the obtained
data. Each summit of the spectral function graph, PERIODOGRAM stands for
an independent vibration. The sum of the so-called HARMONICS forms the
whole observed phenomena. The highest top is the FUNDAMENTAL HAR-
MONIC or the GENERAL PERIOD (FREQUENCY). The others are accor-
ding to falling values, the FIRST, SECOND, etc. HIGHER HARMONICS
(OVERTONES).

It was then observed which harmonics, of the both series, had the same
period (made pairs — the cause and the result). Those belonging to the pests
should form “echoes" of the corresponding solar pairs.

Then, we supposed that we were dealing with two stationary time series,
X and Y and we wanted to know to what extent we may use the past of the
series X to predict the future of the series Y. Here, as the criterion, we used
the CROSS CORRELATIONS. They give, if there is one, a correlation of the
corresponding lag of Y series behind the X series.

The existing influence was confirmed by means of: CROSS PERIODO-
GRAMS (IMAGINARY AND REAL ones). CROSS QUADRATURE, CROSS
DENSITY, CROSS AMPLITUDE and SQUAERED COHERENCY.

Following data were used:
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Figure 1. Var. 1, Plot of Solar Flux; Var. 2, Plot of Numerousness of B. punctiventris



Time series for the SOLAR ACTIVITY (yearly means):
X, Var 1 — ADJUSTED FLUX FROM THE ENTIRE SOLAR DISK

AT THE FREQUENCY OF 2800 MHz (10,7 cm), in units of 10, the 22 Jou-
les/second/square meter/Hertz. Each number was multiplied by 10 to suppress
the decimal point (Figure 1). The adjustment means that they are refined for
the fluctuations from the changing sun-earth distance; further, they are reduced
for antenna gain, uncertainties and reflected from the ground in waves. These
data were published by the National Geophysical Data Center, Boulder, Colo-
rado, USA.

Time series for POPULATION DYNAMICS OF SUGAR BEET PESTS
(yearly means):

Y, Var 2 — POPULATION DYNAMICS OF BOTHYNODERES PUN-
CTIVENTRIS in Vojvodina in individuals per square meter in a year (Figure
1). Both series started with 1961 and finished with 2004 year.

RESULTS AND DISCUSSION

Population dynamics of the B. punctiventris during 44 years in Vojvodina
is shown in Figure 1. The population density varied between 0 and 15 insects
per square meter. Before analyzing the solar activity influence on population
dynamics of sugar beet weevil, it is useful to make some comments about the
influence of air temperature and rainfall to the reproduction of this pest.

The higher temperature has more influence on the population density of
sugar beet weevil than the precipitations, i.e. droughts. Two-year categories
were analyzed: the first one with a great density of pest (1961—1964, with
6.3/m2 and 1981—1995, with 5.2 insects per m2) and the second with lesser
density (1961—1980, with 1.0/m2). In the period with high appearance of B.
punctiventris the mean air temperatures were: 14,1°C (April to May), 18,1°C
(May to June) and 17,9°C (July to September), while in the period with lower
incidences, air temperatures for the mentioned months were: 13.5°C, 17.7°C
and 17.1°C.

Between the population density of B. punctiventris and the quantities of
precipitations, a negative correlation was established. During the 1970s, with a
lot of rainfalls in growing season and only one year with drought, only 0.6/m2

of B. punctiventris in average were ascertained. In the next decennium (ninth),
with five years of drought and less precipitation during the vegetation, the
density of pest was 5.6/m2 on the whole.

B e l e c k i (1986) studied the population outbreaks of B. punctiventris in
Ukraine, during the period of 130 years (1854—1984), depending on solar ac-
tivity. The relative frequency of massive occurrence was 41% in the years of
maximal sunspot numbers, Wolf numbers, 48% a year after and 19% over
other years.

PERIODOGRAM for the X series (Figure 2), ADJUSTED FLUX FROM
THE SOLAR DISK OF 2800 MHz has eight relative maxima. This fact may
be interpreted in the following way: this function has eight independent basic
vibrations. The fundamental harmonic has a period of 10.00 years (88.67% of
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Figure 2. Periodogram of Solar Flux

Figure 3. Periodogram of Numerousness of B. punctiventris



the whole). That is the period of lasting of the mean period of the solar spot
magnetic polarization, after which it changes to the opposite pole. The first
higher harmonic has the period of 40.00 years (5.60%). The second overtone
has the period of 5.00 years (1.86%). The third higher harmonic has the period
of 2.35 years (1.14%). The fourth overtone has the period of 2.11 years
(0.80%). The fifth higher harmonic has the period of 3.64 years (0.79%). The
sixth overtone has the period of 2.67 years (0.75%). The seventh overtone has
the period of 3.08 years (0.38% of the whole).

PERIODOGRAM for the Y series (Figure 3), series for the pest B. pun-
ctiventris has also eight relative maxima, meaning that it is formed of eight in-
dependent, fundamental oscillations, as well as the former one. The fundamen-
tal harmonic has the period of 10.00 years (38.71% of the whole). The first
overtone has the period of 20.00 years (28.20%). Exactly as the mean of the
complete polarization of the solar spots lasts, the time when they again take
the same pole (on a solar hemisphere, northern or southern one). The second
higher harmonic has the period of 6.67 years (11.41%). The third overtone has
the period of 5.00 years (11.05%). The fourth overtone has the period of 4.00
years (3.42%). The fifth higher harmonic has the period of 2.50 years (3.16).
The sixth overtone has the period of 3.08 years (2.92%). The seventh higher
harmonic has the period of 2.22 years (1.12% of the whole).

Comparing these two periodograms we notice that they have two identi-
cal overtones. To the fundamental harmonic of the solar activity corresponds
the fundamental harmonic of the pest density and to the seventh overtone of
the solar activity corresponds the sixth overtone of the pest density. This fact
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is a good confirmation for the existing influence. In other words: 89.05% of
the solar activity has “echo" in 41.64% of the whole in the series for the pest.

Furthermore we conclude, using the BIVARIANT SPECTRAL ANALY-
SIS that there really exists a strong influence of the sun to the abundance of B.
punctiventris.

Let us count up the other confirmations of our statement.
IMAGINARY PART OF THE CROSS PERIODOGRAM (Figure 4) has

for 10.00 years a maximum maximorum of 25490! The next maximum has the
value of only 4122!

REAL PART OF THE CROSS PERIODOGRAM (Figure 5) has an extra-
ordinary minimum minimorum, for the period of 10.00 years, of (–10240).
The next, according to its value, minimum is only (–1097)!

Let us emphasize that in the first case the maximum maximorum and in
the second case the minimum minimorum are the crucial ones!

CROSS (QUADRATURE) DENSITY has for the period of 10.000 years
a maximum maximorum with the value 13162. The next relative maximum is
only 1032!

One more confirmation for the existence of pest abundance dependence
on solar activity is given by the QUADRATIC (SQUARED) COHERENCY
(Figure 6). Its maximum maximorum of 0.879953 stands for the period of
10.00 years. We must here remember that the total connection of any two seri-
es has the value of 1.00000 and we got a relatively proximate value!

It remains to establish if there is any time lag between the two series con-
sidered. This fact gives the CROSS CORRELATIONS. From the numerical ta-

245
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ble we may conclude that the population density of pest, B. punctiventris, has
a maximum (outbreak) 7 years after the maximum of the solar flux. The mini-
mum density has no significant expression.

Looking at the Figure 1, we may conclude that if we move along the ho-
rizontal axis of the graphic, for the Var 1 (solar flux), for 7 years we will get
a better coincidence!

Planetary population outbreaks of different pests (B. punctiventris, Eury-
gaster integriceps, Anisoplia spp., Calliptamus italicus and other locust, Loxo-
stege sticticalis, Scotia segetum, Autographa gamma, Mayetiola destructor,
Oscinis frit, Lymantria dispar, Cydia pomonella, different rodent etc.) were re-
gistered during the years 1909—1912, 1924—1925, 1937—1942, 1950—1958
(B e l e c k i, 1986).

B. punctiventris presents the permanent member of sugar beet agrocenosis
in the area of its appearance in Ukraine. Its density varies much along years.
The massive occurrences replace depressions of short duration, reaching the le-
vel under economical threshold of damage. Massive occurrences have been re-
corded over the following years: 1851—1855, 1868—1869, 1892—1893, 1897—
1901, 1904—1906, 1928, 1930, 1937—1940, 1947—1949, 1952—1957, 1984—
1986 (T r i b e l j, 1990).

Population outbreaks of B. punctiventris in Serbia (Vojvodina) were regi-
stered particularly in the years 1949—1950, 1952, 1955, 1961—1964, 1982—
1983 (Å a m p r a g, 1984). Except in the period of 1961—1964, there is eno-
ugh similarity with outbreaks of the same pest in Ukraine.

Comparing the zone of the permanent damage provoked by the same pest
with the chart of geomagnetic anomalies, it has been shown that the first en-
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circles the regions with weakened tension of the magnetic field (T r i b e l j,
1990).

By comparison of the mass reproduction of B. punctiventris with the
so-called Wolf, or relative sunspot number,

W = k (f + 10 g),

where g represents the number of sunspot groups, f the total number of their
component spots and k is a constant dependent on the estimated efficiency of
and also the equipment used by a particular observer; it has been concluded
that it coincides with the 11-year period of solar activity, which is characteri-
zed by low and medium activity, that is the period when the Wolf number, in
the years of maximum has the values 70—100 and 100—140. At the time of
low solar activity, intensive multiplying of B. punctiventris lasts 4—5 years
and encircles the maximal territory. In the 11-year cycles, with average solar
activity, the mass multiplying of this pest lasts 2—3 years.

During the period 1851—1920, the massive appearances of B. punctiven-
tris occurred in the years of the reduced solar activity. Through 1920—1940
this was ascertained during the decline of the solar activity, although some-
what nearer to the maximum and over 1952—1957, the massive appearances
were during the raise of the solar activity and at that time this pest spread over
the largest territory in 1957 (the relative sunspot number was the greatest then
and had an amount of 200.8). In the paper, published in 1990, S. A. Tribelj ci-
ted that B. punctiventris was in depression in Ukraine, over the last 20 years,
on the most of the areas of its harmfulness.

CONCLUSION

According to the constructed periodograms and other graphs, we may
conclude that a causal connection exists between time series for ADJUSTED
FLUX FROM THE ENTIRE SOLAR DISC AT A FREQUENCY OF 2800
MHz (10.7 cm) on the one hand and the time series for the POPULATION
DYNAMICS OF BOTHYNODERES PUNCTIVENTRIS, on the other. That fact
is confirmed by means of cross periodograms (imaginary and real ones), cross
(quadrature) densities, cross amplitudes and quadrature coherencies, which exist
between cited two time series. So, the population outbreaks of Bothynoderes
punctiventris, follows, after a lag of seven years, the maximal solar activity,
measured as the flux on 2800 MHz (10,7 cm). In other words, the maximal
density of this pest will be reached seven years after the maximal flux of the
solar activity on the corresponding wavelength. The minimal abundance has no
apparent expression!
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Rezime

U podruåju Vojvodine, tokom HH veka, repina pipa (Bothynoderes punctiven-
tris G e r m.) je predstavqala najvaÿniju štetoåinu šeãerne repe i åesto pri-
åiwavala velike štete. Zbog toga bi bilo od velike praktiåne koristi da se
ustanovi neka zakonomernost u dinamici brojnosti B. punctiventris, ukoliko po-
stoji, kako bi se blagovremeno saopštila dugoroåna prognoza stepena wene po-
jave i organizovalo suzbijawe ove opasne štetoåine.

U Vojvodini se, od 1961, svake jeseni ustanovqava brojnost B. punctiventris,
pregledom zemqišta poqa gde je gajena šeãerna repa. Tokom proteklih 45 godi-
na svake godine pregledano je u proseku oko 75 poqa. Po pojedinim godinama
ustanovqeno je od 0 do 15 jedinki po m2.

Analizom dobijenih podataka zapaÿeno je da se javqa izvesna periodiånost
od oko 11 godina. S obzirom na to da je otprilike isto tolika i ona kod Sunåe-
ve aktivnosti, zvane fluks ili protok (merena na 2800 MHc), u radu je sprove-
dena uporedna statistiåka obrada (periodogrami, unakrsni periodogrami — re-
alni i imaginarni, unakrsne gustine, unakrsne kvadrature, unakrsne amplitude
i kvadratne koherencije, odnosno unakrsne korelacije) sakupqenog materijala.

Izmeðu ostalog, zakquåeno je da maksimum brojnosti B. punctiventris prati
maksimum Sunåeve aktivnosti (poznate kao protok na 2800 MHc), sa zakašwe-
wem od sedam godina. Dat je i pregled sliånih rezultata, koje su dobili istra-
ÿivaåi u drugim zemqama.
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LD-P AND LT-P LINES OF INSECTICIDES FOR
BOTHYNODERES PUNCTIVENTRIS G E R M.

AT DIFFERENT AIR TEMPERATURES*

ABSTRACT: The effects of insecticides monocrotophos, cypermethrin and their ready-
-made mixtures applied against sugar beet root weevil (B. punctiventris G e r m.) adults at
different temperatures were studied.

The experiments were conducted in laboratory conditions at three different temperatu-
res: 14, 20 and 25°C. In 1996 and 1997, the adults used in experiments were collected in
Baåka Topola fields with sugar beet as previous crop. The adults were exposed to insectici-
des by method of insecticide soaked blotting paper and fed with sugar beet cotyledons. The
mortality of adults, depending on product was observed every half an hour, starting from
0.5 up to 28 hrs of exposition. Applying probit analyses, ld-p and lt-p lines were construc-
ted, which reflected the changes of toxity depending on insecticides and temperatures. Ac-
cording to position and slope (b) of ld-p lines in 1996, higher toxity of cypermethrin than
of monocrotophos was found. The response was more homogeneous to cypermethrin than to
monocrotophos. Ld-p lines for mixture run closer to ld-p line for cypermethrin independent
of temperature. In 1997, at 14°C and 25°C, higher toxity of cypermethrin than of monocro-
tophos was observed, the effect of mixture was additive. No mortality was induced with
monocrotophos at 20°C. The reason could be in sugar beet root weevil population sensiti-
vity decrease to monocrotophos in 1997, or the insects derived from two different populati-
ons exposed to different selection pressure (species, volume and exposition length to insec-
ticides). Based on lt-p lines in both experimental years, it could be concluded that cyper-
methrin, independent of temperature had higher initial toxity than monocrotophos, the
mixture achieved additive effect, except in 1996 at 20°C, where the effect was synergised
compared to single component effects.

KEY WORDS: sugar beet root weevil, insecticides, temperature, ld-p, lt-p lines

INTRODUCTION

Repeated and frequent use of insecticides, especially compounds of the
same or similar mechanisms of action, as in our case, with the application of
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organo-phosphorous compound in suppressing sugar beet root weevil could in-
duce the decrease in pest sensitivity to insecticides. To delay this process, the
use of binary mixtures (monocrotophos, fenitrothion, chlorpyrifos with cyper-
methrin, mixture of carbosulfan and cyhalothrine, or fenitrothion and fenvale-
rate) is recommended. These mixtures have high initial toxity and satisfactory
extended activity (R a d i n, 1987, K l o k o å a r - Š m i t, 1987, I n ð i ã et al.,
1992, 1995, S e k u l i ã et al., 1997).

The history of use and the degree of selection pressure could be basic ori-
entation in detecting the possible changes in insects' sensitivity and insectici-
des toxities.

The references on temperature influence on toxity decrease are known
( G r a f i u s, 1986, V u k o v i ã, 2003, V u k o v i ã et al., 2004).

The purpose was to define ld-p and lt-p lines for long time used mono-
crotophos, as the decrease of population sensitivity had already been registe-
red. Also, the possible increase in toxity with addition of cypermethrin at dif-
ferent temperature conditions was expected.

MATERIALS AND METHODS

Experiments in 1996 and 1997 were conducted in laboratory conditions
with adults of sugar beet root weevil (B. punctiventris) collected from Baåka
Topola. Toxicological studies for determining the temperature influence (14,
20 and 25°C) on insecticide activities was undertaken by soaking the blotting
paper with insecticides and adding treated food (V u k o v i ã, 2003). Before
the beginning of the test, the insects were kept for four days in laboratory con-
ditions without any food, at the temperature of 5—9°C. A few hours before
the experiment, adults were kept at 20°C to recover their total motion.

Untreated seed of sugar beet NS-Hy-3R was seeded into sterile soil.
Plants of sugar beet, at the first pair of true leaves stage are most attractive for
sugar beet root weevil feeding. Plants were grown without any insecticides.
Five young plants were used per repetition. The insecticides used are shown in
Table 1.

Table 1. Experimental insecticides for sugar beet weevil (B. punctiventris) in controlled conditions
(1996. and 1997)

Active ingredient Product Concentracion of product (%)
(rate a.i., w/v, mg/l)

monocrotophos Monokrotofos 20 WSC 0,4; 0,2; 0,1%
(0,08; 0,04; 0,02)

cypermethrin Agrometrin 20-EC 0,05; 0,025; 0,012%
(0,01; 0,005; 0,0025)

monocrotophos + cypermethrin Cimogal 0,1; 0,05; 0,025%
(0,02; 0,01; 0,005)

Criterion for mortality was the sum of dead (without any sign of life) +
paralysed (which were not able to move when put in normal position) adults.
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The mortality of adults was observed from 0.5 to 28 hrs of exposition. The
mortality values were corrected for mortality in the untreated control (S c h n e i -
d e r, O r e l l i, 1947). Applying probit analyses (F i n e y, 1971) ld-p and lt-p
lines were constructed for monocrotophos, cypermethrin and their ready-made
mixtures depending on temperatures and season (1996/97).

RESULTS AND DISCUSSION

In figures 1—6, ld-p lines for monocrotophos, cypermethrin and mixture,
depending on temperatures and population from 1996 and 1997 are shown.
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According to the position and slope of ld-p lines in 1996 (graphs 1—3),
higher toxity of cypermethrin than monocrotophos, one and more homogeneo-
us responses concerning sensitivity to cypermethrin than to monocrotophos
was found. Also, ld-p lines for mixture were more closed than ld-p lines for
cypermethrin independent of temperature. The effect of mixture could be jud-
ged as active compared to components. Ld-p lines for monocrotophos at 20°C
have shown heterogeneous response of sugar beet root weevil adults, compared
to sensitivity to monocrotophos, compared to ld-p lines at 14°C and 25°C. The
position of ld-p lines for monocrotophos at 20°C, almost did not indicate de-
pendence on insecticides concentration, or it was too small.
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Assessment of temperature influence on insecticides toxicity to same po-
pulation in 1997, is presented at Fig. 4—6. At 14°C and 25°C cypermethrin
was more toxic then monocrotophos, the effect of mixture was additive. There
was no mortality induced by monocrotophos at concentration used at 20°C,
and lg-p lines could not be drawn. This results could be explained by decrease
of sugar beet root weevil population sensitivity to monocrotophos in compari-
son to those in 1996, or it could be supposed that two population previously
exposed to different selection pressures were present at the same site, or the
population was insensitive to mentioned insecticide.

Lt-p lines for monocrotophos, cypremethrin and mixture, depending on
temperature and population (1996 and 1997) are shown in Figures 7—12. In
1996 (Figures 7—9), based on lt-p lines position, cypermethrin expressed hig-
her initial toxity than monocrotophos. The position of mixture lt-p lines com-
pared to components, differed depending on temperature conditions. At 14°C,
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the position of lt-p mixture lines is near to cypermethrin ones. At 20°C, the ef-
fect was synergized compared to those of components and at 25°C and was
more close to monocrotophos one.

The conclusion based on all of these results would be that at 20°C the
velocity of mixture activity compared to single insecticide would be increased.

Lt-p lines for monocrotophos, cypermethrin and mixture in 1997 are
shown in Figures 10—12. Based on lt-p lines position, cypermethrin has
expressed quicker effects than monocrotophos in all cases and the mixture has
expressed additive effect at all temperatures.

Comparing lt-p lines from 1996 and 1997, the differences in effects at
20°C indicated that natural populations were heterogeneous, even derived from
the same or neighbouring area.

The additive effect of mixture compared to single components effects was
expressed at all temperatures in both years.
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Based on these results, we are positive that the use of mixture (monocro-
tophos+ cypermethrin) against sugar beet root weevil is justified from econo-
mical and ecotoxicological reasons.

Low initial toxity of monocrotophos was overcome by adding cypermet-
hrin and this mixture expressed additive effect compared to single components
at all temperatures.

Mixture advantages are: additive effect, decreased rate of components
(monocrotophos 1,8—2,64 times and cypermethrin 3,6—3,8 times) in respect
to single components. Monocrotophos is used at the rate of 1,2—2,5 lit/ha
(240—500 a.s./ha), cypermethrin at 0,2—0,3 lit/ha (40—60 g a.s./ha) and
mixture at 0,7—1,0 l/ha (133—190 g a.s./ha monocrotophos + 11,1—15,8 g
a.s./ha cypermethrin).
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Previous research has shown changes in reaction of sugar beet root weevil
from Rimski Šanåevi population reaction, slowing it down 3,2 times for mo-
nocrotophos in comparison to the population from Baåka Topola (I n ð i ã et
al., 1997).

Velocity of insecticide activities on sugar beet root weevil adults from
Subotica, expressed in medium lethal time (LT50) were: for cypermethrin 2h,
for carbosulfan 4h, metidathion 8h and for monocrotophos 17h, indicating 8
times faster activity of cypermethrin than monocrotophos (I n ð i ã et al.,
1997).

The recognition of speed activity is very relevant, especially when plant
sugar beet is in young growth stage and pest population density is high.
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Rezime

U radu su prikazane ld-p i lt-p linije insekticida na bazi monokrotofosa,
cipermetrina i wihove mešavine (formulisana kao gotov preparat) za imaga
repine pipe (B. punctiventris G e r m.) na razliåitim temperaturama. Ogledi su
izvedeni u laboratorijskim uslovima na temperaturama 14, 20 i 25°S. Kao test
insekt posluÿila su imaga repine pipe iz lokaliteta Baåka Topola, prikupqe-
na iz proizvodnih uslova sa starih repišta tokom proleãa 1996. i 1997. godi-
ne. Toksikološka ispitivawa su izvedena metodom tretirane filter hartije uz
dodatak tretirane hrane (biqke šeãerne repe u fazi kotiledona). Smrtnost
imaga, zavisno od preparata, ocewivana je od 0,5 do 28 h posle tretirawa. Pro-
bit analizom konstruisane su ld-p i lt-p linije, pokazateqi promena toksiåno-
sti insekticida zavisno od temperaturnih uslova. Prema poloÿaju i nagibu (b)
ld-p linija u 1996. godini, evidentirana je viša toksiånost cipermetrina od
monokrotofosa i veãa homogenost u osetqivosti prema cipermetrinu nego pre-
ma monokrotofosu. Ld-p linije za smešu bliÿe su ld-p liniji za cipermetrin
nezavisno od temperature. U 1997. godini zapaÿa se na temperaturama 14 i 25°S
viša toksiånost cipermetrina od monokrotofosa, aditivan efekat smeše, ne-
postojawe ld-p linija za monokrotofos na 20°S. To upuãuje na smawewe osetqi-
vosti populacije repine pipe prema monokrotofosu u 1997. godini ili je reå o
razliåitim populacijama insekata, koje su bile izloÿene razliåitom selekcio-
nom pritisku (vrsta, koliåina i duÿina primene insekticida).

Na osnovu lt-p linija u obe godine ispitivawa moÿe se zakquåiti da je ci-
permetrin nezavisno od temperature, ispoqio brÿe delovawe od monokrotofo-
sa, dok je smeša ispoqila aditivan efekat, osim u 1996. godini na temperaturi
od 20°S, kada je efekat sinergizovan u odnosu na komponente.

258



Zbornik Matice srpske za prirodne nauke / Proc. Nat. Sci, Matica Srpska Novi Sad,
¥ 110, 259—266, 2006

UDC 595.786:632.931.2:632.935.7(439)
632.7:632.935.7:632.931.2(439)

J á n o s P u s k á s1, L á s z l ó N o w i n s z k y2,
L á s z l ó M a k r a3

1 Berzsenyi Dániel College, Department of Physical Geography
9701 Szombathely, P.O.B. 170, Hungary

2 Berzsenyi Dániel College, Department of Technology
9701 Szombathely, P.O.B. 170, Hungary

3 University of Szeged, Department of Climatology and Landscape Ecology
6701 Szeged, P.O.B. 653, Hungary

JOINT INFLUENCE OF METEOROLOGICAL EVENTS
ON LIGHT TRAPPING OF TURNIP MOTH

(SCOTIA SEGETUM S C H I F F.)*

ABSTRACT: The light-trap collecting results, showing its flight activity, of turnip
moth (Scotia segetum S c h i f f.) was examined connected with meteorological events. The-
se factors were instability line, the convergence zone, the cyclogenesis, the country-wide
rain, the cold- and warm weather fronts, the maritime- and continental moderate, arctic and
subtropical air masses used the data published in “Calendar of Weather Phenomena"
between 1967 and 1990 by National Meteorological Service. There were 29832 moths ca-
ught during 3232 night by 64 light-trap stations in the examined period. During one night
more light-traps operated, therefore 25.021 observing data were worked up. We mean that
the observing data are the same as the catching data at one night, at one observing station.
The data of meteorological events were collected into groups according to their occurrence
on one day alone or together with other ones. They were collected into separated groups ac-
cording to arriving after a day without any meteorological events or if there were any of
them on the previous day. The values of relative catch (RC) were calculated daily for each
observing stations and generations used the catching data. There was made a comparison
between the relative catch (RC) values and the meteorological events belonging to the data
and on previous and following days. Then the relative catch values were summarized and
averaged daily. The differences of daily average values of significance levels were control-
led with t-test in all the groups. More than 95% significance levels were found in 36 gro-
ups. The favourable and infavourable influences of each event are the strongest at that time,
when have influence not only alone but also with other effects simultaneously or they
follow one another in a short time. Our results prove clearly, it is not enough to examine
exclusively the modifying influence of each meteorological event on light-trap collecting.
The success of light trapping is modified depending on several combinations of each meteo-
rological event and they are not very often the same as the catching result of event to have
an influence only.
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INTRODUCTION AND SURVEY OF LITERATURE

The light-trap collected results show the mass ratio of each species with
deformation because of the influence of environmental factors. If we want to
use these collected data for plant protection purposes, we have to know which
factors increase or decrease the number of caught individuals and the degree
of these influences.

The cosmic factors such as the solar activity, moonlight, geomagnetism,
interplanetary magnetic field sector boundaries, gravitational potential genera-
ted by heavenly bodies etc. can influence large territories simultaneously, so
these influences are the same in the whole country in a moment. They are also
favourable in the examinations of the phases of moon changes in a periodic
way, so good prognosis can easily be made for their modifying influence. The
solar activity and the caused effects of other cosmic factors also take place pe-
riodically, although, in order to make forecast for determined dates cannot be
done.

It is the largest problem, during the examination of collecting data, to de-
termine the influence of weather, always changing in time and space.

In one of our former studies (N o w i n s z k y et al., 1994) we were ma-
king use of the fortunate circumstances that a principal weather observation
station is located in Szombathely where a light-trap observation site was in
operation from 1962 to 1970. We examined the formation of the light-trap
catch in connection with the weather elements that are only regularly measured
at principal weather stations (vapour pressure, saturation deficit and wind di-
rection, increasing or decreasing cloudiness, cloud height, fog, thunder and
lightning that precede storms).

Sorry to say that new pieces of information can hardly be used by plant
protection prognostic. The weather elements, although their modifying influen-
ces are well known, influence the current catch with all the other factors si-
multaneously and in reciprocal effect with them. It is also a problem that most
of the light-trap stations are far from the meteorological observation stations
and even the most important weather elements, surrounding the light-trap stati-
ons are not measured. It is very difficult to examine the connection between
weather and light-trap catch using the data of national light-trap network. That
is why we began to study the influences of the upper-air phenomena, weather
events and the macrosynoptic weather types. The territory of Hungary is only
93 000 km2, therefore the macrosynoptic weather types and air masses can be
the same in the whole country, the weather fronts can pass through the terri-
tory of Hungary during one night.

The insect phenomenon of life exerting influence of meteorological events
is examined generally with the atmospherical process. It is clear that the joint
influence of meteorological events has more importance according to the li-
ving creature, but publications dealing with these researches are less known.
We could not find fundamental publications connected with this theme in fore-
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ign literature. The modifying influence of collecting, connected with 22 kinds
of air masses and 20 kinds of weather fronts and discontinuity levels determi-
ned after B e r k e s (1961) were examined in our publication (P u s k á s et
al., 1997).

The air masses, the weather fronts and the discontinuity levels were de-
termined for the area surrounding Budapest and we regret to say that they are
not valid for the whole territory of Hungary (C s i z s i n s z k y, 1964). We
spread our examinations of the joint influence of meteorological events (wea-
ther fronts, air masses, instability line, convergence zone, cyclogenesis and co-
untrywide rain). These pieces of information are part of regular meteorological
data and they are simultaneously valid for the whole country or they pass the
territory of Hungary at one night.

MATERIAL

The “Calendar of Weather Phenomena" published monthly by National
Meteorological Service contains cold and warm weather fronts and 6 kinds of
air masses: arctic continental (Ac), arctic maritime (Am), moderate continental
(Mc), moderate maritime (Mm), subtropical continental (Tc) and subtropical
maritime (Tm) ones.

By air masses, we mean the wide-spread mass of air, although physical
characteristics (mainly the temperature and degree of humidity) continuously
change horizontally, but their changes are very small and their vertical disper-
sions are almost the same.

The instability lines, the convergence zones, the point of time and the
length of time belonging to cyclogenesis and the countrywide rain are found in
the above-mentioned “Calendar of Weather Phenomena". The instability line
(squall line) is a convective activity, which moves in a band or line. The
short-term intense strengthening of wind speed is the characteristic of its pas-
sing and then come violent tempest and thunderstorm. The convergence deve-
lops if two atmospheric motions come from two different directions in the at-
mosphere. Generally, this process takes place along long line, the air accumu-
lates here and one part of it rises up high. It comes often with weather fronts
and cyclons. Cyclogenesis is the development or strengthening of cyclonic cir-
culation.

The catching results of turnip moth (Scotia segetum S c h i f f.) were
worked up connected with these meteorological events. We used the data of
light-trap network in Hungary, uniformly the Jermy type light-traps. The light
source is a 100 W normal light bulb at 2 meters above the ground, colour tem-
perature: 2900 K�, the killing material is chloroform. The traps of the plant
protection worked from 1st April to 31st October while the forestry ones all
the year round, independently of the time of sunrise and sunset, every night
from 6 p.m. to 4 a.m. All time data are given in universal time (UT). The in-
sects trapped during one night were stored in one bottle, so the whole catch of
one night at one observational site is interpreted as one observational datum.
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The collected data of turnip moth (Scotia segetum S c h i f f.) were used
for examinations received from 64 observing stations of national agricultural
and forestry network operated between 1967 and 1990. During 3 232 nights,
29 832 individuals were caught by the traps. We used 25 021 observing data
in our examination. By observing, we mean the catching data at one night at
one observing station, independently of the caught moth number.

METHODS

The number of individuals trapped at different observation sites and times
cannot be compared to each other even in the case of identical species, as each
trap works in different environmental factors and they constantly vary accor-
ding to time as well. To solve the problem, we calculated relative catch (RC)
values for observation sites, species and generations from the catch data. RC is
the quotient of the number of individuals caught during the sampling interval
(1 night) and the mean values of the number of individuals of one generation
counted for the sample interval. In this way, in the case of expected mean
number of individuals, the value of relative catch is 1.

The data of meteorological events were collected into groups according to
their occurrence on just one day or together with other ones. They were col-
lected into separate groups according to arrival after a day without any meteo-
rological events or if there were any on the previous day. We made a compari-
son between the relative catch calculated from the collected results and the
meteorological events the previous and following 2-2 days. Then, the relative
catch values were summarized and averaged daily. The differences of daily
average values of significance levels were controlled with t-test in all the
groups.

RESULTS

The light trapping success of turnip moth (Scotia segetum S c h i f f.)
connected with meteorological events is shown in Table 1. The significance le-
vel was more than 95% in relative catch values in 36 groups.

DISCUSSION

The instability line decreases alone the number of caught specimen only
in the case when it repeats during some days. If cold weather front comes after
it the same day, the unfavourable influence can be shown. If it comes with ot-
her meteorological events, the influence is unfavourable or ineffective for
catching result. On the following day, the quantity of collecting increases only
if subtropical air mass also arrives. The convergence zone is ineffective alone
but if it comes together with cyclogenesis the number of collected moths
decreases on the previous day. There is unfavourable influence if it comes
with moderate maritime air mass from the previous day until following day.
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The collected results are low on previous day if only cyclogenesis can be fo-
und. On the day of arrival, it is also low when it comes with any other meteo-
rological event. If it comes with countrywide rain, the catching is low even on
the following day. It is remarkable that the countrywide rain alone is favoura-
ble before and after the event for the success of catching but if it comes with
any other meteorological event the catching is unfavourable for it. The cold
weather front arriving alone is favourable on previous days for collecting, but
it is unfavourable on the day of arrival and the following one. It is also unfa-
vourable if it arrives together with moderate air mass and coming with arctic
air mass increases collecting but it decreases it on the next day. The warm
weather front arriving with subtropical air mass is favourable for catching on
previous day and on the day of arrival, but it is unfavourable if warm front co-
mes with moderate maritime air mass. The number of caught moths is low on
the day of arrival and on the following one at coming of moderate maritime
air mass and it is independent of the combination with any other meteorologi-
cal event. The catching is not very high, except if it comes with other meteo-
rological event, on previous day of arrival of the moderate continental air mass
but it is high on the following days. If the instability line on previous day is
followed by moderate continental air mass with cold front on the day of arri-
val, the catching of previous night is high but it is low on the following one.
If the instability line on previous day is followed by moderate maritime air
mass with cold front on the day of arrival, the low collecting can be observed
on that day but will change upwards on the following one. The subtropical
maritime air masses, arriving alone, with instability line and cold front are un-
favourable but they are favourable on the previous and the following days. If
these kinds of air masses come with convergence, zone and cyclogenesis the
collecting is small on the previous night. The subtropical maritime air masses,
arriving with warm weather front are favourable for success of collecting on
the previous day and on the day of arrival.

Table 1. Relative catches of turnip moth (Scotia segetum S c h i f f.) connected with meteorologi-
cal events using the data of light-trap network in Hungary operated between 1967 and 1990

Name of event Values of relative catches at the days around events

N –1 On the day
of event –2 –1 0 �0 1 2

1. 
 Inst. 1.17
(232)

1.01
(254)

1.17
(317)

0.55
(39)

0.95
(143)

1.01
(110)

2. 
 C 1.04
(236)

0.98
(297)

1.05
(391)

1.06
(457)

1.16
(284)

1.02
(189)

3. 
 C 1.00
(142)

0.86
(166)

0.99
(395)

0.86
(222)

0.93
(367)

0.93
(264)

4. 
 CF 1.29
(81)

1.36
(81)

0.89
(279)

0.56
(53)

1.07
(243)

1.09
(180)

5. 
 CR 1.76
(52)

1.78
(72)

1.22
(76)

1.04
(28)

1.13
(58)

1.47
(56)

6. 
 Mc 1.05
(91)

0.66
(90)

1.34
(90)

1.32
(47)

1.51
(44)

263



7. 
 Mm 0.61
(20)

0.50
(16)

0.64
(96)

1.31
(82)

0.76
(71)

8. 
 Sc 0.64
(79)

1.03
(87)

0.95
(108)

0.50
(39)

0.56
(31)

9. 
 Sm 1.54
(55)

1.36
(68)

0.97
(99)

0.80
(59)

1.24
(47)

1.32
(47)

10. 
 Inst. Sm 1.11
(148)

1.02
(155)

0.97
(155)

0.96
(43)

0.87
(34)

11. 
 Inst. Mm 1.05
(74)

1.22
(79)

0.94
(96)

1.10
(28)

1.17
(17)

1.42
(16)

12. 
 Inst. CF Sm 1.11
(25)

1.53
(25)

0.86
(27)

1.57
(30)

1.35
(27)

13. 
 Inst. CF Mm 1.02
(209)

1.03
(368)

0.96
(304)

0.92
(306)

1.14
(252)

14. 
 Inst. CF Sm Am 1.12
(29)

0.77
(29)

0.97
(28)

1.78
(29)

1.24
(27)

15. 
 Inst. CF Mm Sm 1.23
(22)

1.51
(51)

1.03
(50)

0.74
(36)

1.19
(34)

16. 
 Inst. CF Mm CR 1.06
(30)

0.78
(32)

0.73
(35)

0.59
(34)

1.07
(35)

17. 
 CV C Sm 1.43
(25)

0.85
(28)

1.04
(21)

18. 
 CV C Sm CR 1.20
(22)

0.81
(22)

0.94
(21)

19. 
 CV Mm 1.46
(35)

0.82
(38)

0.72
(52)

0.44
(29)

0.93
(27)

20. 
 C CR 1.05
(94)

0.93
(134)

0.91
(202)

0.98
(75)

1.01
(180)

1.35
(94)

21. 
 C Mm 1.07
(62)

1.04
(69)

0.79
(95)

1.03
(14)

1.03
(103)

1.06
(90)

22. 
 C Mm CR 1.25
(49)

0.66
(71)

0.62
(104)

0.80
(60)

0.96
(57)

23. 
 C Am CR 1.06
(25)

0.90
(42)

0.87
(38)

1.49
(41)

24. 
 CF Mc 0.75
(218)

1.05
(245)

1.09
(318)

0.97
(266)

0.76
(199)

25. 
 CF Mm 1.02
(993)

1.03
(1201)

0.92
(1630)

0.88
(156)

0.94
(1463)

0.94
(1392)

26. 
 CF Mm CR 1.02
(34)

1.07
(56)

0.75
(72)

0.71
(21)

0.83
(73)

0.66
(58)

27. 
 CF Ac 0.98
(45)

1.21
(59)

1.16
(73)

0.46
(63)

0.99
(36)

28. 
 CF Am 0.94
(156)

1.01
(208)

1.22
(228)

0.92
(203)

0.98
(173)

29. 
 CF Am CR 0.97
(46)

0.70
(48)

0.90
(23)

30. 
 WF Sm 1.38
(50)

1.54
(60)

1.66
(73)

1.18
(16)

31. 
 WFMm 0.96
(33)

0.81
(50)

0.48
(68)

0.96
(39)

1.35
(30)
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32. 
 WF Mc 0.91
(22)

0.42
(45)

1.27
(45)

33. Inst. CF Mc 1.11
(58)

1.15
(60)

1.12
(62)

0.95
(60)

0.97
(33)

34. Inst. CF Mm 0.99
(54)

1.00
(69)

0.42
(68)

1.00
(51)

1.30
(46)

35. Inst. CF Mm CR 1.11
(44)

0.83
(39)

0.53
(36)

1.19
(25)

36. CV CF Mm 0.92
(45)

1.02
(49)

1.48
(54)

1.08
(33)

1.05
(20)

Notes: –2 and –1 = previous days of event, 0 = the day of meteorological event, �0 = following
days with the same event, 1 and 2 = first and second days following the event, 
 = a day without
meteorological event, Inst. = instability line, CV = convergence zone, C = cyclogenesis, CR = co-
untry-wide rain, CF = cold weather fronts, WF = warm weather fronts, Mm = moderate maritime
air mass, Mc = moderate continental air mass, Am = arctic maritime air mass, Ac = arctic conti-
nental air mass, Sm = subtropical maritime air mass, Sc = subtropical continental air mass. If the
significant difference of value of relative catch is more than 95% level on two following days it is
shown with italic numbers. If the value of relative catch differs more than 95% significance level
from the relative catch average of summarized all the other data, it is shown with bold numbers.
The number of observing data is given in parentheses. The meteorological events are not given in
the table when there are less than 20 observing data and probably this is the reason they do not
have significant differences neither to the previous day catching nor the average of summarized
all the other data.

The number of caught moths shows decrease on the arrival day of subtro-
pical continental air mass and it is the same on the next day. The number of
collected moths is lower on arrival and on the following days of subtropical
continental air masses. The catching is high on the previous and on the arrival
days belonging to the arctic air mass coming with cold weather front, but there
is a decrease on the following day.

Our results prove clearly: it is not enough only to examine the modifying
influence of each meteorological event on light-trap collecting. The success of
light trapping is modified depending on several combinations of each meteoro-
logical event and very often they are not the same as the catching result of
event to have an influence alone.
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Rezime

Rezultati prikupqawa svetlosnih klopki koje pokazuju letaåku aktivnost
podgrizajuãe sovice (Scotia segetum S c h i f f.) ispitani su zajedno sa meteorolo-
škim uslovima. Ovi faktori bili su linija nestabilnosti, zone konvergenci-
je, ciklogeneza, padavine širom zemqe, hladni i topli vremenski frontovi,
primorske i kontinentalne umerene, arktiåke i suptropske vazdušne mase pri-
menom podataka iz „Kalendara vremenskih fenomena" koji je izmeðu 1967. i
1990. god. objavila Nacionalna meteorološka sluÿba. U ispitivanom periodu u
64 stanice sa svetlosnim klopkama tokom 3232 noãi uhvaãeno je 29.832 sovica.
Tokom jedne noãi radilo je više svetlosnih klopki te su tako dobijeni podaci
sa 25 021 posmatrawa. Smatrali smo da su podaci posmatrawa isti kao podaci
o uhvaãenim insektima tokom jedne noãi, u jednoj posmatraåkoj stanici. Poda-
ci o meteorološkim uslovima svrstani su u grupe u skladu sa wihovom pojavom
tokom samo jednog dana ili zajedno sa drugima. Svrstani su u odvojene grupe u
skladu sa dolaskom nakon dana bez bilo kakvih meteoroloških promena ili
ukoliko ih je bilo prethodnog dana. Vrednosti relativnog ulova (RU) obraåuna-
vane su dnevno za svaku od posmatraåkih stanica i generacija korišãewem po-
dataka o hvatawu. Uraðeno je poreðewe izmeðu vrednosti relativnog ulova (RU)
i meteoroloških uslova tog, kao i prethodnih i sledeãih dana. Tada su rela-
tivne vrednosti rezimirane, a proseåne vrednosti obraåunavane dnevno. Razli-
ke dnevnih proseånih vrednosti nivoa znaåaja kontrolisani su u svim grupama
t-testom. U 36 grupa naðeno je više od 95% nivoa znaåaja. Pogodni i nepogodni
uticaji svakog dogaðaja su najjaåi u to vreme, kada imaju uticaj ne samo sami ne-
go istovremeno i sa drugim efektima ili slede jedan drugi u kratkom vremenu.
Naši rezultati jasno dokazuju da nije dovoqno ispitati iskquåivo promewivi
uticaj svakog meteorološkog dogaðaja na hvatawe svetlosnim klopkama. Uspeh
hvatawa klopkama se mewa u zavisnosti od nekoliko kombinacija svake meteo-
rološke promene i åesto nije isti kao kada uticaj ima samo rezultat ulova.
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COMPOSITION OF COCCINELLID COMMUNITIES
IN SUGAR BEET FIELDS IN VOJVODINA*

ABSTRACT: This paper presents a synthesis of the results obtained during a long-
-term investigations conducted on the distribution of aphidophagous coccinellid species and
their quantitative and qualitative structure in sugar beet fields in Vojvodina. Composition of
coccinellid communities and the annual changes in abundance of species are influenced by
many variable environmental factors, but also by the prey availability during the season.
Chemical treatments against flea beetles in May or/and against noctuid larvae in late July
and the type of the adjacent crops may also affect the quantitative composition of adults
coccinellid on sugar beet fields. During the season, adults coccinellid are more abundant
than larvae. The qualitative structure of coccinellid communities in sugar beet fields is not
different than those from other field crops. These communities consist mainly of Coccinella
septempunctata L.; Semiadalia undecimnotata S c h n.; Propylaea quatuordecimpunctata L.;
Hippodamia (Adonia) variegata G o e z e and Hippodamia tredecimpunctata L. Other spe-
cies are present in a small fractions.

KEY WORDS: Coccinellid communities, composition, aphid density, plant density

INTRODUCTION

Aphids can be considered a major pest of sugar beet crops in Vojvodina.
They appear on the crop with a variable intensities every year. Infestation of
the plants by aphids differs within a single field and between fields with diffe-
rent locations. Two aphid species feed on and inflict the most damage on su-
gar beet in Vojvodina. The green peach aphid, Myzus persicae S u l z. which
occurs on young plants early in the season and the bean aphid, Aphis fabae
S c o p. which occurs all during the season. The crop is more commonly attac-
ked by the bean aphid than green peach aphid. According to L o w e (1975),
sugar beet is relatively poor host plant for M. persicae and this aphid normally
occurs in small populations which increase relatively slowly. These two aphids
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are important in most sugar beet production areas, because they are a vector of
beet yellow virus. Although sugar beet is commonly attacked by Aphis fabae,
some aphid species, which are transient on the crop may be found in small
numbers during the summer (Å a m p r a g, 1973).

Aphids on field crops are usually attacked by complex of predators. Most
of these predators are polyphagous. However, both of predators and their prey
form a system of interrelated components. The majority of principal aphid pre-
dators enter the fields from outside. Therefore, knowing the sources from
which predators are moving is critical. The nature of surrounding habitat,
especially the kind of adjacent crops influence not only which species of pre-
dators are going to be present in a cultivated field but also the number of each.
Innumerable papers have been published on complexes of aphidophagous spe-
cies associated with various host plant/aphid system (P r u s z y n s k i and
L i p a, 1971, H o d e k, 1973, H o n e k, 1981, 1982, 1983, R a d w a n, 1983,
T h a l j i, 1981, 1988; L a z a r e v s k a and T h a l j i, 1997). The aim of this
work was to determine the composition of coccinellid communities in sugar
beet fields, their abundance, seasonal and annual changes.

MATERIAL AND METHODS

The occurrence and population density of aphids and aphidophagous coc-
cinellids were recorded during long-term investigations every year. The study
was carried out at several localities representing the main landscape types in
Vojvodina. Depending on weather conditions, sugar beet fields were regularly
visited, at two weeks interval, from early May until the late of September each
season. At the time of coccinellid settling on the crops (early May), adults
coccinellid were visually counted by “walking counts" method (H o n e k,
1982), along a transect of 100 walks (about 80 meters). At this period, when
at least five coccinellid adults were recorded, this indicated that the young
plants were occupied by alatae or the first small colonies of aphids especially
those of Myzus persicae. Later on, the ratio of infested plants was estimated
by inspecting of 100 plants. Within a five rows, 20 randomly selected plants,
per each were carefully inspected and the numbers of egg batches, larvae and
adults of coccinellid were also registered.

RESULTS

Sugar beet fields play an important role in the preservation of coccinellid
communities and they may be considered as an ecological reservoir for many
species of natural enemies. These findings were confirmed in early studies by
T h a l j i (1994). The author emphasized that sugar beet fields in Vojvodina,
annually harboured about 27% of the overall coccinellid populations. On the
other hand, coccinellid communities on sugar beet fields are similar to those
on other field crops and there are no coccinellid species found to be closely
associated with this crop. A wide spectrum of species occurs on all crops infe-
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sted by aphids in Vojvodina (Š i m i ã and P a v k o v, 1988, Å a m p r a g et
al., 1990, T h a l j i, 1991, 1994).

OCCURRENCE AND SEASONAL VARIATION IN
COCCINELLID SPECIES

The occurrence of species and the richness of coccinellid communities
varried from year to year and from locality to locality. Seasonal variation in
coccinellid numbers was primarily affected by climatic conditions, plant den-
sity and the availability of suficient food resources. At the settling time of
adults, coccinellid numbers may be affected by the residual effects of earlier
treatments with systemic insecticides against the beet weevil or flea beetles.
On the other hand, in particular seasons coccinellid populations were also de-
stroyed by spraying against aphids or noctuid larvae. The peak in numbers of
active predators on sugar beet crop generally coincided with the peak abundan-
ce of their prey. The number of aphid-infested plants in the fields and the ap-
hid populations increased between the mid of May and the late June, or the
beginning of July (Å a m p r a g, 1973, Å a m p r a g et al., 1990). Locations of
sugar beet fields and the structure of adjacent crops determine the richness and
the appearance of species during the season. The most abundant and regularly
observed coccinellid species on the crop in all years of investigations were
Coccinella septempunctata L., Semiadalia undecimnotata S c h n., Hippodamia
(Adonia) variegata G o e z e., Propylaea quatuordecipunctata L., Scymnus ru-
brumaculatus G o e z e. and Hippodamia tredecimpunctata L. In most seasons,
these six coccinellid species represent about 90% of the total number of obser-
ved coccinellids on the crops (Figure 1). All coccinellid species, other than
those mentioned obove occurred in extremely low numbers. The occurrence of
these species which mainly consist of Adalia bipunctata L, Coccinula qua-
tuordecimpustulata L., Harmonia quadripunctata and the mycophagous spe-
cies Psyllobora vigintiduopunctata L. largely depends on the prevailing factors
mentioned above. For example, the species H. variegata and H. quadripunc-
tata were more abundant in dry seasons, especially they influx sugar beet
fields after wheat harvesting. The two-spotted lady bird, A. bipunctata was
frequetly registered in sugar beet fields adjacent to orchards or hop stands. The
species C. 14-pustulata was recorded in fields adjacent to uncultivated lands or
to alfalfa crops. H. 13-punctata was frequently observed in fields near chan-
nels or within humid places in the fields. In particular years, this species forms
small aggregations on the under side of the leaves. The mycophagous species
P. 22-punctata was usually numerous at the end of the season, especially on
plants infected by the powdery mildew, Erysipha betae, as well as in weedy
fields.

In general, observations showed that coccinellid numbers were very low
in the earlier stages of aphid colonisations, even in years with high aphid num-
bers. However, with medium or outbreak numbers of aphids, the numbers of
coccinellids increased when aphid numbers were at peak and were the highest
when they had fallen.
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Qualitative coccinellids composition was strongly correlated with food
availability and plant density. Adults coccinellid spread in sugar beet fields
immediately after the settling of aphids. At this time, the sparse stands of
young plants with low aphid populations were more convenient for thermophi-
lic species such as C. Septempunctata, H. variegata and S. rubromaculatus. As
the build up of aphids population raise, the quantitative and qualitative compo-
sition of coccinellid changes. From the end of May onwards, S. undecimnotata
and P. quatruodecimpunctata were frequently observed and as the stands beca-
me denser, the later becomes more dominant on the crop. Our results are in
accordance with the results of several authors (I p e r t i, 1965, 1978, H o n e k,
1979, 1982, R a d w a n and L o w e i, 1983)

DEVELOPMENT OF COCCINELLIDS ON SUGARBEET

In the climatic conditions of Vojvodina, sugar beet infestation by aphids
varied in intensity from year to year and from locality to locality. Aphid num-
bers among plants and among leaves within individual plants were highly vari-
able as well. In most cases, young and inner leaves support higher aphid popu-
lations.

The spring generation of coccinellids, however, appeared to disperse in
early June irrespectively of the numbers of aphids on sugar beet plants, see-
mingly in search for more suitable egg-laying sites. According to H o n e k,
(1980), coccinellid females begin to reproduce after some time spent on fee-
ding on aphid population. The ovarioles do not ripe before the density of ap-
hids increases to certain threshold value, which is greater than that required for
settling (H o n e k, 1978). Our observations in sugar beet fields are in accor-
dance with these findings. However, adults coccinellid were more abundant
than larvae. Egg batches and larvae of more than one species may be observed
on single plants, heavily colonized by aphids. On plants like these, three cocci-
nellid species, C. Septempunctata, S. undecimnotata and H. variegata were re-
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corded to pass through their developmental stages. On the other hand, a single
larvae of P. quatuordecimpunctata may be found wandering within plants in
summer until the end of season.

DISCUSSION

The complex of coccinellid species is a dynamic unit whose composition
is not stable. Both, the absolute numbers and the relative ratios of the species
varied during the vegetation period. However, stands of field crops contain
similar coccinellid communities in Vojvodina. In previosly published data
( T h a l j i, 1994). Coccinellid communities were analyzed in aphid infested
stands of agricultural crops: lucerne, sugar beet and sunflower. Thirteen cocci-
nellid species were found, eight of them were the most abundant and could be
observed in the investigated area every year. In the present study, ten species
were observed to appear in sugar beet fields, six of them were regularly regi-
stered on the crop every year, while the remainder, occasionally appear depen-
ding on the prevailing conditions (geographic position, adjacent crops and
agricultural practices).

The composition of coccinellid communities is largely determined by en-
vironmental factors. Microclimatic conditions influenced through plant density,
prey density, annual changes in abundance of species and differences in rate
and timing of migration (I p e r t i, 1965, 1978, H o d e k, 1973, H o n e k,
1979, 1981, R a d w a n and L o v e i, 1983).

At the settling time of adults coccinellid on sugar beet fields, the number
of species present is largely determined by the richness of populations which
survived from the previous year. In all years of investigations, the first registe-
red species on sugar beet were Coccinella septempunctata and Hippodamia
variegata. At this period, the young plants are low and the stands have a drier
and hotter microclimat, which attracts these two thermophilic species (I p e r t i,
1965, 1978, H o n e k, 1979). Our studies indicated that the above mentioned
species represent about 90% of the overall coccinellids population in early
May.

After some time spent on feeding on aphid population, the coccinellid fe-
males begin to reproduce. As revealed previously (H o n e k, 1978) the ovario-
les do not ripe before the density of aphids increases to certain threshold va-
lue, which is greater than that required for settling. Prolonged feeding on
subthreshold density of aphids does not enable the ovariole ripening. On the
other hand, if the prey density falls below certain value, the beetles cannot ma-
intain their own body weight and they leave the field (F r a z e r et al., 1981).
Our results also showed that 3—4 coccinellid species pass through their deve-
lopmental stages on single beet plants heavily infested by Aphis fabae during
the season. Later on, quantitative and qualitative structure of species mainly
changed depending on the prevailing factors. For example, the abundance of
C. septempunctata decreases with increasing crop density. Dense beet crops,
with moist and dark lower strata and completely shaded ground surface are
now more suitable for P. quatuordecimpunctata and H. tredecimpunctata.
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Rezime

U ovom radu prezentovani su rezultati višegodišwih praãewa sezonskih
promena, kvantitativni i kvalitativni sastav afidofagnih vrsta bubamara na
poqima šeãerne repe u Vojvodini.

Struktura zajednice bubamara, kao i godišwe promene u sastavu vrste, za-
visi od velikog broja promenqivih faktora. Najvaÿniji faktori koji odreðuju
sastav vrste unutar zajednice su klimatski uslovi i prisustvo adekvatne hrane.
Meðutim, treba posebno istaãi uticaj mikroklimatskih uslova stvorenih pro-
menom sklopa biqaka tokom vegetacionog perioda. Naime, suvqi mikroklimati
koji vladaju na poqima šeãerne repe na poåetku vegetacije, pre zatvarawa redo-
va, više odgovaraju termofilnim vrstama bubamara. U tom periodu vrsta Cocci-
nella septempunctata predstavqa više od jedne polovine celokupne populacije
bubamare na tom usevu (57%). Tokom leta, odnosno posle sklapawa redova, usevi
šeãerne repe imaju vlaÿnije mikroklimate, te više odgovaraju higrofilnim
vrstama bubamara. Tokom leta i jeseni vrsta predstavqa više od 30% celokupne
populacije bubamara. S druge strane, u pojedinim sezonama, pojava bubamara za-
visi od sprovedenih hemijskih mera protiv buvaãa u maju i/ili protiv sovice
tokom jula. Na kvantitativni sastav bubamara na poqima pod šeãernom repom
mogu uticati i vrste susednih useva.

Tokom sezone odrasli insekti više su prisutni u odnosu na larve. Ipak,
larve se mogu sresti na pojedinim biqkama koje su jako napadnute biqnim va-
šima. Kvalitativni sastav zajednice bubamara na šeãernoj repi ne razlikuje se
znaåajno i sliåan je sastavu na ostalim usevima.

Na usevima šeãerne repe zajednice bubamara uglavnom se sastoje od vrsta
Coccinella septempunctata L., Semiadalia undecimnotata S c h., Propylaea quatuorde-
cimpunctata L., Hippodamia (Adonia) variegata G o e z e. i Hippodamia tredecim-
punctata L. Pored navedenih, mogu se sresti i druge vrste bubamara ali one
predstavqaju samo jedan mali fragment celokupne populacije tokom sezone.
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