






















































































































~GRQNOMIJM yESn s lI..a!yii!ll Jpym;.al 01 Aerooomy LNI) 7, J.l-U 2O!H 

IDENTIFICATION 01" VIRUSES AND PHYTOPLASMA INFECTING DET,PHINIUM 
(DELPHINIU.W L.) PLANTS IN LlTHUANIA 

Abstract 

Mddtlle N3yalin~kkn~, Marija Samultltrli:, R3M1 .lomanticlI(> 
Insti tule of Botany, Lalilli ll. etef1! 49, Vilnius 202 1. Lithuania, 

e-mail: msanluit@botanika.l t; fi lvinls@bolanik.1.h 

Plants of de lphinium (Delphimum 1..) exhibiting symptoms characttrist ic of vi ral ~nd phYloplasmal di.'>ta~es 
were collected at Botanical gardens and ditli:Jcnt floriculture fdrms in Lithuania. Vi ral diseases wcre expressed by 
symptoms or Icaf dislOrtioll, mouling, light green or yellow ringsponiug. The: Gausal agents of vira l diseases, Cucumher 
mo.mie eUCUmQI'irus (CMV) and Tomato ringspot lIepnvirus (ToK$V), wcre isolated iHld identlfied by the mclhods of 
tes t-plants and electron micro';(;llPY. Phytoplasma l symptoms of delphinium included gem:ral yellowing and stuntmg of 
plants . and virescence of flowers, Amplification of phytoplasmal I (iS rRNA gene sequence, in f")!,)l ymer11.~e chain 
reactions (PCRs) containing phytoplllSma I.miveual primer pair Rl6f21\i R2 and t~mplate DNA extracted fro m di~eased 
plants, continued that Ihe plants were infected by phytoplasmit. TIle 1.2 kbp 16S rONA product wa~ subjected to sinile 
enz.yme digestions with 10 different Te$lriction cndouucleases. Rf"lLP an.1lysis rc:vcale<1 thaI the delphinium plams were 
infected by a phYloplasma belonging to group 16Sri (ask!" yellows phytol' lasma group), subgroup B (I-fl , a~lt:r yettuws 
subgroup). 
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lnlroduClion 
The genus of delphinium (fJelphinillm L.) is a member of Rnmmcufaeeae Juss. fam ily and includes abOut 

250 specie.s which as annual and perennial herbaceous plants spontancClIlsly grow i'n Europe, North and South America, 
Asia, AfhcR and AU~lral ia. T11 C most decorative species of delphinium are grown as garden f1ower~ . Thi~ flower hns 
btlen gn;"",n since ancient times and is a popu lar garden flow er in Lithuania. Today there are several new cnltivars of 
delphinium suitable to gm w as cut f]ower£ and for garden phmling. 

Severol virust's a lrecting delphinium wcre isola ted and desc ribed in Great Bri tain Arabis muwic nepOl'irUf, 
Broad bean will fahavirlLf. Chert)' leaf rofl lIepuviru.f. Cucllmber I1U1.wie CUCIUlIO\'jr/lS. Po/a/v virus X pntl'x~'irll,', 

Raspherry ,.ing.~por nl!pol' iruJ', and Strawberry !atem ring~p()1 nepoVlrus (Ahmed. nailiss. 1975). Disease of 
phytoplasma etiulogy on dctphinium expres~cd by symptoms of Jluwer vin;scence and phyllody was descrihcd in 
Germany (Marwit:.: , Pet7.0ld, 1976). In I.ithuania. delphinium plants ,.,howing characterist ic of phyt0 f1l a~m<t1 diseases 
symptoms were ohscrved for the fin1: time ill 1969, tatcr diseased plants have been fo und frequently (MIIK)"TCHaftTt'
HilsanllHcKene. 198 1). Phyloplasmas were first .,Iudicd by the u.<;c of electron micl'oscoPY (EM) lind were detected in 
more than 40 herbaceous plant species (Slaniulis, 1988). EM enabled 10 establish the eliology of" disease. bllt lIot to 
identify and c~tilll ilte biodiversity ()fphytop la>m~ ~. Recently mo!ecul!!r 1TIethod~ havc hcen used to de tt:ct and identify 
diverse phyt of1 l a~mas associated with diseases of pl,Ults in Lithuania. Phytoplasmtl~ associated with diseascs of 
vegetables, legumcs. forest trees, weeds. and eerea l ~ have been ident itied and cJas~i ticd on basis Il l" 16 S rRNA gelle 
sequencc analyses (Jomanliene et a1.. 2000, 2002; Valiunas et aI., 2000. 200 Ia,b; Stan iuJis eT aI. , 2000: Valiiinas, 2003). 
I'hytoplasmas were similarly Identified in ornamcnta l plants induding primula, phlox, ilnd hyacinlh (Valiunas et aI., 
2000a; Alminaite et a I. , 200 I), daisy (Samui licnc ct :11., 2002), and hellebore ("l"avalinskiene t:i aI., 2003). 

Th~ objective of this ~tudy was to det\:lmine poss ible a~sodntion of viru5CS and phY!Or l J.slll~ with diseases in 
delphinium and to idt l1tify tllc causa l agt l1ts. 

Malerlills :lnd Methods 
The plant material fur inve5ligill ion wa~ collecte<! at BotamcQI Gardtns of Vilnius and KaUllas VytilUtas Magnus 

l:ni\'er'Sitics, £xperimenlal Station o f Ficld fOlorieuhure and other floriculture f.1rms in Li thual1 i ~. "!lIe experinlcntal 
work was carried Ollt ~{ the Plant virus labo\"atory of the Ins titute of Solan}'. Viruses have bten identified by eleclron 
microscopy (EM) negatiyc staining technique (Robinsnn ct at., 1987; Oijkstra, de Jager. 1998) ~nd test-plant melhlld 
(B(J~. 1983 ; Stace-Smith, 1984; Francki ct aI., 1979, Brunt et at., 1(96). TIle in o ~ula lil r mechanical inowlal ion wen: 
pr~pared by homogenizing infected leaves with O. J M phosphate buller (pH 7.0), containing ltS v i r u ~- ~ lahih7.ing 

atld ilives 02% 2-mercaptoelh,mnl or 0.01 M sndium diethyldi lhiocarbamale. The fo llowing 1~I-pl;l nL~ were used: 
/fmaratllhw; caud(J/us L., .4 pafllculaills L.. AI"lf1b~x hOr/ensis 1,., Celosia argemf!U I cristala ( L.) KunI7.c. 
Chen()podilfm amaranllco/ur Coste et Reyn, C. omi)rosioides L., C. hybridum L., C quil1ua Wittd .. C. IIThicum I .. , 
Cllcwn is solivu.! L.'Rodni~ok ' 'Delikates', Datura stramullium L., Gumphrcllo p, fobosa L.. Lycoper.!ic(lrJ ~,~cufef!llfllI 

Mill., Nicandro physaluJcs (1..) Gaeltn .. A'icc/iana al ala Link el Otto. l'{ gfutirJO.\lI L. . ,.'{ rumea L., IV, labacllm 
1,. ' Sam~un· . 'Xanthi ' , r"tunltJ hybrida Vilm .. Telragollia e.rpans(J MUIT., Zinnia e!egal/,I Jack. 

Plly10pJasma was detected in polymerase chait! react ions (PCRs). Nucleic acid IhT usc as a templatc in PCR " ·as 
eXlmctcd fintn tite fru.a:n tissue using Ihe t'ermenms Genom ic DNA Purification KIt (FermenlilS AB, Vilni\ls, 
Lithuania) Rioosotna l (r) [)NA was amplified in a n ~sted peR (Jomamiene et ai. , 199 R a). In the nested I' CR. 
phytoplasmal rD'~A was initially primed by primer pi1ir Pl!P] (Deng, lIiruki. 1991) , The amplified DNA product W:1S 
diluted I : 50 with Slerile water and uscd as template in the second (~cstcd) peR pri med by primel' pair R16F1niR2 
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(Gundc:r.~l:ll , Lee, 1996). All PCRs were carried om for 35 cyclc.s using the til llowmg par<:!111 o::ters: 1 min (3 min for thc 
fiTst cyclc) tlenaturation at 94 "c, annealing for 2 min at 55 nc, and primer extension for 3 min ( 10 lnin in final cycle) at 
72 DC in Pcrkin Elmer peR buffer, 0.25 mM dN·Il), O.4).1M of each primer. and 1 unit of recombinant Taq polymerase 
per 50 ~II of rcllcli01l rn ixlUrc. Re~uhing PCR Jlroducts were analysed employing electrophoresis through 1% agarosc 
gel st3incd with ethid ium bmmidl\ and UNA bands were visualized ~i"g 1m UV tl"imsillumilllliur. DNA fragment size 
standll rd ....... s PhiX 174 KFI DNA "oelJl dig~st (FennenlaS AB). 

PwducIs. from nC$too PCR primed by RI6F2nfR1. were an:lIysed by single enzyme d igC$O(ln, according to 
manufacturcr's instructions with 10 dillbnmt re~1.riction endonucleases: Alul , MseJ. & ul, Hpu ri , HuellJ , Hi"jl , Suu3Al, 
HM J, Kp"I, anti Tuq l ( Fermenlas AB). The RFLP protilcs o r digested DN A were analysed hy electrophoresis through 
5% polY;1crilamiJe gel. s lIIined with elhidillm bromide, wd visuaJi~cd u."ing UV trlln,iliumi rnllor. RFLP paRentS were 
compared whh pl"(:violl"ly published (Jomantiene et al., 1998a, b; Lee el al., 1998; Mart one ct at, 2000). 

Re5ult~ lind Discussion 
Cucumber WQ:>a jc eucumQvilu s (CMV) 

CMY was isolated from delphinium plHllts bearing compiquous viral symptoms on leaves. !,attern of" chlorotic 
concentric commonly ilTcgu!Hr rings, 1-5 mm in diameter, with yellow or green (\fellS in center appcarc Li on young 
leaves of delphinium. There wcrc ch lorotic areas between rings, which were most ly arranged at the margins of leaf 
lamina, bUl snmclimes covered a ll leaf. S)mptoms made progress lakr in SCHSlm, rings hccam~ lnrg~r extending till lU 
mm in diamctcr, chlorot ic patches became necrotic, necrosis extended until the whole leaf was ki[ l ~d . Considcrable 
variation on symptom expression could be noticed depending on delphinium cullivar, Symptoms could be milder, 
<expressed by light green tn ye llnwish sinUOlls linc pallern W1 the leaves (Fig. I) . 

Fig. 1. Symptoms of eMY in delphinium 

eM\' Wil~ id~l1tined on the basis of symptom expression in mechanically imJculated tr::st- plal1t.~ . The results arc 
pn:s(!n t~d in Tablc I, T11c mos! characteristic for eMY symptoms were induced on following test-plants : Atnj>/n; 
!torrens /s (local react ion, L) (fig. 2), (."1It"umis salivus (L) and systemic (S), Niccmdra phy.l"ul()dc.~ (L and 8). /'i/cotianu 
alata (I. and S) (Fig. 3). II'. glulinosa ($). EM revealed isometric virus particles about 30 !1m in diamckr in the 
]In."'J>IIT3tions made from nnturally infected delphinium plants and [fOm inoculated tes t"plants. Identi fi cation of CMY 
was confirmed by a positive reaction in sefOlogiCill le~t. Mt:Ch,mil'al inoculation with :oap from delphinium was 
accomplished with difficulty due to presence of inhihitory surn.1am;es in ~. III ortlcl' to .woid vir us inactivation, 
inocula were prepared br ' homllgenizing inft ct~d leaves with 0.1 M phosphate buffe r (pH 7.0), containing virus
~tabi li7.i llg. additives. 
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Fig 2. Local react ion induced by CMV in inocula ted leavcs of Alriptex horllmsis 

Fig. 3. Systomic reaction induced by CMY in Jeuve.~ oLViC'Olicma alala 

On the basis of particle morphology data. symptnm expression on host plants alld inoculated les t-plants, posit ive 
reaction in $(;rological t~ ... and according CMV descriptions in liternhlre (Francki c:t aI., 1979; Bruni CI aJ ., \996) virus 
isolated from delph inium was idenf jlit:d as CMV. 

CMV has an C:l.1:remely wide host range, infects more than 190 plaut spcx:ics in 40 famil ies. nte vi['u ~ is 
trnnsmissible by inoculation with sap, inducing a variety of symptoms depending on virus strain and host cultivar and in 
non persistent manner by more than 60 species ol'aphid (Francki et aI., 1979). CMY preserves in diseased delphiniulTl 
plant~ and spreads dnc to vegetative propagmion of these flower.;. 

Tomalu rim!spo! nepovirus (!o!{SV) 
Young leavcs of diseased delphimum plants showed light greetl nr yellowish ri ngspot5 (Fig. 4). l.atcr ringspots 

b~came more pronounced, necrosis appeared. Leaves became distorted. Symptom~ resembled those induced by CMV 
intcction. 

ToRSV WitS identified en the basis of symlJlOlll exprco;s ion on mechanically inoculated test-plants. The results 
are presented in TAble I. Amurulllhus cauJatu.~, A. p(llficuillius. Cetusitl (Uj.!clllea ( ,,'ig. 5), ChnwpoJiu", amaran/icolor, 
C. quinoa expressed the most ch1lf1lc!eristie for To RSV local flnd sylltemie re<lctio!1. EM revealed isomctric virus 
partic lc~, 28 nm ;n diameter, in the prepamtioos mack from naturally infected delphinium plants ;Ind fro m inoculated 
test-plants. ToRSV is transmis~ible by sap inoculation (trom delphinium with diffku lty). 
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Fig. 4. Symptoms of ToRS V in delphinium 

Fig. 5. Local react ion induced by ToRSV in inoculated leaves of Ceicuia argenle(1 

()n the basi~ of the restt lts oft es t-plallt reaction. morphology Dr vin.!, partic1e~ t\.I !iO accordil,g to !itemtun: (Stace
Smith, 1984; Brunt el aI. , 19(6) li e conclUlhl that delphinium plants wl!re infedl!d by ToR SV. 

ToRSV is a type member of a llepovirus group and causes economically impol1l\llt diseases in a range of crops. 
TIlW'lY has been ndded to the lJPfO list and is considered as a quaramine pest. The virus has isometric particles about 
28 llIll in diameter, sedimenting as three components and containing RNA ns a bipartite genome. It is readily 
transmissible by inoculation of sap I\lld has a wide host range, inc luding both woody and herbaceous plants. It is 
transmitted by the nemlLlode XipninCl11a .Tpp. Seed transmissiun ha~ been reported in sevenLi Cr(lp~. The virus is al ~() 
lransmincd by vegetative propagation and pollen. Most infected plants show distinctive symptoms as 11 shock reaction, 
chmnieally infected plants usually exhibit no obvious symptoms bUl show a general decline ill productivity (Stace
Smilh, 1984; r1rum ct aI. , 1996). The vinls occurs in na ture mostly in perennial crops. Ornamental hosts have been 
found mduFd lly infected by ToR SY including: Anemone 1., Gladiulus L., Hydnmgl'" L, Iris L., Narcis.l"Us L., 
Pe/argonium I: Hel'., Petunia Juss. (Locbcnstcin et aI., 1995). 

The result5 of invest igation of delphin ium v iral d is.eilS~ revealed two causal agents CMV and '1 oRSV affecting 
this aop. Previously CMY was isoh)(ed and ident ified alIee ting 25 umamenlal planl species in Lithuania 
(Navalinskicnc, 1994) and earlier th is virus was established being one of lhe most prevalent in th is CQuntl1'· Bul 
situation has changed during the last decade and CMV occurrt:tl nnt so frequen tly on omamt::ll lal plants. On Ihe 
conl rary , another causal agem of delphinium viral di<;eaSe, ToRSV, occun"ct.! nlUl'e cummonly ant.! was isolated ant.! 
identi fied recently nffect ing 43 ornamentil l species belonging to 13 botanical families (Navalinskiene et al., 2000; 
Samui tiene el aI., 2002). Such wide:: dish'ibulion o r ToRSV can be cxplained by e fficiellf action of virus vectors -
nematodes and high soil inrClSllltion by theln. Methods of contro lling virus diseases consist of growing tor propagation 
selected healthy plant ing mat.erial, ~urvcy of plams during the vegetat ion for s}-lllptoms presence and elimination o f 
affected plants. The l"sses by nClllatode transmitted vi ruses can be reduced by soil fu migation wi th fumigant 
ncmll.ticides 10 Wlltro l nelll~todcs. Diseases problems can be sometimes minimised by employing erop m talions that 
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diminish nematode populat inn . Virus free stocks of valuable cu !ti v~rs can he produce<! by heat treatm<:l1\ and meristem 
culture (Murillll, (981). 

Table 1 
T est-plams l'tilction 10 inoculal iun by viruses isolated from delphinium 

Test-plant 
Virus :md test- lant fCaction 

CMV TnR SV 
!lmaranthll'! coudahl,\' L:NLL L: LLN; S: S , LcDis 
<. aniClilatll.! L: LLRiS N' S: LeDis 
Atriplu horlem;., L:NLL 
Celosia argentea f eTis/alo L: L L ChrRiSp, Lettu; $: LeDis, 

ChrSp, Ln, BrV 

Chenopodium wn(1ranfic%r L:C1LL; S: VStu.TR. NT 
C amhrosiOldes L:NLL 
C bridum L:NLL 
C quinoo L: LL L: ClLL; S: CII)oI. LeDis, NAp _ 
C. urbicum L: e ILL; S: MoLeDis 
Cw:umis .1'ulil'US 'Delicates' L: DifSp; S: YSp, Mo 
C. sativuJ- ' RodniCok' L: CIDifS : S: CIRi 
Datura .I'lrumoniurn L: SmLL 
Gum hrel1ll loboo'(j L: LL L GRiN' S: LeDis M 
L 'COpeFsicon es.;ulenfUm S: Me CI. VN 
Nicandra phys(Jode..{ L: NLL!-ir; S: LeDis.C I~p, NOel, 

LerN 
Nicoliuna alata L: N S : S: CIGrRiS .NRi 
N. debne i L: Di ltlSp; S: ClGrRiSp, NRi 
N. IUlinusa S: ClGrMa. LcD1S 
N. rustic/'! L: NSpRi; S: MoelGr L: NRiS) 
N. rabacllirl 'Snmsull ' S: Me C lGRi5 ,N L, NRiS ;S : NS J, Str 
N. ta/:lacum 'Xantht' L: NRiS); S: N Sp 
Pelunia h brlda L: GNRi' s: L~Dis, CIS 
Tetra onia (>-x (l/lHI L: OifC ISp; S: LeDis, ClOot 
Zinnia ele aIlS S: Mo 

Abb~v!al;uns: L -local rea<..tiun. LL - -local lesion !>, M - mosaic, Mll -lIlOltii ng, CI- ",hlurusis.. :"I - - n",,,n.osis, $ - systemic 
reaction. Lc - Icaf, NT - top n~'{:tl)s i s. Sp - Sf)I)IS. RiSp - rin ~p"t$. !t\l - -- rugo~it},. Dis JcI(l rmalion, !i tl' - sln:aking, 
Sill - ~ILJnlin g, Sm - :;mall. VC - vein dearing. VN - vein llecrosi s, Ap - apical , Dir - difflls,c. Oot - d t\t~, LI1 - line 
pattern, Sp - spotting, Br - brow11. G '- gr~y, Y - ydl"w. Chr - cherry. Or - ~rccn_ 

Subgroup I 6S(I-B (asler ye llQws phytODlasma subgrouP) 
The diseased delphinium plants exhibiting symptoms of general ye llows ami ~1\lIl1i t1g, and virt:SCence of flowers 

were found at the ".xperime:ntal Station of field Floril;ulture (Fig. 6). Symptoms of the di~~asc n;;sembJoN those: knuwll 
to be caused by phytoplasmas. Phytoplasma detection wa~ carried OuI by PCRs. Phytopla,mil characteris(ic 1.2 kbp 16S 
rDNA was amplilied in nested peR primed by primer pair R1 6F2n/R2, confirming that the plants were infected by 
phytoplasma (data not shown). PhYloplasmil was named tklJlhiniu1l1 viresccnce (])cIVir). 

The 1.2 kbp product was subjecled to s ingle d igcSl ioll5 with 10 different end0lluclcases. The RFLP pattcms of 
DeIVir phy10plasma 165 rONA (Fig. 7) were ind islinguishable from panem s of !6S rONA of phytopl:UlII3 classified in 
group 16Sr! (a s l ~r yel lows phytoplasma group) lind subgrlmjJ 16Srl-B (astor yellows ~ubgroup ) (Lee et a I. , \99 lJ ; 
Marcone et aI., 2000; VaiiOnas, 2003). This phytopJasma subgroup was identified llil diseased Delphinium hybrid in 
Germany (Schneider et ai" 1993). 
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fig. 7. Virescence symptoms of infecleJ Dt.'IpliilJiuln cu/torliTn Voss. 'Hlue Bifti' plallts. Healthy O.)wo;:r om the right 

M I 2345 6 7 8 9\O M 

Fig. S. R.FLP ,lnalysis of Del Vir phytopl~ sllla 16S rDNA. amplified in ncsted l'e R primed by oligonucleotide pair 
R 16F2n/R2. Lanes M, PbiX 174 RFJ DNA Hm:IJ[ digc,«. fragment .~i1.eS (bp) fronl top to boUom: 1353, 1078, 872, 603, 

3 10,28 1,271, 234,194, I III, n. I - A/ul, 2 . Msel. 3 - &al, 4 - Hpall , 5 · f/aelfl , 6 - Hinj l, 7 - Sau3A I, 
&.- Hhal , 9 - Kpnl, LO - Taql 

Phywplasm:ls belonging to subgroup 16SrI-13 are spread worldwide. mos!ly in herba.:eous plants (Lce el a1.. 
1998; Marcone e\ aL, 2(00) but have also been reportcd in wood)' plants (Marcone ct al.. 20(0). This phytoplasma 
subgroup is I\(ll widely spread in Lithuania, it has beeu found in woody plants willow (Salix L.), pc-ar (Pyrus commltniS 
L.) and herb"n~ous plant v-a leri<lna (Yaieri(1IIU '1ificinu/is L.) (V~lh'l1as, 2003). 

Preventive measures <lg;.inst the spread (If phytopla~mal infccl.io ll should be :l imed to interfere with or prevcnI 
the landing of vector> - leafhopper.; on susceplihle plants during the most sensit ive period of 11ll:ir ill!)(;ulatlon . Plant 
tiS8ue culture of l1leri,1clll lips and hcat therapy. knClwn as salisl~ctoly methods, huvo not yet been used coml1lercia lly to 
obtain vegetat ively propagated crops fTee of mollicutc infeClion (l (lobenstein e( 1I1., 1995). 
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IDENTIFICATION AND SOME PROPERTIf:S OF BARLEY YELLOW DWAkF L UTEO VIR US IN 
UTIIUANIA 

Ah~tract 
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Oat (Avell a sml ~a L.), barky (!!ordeum vulgare L.) and whe~t (Tril icum aesl ivurli L.) plants bearing symptoms 
charact.cristic to harley ye llow dwarf disease, expressed by reddening or yellowing of I c avc~ and gc:neral plant 5tuntmg 
were collected in Vilnius State Plant Varieties Testing Slalilln and cerea l crop fields of Vi lnius region in 1998. f he 
virus inredion was ~Iso obscrycd in the season ned }tar in this pla.::e and in other regions of mis e-ountry. Plants were 
tested for Barley }'eflo lt" dwarf /uleovirw: (BYDV) illf<::e tion and gave posilive reaction in double antibody sandwkh· 
elI i.yme linked immuoosorbcnt assay (DAS·ELlSA). The agent of investigated disease was cXpCrinlt:nlally lra ll$mitted 
hy Rhopa/osJphllm pmH L. aphids to oat, barley and wheat plants. The virus was oot lI"Iulsmittcd by mech:mit:.&1 
inocu lation to test phill iS. The BYDV was purified from naturally infected oat plants and the antigen was prepared. The 
electron microscopy inve<; ligatioll revealed the presence ofpi1rt i c \ e~ mea~uring 24 nnl in diameter (negatively st ~ ined) 

The virus identity wns c(lnfinned in oat plants by RT-PCR using the RYDV specific primers. This is the first report on 
the identification and occurrence of BY DV in Lithuania. 

Key wunb: BYUV, cereal crops. DAS-[J .lSA, RT-PCR. 

TntroduCli{,n 
eneal Cr(lpS (Ire very importnm in Lilb llan i<l . Every )·e~r ~ veal area of ardble laud is sown with these crops. 

Dllring vegetation period the yield of cereals, especially winter crops and perennial forage grass, is under influe nce not 
only by ecologi~a l factors but also by di 'ea~ \)s. One oft.hem is barky ycllow dwarf (BYO). BYD is one of the most 
economically damaging vi rus diseases of grn5~ and cereal crops worldwide (lrwin, Thresh, 1990). BYD wa.s detected in 
cere ~l crops in Swooen, W tv ia (Bisnieks ct al., 2Q04), Russia (Mozhaeva, Kastalyeva, 1002), Hungary (Pocsai el a!., 
1995), Gennauy ( Huth, 1998) and other cOUllh·ics. Barley yellow dl<"(J'1 virU$ (OVDV) h<ls a wide bost range illcluding 
all of the major cerc .. 1 crops, many annual and perennial weeds_ pasture and range grasses (Bcne·hark l <::1 aJ.. 2000). 
More than 100 species of wild grasses in the fam ily PoaceDC «;ram;neac) (R. Br.) aTC sllsceptible to fhis virus 
(K.orhow, Duffus, 19:-: 1). ·lhe symptoms of infcdion were exprcssed by .mmting, inhibition of TOllt growth, delayed 
hemiing and concomi tanl reduction in yie ld (Burs~s s ct aI. , 1991J). Color changes are lll1en present, wi th an inton ~ i'\le· 
brighT yellow disco lorat ion in barlcy and <\ ye llow or reddish color in wheat and oat (Burgess et a!., 1999). The spread 
of BYDV froll1 p l!l.nt tn plant and from field to fi eld depends ent irely on aphid movemenT. The virus is transmin ed by 
ml)re than 20 aphid specie~ in a persistent ei rc\tiative manner and i$ mainly limited to the phlu<::m tissue of an infe<-'1.e<I 
plant (Gray, 1996). BYDV C" ISI!; a..~ severnl different stnl ins, which are ditlcl"{:nl ia ted by melr ability to be transmitted 
by various aphid species and tbeir virulellc,", on a selected variety of oats. Some strains of BY L> V arc tnlllsnli ltcd equally 
wel l by several aph id~, whereas other sltains C~1l be transmilted hy only one or two aphid species. The BYDV were 
orillmaliy differentilllCd as five bioty]Jo~ on the bas is of aphid- lTansmi$sion specificily (Rochow. 1970). The strains 
R.,VlV, RPV, MAV and SGY arc readily lransmined by /UlIlpalosiphum pad; (L. ), R. maidis (Fi lCh), SitohirJ1l m.·lIl1a,' 
(Pabricus), Sch iwphiS gramil1um (Rondani) , respectively, whtl~ PAY is transmitted by both R. padi and S. awna.: 
(Roehow, 1970; Rochow, Muller , 197 \) . In Europe, three stni T1 5 hi:IVe been reported liS wide-spread: Rl'V is most 
efficient ly transmiH~d by the aphid , pedes R. padi, PAV by R. padl, S. avEnar and Metopolophillnl dirhodum (Willker), 
and M A V by S. avenal' and M. llirhodull/ (Sadeghi et a1.. [997). Every year, flV DV C.1U5e sub~tan[ia l yield losses in 
cc:rcal~ wherever dlcsc crops are grown. Average yield losses of 15% ill barley, 17% in whc.a~ and 25% in oats are 
commlm (Koev el at, 1998). 

OYDV part icles are isometr ic with \I di/,meter of 20 to 30 nm, depending 1m the i solat~ and mode ofp reparatilln 
(Kochow. 1970: Suric et aI. , 1999) and contnin a ~ i ngle-stranded, po ~ it iv e· sense RNA genome (YicGrnth et a!., 1996). 

·I'hc aim of th is invcstigation was to identify the agent of barley )"dlQ\,v dwarf di !;~a~e, to detennine the m~ans of 
virus transmi ss ion, symptoms, morphology of virions, and to evall\l\t.e viru ~ occurrence in gmminaceous plants. 

!\1aterial~ :lnd :'I1 ethods 
flarley, whem and ()aI. pbDI5 showing spccific symptonl5 of virus disease v.cre e\ ~ lIected in Vilnius Stljle Planl 

Varieties Tc~ting Stat ion, and in fie lds of Ihe Vilnius and K..aunas re&ioDs of lithuania. In1:estigating TIYl) disea~e of 
gtamineous pl ant ~ 10 virus sampk~ \\ere collected from 2 barl",)" 5 oat and 2 wheat fields. The experilTlental wurk wa~ 
cnrried om in the grecnhuuse and Laboratory orPlam Viruses nfth e Instimte ofOolany. The possibility of transmission 
of disease ngent by mechanical inoculation was investigated inoculating the rollowing tc st-p l ~ nts: ;1gr(Jslis stolon/fern 
L. - 'Guoda' , Avena saliVa L. - ' Ed \t' , '1ak', 'Jaugila ', l)acrylis glomerata L. - ' Asta' , F~J· luca pm/I!mis L. _.
"Dotnuvlt ' , Hordtmm disricnon L. - 'Anni', 'RalaL Lulium pcrl!nne L. - 'SoJre', "frirwum (1Clifil'um L. (variety 
unknown). 7.£G m(Jl'S L. - ' Pionier' (nboul 20 planl!; of each specics). Pre.<.enee of viru.<;, part iC!c~ was observed in the 
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dip preparat ions, using & JEM-100S electron microscope (EM) after negative ~tai ning with 2% uranyl acetate solution 
(Dijkstra , de: Jager, [1)911). Virus was identified by double antibody sandwich-enzyme linked immunosorbcnt assay 
(DAS-ELlSA) according to standard procedure (CIIl rk, Adams, 11)77). The test kit for detection o f BYDV (lgG. 
conjugate, positive contfol) and protocol "'~."C l'e<:ommcnded by Diagnostic group of the lnstimte for Resistance 
Research and Pathogen Diagnostics (Ascher~1ebcn , Germmy). Virus was puri lied fi'om symptomatic tissue (Avena 
w liva L. 'Jaugila" ) according to a modifi ed method (Pcrry et al. , 1998). Frozen leaves were ground in 0.5 M phosphate 
extra(.. .. tion buffer, pH 6. 1. The extract was clari fi ed by extraction with (}2 vol of chloroform. Vim.s partid~ wen: 
precipitated wIth 10% w/y polyethylene glycol Mw 6000 and 0.25 M NaC!. Pellets \\ere resuspended in 0.1 M 
phosphate resuspensiOIl buffer, pH 7.0. Vilu s was purified by two cycles M' di fferential centri fugat i011. Further 
purification was accompJjsh~d by scdim~ntation through a 30% sucrose cushion . Virus panicles were coJIeeted by 
centrifugation at 28000' g fnr 3 h at 4 "C. The concentration and pllrit)' of the vi rus preparations were est imated hy EM 
and spectl"Opholome1.ri~<i lly . 

Tr.tnSIUis.sion by aphids was tested with R.. l'adi.. r he aphids were collected in the ccreal fie ld and ident ified by J. 
Turtimtvit ie ne (Vilnius University). Aphids (approximately 150) were distributed on infix:ted oat leaves in pb stic petri 
dishes with tight"fitting lids and ki!pt at room conditions (18 1.0 20°C) for the acqu isition period. After 3·days of 
acquisiti(Jn fceding per iod, the aphid..~ were transfcrI"C d to healthy barley, wheat 3nd oat plants, where they fed 3 days 
prior to being e limimlled with insecticide (Decis) .. The plants weTC checked tor symptoms J 5 dflYS after inoculaTion ;md 
for Ihe presenee of virus 25 days aller inoculation, using DAS·CU SA. 

Reverse transcriptase-polymc:ra.se chain react ion CRT -PeR) of fiel d iS O!3tes (frozen tissues of A. satlWJ plants) 
was accompli~hed. Primari ly total RNA WilS extracled using '""Quick Prep total RNA extrac tion kit" (Amcrsham 
Pharmacia Diotech) according to manufacturc's instructions. 

SynthesIS of eD NA was performed under the following conditions .. Peliets of Rt'A wert~ resu.spcnded in a 
~olution containing tlNA.-;e inhibitor, primer Lu 4 (RoOcrrsoil et a i., 199 1) and PCR water. Sll lllples wert inellbated for 
10 min at 70 "C. For synt he~ i s of the firsl eDNA slI~\ld, the R\'A pelld solutions were addoo to the mixture eCllltaining 
reaction buffer, RNA~e inhibitor, dNTP mix and M·ML V reverSe 1I3nSeriptase (MBI Fermentas. Vilnius, Lithuania). 
'r he first strand .:D"t\ A synthesis wns carried out for 60 min 1'1\ 37 "C and lemlinatcd by incuh..""Illo tl for 10 min al 70 "C. 

DNA Ilmpli fi cation was carr ied om in a l"Caction mi:>clure CO\llai n i n~ dNTP mb.. 1.u 1 and LII 4 primers 
( Robeluon et aI. , 1991). PCR buffer with magnc.si llm chloride and 'f'aq DNA polymerase (MBI Femlentas) .. ~amples 
were plac ~J in a Eppendarf Mastercycler P~rwna! programmed to give one cycle at 95 "C ( \ min), 41 ·C (2 m in) and 
72 nc (20 min), followed by 40 .:ycles.nt 94 ~c (1 min). 4 1°C (l min) and 72 °C (2 min ), with a final cycle of 72 "C 
(10 min). PCRs producls werc analys.::d by electrophoresis through 5% polyacrylamide gel. stained wilh ethidium 
bromide Slid UNA bands visualized u..~ i ng a UV Tnlnsil/uminator.. DNA fragment size standard was a 11m! III digest of 
<lI x 174 Rfl D;\IA (MBI r cnnemas). 

Results and Discunioll 
BYDV isolates used in this study were collected from naturally infected oat, barlcy and wheal plants. I" he 

symploms o f BYDV in ject ion in oo t.~ were 'o'ery conspicuous. Th~ symptoms or early infection wne expressed by 
yellowish-y.:.:n spot~ or chlorosis. Later, most varieties deve loped reddening (crim"on-pink) of the leaves mlm lh~ tips 
down (Fig. 1). !lowever. some vHicties developed only a yellow-orange coloration. The \II0St chametcristie SymptOlTl5 
of infection in barley were dwarfing and yt:llow coloring of the leaves. In whem, pale yelluwing of older leaves was II 
more lYIJical symptom. Reddcning of leaf tips was sonl~ t imcs vis ible. These symptoms were ;;irnilar 10 mose described 
for BY DV ( Brunt et aI., 1996; Sutic e1. aI. , 1999) .. 

Fig. I. Yellowis h -gr~n spots and reddening (crimson-pink) 01\ oat leavcs . Healthy leaf 0[\ the leCt 
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EM invcstigalJClIl revtm)ed i~ omet:ri~ virus particles aboul24 nm in diameter ill preparat ions made from naturally 
infected 10 plant samples (Avena satJve 'Jaugila' , 'Hetman', Cl-ID 1698' , '1313 · 100' , 'Bagac' , H()I'deum VlJlgarl! 
' Anni', • Aura' , ' LZI612' . Tritkum aeSlil'Um 'Sirvillla ' and one variety unknown) as have been reported in literature fo r 
BYDV (Rochow, 1970, Sut te et al.. 1999) aod these invest igated plant S:lmples reacted po~i ti ve ly in DAS·ELlSA 
perfOlmt::d with BYDV ant ibodies. 

Test-plant species of the famil ies Pouceae (indiCllted ill materials and methods) were experimentally inoculated 
with fJiseasc agen t I lowever, monocotyledonous test-plants did nol reacllo inocu\ot ion. The virus was not h'3nsmissiblc 
by mechanical inoculation to test-plants, as have been described in literlllUTll (Brunt et aL 1996; Smic et aI., 1999). 

The agent of the investigated disease was experimentally tr<lllSmitteti by aphids (R. pad/) to oar, barley aod wheat 
plants . The incubation period of rhe vitu s in the plants growing in the glasshouse varied from t6 to 30 days. I3YDV Wlf." 

detected in oat 20 Jays afier i noeul~tion, and in susceptible barley and wbeat 2S days after inoculation. Symptoms were 
expressed by 5tuot ing and ye llowing with reddening or purp ling of leaf tips, The mllin symptoms o f BYI)V in oats were 
th<: typical red leaves. Th~ phUlI$ showing symptoms reacted positively in DAS-F.lISA l}trformed with BYDV 
aotibodies. The aphids used for the test were dire.::tly mken from the Held and we havc no guarantec that they were fre~ 
of vine; infe<: tion. However, we eM confirm that aphides R. padi really trMsmi tted thh virus because of typical for 
BYDV ~ymplomotology on test . plants and also due to positive reaction of infected te st-pl~nt s in DAS·ELlSA tesl. 

Results or R pudi trMsmission of barley yellow dwarf agent and literature data (Rochow, 1970: Brunt et aI., 
[996; Gildow, 1999) ~uggest thal lhe call~al agent is BarleY,ve/low dwar!vil'u.I·. 

Puril'icalion uf BYDV was carried out from frozen A. saliva leaves. The purified virus preparations had A""", at 
260 nm, 1\,"", at 240 nm, the A2,wAzlo ratio being 1,0. The yield of puri1ied virus was 16.4 mg from J kg of plant tissue. 
EM or [he puri Jied virus revealed isometric particles about 24 nm in diameter, as have been reported in li teralure 
(Rochow, J 970; Smlc ct aI. , (999). 

RT-PCR was used for detcction of RYDV isolates ill oat infected leaf material. A 1111l,jor pe R product of the 
expected size (530 nuc!cotidcs) was obtained fh1ll1 tv.'o tested oat samples, but was not observcd in the negative controls 
with healthy tissue or w~ te r (Fig. 2). The results from the RT-f'CR test sliow thaI the oat plants were infectt::d wilh a 
lnteovirus (could be BY DV- PA V) or a polerovi rus (could be C{'Teal yellow dwarjvirIJx- RPV). 

2 3 4 s 6 

,., • . , , ... .... - <ot- 530 bp 

~. ---
Fig. 2 , RT-PCR products amplified from tOlal nucleic acid ~ xlract.'i from oat leaves using luteovitus primers. Lanes I, 

6 - Phix [74 RrT DNA Hoe III digest size markers: lane 2 - water blank: 
lan~ 3 - h~a l thy tissue; lanes 4,5 - BYDY. DNA fragment size (bp) standard was Phix 174 RFI DNA (Hae 

lJI) digest (MB I Fcnn~ntas), from top to bonom - 1353, 1078, ~ 72, 603, 310, 2n 27 1. 234, 194, 118,72 

On the bas is of symplomology of infecled cereal plants. length or the incuh.atinl1 pcriod, morphology of virus 
part icles, abili ty to be lTuosmitteu hy R. padl, positive reaction in serologicaltcst. and RT· f'CR data, it can he concluded 
tha t the virus i~o llltcd frvm IMrley, Olll and wheat is ident ical to BY DV described in literature (Robertson et a t , 199 1; 
Brunt et a I. , 1996; ?outie et aI., 1999). 

This is a fi rst report of idcmifi c;nion of RVDV in cereal crop~ of barley, oat and wheal ill Li thuaoia. 
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Abstract 
Twig canker and blight caused by Phom()psis vaccinii Shear in Shear, N. Stevens & II. Bmll 

(te lemorph Diaporthe vClcr.:inii Shear in Shear, N. Stevens & H. Bain) is a harmful disease of highbush 
blueberry and cmnberry (Vaccinium spp.) and is under strong phytosan ital), contro l in Lithuania as well in 
Europe and Mediterranean region. 

[n 2002 the Phomopsis vl.lccinii on blueben), was identified for the fi r~t time in Lithuania. The 
diagno~ i s of thi~ disease using classical phytopathological metl10ds is often difficult because of overgrowing, 
of target fungus by another species mostly llecrotrophs or another Clinker agent Fusicoccum pUlrefaciens ' 
Shear. Only in one specimen thc sporificated pyenidia wilh IJ,- and ~-conidia were observed on diseased 
plan!.. Exact Phumopsi~' V(lCcinii detection was succeeded using serological method, SUcll as PTA-ELISA. 
The PTA-ELISA was performed using pol)'clonallgG 59/3, specific for the gl:tlU~ f}wnJopsis. First results 
show po~ i l ive reliction in S specimens. Development of the present setological d iagnostic method could be 
very prom ising for the fll:.1. and exact identification orharmful disease agent Phol/lop.~i.~ vaccinii. 

K ey words: Phumapsls ~'accil/;i, twig canker and blight, di~tr ihu tion , Litlllllln;a. 

Introduction 
Twig blight. stem canker, fru it rot and leaf spots caused by Phomopsis mr.:cil/ii Shear in Shear, 

l". Stevens & H. D:lin (tc!emorplt Diaporlhe wu:cillii Shear in Shear, N. Stevens & H. Ullin) is a serious 
d isease of blueberry and cranheny ( Vaccinium spp.) crops liml is under str ict cOlllrol ill Europe as well a<; in 
Lith\1anill. This fuusus is indigenous in North America and introducted in Chile (Chao and Glawc, 1985; 
Guerrero and Godoy, 1989; \\'cingartncr and Klos, 1975), and included into the A I I ist of Quarantine Pests 
of Europetl Jl and Mediterranean Plan! Protection Organiut ion (EPPO) and into the list of Quaranti11e Pests of 
Li thuania. P. vaccinii in the I)irective of EU Council 2000/29/EB (Apendix 2, Part A, Section I) is 
mentiolled as 110t identified in the ElL and as harmful ·which introduction and spread within member 
cOllntri~s shall be banned if it is present on certain plants or plant products. The iucnti/lcation of the causal 
agent is an important prccognilion 10 1' a safe diagnosis of a di sease, but Th e realisat ion i ~ often difficult and 
lengthy usin g c l a~s i caJ rhytopatological methods, bccause of ovcrgrowh1g of target fungus by another 
species mostly necro!l·oph~. The teleomorph stage of this fun gus wa~ de~cribed as Di(lpoFthe vaccinii Shear 
in 1931 (Wilcox, 1940). More morphological features and host speciftty was described by Chao and Glawe 
(J9 85). EXilct parhogen detection is possib le in short terms by molecular (PCI{) or se rological methods like 
DTBI A and PTA-ELISA if specific and sensitive an tiserums as well as sufficient ant igen~ arc available in 
the· spec imens. 

MatuiuLs ami Methods 
Plant malerjal and isolation 
Th(.' plllnt. con~isljng of more or less diseased \\ooden twigs. leaves and fru il'> (total 30 specimens) 

originated from II locations of Uthuania, was examined by classical phytopatologica l methods and fo r 10 of 
lhl'm ELISA test WIIS done Crable I). Specimens of diseased plant mllteriltl without sporificalion structures 
were incuhated in II moist chamber to induce fruitbodies production lind sporu lation. The isolation of target 
strains was made according to Waller et aL ( 1998): plant material (leaves, twigs) showing syml)toms was cut 
into short lengths with a sterile knilC and washed ill slerile water, dipped to r I min ill 2% ).laOCI rolution, 
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for J min in 0,01 % streptomycin sulphate solution, washed again in sterile water. dried and thl:n placed (1l1 to 
agar medium, 

Table I 
The origin, description of symptoms and other fun gi associa lc:d with analyn:d specimen~ 

Host 
Origin 

Visual sYlllplOm~ 
ELI SA teSI 

Svc:cimen No Microscouic analys is 
Yaccmiam c()rymbosum Twig hlight, spori lic:ned pyc:nid ia (0 

1 tv. 'Heel'm a' Berry plantation, Siauliai distr. and ~ ~onidia) of Phomop;'is vacdnll po8itive 
02B in brownish area 

2 V. corymbo.!Um t v. 
" 

Twig hlight without sporiJicatcd 
positive 

'Hltennu' Ole stn l(:ture 

Y. (lngu.l"lifollllm MAP co!!ectiou·, insti tute of 
Twig and ~tcm blight, silorificated 

3 pycnidia of Fus iccoccum negali ve 
03. Botany, Vilnius 

I Plltrefadel1.~ -
Twig bl ight, spOJiticared PYl:nidia (0 

4 
V. corymbosu!>I 

Berry plantat ion, Siauliai dislT. and Ii separately) of Fhomnpsis posit ive 
03H 

vaccmii 

5 
V. c()l'ymlx;sum Beny plantation No I, Kaunas Twig hlight wi lho[lt sporilkated 

negative 
03K di5tr. structure 

6 
V. CQrymbosum Berry plantation No 2, Kaunas r wig blight without ~pori fic alt:d 

posit ive 
03M disrr. structure 

7 V. cfJ f)'mbosulfI ~/"ra' VMU Botan ical garden", Twig blight withoul spnrifi cated 
positiv= 03N Kaunas stnlcture 

8 
V. macrocarpon cv. VMU Botanical garden, Twig blight without sporificated 

positive 
'W(lshinKlOn' 03C Kaunas structure 

9 V. paiuslris 
" " positive 030 

10 V. macrocarpon 
" " positive 03F 

V."Of)'mboswn cv, 
Twig blight without sporificated 

II '''alriut' T'lUra~ di~tr. ).IT .. • .. 
2;4 structure, ngent unknown 

V. COI)'mbosum 
Twig blight without sporificated 12 'EarlyBlue' Tnurage distr. NT 

235 structure, l\g~ nt unknown 

13 Y. corJ'rnboswn 
Vilnius city 

Twig and stem blight, sporifi cated NT 704 ) 'cnidia of Phy!Lo~,tycta l'occinii 

14 V. corynbo.\"um 
Pancve;).ys distr. Twig blight without .'iporificated NT 287 structure, ilgent lmknown 

15 
Y corymbo.~um 

Kaunas d islf. 
Twig blight widtoul sporificated NT 

956 structure, 8l1.ent unknown 
V corymhosum " Twig blight with sporificated 

16 'Heerma' Berry plamation. 3 iauliai dis!f. slructure of ColletQlridlUm NT 
300 t ~Joeo$l)ori()ide., 

V corymbol'/Im cv, 'Ama' MAP colkction", InstitUIJ: o f 
Twig and stem blight, spori ficaled 

17 pycnidia of FU:;'iccnccufII NT 
03? Botany. Vilnil\~ 

9l11rrt{aciens 

I'. macl"ocarpofl Twig and ~tcm blighl, spori ficated 
18 " pycnidi<l of Fusiccoccllln NT 03. 

{}utre(aciemi 

19 
II: corymbosum cv. 'Ama' VMU Botanical garden, Twig blight without sporitlcated 

NT 
9GS Kaunas structure, :l 'ent unknnWll 
V. corymho.!um cv. 

Twig bl ight without sporitkated 20 'At/anlie' " r-<'I 
'XI9 shucture, ugent unknown 

V. eorymbo.rum tv. 
Twig blight \vithout sporific<lIed 21 'Biuegald' " NT 

967 structure, agent unknown 

V corymbo.~tII11 cv, 
Ty,i g blight withOltt sporificatcd 22 'COllille' " NT 

966 ~tructure, agent unknown 
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Table I (continued) 

Host Origin 
Visual symptoms 

Specimen 1\0 M icr~oio:: analys is 

V macmcarfWlI 
Twig and stem blight, ,'porificmetl 

23 " PYCnid!;j:.f PhyllosfyC/(J "accinll and 959 F. pUlr/! adr!IJs 

24 
V. /f/(/cr (Jcorpon 

" 
Twig blight wi thoU! sporificaled 

'J5K structure uent unknown 
'1 wig and stem blighl, sporifiC<1ted 

2S 
V tnacrUC(lrpulI 

" 
oonidioll\3lll olf Plw/f/opsis v(lccinjj, 

% 0 Ph),l/()sty.:l(J v(Jccmff and Fu.q c()ccum 

purrefacfens 

Twig and stem blight. sporifi cated 

26 
V. mar.;rOC(lr pOll 

" 
conidiomatl\ of PhCJnlOpsis van:inii, 

96 1 Phy{foJfycfa 1'(1eelnll, F14Sl ccocum 
I [lutre/aciens, Ph 'sO/OSl)ora vaccirrii 

27 
V. macrocorpOI1 

" 
Twig blight, sporificated pycnidia ell 

962 ~nd 13 conidia) of Plwmup.I'ili var;cinii 

28 
V. m),rtyllus Varcna distr. Natural locatioll 

Twig blight witholul spolriJicated 
125 structure, ,,"" ent unkmlwl1 

29 V. viri.!-idaea " _ It . 

30 v. (Jlusfl·i.~ " -" . 

• Ivl~Jici"'al amI Aro fll',lli c r lant COne~\'Ofl or th~ In~titu\e ofBo tanJ, Vi ln i\l~ 
.. SOiamcal Garil':fl .,l" Vyt3u l a~ Magnu~ llniv .. ",,;ty. Kaunas 
•• • N"lle.~ICd 

Inoeullttlon 

ELI SA lest 

NT 

NT 

NT 

NT 

NT 

l\T 

NT 
NT 

The inoculat ion of h i~hbl1 sh blueberry and cranberry cultures was made according to mdhods 
described by Dayk in and Milholland ( 1990): the 2- 3-year o ld twigs olf V coryJllbos/iJ/l wcn; inocu lated wilh 
pure sporificate<i cullllre of r . wJCcinii, the berries of V. macrocarpr!fl were inoculated wilh conidia 
suspens ion ( 106_ 101 elml). 

Deta iled PTA · ELlSA was descrilx.-d prcviou;;ly (Gabler and Ehrig, 2UOU: (jahler et aL 2004; Gable r 
and Urban, 1995; I isu et a l., 1995). 

Results and DiSCllssion 
At lirsl P. "occill ii was dctccterl by microscopic examinat ion on ly in o tle of spec imen~ having typical 

symptoms, Pure culture was isolated from brownish area of a t\.'m-year old !;tem or V[lccinium corymbosum 
cv . 'Heerma'. 11 was described for the first time in Lithuania (Ka~ergi us et aI. , 2004). In the absence of 
fun gal sporiJicalcd structures on diseased twigs, leaves or fruits the PTA-ELISA teST was done. The PTi\
ELISA was performed in polysorb microtite r plates (Gl'e inlo:r) using IgG 59/3. The fungus was detected in 
8 examined specil nens, col lected hom J s ites . 'I'he highest EL I SA values (AM = 1.46 and 1.(5) as we ll as 
tb e higl1cst rate of positive detect ion were estimated among ~pccimcns of V. corymbosum r:v. 'Tora', and 
V. macrocarpOll Ai l. frOIll VMU Botanical Garden (Gabler ct aI., 2004). Taking it into consideration, the 
isolation into pure culture W<l~ repeated and P. vaccinii culture fro m cultiv!lled cranberry (V. macro(.'arpon) 
was isolated. 

SYlllptoms !IrlO iSQlation 
The fi rst symptoms appear on the tips of non.woody shoots. Infected shoots decline, becoming brown. 

The fu ngus can II bo infcI.1 leave~, huds, and fruits of blueberries and cranberries. The diseased part of 11 skm 
containing dc ... clopcd fru it ing bodies never has purple margin . 

A fte r 10-1 4 days incubation in moist chamber the pycnidial conidiomata apJlC<l red .. \ he conidiomara 
wcr.., 0.5-1 mm in the d iameter, dark, spherical, they also were flat near the base, pa.1ia lly subcut icular. 
sCl1nere(l (0 confluent. un iosliola te. Riped pycnidia exuded a cream col loured mass o f conidia (Fig. I). 
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Fig, I, Pycnidial conidiomata of p , mccinii on diseased stem of high bush blueberry (V, cQrymbosum cv, 
'1leernl{l ') 

Two types of conidia were produced: alpha (u) conidia --- hyal ine, unicellular, ellipso id, biguttulate 
7-8 )< 2.5).lm (according to Ramsdell (1 995) 6--- 11 )< 2.5 I-un: f an et all. (2002) 5.5- -8.7 )< 1.7- 2.8), and 
beta (13) conidia - unicellular, fili form, uncinate, hyaline 18-25 x 1.0 JIm, (according to Ramsdell 12-
18 )< 0.75 p m). p, mccillii grows well on Potato Dextrose Agar (POA), prepared from fresh potato (f'D A 
natllral), Malt Extract Agar (MEA), and MIX (Czapek 16,5 g, PDA 14 g. Orange serum agar 12 g, 
Chloramphenicol 0,5 gil) . 

Morphological ideDlilicution in vitru 
Culonies on PDA (nll luml) grow up to 12.5 mmidilY, on MEA (Oxoid) 11.2 mm/day, on MIX and 

PDA (Oxoid) 11 mm/day. On PDA (Oxo id) fi'uiting bodies form only slowly and not abundantly. Pycnidia 
appear first in the centre of colonit:, on MEA and POA bUI later 011 MIX . They form concentric circl es on 
PDA, but arc scattered on MEA. P_ I'acdnii colonies are white, circular and grow up to 3S mm in diameter 
over three days . Aerial mycelium is not compact, mellow, colony regular in outline with a Ulinncr margin 
(Fig. 2). 

Fig 2. Three days o ld colonies of P. m ccilJii: I - on MEA (Oxo id); 2 - on PDA (natural) 

After 7 days colon ies reach 62 mm diameter, become slightly tloccose with indistinct concentric ring ~. 

At senescence after]' - 4 weeks the colors of the mycelium is the same - greyish white, but becoming 
thirmer, more heterogeneous and noticeah ly fl occose . The fungus grows well between 20-28 °C (optimum 
25 DC) ill the light as well as in the dark. For frllctifi cation cultures should be cul tivaTed un.ler:! 1211 2 hours 
lighl/dark regime. Pycnidia staT! 10 fonn after 7- \0 days. maturing within 20 ~2R days, Conidiomata 
pycnidial are black, spherical. and large, w ith bro:!der base. with two thirds protruding abo\<e the surlilcc o f 
the medium. The pycn idia arc 1-3 mm in the diameter, w ith sclerotic walls. They form one at a time or 
sometimes cl ose together in time and phtcc. Cream col ored spore masses erupt from th t: bro:Jd irregul:u' pure 
in the top ofthe mature pycnidia (Fig. J). 
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Fig. 3. Pycnidial con idion\ata or P. vaccinii on rOA (natural) after 24 days of cultivation 

Alpha' (a) conidia being dominate in these exudates and arc unicellular, ell ipsoid , hya line, pointed at 
both ends, biguttulale, 6-- 11 x 2,5-3,2 11m. beta U~) conidia - unicellu lar, hyaline, filiform, uncinate, 
16-24 x 1- 2!Jm (fig. 4). Conidiophores are simpl e, narrow al top, somet imes spindle-shaped, 15- 25 !Jm 
long in young pyen idia but longer in lhe old. With repeated s,[oc ulturing only a -conidia may be produced in 
some isolates. . 

. ' 

.' 

ri g. 4. Alpha (a) and beta W) elillidia of P_ ~'acd!lii 

Comparison with similar i>lx;cics 
Sometimes similar symptoms ctln he associated with other fu ngi such tiS Godrollia cassalldrae Peck 

(anamorph Fusicoccum pUlre!uciells Shear), Colle/()(richurn sp., Gloeolpurium minus Shear and Futarium 
sp . In the presence of reproductive Slruclun;~ these fungi can be scparated from P. vau:inii very eas ily by 
d H:eking sporulating structures under A stereoscopi c ll1i c['oscope (2 0X) or compound mieroseope (400X
IOOOX) . III the absence of any sporulating structures iden(i(k ation .~houl d be don\: using a moist chamber. 
For example, Fu.wrium sp. forms ye liow conidiomata (sporodoch ial) after 7-14 days and the structures are 
easily confinned by microscopic examination. ColletOlrichum sp. also produce conidiomata (acervuli), but 
spores. 15--21 x 2-3 fll ll, are unkellular, cylindrica l, ohtuse, granular, pink in mass, and without oil drops. 
I.esions and CQnidiomata (pycnidia) produced by F pUlrcfuciem are very similar to P. l'accinii. Sometimes 
both fungi are flil md on the same hllst, mak ing identiJieation difficult. If this fungus is already mature, its 
spores arc easily separated by microscope. However, the best way for keeping of lesions hoSI parts of 
F. pUlrejacie. fI.I" is in moist chambers or to isolate in pure culture for producing sporulating structun.:s. 
Cu ltures 011 PDA appear white at the margins and pa le lemon yellow and yc liow-chrome to orange at the 
centre. I'ycnidill l conidiomata of F. plllrefaciens arc brown or greyish-yel low, irregular with Ihil.:k Wil lis and 
tJlCy erupt through the surlacc when mature. They produce conidia that are thin, usually arched, h)'ll iine, 
unicel lular ur pseudoseptale, 9-13,5 x 1,5-·2,4 11m. 

Inocul ation 
The lesion s !;au!>ed hy P. vuccinii isolate PIJ-03A (F ig. 5) were ~imilar on 2-3 year old stems of 

highbush blueberry cv. 'Top Hat' to those described by Weingartner and Klo~ (1975) and Daykin and 
Milholland (1990). In our studies., Pycll idia de ..... elopcd Oil leaves of infected shoots 3-4 \veeks after arti ficial 
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inoculation. The pyenid ia on infected of cranberry berries were developed 4- 5 weeks after inoculation. 
Berries became brown ish red, inflated and shiny (Fig. 6). 

Fig. 5. Twig blight lesion two weeks after inoculation. Dark brown region of tissue developed be'h>,leen the 
light brown necrotic tissue on the top of injury 

Distribution 
The thirty specimens having Phomopsis canker symptoms were examined from II differe nt locations 

in Lithllanili. Ollly in five sJXlcimens from two sites were identified P. vaccinii hy micro~copi c analysis and 
in eight cases (samp led in J locations) by ELISA test. Sites of sampling and exact P. vQccinii locntions in 
Lithuania are presented in Fig. 7. 

.. .. ~. 
"". '. 

Fig. 6. Infected berries of cultivated cranberries after 4 weeb of artificial inoculation. Berries became 
brownish red, inflated and shiny (on the left control berries - not inoculated) 
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Fig.7. S ites of sampling and exad locations of 1'. m ecinii in Lithuania ( 0 - P. ~'L.(;cillii not dctccted; 

• - P. Hlccinii detected by both methods (morphological and ELISA); a - P. I'u(:cinii detected on ly by 
ELI SA 

In add ition. thc detection of P. vaccin ii on di.~ea~ed specime l1 ~ of blueberrie ~ and cranbcrries in 
Li thuania indicates that the dangerous quarantine pathogen :l lrcady occurs in Europe. 

The present re~u lts highlight the need for inveslig<l tiolls on ho~1 range and !o;cogrnph ic distribut ion of 
this p.:1thogen in Europe. For Ihis reason, accurate and rigorous diagnos.tic methods a re requi red. One of tht'm 
is molecular characterisat ion based on sequences 0(' ITS region o r rUNA. Far et al. (2002) descri bed 
P. wlc(:mii Hnd add itiona l iso lates 1rom blueberry and cranberry in th e USA . They fo und some i so la\(:~ 

diffe red Ii'om P v(Jccill ii and named it },homopsi.~ sp. It is possible that th l: non P. vW"';{: in i i isolH1CS arc 
endophytes and not active participant" in the blueberry and I:nmberry diSI:!lses. But, as has been summarized 
by Petr ini ( 1996). there :Ire timgal endophytes thai under somc circums.tances behave as pathogens, while 
under other condit ions wi ll remain innocuous. 
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TRENDS OF THE CHANGES OF THE VIRULENCE GENES FREQUENCIES IN THE LATVIAN 
POPULATION OF BLUMERIA GRAMINIS F.SP. HORDEI 

Abstract 

Isaak Rashal l
, Inese Kokina2

, Ilona Araja I 
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e-mail: izaks@email.lubi.edu.lv; 
2Daugavpils University, Daugavpils, LV 5407, Latvia, 
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Samples of Blumeria graminis fsp. hordei were collected in two different part of Latvia during 1996-2002. 
Frequencies of virulence genes Va6, Va 7, Va9, Val2, Vk and VIa were high in both places. All years of investigation 
very low frequencies were found for virulences against resistance factors in the barley line Sll and variety 'Steffi'. Not 
any isolate virulent to mlo gene was found. During 1996-2002 considerable changes of frequencies of some virulence 
genes were detected. Firstly virulence genes Val, Va3 and Val3 appeared only in the Central part of Latvia with low 
frequencies and later their frequencies increased from 4-14% in 1996 to 33-53% in 2000. About 2-3 years later 
those virulence genes appeared in the South-eastern part of Latvia. In 2001-2002, considerable increasing of Val, Va3 
and Val3 were detected also in this region: virulence frequencies against barley lines with MIa!, Mla3 and Mlal3 
resistance genes reached 23-30%. We postulated that mentioned changes of the population structure are result of spore 
spread which for the barley powdery mildew agent occurs generally in the West-East direction (Limpert et ai., 1999). 
The distance between places of the investigation (about 200 km) and difference in time of the virulence appearing 
corresponds to the approximately speed of pathogen spread 100 km per year 

Key words: powdery mildew, barley, virulence genes, resistance. 

Introduction 
Barley (Hordeum vulgare L.) is one of the most important cereals in Europe (Bousset et aI., 2002). There are 

many dangerous pathogens of barley, the biotrophic fungus Blumeria graminis fsp. hordei, an ascomycete that is one of 
them. The fungus is the causal agent of barley powdery mildew, which can arise more than 25% of loses in yield 
(Czembor and Czembor, 2001). The disease spreads by conidiospores, which forms a nuIi1erous pustules on the leaf 
surface. Spores mostly dispersed by wind to neighbouring plants, where new infection establishes. Live spores of the 
Blumeria graminis f.sp. hordei were wind-transported over distances of 500 km or more with a speed approximately 
100 km per year from West to East (Limpert, 1987; Limpert et ai., 1999; Brown, Hovm011er, 2002; Hovm0ller et ai. , 
2002). 

Long-distance dispersal, mutations and recombinations are the most important reasons for genotype or pathotype 
diversity in different populations of Blumeria graminis fsp. hordei. The need to control of barley powdery mildew is a 
major stimulus for investigation of virulences of the pathogen in different countries where this disease is a problem. 

Virulence genes and their frequencies may vary considerably between regions and years. The composition of 
virulence genes of the pathogen and their frequencies were detected in different parts of Europe (Torp et ai., 1978; 
Hovm011er et ai., 2000; Limpert et aI., 2000; Czembor, Blandenopolous, 2001). In Latvia, monitoring of the virulence 
genes frequencies in Blumeria graminis f.sp. hordei population was done since 198], mainly in the central part of 
country (Rashal et ai. , 1997). Since 1995, South-eastern part of Latvia was included in the research program. Data about 
virulence frequencies in Latvia were presented earlier (Rashal et ai., 1997; Kokina, Rashal, 2001; Kokina et ai., 2002; 
Kokina, Rashal, 2004;). 

The aim of this paper is to accentuate changes in the composition of virulence genes of Blumeria graminis f. sp. 
hordei and their frequencies in Latvia during several last years. We discuss here reasons of differences between those 
frequencies in different parts of Latvia. 

Materials and Methods 
In 1996-2002 samples of the pathogen were collected in the Southeastern part of Latvia. In the Central part of 

the country samples were collected in 1996-2000. In both cases the universally susceptible variety 'Otra' were used as 
a trap plant. Monopustules were isolated from collected samples both in sporulation and cleistothecia phases. 

A set of differentials was used for the detection of monopustules (Table 1). Differentials were inoculated by 
microinoculation technique (Dreiseitl, 1998). Infection types of each isolate on the differentials were scored after 8-
9 days according (Torp et aI., 1978) on a 0--4 scale. 
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Differentials used for detection of virulences in the population of Blumeria graminis f.sp. hordei 
in Latvia in 1996- 2002 

Differentials Main resistance genes 
POI Mia I 
P02 Mla3 
P03 Mla6 
P04B Mia 7 
P08E Mla9 
PIO Mlal2 
PI I Mia I 3 
PI 7 Mlk 
P23 MILa 
Sll MI(SII) 
' Steffi' MI(Stl) , MI(St2) 

Results and Discussion 

Table 1 

The long-term observation of the pathogen population is necessary to get information about the pathogen spread 
direction and ability to overcome host resistance factors. This kind of knowledge is very important for resistance 
breeding programs, because any usage of chemicals for plant protection is increasing ly criticized (Czembor, 
Blandenopoulos, 200 I) . 

During 1996- 2002 considerable changes of frequencies of some virulence genes were detected in the pathogen 
population in Latvia. Particularly interesting are data about virulence genes Val , Va3 and Va l3 (Fig. 1). First mentioned 
virulences appeared in the Central part of Latvia with low frequencies and later their frequencies increased from 4-
14% in 1996 to 33- 53% in 2000. About 2- 3 years later than in the Central part those virulence genes appeared in the 
Southeastern part of Latvia too. In 2001-2002, considerable increasing of Val , Va3 and Va l3 were detected also in 
this region: virulence frequencies against barley lines with Mia! , Mla3 and Mlal3 resistance genes reached 23- 30%. 
Most probably, that mentioned changes of virulences are result of spore spread which for the barley powdery mildew 
agent occur generally in the West-East direction (Limpert et aI. , 1999). The distance between places of the investigation 
(about 200 km) and difference in time in virulence appearing corresponds to the approximately speed of pathogen 
spread 100 km per year (Limpert et aI., 1999; Brown, Hovm0ller, 2002; Hovm011er et aI. , 2002). 

Since 1999, barley line SIl and variety 'Steffi' were included in the research programs in Latvia. Some virulent 
isolates against Sf 1 resistance factors were detected in both parts of Latvia in 1999 (Fig. I). In 2000, such isolates were 
detected in the Southeastern part of Latvia only. Since 2001 , not any virulent isolate against Sf I was detected here. 
Gradual increasing of V(St) presence in population from 2% to 11 % were observed in Southeastern part of Latvia in the 
opposite from the Central part, where it decreased from 32% in 1999 till 13% in 2000. 

There are many virulence genes with high frequencies in Latvian population of barley powdery mildew: Va6, 
Va 7, Va9, Va12, Vk and Via. Those virulence genes were presented in the both parts of the population with frequenci es 
higher than 60- 90% in all years of investigation. It is not any sense to use correspondent resistance genes in the 
commercial barley varieties. 

Only mlo resistance gene was completely effective during all years of the investigation. This gene is very wide 
exploited in spring barley in the West and Central Europe and it is used also in contemporary barley breeding programs 
in Latvia. There are attempts to introduce mlo resistance into modern winter barley varieties. If mlo resistance will be 
presented on barley fields all year around the natural selection pressure in direction to broken down this resistance type 
will increase extremely. 
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Fig. 1. Virulence genes with low-medium frequencies in the Sourtheastern (a) and Central (b) 
parts of Latvia in ] 996-2002 

Taking in account the direction of the spore dispersal in Europe and our results we can predict that any new 
Blumeria graminis f.sp. hordei virulence which would occur in the Central or West Europe will come to Latvia in 
several years. It means that breeding programs should based not only on few resistance sources even they are highly 
effective at the moment. Therefore it is especially important to looking for the new resistance sources, especially from 
barley wild relatives, such as Hordeum spontaneum. 

81 



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy) NO. 7 LLU 2004 

100 

~ 80 
Q) vi u Q) 60 c: .-
Q) U 
- c: 
2 Q) 40 ::l :> C' 

e! 20 -
0 

100 

~ 80 
Q) CfJ~ 
U Q) 

60 c: '-
Q) U 
- c: 
::l Q) 
.: ::l 40 
> 0-

Q) 20 .::: 
0 

100 

~ 80 
Q) vi 
U Q) 60 c: .-
Q) U 
- c: 
::l Q) 
.: ::l 40 
> C' 

Q) .... 20 -
0 

Va6 

a b 

Vag 

a b 

Vk 

a b 

01996 

111997 

01998 

01999 

.2000 

02001 

1m 2002 

01996 

1111997 

01998 

01999 

.2000 

02001 

EJ2002 

01996 

111997 

01998 

01999 

.2000 

02001 

Cl2002 

~ 
Q) vi 
U Q) c: .-
Q) U 
- c: 
::l Q) 
.: ::l 
> C' e -

~ 
Q) vi 
U Q) c: .-
Q) U 
- c: 
::l Q) 
.: ::l 
> C' 

~ 

Geographic distribution and epidemiology of diseases and pests 

Va7 

100 ~----,;;:---------

V 11i f-
80 iI '; Ii 

60 V: 

I-

a b 

Va12 

100 

80 

60 

40 

20 

0 
a b 

Via 

a b 

01996 

111997 

01998 

01999 

.2000 

02001 

m2002 

01996 

Ii 1997 

01998 

01999 

.2000 

02001 

02002 

01996 

Ell 1997 

01998 

01999 

.2000 

02001 

[]2002 

Fig. 2. Virulence genes with high frequencies in the Sourtheastern (a) and Central (b) parts of Latvia in 1996-2002 

82 



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy) NO. 7 LLU 2004 Geographic distribution and epidemiology of diseases and pests 

References 
1. Bousset L., Hovm011er M., Caftier V. , de Vallavielle-Pope C. , 0stergard H. (2002) Observed and predicted 

changes over eight years in frequency of barley powdery mildew avirulent to spring barley in France and Denmark. 
Plant Pathology, 51 , 33-44. 

2. Brown J., Hovm011er M. (2002) Aerial Dispersal of Pathogens on the Global and Continental Scales and Its Impact 
on Plant Disease. Science, 297, 537-541. 

3. Czembor J. , Blandenopoulos K. (2001) Genes for resistance to powdery mildew (Blum eria graminis f.sp. hordei) in 
cultivars bred in Greece. Cereal Rusts and Powdery Mildews Bulletin, http://www.crpmb.org/2001l0316czembor/ 

4. Czembor J. , Czembor H. (2001) Resistance to powdery mildew in barley cultivars and breeding lines included in 
1998-2000 Polish registration trials. Plant Breed. Seed Sci., 45(1), 21-41. 

5. Dreiseitl A. (1998) Comparison of methods to study powdery mildew and monitor the population of Erysiphe 
graminis f.sp. hordei in 1997. Plant Protection Science, 34, 33-38. 

6. Hovm011er M., Caffier V. , Jalli M., Andersen 0., Besenhofer G., Czembor J., Dreiseitl A., Felsenstein F., Fleck A., 
Heinrics F., Jonsson R. , Limpert E., Mercerr P., Plesnik S., Rashal I. , Skinnes H., Slater S. , Vronska O. (2000) The 
European barley powdery mildew virulence survey and disease nursery 1993-1999. Agronomy, 20, 729-743. 

7 . Hovm011er M., Justensen A., Brown J. (2002) Clonality and long-distance migration of Puccinia striiformis f.sp. 
tritici in north-west Europe. Plant Pathology, 51 , 24-32. 

8. Limpert E. Spread of barley mildew by wind and its significance for phytopathology, aerobiology and for barley 
cultivation in Europe (1987) In: G. Boehm and R. Leuschner (eds.): Advances in Aerobiology. Birkhauser Verlag, 
Basel, 331- 336. 

9. Kokina 1. , Rashal 1. (2001) Genetic structure of barley powdery mildew population in Latgale region. Acta 
Biologica Universitas Daugavpiliensis, 1 (2),69- 72. 

10. Kokina I. , Rashal I. (2004) Genetical structure of the population of Blumeria graminis f.sp. hordei in Latgale 
region of Latvia in 2001-2002. Acta Biologica Universitas Daugavpiliensis, in press. 

11. Kokina. r. Araja, I. , Rasals 1. (2002) Genetic particularities of the causal agent of barley powdery mildew in Latvia. 
Proceedings of the Conference "Research for Rural Development", May 22-24, 2002, Jelgava, Latvia, 17-18. 

12. Limpert E. , Godet F., MUller K. (1999) Dispersal of cereal mildews across Europe. Agric. For. Meteoro/., 97, 
293-308. 

13. Limpert E. , Bartos P. , Graber WK. , MUller K. , Fuchs JG. (2000) Increase of Virulence Complexity of Nomadic 
Airborne Pathogens from West to East Across Europe. Acta Phytopathologica et Entomologica Hungarica, 35 , 
317- 322. 

14. Rashal I. , Tueryapina R. , Ornicane D. , Kokina 1. (1997) Resistance to powdery mildew in barley of Latvian origin: 
effectiveness and improvement. Proceedings of the Conference "Approaches to Improving Disease Resistance to 
Meet Future Needs Airborne Pathogens of Wheat and Barley", November 11 , 1997, Prague, Czech Rebublic. 
COST Action 817, Research Institute of Crop Production, Praha-Ruzyne, 145-146. 

15 . Torp, 1., Jensen, H. P. , J0rgensen, J. H. (1978) Powdery mildew resistance genes in 106 Northwest European spring 
barley varieties . Kg/. Vet.-og. LandbohfJjsk. Arsskr. , 75- 102. 

83 



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy) NO. 7 LLU 2004 Geographic distribution and epidemiology of diseases and pests 

FUSARIUM SPP. AS AN IMPORTANT PROBLEM IN CEREAL PRODUCTION IN ESTONIA 
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Abstract 
An overview of investigations on occurrence and hazardousness of Fusarium spp. on Estonian cereal grain and 

in spoi led grain feeds , and the toxicity of Fusarium isolates, was carried out from the year 1973 up to the present. The 
problems of pure production without Fusarium spp. and fusariotoxins are discussed. 

Cereal grain samples from seed cultivation farms and from disease control trials were analysed by the moist 
chamber method. Grain feed samples were investigated by the pour plate method (Harrigan & McCance, 1976). The 
species and number of Fusarium were defined on the basis of the first and second dilution on Nash & Snyder selective 
medium. The identification of Fusarium spp. has been made according to Bilai (1955, 1977) and Gerlach & Nirenberg 
(1982). The toxicity of Fusarium isolates was tested on the basis of the growth inhibition zone of Bacillus 
stearothermophilus (Watson & Lindsay, 1982). 

On grain produced within the period of 1973-1981 , Fusarium spp. were identified in 38- 100% of samples 
with infection level 8-67% of seeds. In 67-100% of the studied wheat samples, the infection was detected on 13-
67% of seeds. In the case of rye, Fusarium spp. were identified in 38-86% of the studied samples and infection was 
found in 8-23% of seeds, with barley the figures were 45-97% and 14--46%; and with oats 55-100% and] 5-
65%, respectively. F. avenaeeum (Fr.) Sacc., F. poae (Pk.) Wr. , F: sporotriehioides Sherb. var. minus Wr. , 
F. oxysporum (Schlecht) Snyd. et Hans., F. vertieillioides (Sacc.) Nirenberg, F. sambucinum Fuck., F. equiseti (Corda) 
Sacco and F. eulmorum (W.G.Sm.) Sacco - known as the toxin forming Fusarium species (toxicants) - occurred on 
50-60% of the studied samples. 90% of samples from wheat grain of the year 1992 were infected with an infection 
level of 2-21 % on spring wheat and 36-59% on winter wheat. The most frequent species were F. oxysporum, 
F. semiteetum and F. sporotriehioides, and during the years 2002- 2003 , the species F. semileetum, F. poae, 
F. eulmorum, and F. avenaeeum. 

In domestic grain feeds, Fusarium spp. were found in 52% of the samples, whereas most of them (78% of the 
cases) were toxic to B. stearothermophilus. 31.3% of the studied Fusarium isolates were highly toxic and 37.5% 
medium toxic. Very toxic isolates belonged to the species F. vertieillioides, F. eulmorum, and F. tricinctum. " 

None of the tried fungicide variants (20) saved the yield from Fusarium spp. completely. The best effect on 
decreasing the number of Fusarium spp. was exerted by Tilt (propiconazole) and Corbel (fenpropimorph). 

Key words: cereal grain, grain feed, toxicant, Fusarium spp. , mycotoxin, Bacillus stearothermophilus, 
fungicide. 

Introduction 
Fusarium species have been a serious problem in production of plant and cattle breeding products already for 

centuries . Reducing the realisation value of cereals as food , feed and grain cereal, toxins produced by the fungi cause 
chronic and acute poisoning and allergic signs both to animals and humans. Therefore, throughout the world great 
attention is paid to investigating Fusarium species and elaborating means for controlling them. Contamination of 
cereals with Fusarium toxins is a global problem, occurring in Europe, the Americas, Asia, and Australia (Placinta et 
aI., 1999). A programme initiated by the European Commission "Agriculturally important toxigenic fungi. COST 
Action 835" focused on the problem of the existence of Fusarium species in cereals: disease forms , pathogenicity, 
species composition, resistance breeding, toxicology, inactivation of toxins. Most European countries participated in the 
programme (Annual Report 1998. Directorate-General for Research. 2000. EUR 19694). 

The Scientific Committee on Plants of the European Commission in its document "Opinion on the relationship 
between the use of plant protection products on food plants and the occurrence of mycotoxins in food", issued on 
30 November 1999, recommends to conduct research to elucidate effects of pesticides for preventing of diseases and 
production of mycotoxins as well as carry out more monitoring of mycotoxins in foodstuffs used in preparation of food 
for children and the underaged. Most of the attention should be directed towards toxins produced by Fusarium, 
Aspergillus and Penicillium species. 

At a session of the cereals workgroup of the European Commission held on 4- 5 December 2003 it was 
admitted that the contamination of cereals with Fusarium toxins is a problem in whole Europe. Tens of millions of 
cereals lay unused until elucidation of their level of contamination, according to which their usage could be determined . 
It is possible that part of the lots are not fit either as food or feed. At the same time, there was a 10% shortage of 
necessary grain due to the reduction of the cultivation areas. 

Fusarium spp. produce strong toxins, exceeding the toxicity of pesticides used in cereal cultivation hundreds and 
thousands of times, For example, in peroral administration to mice of LDso mg/kg per liveweight there are toxins: 
nivalenol (NIV) = 4.1; toxin T-2 = 4.8-5.2; moniliformin = 4.0; fusarenon X = 3.4. Pesticides: seed dressing preparation 
Bay tan Universal 19.5 WS = 3338; the fungicide Tilt 250 EC = 2000; the insecticide Actellic 50 EC = 1522; the 
herbicide Basagran M = 3200. 
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Fusarium toxins do not decompose in the animal organism but are transferred into products - eggs, meat and 
milk, jeopardising thus also human health (Schachermayr & Fried, 2000). It has been found by many scientists that 
most of the toxins are rather thermostable and do not decompose during thermal processing like boiling, cooking, 
steaming, and reach our table in brown and white bread (Obenauf, 2002). 

This research was carried out to establish the level of contamination of Estonian cereal grain and grain feeds 
with Fusarium species, the potential toxicity of isolates and possibilities to avoid (or reduce) the occurrence of 
Fusarium species in yields and their production of toxic isolates. 

For compiling the present overview, the results from author' s long-term studies were used (L5iveke, 1987; 
L5iveke, Laitamm, Sarand, 2003; L5iveke, Ilumae, Toome, 2004) as well as data published by other researches from 
different regions. Other authors have studied neither distribution nor harmfulness of Fusarium spp. on grain in Estonia. 

Materials and Methods 
Mycological survey 
Grain (wheat, rye, barley, oats) samples of yields from 1973-1981 and winter and summer wheat samples from 

1992 were collected for mycological testing according to the requirements of average sample composition and analysed 
after 4-5 weeks. The grain samples were taken from the field trials and seed growing farms of the Estonian Research 
Institute of Agriculture, where general and special agrotechnical requirements, necessary for production of high 
reproduction seeds, were followed. In mycological analysis the wet chamber method was applied: microfungi were 
reared up from grains on filter paper in Petri dishes at a temperature of 20- 30 °C and 18- 22 °C (in the years 1974-
1982) or at one regime of 20 °C (in 1992). After two and four weeks the percentage of seed contamination with 
Fusarium species was determined. To identify Fusarium species under microscope, preparations were made. 

Microbiological survey 
Microbiological samples from grains of field trials in 1993- 1994 and samples of grain feeds with spoiling signs 

from 1997- 2002 delivered by animal breeders were analysed by the pour plate method (Harrigan & McCance, 1976). 
The species and number of Fusariums were defined on the basis of the first and second dilution on Nash & Snyder 
selective medium. The identification of Fusarium spp. has been made according to Bilai (1955 , 1977) and Gerlach & 
Nirenberg (1982). 

The toxicity of Fusarium isolates 
It was tested on the basis of the growth inhibition zone of Bacillus stearothermophilus (Watson & Lindsay, 

1982): 0- 1 mm - non-toxic, 2-5 mm - medium toxic, 6- 10 mm - highly toxic. 
Field trials with fungicides 
To control grain diseases were carried out in Oksnurme experimental fields of the Estonian Research Institute of 

Agriculture by EPPO guidelines PP 11152(2) in the years 1993 and 1994. In 1993 the trials included 9 variants of the 
barley ' Ida' and the summer wheat ' Satu' whereas in 1994 the number of variants was 11. Following 14 fungicides 
were tested: Alto 400 SC (active substance agent - cyproconazole), Alto Elite (cyproconazole, carbendazim), Alto 
Combi (cyproconazole, chlorothalonil), Archer 425 EC (propiconazole, fenpropimorph) , Calixin (tridemorph), Corbel 
(fenpropimorph), Folicur BT 225 EC (tebuconazole, triadimefon), Folicur 250 EW (tebuconazole), Rider 400 EC 
(propiconazoJe, fenpropidin); Sportak 45 EC (prochloraze) ; Tango (tridemorph, epoxiconazole); Tilt 250 EC 
(propiconazole), Tilt Premium (propiconazo]e), and Tiptor (cyproconazole, prochloraze). 

Barley was sprayed for controlling diseases caused by Cochliobolus sativus, Pyrenophora teres , 
Rhynchosporium secalis at the stage GS 37-39 (27.06.1993 and 0l.07.1994) and wheat was sprayed for controlling 
diseases caused by Mycosphaerella graminicola, Leptosphaeria nodorum at the stage GS 39-40 (01.07.1993 and 
04.07.1994) . The trials were harvested at the full-ripening stage on 26.08. and 13.09. in 1993 ; on 22.08. and 01.09. in 
1994, thus 52- 73 days following the pesticide application. 

Results and discussion 
Occurrence and intensity of Fusarium infection in 1973- 1981 
On grain, produced within the period of 1973-1981 , Fusarium spp. were identified in 38-1 00% (average 

79%) of samples (1065), the infection level being 8- 67% (average 29%) of seeds. In 67- 100% of the studied wheat 
samples (57), the infection was detected on 13- 67% of seeds. In the case of rye, Fusarium spp. were identified in 38-
86% of the studied samples (85) and infection was found in 8- 23% of seeds, with barley (720 samples) the figures 
were 45- 97% and 14-46%; and oats (203 samples) - 55- 100% and 15-65%, respectively. The average figures 
per year demonstrate that oats was most vulnerable to infection - 87% of the studied samples were infected at an 
average rate of 33%, with wheat the respective figures were 86% and 29%, in the case of barley - 79% and 29%, 
whereas rye appeared to be the most resistant - 62% of the samples were infected at an average rate of 14%. The 
highest average rate of infection (48%) of grain samples was detected in 1978 characterised by the highest amount of 
precipitation (480 mm) during the growing season (June- September). Harvest time (August and September of 1978) 
was extremely wet - the amount of precipitation in different regions of Estonia was 1.5- 2.4 times higher than the 
standard amount (L5iveke et al. , 2003). Finnish scientists (Ylimaki, 1981; Avikainen & Hannukkala, 2001) also refer to 
the favourable effect of warm and wet late summer on the infection of grain ears and kernels with Fusarium. fungi. 

Composition of Fusarium species in 1973- 1981 
The frequency of the occurrence of Fusarium species (by Gerlach & Nirenbeg, 1982) depended on the grain 

species and the year. In 1973 and 1974, the prevailing species was F. ventricosum App. et Wr. , whereas in 1976, 1978, 
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1979 and 1981, F. avenaceum (Fr.) Sacco predominated. In 1975, the driest year, the composition of Fusarium species 
was the smallest: F. avenaceum and F. sporotrichioides Sherb. var. minus Wr. did not occur at all. In 1978, the year of 
the highest amount of precipitation, F. avenaceum· occurred more frequently than ever - in 62% of the studied 
samples. The most common species were F. avenaceum, F. poae (Pk.) Wr., F. oxysporum (Schlecht) Snyd. et Hans, F. 
ventricosum, F. sporotrichioides, F. verticillioides (Sacc.) Nirenberg, and F. culmorum (W.G.Sm.) Sacco In about 40% 
of the samples, the occurrence of two or more Fusarium species was detected simultaneously. F. avenaceum, F. paae, 
F. sporotrichioides, F. oxysporum, F. verticillioides, F. sambucinum Fuck., F. equiseti (Corda) Sacco and F. culmorum, 
known as the toxin forming Fusarium species (toxicants), were detected on 50-60% of the studied samples (L5iveke 
et aI., 2003). The mentioned species are capable of producing many toxins - DON (deoxynivalenol), 3-ADON, 15-
ADON, NIV (nivalenol), ZEN (zearalenone), HT-2, fumonisins, moniliformin, fusarin C, wortmannin, sambutoxin, 
fusarenon X, T-2, DAS (diacetoxyscirpenoi), etc. (Bilai, 1977; Kadis et aI., 1971; Miller & Trenholm, 1997). 

Compared with Fusarium flora detected in cereals in Finland (Ylimaki, 1981; Ylimaki & Jamalainen, 1986), 
Estonian cereals are mostly infected by the same species. A difference is greater occurrence of F. graminearum and 
more modest occurrence of F. verticil/ioides in Finland than in Estonia. 

Fusarium species in wheat in 1992, 2002, and 2003 
90% of samples from wheat grain of the year 1992 were infected with an infection level of 2-21 % (average 

12%) on spring wheat and 36-59% (average 47%) on winter wheat. The most frequent species were (by Gerlach & 
Nirenbeg, 1982) F. oxysporum, F. semitectum and F. sporotrichioides, and during the years 2002-2003, the species 
F. semitectum, F. poae, F. culmorum, and F. avenaceum. As revealed by a comparison of results from 1992 and 1973-
1981, in the case of wheat, contamination with Fusarium species has not diminished at all, allowing us to conclude that 
the contamination of other cereals has not changed either. 

Consequently, in Estonia there exist factors favouring Fusarium infection in grains, although head blight is very 
rare. The favouring factors are primarily rainy growing seasons and excessively wet pre-harvest periods. Development 
of Fusarium species in harvested grains can be inhibited only by quick quality drying to 13-14% of moisture and 
storing in conditions avoiding excessive moisture (Ylimaki et aI., 1979). In case grain has been infected with 
F. graminearum, it is considered necessary to dry the grain to moisture of 10-13%, to avoid generation of mycotoxins 
in the future as well (Jevseyeva, 1992). One cannot always ensure operative drying in production conditions, which has 
caused grain and feeds to be spoiled because of Fusarium species and other microorganisms. 

Fusarium species in domestic grain feeds in 1997-2002 
In feeds with spoiling signs, Fusarium spp. sometimes made up 6.8-8.2% of the total number of fungi , whereas 

also the known toxic species F. culmorum, F. tricinctum, F. verticillioides and F. sporatrichioides were present. 
Fusariums were found in 52% of the 32 studied samples of feed that had caused health problems to animals: decrease in 
production or, in some cases, even death of animals. Could this be caused by Fusarium species in addition to other toxic 
moulds (Acremonium, Cladosporium, Aspergillus, Penicillium, Rhizopus, Trichothecium, Paecilomyces)? To elucidate 
it, Fusarium species were isolated into pure culture and their toxicity was studied. 

Toxicity of Fusarium isolates in domestic grain feeds 
The toxicity of Fusarium isolates separated from feeds was controlled by biotest by the size of the growth 

inhibition zone of Bacillus stearothermophilus. 78% of samples contaminated with Fusarium spp. contained Fusarium 
isolates toxic to B. stearothermophilus. Thus approximately 40% of the samples contained toxic isolates, showing that 
Fusarium species often are contaminators of feeds with mycotoxins. Of the 16 isolates, 31.3% were highly toxic 
(growth inhibition 6-10 mm) and 37.5% medium toxic (2-5 mm). The highly toxic isolates belonged to the species 
F. verticillioides, F. cu/morum, and F. tricinctum. 

A monitoring conducted by the Agricultural Research Centre in 1998-2002 revealed that there are Fusarium 
toxins in grain feeds and feed mixtures used in Estonia. In 1998, ZEN was found in 20%, in 1999 in 24%, in 2000 in 
50%, in 2001 in 19%, and in 2002 in 14% of samples. DON was present in 1999 in 1.6% and in 2000 in 4 .5% of 
samples. 

Toxicity of Fusarium isolates in grain 
68 Fusarium isolates were separated from grain of 2002 and 2003 and the toxIcity of the isolates was 

determined. In the case of 26 isolates obtained from wheat, the growth inhibition zone was 2-7 mm, with 24 barley 
isolates - 2-5 mm, with 15 oats isolates - 2-7 mm, and with 3 rye isolates - 3-4 mm. Of wheat isolates from 
2002, the most toxic were Fusarium sp., F. culmorum, and F. verticil/ioides (4-7 mm). Although the named year had a 
relatively dry growth period (precipitation in Saku 52 % of the norm), the toxicity of separated isolates was 3- 7 (mm). 
Consequently, the variable Fusarium flora on grains contains Fusarium strains (forms) of very different toxicity. 

The effect of fungicides on the occurrence of Fusarium species in yields 
To suppress both typical pathogens and saphrophytic mycoflora, fungicides are usually applied in grain 

cultivation when 1-5% of the surface of the third leave from the top has been damaged. As it may occur 60-70 days 
prior harvest, it is important that the effect of fungicides is possibly long-lasting to protect grain from becoming infected 
in rainy autumn with delayed harvest. By analysing microbiologically barley and summer wheat yields of 1993 and 
1994, it was tried to elucidate whether it was possible to reduce occurrence of Fusarium spp. in yield by using 
fungicides. Corbel (fenpropimorph) reduced the number of Fusarium species in yield up to 10 times, Sportak 45 EC 
(prochloraze) - up to 7 times, Tilt 250 EC (propiconazole) - up to 6 times, Folicur BT 225 EC (tebuconazole, 
triadimefon) - up to 5 times, Rider (fenpropimorph) - up to 3 times, and Calixin (tridemorph) - up to 2 times. The 
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best of the named can be considered Tilt and Corbel that were effective in 75-100% of the tests. The effect of other 
fungicides was unstable, fluctuating from reducing the number of Fusarium species to increasing the number. 

According to data in literature, contradictory results have been obtained in experiments with fungicides for 
controlling fusarioses. D'Melio et al. (1998) suggest on the basis of the in vitro experiments that fungicides are often 
ineffective in controlling the production of mycotoxins by Fusarium and Aspergillus species. Consequently, fungicides 
are not effective in restricting the number of the species either. The results obtained cannot, however, be transferred to 
field conditions, where the Fusarium flora consists of many species and strains. In vitro experiments have been carried 
out with one specific Fusarium strain. Also in field conditions, fungicides have either reduced or increased infection 
with Fusarium fungi and the production of toxins. In Japan, Topsin M (thiophanate-methyl) reduced damage by 
F. graminearum on wheat and barley as well as the content of trichotecenes, DON, NIV in yield (Ueda, Yoshizawa, 
1988). Several authors (Suty et aI., 1996; etc.) report the good effect ofFolicur (tebuconazole) in controlling head blight 
and reducing toxin content in yield. Gareis and Ceynova (1994), on the other hand, found that the fungicide Matador 
(tebuconazole, triadimenol) considerably reduced the incidence of head blight in wheat infected with F. eu/morum but 
increased the content of NIV in yield 16 times. An increase of toxin content in yield has been noticed particularly in 
using strobilurines. Oldenburg et al. (2000) tested comparatively azoles and strobilurines in controlling F. graminearum 
and F. eu/morum on winter wheat. If fungicides containing tebuconazole and metconazole reduced the DON content 
compared with control , strobilurines, on the other hand, increased it. Tischner and Doleschel (2003) also noticed similar 
increase of the DON content in using strobilurines. In the same experiments, azoles reduced both spreading of the 
disease and the DON content in yield by 40- 70%. Therefore, the use of highly effective strobilurines is possible only 
in combination with azoles. Such a fungicide combination system must, during the growth period, suppress 
development of all plant diseases, restrict effectively reproduction of saprophytic fungi and also ensure unhindered 
production of Fusarium spp. and fusariotoxins. 

Fusarium spp. often occur in Estonian grain - 38-100% of samples, whereas the level of seed infection (8-
67%) primarily depends on the weather of the growth period. The most contaminated cereal in 1973-1981 was oats 
(87% of samples, 33% of seeds), followed by wheat (86% and 29%, respectively) and barley (79% and 29%), the least 
contaminated being rye (62% and 14%). At present, the infection of grain with Fusarium species has not diminished. 
Infection of grain increases with rainy growing seasons, lodging, and delayed harvest. The most widely spread species 
are F. avenaeeum, F. poae, F. semiteetum, F. oxysporum, F. ventrieosum, F. sporotriehioides, F. vertieil/ioides, and 
F. eu/morum. The composition of Fusarium flora depends on the weather as well. Species known as toxicant often 
occur in grain (in 50- 60% of samples). Fusariums are a genus of microorganisms contributing to the spoiling process 
of grain feeds (cereal grain). Fusarium species in grain feeds with spoiling signs sometimes made up 6.8-8.2% of the 
total number of fungi and they were found in 52% of samples, including also the toxicants : F. eu/morum, F. trieinetum, 
F. vertieillioides, and F. sporotriehioides. 40% of feed samples contained Fusarium isolates toxic to Baeil/us 
stearothermophilus. Of the isolates studied, most (69%) were medium or highly toxic. The most toxic ones were 
F. vertieil/ioides, F. eu/morum and F. trieinetum isolates. When separated from dry grains of quality, the toxicity of 
Fusarium isolates fluctuated from non-toxicity to high toxicity. Of the 14 fungicides tested, Tilt 250 EC (propiconazole) 
and Corbel (fenpropimorph) reduced most (6- 10 times) the number of Fusariums in yield. 

To obtain production free of Fusarium spp. and fusariotoxins , it is necessary to apply a system of measures 
where both chemical (dressing of seeds sown, spraying of fields with fungicides , use of retardants to avoid lodging) and 
agrotechnical (optimum sowing norm and time, balanced fertilisation , timely harvest, etc.) methods are used . It is also 
necessary to elaborate a system of combining strobilurines and azoles (and other fungicides) that would be effective for 
controlling the majority of diseases and saphrophytic fungi appearing at the end of growth period. Quick drying and 
cleaning of harvested grain and its storing in suitable conditions are the most important factors for avoiding subsequent 
production of toxins and ensuring quality storing of grain. 
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Abstract 
Three hundred and sixty spring barley genotypes from the world gene collection were tested in a field trial under 

the artificial infection with conidia suspension of Fusarium eu/marum. Six barley cultivars registered for growing in the 
Czech Republic were tested for DON-toxin accumulation after strong scab inoculation . The effect of plant treatment 
with a fungicide (tebuconazole 250 g/ha) was assessed. 

An infection level as well as DON content were significantly reduced by the application of the fungicide. There 
was significant influence of barley genotype on final reaction under conditions of inoculation and also with or without 
the fungicide spraying. 

The mean level of DON in the trial was 9.2 mg/kg, minimum concentration was 0.36 mg/kg DON and maximum 
reached 35.4 mg/kg DON. The lowest DON accumulation combined with zero incidence of powdery mildew (B/umeria 
graminis f. sp. hardei) and low and medium net blotch (Dreehs/era teres) infection were found in cvs Princesse and 
Union Firlbecks. 

The possibilities of combining genotypically based resistance with the application of effective fungicides are 
discussed. 

Key words : barley, scab, Fusarium eu/marum, resistance, fungicides , integrated protection system~. 

Introduction 
In some years, malting barley harvested in Finland, Sweden, Denmark and Scotland has a very heavy infection 

by Fusarium , and thus not all of the harvest will be accepted by the brewing industry (Larsen, 2000). The main cause of 
the economic loss in malting barley is the presence of deoxynivalenol (DON) or vomitoxin, a mycotoxin produced by 
the fungus. Studies in Germany revealed that DON has the highest frequency of occurrence in wheat, oats and barley, 
with a contamination rate of 30-90% (Drochner, Lauber, 2001). In Europe, Fusarium infection is responsible for beer 
gushing, but in North America the presence of mycotoxins discriminates the barley for use in the brewing industry. 

Breeding firms develop extensive phytopathological programmes aiming at the detection of donors with higher 
resistance to FHB. Fruitful international cooperation among gene banks and research centres is one of preconditions of 
success in this field. 

Producers of agrochemicals have developed and registered on the market some fungicidal active ingredients 
which are effective against FHB (Fusarium head blights). One of them is triazole molecule tebuconazole, which has 
been used as an effective standard in many studies (Jones, 2000; Hudec et al. , 2003 ; Jorgensen, Jensen, 2003). 

On the other hand, the FHB epidemic development is controlled by many independent factors including weather 
conditions and therefore the optimal timing of fungicide application is very difficult to determine (Kaminski, 2003). 

Barley growing and breeding have a long-term tradition in the Czech Republic. The collection of genetic 
resources housed at the Agricultural Research Institute Kromeriz, Ltd. , comprises a large number of foreign genotypes 
but as well as local varieties and landraces. These accessions are assumed to be well adapted to the conditions where 
they were developed. Therefore, it is useful to recognize their reactions to current biotic stresses that also include 
infection by the most frequent diseases. 

The objective of this programme was to detect cultivars and genotypes within the world barley collection that are 
less infected by FHB and to assess genotype-dependent reaction of spring barley cultivars to fungicide treatment under 
the conditions of strong FHB epidemic. 

Materials and Methods 
1. Reaction of spring barley genotypes to FHB 
The trials were conducted in fields of the Agricultural Research Institute Kromefiz, Ltd., in the season of 2003 

(average annual temperature 8.7 °C, average annual precipitation 599 mm). 
Ninety-eight spring barley genotypes were sown in two replications using a small-plot drill. Each replication was 

1 m2 in size. 
The heading date and plant height were assessed in all genotypes. 
The trials were artificially inoculated with spores of Fusarium eu/marum. The concentration of the inoculum was 

adjusted to 6 million conidia per ml. Inoculation was carried out at full anthesis (DC 65) in five terms depending on 
genotypic differences. The assessment was carried out in 2-5 weeks after inoculation in the field as the necrotic area 
of spikes. We assessed twenty spikes for each genotype. 

The DON-toxin content in harvested grains of the barley genotypes was detected using an ELISA method. Data 
on Fusarium infection were completed with field reactions to other leaf diseases. Powdery mildew (B/umeria graminis 
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f. Sp. hordei), net blotch (Pyrenophora teres) and leaf stripe disease (Helminthosporium gramineum) were assessed 
during the whole growing season. The results were statistically compared. 

2. Reaction of spring barley genotypes to tebuconazole treatment under the conditions of strong FHB infection 
Six spring barley genotypes registered for growing in the Czech Republic were sown in twelve replications using 

a micro-plot seeder in years 2002 and 2003. Each replication was 1 m2 in size. 
The trials were artificially inoculated with spores of Fusarium culmorum. The concentration of the inoculum was 

adjusted to 6 million conidia per ml. Six replications were sprayed with the fungicide Horizon 250 EC (a.i. 
tebuconazole 250 g/I) and three of them 24 hours later inoculated with F. culmorum. Four variants were established: 

• A: no FHB infection, 
• B: FHB infection, 
• C: no FHB infection +treatment with tebuconazole 250 g/ha, 
• D: FHB infection + treatment with tebuconazole 250 g/ha. 

The content of DON mycotoxin in harvested grains was detected using an ELISA method in all variants. 

Results and Discussion 
Experiment 1: 
ANOV A confirmed highly significant differences in grain contamination by DON mycotoxin (Table I). The 

mean value of DON was 9.24 mg/kg. The highest level was found in the cultivar Philadelphia (25.4 mg/kg). Another 
cultivars exhibiting significantly high DON concentrations were: Early Chevalier, Ceres, Morgenrot, Ymer, Isaria Nova 
and Provost. 

Table 1 
ANOVA of DON content (mg/kg) in infected grains of the genotypes assessed 

Source of variation d.f. Mean square Significance 
genotype 97 113.973 hs 
residual 196 0.0186 

Note: hs = significant at a 0.01 . 

Among 11 cultivars with the lowest DON content, there were seven cultivars whose percentage of visual 
infection by FHB assessed in the field was low, too. Two genotypes displayed medium and two genotypes - high 
infection. The important traits of genotypes with low DON in grains are summarized in Table 2. 

However, the non-significant correlation was found between grain infection and DON contamination after 
harvest for all tested cultivars (Table 3). Another analyses indicate that the heading date did not affect final fusarium 
infection, but plant height at the heading stage was in highly significant negative correlation with an infection level. 
Higher susceptibility to FHB was accompanied by increased susceptibility to net blotch at high significance. No 
relationship was found between the susceptibility to FHB and that to powdery mildew and leaf stripe disease. 

Table 2 
Agronomically important traits of barley genotypes with low DON accumulation in grains 

Genotype 
DON Fusarium Heading Height 

B. graminis P. teres H. gramineum 
(mg/kg) head blight date (cm) 

PRINCESSE 0.357 LS 06.06. 80 R LS HS 
SELECTA 
HANAK. 1 0.766 MS 10.06. 105 LS LS LS 
UNION 
FIRLBECKS 1.058 LS 10.06. 80 R MS R 

SPARTAN 1.226 LS 10.06. 85 MS LS R 

JERSEY 1.300 HS 06.06. 80 R HS R 

KM 1192 1.326 LS 10.06. 75 R LS R 

DIGGER 1.385 LS 10.06. 75 LS LS LS 

DIPLOM 1.500 HS 06.06. 87 LS HS HS 

DOMEN 1.538 LS 10.06. 90 LS LS LS 
HODONINSKY 
KVAS 1.771 MS 06.06. 105 MS LS LS 

OpAL 1.959 LS 06.06. 95 R LS LS 

Note: field disease assessment key: R - resistant, LS - low susceptible, MS - medium susceptible, HS - highly susceptible. 
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Correlation coefficients between Fusarium culmorum infection traits (spike infection and DON content) 
and other characteristics 

Spike 
Significance DON (mg/kg) Significance 

infection 

Spike infection ns 0.07 ns 

DON (mg/kg) 0.07 ns ns 

Heading date 0.00 ns -0.18 ns 

Plant height (cm) 0.02 ns -0.27 ns 

B. ~raminis 0.00 ns -0.17 ns 

P. teres - 0.13 ns 0.39 hs 

H. ~raminearum 0.08 ns -0.07 ns 

Note: ns = non-significant, hs = significant at a 0.01. 

Table 3 

We assessed the field reaction to FHB in a large collection of genebank accessions which are variable in many 
agronomic and growth parameters. The main attention was given to resistance to fungal diseases. 

There are two cultivars with low DON accumulation which were registered in former Czechoslovakia before the 
Second World War. 'Selecta Hanak 1', registered in 1926, is a midlate cultivar (111 days), susceptible to powdery 
mildew, medium susceptible to net blotch and rust. The spike has a high grain number (26) with relatively high TKW. 
'Hodonfnsky Kvas' , registered in 1937, is also a midlate cultivar (105-115 days), susceptible to powdery mildew, 
medium susceptible to rust, but highly resistant to net blotch. 

There are two cultivars with a low DON grain content which have been registered for growing in the Czech 
Republic after 2000 and which are now planted on a large area of malting barley fields. The first of them is 'Jersey' 
(Cebeco Zaden, B.Y. Ylijmen, The Netherlands). The midlate genotype with medium height of stem (76 cm), high 
resistance to powdery mildew (Mlo gene), medium susceptibility to scald and high susceptibility to net blotch, and a 
high level of malting quality. The second one is 'Diplom' (Nordsaat Saatzucht, Germany). Medium resistance to 
powdery mildew, susceptibility to net blotch and rust is combined with high malting quality. 

The genotypes with low DON accumulation include 'KM 1162' which was bred by the former Cereal Research 
Institute Kromeriz. The midlate cultivar has medium plant height (71-80 cm), medium resistance to resistance to 
powdery mildew, and it could be used as a resistance source to net blotch and rust. 

This short review of some accessions from our experiment with low DON accumulation evidences that the 
higher resistance to FHB can be found on variable genetic background and can be influenced by different factors. We 
did not find any significant correlation between traits of FHB resistance and agronomic parameters: plant height or 
heading date. The influence of both these factors, which can significantly change the disease rate under natural 
epidemic conditions, is completely eliminated under conditions of artificial infection with conidia suspension, which 
was made regularly when particular genotypes coming to the flowering stage. On the other hand, the significant 
correlation was found between DON content and net blotch resistance. This finding could probably stand for the set of 
genotypes tested in this project only. 

Experiment 2: 
ANOY A showed a highly significant effect of the genotype and fungicide treatment on final DON content 

(Table 4). The highest level of mycotoxin content was found in cv. TOLAR under artificial inoculation with FHB 
(Table 5). Tebuconazole reduced grain contamination with DON to 60% compared with the non-treated control. High 
infection by FHB resulting in a high DON level was also found in ·cv. AKCENT. On the contrary, the lowest DON 
content was found in both treated and non-treated variants of cv. JERSEY. 

Table 4 
ANOY A of DON (mg/kg) grain content 

Source of variation d.f. f-Ratio Significance 
Treatment 3 54.96 hs 
Year 1 0.08 ns 
Genotype 5 13.34 hs 

Note: hs - significant at 0.0 I, ns - nonsignificant. 
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Two years mean DON level (mg/kg) in selected spring barley cultivars 

OLBRAM 
TOLAR 
KOMPAKT 
SCARLETT 
AKCENT 
JERSEY 
Mean 

Note: - A: no FHB infection, 
- B: FHB infection, 

A B 
0.14 12.20 
0.59 27.15 
0.48 15.45 
0.46 16.60 
2.37 19.55 
0.16 1.35 
0.70 17.41 

- C: no FHB infection + treatment with tebuconazole, 250 g/ha, 
- D : FHB infection + treatment with tebuconazole, 250 g/ha. 

C D 
0.12 6.78 
0.21 15.80 
0.17 11.64 
0.18 12.68 
0.74 18.37 
0.30 1.14 
0.29 11.56 

Table 5 . 

The possibility to reduce the risk of high DON occurrence in harvested grain is strongly influenced by genetic 
backround of grown cultivars. The efficacy of fungicide treatment against FHB can reduce DON content under the level 
acceptable for human consumption in moderately or highly resistant genotypes only. The combination of both 
approaches is therefore the strategy of protection against FRB in spring barley growing. 
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Abstract 
Three separate field experiments were established to screen fungicidal efficacy of selected, widely used 

fungicides against leaf diseases of winter wheat, to compare the possibilities of controlling Fusarium head blight (FHB) 
and DON mycotoxin accumulation and to look for relationship between fungicidal effects and breadmaking quality 
parameters. The leaf rust (Puccinia recondita) , septoria leaf blotch (Septoria tritici) and powdery mildew (Blumeria 
graminis) development was compared in variants protected with one, two or three treatments differing in the dose of 
active ingredient. There were highly significant yield differences between the models of one or two treatments and the 
best septoria leaf blotch control after three treatments made with reduced rates of fungicides. The use or avoidance of 
treatment with a fungicide at the growth stages DC 37- DC 47 was more important than the type of preparations (active 
ingredients). A good possibility of combining special products against FHB (triazoles) with some active ingredients 
from strobilurin group (trifloxistrobin) was effective in suppression of diseases as well as in reduction of DON 
mycotoxin. A significant influence of weather conditions in particular years on parameters of breadmaking quality was 
found: falling number, test weight, and final protein content. The test weight was higher in variants treated with 
fungicides than in the non-treated check in all experimental years. 

Key words: winter wheat, Blumeria gram in is, Puccinia recondita, Septoria tritici, Fusarium culmorum, 
mycotoxins, fungicides , breadmaking quality. 

Introduction 
The main aim of our research was to develop efficient, economically acceptable and environmentally safe 

application schedules of fungicides . Current fungicidal control is characterized by the following trends: 
• development and wide use of new active ingredients and substances with a new mode of action ; 
• use of fungicides with a wide efficacy spectrum and combined control of more pathogens by one 

treatment; 
• right timing of fungicidal treatment and assessment of the dose of applied preparations based on 

threshold values of disease infection; 
• minimizing epidemiological risks of pathogen resistance inception to widely used active ingredients of 

preparations. 

Materials and methods 
] . Field experiment for the assessment of leaf diseases under natural infection 
Winter wheat cv. Ebi , susceptible to fungal pathogens, was sown in randomized blocks of 10m2 in 4 replicates 

of each in the season of2003 . 
The efficacy of one, two and three treatments was assessed. The following fungicides and spraying programmes 

were used: 
Programme A: 
Tl Alert l.0 IIha (a.i. flusilazole 125 gil + carbendazim 250 gil) , 
T2 Cerelux plus 0.4 IIha (a.i. flusilazole 160 gil + phenpropimorph 375 gil) , 
T3 Charisma 0.75 IIha (a.i. famoxadone 100 gil + flusilazole 107 gil); 
Programme B: 
Tl Alert 1.0 IIha (a.i. flusilazole 125 gil + carbendazim 250 gil), 
T2 Charisma 0.75 llha (a.i. famoxadone 100 gi l + flusilazole 107 gi l) , 
T3 Cerelux plus 0.4 Ilha (a.i. flusilazole 160 gil + phenpropimorph 375 gi l) ; 
Programme C: 
T1 Alert 1.0 IIha (a.i. flusilazole 125 gil + carbendazim 250 gi l) , 
T3 Charisma 1.0 llha (a.i. famoxadone 100 gi l + flusilazole 107 gi l) ; 
Programme D: 
T2 Alert 1.0 IIha (a.i. flusilazole 125 gil + carbendazim 250 gi l) . 
The periods between treatments were 10- 15 days long, first treatment (Tl) was made at DC 31 , second (T2)

at DC 37, and third (T3) - at DC 55 (TOTTMAN and BROAD, 1987). The plots were sprayed using an apparatus 
Gloria, BASF firm. 

All programmes were compared with the non-treated control. The standard estimation of the percentage of leaf 
area covered by pathogens (powdery mildew, septoria leaf blotch and leaf rust) was assessed. After the harvest, yield 
differences were analyzed by ANQV A. 
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2. Field experiment under artificial inoculation with Fusarium culmorum 
Winter wheat cv. Ebi was sown in randomized blocks of 10m2 in 4 replicates of each in the season of2003. The 

treatment with fungicide Sphere 267.5 EC (trifloxistrobin 187.5 gil + cyproconazole 80 gi l) at the rate of 0.8 lIha was 
carried out at DC 55 (heading). 

Second treatments with fungicides were applied one day before inoculation. The following triazoles and doses 
were used: 

• tebuconazole (200 glha); 
• prothioconazole (200) glha; 
• tebuconazole + prothioconazole (125 + 125) g/ha. 

The whole experiment was inoculated with 6.106 conidia/ml of F. culmorum isolate with a high level of 
aggressiveness. The inoculation was carried out at DC 65 (full flowering). 

The DON content (mglkg) in harvested grains was assessed immunologically by ELISA. The results were 
compared statistically by ANOVA. 

3. The influence of fungicides on breadmaking quality 
This programme was conducted during 2000-2003. Winter wheat cv. Ebi was sown in randomized blocks of 

10 m2 in 4 replicates of each. The following fungicide programme was used: 
TI Alert 1.0 IIha (a.i. flusilazole 125 gil + carbendazim 250 gil); 
T3 Charisma 1.0 IIha (a.i. famoxadone 100 gil + flusilazole 107 gil) . 
Terms of treatment (TI-T3) were used according to description in part 1. The levels of the following grain 

quality parameters were assessed: falling number (sec), test weight (gil) and protein content (%) and compared with 
results achieved in the non-treated control. 

Results and Discussion 
Experiment I: 
Biological evaluation of this experiment was aimed at the three most important leaf diseases in the climatic 

region of the Czech Republic. The highest efficacy was found in programmes A and B (Table 1). Neither two nor one 
treatment programme reached 50% efficacy against septoria leaf blotch. It is evident that the avoidance of fungicide 
treatment in T2 caused important decrease in disease suppression, especially in septoria leaf blotch. Wheat crops are at 
the greatest risk during stem extension, when the final three leaves emerge in close proximity to infected leaves lower in 
the canopy (Armour et aI. , 2003). Preventive type of fungicidal influence of some active ingredients (strobilurins) 
especially needs to be used as soon as possible of the epidemic development. 

Table 1 
Fungicidal effect of application programmes different in their intensity, DC 77 (late milk) 

Programme Powdery mildew Septoria leaf blotch Leaf rust 
%C effect. (%) %C effect. (%) %C effect. (%) 

A 23.8 97.5 26.6 97.9 45.9 99.3 
8 94.7 100.0 100.0 
C 97.4 41.0 85 .0 
D 73.1 41.6 64.7 

Note: %C - infection level in non-treated plot; effect. (%) - fungicidal effectiveness. 

The yield reached up to 6000 kglha in the non-treated control variant (Table 2). All variants treated with the 
fungicides exceeded this yield on a high level of significance. The difference of about 500 kglha was assessed between 
the mean yield of variants treated three times or twice and 750 kglha between variants treated three times or once. 

Table 2 
Results of ANOV A - yield analysis 

Programme 
Mean yield Difference to Difference to Significant 

(kglha) control (kg/ha) control (%) difference 
control 6000 

A 8100 2100 135.0 xx 
8 8250 2250 137.5 xx 
C 7700 1700 128.3 xx 
D 7400 1400 123.0 xx 

Note: xx = significant at 0.01 . 

94 



AGRONOMI.JAS VESTIS (Latvian Journal of Agronomy) No. 7 LLU 2004 Geographic distribution and epidemiology of diseases and pests 

Experiment 2: 
The DON content (mg/kg) in harvested grains was significantly lower after all fungicide treatments (Table 3). 

Only one preventive treatment with Sphere 267.5 EC reduced DON content to about 50% in comparison with the non
treated control. All two-spraying programmes showed final DON-concentration around 1 mg/kg. Tebuconazole was 
selected because this active ingredient reduced both FHB and the level of DON in many trials (Jones, 2000). 
Prothioconazole is one of new triazoles, brought on the market by Bayer company. The influence of this fungicide 
against FHB is very good, too. The fact that trifloxistrobin in mixture with cyproconazole showed positive effects 
against FHB opened other possibilities of effective control of leaf and spike diseases aggregated in one treatment. 

Table 3 
Spike infection and DON mycotoxin content in winter wheat after FHB infection and treatments with fungicides 

Treatment Spike infection (%) . DON (mg/kg) 
Nontreated 59.1 15.47 
Sphere 22.9 7.38 
Sphere - Tebuconazole 6.3 1.58 
Sphere- Prothioconazole 10.5 1.13 
Sphere - (Tebuconazole + Prothioconazole 14.5 1.34 

Experiment 3: 
There were significant differences between particular years in the levels of falling number and test weight as 

well as in grain protein content (Table 4). The treatment with fungicides highly significantly influenced the level of test 
weight in all experimental years. The data of compared traits are summarized in Figures 1- 3. 

It is widely accepted that the effect of fungicides can prolong the grain filling period as well as the period of 
active assimilation and production of carbohydrates. We used fungicide Charisma in the second application term. This 
product is based on active ingredient famoxadone , which belongs to the group of strobilurin fungicides. Strobilurin 
fungicides have a broad spectrum activity against all major foliar pathogens of wheat. In addition to this extraordinary 
fungicidal activity, side effects have been reported which result in higher yields of cereals, e.g. the reduction of 
respiration , delayed leaf senescence, activation of nitrogen metabolism as well as increased tolerance against abiotic 
stress factors (Beck et aI. , 2002). Higher levels of test weight are in good relationship with an increased final yield after 
the treatment with fungicides. 

Saunders and Salmon (2000) confirmed clear differences between cultivars for the majority of the carried out 
quality tests. The authors mentioned that the majority of wheat Hagberg falling number values were below 250s for 
Hereward and Rialto. This would cause rejection at mill intake and reduce subsequent processing options. We found in 
our experiments causal influence of the weather on the falling number in particular years, which was not changed by 
fungicide treatment on a significant level. The years 2002 and 2003 were relatively dry and hot during ripening and 
falling number values were very high. On the contrary, rainy start of summer in 2000 and 2001 resulted in extremely 
low levels of this parameter. 

The treatments with fungicides had no major influence on the crude protein content of winter wheat grain 
(Brzowski et aI. , 1998). We confirmed these findings and concluded that the effect of the year and cultivar is more 
important for the final protein content than the use of fungicides . It is important to suggest using some additional N 
fertilization to winter wheat stands grown with high intensity of protection with fungicides because the disease-free 
plants have higher requirements for nutrition elements. In these conditions the grain gluten content increased 
significantly after the combination ofN fertilizer, herbicide and fungicide (Surovcik, 1999). 

Table 4 
ANOV A of grain quality parameters 

Source Of f-Ratio Significance 
Falling Number 
Year 3 1351.44 hs 
treatment 1 0.090 ns 
Test We~ght 
Year 3 187.560 hs 
treatment I 117.710 hs 
Protein Content 
Year 3 0.010 s 
treatment 1 0.412 ns 

Note: hs - significant at 0 .0 1: s - significant at 0.05 ; ns - non-significant. 
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Note: 1 - non-treated with fungicide ; 3 - treated with fungicide. 
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Fig. 1. Winter wheat CY. Ebi: falling number (sec) in 2000-2003 
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Note: 1 - non-treated with fungicide; 3 - treated with fungicide. 

Fig. 2. Winter wheat CY. Ebi: test weight (gil) in 2000-2003 
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Note: I - non-treated with fungicide; 3 - treated with fungicide. 

Fig. 3. Winter wheat cv. Ebi: grain protein content (%) in 2000-2003 

The review of quite different protection systems shows that good efficacy can be obtained by permanent 
fungicidal screen. More intensive (considering particularly the duration of the assumed effect) treatments at the 
previous term enable a later successive application. The treatments should be wide-spectral, controlling as high the 
number of diseases as possible. The spectrum of registered preparations provides such an option. 

The incidence, dynamics of epidemic development of fungal disease pathogens and infection (damage) severity 
in winter wheat stands are markedly determined by natural conditions of the given growing season. Multiyear regular 
evaluations of diseases incidence allow us, to a certain extent, to foresee the epidemics and/or to monitor longer-term 
developmental trends. However, a major problem is a large variability within populations of fungal disease pathogens, 
which considerably limits the possibilities of the development of long-term strategies or generally valid methodologies 
for fungicidal protection. Similarly, reactions of cultivars also change over the time and if they become very susceptible, 
farmers can gradually lose interest in growing them. 
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Abstract 
Residue-borne pathogens that cause leaf spotting diseases of wheat have become increasingly important in 

Lithuania because more growers are adopting reduced tillage, which leaves crop residue on the soil surface compared 
with conventional tillage. The objective of this study was to investigate differences in susceptibility to leaf infection by 
Drechslera tritici-repentis and septoria leaf spot complex (Septoria tritici and Stagonospora nodorum) among some of 
the currently registered winter wheat cultivars. We also examined the influence of primary field infection on the 
development of leaf spotting diseases during the whole growing season. The experiments were conducted during the 
two growing seasons (2002-2003 and 2003-2004) at the Lithuanian Institute of Agriculture in Dotnuva, Kedainiai 
district. Three winter wheat cultivars Aron, Hereward and Tauras were sown. The field trials were made on two 
backgrounds: soil surface was covered with naturally infected straw in autumn and natural field infection without straw. 
Observations of disease severity were made approximately every 7-10 days on each plot starting at the beginning of 
stem elongation and continuing through the late milk stage. Results showed that the most common disease in winter 
wheat during the growing seasons 2002-2003 and 2003- 2004 in our experiment was tan spot. Septoria leaf spot 
complex was less prevalent. At the beginning of stem elongation in inoculated with straw and in naturally infected plots 
the severity of tan spot was similar for all cultivars. Until winter wheat flowering stage, no significant differences 
between the severity of tan spot in inoculated and naturally infested wheat were found in both years. At late growth 
stages straw on soil surface had a significant effect on tan spot severity increase. The reaction of test cultivars to leaf 
spotting disease was different and depended on growing conditions (with or without straw) and growing season. 

Key words: winter wheat, tan spot, septoria leaf spot complex, disease severity. 

Introduction 
\ 

Residue-borne pathogens that cause leaf spotting diseases of wheat have become increasingly important in 
Lithuania because more growers are adopting reduced tillage, which leaves crop residue on the soil surface compared 
with conventional tillage. The pathogens which cause leaf-spotting disease on wheat include Pyrenophora tritici
repentis (Died.) Drechs. (anamorph Drechslera tritici-repentis (Died.) Shoemaker) which causes tan spot, and the 
septoria leaf spot complex, which includes Phaeosphaeria nodorum (E. MUlier) Hedjaroude (syn. Leptosphaeria 
nodorum E. MUller, anamorph Stagonospora nodorum ([Berk.] Berk. in Berk. and Broome) and Mycosphaerella 
graminicola (FUckel) Schroeter (anamorph Septoria tritici Rob. ex Desm.). Air-borne ascospores discharged from 
mature pseudothecia serve as an effective source of primary inoculum for S tritici and. S nodorum. However, there are 
many instances where the sexual stage was not found and it is, therefore, assumed that infected wheat debris and rain 
splashed pycnidiosporas serve as a primary source of inoculum (Eyal , 1999). Investigations on epidemiology of tan spot 
indicate that the main source of primary infection is ascospores produced in pseudothecia developing on dead leaves, 
leaf sheaths and culms (Maraite et at. , 1992; Zamorski and Schollenberg, 1994). Currently D. tritici repentis is one of 
the most important wheat leaves spotting pathogens in many European countries (Bankina, 2002; Gustsson and Berg, 
2003 ; Jorgensen and Jensen, 2003; Sarova et aI. , 2002; Zamorski and Schollenberg, 1994) and in Lithuania too . Tan 
spot as winter wheat disease was first reported in Lithuania in 1995. 

The objective of this study was to investigate differences in susceptibility to leaf infection by D. tritici-repentis 
and septoria leaf spot complex (S tritici and S nodorum) among some of the currently registered winter wheat 
cultivars. We also examined the influence of primary field infection on the development of leaf spotting diseases during 
the whole growing season. 

Materials and Methods 
The investigations were conducted during the two growing seasons (2002- 2003 and 2003-2004) at the 

Lithuanian Institute of Agriculture in Dotnuva, Kedainiai district. Three winter wheat cultivars Aron, Hereward and 
Tauras were sown. A plot size of 300 m2 was inoculated for each cultivar. A source of inoculum was provided by wheat 
straw, spread over plants in late autumn. Straw was collected after harvest from the winter wheat field. It was naturally 
infested with D. tritici-repentis and other residue borne pathogens and stored under natural conditions. At 100 m 
distance from the inoculated plot we marked plots for leaf spotting disease assessments .in winter wheat grown on 
natural field infection background. The development of diseases was monitored by sampling four replications of 
15 plants per plots. Random tillers were selected and the top three leaves were scored for disease severity by using the 
0-100% scale (Guidelines . .. , 1999). Observations of disease severity were made approximately every 7- 10 days on 
each plot starting at the beginning of stem elongation and continuing through the late milk stage. Growth stage was 
recorded when disease severity was assessed (Meier, 1997). 

Temperature, relative humidity (RH) and rainfall were recorded from May to July. 
The data were analysed by Duncan's multiple range test and significance is reported at P < 0.05. 
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Results and Discussion 
In Dotnuva, the winter wheat growing season was little drier in 2003 than in 2004. The total rainfall from 151 

May before last assessment in July in 2003 was 105 mm, in 2004 - 122 mm . Frequent rainfall , higher relative 
humidity in July resulted in more severe infection of leaf spotting diseases in 2004 . Results showed that the most 
common disease in winter wheat during the growing seasons 2002-2003 and 2003- 2004 in our experiment was tan 
spot (P. tritici-repentis) (Table 1). Septoria leaf spot complex was less prevalent. 

Table 1 
Leaf spotting disease severity on flag leaf at late milk development in different cultivars of winter wheat in Dotnuva, 

2003-2004 

2003 2004 
Cultivar 

Tan spot Septoria leaf spot complex Tan spot Septoria leaf spot complex 

Natural field infection 

Aron 12.42a* 0 .08 9.75a 14.55c 

Hereward 13.67a 0 19.58b Oa 

Tauras 11.58a 0 8.77a 3.40b 

Soil surface inoculated with straw 

Aron 25.17c 0.13 7.75a 0 

Hereward 14.08b 0 65.00c 0 

Tauras 7.10a 0 59.58c 0 

* do not differ (P = 0 .05) by the same letter according to Duncan ' s multiple range test. 

At the beginning of stem elongation, the severity of tan spot was similar for all cultivars in inoculated with straw 
and in naturally infected plots (Figures 1- 3). Until winter wheat flowering stage, no significant differences between 
severity of tan spot in inoculated and naturally infested wheat were found in both years. Tan spot severity in 2003 began 
to increase at the beginning of ripening (BBCH 71 - milk ripening). More intensive development of tan spot in 
inoculated plots in 2003 was recorded in cvs. Hereward and Aron compared with naturally infected wheat. In the 
middle of milk development, the severity oftan spot in the two cultivars in inoculated with straw plots was significantly 
higher than that in naturally infected plots. In cv. Tauras, significant differences between tan spot severity in inoculated 
and natural infected plots were not found. 

When the weather conditions were more conducive to tan spot development (in 2004) the disease severity began 
to increase at heading. An increase in tan spot severity was found in both inoculated and not inoculated plots . In winter 
wheat cv. Aron , development of tan spot was on a similar level in inoculated with straw and naturally infected plots. 
Significant differences were not found. 
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Fig. 1. Tan spot (Drechslera tritici-repentis) progress curves of winter wheat cv. Aron in Dotnuva, 2003- 2004 

In winter wheat cvs. Hereward and Tauras, tan spot developed more intensively in inoculated with straw plots. 
An extremely severe attack of this disease was recorded at milk growth stage. Our experimental results showed that the 
most rapid development of tan spot in both years was at late growth stages for all cultivars. We can assume that the 
severe attack depended not only on the level of primary infection and genotype, but also on the age of plants, too, 
because older leaves have been found to be more susceptible to tan spot than younger leaves (Cox and Hosford, 1987). 

Tan spot severity in cvs. Hereward and Aron at the end of mi-lk development was significantly higher in 
inoculated with straw plots compared with the plot without inoculation. Some authors have reported that retention of 
wheat residue on the soil surface generally results in increased tan spot severity, while the incorporation of wheat debris 
reduces severity (Bockus and Claassen, 1992; Stover et aI. , 1996; Duveiler et aI. , 2002). 
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Fig. 2 . Tan spot (Drechslera tritici-repentis) progress curves of winter wheat Hereward in Dotnuva, 2003-2004 

In our study we found that not only straw residues but also the genotype had significant effect on tan spot 
severity increase. The susceptibility to tan spot at a late milk growth stage of test winter wheat cultivars is presented in 
Table 1. The leaf area affected by tan spot and septoria leaf spot complex at this growth stage was estimated on flag 
leaves because lower leaves had died. Under less favourable weather conditions for leaf spotting development in 2003, 
tan spot severity in naturally infected plots was on the same level. Any significant differences were not found. In 
inoculated with straw plots the highest severity at milk development was for cv. Aron. This cultivar was significantly 
more susceptible than other test cultivars. Cv. Tauras was significantly less susceptible to tan spot compared with cvs. 
Aron and Hereward. 

In 2004, when more favourable weather conditions for leaf spotting diseases prevailed, significantly highest 
susceptibility to tan spot was exhibited by cv. Hereward in naturally infected plots. When soil surface was inoculated 
with straw, in 2004 significantly lesser tan spot severity was for cv. Aron. Susceptibly of cvs. Aron and Tauras to tan 
spot was found to differ between the years. This suggests that different race of tan spot might have prevailed in 2003 
and 2004. Eight races have been identified in the fungal population based on their ability to produce necrosis and 
chlorosis symptoms on appropriate wheat differentials (Ali and Francl, 2002). Unfortunately, race populations in 
Lithuania have not been identified yet. 
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Fig. 3. Tan spot (Drechslera tritici-repentis) progress curves of winter wheat Tauras in Dotnuva, 2003-2004 

The results presented in this paper highlight the importance of primary infection of soil surface on tan spot 
development during the growth seasons and genotype response to pathogens in different environmental conditions. The 
conclusions and assumptions made in this study provide a base for further research. 
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THE OCCURRENCE OF SEPTORIA SPP., PUCCINIA RECONDITA AND CLAVICEP~ PURPUREA 
ON DIFFERENT VARIETIES OF WINTER TRITICALE (TRITICOSECALE WITi\1:. EX A. 
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Resistance of the Lithuania-recommended triticale varieties to septoria leaf blotch, brown rust and ergot was 
studied at the Botanic Garden of Siauliai University in 2002 and 2003 . 

Septoria leaf blotch and brown rust tests were conducted on the background of natural infection. The incidence 
and severity of these diseases were assessed at plant booting (BBCH 37) and milk ripe (BBCH 75) growth stages. The 
experimental evidence suggests that due to the dry weather the incidence of septoria leaf blotch in the triticale crops was 
lower in 2002. At booting stage, the disease severity was 0.04- 0.32, at milk ripe 0.81- 6.77%. In 2003, when there 
was more moisture and cooler weather prevailed, the disease severity at milk ripe was as high as 16.06-39.29%. In 
both experimental years, 'Tewo ', 'Tornado' and 'Marko' varieties were found to be more infested with septoria leaf 
blotch. The spread of brown rust was similar in both experimental years, and it was identified only at the stage of milk 
ripe. Although the disease incidence ranged from 6.3 to 91.0%, the disease severity was as low as 0.06-3.32%. 'Tewo ' 
and 'Marko ' varieties were found to be more susceptible to brown rust. 

Ergot tests were carried out on the background of artificial infection. Per cent of ergot-affected ears and the 
number of ergot-infested ears and sclerotia per 1 m2 were estimated. Warm and dry weather in 2002 determined a very 
early and short flowering period of triticale, therefore only in three varieties ergot-affected ears accounted for as little as 

. 0.07-0.20%. In 2003 , triticale flowering period started two weeks later compared with 2002, and ergot-affected ears 
accounted for 0.67 to 3.56%. 'Tewo' , 'Tornado' , 'Lupus ' and 'Marko ' varieties with a longer flowering period were 
more ergot-infested. 'Alzo ' and ' Fidelio' varieties with a shorter growing season were most resistant to all investigated 
diseases. 

Key words: triticale, brown rust, septoria leaf blotch, ergot, Tritieoseeale, Puecinia reeondita, Septoria spp., 
Clavieeps purpurea. 

Introduction 
In Lithuania, the area sown with winter triticale is on the increase every year. In 1990', winter triticale was grown 

only in a few plots in Lithuania, whereas in 1999 the area under triticale amounted to 25.9 thousand ha. In 2002, the 
crop was grown on an area of 40.5 thousand ha and this accounted for 10.4% of the total winter cereals cultivation area 
(Statistical.. ., 2000, 2003). One of the problems that triticale growers encounter is diseases. Winter triticale is affected 
by septoria leaf blotch, brown rust, ergot, head blight, that can cause heavy yield losses (Gaurilcikiene, 1998). 

Most triticale varieties are resistant to mildews (Blumeria graminis) , less susceptible to yellow rust (Pueeinia 
strii/ormis), moderately susceptible to brown rust (Puecinia reeondita) , however, they are very susceptible to septoria 
leaf blotch (Septoria tritici) and ergot (Clavieeps purpurea). The most common triticale diseases in Lithuania are brown 
rust, septoria leaf blotch, and ergot (Dabkevicius, Semaskiene, 2001 ; Gaurilcikiene, 1997). 

Septoria leaf blotch is caused by Septoria tritiei Rob.in Desm. (teleomorfa Myeosphaerella graminieola (Fuckel) 
J. Schrot in Cohn.), septoria glume blotch by Stagonospora nodorum (Berk.) E. Castell et Germano=Septoria nodorum 
(Berk.) Berk. , teleomorfa Phaeosphaeria nodorum (E. MUll.) Hejdar. sin. Leptosphaeria nodorum E. MUlL). S. triliei is 
more liable to occur early in spring on lower leaves. S. nodorum affects plants later and is the chief pathogen of triticale. 
In Poland having cross-infected six winter triticale and five winter wheat varieties with the S. nodorum pathogen 
isolated from wheat and triticale it was identified that isolates from triticale are more aggressive to triticale and wheat 
than those isolated from wheat (Wos, Mackowiak, 1994). In Lithuania, Septoria spp. affects triticale annually 
(Gaurilcikiene, 2001). Weather conditions have the greatest effect on the spread of the disease. Cool and wet weather is 
especially conducive to the occurrence of the disease (Gaurilcikiene, 1998; Janusauskaite, Dabkevicius, 2002; 
Dabkevicius, Semaskiene, 200 I). 

Brown rust is caused by Pueeinia reeondita Rob. ex Desm. F. sp. tritici. Triticale is less susceptible to this 
pathogen than wheat. The signs of this disease in triticale crops in Poland can be spotted at the end of June and it always 
occurs in triticale crops in July (Zamorski et aI. , 1997). The winter triticale variety 'Brio ' is characterised by high 
resistance to brown rust (Fossati et aI., 1992). The spring triticale variety ' Gabo' is resistant to this disease, its severity 
at milk ripe stage is as low as 4.12--4.16% (Janusauskaite, 2002). 

An increase in the occurrence of ergot in winter triticale crops has been noticed in recent years. The causal agent 
of this disease is Clavieeps purpurea (Fr.) Tu!. During the period 1997-2000, on average 40.3% of the winter triticale 
cultivation area was infected with ergot in Lithuania, ergot-affected ears accounted for 4.7% (Dabkevicius, Semaskiene, 
200 1). Ergot assumed an epiphytotic character of occurrence in triticale crops in the neighbouring Belarus, during 
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1996-1999 the ergot-affected area accounted for 29 to 100% of the total area sown with triticale (Prochorov et aI., 
2000). Yield losses resulting from this disease can be as high as 13% lNiemkovich, 1999/. In Poland, ergot was 
observed sporadically (Zamorski et aI., 1997). Initial infection with ascospores occurs on triticale crops during 
flowering. Since cereal flowering period is longer, fungus conidia formed in infected flowers, repeatedly infect a larger 
number of flowers (Wiese, 1991). Triticale varieties differ in their resistance to ergot, therefore it is recommended 
growing more resistant varieties in the areas with a severe disease occurrence (Pageau et aI. , 1994). The crops tend to be 
less infected with ergot when their development is even, and the flowering period is shorter (Engelke et aI. , 2001). 

The objective of the present study was to estimate the. resistance of winter triticale varieties recommended for 
cultivation in Lithuania to the chief foliar and ear diseases: septoria leaf blotch, brown rust and ergot, and to identify the 
regularities of the spread of these diseases in relation to the peculiarities of the investigated varieties. 

Materials and Methods 
Experiments were carried out at Siauliai University's Botanic Garden during the period 2001 - 2003 with six 

winter triticale varieties recommended for cultivation in Lithuania (Table 1). 
Table 1 

Characteristics of winter triticale varieties according to the data from the Lithuanian State Variety Testing Centre 

Recommended Average 
Average 

Lodging 
for cultivation 

Average 
length of 

score of 
resistance 

Variety Breeder plant overwinter 
in Lithuania 

height, cm 
growing 

survival , 9 
score, 9 point 

since: season, days 
point scale 

scale 

Tewo Danko H .R. , Poland 1995 96 207 8.8 8.4 
Alzo IHAR, Poland 2000 96 210 8.3 7.3 
Tornado IHAR, Poland 2000 100 207 8.5 8.3 
Fidelio Danko H .R. , Poland 2001 90 205 8.5 8.1 
Lupus Nordsaat,Saaten - 2001 105 204 8.8 6.8 

Unijon, Germany 
Marko H.R.Strzelce, Poland 2001 103 206 8.6 8.0 

Winter triticale was sown after early potatoes . P20 S 60 and K20-60 were applied before sowing. After renewal of 
vegetation ammonium nitrate N-60 and at booting stage N 30 were applied . Before sowing the seed was treated with 
triadimenol 15 g kg-I + fuberidazole 2,0 g kg-I + imazalil 2,5 g kg-I a rate of 2.0 kg rl . The seed rate was 4.5 million 
viable seed per hectare. The size of record plots was 1 m2

. The trial included four replications. The plots were arranged 
in one line systematically. The occurrence of septoria leaf blotch (Septaria spp.) and brown rust (Puccinia recandita) on 
triticale were identified at booting (BBCH 37) and milk ripe (BBCH 75) stages. Three top leaves on 25 stems were 
estimated per plot. Per cent of affected leaves and disease severity, expressed in per cent were assessed. Infection 
background of ergot was formed by inserting 109 sclerotia at 2- 3 cm depth in the gaps between each plot. 

Special test on the dynamics of ergot sclerotia germination and stroma formation were conducted with unbroken 
8-14 mm in length sclerotia. On the 21 51 (2001) and 23 rd (2002) of September, 25 sclerotia were sown at a depth of 
2- 3 cm in a one meter row. In total 16 rows, i. e. 400 sclerotia were sown. 

Plant flowering dynamics was estimated by assessing 25 ears per each plot. Assessments were started in May 
after first flowering ears had emerged and were completed after all ears had finished flowering. Per cent of flowering 
ears was identified every three days at the same time - from 7 a.m. to 9 a.m. 

Assessments of the dynamics of sclerotia germ ination and stroma formation were started after the first stroma of 
ergot had appeared on the soil surface. Every three days until stroma had stopped formation we identified the number 
and per cent of germinated sclerotia, the amount of stroma formed and the number of stroma per one germinated 
sclerotium. 

At triticale hard ripe stage (BBCH 91), before harvesting ergot-affected and healthy ears and the number of 
sclerotia in each record plot were counted. Per cent of ergot-affected ears and the number of sclerotia per I m2 were 
estimated. 

The experimental data were processed by analysis of variance. 
The weather conditions during the experimental years were diverse. In 2001 , the autumn was sufficiently humid, 

long and winter triticale was able to tiller well before winter. In 2002, the spring was early, due to the prevailing warm 
weather development of cereals started early, unusually hot and dry weather in May influenced an early flowering of 
triticale crops. In 2002, the summer was warm, there was more rainfall in the second half of June and first half of July. 
The rainy weather in July delayed triticale ripening. In 2002, the autumn conditions were not favourable for triticale 
emergence and tillering: dry weather dominated in September, in October it was wet and rather chilly. In 2003 , the cool 
weather at the beginning of spring inhibited triticale development. The weather in the summer was changeable: cool , 
rainy June and dry, hot July. Such weather delayed triticale flowering, however, the settled warm weather later in the 
season accelerated its ripening. 
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Results and Discussion 
Septoria leaf blotch 
The growing season of winter triticale started early in the spring of 2002. The first spots of septoria leaf blotch 

were identified on the third leaf from the top at the beginning of triticale booting stage (BBCH 30-32). Although at the 
end of May the air temperature had reached the optimum limit for septoria leaf blotch development (15°C), the 
shortage of moisture inhibited its spread. Consequently, at the end of triticale booting stage (BBCH - 37) the disease 
affected as little as 3.7-16.3% of three upper leaves, and the disease severity was as low as 0.04-0.32% (Table 2). 
The smallest number of affected leaves was identified in 'Alzo' (3.7%) and 'Fidelio' (4.3%), while the most heavily 
affected were the leaves of 'Marko' (16.34%). The disease severity was the highest in the variety 'Marko'. At milk ripe 
stage (BBCH - 75) the disease affected 40.0-92.0% of leaves, and the disease severity was 0.81-6.67%. Already at 
this period it became obvious that' Alzo' and 'Fidelio' were significantly more resistant to septoria leaf blotch, while 
'Tornado' and 'Marko' were found to be most susceptible to septoria leafblotch. 

The spring of 2003 was late and cool compared with that of 2002. The weather in the summer was changeable: 
cool and rainy June, and dry and hot July. Rather cool and wet weather in spring created good conditions for the spread 
of septoria leaf blotch. At booting stage, the incidence and severity of t~.e disease were similar to those in 2002. The 
same trend was revealed: 'Alzo' and 'Fidelio' were more resistant to the disease. However, heavy rainfall in the first 
and second ten-days period of May (in total 65 mm) promoted the spread of septoria, and at the stage of milk ripe the 
disease affected 94.3-96.7% of leaves. Although the per cent of affected leaves differed little between the tested 
varieties, the disease severity was rather different. Like in previous years, 'Alzo' and 'Fidelio' were noted for the 
highest resistance to septoria leaf blotch, the disease affected 18.09 and 16.06% of leaf area, respectively, while 
'Tornado' was found to be the most heavily affected - 39.29%. The disease severity for the other varieties was 
similar - 24.33-28.37%. 

Table 2 
Incidence and severity of septoria leaf bloch in winter triticale varieties, 2002/2003 

2002 2003 
Variety BBCH-37 BBCH -75 BBCH - 37 BBCH -75 

Incidence Severity Incidence Severity lncidence Severity Incidence Severity 
'Tewo' 9.3 0.11 56.7 2.18 10.0 0.10 92.0 28.37 
'Alzo' 5.7 0.06 40.0 0.81 3.7 0.06 92.3 18.01 
'Tornado' 6.3 0.06 92.0 6.77 13 .0 0.19 94.3 39.29 
'Fidelio' 4.3 0.04 63.3 0.88 0.8 0.04 86.7 16.06 
'Lupus' 7.7 0.08 80.3 2.25 8.7 0.14 91.7 24.33 
'Marko' 16.4 0.32 76.0 5.51 12.7 0.16 87.3 25.15 
LSDo5 5.01 0.058 12.99 3.001 3.31 0.066 7.01 6.184 

Brown rust 
Brown rust was not found at the stage of booting. It started to spread later, the first pustules appeared at the end 

of triticale flowering. At milk ripe stage the incidence of brown rust varied more between the varieties: from 6.4 to 
91.0% affected leaves (Table 3), in 2003 this difference was smaller - from 48.0 to 75.3%. The disease severity during 
the experimental years was low - in 2002 up to 2.01 % and in 2003 up to 3.32%. fn .. both years the varieties' Alzo' and 
'Fidelio' were also found to be more resistant to brown rust. It is interesting to note that 'Tornado' variety is susceptible 
to septoria, however, it was rather resistant to brown rust. 'Tewo' and 'Marko' were found to be most susceptible to 
brown rust. Other researchers have also reported that the winter triticale variety 'Fidelio' is characterised by a complex 
resistance to crown, leaf and head diseases (Pojmaj et a!., 1997). 

Table 3 
Incidence and severity of brown rust on winter triticale varieties, 2002/2003 

2002 2003 
Variety BBCH -75 BBCH-75 

Incidence Severity Incidence Severity 
'Tewo' 91.0 2.01 73.0 3.32 
'Alzo' 43 .3 0.43 48.8 0.6] 
'Tornado' 27.4 0.31 50.3 1.03 
'Fidelio' 6.4 0.06 48.0 0.59 
'Lupus' 73.1 1.20 69.0 2.03 
'Marko' 86.4 2.01 75.3 2.82 
LSDo5 25.62 0.918 16.91 1.545 
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Ergot 
In 2002, ergot sclerotia started to germinate and form stromas on May 15 and continued until June 20. This 

process was promoted by the warm weather. In 2003, ergot started to germinate 9 days later, i.e. on May 24, and the 
germination continued until the end of June (Fig. 1). In 2003, ergot germinated not only later but also a smaller per cent 
of sclerotia germinated and formed a smaller amount of strom as compared with 2002 (Fig. 2). 

Germinated sclerotia % 
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Fig. 1. Germination dynamics of ergot sclerotia 2002-2003 
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Fig. 2. Dynamics of the formation of ergot sclerotia stromas, 2002- 2003 
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In 2002, triticale flowering started at the beginning of June, when more than half of ergot sclerotia had 
germinated. Most varieties reached the stage of mass flowering on June 8, only the peak of flowering for the variety 
'Tewo' was 3 days later (Fig. 3). The largest part of plants finished flowering on June 14, and the flowering period 
lasted for about 15 days. In 2003, the plants started flowering as late as on June 13- 14 and continued until the end of 
June (Fig. 4). The flowering period in 2003 was more prolonged than in 2002. 
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Fig. 3. Flowering of winter triticale varieties recommended for cultivation in Lithuania, 2002 
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Fig. 4. Flowering of winter triticale varieties recommended for cultivation in Lithuania, 2003 

Although provocative background was formed, drier and warmer weather and more rapid flowering in 2002 did 
not promote triticale infection with ergot. Two winter triticale varieties were not affected by ergot, in the other varieties 
the affected ears amounted to as little as 0.07-0.20%, the amount of sclerotia per 1 m2 was as low as 0.25-2.50% 
(Table 3). Like for the other diseases, 'Alzo' and 'Fidelio' varieties were more resistant to ergot since they had the 
shortest flowering period. 

In 2003 , the ergot-affected ears accounted for 0.67- 3.56%, and from 6,0 to 20.0 sclerotia were found per 1 m2
. 

The spread of ergot was promoted more by cool and rainy weather, prolonged and late flowering. 'Lupus ', 'Tewo' and 
' Marko' varieties that were most heavily affected by ergot had an especially long flowering period. 

Table 4 
Ergot infection of triticale varieties, 2002/2003 

Ergot-infested ears % 
Number of ergot-infested ears Number of sclerotia 

Variety per 1 m2 per 1 m2 

2002 2003 2002 2003 2002 2003 
'Tewo' 0.07 1.65 0.25 8.50 0.75 16.75 
' Alzo ' 0.00 0.67 0.00 3.75 0.00 6.00 
'Tornado' 0.07 1.88 0.25 1l.00 0.25 15.25 
' Fidelio' 0.00 l.07 0.00 5.50 0.00 9.25 
'Lupus ' 0.00 3.56 0.00 18.25 0.00 19.50 
'Marko ' 0.20 2.80 2.50 13.00 2.75 20.00 
LSDo5 0.205 1.963 1.967 10.181 2.273 10.717 
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The spread of winter triticale diseases depended on the weather conditions and varietal peculiarities of the grown 
varieties. The year 2003 with prevailing cooler and wetter weather was more conducive to the occurrence of diseases. 
The shorter season winter triticale varieties 'Alzo' and 'Fidelio' were noted for a complex resistance to septoria leaf 
blotch, brown rust and ergot. The varieties 'Tewo' and 'Marko' were susceptible both to foliar diseases and to ergot. 
Late and prolonged flowering of winter triticale encourages the spread of ergot. 
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THE EFFECT OF FUNGICIDES ON THE MICROFLORA OF GRAINS 

Heino Loiveke 
Estonian Research Institute of Agriculture, Teaduse 13 , Saku, 75501, Harjumaa, Estonia, 

e-mail: heino.loiveke@mail.ee 

Abstract 
This study was carried out in order to investigate the effect of fungicides on the microflora of grain yield (the 

winter wheat variety 'Sani') in the field trials of2002-2003. 
Variants on background No and N I50 : 1. Untreated, 2. Bumper Super (a.i. propiconazole + prochloraz) 1.0 I ha- I, 

3. Tilt 250 EC (a.i. propiconazole) + ~portak 45 EC (a.i. prochloraz) (0.36 + 0.89 I ha- I), 4. Tilt 250 EC (a.i. 
propiconazole) 0.5 I ha- I. Application for the control of Leptosphaeria nodorum E. Muller was made on 23.05.2002 on 
GS 39 and on 17.06.2003 on GS 47-49. The date of harvest was 25.07. in 2002 and 11.08. in ·2003. 

The total number of aerobic mesophilic bacteria was estimated on the PCA (Plate Count agar = Casein-peptone
glycose-yeast agar, ICC Standard No. 125, 1978), whereas for fungi and yeasts, RBCA (Rose bengal chloramphenicol 
agar, ICC Standard No. 146, 1992) was used. The species and number of Fusarium Link. ex Fr. were defined on Nash 
and Snyder selective medium. The classification of Fusarium isolates was made according to Gerlach and Nirenberg 
(1982). The toxicity of Fusarium isolates was tested on the basis of the size of the growth inhibition zone of Bacillus 
stearothermophilus (Watson, Lindsay, 1982). 

The changes of microflora in the main groups of microorganisms (bacteria, moulds, and yeasts) depended on the 
N background and weather conditions of the year more than on the application of fungicides. In the untreated control, 
the number of bacteria, moulds and yeasts increased on the background ofN 150. In rainier growth periods, the number of 
bacteria and moulds was bigger in the untreated control but the number of yeasts was bigger in the drier period. On 
applying fungicides , the number of both bacteria and yeasts, compared to the untreated control, did not change to a firm 
direction, however, the number of moulds decreased on the background of N 150 in both years. In the case of the N 150 
background, there were more Fusarium spp. in the yield in rainier growth periods than in drier periods. None of the 
tried fungicide variants saved the yield from Fusariums completely. Of the three variants, Tilt (propiconazole) 0.5 I ha- I 

had the best effect on decreasing the number of Fusarium spp. Mainly F. culmorum (W.G.Sm.) Sacco and F. avenaceum 
(Fr.) Sacco occurred in the yield. The toxicity of Fusarium spp. isolates towards B. stearothermophilus was 3- 7 points 
on a 10-point scale. The changes in microflora when applying fungicides do not generally impair the quality of grain, 
but the increase of the number of Fusarium spp. is unadvisable in certain cases. 

Key words: grain, winter wheat, nitrogen, precipitation, microflora, fungicides , Fusarium spp. 

Introduction 
In assessing both food and feed grain quality, its microbiological indicators are important. A considerably higher 

number of microorganisms (fungi, bacteria, yeasts) than the standards of quality grain is one of the signs of 
deteriorating grain quality and characteristic of tainted grain. Moreover, many microorganisms, including a number of 
moulds and part of bacteria and yeasts, are able to produce toxins in certain conditions. Fusarium, Aspergillus, 
Penicillium and Alternaria species are most common toxicants in stored grain (Miller, Trenholm, 1997). Unfortunately, 
in Estonia there are still no microbiological standards for food and feed grain, causing a situation, where cereal growers 
are not interested in producing grain with the best microbiological properties. In Estonia, no-one has paid attention to 
the problem yet. At the same time, in several countries the microbiological quality of cereals is observed, for example, 
in Germany microbiological standards have been established both for food (Baumgart, Firnhaber, 1993) and feed grain 
(Schmidt-Lorenz, 1980). There are several methods for optimising the microbiological composition of yields: including 
change of N fertiliser doses, use of fungicides during plant growth to suppress pathogens and saphrophytic flora, 
acceleration of grain ripening, and possibly quick harvest. 

Materials and Methods 
Experiments for controlling diseases in the winter wheat ' Sani ' with 4 variants on 2 N backgrounds (No, N 150) 

were carried out at Olustvere experimental station in Viljandi County in 2002 and 2003 , on a fertile sod calcareous soil , 
with humus horizon thickness 23-25 cm, grading heavy sandy clay, humus content 1.7- 2.2%, pH KCI 6.4- 6.7, 
P determined by the Mechlich III method very high - 140-160 mg kg-I and medium K level - 110-145 mg kg-I. 
Prior to the sowing, seeds were dressed with Bay tan Universal 19.5 WS 2.0 kg (lor Maxim Star 025 FS 1.0 I (I , and 
sown on 18.09.2001 and 13.09.2002, respectively. Fertilisers (SKALSA 0-11-20 300 kg ha- I

) were applied during the 
sowing, N upper fertiliser as ammonium salpeter before the beginning of shoot growing on 11.04.2002 and 22.04.2003 , 
respectively. For chemical weed control, Granstar 13 g ha- I + Kemiwett 175 ml ha- I on 06.05.2002 and Granstar 
20 g ha- I + Banvel 0.3 I ha- I, + Kemiwett 200 ml ha- I were used on 26.05.2003. The plants were sprayed with the 
growth regulator Kemira CCC 1.4 I ha- 1 on 09.05.2002, and with Terpal 1.25 I ha-I on 02.06.2003. The tested variants 
were as follows: 1. Untreated, 2. Bumper Super (a.i. propiconazole + prochloraz) 1.0 \" ha- 1

, 3. Tilt 250 EC (a.i. 
propiconazole) + Sportak 45 EC (a.i. prochloraz) (0.36 + 0.89 I ha-I

) , 4. Tilt 250 EC (a.i. propiconazole) 0.5 I ha- 1
• 

Application for the control of Leptosphaeria nodorum was made at GS 39 on 23.05 .2002 and at GS 47-49 on 
17.06.2003. 
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Weather conditions of the vegetation period were fixed by a local weather observation station and are presented 
in Table 1. 

The experiments were harvested at the full-ripening stage on 25 July in 2002 and on 11 August in 2003, and the 
yields were dried immediately. In mean samples weighing 2.5 kg microbiological composition of seeds was determined 
at the microbiological laboratory of the Agricultural Research Centre. The preparation of samples and analysis was 
carried out according to the standard of EVS-EN ISO 6887-1 :2001 (Preparation of test samples, initial suspensions and 
decimal dilutions for microbiological examination). The total number of aerobic mesophilic bacteria was estimated on 
the PCA (Plate Count agar = Casein-peptone-glycose-yeast agar, ICC Standard No. 125, 1978), whereas for fungi and 
yeasts, RBCA (Rose bengal chloramphenicol agar, ICC Standard No. 146, 1992) was used. Species and number of 
Fusarium were defined on Nash and Snyder selective medium. The classification of Fusarium isolates has been made 
according to Gerlach and Nirenberg (1982). The toxicity of Fusarium isolates was tested on the basis of the size of the 
growth inhibition zone of Bacillus stearothermophilus (Watson, Lindsay, 1982) . . 

Results and discussion 
Weather conditions. 
Weather conditions of the years differed significantly. The vegetation period of 2002 was considerably warmer 

and drier than that of 2003 (Table 1). In 2002 there was drought (precipitation only 74% of the norm) and the sum of 
mean daily temperatures was 12.7 °C above the norm, whereas in 2003 precipitation exceeded the norm by 56% and the 
warmth of the first half of the vegetation period was even below the norm. During the wheat flowering period in June 
(beginning of flowering on 10.06. in 2002 and on 30.06. in 2003), which is the important period for grain infection with 
Fusarium species, rainy weather was dominating in 2002, and in 2003 the vegetation period was relatively dry. Pre
harvest weather has a considerable impact on the infection of grain with several saphrophytic fungi (Alternaria, 
Cladosporium, Aureobasidium, Epicoccum, etc.) and epiphytic Fusarium species. In 2002, grain was harvested on 
25 July in dry weather, but in 2003 harvesting was delayed until 11 August due to the high precipitation. This created 
preconditions for heavier contamination of the yield of 2003 with moulds (compare Tables 2 and 3). Since the total 
infection with Fusarium species depends on the weather of both the flowering period and pre-harvest period, the 
heavier infection of the yield of 2003 with Fusarium species was probably caused by the excessively wet pre-harvest 
period that became especially apparent on the N 150 background. The abundance of bacteria was also greater in the yield 
grown in the weather conditions of 2003 (compare Tables 3 and 2). The abundance of yeasts seems to respond less to 
diminished moisture, and wa~ even greater after a drier growth period in the control variant than following a more 
humid growth period. Whether it was occasional or caused by the better competitiveness of yeasts in drier conditions 
requires further investigations. 

Table 1 
Weather conditions of the field trial period at Olustvere, 2002 and 2003 

Year 2002 

Month 
Air temperature, average °C Precipitation, mm 

per month normal + or- per month normal 
%of 

normal 
April 6.2 3.9 +2.3 12.5 35.0 36 
May l3.8 10.4 +3.4 28.8 48.0 60 
June 16.1 15.0 +1.1 103.6 67.0 155 
July 19.3 16.6 +2.7 73.4 84.0 87 
August 18.7 15.5 +3.2 11.6 78.0 15 
Sum - - +12.7 229.9 312.0 74 

Year 2003 

Month 
Air temperature, average °C Precipitation, mm 

per month normal +or- per month normal 
%of 

normal 
April 3.3 3.9 -0.6 54.3 35.0 155 
May 11.4 10.4 +1.0 76.4 48.0 159 
June 13.5 15.0 -1.5 48.5 67.0 72 
July 19.9 16.6 +3.3 191.0 84.0 227 
August 15.7 15.5 +0.2 117.3 78.0 150 
Sum - - +2.4 487.5 312.0 156 
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Quantitative and group composition of microorganisms on seeds of wheat in 2002 
(number of cells in one gram of dried seeds) 

*Mould Fusarium 
Aerobic 

Variant 
Yeasts on 

spp. on Nash 
mesophilic pH in Mois-

son 
RBCA bacteria on H2O ture, % 

RBCA &Snyder 
PCA 

Background No 
Untreated 1.5xl04 2.2 x l04 0 1.l x l 0:> 7 .16 9.8 

Bumper Super 1.5x 104 3.0x 104 11 1.2x l0:> 7.18 9.8 
1.0 I ha- I 

Tilt + Sportak 0.8x 104 3.1 x 104 11 1.6x 105 7.20 9.8 
0.36 + 0.89 I ha- ' 

Tilt 0 .5 I ha- ' 1.5 x 104 4.5 x l04 5 2.3 x l0:> 7.20 9.4 
Background N 150 

Untreated 2.1 x 104 8.7 x l04 0 2.4x 10:> 7.18 9.7 
Bumper Super 1.7x l04 3.l x 104 0 1.4x 10:> 7.21 10.1 

1.0 I ha- I 

Tilt + Sportak 1.1 x 104 2.7xl04 27 2.8 x 105 7.23 9.9 
0.36 + 0.89 I ha- ' 

Tilt 0.5 I ha- ' 1.6x 104 3.0 x I04 0 1.3 x 10:> 7.28 9.7 

* Moulds - Alternaria, Cladosporium, Penicillium, Aspergillus, Fusarium, Trichothecium, Mucor spp. 

The effect ofN fertilisation 

Table 2 

Increasing of N background increased the number of moulds both in 2002 and 2003. The same tendency was 
evident in the abundance of Fusarium species. Heavier N fertilisation primarily favours the vegetative growth of plants, 
however, probably it also creates better development conditions for pathogenic and epiphytic microtlora. Larger N 
doses in the drier conditions of 2002 increased the number of moulds and bacteria, as well as yeasts in the control 
variant. In the wet conditions of 2003 it was particularly evident in all groups of microorganisms, especially in the 
number of Fusarium species. 

The effect of fungicides 
In using fungicides at stages GS 39 on 23 May 2002 and GS 47-49 on 17 June 2003 , yield harvest was done after 

64 days in 2002 and after 66 days in 2003. According to the sales firms, the length of the effect of the active substance 
agents of the fungicides used (propiconazole, prochloraz) is 28-42 days. The spraying was performed in favourable 
weather conditions in both years, which did not decrease the effect of fungicides. However, could such single use of 
fungicides affect also the microbiology of yields? Compared with the untreated control, the number of yeasts and 
bacteria did not change in a firm direction (sometimes it increased, sometimes decreased), however, a certain decrease 
in the number of moulds on a higher N background due to the effect of fungicides could be noticed during both years. 

Quantitative and group composition of microorganisms on seeds of wheat in 2003 
(number of cells in one gram of dried seeds) 

Moulds Fusarium 
Aerobic 

Variant 
Yeasts on 

spp. on Nash 
mesophilic pH in Mois-

on 
RBCA bacteria on H2O ture, % 

RBCA &Snyder 
PCA 

Background No 
Untreated 2.5xl04 1.8 x 104 0 2.7 x 105 7.12 9.6 
Bumper Super 3.1 x 104 4.2 x 104 0 6.4 x l0:> 7:14 9.6 
1.0 I ha- ' 
Tilt +Sportak 2 .2 x 104 1.3 x l04 0 6.4 x 105 7 . 13 9.7 
0.36+ 0.89 I ha- ' 
Tilt 0.5 I ha- ' 2.7xl04 1.5 x l04 0 5.6x l0:> 7.12 9.9 

Background N 150 

Untreated 4.0xl04 3.8xl04 440 1.3 x l0b 7.18 9.6 
Bumper Super 3.1 x 104 3,7 x 104 220 1.6x l0b 7.17 9.5 
1.0 I ha- ' 
Tilt + Sportak 4.0x 104 3.4 x 104 110 1.0xl0b 7.24 9.9 
0.36 + 0.89 I ha- ' 
Tilt 0.5 I ha- ' 3.7 x 104 9.1 x l04 55 1.1 x lOb 7.30 9.8 
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With the generally low numbers of Fusarium species in 2002, the effect of fungicides on their occurrence cannot 
be detected, however, in 2003 the use of fungicides decreased the number of Fusarium species on the N 150 background. 
If in the control the number of Fusariums per 1 gram of dry grains was 440, fungicides decreased the number by 2-
8 times, whereas Tilt 0.5 IIha had the strongest effect. Of Fusarium species, F. culmorum and F. avenaceum occurred 
most frequently, and F. semitectum Berk. et Rav. And F. poae (Pk.) Wr. less frequently. 

The toxicity of Fusarium spp. 
The toxicity of Fusarium spp. to Bacillus stearothermophilus was mainly 3-7 points on a 10-point scale. There 

were also non-toxic isolates. More toxic isolates were more frequent in the untreated control variant on the N 150 

background. Isolates obtained from variants treated with fungicides had generally lower but similar toxicity. 
The microbiological quality of grain 
On assessing the quality of the grain according to the German standards for quality feed grain (Schmidt-Lorenz, 

1980), all the variants meet the requirements with their contents of moulds, yeasts (4 x 104-8 x 104
) and aerobic 

mesophilic bacteria (up to 6 x 106
) in both years. With their moulds content, all of the 8 variants of 2002 meet the 

requirements for quality food grain (Baumgart, Firnhaber, 1993), for which the number of either moulds or yeasts must 
not exceed 3x l04

, whereas with their yeasts content only 6 variants meet the requirements. In the more wet year 2003 , 
with their moulds content only 5 of the 8 variants and with their yeasts content only 3 variants meet the standard for 
quality food grain. For the total number of bacteria (standard - up to 5 x l 06

) all variants of both years meet the 
requirements. 

The changes of microtlora in the main groups of microorganisms (bacteria, moulds, and yeasts) depended on the 
background of N and weather conditions of the year more than on application of fungicides with active ingradient 
propiconazole and prochloraz. Incidence of moulds, Fusarium species and bacteria increased in more rainy growth 
periods as well as with greater application of N-fertilisers. Changes in the number of yeasts are not clearly connected 
with the humidity of the growth period, however, with a combination of greater humidity and a higher N background 
the number of yeasts increased considerably. In the case of the larger number of Fusarium species in more humid 
growth periods, fungicides decreased their number 2-8 times, whereas the most effective fungicide was Tilt 0.50 I ha- I

. 

F. culmorum and F. avenaceum were the main species on the seeds. The toxicity of Fusarium isolates to 
B. stearothermophilus was 3- 7 points in most cases, whereas more toxic isolates were more frequent in the control 
variant. The changes in microflora when applying fungicides do not generally impair the quality of grain but the 
increase of the number of Fusarium spp. is unadvisable in certain cases . 

The results of the research conducted revealed a need to postpone the use of fungicides to a later time to control 
the development of microflora more effectively. 

References 
1. Baumgart, J., Firnhaber, N. M. 1993. Mikrobiologische Untersuchungen von Lebensmitteln. Behr' s Verlag, 

Hamburg. 
2. Gerlach, W., Nirenberg, H. 1982. The Genus Fusarium - a Pictorial Atlas- Mitteilungen aus der Biologischen 

Bundesanstalt flir Land- und Forstwirtschaft. Berlin, Heft 209, 1---406. 
3. Miller, J. D. , Trenholm, H. L. 1997. Mycotoxins In Grain. Compounds Other Than Aflatoxin. Eagan Press, St. 

Paul , Minnesota, USA, 552 pp. 
4. Schmidt-Lorenz, W. 1980. Sammlung von Vorschriften zur mikrobiologischen Untersuchungen von Lebensmitteln. 

Produktgruppe 27. Futttergrundstoffe und Mischfutter, Weinheim. 
5. Watson, D. H., Lindsay, D. G. 1982. A Critical Review of Biological Methods for the Detection of Fungal Toxins 

in Food and Foodstuff. Journal of Science of Food and Agriculture, 33, 59-67. 

118 



AGRONOMIJAS VESTIS (Latvian Journal of Agronomy) NO.7. LLU 2004 Geographic distribution and epidemiology of diseases and pests 

DISTRIBUTION OF FUNGI PRODUCING TOXINS ON PLANT-ORIGIN FOOD STOCK AND 
PRODUCTS 

Abstract 

Albinas Lugauskas, Jiirate Repeckiene, Jurgita Stakeniene 
Institute of Botany, ZalitU4. ezer4. St. 47, LT-2021 Vilnius, Lithuania, 
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The diversity of fungi species spread on food products grown and processed under various ecological conditions 
were estimated during the researches carried out in 1998-2003. Fungi were isolated and identified from grain, seed, 
vegetables, fruit and other plant-origin products grown in Lithuania and imported from 24 countries. Fungi distribution 
in various premises of storing, selling and processing was revealed. 312 species of fungi ascribed to 102 genera were 
isolated and identified out of the investigated plant-origin food products stored and processed in different premises. 
Majority of the isolated fungal species belonged to genera: Penicillium (45,4%), Aspergillus (10,8%), Fusarium (3,6%), 
Mucor (3,5%), and Rhizopus (3,2%). Potentially toxic fungal species prevailed on plant-origin food products: 
Penicillium expansum (detection frequency 13,2%), Aspergillus niger (12,8%), P. granulatum (8,8%), P. claviforme 
(6,0%), P. spinulosum (5 ,6%). The total number of identified fungal species correlated with the number of toxic species 
(R = 0,92) and with the variety of investigated products (R = 0,81). Efficiency of 7 standard fungicidal preparations to 
reduce the contamination of food product storage premises with fungal propagules was evaluated. 

Key words: fungi , contamination, grain, seed, vegetables, fruit, berries, toxin. 

Introduction 
The propagules of micromycetes get on plant-origin food products from soil and air. Ability to adapt to changing 

environmental conditions enables them to contaminate various vegetative substrata. If requirements of hygiene of the 
premises are neglected, micromycetes can cause ecological problems, become the agents of plant and even people 
diseases. 

Mycotoxins are complex secondary metabolites produced by various species of fungi. Not all fungi produce 
mycotoxins. Some species only reproduce one type of mycotoxin, while other produces several. Also, a specific type 
mycotoxin can be produced by different fungal species. Some of the best-known mycotoxins include atlatoxins, 
ochratoxins, trichothecenes, fumonisins, zearalenone and patulin. These mycotoxins can be produced by various fungal 
genera including Aspergillus, Penicillium, Claviceps, Alternaria, Trichoderma, etc. Mycotoxins are produced under 
specific conditions, which in general are independent of those required for fungal growth (Boutrif, Bessy, 2000; 
Lugauskas et aI. , 2002; Parshikov et aI. , 2002). 

Interest in the products of micromycete secondary metabolism - mycotoxins increases, new toxic materials 
produced by microscopic fungi are revealed; new diseases caused by them are diagnosed (Brera et aI. , 1988; Pieckova, 
Jesenska, 1999; Samson et aI. , 2000; Dutkiewich et aI. , 2001). Mycotoxicoses are not always directly associated with 
consumption of the contaminated food. Often with contaminated forage mycotoxins get into organism of cattle and later 
can be recorded in milk, meat of cattle and even in breast milk. Hence mycotoxins get into organisms of animal or 
people through nutrition chains (Frisvad et Samson, 1991 ; Miraglia et aI. , 1995; Sabino et at. , 1996; Correa et at. , 1997; 
Keblys et at., 2000; Lugauskas, Stakeniene, 2001 , 2002). 

Aiming to evaluate potential hazard to the health of people and animals caused by mycotoxins, scientists from 
various countries usually investigate the contamination of forage and grain with micromycetes, determined the 
synthesized mycotoxins. The data on micromycetes damaging vegetables, fruit, nuts, bread products, are seldom 
associated with the produced mycotoxins (Osipjan, Batikjan, 1993 ; Robiglio, Lopez, 1995; Jimenecz et aI. , 1997; 
Lugauskas, Stakeniene, 2001 ; Stakeniene et aI. , 2001). These investigations are usually not complex, only 
microbiological or chemical contamination of products are regarded, preventive measures are rarely indicated, almost 
no data considering hazard of the consumption of contaminated products to the health of people are provided. 

Purpose of the research - to investigate the diversity of micromycete species spread on food products grown in 
Lithuania and imported from other countries and to search for preventive safety enabling to reduce spreading of toxin
producing micromycetes. 

Materials and Methods 
In 1998- 2003 , investigations on mycological state of fruit, berries, vegetables, and other food products of plant 

origin grown in Lithuania and imported from 24 countries were performed in different premises of storing, sale and 
processing with differing conditions of production preservation. For mycological investigations, 650 samples of 
95 product types were taken . They were analysed according to the methods described by Kudrjasheva (1986), Rabie et 
al. (1997), Samson et aI. , (2000). The analysis of each sample was performed in three replications. The methods of 
direct plating and dilution plating were applied for isolation of micromycetes. The agar medium of malt extract supplied 
chloramphenicol (50 mg/I) was used. The upside-down Petri dishes were kept for 4 days in 'thermostat at a temperature 
of 28°C, for the next 4 days at a temperature of 20 °C, the regime of light and dark was being changed every 12 hours. 
Pure micromycete cultures were isolated; they were cultivated in standard agar Czapek, malt and corn extract media at a 
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temperature of 28°C for 5-6 days and identified according to their cultural and morphological peculiarities. 
Systematic subordination of micromycetes was determined following the Ainsworth et Bisby's dictionary of the fungi 
(Hawksworth et aI., 1995). Detection frequency (%) of each identified species was calculated (Mirchink, 1988) .. 

Effectiveness of fungicidal preparations "Lysoformin special", "Sokrena", "Terral in", "Taab-l", "Taab-2", 
"Incidur", "Cuprinol" (different manufacturers) was estimated by the method of agar diffusion basing on the average 
diameter of fungicidal zone in Petri dishes where on freshly prepared fungal inoculate paper discs soaked in the 
preparation had been placed (Bilaj, 1982; Aleman et aI., 1993). 

Results and Discussion 
After analysis of 650 samples of 95 plant origin food product types grown in Lithuania and imported from 

24 countries, stored, sold and processed in different premises 312 species of fungi ascribed to 102 genera, 23 families, 
16 orders, 3 classes, 6 phyla were isolated and identified. Mitosporic fungi prevailed. In the investigated premises 
micromycetes of Penicillium (45,4%) and Aspergillus (10,8%) genera reliably dominated; less frequent were fungi of 
Fusarium (3,6%), Mucor (3,5%), Rhizopus (3,2%), Acremonium (3,0%), Cladosporium (2,4%), Sclerotinia (2,2%), 
Geotrichum (1,9%), Alternaria (1,8%), Mortierella (1,8%), Botrytis (1,6%), Verticillium (%), Gliocladium (1,2%), 
Trichoderma (1,0%), Chrysosporium (0,9%), Phoma (0,7%), Rhizoctonia (0,7%) and other genera (Fig. 1). 

Rhizopus 
3% 

Cladospor 

4% 

Fusarium 
4% 

Other 
26% 

Sclerotinia 
2% 

Acremoniuln 
3% 

Penicillium 
45% 

Aspergillus 
11% 

Fig. 1. Distribution of fungi genera infecting the food products of plant origin, % 

The most of fungal species isolated from grain, seeds, fruit, berries, vegetable and other products are 
cosmopolitans, which could grow and develop on various substrates in aU continents. Fruits and berries grown in 
Lithuania were infected most often by such fungi as Sclerotinia sclerotiorum, Absidia butleri, Alternaria alternata, 
Drechslera biseptata, Sphaerotheca mors-uvae, Aspergillus niger, Eurotium herbarioruln, Geotrichum fermentans and 
by many species of the genus Penicillium. The predominant species depended on the species of fruit and berries and on 
the surrounding ecological conditions. But certain fungal species were isolated only from definite fruit imported from a 
concrete country. For example, Exophiala mansonii and Eupenicillium brefeldianum were imported together with 
grapes from Chili, and oranges from Spain, Verticillium trifidum - with plums from Hungary, Anellophorella 
magdalensis, Fusarium sporotrichioides, Nectria haematococca - with banana from Ecuador, Cunnighamella 
vesiculosa, Thamnidium fulvus ~ with plums, and Leptodontium boreale - with mandarins from Marocco, 
Paecilomyces javanicus - with apricots from Spain, Ascochyta pruni - with peach from Greece. Many fungal species 
from genera Penicillium and Aspergillus would be constantly imported with products of plant origin. 

The checked potatoes grown in Lithuania and taken from storehouses were infected by the fungi Sclerotinia 
sclerotiorum, Rhizoctonia solani, Verticillium alboatrum, Fusarium equiseti, Geotrichu~ candidum most often. Fresh 
new harvest potatoes sold in market were infected by Rhizoctonia solani, Fusarium m erism o ides, F. oxysporum. On 
carrots damaged by rot most often the following fungi were found: Verticillium alboatrum, Myrothecium roridum, 
M. verrucaria, on dill - Cladosporium cucumerinum, Acremonium strictum, Penicillium digitatum. The leek were 
damaged most severly by Sclerotinia sclerotiorum, Penicillium granulatum, P. expansum, Rhizopus stolonifer, 
Fusarium moniliforme. Beetroots from storehouses were infected most often by fungal species from the Penicillium 
genus and well known parasites: Verticillium alboatrum, Sclerotinia sclerotiorum, and Pythium ultimum. 

From the cabbages widespread micromycetes from the specie Aspergillus niger were isolated and they were 
accompanied by the following fungal species: Botrytis cinerea, Perenospora brassicae, Sclerotinia sclerotiorum, 
Penicillium expansum, and P. granulatum. Cucumbers sold in the market were infected by Alternaria alternata, 
Botrytis cinerea, and paprika - by Sclerotinia sclerotioruln, Fulvia fulva fungi, which is known as Cladosporium 
fulvum like agents of spot disease tomato's leaves, were spread on the tomatoes sold in the market. Onions in the 
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storehouses were infected by Botrytis alii, B. bifurcata, Perenospora destructans, Fusarium moniliforme, F. oxysporum, 
and Penicillium spinulosum. 

The vegetables imported from various countries were infected by propagules of micromycetes. The diversity of 
determined species of micromycetes was not large. It could be connected with treating vegetables with fungicides 
during their growth or after gathering. However, this statement should be well grounded by special investigations. 

The contamination of matured seeds of various plants grown in the fields by fungi propagules was not 
significant: wheat contamination was from 328 to 502 cfu/g; barley - from 793 to 1020; rye - from 580 to 867;. 
corn - from 340 to 370; soybean - from 32 to 56 cfu/g. Fungi of Alternaria and Fusarium genera were prevailing 
(47,8% and 27,3%, respectively). On the grains stored under various conditions, fungi of Penicillium and Aspergillus 
genera were prevailing (32,0% and 27,3%, respectively). Fungal propagules existing in the storage air are one of the 
grain contamination sources while storing. It is determined that the amount of fungi propagules in the air is related to 
the works performed in those premises, especially with the grain drying when the intensive air convection is taking 
place. The composition of micromycetes species in the investigated premises depended upon diversity of the analysed 
products, their origin, and quality of their storing environment, preventive measures. 

It is referred in literature sources that 60-70% of micromycetes spread on food are toxic to the warm-blooded 
(Hussein, Brasel, 2001). Particularly hazardous are mycotoxins accumulated in fatty fraction that through nutrition 
chain get into consumers food without any perceivable changes of quality (Sabino et aI., 1996; Dragacci, Fremy, 1996; 
Correa et aI., 1997). Micromycetes settled on food are hazardous just for people eating the contaminated food, but also 
to those working in the premises of its storage, sorting, as well as in flourmills and food-processing establishments 
(Krysinska-Traczyk et aI., 2001). 

According to the detection frequency, potentially toxic micromycete species prevailed on the on plant-origin 
food products: Penicillium expansum (detection frequency 13,2%), Aspergillus niger (12,8%), P. granulatum (8,8%), 
P. claviforme (6,0%), P. spinulosum (5,6%), P. italicum (5;4%, Fig. 2). 
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Fig. 2. Detection frequency of fungi on the investigated products of plant origin, % (black - potentially toxic species) 

In the investigated premises the total number of identified fungal species strongly correlates with the number of 
potentially toxic species (R = 0,92). Diversity of food items correlates with the total number (R = 0,81) and the number 
of potentially toxic micromycete species (R = 0,80). 

Resistance of 66 micromycete strains towards 7 fungicidal substances, used in concentrations recommended by 
the manufacturers, was checked. Statistical analysis of the results revealed that Rhizopus stolonifer and R. oryzae were 
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resistant to all preparations, Aspergillus penicilloides - senSItIVe to only one preparation "Terralin". Four 
mivcromycete strains: Eurotium niveoglaucus, Fusarium solani, F. sporotrtchioides, Penicillium verruculosum were 
sensitive to "Lysoformin special" and "Terral in" . Micromycetes of six strains: Mucor hiemalis, Penicillium biforme, P. 
canescens, P. commune, P. daleae, P. expansum were sensitive to "Lysoformin special" and "Sokrena". Micromycetes 
of 60% of tested strains were sensitive to a half of the investigated preparations. Among micromycetes, most resistant to 
fungicidal substances 54% of strains were toxic. Various fungicidal preparations not equally inhibited the development 
of the same micromycete strain. 

It was revealed that of all tested fungicidal preparations most universal and efficient (p < 0,05) was: "Lysoformin 
special" (effective against 95% of tested strains), its active agent - aldehydes. Therefore, it could be stated that there is 
no fungicidal preparation effectively inhibiting the development of all micromycete species. 
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THE SPREAD OF DARK LEAF AND POD SPOT 

Abstract 

RAPE 

Lithuanian Institute 
Instituto aL 1, 

Dark leaf and caused Alternaria spp. is a serious on rape 
in Lithuania. The effects of weather conditions on the of dark leaf and incidence and 

~p"'prl1",J on the rape cv. 'Mammut' were assessed 2000-2003 in the central of Lithuania. 
Disease assessments were carried out once a week from BBCH 63 to BBCH 83 on leaves and from BBCH 70 to BBCH 
89 on year the incidence and of the disease were affected the me:te()rolo~~ICcil 
conditions and relative air The most conducive weather conditions to the 
occurrence of dark leaf and disease on rape leaves and were in 2000, while the most 
adverse year was 2002. Weather factors had a effect on Alternaria than on incidence. The disease 

correlated with the mean content and relative air 

words: rape, Alternaria spp., incidence and cP"prl1''lJ dark leaf and 

Introduction 
number of Brassicaceae crops 

The disease is favoured moderate tpn1np'r~tllrp 
Verma & Meah et 
corTes.pOlldS to a 20%, a 

rel:atl()Dshm between the of Alternaria and of Brassica 
loss caused 1 % of the disease was 1.66% in 19971l but 

and diseased seeds in 1998/1999 
oilseed rape and rape in various countries 

2002). For this reason the studies of Alternaria which is one of the most 
relevance. This paper describes of Alternaria 

disease incidence and on leaves, 

Materials and Methods 
Observations on rape crops of 'Mammut' were made for a of four years 

of Lithuania. Assessments of dark leaf and leaves were made from the 
anthesis 61 
made thnClUf.!mout 
25 marked 

did not receive any runglC:lOe Uj.JIJll\_ULI.vu". 

LancaSlrllre et 1991). 
The disease was identified visual and Alternaria determined 

1990. Weather data were 

Results and Discussion 
rape leaves and "U,'-I ...... " 

due to diverse weather conditions the 
on leaves and there were differences in the disease incidence and "" .. ,."' .. "", 

from anthesis to the end of time of dark leaf and 
Drt~CII)ltcltlcm totalled 214.8 mm, relative air until the middle of'tIA1,:l.JPr'lncr 
later it fluctuated within a 79.4-86.7% range. The mean 

the whole had reached 23.9 °C 
varied within a 12.7-17.2 °C range, the 

I). The weather conditions determined slow 
'-"u~.., ... 'u from the of to and had a conducive effect 
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<,hf"ri~,rro of moisture and mean 
and maximum air temperature reached 24.0-28.3 almost every week. The amount of pre:CIt:)Jtatloln, 

to was as low as 127.9 mm, its distribution the 
Dn~CII[}lt(itl(m relative air below 66% but in the middle of the 

nrf~CH)IIl:I{!Oin occurred every and relative air within 73.3-80.5%. 
The conditions for the of dark leaf and spot were rather conducive. 

The year 2002 was the most unfavourable of all years for rape and dark 
leaf and spot occurrence, in terms of Since BBCH 62, when the first spots of dark leaf and 

spot were identified on lower and middle till the end of six weeks and amount of 
preCIPltat:lon totalled as little as 82.0 mm, i.e. 2.6 times less than in 2000 and 1.6 times less than in 2001. Relative air 

the of the described was below 70% in 
which rn"'ri<prllu 

was 111.4 mm and its distribution was rather even, hr\"X1P'lIpr relative air hl1,yurl,h, 

was below middle of the it amounted to 
temperature rose to above 22 

disease occurrence on 
As we can 

over the four ""v.'\""r.rn,"'nt~1 

maximum temperature 

of 

of Alternaria as was also noted 

1-77.7%. Since 
27.6-28.6 which had a "",roc""."ra. effect on the 

The first spots of dark leaf and on middle leaves of 
62 in 2001, at 64 in 2002, and at 67 in 2003. In the year 2000, within two weeks the disease had 

on the upper leaves With senescence of tended to increase 
due to the of older leaves another 

spot 

than on 
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INTERACTION BETWEEN SECONDARY INFECTION OF LATE BLIGHT AND YIELD 
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Abstract 
Potato late blight caused by Phytophthora infestans (Mont) de Bary may occur and infect plants at any time 

during the growing season. 
It is well known that potato tubers are the most important first sources of inoculum. Infection oftubers happens 

when sporangia or zoospores are washed from foliage through the soil to developing tubers. Secondary spread of late 
blight occurs when spores are produced on infected potato leaves. Spores from infected potato in neighboured fields or 
gardens can travel through the air. 

Potato late blight field trials were carried out in 1999-2002 in Central, Eastern and Western parts of Latvia. The 
role of potato late blight secondary infection and yield quality in untreated and treated with fungicide fields was 
compared. 

The first symptoms of late blight were observed approximately at the same time in the area and in the trial fields. 
The year 2001 was the most favourable for development of potato late blight. The disease severity at the end of season 
was 100% whereas only 1-19,6% in 1999 and 2002. Tuber infection at harvesting time vari es 0-12,7% depending on 
the year. 

Comparison of the disease development, tu ber infection and yield between the years and between untreated and 
treated with fungicide fields showed significant differences. 

Key words: Phytophthora infestans, a potato, late blight. 

Introduction 
Potato plants in al\ stages of growth are susceptible to late blight caused by Phytophthora infestans (Mont) de 

Bary (Fry and Appie, 1986). Early infection of the crop can remarkably reduce the yield, but equally infection late in 
the season can be more destructive because of the increased risk of tu ber blight. 

Late blight survives from one season to the next season in infected tubers that are placed in storage or left in cuIl 
piles. Infected tubers sprout, spores are formed on the sprouts and are carried by wind or precipitation to healthy potato 
leaves (Andrivon, 1995). 

When weather conditions are favourable, the fungus can spread rapidly through the foliage and is able to destroy 
potato plants in very short time. Late blight epidemic results from asexual reproduction of P. itifestans in susceptible 
host tissue (foliage, stems and tubers) (Fry and Goodwin, 1997). 

The asexual reproduction of the cycle involved the production of sporangia and the release and then germination 
ofzoospores. Single sporangia or several sporangia often initiate potato late blight, each ofwhich is able to produce leaf 
lesion. The lesion progress and new sporangia are formed in a few days after infection. The disease cycle (penetration, 
colonisation, sporulation and dispersaI) can occur in less than five days (Harrison and Lowe, 1989). Development of 
potato late blight primarily depends on weather conditions. During the relatively warm summer with lot of precipitation 
the disease can be impossible to control. Other, more dry years, the disease can be completely absent. The optimum 
temperature for both the speed for formation of sporangia and their final quantity can vary from 16 to 22,5 °C (Harrison, 
1995). 

Aerial dispersal of P. infestans is the main process involved in spreading of late blight. Spores from infected 
potato in neighboured fields or gardens can travel through the air more than 100 kiJometres (Mizubuti et aI., 2000). 

Sporangia produced in the foliage can be washed from leaves to infect the tubers. In the case of serious potato 
late blight attack in different countries, up to 25-50% of the harvest may be lost (Fry and Mizubuti, 1998; Turka, 
1998). Some· of the infected tubers may be destroyed before harvest, but other become diseased in storage (Fry and 
Goodwini, 1997). Soft rot of tubers can occur in storage following late blight tuber infection, in addition to the indirect 
losses from late blight. 

The only way to protect the tubers is to keep the potato foliage free from late blight. Applying fungicides every 
year mainly does this. The fungicides used against P. infestans have a preventive effect and stop the pathogen from 
infecting the crop. Subsequent sprayings have to be done all through the growing season. 

Materials and Methods 
Potato late blight field trials were carried out in the growing seasons 1999-2002. The Latvia University of 

Agriculture Study and Training farm "Vecauce", Stende Plant Breeding and Experimental Station, Research Centre at 
Skriveri, Latvia State Plant Protection Service Units of Prognosis and Diagnostics at Priekuli, Saldus and Bauska and 
State Plant Protection Centre in Carnikava were involved in the monitoring of late blight. 

Moderately susceptible variety 'Sante' was used in all experimental years, except in Carnikava (1999), when 
variety 'Asterix' was used. In the year 2002, Carnikava and Skriveri were not included in the experiment. 

129 



AGRONOMIJAS VĒSTIS (Latvian Journal of Agronomy) No. 7 LLU 2004 Geographic distribution and epidemiology of diseases and pests 

The role of potato late blight secondary infection on the yield quality in untreated and treated with fungicides 
fields were compared. Appearance of first symptoms, tuber infection and yield estimation was done during harvesting. 
Disease assessments during growing seasons were made in the years 2000, 2001 and 2002. Approximately one month 
after planting, every trial field was observed once a week but after row closing twice a week. ANOV A models were 
used to assess the effect of potato late blight severity and tuber blight and tuber yield. 

Experimental design: 
1. untreated control; 
2. treated with fungicides - two first treatments with systemic fungicide and subsequent treatments 

with protective fungicide. First treatment was made during the row closing or according to 
prognosis when late blight was recorded in the region. 

The weather conditions were different in growing seasons 1999-2002 (Fig. 1). The growing season 1999 was 
not favourable for disease development. The end of growing season 2000 was favourable but growing se as on 200 I was 
most favourable for development of late blight. The sum of temperatures and amount of precipitation were in optimum 
for disease development. 
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Fig. 1. Temperatures sum and amount of precipitation during growing season, 1999-2002 

Whereas, the growing season 2002 was very hot and amounts of precipitation were less than other years. 
Development of potato late blight was decreased. August was dry and air temperature in some days exceeded 30°C. 

Results and Discussion 
Secondary infection of late blight occurs when spores from infected potato leaves in neighboured fields or 

gardens can travel through the air. The home gardens are a major primary source of inoculum because here potatoes are 
growing in one place for a long peri od and certified seed material is not used. lnteractions between secondary infection 
oflate blight and yield quality depend on appearance of first symptoms and disease development. 

The time of appearance of first symptoms of late blight was not very different between different places within in 
one year. Mostly, potato late blight spread in country within two weeks. In the years 1999 and 2001, the first symptoms 
were observed very early - 25th and 29th June and it was in Bauska. In others places in the year 1999 first symptoms 
appeared 7-28 days later, but in the year 2000 the first symptoms were observed approximately one month later. In 
2001 and 2002, observation results of first symptoms were similar (except Bauska). Potato late blight symptoms were 
appearing at the same time in untreated and treated with fungicide fields (Table 1). 

Similar tendencies were observed with disease development in different trial sites. The results from Vecauce 
were analysed for potato late blight development. 

Disease development curves for untreated fields are shown in Fig. 2. The year 200 l was most favourable for 
disease development. After observation of first symptoms the disease developed very fast and at the end of July disease 
rating was 94%. In 2000, potato late blight development started at the second half of the growing season. In 2002, the 
situation was similar. 

Disease development curves for treated with fungicides fields are shown in Fig. 3. Usage of fungicides was not 
effective for control of potato late blight in 2001, and disease rating at the end of the season was 83,5%. Whereas in 
2000 and 2002, the disease ratings were 0,1 and 2,0%, respectively. 
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Table I 
Appearance of first symptoms and tuber infection in untreated and treated with fungicides fields, 1999-2002 

Location 
Appearance of first Tuber infection, % at harvestingtime 

symptoms Untreated Treated with fungicide 
1999 

Vecauce 05,07. 0 0 
Stende 16.07. 0 0 
Skriveri 19.07. 0 0 
Priekuli 19.07. 0 0 
Saldus 27.07. 0,1 0 
Bauska 29.06. 0 0 
Carnikava 17.07. 0 0 

2000 
Vecauce 31.07. 0 0,8 
Stende 24.07. 3 2,6 
Skriveri 24.07. 0,1 0 
Priekuli 21.07. 5,7 4 
Saldus 24.07. 1,1 2 
Bauska 21.07. 1,1 0,1 
Carnikava 19.07. 1,5 0,5 

2001 
Vecauce 10.07. 0,7 0,3 
Stende 02.07. 5,4 2,1 
Skriveri 17.07. 0 0,1 
Priekuli 28.07. 3,5 0,5 
Saldus 17.07. 7,3 3,7 
Bauska 25.06. 4,3 2 
Carnikava 10.07. 12,7 14,5 

2002 
Vecauce 12.07. 0 0 
Stende 14.07. 0 0 
Skriveri - - -

Priekuli 02.07. 0 0 
Saldus 02.07. 0 0 
Bauska 31.07. 0,1 0 
Carnikava - - -

LSD 3,45 

However, tuber infection not always depends on disease rating. In 2001, disease rating was high and tuber 
infection was 0,8% in untreated variant and 0,3% in treated with fungicides variant. But in the years 2000 and 2002, 
aIthough disease rating was 50% and 71 %, in untreated fields tuber infection was 0%. It could be explained by 
comparatively late appearance of first symptoms and disease progress. The potato foliage is nearly destroyed and if 
weather conditions are hot and dry the infection cannot occur. The disease development is decreased or stopped. 
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Fig. 2. Development of potato late blight in untreated fields in Vecauce, 2000-2002 
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Situation was different in the variant treated with fungicides in the year 2000. The disease rating was low but 
tuber infection level was 0,8%. In this situation, disease level was constant for a long period and that affected the level 
oftuber infection, because on infected potato foliage P. infestans spores were present. 

Development of potato late blight in the growing season has shown remarkable influence on the tuber quality 
and on tu ber yield as well. 

The total yields are given in Figures 4 and 5. Average lowest yield was obtained in the year 2001 ifwe compare 
different growing seasons. The yield was 25-65% less than in other growing seasons. 

To compare untreated and treated with fungicides fields there were significant differences between locations and 
years. Usage of fungicides gave a 8-28% increase of yield in unfavourable year for development of potato late blight 
and J 8-23% in favourable for development of late blight year. 
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Although potato late blight is observed every year, the relationships between yield and yield loss by P. infestans 
and weather conditions are still unclear. The biology of P. infestans has changed during recent years and the role of 
sexual reproduction cannot be excluded. 

The monitoring of potato late blight may promote disease control, and monitoring information is an important 
component in all potato late blight forecasting system. This information about an earlier potato late blight appearance in 
:.eighbouring regions or countries is used to forecast its earlier appearance also in this country. 
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Abstract 
Grey mold, caused by fungus Botrytis Micheli ex Fr., is especially destructive to lilies (Lilium L.) in the second 

half of summer. It attacks the leaves, flower buds and flowers; in the result lilies loose their general attractiveness . In 
lily breeding the current activities are directed towards development of disease resistant cultivars to avoid the use of 
chemical plant protection, to make the growing economically sound and ecologically safe. Resistance to grey mold 
(Botrytis elliptica (Berk.) Cooke) in 7 species and 75 cultivars of lilies was tested visually on natural and artificial 
infection backgrounds according to method of S. Sidorova and V. Popov in grades 0 to 4 (0 - healthy; 4 - very heavy 
susceptible) . The 10 lily plants selected from each spec ies and cultivars were estimated for their resistance to diseases 
and the average index of morbidity was caIculated. The obtained results show no differences when testing lilies for grey 
mold resistance under field conditions (1997-1998) and utilizing leaf segments under laboratory conditions. Cultivars 
of different levels of resistance to diseases were included in our trial. Estimation of parent plants and the produced 
hybrids was done. The obtained hybrids were resistant to grey mold if parents crossings were resistant to this disease 
agent. When crossing cultivars susceptible to grey mold with cultivars resistant to this disease agent, the obtained 
hybrids were either intermediate by this trait or susceptibility to this disease was dominant. 10 perspective hybrids were 
tested under field conditions by resistance to grey mold (1999-2000). No significant differences were found between 
the two years results . 

Key words: Botrytis, estimation, inoculation, fungi , lilies. 

lntroduction 
In moderate c1imate one of most widely spread diseases of lilies is grey mold, caused by fungus Botry tis spp. 

mold infects various vegetative organs -Ieaves, flower buds, flowers, stems and seed pods of lilies. 
Various wild plants and cultivars infect about 50 spec ies of the genus Botrytis Micheli ex Fr. that differ by 

specialization of host plants. The most important are: c10ver flowers (B. anthophila Bond.) (Van der Plank, 1963), 
leaves and bulbs of tulips (B. tulipae (Lib.) Lind.) (Koster and Meer, 1993), gladioluses (B. cinerea Pers.) (Van den 
Ende, 1996). The grey mold is caused in lilies (Lilium L.) by two species of Botrytis: mainly B. elliptica (Berk.) Cooke 
and B. cinerea Pers (McRae, 1987; Lawson and Hsu, 1996), seldom B. tulipae (Lib.) Lind (Doss et aI., 1988; Van 
Aa.1rijk, 1996). The conidia spores germ inate and enter leaves through the epidermal stomates. The first evidence of the 
disease appears as reddish-brown oval spots on the leaves . During wet weather the spots eventually coalesce and the 
whole leaf collapses and decays (McRae, 1987). The conidia of the genus Botrytis germinates on the plant only if there 
is sufficient moist environment with drops of water. Injury to the plants, especially frost or mechanical damage, will 
always make it easier for Botrytis spores to enter the leaf. The fungus formed on died tissue smaII, black sclerotia and 
over winter in soil (Lawson and Hsu, 1996). These sclerotia produce spores in the next vegetation season, which spread 
by the wind and are splashed by rain onto the new foliage . 

Even if fungus B. cinerea Pers. has a lot of food plants, it is possible to establish varieties and races that differ by 
morphological and biological traits (by form and measure of conidia spores, measure of sclerotia and its formation , 
virulence to individual food plants). It is observed that these parasites have biological specialization to substrates and 
biotopical diversity (Py.u.aKoB, 1959). 

The breeding of the fungus resistant varieties of lilies can help to solve the Botrytis problems. Resistant cultivars 
can play an important role in the control of this disease . Using resistant genotypes as parents give the highest chance of 
a resistant progeny. 

Chemical treatment is not always adequate and it pollutes the environment. In Latvia, lilies are mainly grown 
under field conditions and in nature flowers are pollinated by usefuI insects: bees, bumble-bees, night-moths, ants, etc. 

The 'goal of research was to estimate resistance to grey mold in lilies originated from different countries and 
hybrids in field and laboratory trials for recommendations to variety resistance, to make hybrid selection and evaluation 
of the perspective hybrids in field trials. Up to now no research on distribution of grey mold and evaluation of resistance 
of lilies has been done , 

Materials and Methods 
In autumn 1996, a field trial was established in Saulkrasti of the Riga region. The soil was well cultivated, pHKCI 

6,7, P20 S - 850 mg kg'·, K20 - 324 mg kg'· (determined by Egner-Riehm), Ca -1388 mg kg'·, Mg - 219 mg kg" 
(determined by photometry method) , Organic matter content - 4,6 g kg" (by Tyurin ' s method), 

Between 1997 and 1998, 7 species of lilies, 75 different cultivars of lilies were evaluated for resistance to grey 
mold (B. elliptica (Berk,) Cooke). Initial material was obtained in the following way: a lily bulb was vegetatively 
propagated from bulb scales, and 10 bulbs of the same age (two-year old) from each spec ies and cultivars, 2.5-3.5 cm in 
diameter, were included in the trial. The seedbed was prepared in early September prior to planting of bulbs, The 
25 varieties of parent plants varying in resistance to grey mold were included in 14 cross combinations. The 10 bulbs of 
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each parent plant and hybrid bulbs were planted in l m wide beds; the planting depth was 10 cm, the distance between 
rows - 20 cm. Two free rows separated parent plants from hybrid populations. Bulbs were grown in the same site for 
two years. 

The level of grey mold resistance of plants was rated visually on natural and artificial backgrounds according to 
method of S. Sidorova and V. Popov in grades 0 to 4: 

0 - healthy, resistant, free from any grey mold symptoms; 
1 - slightly susceptible, individual spots are detected on plant leaves, injury of leaves below 25%; 
2 - moderately susceptible, injury of1eaves below 50%; 
3 - heavy susceptible, leaf damage below 75%; 
4 - very heavy susceptible, leaf damage exceeds 75% or spots are spreading over the whole leaves. 
The 10 perspective lily hybrids selected from 14 cross combinations were estimated for resistance to grey mold 

under field conditions and the average index of morbidity was calculated (1999-2000). No chemicals were used in the 
trial. The resistance test of lily varieties was determined using the artificial infection with application of conidia 
suspension of B. e/liptica. The segments of lily leaves grown in a glasshouse were used. Five leave segments from each 
variety were selected at random. Isolates of B. e/liplica was obtained from infected leaves of Asiatic lily variety ' Roma ' 
collected from a field. The segments of lily leaves were put in Petri dishes on potato-dextrose agar with spore suspension 
and kept for 48 h, at 22°C, with moisture present (Doss et aI. , 1984). After this incubation, Petri dishes with segments of 
lily leaves were transferred to a growing chamber (12 h day, light 3000 Ix, 18 °C, 70% moisture). Segments of lily leaves 
were examined 6 days after inoculation according to 0-4 grades: 0 - healthy; 4 - very heavy susceptible. 

The obtained data were analyzed by heterogeneous complex dispersion method; the hybrids produced were 
compared to parent plants using Fisher' s criterion (F) ; phenotypic variabiJity of the studied traits was characterized by the 
coefficient of variation (V %) according to method of 1. Guzov: < 10% - low, 10.1- 20.0% - medium, > 20.1 % -
high . 

Meteorological conditions 
The April and May of 1997, 1999 and 2000 were mostly cold, with often frosts and heavy downpours. The 

development of lilies was slow. Fast development of lilies was observed in the third decade of May, when air temperature 
increased. The weather was warm in June with abundant rainfall , speeding up the development of lilies. July was hot, 
sunny and dry, which intluenced the development of lilies and did not promote Botrytis Micheli ex Fr. development. The 
April of 1998 was cold and c10udy with precipitation in the first half, and warm and sunny in the second phase, favouring 
fast development of lilies. The first two ten-day periods in May were very warm and sunny, but the third ten-day period 
in May and June was cold with abundant rainfall slowing down the development of lilies. July was hot and sunny in the 
first ten-day peri od, but in the second half of the month it was c10udy with much rainfall and cold nights. The parasitic 
fungus Botrytis damaged the leaves and tlowers of lilies. 

The trial years were characterized by contrasting meteorological conditions. Due to sunny and dry July, the years 
1997 and 1999 were most favourable for lily breeding. More unfavourable weather conditions occurred in 1998 and 
2000 when lily plants were frost-damaged (2000) and severely attacked by grey mold (1998). 

Results and Discussion 
Assessment of lily Botrvtis e/liptica (Berk.) Cooke resistance 
Resistance to grey mold (Botrytis e/liptica) in 7 spec ies and 75 cultivars of lilies included in the collection was 

tested on natural infection background during 1997- 1998 (Table 1). 
As healthy (grade 0) were assessed 23 (28%) plants of the collection, including 6 spec ies of lilies. 27 (33%) 

varieties were assessed as slightly susceptible (grade 1) to grey mold. Disease ratings in grades 0 and 1 were given to 
24% of lily cultivars from Latvia, 10% - from USA, 7% - from Canada, and to 6%, 4% and 2% of cultivars coming 
from Holland, Russia and Germany, respectively. As moderately susceptible to grey mold (grade 2) were assessed 
20 (24%) cultivars, including 9% of cultivars selected in Latvia, 9% - in Holland, 5% - in Russia, 1% - in USA, 
and martagonlilies (L. martagon var. album West.) . 9 (11 %) varieties were assessed as heavy susceptible (grade 3), 
including ' Ča-Ča-Ča ' developed in Latvia. As very heavy susceptible (grade 4) to grey mold were recognized 3 (4%) 
varieties of the collection. Disease ratings in grades 3 and 4 were given to 12% of lily cultivars from Holland, 1 % from 
both USA and Russia, respectively, and 1% from Latvia. The obtained results show no differences when testing lilies 
for Botry tis elliptica resistance under field conditions and utilizing leaf segments under laboratory conditions. Disease 
resistance test on leaf segment of lilies is recommended for assessment of the initial breeding material and hybrid 
material to obtain precise results in a comparatively short peri od of time. Results of resistance testing of different lily 
groups suggest that the level of infection in tested cultivars varied. The cultivars of Oriental lilies and Trumpet IiI ies 
were healthy (grade 0) and slightly susceptible (grade 1) to grey mold but in Asiatic lilies the infection level varied 
(grade 0 to 4) . All species of lilies included in the trial were healthy, except Lilium martagon var. album West. , which 
was moderately susceptible to grey mold (grade 2). Basing on the trial results, initial material was selected including 
varieties with different infection level (grade 0 to 3). 
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Table I 
Results oftesting resistance against Botrytis elliptica in lilies on natural infection background 

(on average, 1997- 1998) 

Levelof Lily species and varieties 
infection by 

Num-
Botrytis elliptica 

ber 
% Name 

(grades 0-4) 
0- healthy ' Baltais Lacis ', ' Eksotika', ' FlamingGiant' , ' Herrold ', ' Jumprava', 

'Leslie Woodriff , ' My Joann' , 'Olga', 'Orfejs', ' Red Carpet', 'Solstice', 

23 28 
'Teika ' , 'Tirrol ' , 'Pārgalvīgā' , ' Višenka', ' White Henryi' , 'Tetra Oriental' 
L. henryi Bak., L. henryi var. citrinum hort. , 
L. monadelphum Bieb., L. kesselringianum Miscz., 
L. szovitsianum Fisch. et Ave- Lall. , L.martagon L. 
'Alisa ', 'Banga ', 'Apricot Supreme' , 'Compass' , 'Connecticut King', 

1- slightly 'Gardenia' , 'Gran Paradiso ', ' Honey Pink', 'Liesma' , 'Līksna' , 'Marsha' , 
susceptible 27 

,.,,., 
'Marco Polo ' , 'Mona ', 'Miss Alice ' , ' Nākotne ' , ' Otello ' , ' Paija ', .J.J 

'Patrīcija', 'Peachblush ', 'Saule' , ' Saules Meita' , 'Skrīveri ', ' Veltījums' , 

Venta ', 'Tokyo' , 'Zemgale ', ' Yellow Blaze ' 

'Arabeska' , 'Brushstroke ', ' Corsica', ' Dzintars' , ' Evrika', H-7-92, 
2 - moderately 

20 24 
'Jolanda', ' Lastočka' , ' Lolly ', 'Nakts Tango' , 'Nepal ' , ' Magic Eye' , 

susceptible 'Rotala' , ' Rosita ', ' Sally Girl ', 'Saulstarīte' , ' Shirley ', ' Swing' , ' Virineja' , 
L.martagon var. album West. 

3 - heavy 9 11 
'Aristo' , ' Chinook' , ' Ča-Ča-Ča' , 'Nočka' , 'Moneymaker ', 'Montreux' , 

susceptible 
' Parisienne ', ' Sirocco ', Tirreno ' 

4 - very heavy 
3 4 'Monte Rosa ' , ' Mont Blanc' , 'Roma' 

susceptible 
Total 82 100 

Assessment of hybrid resistance to grey mold CBotrvtis elliptica) 
Grey mold , caused by fungus Botrytis elliptica, tends to show up in lily plantings in the second half of summer. 

It attacks the leaves, flower buds and flowers at the result of which plants loose their general attractiveness . Making 
selections of disease resistant plants was one of the most significant aims of the breeding program. Cultivars with 
different levels of resistance to diseases were included in the trial. Assessment of parent plants and produced hybrids 
was done (Table 2) . 

The result of a cross between resistant cultivars chosen as parents (K-7 , K-13 , K-14), were hybrids resistant to 
this disease agent. The produced hybrids didn ' t show significant differences compared to parent plants (Frakt < FO.05) ' 

However, in one case (K-7) there was detected increased susceptibility to the disease (Frakt > FO.05) suggesting that in 
chosen parents gene interaction was of specific character resulting in hybrids with partial immunity to grey mold. 
However, resistant initial material L. henryi var. citrinum hort. has contributed to the development of more resistant 
hybrids with perfectly healthy plants among them. This is in agreement with Iiterature findings on the use of this lily 
spec ies as a resistance donor in lily breeding (Kroell , 1991). The increase in susceptibility to grey mold was observed in 
reciprocal crossing between slightly susceptible cultivars (K-8) . Reciprocal crossing between moderately and 
moderately heavy susceptible cultivars (K-l , K-2 , K-4 , 3rd group) produced hybrids which got infected by the fungus as 
heavy susceptible parents (K-l , K-4), or by susceptibility to the disease the produced hybrids were in medium position 
between their parent plants (K-2) . In these cases, proportion of the effect of combinations accollnted for 2.68- 18.91 %. 
The major factor that caused variability was the environment. Parent plants contrasting in susceptibility to disease agent 
(4'h, 5'h groups) had greater effect on the degree of infection in hybrids. In crosses between resistant and slightly 
susceptible (K-5 , K-1 2, K-I 0) parents and vice versa (K-9), the proportion of the effect of combinations accollnted for 
20.34-40.58%. There exist significant differences (Frak, > Foo5) between the average indices of variants (PI , P2, FI). In 
hybrids, susceptibility to grey mold was dominant (K-5) or prevalent (K-9, K-IO, K-12) . 
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Table 2 
Estimation of hybrid resistance to grey mold (Botrytis e/liptica) 

Level of infection in 
grades, on average 

Level of significance 
Intluence of variants 

Cross Parents (0 - healthy; 11 2 
% 

4 - very heavy 
susceptible) 

Parents Hybrids 
Group 1 

(Healthy / healthy) 
K-7 'Herro ld' 0.2 0.8* F fakl = 4.32 > FO.05 = 3.25 18.94 

' Solstice' 0 .2 
K-13 'Zemgale ' 0.5 0.5 F fa kl = 0.93 < FO.05 = 3.34 6.24 

' White 0.2 
Henryi ' 

K- 14 ' Eksotika' 0.4 
L. henryi 0.0 0.2 F f.kl = 2.70 < FO.05 = 3.35 16.67 

var. citrinum 
hort. 

Group 2 
(Slightly susceptible / slightly susceptible) 

K-8 ' Compass' 1.2 1.7 F f.k, = 2.0 < FO.05 = 3.33 12.10 
' Gran 1.2 

Paradiso ' 
Group 3 

(Moderately susceptible / heavy susceptible) 
K-I ' Nakts 1.9 2.2 F fakl = 0.48 < FO.05 = 3.27 2.68 

Tango' 
H-7-92 2.2 

K-2 'Nakts 1.9 2.4* F fakl = 4 .29 > FO.05 = 3.19 15.43 
Tango' 

'Ca-Ca-Ča ' 2.7 
K-4 ' Ca-Ca-Ča' 2.7 2 .7 F fakl = 2.94 < FO.05 = 3.24 13.11 

' Sa lly Girl' 2.1 

Group 4 
(Healthv / slighth susceptible) and on the contrarv 

K-5 ' Baltais 0.2 1.7* F fakl = 18.78 > FO.05 = 3.16 40.58 
Lācis ' 

'Shirley' 1.5 
K- \O ' Patncija' 0.5 1.4* F fa kl = lO.52 > Fo.05 = 3.28 38.93 

' Magic 1.7 
Eye' 

K-12 ' Olga' 0. 1 0.9* F f.kl = 8.82 > FO.05 = 3.31 36.27 
, Arabeska ' 1.4 

K-9 'Nepal' 1.6 l "* . .) F fakl = 4.72 > FO.05 = 3.25 20.34 
' Alisa ' 0.7 

Group 5 
(Healthy / very heavy susceptible) and on the contrary 

K-II ' Orfejs ' 0.3 0.5* F fakl = 44.10 > FO.05 = 3.34 75.91 

'Aristo' 2.5 
K-3 ' Ca-Ca-Ča' 2.7 1.7* F fakl = 29.92 > FO.05 = 3.20 57.08 

' My Joann' 0.5 
K-6 ' Tirreno ' 2.5 2.6* F fakl = 65 .97 > FO.05 = 3.20 74.56 

' Honey 0.2 
Pink ' 

* Di fference is signiticant at P 0.05 ' 
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The result of crossings between cultivars susceptib le to this disease agent, such as 'Ča-Ča-Ča' (K-3) and 
'Tirreno ' (K-6) and resistant varieties ('My Joann ', ' Honey Pink'), were the hybrids being an intermediate (K-3) by this 
trait, or susceptibi lity was dominant (K-6). In one case (K-11 ), resistant to grey mold variety 'Orfejs' crossed with 
susceptib le variety ' Aristo ' resulted in resistant hybrids (grade 0-1). It suggests that, genetically, variety 'Orfejs' could 
be used in breeding for disease resistance. Significance of the obtained results is confirmed by the results of 
mathematical analysis (Frakt > F005); the noted influence of variants (1']2) is 57.08-75 .91 %. Within the hybrid 
populations, se lection of resistant forms is possible in each individual combination thus promoting the development of 
immune cllltivars. The hybrids produced were estimated in 1998 too (Fig.). On average, the level of infection was 
somewhat increased due to the periods of excessive rainfall in July, thus contributing too rapid spread of infection . This 
disease was greatly favoured by the density of a two-year o ld plantation. There exist c10se correlation between two-year 
(1997, 1998) estimation results (r = 0.873 , rO.05 = 0.532, rO.OI = 0.66 1) and between these results no significant 
differences have been found (Frakt = 3.76 < F005 = 3.86). 

The research reslllts indicate that the rejection of heavy sllsceptible genotypes cOllld be realized considering one
year testing reslllts. 
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Fig. The leve l ofinfection ofhybrids (in grades 0-4) with grey mold (Botrytis elliptica) in 1997- 1998 

Evaluation ofperspective hybrids (in grades 0-4) to resistance to grey mold 
10 perspective hybrids were selected from 14 crosses (Table 3). In both years high leve l of resistance was shown 

by the following hybrids: ' Resista 1', ' Arfa ', ' Aurēlija ', ' Vārsma ' . These hybrids come from crosses K-7 , K-II, K-13, 
K-14 in which one or both parent plants were detected as healthy to disease ('Herro ld ' , 'Solstice', ' Orfejs' , ' Eksotika', 
' Zemgale ' , ' White Henryi ', L. henry i var. citrinum). From cross K-II was se lected hybrid 'Arfa' wh ich showed 
resistance. As father plant was lIsed variety ' Aristo ' originating from Holland and showing very heavy sllsceptibi lity to 
grey mold, which agrees with data in literatllre on sllsceptibility of this variety (Ooss, 1986). From cross K-2, hybrid 
'Maksis ' was selected and assessed as moderately susceptib le. The mother plant 'Nakts Tango ', included in this cross, 
was moderately sllsceptible to grey mold but father plant ' Ča-Ča-Ča ' showed heavy susceptibility to grey mold . 

Reslllts demonstrated that no significant differences were fOllnd between two-year estimations. 
Table 3 

The level of infection of perspective hybrids (in grades 0-4) to resistance to grey mold (Botrylis elliptica) 

Level of infection 
Cross. Name of the hybrid 1999 2000 

Grades To contro l Grades To control 
Roma - contro l 3.8 - 3.9 -

K - 2 Maksis 2.2 - 1.6 2.7 - 1.2 
K - 5 Balta Brigantma 1.5 -2.3 1.9 -2.0 
K - 6 Menarda 2.5 -1.3 2.7 - 1.2 
K - 7 Resista I 0.5 - 3.3 0.7 -3.2 
K - 8 Ka lsnava 1.2 - 2.6 1.7 -2.2 
K - 9 Šar/ote 1.2 - 2.6 1.4 -2.5 
K - lO MēnesnTcas Sonāte 1.2 - 2.6 1.6 - 2 .3 
K - II Arfa 0.3 - 3.5 0.5 - 3.4 
K - 13 AlIre lij a 0.2 - 3.6 0.5 -3.4 
K - 14 Varsma 0.1 -3.7 0.2 -3.7 

'y 0.05 = 0.43 'y 0.05 = 0.47 
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The obtained hybrids were signitīcantly resistant to grey mold and considerably surpassed control variety 
'Roma' in both years: 1999, Ffakl. = 54.11 > FO.05 = 1.94; 2000, Ffak1 = 47.10 > FO.05 = 1.94. No signitīcant differences 
were found between two-year results. 

Estimation of the lily colIection against grey mold in natural and artificial infection backgrounds did not show 
any significant differences in the obtained results. Resistance rating (grades 0-4) for grey mold was the folIowing: 
o - healthy with no evidence of the disease, 28%; 1 - slightly susceptible, 33%; 2 - moderately susceptible, 24%; 
3 - heavy susceptible, 11 %; 4 - very heavy susceptible, 4% of the tested colIectioll material. The folIowing local 
varieties were assessed as resistant to grey mold infection: 'Baltais Lācis' , ' Jumprava', 'Orfejs', 'Teika' , 'Venta', 
'Eksotika' , ' Pārgalvīgā' . The folIowing cultivars coming from Holland were rated as very heavy susceptible to 
infections: ' Monte Rose ', 'Roma', and 'Mont Blanc ' . These lily variet ies are not recommended for growing outdoors 
under conditions of Latvia. 

The resistance to grey mold characterized the obtained hybrids if parents were resistant to this disease agent. 
When crossing cultivars susceptible to grey mold with cultivars resistant to this disease agent, the obtained hybrids were 
intermediate by this trait or susceptibility to this disease was dominant. 

10 perspective hybrids showed significant resistance to grey mold and considerably surpassed control variety 
' Roma ' in both years of the trial. 
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PLANTS OF RUNNER BEAN 
CULTIVATED IN SOUTH-EAST POLAND 

COCCINEUS 

Abstract 
Studies of three years were conducted at the 
of research were the of four cultivars 

Observations were carried out each year: at the 
health status of were determined and diseased 
its of each cultivar was end of the PVI"lpr!tnl"nt 

noticed for cv. Kontra, cv. Blanka 

words: runner 

Introduction 
Runner bean has been known in Poland since 1 century 1969). The 
is cultivated for seeds as the material for and The world of runner bean in 2002 

reached 1.18 584 Mt in Asia and 44.3 Mt in Europe. In Poland its oroidUl:::t1C)ll reaches 2.8 Mt, with the 
data 

communities to runner 

Materials and Methods 
Studies were carried out in 2001-2003 at the Station at Czeslawice near Lublin in the field 

naturally infested with fungi after 10 years of bean monoculture. The 
of runner bean: 'Blanka', 'Eureka', 'Kontra' and 'Westa'. The experiment was set in four raY'l,a1 ... t,,.,,,",," 

with the area of each of 4.5 . In each year, a field observation was nar·1-,."r· ...... ".ri 
cultivars at the of and at anthesis. At each 5 with root and stem necrosis were 
collected from each 
available n"lr,nAcrr<>nh".::>" 

with brown was estimated. 
The results were statistICal! 

Results and Discussion 
At both the rhttprf'nr,p(;: 

1 ). 

on <>'''::'r<>iYP 

colonies were identified with 
IJ'::>Y·{'.::>r,t""TP of 

was noticed 
83.7. Each 

The 
for cv. 'Kontra' 

The number and healthiness of at anthesis were similar to the results obtained in the first observation. The 
was noticed for cv. 'Kontra' while the lowest for cv. 'Blanka' 

number of stunted with lower leaves and root and stem rot 
sown with cv. 'Blanka' and cv. 'Kontra' As the result ofmvcologlcal 

iso lates to 17 were obtained 
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Table 
The number healthiness 1"'I'ArTl"11I~n cultivars runner bean 

Number of seecllln!Js 

Cultivars of runner bean Number of seecllln!Js per plot Pcu",cmaoc of infected seeclhmrs 

2001 2002 2003 mean 2001 2002 2003 mean 
BLANKA 72a~ 78a 75 3 75.03 2.7' 1.5 0 2.5c 2,2c 

EUREKA 79b 81 ab 80ab 80.030 2.0bc 1.7b I -;0 .J I,i) 

KONTRA 93 c 92c 94c 93.0c 0.5a 0.7a 0.5 3 0.5 3 

WESTA 81 b 85tJ 85tJ 83.7b l.7° 1.8 b 1.5 b 1.7b 

N umber of plants at anthesis 
, 

NlJmber of plants per plot n La~ of infected ,'ants at anthesis rCIL 

2001 2002 2003 mean 2001 2002 2003 mean 
BLANKA 72a 763 75a 74.3 3 2.8c 1.7°C 2.5' 2.3' 
EUREKA 773b 79ab 78ao 78.0ao 2.0D 1.5b 2.5c 2.0bC 

KONTRA 92c 91 c 94c 92.3c 0.7a 0.73 0.7 11 O,r 
WESTA 80b 84b 82 b 82.0b 1.8\) 2.0' 1.71:1 1.8 t

) 

* mean columns (P not the letter. 



Table 2 
isolated from the infected ::>'-''-'UllU;:::'::> cultivars of runner bean (total from 2001-2003) 

Number of isolates 
Fungus Blanka Eureka Kontra Westa 

r sb L: r sb L: r sb L: r sb L: Total 
Alternaria alternata (Fr.) Keissler 4 6 10 3 5 8 2 4 6 4 4 8 32 
Bottytis cinerea Pers. 2 7 9 2 4 6 1 3 4 '" 5 8 27 j 

Cladosporium cladosporioides (Fres) de Vries '" 4 7 '" 6 9 4 5 9 2 4 6 31 j j 

p,'; purpurascens Ehr. ex. Schl. 3 4 7 4 2 6 1 2 3 2 1 '" 20 j 

Fusarium culmorum (W.G.Sm.) Sacco 6 6 12 5 6 11 3 4 7 6 8 14 44 
Fusarium oxysporum Schl. f. sp. phaseoli Kend. Snyd. 15 19 34 10 12 22 7 11 18 10 13 23 97 
Fusarium solani (Mart.) Sacco f. sp. phaseoli (8urk.) Snyd. Hans 10 15 25 9 10 19 5 7 12 8 12 20 76 
Fusarium sporotrichioides Scherb 9 13 22 6 8 14 4 5 9 7 11 18 63 
Gliocladium catenulatum Gilman Abbott 4 5 9 4 '" 7 9 13 22 1 2 3 41 j 

Mucor hiemal is Wehmer 3 '" 6 '" 1 4 1 3 4 4 2 6 20 j j 

Penicillium nib' I~u;rt,) Bainier ex Thom 2 2 4 2 4 6 3 5 8 3 4 7 25 
Penicillium verrucosum Dierckx var. verrucosum Samson 
Stolk et Hadlok 5 3 8 2 1 3 2 1 3 2 1 3 17 
PI-wnw exigua Desm. var. exigua - 4 4 - '" 3 - - - 1 4 5 12 j 

Rhizoctonia solani KUhn 9 14 23 7 9 16 4 5 9 5 8 13 61 
Sclerotinia sclerotiorum (Lib.) de 8ary - 3 3 - 4 4 - 1 1 - 5 5 13 
Torula herbarum (Pers.) Link ex Fr. 3 4 7 1 1 2 2 2 4 2 3 5 18 
Trichoderma kVfltflbtt Oud. 1 2 3 2 3 5 7 9 16 1 1 2 26 
TOTAL 79 114 193 63 82 145 55 80 135 61 88 149 623 

r - root, sb - stem base. 



Table 3 
isolated the infected cultivars of runner bean from 

isolates 

Alternaria alternata (Fr Keissler 

3 
4 
-

7 
-

4 

5 
3 4 7 2 4 6 4 I 5 I 25 I 4 I 4 

6 8 14 4 4 8 2 6 8 5 5 
Phoma exieua Desm. exi'i!ua I I 5 6 - 4 4 - 1 1 2 6 I 8 I 19 

6 10 2 
.., 

5 8 I 13 I 40 j 

Trichoderma Oud. 19 
TOTAL 167 

sb stem 



Fusarium oxysporum f. sp. and Fusarium solani f. 
roots of bean ",,,,,,,'-'11'111",';>' constitutes the rr .. ar>'!-a,,'!-

30 

1. 

2. 

4. 

5. 
6. 

7. 

8. 

9. 

e:ermllnatlOn of ,",VIIIYI«, of 

of cv. 'Kontra' 
was also obtained from sown 

Table 4 
The and healthiness of seeds of cultivars of runner bean 

values in columns differ <"n"d,,,,.,,·,th, (P 0,05), if 

occurred in each cultivar and their npr'("prlt~(Yp from 5.4% for cv. 'Kontra' The seeds with necrotic 
for cv. 'Blanka' the runner bean cultivars characterized by 

and low uYu,","'~n"J Uh;JlvU,JvJ is conducted number of centres 
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APPLICA TION OF SYNTHETIC AUXINS HERBICIDES IN SPRING BARLEY AT REDUCED 
DOSAGES 

Abstract 

JlInis Kopmanis, Maija Ausmane 
Latvia University of Agriculture, Department of Soil Management, 

e-mail: janis.kopmanis@navigator.lv 

Field trials were carried out at the Research and Study Farm "Vecauce" of the Latvia University of Agriculture 
(LLU) during 2001-2003. Spring barley cv 'Ansis' was grown under different soil properties, weed infestation levels, 
and weather conditions. Herbicides MCPA (MCPA 750 SL, BASF, full dosage 2 L ha- I

) and dichlorprop-P + 
mecoprop-P + MCPA (Ouplosan Super 600 SL, BASF, dichlorprop-P 310 g L- I

, mecoprop-P 130 g L- I
, MCPA 160 g 

L- I
, full dosage 2 L ha· l

) were applied at three dosages: a fu II recommended dosage, one half, and one quarter of a full 
recommended dosage. Data show that there are no significant (P < 95%) decreases in control of common lambsquarter 
(Chenopodium album L.) and field pennycress (Thlaspi arvel1se L.) by decreasing the dosages of applied herbicides. 
Applied dosages could be reduced twice using MCPA against field violet (Viola arvensis (L.) Murr.) and dichlorprop-P 
+ mecoprop-P + MCPA against speedwell (Veronica arvensis L.) . Reduction of applied dosages of these synthetic 
allxins made no significant (P < 95%) changes in spring barley grain yield. There were no significant differences in 
grain yield between untreated plots and treatments with herbicide application in three years' average, which shows high 
impact of other factors on spring barley grain yield. 

Key words : synthetic auxins, herbicides, spring barley, reduced dosages, weeds, grain yield. 

Introduction 
Organic herbicides began to be produced in earnest with dinitrophenol compounds in 1932. A breakthrough 

occurred in the 1940s with 2,4-0 (2,4-dichlorophenoxyacetic acid), a compound similar to plant hormones, which is a 
highly selective systemic herbicide when used in very small quantities. 2,4-0 was quickly adopted to control broad
leaved weeds in corn, sorghum, small grains, and grass pastures, as well as in lawns and other ornamental turf. The 
phenoxyaliphatic acids and their derivatives, another major group of organic herbicides, succeeded because of their 
selectivity and ease of translocation. MCPA « 4-chloro-2-metylfenoxy) acetyl acid) first appeared on the market in 1946 
under trade name 'Agrokson' (Cobb, 1992). In the 1960s and 1970s, a combination of 2,4-0 and 2,4,5-T was widely 
used in Vietnam as a defoliant under the name Agent Orange. As a result of questions concerning the possible health 
effects of the use of Agent Orange, heightened awareness of possible ecological and health dangers attributable to 
herbicides has resulted in reevaluation of many compounds and has called indiscriminate use into question. Use of the 
dioxin-containing 2,4,5-T was prohibited in the United States in 1984 1

• 

However, despite years of intense study, the details of the mechanism of action of these herbicides remain 
elusive. It is known that they bind to auxin receptors in plant celis, triggering a series of spontaneous effects that 
quickJy alter gene regulation and disrupt normai plant growth (Sterling, Hall, 1997). These herbicides change nutrient 
transport in phloem and its active ingredients accumulate in the main growing points (Cobb, 1992). There are results 
from the trial with dichlorprop-P + mecoprop-P + MCPA application at dosage 2.5 L ha· 1 in spring barley that two 
hours after spraying, dichlorprop-P concentration in spring barley leaves was 8.0 mg kg· l

. 29 days after appJication, 
dichlorprop-P was found in ears in concentration 1.75 mg kg-I. Before harvesting (68 days after spraying), dichlorprop
P was not found in grains but its concentration in soil was 2.0 mg kg-I. Whereas mecoprop-P and MCPA were not found 
neither two hours after spraying nor 29 or 68 days after it (Zikova ej aI., 1997). 

Resistance to these herbicides is uncommon, considering their history of intensive use in cereal cropping 
systems . First occasion of resistance was observed already in 1952 in Canada, Ontario. Till nowadays there are 
discovered 24 against synthetic auxins herbicides resistant weed biotypes1

. Ironically, the availability of these resistant 
plants and other auxins-resistant mutants provides usefui research tooJs to study both the mechanism of action of the 
herbicides and the resistance mechanisms (Devine, Shukla, 2000). 

Synthetic auxins herbicides MCPA and dichlorprop-P + mecoprop-P + MCPA are one of the most popuJar 
herbicides in Latvia mainly because of its Jow price. Reducing appJying dosages will decrease inputs and allows 
farmers to produce cheaper production. The question is how such practice effects weed control and cereals yield. Many 
investigations show that applied doses of synthetic auxins herbicides could be reduced at appropriate conditions -
suitable weather conditions, susceptible weed species, weeds mainly in cotyledon stage, crop stands with strong 
competitiveness (Bostrom. FogeJfors, 2002; Lundkvist, 1997; Salonen, 1993a). 

Materials and Methods 
Field trials were carried out at the Research and Study Farm "Vecallce" of the Latvia University of Agriculture 

(LLU) from 2001 to 2003. Soil properties were different in all trial years: sandy loam podzoJic soi!, humus content 

1 http://bartleby.com/65/he/herbicid.html(06. 02.2004) 
1 http://www.weedscience.orgJsummary/MOASummary.asp (07. 02. 2004 .) 
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31 g kg- I
, pH KCI 7. 1, content of phosphorus 253 mg kg", content of potassium 198 mg kg- ' (2001); Ioam podzolic soil, 

humus 20 g kg", pH KCl 6.8, content ofphosphorus 98 mg kg-', content ofpotassium 186 mg kg- ' (2002); sandy loam 
sod carbonate leached soil, humus content 21 g kg- ' , pHKCI 6.8, content of phosphorus 85 mg kg-', content of potassium 
77 mg kg" (2003). The trial was arranged in 4 replications, plot size 25 m2

. Spring barley cv 'Ansis' was grown after 
caraway (200 1), maize (2002), and potatoes (2003). SoiJ tillage was traditionaJ: autumn ploughing and presowing 
tillage with rotortiller "Amazone KG - 452". Spring barley was sown on April30, 2001, April 18,2002 and ApriJ 29, 
2003 with trial sowing machine "Hege 80". Sowing rate - 400 fertile seeds per m2

. Mineral fertilizers were used 
before sowing for 6 t ha-' high yields according to calculation using soil agrochemical properties. Herbicide application 
was done at the spring barley tillering stage (GS 21-29 by Zadoks). Two synthetic auxins herbicides - MCPA (MCPA 
750 SL, BASF, full dosage 2 L ha-') and dichlorprop-P + mecoprop-P + MCPA (Duplosan Super 600 SL, BASF, 
dichlorprop-P 310 g L- 1

, mecoprop-P 130 g L-', MCPA 160 g L-', fulJ dosage 2 L ha-') were applied at three dosages: a 
full recommended dosage, one half, and one quarter of a full recommended dosage (hereafter 1/1, 1/2 and 1/4). Weed 
assessments were done three times: flfst time - before spraying, second - on the 6th week after spraying, third -
before harvesting. Assaying was done using a 0.25 m2 big circle in three places per plot identifying weed spec ies and 
counting the number of weeds per species and in the second assay measuring weeds fresh weight. First two assessments 
were done in fixed places. The yield was harvested on 16 August 200 1, 9 August 2002 and 7 August 2003 by trial 
harvester "Hege 140" and was adjusted to 86% dry matter content and 100% purity. Data analysis for significance was 
done by ANOV A. Interactions between factors were calculated using correlation-regression analyses . 

Meteorological conditions were different in all trial years. Spring 2001 was late but weather conditions at 
spraying time were optima!. After spraying, the beginning of June was cool and wet but from the end of June air 
temperature was very high. It was accompanied with a lot of precipitation, which called serious lodging of spring 
barley. Spring of 2002 was early, which allows to sow barley quite early but suitable weather conditions caused also 
massive weed germination. At the time of spraying, weather conditions were not favorable - high air humidity and 
small rain 2 hours after spraying - what could effect herbicide efficacy. Spring 2003, like in year 2001, was late. 
Plants suffered from water deficit, which was caused by extremely dry autumn in 2002 and lack of precipitation in 
spring 2003. From the end of July very hot and dry weather started what forced barley maturation. Barley was yielded 
in due time, and strong rainfalls in the middle of August did not affect the barley yield. 

Results and Discussion 
Weed infestation in spring barley in 200 I was medium to low - on average 57.5 weeds per square meter. The 

most widespread species were common lambsquarter (Chenopodium album L.) (37.7% oftotal population), small nettle 
(Urlica urens L.) (25.2%), field pennycress (Thlaspi arvense L.) (14.6%), and speedwell (Veronica arvensis L.) (6.1 %). 
Almost 60% of all weeds were in 2-4 true leave stage at the time of spraying. In year 2002, weed infestation was very 
big - on average 364.3 weeds per square meter. The dominant weed was field violet (Viola arvensis (L.) Murr.) - on 
average 54% of total population. Widespread were also dead-nettle (Lamium purpureum L.) (11.5%), common 
chickweed (Slellaria media (L.) ViiI.) (10.8 %), common lambsquarter (7 .3%), and field pennycress (4.4%). More than 
50% from weeds were in 2 true leave stage before spraying. Weed infestation was considerable also in year 2003 -
187.3 weeds per square meter and the dominant weed again was field violet - 68 . 1 % of total population. 
Approximately 70% ofweeds were in cotyledon stage before herbicide appJication, so spraying was done in this year in 
the most suitable time. 

Herbicide efficacy was estimated by the years and by herbicides and weed spec ies separately. Calculations 
included weed spec ies with distribution of at least one plant per square meter. Only common lambsquarter (hereafter 
CHEAL - codes according to Bayer (1992)), dead-nettle (LAMPU) un field pennycress (THLAR) were distributed on 
average more than one plant per square meter before spraying in all trial years . 

Results from first weed accounting show no significant differences (at probability level 95%) in weed number 
among treatments for all the most common weed species. That allows to conclude that trials were settled in places with 
homogenous weed infestation in all trial area. 

Data from second weed accounting show that application of MCPA has significant (p < 0.05) effect on the 
control of CHEAL, THLAR, common chickweed (STEME), and field violet (VIOAR). No differences were observed 
among ap'plied dosages of MCPA in the number and fresh weight ofCHEAL and THLAR in all trial years . Significant 
(p < 0.05) differences among applied dosages of MCPA we can find in the number and fresh weight of VIOAR 
(Table 1). In both years, application of full recommended dosage has significant better effect on the reduction of the 
number and fresh weight of VIOAR compared to 1/4 dosage (except fresh weight of VI0AR in year 2003). Whereas 
1/2 dosage has no statistically provable differences from the effect of full dosage but has given significant reduction in 
the number and fresh weight of VIOAR compared to untreated. We can find no significant differences in control of 
STEME in year 2003, which can be explained with a very small amount of this weed compared to 2002. 

184 



Table I 
The number and fresh weight ofweeds six weeks after application ofherbicide MCPA 

Year Weed Untreated MCPA 111 MCPA 112 MCPA 1/4 'YO.OS 

number per m2 0* 0 0 0 - I 
STEME 

weight, g m-L 83.0 I 1.1 22.4 29.9 44.71 
I 2002 

YIOAR 
number per m- 286.3 62.7 184.3 207.3 109.74 

I weight, g m-- 116.2 13.0 44.9 66.1 43.15 

I number per m- 7.3 2.0 1.7 6.7 4.53 I 

STEME weight, g m-- 2.5 0.3 0.2 1.3 3.00 I 2003 
YIOAR 

number per m- 152.0 22.0 59.0 105.7 67.52 
weight, g m-- 31.3 J.4 5.5 12.0 19.20 

* the number of STEME per m2 was not possible to determine in year 2002. 

Application of MCPA has also shown a statistically significant reduction in the number and fresh weight of 
shepherd's purse (Capsella bursa-pasloris (L.) Med.; in 2002 but this was the only year when this weed was 
observed in a notable amount. The same effect has been shown by herbicide dichlorprop-P mecoprop-P + MCPA. 

Reduction in weeds fresh better characterizes of the herbicide. Data of weeds fresh 
control are in 1. 

o 20 40 60 80 100 

1. Weed control by MCPA, average in three years (except YIOAR average in two % 

CHEAL was the only weed the number of which per differed significantly among treatments before 
harvesting - in all treatments it was smaller than in untreated plots. Such coherence can be observed in all trial years 
and for both tested herbicides. 

Table 2 
The number and fresh of weeds six weeks after 

of herbicide dichlorprop-P mecoprop-P + MCPA 

I Year 
Dich lorprop-P Dichlorprop-P I Dichlorprop-P 

Weed Untreated + mecoprop-P -1- . -1- mecoprop-P YO.OS 

+ MCPA III -1- MCPA I/? + MCPA ]/4 

2001 VERAR 
number per mL 9.3 0.7 2.3 6.3 6.12 
weight, g m'2 1.9 0.0 0.2 0.4 1.22 

2002 VIOAR 
numberper mL 286.3 187.0 262.3 270.7 149.84 
weight, g m-2 116.2 70.6 93.8 108.8 78.98 

VERAR 
number per m2 9.3 1.0 2.0 4.0 6.01 

2003 
weight, g m-- 1.9 0.1 0.1 0.5 1.57 

I VlOAR 
number per m- 152.0 21.7 55.0 89.0 61.17 

I weight, g m'2 31.3 1.3 5.3 11.7 19.52 

A similar situation is with efficacy of herbicide dichlorprop-P + mecoprop-P -1- MCPA (Fig. Also this 
herbicide shows control of THLAR and STEME, but not so good control of VIOAR. Reduction in the 
number and fresh of VIOAR in 2002 was insignificanl (p>0.05). It had better effect on speedwell (Veronica 
arvensis . VERAR) than MCPA (Table 2). 
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STEME 
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o one quarter dosagc ( 1/4) 

• hall' dosage ( 1/2) 

o full dosage (III) 

CHEAL~~~~~~~~~~~~~~~~~~~~ 
o 20 40 60 80 100 

Fig. 2. Weed control by dichlorprop-P + mecoprop-P + MCPA, average in three years (except STEME. VERAR and 
VIOAR - average in two years), % 

The yield of spring barley was within the predicted level - on average more than 6 t ha-I. Also untreated plots 
gave high yield, which shows the great role of good quality seed material , precise sowing, an adequate amount of 
minerai fertilizers, and high capacity of competitiveness of spring barley. 

Table 3 
The yield ofspring barley grain in treatments with MCPA and dichlorprop-P + mecoprop-P + MCPA , t ha- I 

Treatment 
Year 

2001 2002 2003 Average 
Untreated 6.05 5.22 7.41 6.22 
MCPA 1/1 6.09 5.74 7.84 6.56 
MCPA 1/2 6.02 5.71 7.69 6.47 
MCPA 1/4 5.98 5.49 7.76 6.41 
Dichlorprop-P + mecoprop-P + MCPA 111 6.08 5.74 7.50 6.44 
Dichlof2rop-P + mecoprop-P + MCPA 112 6.05 5.53 7.57 6.38 
Dichlorprop-P + mecoprop-P + MCPA 1/4 6.18 5.42 7.71 6.44 

There were no significant differences in yields among treatments in years 200 land 2002 (p > 0.05), whereas 
yield differences were significant (p < 0.036) in 2003 for herbicide MCPA - 'Y005 = 0.287. This means that all 
treatments except MCPA 1/2 dosage gave higher yield than untreated plots but they have no significant differences 
among them (Table 3). Such results coincide with results presented by Salonen (1 993a) that spring barley grain yields 
differ within 5% among treatments with herbicides and untreated plots. In this case, differences among yields are within 
5.3% on average in three years. It is obvious that herbicide treatments have low influence on spring barley grain yield . 
According to results from other triaIs in Latvia (Malecka, Lapins, 1997), usage of herbicides has just 10.2% big density 
of impact on barley grain yield. 

Courtney and Johnson (1986), have stated that herbicide application increases yields when the average weed 
infestation reaches 150 plants per square meter. AIso in trials carried out by Vanaga (200 1), statistically significant 
yield differences were observed when weed infestation reached 142 plants of dicotyledonous weeds per square meter 
and grain yield was 6 t ha-I. These trials show that this threshold could be even higher - at least 200 plants per square 
meter, although in year 2002 when weed infestation exceeded 350 plants per square meter no significant differences 
were observed in grain yield. For sure, we have to take into mind the spectrum of weed spec ies that may differ and 
therefore change such a hypothetical threshold. 

Sal6nen (1993 b) has found that the total biomass production of annual dicotyledonous weeds correlated only 
weakly (r = 0.48) with the totaI weed density. On the contrary, in this trial we can find strong and statistically 
significant correlation between the total weeds fresh weight and total weed density six weeks after spraying, except io 
treatments with herbicide dichlorprop-P + mecoprop-P + MCPA in year 2002 (Table 4). The relationship in treatments 
with MCPA (average for three years) is described by equation y = 0.88917x + 80.50321 , but in treatments with 
dichlorprop-P + mecoprop-P + MCPA - Y = 0.90683x + 76.05141 . 

Table4 
Linear relationships between the total number of weeds and total weeds fresh weight six weeks after spraying 

Variables 
MCPA Dichlorprop-P + mecoprop-P + MCPA 

2001 2002 2003 Average 2001 2002 2003 Average 
ry X 0.71 0.71 0.96 0.80 0.69 0.32 0.97 0.79 

R-, % 50.0 51.0 91.5 64 .3 46.9 10.3 94 .2 63 .2 
P, % 99 .8 99.8 99.9 99.9 99.7 77.6 99.9 99.9 
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Statistically significant negative relationships between spring barley grain yield and weed infestation were 
observed just in some particular cases (Table 5). 

Linear relationships between spring barley grain yield and weed infestation, 
on average during 2001-2003, ry:< 

Dichlorprop-P + 

Table 5 

Variables MCPA 
mecoprop-P + MCPA 

Total number ofweeds before spraying -0.26 -0.46 
Total number ofweeds six weeks after spraying -0.25 -0.47 
Total weeds fresh weight six weeks after s~raying -0.41 -0.57 
Total number ofweeds before harvesting -0.62 -0.64 
Number ofCHEAL six weeks after spraying 0.09 0.07 
Fresh weight ofCHEAL six weeks after spraying -0.21 -0.26 
Number ofVIOAR six weeks after spraying -0.25 -0.48 
Fresh weight ofVIOAR six weeks after spraying -0.38 -0.59 

rO.05 = 0.285 

Such results about the effect of CHEAL on barley grain yield differ from those obtained by Vanaga (2001). In 
her trials, statistically provable negative correlation existed only at a high level of grain yieJd. In this trial, on the 
contrary, in all three years the grain yield was higher than 6 t ha- I

, but linear relationships between the grain yield and 
the number and fresh weight ofCHEAL were inessential at probability level95% for both applied herbicides. 

Conclusions 
The results allow to conclude that reduced dosages of synthetic auxins herbicides can be applied in spring barley 

if sowings are infested with target weeds of these herbicides. Such practice surely in most cases would not change the 
barley grain yield significantly because herbicide application has a comparatively Jow effect on it. 
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THE INFLUENCE OF ADJUVANTS ON THE EFFICACY OF NICOSULFURON IN MAIZE 

Abstract 

V. Zadorozhny, V. Borona 
Feed Research Institute of the Ukrainian Academy of Agricultural Sciences, 
Prospekt Yunosti 16,21100 Vinnitsa, Ukraine, e-mail: fri@mail.vinnica.ua 

The improvement of chemical method involves use of modern application techniques, synthesis of new herbi
cides and adjuvants. Adding adjuvants to tank mixtures of pesticides is common practice in many countries of the 
world. For Ukrainian agriculture, which is characterized by limited financial resources and high degree of dependence 
upon imported pesticides, the search for cheap and ecologically friendly adjuvants is of great importance. Use of tank 
mixtures of herbicides with a different mode of action is a possibility of optimization of chemical method of weed con
trol. The efficacy of nicosulfuron was the highest when applied at early stages of weed plant development, when ade
quate level of weed control was achieved by applying nicosulfuron at the dose of 37.5 g a.i. ha- I

. Inclusion of ammo
nium nitrate to the spray solution ofnicosulfuron allows reducing application rate by 25% without any loss of efficacy. 

Key words: nicosulfuron, adjuvants, weeds, maize. 

Introduction 
Herbicides are an important element in modern systems of the protection agricultural crops against weeds. How

ever, agricultural practices in the countries of EC tend to reduce the dependence of weed management upon herbicides 
(Lotz et aI., 2002). First of all it is achieved not by the refusal of herbicides, but by means of improved techniques ap
plication, synthesis of new herbicides and adjuvants and accurately defined strategies of their application (Kudsk, 
Streibig, 2002; Jensen, 2004), as growth of the number of crops including maize is not possible without effective weed 
control (Barkaszi, 2004; 3a.u0poIKHMH, 2001). In many countries application of adjuvants to tank mixtures of herbicides 
including oils and nitrogen fertilizers becomes more and more wide-spread (Dogan et aI., 2002; WBapTay, 2002). 

For Ukrainian agriculture, which is characterized by limited financial resources and high degree of dependence 
upon imported pesticides, the search for cheap and ecologically friendly adjuvants is of great importance. These sub
stances include biodegradable exopolysaccharides of microbial nature, which are capable of enhancing "sticking" abil
ity of herbicides to weed plants (BolleJ1KO et aI., 2001). 

The objective of this research was to investigate the influence of polysaccharide enposan and nitrogen fertilizers 
on the efficacy of nicosulfuron for possibility of optimization of weed control in maize under conditions of forest-steppe 
zone of Ukraine. 

Materials and Methods 
Field trials were conducted during 1998-2003 at the Feed Research Institute of UAAS. Soil was of grey 

wooded type with 2.2-2.4% o.m. content and pH 5.2-5.5. 
The trials were carried out on plots with a size of25.2 m2 (4.2 x 6 m) and in four random replications. In the tri

als, nicosulfuron was used (Milagro, 40 g a.i. L- 1
, Syngenta). Herbicides were applied when the crop and grass weeds 

were at 3-5 leaf-stage and broad-leaved weeds at the first true leaf-stage. Herbicides were applied with a knapsack 
sprayer. The spray volume in experiments was 250 I ha- I

. Efficacy of herbicides was assessed 30 days after treatment 
(OAT) by counting weeds in a 0.25 m2 frame in four different randomly selected spots for each plot and at crop harvest 
by measuring the above-ground weed fresh weight. Data of the maize yield were subjected to the analysis of variance. 
Means were compared using Least Significant Difference test (LSD) at the 5% level. The influence of adjuvants - en
posan and ammonium nitrate - on the efficacy of nicosulfuron in maize was studied in field trials in the conditions of 
forest-steppe zone of Ukraine. 

Higher air temperatures characterized weather conditions in May throughout the trial years, compared to average 
long-term indices. The level of precipitation was lower than the average in this period except for May 2002 and June 
2000 and 2002 (Table 1). 

Table I 
Mean daily temperature and monthly rainfall from April to June in 1998-2003 

Year 
Temperature (OC) Precipitation (mm) 

May June May June 
1998 13,4 18,9 42 41 
1999 11,9 20,8 37 16 
2000 14,8 17,2 49 92 
2002 15,9 17,1 73 144 
2003 18,5 17,0 30 28 

Long-term mean 10.6 17.7 60 74 
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Results and Discussion 
In 1998-2000, the efficacy of different application rates and possibility of application of reduced doses of nico

sulfuron in maize was studied. Results of the experiment show that at the time of nicosulfuron application at T" plants 
E.crus-galli and S. glauca had 1-3 leaves and height - 1,5-2,5 cm, plants C. album and P. scabrum - 2,0-5,0 cm, 
T.arvense - height up to 1,5 cm. The overall weed infestation of maize, 30 OAT after application of 37.5 and 50 g a.i. 
ha- I of nicosulfuron, was reduced by 78-84%. The efficiency of nicosulfuron at the first date of application (T 1) was 
5-7% higher than at the second date of application (Tz). At later terms of application, sensibility to nicosulfuron of 
broad-leaved species, especially C. album, reduced. Under such conditions, at Tz the best herbicide effect could be ob
tained only with the highest rate of herbicide (Table 2). 

Table 2 
The influence of time application on the efficacy ofnicosulfuron in 1998-2000 

Rate, Application 
Weed control, % 

Treatment g a.i. ha- 1 time 
30 OAT before harvest 

1998 1999 2000 1998 1999 2000 
Nicosulfuron 50 TI 87 86 79 84 84 72 
N icosulfuron 37.5 TI 82 76 67 81 71 61 
Nicosulfuron 25 TI 76 57 63 78 61 58 
Nicosulfuron 50 T2 73 82 78 76 82 61 
Nicosulfuron 37.5 T2 73 74 39 74 69 51 
N icosulfuron 25 T2 62 51 18 63 60 25 

The results of researches conducted during 2002-2003 showed that 30 OAT nicosulfuron 40 g a.i. ha- I con
trolled 78-87% of weeds depending on the year of research. Application of 50 g a.i. ha- I increased the level of weed 
control by 2-12%. Before maize harvesting, the weed mass was lower than 89-90% compared to untreated plots. 

Differences in the efficacy of herbicide activity, to a great extent, can be explained by weather conditions during 
the experiment. Under conditions of high soil infestation with weed seeds during some of the years, the second wave of 
weeds appeared. As a result, number of weeds in of untreated plots increased from 49 to 460 plants m2

. These years be
fore harvesting, weed mass in the plots treated with herbicides reduced by 62-94%. To some extent it can be said that 
the seasons showed effect on nicosulfuron application. Nicosulfuron has a favorable effect on maize yield (Table 3). 

Table 3 

The efficacy of nicosulfuron and the maize yield in 2002-2003 

Rate, Weed contro I, % Maize yield, 
Treatment 

g a.i. ha- I 30 OAT before harvest t ha- I 

2002 
Untreated 0 0 3.52 

Nicosulfuron 40 78 85 6,14 
Nicosulfuron 50 90 94 6,52 

2003 
Untreated 0 0 4.78 

Nicosulfuron 40 87 62 7,55 
Nicosulfuron 50 89 67 7,28 

The possibility of increasing effect of nicosulfuron by using ammonium nitrate and enposan as additive has been 
studied in 2002 and 2003. Observations 30 OAT showed that nicosulfuron alone controlled 46-82% of weeds. The 
1.0% ammonium nitrate addition to nicosulfuron at 20-40 g a.i. ha- I increased activity by 8-22% of the herbicide 
against weeds. 

Thanks to enposan sticking properties, the herbicide activity of milagro against annual grass and broad leaf 
weeds in maize was enhanced. At the rate of application of 30 g a.i. ha- I, the mixture of nicosulfuron + enposan ensured 
weed control at 74%. At harvest, the biomass of weeds in maize was 71 % lower compared to control plots (Table 4). 
The obtained results show that it is possible to reduce the rate of application of nicosulfuron by 25% provided it is used 
with enposan without decrease in its herbicidal activity. No phytotoxic effect of this mixture on maize was observed. 
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Table 4 
The influence of ammonium nitrate (AN) and enposan on the efficacy of nicosulfllron in maize for grain in 

2002 and 2003 

Rate, 
Weed control, % 

Treatment before reduct ion Yield. t ha -J 

g a.i. ha'l 30 OAT 
harvest biomass 

Untreated* 0 0 0 ,-1-.16 

Nicosulfuron 40 82 59 74 6.71 
N icosulfuron 30 69 66 67 6.20 
N icosllifuron 20 46 44 56 .:".16 
Nicosulfuron + AN 40+ 1.0 % 90 79 91 7, It) 
Nicosulfllron + AN 30+ 1.0 % 77 67 78 6,86 
Nicosulfllron + AN 20+ 1.0 % 68 49 68 6,13 
N icosulfuron + enposan 30+ 1.0 % 73 64 71 6,36 

Use of ammonium nitrate and enposan as an additive contributes to improved and enhanced phytotoxicity of 
nicosulfuron by 4-14% on Setaria glauca and by 13-18% on Chenopodi1lm album Crable 5). 

Table 5 
Efficacy of nicosulfuron against major species of weeds in 2002 and 2003 

Treatment 
Rate, Weed control 30 OAT, % 

g a.i. ha'l SETPF CHEAL 
Untreated 0 0 
Nicosulfuron 40 89 60 
Nicosulfuron 30 65 55 
Nicosulfuron 20 46 28 
Nicosulfuron + AN 40+ 1.0 % 93 73 
Nicosulfuron + AN 30+ 1.0 % 78 73 
Nicosulfuron + AN 20+ 1.0 % 60 37 
Nicosulfuron + enposan 30+ 1.0 % 74 68 

Conclusions 
The efficiency of nicosulfuron was the highest when it was applied at early stages of weed plant development. In 

this case, an adequate level of weed control can be achieved with the dose of nicosulfuron at 37.5 g a.i. ha'l. Inclusion 
of ammonium nitrate and enposan to the spray solution of nicosulfuron allows reducing application rate by 25% without 
any loss of efficacy. 
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EFFECT OF REDUCED TILLAGE AND COVER CROPS ON WEED INFESTATION OF 
VEGETABLES 

Abstract 

Miroslaw Konopinski, Marzena Blazewicz-Wozniak 
Department of Soil Cultivation and Fertilization of Horticultural Plants, 

University of Agriculture, ul. Leszczynskiego 58, 20-068 Lublin, Poland, 
e-mail: kunro@consus.ar.lublin.pl 

The effect of no-tillage cultivation system and soil mulching with cover crops (white mustard, spring vetch, 
tansy phacelia, oats) on weed infestation, yielding of onion and carrot was studied. Species composition and number of 
weeds on onion and carrot plantations were estimated. Annual weed species: Matricaria chamomilla L., Senecio 
vulgaris L., Galinsoga parviflora Cav., Urtica urens L., and Chenopodium album L. dominated in primary weed 
infestation on plots with onion and carrot. Application of plant mulches and conventional tillage limited weed 
infestation of vegetables. A significant increase in weeds number was noticed in objects without plant mulches on onion 
and carrot plantations. The total and marketable yield of onion was highest under conditions created by no-tillage 
cultivation system. A higher yield of carrot roots was harvested from objects with conventional tillage. 

Key words: reduced tillage, plant mulches, weed infestation, yield of vegetables. 

Introduction 
During wintertime, the surface of soil, not covered by plants, is particularly susceptible to destructive activity of 

atmospheric factors. Inter-crop plants left on the field for the winter period can play main role in soil protection 
(Dzienia, 1990). Cover crop mulches retard erosion process, hinder weed emergence, add organic matter into the soil, 
prevent nitrogen leaching, reduce evaporation, and retain warmth (Hembry, Davies, 1994; Abdul-Saki et aI., 1996). 
Some of inter-crop plants effectively limit weed infestation during the vegetation season. Rye is a valuable winter-hard 
cover crop efficient at reducing weed infestation (Liebl et al., 1992; Smeda, Weller, 1996). An intensive system of 
vegetable production causes changes in soil physical properties (Radecki, 1986). Employment of heavy machines and 
implements, which pass the field several times, increases soil compaction and decreases soil porosity, and thus can 
influence the growth of vegetable roots (Kesik, Konopinski, 1993). Application of a simplified soil cultivation system 
and plant mulches reduced labour requirements and greater nutrient recycling. In conservation tillage practices, inter
crop plants are important because they modify microclimate of the crop which influences pest populations and crop 
yield (Masiunas, 1998). A reduced soil cultivation system using cover crop mulches has also many disadvantages, 
which may include higher chemical input (desiccants and herbicides), potential pest carryover in residues, and 
enhancement of some diseases (Hoyt et aI., 1994). The last studies (Kesik et aI., 2000; Borowy et aI., 2000) showed that 
simplified soil tillage and use of plant mulches is an effective sustainable production system which can be used for 
vegetable production. 

The purpose of this experiment was to compare the effect of differentiated cultivation systems and cover crop 
mulches on the yield and weed infestation of onion and carrot. 

Materials and Methods 
A field experiment was conducted during 1998-2000 at the Agricultural Research Station Felin near Lublin, on 

lessive soil derived from silty medium loam. The cultivated plants were onion C.v. 'Wolska' and carrot c.v. 'Perfekcja'. 
In the experiment the following cultivation variants were compared: I. Pre-sowing soil cultivation system (no-tillage 
and conventional soil cultivation with spring ploughing); II. Plant mulches - cover crops (control - without plant 
mulch, white mustard, spring vetch, tansy phacelia, oats). Cover crop seeds were sown in the third decade of August. 
The plants were left in the field for the winter period. In spring, conventional soil cultivation system was applied to half 
of each cover plot. The second part of each plot was left without ploughing. Before seeding, 150 kg P20 5 and 200 kg 
K20 per hectare were incorporated into the soil. Nitrogen was delivered in two doses, 75 kg N before seeding and 
second dose as top-dressing. Cultivation and herbicide applications were standard practices in conventional onion and 
carrot production. The statistical design was split-plots with four replications. The results were subject to analysis of 
variance at a = 0,05. 

Results and Discussion 
In primary weed infestation of onion' plantation, four short lasting weed species dominated: Matricaria 

chamomilla (16,0 plants'm-2
), Senecio vulgaris (11,4 plants'm-2

), Urtica urens (10,8 plants·m-z), and Galinsoga 
parv[flora (9,9 plants·m-2

). Among long lasting weed species, three of them - Agropyron rep ens (2,8 plants'm-2
), 

Equisetum arvense (0,7 plants·m-z) and Taraxacum officinale (0,3 plants·m-z) - dominated (Table 1). In the field 
experiment, pre-sowing soil cultivation system had a considerable influence on weed infestation of onion plantation. 
Irrespective of the soil cultivation methods, the number of weeds growing on 1 mZ amounted to 71,7. Increase of 
primary weed infestation in objects with no-tillage cultivation (mean 90,7 plants'm-z), compared to objects with 
conventional soil tillage (52,7 plants'm-2

), was observed. Increase of weed infestation on the field with no-tillage 
cultivation was also confirmed by Szymankiewicz (1995). 
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Table 1 

The effect of soil cultivation method and plant mulches on primary weed infestation of an onion plantation, mean during 1998-2000 (in plants·m2
) 

Weed 
Conventional soil tillage No-tillage 

species control 
white spring tansy 

control 
white spring tansy Mean 

mustard vetch phacelia 
oats mean 

mustard vetch phacelia 
oats mean 

Short lasting weeds: 
A1atricaria chamomilla 23,9 18,2 9,4 4,4 5,3 12,2 62.3 3,8 ,., ,., 15,8 14,0 19,8 16,0 .),.) 

Senecio vulgaris 12,0 4,0 7,1 2,2 9,3 6,9 20,9 5,8 15,7 32,7 4,2 15,9 1] ,4 
Urtica urens 6,2 10,3 2,2 6,9 5,5 10,2 4,2 ]4,9 12,9 6,0 18,9 11,4 10,8 

Galinsoga parviflora 1] ,8 9,8 8,2 1,3 7,8 7,8 20,7 24,3 3,5 8,0 4,0 12,1 9,9 
Capsella bursa-pastoris 1,8 0,6 2,0 1,3 2,5 1,6 23,7 0,7 2,0 16,2 5,3 9,6 5,6 

Chenopodium album 6,0 1,7 2,4 4,9 4,7 3,9 7,8 4,0 3,2 3,8 5,3 4,8 4,4 
Galinsoga hispida 6,6 2,9 1,5 2,0 4,2 3,4 7,1 2,2 2,7 3,8 2,5 3,7 3,6 

Sinapis alba 0,0 7,1 0,0 0,0 0,0 1,4 0,0 19,8 0,0 0,0 0,0 4,0 2,7 
Tripleurospermum inodorllm 3,9 0,7 1,1 0,7 1,1 1,5 13,4 0,4 3,1 0,2 1,6 3,7 2,6 

Echinochloa crus-galli 2,2 0,7 0,9 2,0 1,3 1,4 0,7 2,7 4,9 4,2 1,8 2,9 2,1 
Poa annua 2,4 2,9 0,7 0,2 0,9 1,4 3,2 0,4 1,9 0,0 0,5 1,2 1,3 

Stellaria media 1,0 0,7 0,4 0,9 0,9 0,8 2,2 0,9 0,9 1,1 3,3 1,7 1,2 

Total 77,8 59,6 55,9 26,8 43,5 52,7 166,2 79,9 54,1 91,8 61,4 90,7 71.7 

Long lasting weeds: 
Agropyron repens 1,8 1,8 3,1 2,0 3,8 2,5 6,8 4,2 0,5 1,8 2,4 3,1 2,8 
Equisetul11 arvense 1,1 2,0 0,2 1,1 1,3 1,1 0,0 0,0 0,0 1,6 0,0 0,3 0,7 

Taraxacum ojJicinale 0,2 0,0 0,0 0,0 0,5 0,1 0,7 0,4 0,0 0,7 0,5 0,5 0,3 
Cirsium arvense 0,0 0,3 0,0 0,0 0,0 0,1 0,2 0,0 0,0 0,0 0,0 0,0 0,1 
Plantago maior 0,2 0,0 0,0 0,2 0,0 0,1 0,2 0,3 0,0 0,0 0,0 0,1 0, I 

Total 
,., ,., 4,1 ,., ,., ,., ,., 

5,6 3,9 7,9 4,9 0,5 4,1 2,9 4,1 4,0 -',-' -',-' -',.) 

I 

Total number of weeds 81,1 63,7 59,2 30,1 49,1 56,6 174,1 84,8 54,6 95,9 64,3 94,7 75,7 : 

--- -----
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Table 2 

The effect of soil cultivation method and plant mulches on primary weed infestation of a carrot plantation, mean during 1998-2000 (in plants o m
2
) 

Weed 
Conventional soil tillage No-tillage 

species control 
white spring tansy 

control 
white spring tansy Mean 

mustard vetch phacelia 
oats mean 

mustard vetch phacelia 
oats mean 

Short lasting weeds: 
Matricaria chamomilla 10,7 0,0 0,0 0,0 5,3 3,2 13,4 0,4 0,0 0,0 7,6 4,3 3,7 

Senecio vulgaris 10,1 1,1 3,7 9,1 9,3 6,7 20,0 2,5 42,6 18,9 13,1 23,4 15,0 
Urtica urens 4,1 2,2 2,3 1,1 1,8 2,3 5,4 0,0 3,8 0,2 0,0 1,9 2,1 

Galinsoga parviflora 6,2 0,7 1,1 0,0 0,7 1,7 10,4 3,1 4,9 0,2 1,6 4,0 2,9 
Capsella bursa-pastoris 1,3 0,7 0,4 1,3 1,3 1,0 4,5 1,4 0,4 0,0 2,4 1,7 1,4 

Chenopodium album 2,7 0,2 1,3 0,7 2,9 1,6 11,7 1,0 6,2 0,7 0,9 4,1 2,8 
Galinsoga hispida 1,8 0,7 0,0 0,9 0,4 0,8 4,4 0,0 1,3 0,9 1,1 1,5 1,2 

Sinapis alba 0,0 3,6 0,0 0,0 0,0 0,7 0,0 11,1 0,0 0,0 0,0 2,2 1,5 
Tripleurospermum inodorum 1,7 1,3 0,0 2,9 1,1 1,4 5,0 1,1 1,6 1,1 2,2 2,2 1,8 ! 

I 

Echinochloa crus-galli 0,3 0,4 0,4 1,3 0,0 0,5 0,6 2,2 3,3 4,5 0,0 2,1 1,3 
Poa annua 1,0 0,0 0,0 0,0 0,0 0,2 2,3 0,9 0,0 0,0 0,0 0,6 0,4 

Polygonum persicaria 0,1 0,0 0,6 0,2 0,4 0,3 1,5 0,4 0,0 0,0 0,7 0,5 0,4 

Total 40,0 10,9 9,8 17,5 23,2 20,3 79,2 44,1 64,1 26,5 29,6 48,7 34,5 

Long lasting weeds: 
Agropyron repens 2,9 4,5 1,3 1,5 0,0 2,0 7,0 4,7 2,0 0,5 4,0 3,6 2,8 
Equisetum arvense 0,4 0,0 0,0 0,0 0,0 0,1 0,0 0,0 0,0 0,0 0,4 0,1 0,1 
Sonchus arvens is 0,3 0,0 0,0 0,0 0,0 0,1 2,4 1,1 0,0 0,0 0,0 0,7 0,4 

Convolvulus arvensis 0,0 0,0 0,0 0,0 0,0 0,0 0,2 0,2 0,2 0,0 0,0 0,1 0,1 
Cirsium arvense 1,0 0,0 0,0 0,7 0,0 0,3 2,1 1,1 0,0 0,4 2,2 1,2 0,8 

Taraxacum ofJicinale 0,0 0,0 0,0 0,0 0,0 0,0 1,4 0,2 0,0 0,2 0,0 0,4 0,2 
Plantago maior 0,0 0,0 0,0 0,0 0,0 0,0 1,1 0,0 0,0 0,0 0,7 0,4 0,2 

Total 4,6 4,5 1,3 2,2 0,0 2,5 14,2 7,3 2,2 1,1 7,3 6,4 4,5 

Total number of weeds 44,6 15,4 11, I 19,7 23,2 22,8 93,4 51,4 66,3 27,6 36,9 55,1 39,0 

---
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Application of plant mulches received from cover crops limited the number of weeds on the onion plantation. 
Decrease in the number of weeds was found on plots with tansy phacelia mulch and conventional tillage 
(26,8 plants·m·l compared to control - 77,8 plants·m·l ), and also on plots with spring vetch mulch and no-tillage 
cultivation system (54,1 plants·m·2 compared to control - 166,2 plants·m·l

). Profitable effect of cover crop use on the 
decrease of weed infestation in vegetable cultivation was observed also by Borowy et al. (1999). Differentiated soil 
cultivation systems and plant mulches did not have a significant inlluence on the occurrence of long lasting weed 
species. But the lowest number of long lasting weeds in the objects with conventional and reduced soil tillage was 
observed under spring vetch mulch (3,3 and 0,5 plants·m·l

, respectively). 
In primary weed infestation of carrot plantation, irrespective of the cultivation system and plant mulches, the 

following short lasting weed species: Senecio vulgaris (15,0 plants·m·l
), Matricaria chamOlnilla (3,7 plants·m'l), 

Galinsoga parv!flora (2,9 plants·m·2
) and Chenopodium album (2,8 plants·m·l

) dominated (Table 2). Mean number of 
weeds in objects with conventional tillage amounted to 20,3 plants·m·l

, while in objects with reduced soil tillage the 
number of weed species amounted to 48,7 plants·m·2

. Application of spring vetch mulch in combination with 
conventional soil tillage decreased the number of weeds (9,8 plants·m·l

) compared to control (40,0). In objects with 
reduced soil tillage, tansy phacelia mulch most of all limited weed infestation (26,5 plants·m·l

). 

Among long lasting weed species, Agropyron repens (mean 2,8 plants'm'\ Cirsium arvense (0,8 plants·m·l
) and 

Sonchus arvensis (0,4 plants·m·2
) dominated. Irrespective of differentiated plant mulches, a higher number of long 

lasting weeds (mean 6,4 plants·m·2
) was noticed in objects with a reduced soil cultivation system, compared to 

conventional soil tillage (2,5 plants·m·2
). Application of cover crops in cultivation of carrot limited occurrence of long 

lasting weed species. Oats and spring vetch mulches, in combination with conventional soil tillage and tansy phacelia 
mulch, together with reduced soil tillage had the biggest influence on the decrease of the number of long lasting weeds. 

The cultivation method of plants significantly influenced the total and marketable yield of onion and carrot. 
Onion produced higher yields on plots with conventional soil tillage. Total yield of onion on average amounted to 
48,6 t·ha· l, whereas the yield in objects with no-tillage was lower by 5,6 t·ha· 1 (Table 3). Also marketable yield of onion 
was significantly higher on plots with conventional tillage (41,7 t·ha· l) than on plots with no-tillage cultivation system 
(37,0 t·ha· I). Irrespective of soil cultivation methods, the plant mulches had a significant influence on the yield of onion. 
The highest total and marketable yield was harvested from plots with spring vetch mulch (49,] and 43,7 t'ha'l, 
respectively). The lowest total and marketable yield was noticed on plots with white mustard mulch (39,4 and 
32,7 t·ha· l, respectively). 

The effect of soil cultivation method and plant mulches on total and marketable yield of onion, 
mean during 1998-2000 (in t·ha· l) 

Plant 
Total yield Marketable yield 

mulches conventional no conventional no 
Mean 

soil tillage tillage 
mean 

soil tillage ti lJage 

Control 47,2 44,6 45,9 40,8 38,6 39,7 
White mustard 40,7 38,0 39,4 34,2 31,1 32,7 
Spring vetch 51,7 46,5 49,1 44,6 42,8 43,7 

Tansy phacelia 50,5 46,8 48,7 42,8 39,9 41,4 
Oats 52,7 38,9 45,8 45,9 32,8 39,4 

Mean 48,6 43,0 45,8 41,7 37,0 39,4 

LSD(o,o5) for: soil tillage 2,0 2,1 
plant mulches 4,5 4,7 

Table 3 

The yield of carrot roots was significantly higher in objects with conventional soil tillage. Total yield of carrot 
roots on average amounted to 76,5 t·ha· l, whereas in no-tillage cultivation system - to 69,4 t·ha· 1 (Table 4). Similarly, 
the marketable yield was bigger on plots with conventional tillage (45,0 t·ha· l) compared to reduced soil tillage 
(37,6 t·ha,I). Irrespective of soil cultivation methods, the highest total and marketable yield of carrot roots was harvested 
from plots with tansy phacelia mulch (76,4 and 44 t·ha· l, respectively). White mustard mulch limited the yielding of 
carrots. Another result with carrot cultivation by obtained Borowy et al. (2000); in a field experiment a higher yield of 
carrot roots was obtained from objects with no-tillage cultivation system. It is necessary to mark that the weather 
conditions during the vegetation season considerably influenced the onion and carrot yields. 
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The effect of soil cultivation method and plant mulches on total and marketable yield of carrot roots, 
mean during 1998-2000 (in t'ha-') 

Plant 
Total yield Marketable yield 

mulches 
conventional no conventional no 

soil tillage tillage 
mean 

soil tillage tillage 
mean 

Control 78,0 69,8 73,9 46,0 33,9 40,0 
White mustard 68,5 68,2 68,4 40,2 37,1 38,7 
Spring vetch 75,5 70,8 73,2 43,0 43,0 43,0 

Tansy phacelia 79,6 73,2 76,4 45,6 43,2 44,4 
Oats 80,9 65,2 73,1 50,3 30,7 40,5 

Mean 76,5 69,4 73,0 45,0 37,6 41,3 

Table 4 

LSD(o,o5) for: soil tillage 2,5 2,3 
plant mulches 5,7 5,1 

Conclusions 
1. In primary weed infestation of onion and carrot plantations, five weed species Matricaria chamomilla L., Senecio 

vulgaris L., Urtica lIrens L., Galinsoga parviflora Cav. and Agropyron rep ens Beauv. dominated. 
2. Conventional soil tillage with spring ploughing considerably limited the weed infestation on onion and carrot 

plantations compared to no-tillage cultivation system. 
3. Application of plant mulches received from cover crops limited the number of weeds on onion and carrot 

plantations. Among investigated mulches, tansy phacelia and spring vetch had profitable influence on the decrease 
of the number of weeds. 

4. The yield of onion and carrot roots was significantly higher in objects with conventional soil tillage. Irrespective of 
soil cultivation methods, the highest total and marketable yield of onion was harvested from plots with spring vetch 
mulch, and of carrot roots - from objects with tansy phacelia mulch. 
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WEED INFESTATION IN WHEAT SOWINGS IN CENTRAL AND WESTERN PART OF 
LATVIA 

Abstract 

Dainis Lapiņš, Inga Neimane, Andris Bērziņš, Jelena Korolova 
Department ofSoil Management, Latvia University of Agriculture 

A weed infestation monitoring was carried out annually at the end of JlIly in stationary observed areas in the 
Jelgava, Dobeie, Saldus, Talsi, Tukums and Kuldiga districts of Latvia during 1994-2002, The weed infestation of 
sowings was determined using quantitative currency method developed by A. Rasiņš and M. Tallril}a (1989) , The 
occurrence index was calculated for characterizing separate weed species and groups of weeds, Shannon biological 
diversity index was lIsed as a complex indicator for weed infestation of sowings, Evalllation of weed infestation 
monitoring results was done using data ranging and grouping, To characterize dynamics of separate weed species, the 
index of changes of the number of weed spec ies was used, Fisher criterion was applied for evaluating the intluence of 
herbicides and crop rotation, Dominant weeds (> 5 p, m-2

) in winter wheat sowings were Elytrigia repens, Viola spp" 
Ste/laria media, Matricaria perforata, Polygonum spp" and in spring wheat sowings - Elytrigia repens, Lamium 
purpureum, Stellaria media and Fallopia convolvulus, The number of weed species varied from 13 to 18 during the 
5 investigation years, The number of weed species with occurrence over 50% decreased in winter wheat sowings, but 
the number of species with occurrence up to 10- 20% increased , Shannon index for annual and perennial weeds tended 
to increase in winter wheat sowings. Biological diversity index in spring wheat sowings was higher for annual weed 
spec ies than for perennial weeds - in annual weed species it increased from 0,69 in 1998 to 0,80 in 2002, Periodicity 
of dominant of weed spec ies was established for Polygonum spp" which reproduces with seeds, and for winter weeds 
Matricaria perforata and Viola spp, The amplitude of cyclical changes in winter weeds was greater when initial level of 
weed infestation was higher. Changes in the number of perennial weeds Elytrigia repens and Cirsium spp, were not 
cyclical. The weed infestation in repeated spring wheat sowings was significantly higher than in sowings with crop 
rotation, especially for perennial weeds Circium spp. and Elytrigia repens. Differences in the weed infestation in 
repeated winter wheat sowings were insignificant, compared to sowings with crop rotation . The effect of years as a 
factor was higher than that of the pre-crop. The intluence of herbicides was significant for occurrence of Cirsium spp. in 
winter wheat and for the number of Sonchus arvensis and Myosotis spp. in spring wheat. 

Key words: wheat, weed infestation, monitoring ofweeds. 

Introduction 
The importance of monitoring of weed infestation in sowings has already been discussed in previous 

publications of D. Lapinsh, J. Korolova, A. Berzinsh (2000), D. Lapiņš , A, Bērziņš, J. Korolova, A. Sprincina (2002), 
1. Vanaga, D, Lapiņš , A. Bērziņš, J. Korolova, A. Sprincina (2002) . This has also been confirmed by research results in 
Finland (Salonen et aI. , 2001), Lithuania (Kavoliunaite et aI. , 2000), Estonia (ToHBo, 1997), Belarus (npoTacoB, 1995; 
CopoKa, POMaHIOK, 1997) and Russia (YJlbSlHOBa, 1997; KpaBLleHKo, 1997). The analysis of long-term and annual 
observations of weed infestation of sowings weediness allows to determine the effect of crop rotation and chemical 
weed control compared to years as a factor of intluence. Indexes are being more and more used for evaluating dynamics 
ofweeds' biological diversity. The aim of the research was to analyze dynamics ofweeds basing on the monitoring data 
in sowings in the Kurzeme and Zemgale regions of Latvia during 1998-2002. 

Materials and Methods 
The registration of weed infestation and data analysis methods 
The weed infestation monitoring was carried out annually at the end of July in stationary observed areas in the 

Jelgava, Dobeie, Saldus, Talsi , Tukums and Kuldiga districts starting from 1998, The observations were made on 
traditional and biological farms, Crop rotation and field areas were determined by the respective farmer. The weed 
infestation of sowings was determined using quantitative currency method developed by A. Rasiņš and M, Tallril}a 
(1989). The method is based on correlation between the occurrence of weed species in the field and the nllmber of this 
weed species in 1 111

2 offield area. The invariability of the method allows to compare changes in weed infestation over a 
longer period oftime (J1amIHbw, 1999). 

The observations were made lIsing 200 cm-2 frames at particular field points, Determination ofweed species was 
done in 100 places and, if the fteld area was less than 20 ha, in 50 places. From these data, the occllrrence of weed 
spec ies (%) was calculated, and then the number ofweed species in 1 m2 was determined. 

Table I 
s observed in 1998-2002 

Crops 
Area, ha 

1998 1999 2000 2001 2002 
S rin wheat 83 176 166 109 60 
Winter wheat 205 191.5 190 329.5 144 
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Simultaneously with evaluation of weed infestation, data about herbicide use werecollected. A precise list of 
herbicides was not obtained, because farmers quite often don't have their own plant protection technique. 

The index (%) of occurrence of weed spec ies or a group of weeds was calculated as weighted mean and was 
weighted against the total field area, where this species or group ofweeds was observed: 

1 

"L)Plxx;) 
ls II , 11/ (1) 

11/ 

where: Is;' - occurrence ofweed spec ies i in year n by A. Rasiņš's Illethod; 

i - sYlllbol ofweed species; 
m - nUlllber of stationary observed areas for a particular crop in n year; i p, - total field area for a particular crop, ha. 

m 

Shannon biological diversity index was used as a complex indicator of weed infestation of sowings, which gives 
evaluation of total weed infestation of sowings according to all observed characteristics - number of weed spec ies, 
number of weeds, and total number of weeds. A greater mathematical value of the index corresponds to greater total 
weed infestation of sowings. (Magurran, 1988). 

One of weed infestation's indicators is the index of change for the number of weeds, which shows the dynamics 
ofweediness in one year compared to the previous year: 

XII_X,,-I 
1::111 = 'X II - 1 ' 

, 
(2) 

I:
z lII 

- index of change for the number ofweeds of a particular weed species i, 

X;' - number ofweeds of a particular weed species i in n year, 

X;-I - number ofweeds ofa particular weed species i in n-l year. 

Analysis of the weed infestation was carried out using data ranging and grouping. The index of change for the 
number of weeds of a particular weed species was used to characterize the dynamics of dominating weed spec ies. Fisher 
criterion was applied to evaluate the influence of herbicides and crop rotation. 

The number of determined weed spec ies, changes in weed structure and weed occurrence were evaluated to 
analyze the dynamics of weeds in stationary observed areas. Species of weeds were grouped in clusters where the 
number of weeds is less than 1 p. m-2

, 1- 5 p.m-2
, and > 5 p.m-2. Analysis of occurrence of weed species during 

5 inspection years was carried out by grouping the weed species into five clusters: 1) occurrence > 50; 2) 40-50; 
3) 30-40; 4) 20-30, and 5) occurrence of 10-20% of the field area. 

Meteorological conditions 
The growth of weeds was dependent on meteorological conditions. Good meteorological conditions for weed 

growth were from April to June in all investigation years when daily temperature was higher than average long term 
norm. 
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The precipitation was lower than norm in May and September in these years . 
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Fig. 2. The amo unt of precipitation, % from c limatic norm, 
dur ing the vegetat ion 

Greatest deficit of precipitation was observed in August 2002 when average month ly rainfall was a lmost 0 mm. 
Greatest amounts of precipitation were observed in October 1999 - 209% above the norm . Much rainfall was also in 
Jul y 2002, whereas April 2000 was the driest period. On the whole, the vegetation period of 1999 favored weed growth 
and deve lopment, as well as the effect of herbicides. The weather was cool with much precipitation throughout the 
second palt of vegetation in 2000, which facilitated development of new weed shoots. Herbicides, sprayed at the end of 
May, had no effect on these weeds . 

In 2001 , the vegetation recovered on 3- 5 April. Heavy rainfa ll in the second palt of Apri l delayed the field 
work, wheat was sown overdue, which might have effected occurrence of weeds. [n May and June, the average air 
temperature was equa l to average long-term indices. The amount of rainfa ll in these months: 72 mm in May and 99 mm 
in June, which makes 146% and 223% of the norm. Plants produced great vegetation mass that limited the growth of 
weeds. On the whole, the vegetation period in 200 land 2002 favored weed growth and deve lopment. 

ResuIts and Discuss ion 
The number and structure ofweed species in wheat sowings 
The number of weed species in winter wheat sowings varied with in the range of 42-56 species in stationary 

observed areas during 1998- 2002. Each second observation year demonstrated higher field pollution with different 
weed species (Table 2). The structure of weed species also varied - perennial weeds appeared to be more widespread. 
Higher variability of weed spec ies was in 2001 - 56 weed spec ies in winter wheat sowings. The lowest variabi lity of 
weed spec ies was observed in 2000 - in tota l 42 weed species. In 1998, 45 weed species were estab lished in winter 
wheat sowings, three of which - Elytrigia repens, Stellaria media and Viola spp. - were of greatest occurrence 
> 15 p. m-2 The strllcture of dominant weed species changed in 1999. The most widespread was E/ytrigia repens -
107 pieces per 1 m2 Then follow Matricaria petforata and Apera spica-venti - more than 15 p. m2

. The greatest 
quanti ty o f weed species had the average number of weeds less than 1 piece per 1 m2

. Table 2 shows that the most 
significant was cluster with weed species > 5 p. m2

. The number of weed species decreased a lmost three times (from 8 
to 3 weed species) during 1998- 2002 . 

Table 2 
The nllmber of weed spec ies in c lusters by pieces in 1m2 in winter wheat sowings, 1998-2002 

C lusters by pieces in m2 • NlImber ofweeds 

1998 1999 2000 2001 2002 
< 1 27 39 29 38 32 

> 1 18 15 13 18 15 

ofwhich : 1-5 10 7 9 12 12 

> 5 8 8 4 6 3 
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Table 3 
The number of weed spec ies in c1usters by pieces in m2 in spring wheat sowings, 1998-2002 

Clusters by pieces in m2 Number ofweed species 
1998 1999 2000 2001 2002 

<1 33 30 22 32 19 
1-5 9 10 9 11 10 
>5 4 3 6 4 2 
>1 13 13 IS 15 12 

Total 46 43 37 47 31 

In spring wheat sowings in Kurzeme-Zemgale stationary observed areas, spec ies with average number of 
weeds per 1 m2 less than one had the greatest variety (Table 3). The number of weed spec ies in the c1uster > 1 piece per 
1 m2 was 12 in 2002 and 15 - in previous years. The number of weed spec ies in the c1uster > 1 piece per 1 m2 was 
relatively constant - 9-11 during 1998-2002. Highest variety of weed spec ies was in 2001. 

In all observation years in winter wheat sowings, dominating perennial weeds were Elytrigia repens and Cirsium 
spp., dominant annual weeds - Galium aparine, Lamium purpureum, Veronica spp., Chenopodium spp., Matricaria 
perforata, Euphorbia helioscopia, and Polygonum covolvulus. Lamium purpureum and Galium aparine dominated in 
the c1uster >5 p. m-2 during 1998-2001. Whereas Polygonum convolvulus and Viola spp. dominated during 2000-
2002. During the last two years, Solanum nigrum, Galeopsis spp., Taraxacum officinale have been observed among 
dominating weed spec ies. On the whole, four weed spec ies had the highest occurrence in winter wheat sowings during 
five inspection years : Elytrigia repens - 47 p.m2

, Galium aparine - 7,7 p.m-2, Laminum purpureum - 7,4 p.m2
, and 

Polygonum convolvulus - 6,5 p.m-2
. 

In spring wheat sowings, thirteen species of weeds with occurrence > 1 p. m-2 were established. Elytrigia repens 
dominated also in spring wheat sowings during all five years. The number of Polygonum convolvulus increased from 
4,9 p.m-2 in 1998 to 8,2 p.m-2 in 2002. Galium aparine decreased from 10,6 p.m-2 in 1998 to 1,8 p.m-2 in 2002. The 
number of fourth dominant weed species Laminum purpureum varied from 12 in 1998 to 7,7 p.m-2 in 2000 spring wheat 
sowings, and then decreased to 3 p.m-2 in 2001-2002 . 

The occurrence of weed species in wheat sowings 
The greatest number of weed spec ies in winter wheat sowings was established in the c1uster with occurrence up 

to 10% of field area during 1998-2002. The number of these species was very variable by years - 15-26 species. 
The number of weed species in the c1uster 10-20% was 8- 13, which tended to grow. A similar number of weed 
spec ies was in the c1uster with occurrence more than 50%, which tended to decrease - from 13 in 1998 to 6 spec ies in 
2002. 
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Fig. 3. The number ofweed species compared to their occurrence in winter wheat sowings 

The number of weed spec ies in c1usters with occurrence 20-30%, 30-40% and 40-50%, was not high. In 
winter wheat sowings, the number of weed spec ies with occurrence greater than 50% decreased , while that of weeds 
with occurrence 10-20% - .increased (Fig. 3). 

Annual dominating weed spec ies with occurrence >50% were Viola spp., Matricaria perforata, Galium aparine, 
Stellaria media, Veronica spp. , Polygonum covolvulus, and Polygonum spp., perennial dominant weed species was 
Elytrigia repens and in some years also Cirsium spp. (Table 4) . 

The most common annual weeds with occurrence 20- 30% in winter wheat sowings were Consolida regalis, 
Capsella bursa- pastoris and Centaurea cyanus, but the most common perennial weed - Stachys palustris. Other weed 
species had high variability of occurrence - within 10-50% during all five investigation years . In the cluster with 
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occurrence 10- 20%, typ ica l spec ies were Thlaspi arvense, Melandryum album, and Achillea millefolium . The 
occurrence of Consolida regalis, Myosotis spp. and Equisetul11 arvense sign ificantly decreased during 1999-2002. 

Table 4 
Occurrence of weed spec ies in wheat sowings 

Spec ies of weeds 
Occurrence, % from fie ld area On average, 

1998 1999 2000 200 1 2002 % 

Winter wheat 

Viola spp. 95 .1 57. 1 96 70 68.8 77.4 
Polygol1ul11 spp. 66.3 86 .3 54 90.7 73.6 74. 1 
Polyŗŗonul11 convulvolos 67 .8 57 65 87.7 78 .5 71.2 
Ely trig ia rep ens 75 .1 82 82 72.5 39 .1 70.1 
Malricaria pel/OI-ata 87 .3 78 42 51.1 79.2 67.5 
Galiul11 aparine 82 .9 57.6 67 69.9 42.4 64 
Veronica spp. 75.6 52 .1 78 54.6 51.4 62.3 
Stellaria media 82.8 48 .3 63 65.4 29.2 57.6 
Cirsium spp. 82.4 87 .8 31 53.3 28.5 56.6 

Spring wheat 

Polyŗŗonul11 convulvolus 96.4 82 .5 7 1 96.3 76 .7 84.6 
Galiul11 aparine 80.7 75 .8 74 98 45 74.6 
Lal11ium purpureul11 98.8 86 61 58.7 50 7 1 
Veronica spp. 92 .8 41. 1 50 27.5 73.3 56.9 
Euphorbia heloscopia 77.1 29.6 55 58.7 55 55 
Polyŗŗonum spp. 78.3 88.2 50 28.4 25 54 

Weed species with occurrence above 50% in spring wheat sowings decreased fro m II species in 1998 to 5 in 
2002 (Fig. 4). 

Annual weeds Lal11ium purpureum, Polygonul11 cOl1volvulus , Veronica spp., Galium aparine, Euphorbia 
helioscopi were the most frequent species with occurrence > 50% in the observed spring wheat sowings. Perennia1 weed 
Ely trig ia repens showed invariab le occurrence (more than 50%) throughout all the investigation years. 

Chenopodium spp. and Polygonul11 spp. were most dominating weed species in 1998, 1999 and 2000, with 
occurrence > 50% that decreased to 30-40% during the last investigation years. Avena fatua, Capsella bursa -
pastoris and Taraxacul11 o.fficinale exhibited high occurrence on ly in 1998. 
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Fig. 4. The number ofweed species compared to their occurrence in spring wheat sowings 

The occurrence of Stellaria media and Equisetul11 arvense varied withi n the range of 20-40%, occurrence of 
Galeopsis spp., Sonchus arvense and Convolvulus arvensis with in 10-30%, Stachys pa/ustris and Plantago spp. -
10-20%. In 1998, annual weeds Lal11iul11 purpureul11 , Polygonul11 convolvulus, Veronica spp. , Galium aparine, 
Polygonum spp., Euphorbia helioscopia, Avenafatua, Capsella bursa - pastoris and Chenopodium spp. demonstrated 
high occurrence (more than 50% offie ld area). 
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Complex evaluation ofweed infestation variety 
The highest Shannon index (0.72-0.79 on average) was established for annual weed species in winter wheat 

sowings during 1998-2002. The lowest Shannon index (0.68) was in 1999, but the highest (0 .79) was in 2002, which 
shows that the index of annual weeds in winter wheat sowings tends to grow (Fig. 5). 
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Fig. 5. Evaluation ofwinter wheat sowings with Shannon index 
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Fig. 6. Evaluation of spring wheat sowings with Shannon index 

Shannon index for perennial weeds in winter wheat sowings ranged from 0.22 to 0.68 - it was very low in 1999 
and 2000 (0.29 and 0.22, respectively), but the highest (0.68) in 2002. 

Biological diversity index for annual weeds in spring wheat sowings was higher than for perennial weeds. 
Annual weed index increased from 0.69 in 1998 to 0.80 in 2002 . Variance of Shannon index for annual weeds was 0.8 
each year, but for oerennial weeds it varied within 0.2-0.25 . 

Indexes of changes for dominant weeds in wheat sowings 
It is possible to analyze indexes of changes in weed infestation more precisely in a longer time period, therefore 

additionally investigation results of the Department of Soil Management from earlier years (1994-1997) were used. 
The periodicity of change for the number of weeds was established for dominant weeds that reproduce with seeds -
Po/ygonum spp., and for winter weeds Matricaria perforate and Viola spp. (Fig. 7). The amplitude of cyclic changes 
was higher when higher was the initial weed infestation in 1994, which is best demonstrated by the change in the 
number of two dominant weeds Matricaria perforata and Viola spp. 

Changes in the indexes of perennial dominants Elytrigia repens and Cirsium spp. were not cyclic. The increase 
in these inaexes during some years was dependent no~ only on soil tillage, but also on other meteorological and 
biological conditions. 
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Fig. 7, Indexes of change for dominant winter weeds in winter wheat sowings 

1 

The periodicity of change for the number of weeds that reproduce with seeds in spring wheat sowings was not 
pronounced compared to winter wheat sowings , Dominant weed spec ies were Galium aparine and Lamium purpureum, 
and also winter weeds Malricaria peiforata and Viola spp, (Fig, 8), Low cyclic changes were established for Galium 
aparine and Lamium purpureum during 1996- 2002 , Changes in the number of perennial weeds Elytrigia repens and 
Cirsium spp, in spring wheat sowings don ' t have any agronomica l exp lanation, 
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Fig. 8. Indexes of change for dominant weeds in spring wheat sowings 

The effect of pre-crop on weed infestation in of wheat 
The investigation results show that not always repeated sowings were the reason for a high leve l of weed 

infestation, especially in 2001 and 2002. The difference between the number ofweeds in repeated winter wheat sowings 
and sowings with crop rotation was insignificant for all weeds , 

Table 5 
:Weed infestation in of spring wheat in 2001 compared to crop rotation, p.m-2 

" 

Number ofweeds, p.m -
Spec ies of weeds 

repeated sowings crop rotation 
Confidence, P% 

± 

Cirsium spp, 9.33 0.83 8.5 96.4 
Chenopodium spp. 8.33 0.33 8 91.8 
Ely lrigia rep ens 128 14 114 98 .1 
Polygonum convolvulus 2.33 10.17 -7 .8 87.9 
Malricaria perŗorata 3.00 1.00 2 70.6 
Veron ica spp. 2.67 1.5 1.2 39.7 
Galium aparine 8.67 6.83 1.8 33.0 
Polygonum spp, 2.33 1.33 1 19.1 
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In spring wheat sowings, the negative effect of repeated sowings was typical, also the number of weeds per I m2 

was greater than in sowings with crop rotation. A significant difference was established for Cirsium spp. and Elytrigia 
repens. The preplant as a factor of influence on weed infestation had low confidence probability (P%>90). Higher but 
insignificant levels of probability were established for Galium aparine and Lamium purpureum, but the lowest for 
Veronica spp. 

The effect of herbicides 
The weed infestation of wheat sowings was analyzed by comparing use of herbicides. High confidence 

probability (> 90%) was established to Cirsium spp., Matricaria perforata, and Chenopodium spp. Use of herbicides 
might be one of factors influencing occurrence of these weeds (Table 6). The confidence of difference for other 
dominant weeds Veronica spp., Polygonum spp., Fallopia convolvulus, Viola spp. , Stellaria media was low. 

Table 6 
Weed infestation ofwinter wheat compared to use ofherbicides, on average during 1995-2002 

Number ofweeds, p-, m-L 

Species of weeds 
without herbicides with herbicides 

±difference Confidence, P% 

Cirsium spp. 8 2.5 -5.5 97.1 

Matricaria perforata 26.3 6.6 -19.7 90.5 
Chenopodium spp. 4.5 1.2 -3.5 93 .0 
Sonchus arvensis 5.9 0.8 -5.2 83.4 
Ga/ium aparine 10.1 5.0 -5.1 84.2 
Po/yŗ;onum spp. 6.6 3.8 -2.8 84.1 

Table 7 
Weed infestation of spring wheat compared to use ofherbicides, on average during 1995-2002 

Number ofweeds, p. m-2 

Species of weeds ±difference Confidence, P% 
without herbicides with herbicides 

Sonchus arvensis 9.6 0.4 -9.2 99.7 

Myosotis spp. 3.4 0.3 -3 .10 96.0 

Stellaria media 23 .1 9 -14.0 93.4 

Galeopsis spp. 0.4 2.2 1.8 90.6 

Cirsium spp. 14.1 3 -11.0 91.5 

Chenopodium spp. 9.5 3.5 -6.0 89.0 

Fallopia convolvulus 3.4 5.2 1.8 74.9 

Differences in the number of Myosotis spp. and Sonchus arvensis were significant in spring wheat sowings. On 
the whole, the effect of herbicides on the number of weed spec ies was low. A significant effect was established for 
Cirsium spp., Sonchus arvensis and Myosotis spp. The lowest probability was for weeds Veronica spp., Vio/a spp. and 
Ga/ium aparine. Insllfficient effect of herbicides could be explained only by wrong choice and inadequate use of 
herbicides . '. 

ConcIusions 
In winter wheat sowings, dominant weed spec ies with more than 5 pieces per 1 m2 were Elytrigia repens, Viola 

spp., Ste/laria media, Matricaria perforata, and Polygonum spp., in spring wheat sowings - E/ytrigia repens, Lamium 
purpureum, Stel/aria media, Fal/opia convo/vulus. The nllmber of dominant weed spec ies varied from 13 to 18 during 
the five investigation years. The number ofweed species with occurrence over 50% decreased in winter wheat sowings, 
but the number of species with occurrence up to 10-20% increased during the investigations. Shannon index for 
annual and perennial weeds increased in winter wheat sowings. In spring wheat sowings, biological diversity index for 
annual spec ies was higher (an increase from 0.69 in 1998 to 0.80 in 2002) than for perennial weeds. The periodicity of 
dominant weed spec ies was established for Polygonum spp. , which reproduces with seeds, and for winter weeds 
Matricaria perforata and Viola spp. 

The amplitude of cyclic changes for winter weeds was greater when initial level of weed infestation was higher. 
The changes in the nllmber ofperennial weeds Elytrigia repens and Cirsium spp. were not cyclical. 
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The weed infestation in repeated spring wheat sowings was significantly higher than in sowings with crop 
rotation, especially for perennial weeds Circium spp. and Elytrigia repens. Differences in the weed infestation in 
repeated winter wheat sowings were insignificant, compared to sowings with crop rotation. The effect of years as a 
factor was h igher than that of the pre-crop. The intluence of herbicides was significant for occurrence of Cirsium spp. in 
wi nter wheat and for the number of Sonchus arvensis and Myosotis spp. in spring wheat. 
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WEEDS IN SPRING BARLEY AND RESULTS OF WEED LIMITING 

Agrita Švarta, Janis Vigovskis 
LLU Skriveri Research center, e-mail: svarta@e-apollo.lv 

Abstract 
Field trials were carried out on organic farming fields at the Skriveri Research center of the Latvia University of 

Agriculture (LLU). The influence of previous plants (red clover, bare fallow, winter rye for green manure. winter rye), 
use of stable manure (60 t ha'l or without) and harrowing (without harrowing, before first leaf emergence, at the stage of 
ti Ilering, before first leaf emergence and at the stage of tillering) on the yield and weediness of spring barley 'Sencis' 
were tested. Data show that previous plants and stable manure influenced barley grain yields. Harrowing increased the 
yields of barley on Iy after winter rye for green manure and using stable manure, but the time of harrowing had no 
influence on the yield of barley. The highest weed infestation in barley was obtained after red clover. Use of stable 
manure increased the number of annual weeds. 

Key words : organic fanning, spring barley, weeds, harrowing, previous plants, yields. 

Introduction 
The main preconditions for organic farming are use of organic fertilizers and crop rotation that maintain soil 

fertility [1] . One of factors limiting barley grain yields is weeds. In Latvia, during the last 10 years, weeds have been 
freely propagating in large areas, especially perennial weeds. From 1946, every year in Latvia expeditions are regularly 
organized to record weeds in different plant sowings. In 1999, in the eastern part of Latvia, 47 species of weeds were 
ascertained in barley sowings. The most spread annual weeds were Chenopodium album L., Slellaria media (L.) Will., 
Ga/ium aparine L., Convolvulus arvensis L., Malricaria inodorum L., and perennial weeds Elylrigia repens (L.) 
Nevski ., Sonchus arvense L., Cirsium arvense L., Arlemisia vulgaris, and Tussilago farfara L. The weed infestation in 
ofbarley sowings increased from 79.0 pieces m'2 in 1996 to 165.1 pieces m'z in 1999 [2,3]. 

The aim of the article is to present the research results on productivity of barley and weed infestation in sowings 
depending on different agrotechnical elements in organic farming trials at the Skriveri Research centre. 

Materials and Methods 
The object of research : spring barley 'Sencis ' . 
The field trials were carried out on turf podsolic soil: pHKCI - 6,75, PzOs - 162 mg kg'l, K20 - 15,8 mg kg'l, 

organic matter content - 3,25%, Nlolal- 0, II %. 
After bare fallow + winter rye for green manure, 17 t ha,l of biomass of winter rye were cultivated. Winter rye 

was at the stage of stemelongation (GS 32 after Zadoks). The number of plants - 335 plants m'z. In the trial, variants 
with stable manure were included (doses of60 t ha'\ Before sowing, grains were treated with 1,5 kg ofashes offoliage 
trees and 1,5 I of water per 100 kg of grain. 

The variants in the trial: 
factor A - previous plants with graduation : 

AI - red clover, 
Az - bare fallow, 
AJ - winter rye, 
A4 - winter rye for green manure; 

factor B - time of harrowing with graduation: 
BI - without harrowing, 
8 z - before first leaf emergence, 
8)- at the stage oftillering, 
B4 - before first leaf emergence and at the stage of clustering; 

factor C .,- use of stable manure with graduation: 
CI - without stable manure, 
Cz - stable manure 60 t ha'l . 

Weed assessment was established by the method ofnumber and weight ofweeds using a 0.25 m'2 by frame. 

Results and Discussion 
The year 2003 was very favorable for growth and development of spring barley. April was rainy and cold, which 

hampered the time of sowing. In May, the air was getting warmer gradually, at nights the temperature was under 
10°C, and frosts were frequent on the soil surface. Barley germinated and clustered quickly. In June, the average air 
temperature was 0,7 degrees lower than the norm, but the amount of precipitation made 75% of the norm . July with 
average air temperature 19°C was the second warmest middle-summer month during the last 80 years in Latvia. 8arley 
grew and developed well and produced good and qualitative grain yields. Depending on the variants, the yields in the 
field trial varied from 2,18 to 3,56 t ha· 1 (Table 1). 
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The barley'Sencis' 
Table J 

yields depending on the previous plant, use of stable manure and time of harrowing, 
t ha- I, 2003 

Previous Time of harrowing 
Stable manure** (Factor C) 

Factor A 
(factor without 60 I ha'l on average 

AI 1. without 3,03 3,37 3,20 
2. ai GS 7 2,72 3,26 2,99 
3.atGS23 2,94 3,38 3,16 
4. at GS 7 and GS 23 3,00 3,56 3,28 • 

Yo 05 0,46 I ha'! Y0058 =0,33 t hao! Y005C = 0,23 I ha- ' 
A2 1. withoul 2,24 2,96 2,60 

2. at GS 7 2,23 2,73 2,48 
3. at GS 23 2,20 2,7\ 2,46 
4. ai GS 7 and GS 23 2,46 2,79 2,62 • 

J005 0,52 I ha- 10058 =0,37 t ha' 10.05C '= 0,26 t ha- I 
A) 1. without 3,30 3,16 3,23 ! 

2. at GS 7 3,16 3,58 3,37 
3.atGS23 3,13 3,46 3,29 
4. atGS 7 and GS 23 3,08 3,51 3,30 

1005 0,52 I ha'] 10058 =0,36 t ha" Yo.osC = 0,26 t ha" 
A4 \. without ~l43 ),31 2,87 

2. at GS 7 2,23 3,30 2,76 
3. at GS 23 2,19 3,24 2,71 
4. at GS 7 and GS 23 2,31 3,28 2,80 

'1005 0,34 t ha' '10058 =0,24 t hao! 'IO.05C = 0,17 t ha" 

bare fallow; A2 ~ red c1over; A) - bare fallow and winter rye for green manure; A4 bare fallow and winter rye for 

The dala in Table 1 demonstrale the influence of stable manure on barley - yields have increased 
by t ha- I on average. Use of stable manure for barley after winler rye provided the highesl yield increase. It 
is known that winter rye impoverishes the soil; use of stable manure provided increase in yields 0,99 t ha- ' on 
average. 

After different previous plants the highest yields were obtained after winter rye for green manure and after bare 
fallow in both with stabJe manure and without it. Increase in grain yields after rye for green manure can 
be explained by the of After decomposition of winter rye can use nitrogen and 
CO2 for development. 

1000 kernel weight was medium g, medium was also weight 
content of total protein in grain after bare fallow and winter rye for green manure was good 
red clover and winter rye for (9,7-9,5%). 

g. The 
but after 

Excess precipitation and warm weather in most part of the vegetation period favored rast development of barley 
and of weeds. Harrowing increased the yields only after winter rye for green manure with 
stable manure, whereas time of had no influence on the The carried 
into the soi! by stable manure, provided fast decomposilion manure. 

At the of (3 weeks after harrowing) 18 of weeds were established in the The 
number and of annual and perennial weeds are presented in Table 2. 
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Table 2 
Weed infestation in barley'Sencis' in 2003 

Previous Stable Number ofweeds, pieces m-2 Biomass ofweeds, g m-2 

plant manure 
:UWIII!:> 

(factor A)* (factor C)' * total annual perennial total annual perennial 

AI ° without 

~ ° 
370,0 370,0 0,0 

GS7 10 

I GS 23 78 78 0 
GS 7, GS 23 62 62 ° 55,1 I 55,1 0,0 

60 without 134 134 ° 138,3 I 138,3 0,0 

GS7 104 104 ° 107,8 107,8 0,0 
GS 23 72 72 0 51,1 51,1 , 
GS 7, GS 23 50 48 2 47,4 46,1 0,0 

A2 0 without 148 64 50 0,0 0,0 
GS7 84 54 16 16,0 16,0 0,0 
GS 23 88 L 

*- 42,0 42,0 0,0 
GS 7, GS 23 4 50 44,0 44,0 0,0 

60 without 215 163 52 52,0 52,0 0,0 
GS7 147 105 42 42,0 42,0 0,0 
GS 23 165 117 48 48,0 48,0 0,0 

~ 114 36,0 0,0 

A ° 120 0 104,9 104,9 0,0 
GS 7 l't l't ° 98,8 98,8 0,0 
GS23 62 60 2 93,2 91,2 2,0 
GS 7, GS 23 46 42 4 134,2 126,1 8,2 

60 without I 161 161 ° 190,6 190,6 0,0 
,GS 7 97 97 ° 110,7 110,7 0,0 

I 

GS 23 118 112 6 198,4 190,0 8,4 

; GS 7, GS 23 82 82 ° 1"" '10,4 0,0 

A4 ° Iwithout I 120 120 ° 86,0 86,0 0,0 
!GS 7 46 44 2 58,8 46,1 12,7 
GS 23 90 82 8 114,5 97,3 17,3 

; GS 7, GS 23 70 70 0 64,8 0,0 
60 without I 108 106 2 137,6 87,6 50,0 

GS7 102 102 ° 108,8 108,8 0,0 
GS 23 80 78 2 131,3 129,3 2,0 

; GS 7, GS 23 76 76 ° 205,1 205,1 0,0 

* AI bare fallow; Az - rcd c1over; AJ bare fallow and winter rye for green manure; A4 - bare fallow and winter rye for 
** 0 without stable manure; 60-60 t ha- I

. 

In variants withou! stable manure, the previous plant did not influence the total number of weeds. In variants with 
stabJe manure, the number of weeds was higher after red clover. After use of stable manure the number of weeds 
increased essentially when was grown after red clover (+ 65 pieces and after winter rye for green manure (+ 
39 m,2). 

The total number of weeds influenced barley grain without use of stable manure only after winter rye for 
green manure (r = 0,81), but in variants with stable manure when was grown after bare fallow (r J) and 
after winter rye for green manure (r -0,80). Total biomass of weeds inf1uenced the yield significantly only after 
winter rye with stable manure (r = 

From annual weeds, Chenopodium album L, Stellaria media bursa-pastoris L, Po/ygonum spp. and 
Matricaria inodonun L were ascertained in all variants. In some variants, Spergula arvensis Viola spp., Galeopsis 

Raphanus raphanistrum Land Thlaspi arvense L were though the number of these weeds 
was 

The number of annual weeds inf1uenced the yields of significantly only after red clover without stable 
manure (r '" 0,86). Whereas biomass of these weeds influenced the only after winter rye without stable 
manure (r --0,93). 

In six perennial weed were the most of which were Elytrigia 
repens (L) Nevski and Sonchus arvense L After red clover a higher number of weeds were established to 
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other previous plants, though neither the number nor biomass of weeds int1uenced the yields of grain. Sowings of 
previous plant red clover were sparse, which favored fast spread of perennial weeds. 

Table 3 
The intlllence of harrowing time and use of stable manure, after different previolls plants, on the nllmber of weeds in 

spring barley 'Sencis' in 2003 

Time of harrowing Stable manllre (factor C) 
On average 

(factor B) 0 60 
l. after bare fallow 

1. without 108 134 121 
2. at GS 7 92 104 113 
3. at GS 23 78 72 75 
4. at GS 7 and GS 23 62 50 56 
Yo 05 = 58 pieces m'2 ~ 05 B = 41 j>ieces m'2 ~o 05 C = 29 pieces in'2 

2. after red clover 
1. without 148 215 182 
2.atGS7 84 147 116 
3. at GS 23 88 165 127 
4. at GS 7 and GS 23 94 150 122 
YO 05 = 79 yieces m,2 Y005 B = 56 pieces m'2 Y005 C = 39 pieces m'z 

3. after winter rye for green manure 
1. without 120 161 141 
2, at GS 7 74 97 86 
3. at GS 23 62 88 90 
4. at GS 7 and GS 23 46 82 64 
YO.05 = 47 yieces m'2 Y005 B = 33 pieces m'2 3005 C = 23 pieces m'z 

4. after winter rye for grain 
1. without 120 118 114 
2. at GS 7 90 102 74 
3.atGS23 70 80 85 
4. at GS 7 and GS 23 46 76 73 

_1'005 = 42 pieces m'2 Yo 05 B = 30 pieces m,2 _YO.05 C = 21 j>ieces m ,2 

Table 3 shows that harrowing significant\y decreased the number ofweeds after all previous plants. 
After bare fallow without stable manure, double harrowing decreased the number of weeds essentially but only 

in variants without harrowing. In variants with stable manure, harrowing decreased the number of weeds significantly at 
growth stage 23 and, if barley was harrowed twice, at GS 7 and GS 23. After winter rye for green manure the time of 
harrowing had no intluence on the number of weeds. After winter rye without stable manure harrowing at growth stage 
23 and double harrowing decreased the number of weeds, but in variants with stable manure the time of harrowing did 
not intluence the number of weeds. 

Conclusions 
1. In the field trial, grain yields varied within the range of2, 18-3,56 t ha,l . Use of stable manure increased the grain 

yield by 0,47-0,99 t ha'l. The highest yields after different previous plants were obtained after winter rye for green 
manure and after bare fallow in both variants, with stable manure and without. Harrowing increased grain yields 
essentially only after winter rye for green manure with stable manure, though the time of harrowing had no 
essential intluence on the yield of grain. 

2. At the stage of heading (3 weeks after harrowing), 18 spec ies of weeds were ascertained in barley sowings. Use of 
stable manure increased the number of weeds significantly when barley was grown after red clover and after winter 
rye for green manure. 

3. The number of annual weeds had a significant intlllence on barley grain yield only after red clover without stable 
manure. Whereas biomass of these weeds influenced grain yields only after winter rye without stable manure. 

4. Harrowing essentially decreased the number ofweeds after all previous plants. 
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THE EFFECT OF SOIL TILLAGE, SOWING TECHNOLOGY AND HERBICIDE APPLICATION 
ON WEED INFEST A TION IN SPRING BARLEY 

Dainis Lapiņš, Andris Bērziņš, Jānis Kopmanis, Renllte Sanžarevska 
Latvia University of Agriculture, Department ofSoil Management, e-mail: lapins@cs.llu.lv 

Abstract 
Field trials were carried out at the Research and Study farm (RSF) "Vecauce" of the Latvia University of 

Agriculture (LLU) during 2002-2003. The effect of soil deep loosening, sowing technology and weed control on the 
yield of spring barley was studied on sod podzolic (2002) and sod carbonate leached (2003) 10am soils with humus 
content 14 g kg- ' (2002) and 20 g kg- ' (2003), soil reaction pH KCI 6.0 and 6.6, content of phosphorus 204 and 
207 mg kg- ' , content of potassium 96 and 105 mg kg- ' , respectively. Spring barley was grown in recurrent sowing. 
Following treatments were investigated in the trial: Factor A - usage of herbicide G lifoss in autumn in treatments with 
direct sowing (done before the trial year): AI - without Glifoss (lLntreated); A2 - Glifoss 0.5 L ha- I

; A3 - Glifoss 
2.0 L ha- ' ; A4 - soil ploughing at the depth of 18-22 cm; Factor B - sowing technologies: BI - using a disc driller 
and local deposition of mineral fertilizers (except ammonium fertilizers) ("Rapid 400 C", hereafter "Rapid"); 
B2 - using an anchor-type driller with a rotortiller at the depth of 5-7 cm and dispersion of mineral fertilizers before 
sowing ("Amazone AD-403 super", hereafter "Amazone h I "); B3 - using anchor-type driller with rotortiller in depth 
7-10 cm and dispersion ofmineral fertilizers before sowing ("Amazone AD-403 super", hereafter "Amazone h2"). 

Diverse meteorological conditions in the trial years had determinative importance to the effect of soil tillage, 
application of Glifoss and sowing technologies on weed infestation in sowings and growth and development of spring 
barley. Significant decrease in the number of annual weeds was observed by increasing the depth of the rotortiller from 
5-7 cm to 7-10 cm using sowing machine "Amazone AD-403 super". A significant negative effect on the growth and 
development of spring barley was caused by increased number of Elytrigia repens (L.) Desv. ex Nevski. The negative 
effect of sowing infestation with annual weeds on the growth and development of spring barley was not significant. 

Key words: spring barley, soil tillage, sowing, herbicide application. 

Jntroduction 
Direct sowing of spring barley or minimal soil tillage becomes a very popular method worldwide. Such sowing 

technology allows economizing resources hereto not decreasing yields of cereals. This fact has also been approved in 
earlier researches made by the scientists of the Department of Soil management of the Latvia University of Agriculture 
(LLU) (Lapins et aI., 2000; 200 1). Similar researches have been made in Lithuania (Maikstiene, 2000; Stancevicius et 
aI., 2000) and Eston ia (Lauringson et ai., 200 1). Earl ier researches have shown that one of the yield' slim iting factors is 
increased numbers of annual and perennial weeds, especially Elytrigia repens (L.) Desv. ex Nevski when direct sowing 
is used. 

The aim of this work is to evaluate the effect of soil tillage, herbicide application and sowing technology on the 
yield of spring barley and weed infestation in sowings. 

Materials and Methods 
Field trials were carried out at the Research and Study farm (RSF) "Vecauce" of the Latvia University of 

Agriculture (LLU) during the years 2002 and 2003. The effect of soil deep loosening, sowing technology and weed 
control on the yield of spring barley was studied on sod podzolic (2002) and sod carbonate leached (2003) loam soils 
with humus content 14 g kg- ' (2002) and 20 g kg- ' (2003), soil reaction pHK(I 6.0 and 6.6, content ofphosphorus 204 
and 207 mg kg- ' , content of potassium 96 and 105 mg kg- ' , respectively. Spring barley was grown in recurrent sowing. 

Following treatments were investigated in the trial: 
Factor A - usage of herbicide Glifoss in autumn in treatments with direct sowing (done before the trial year): 

AI - without Glifoss (untreated); A2 - Glifoss 0.5 L ha- I
; A3 - Glifoss 2.0 L ha- I

; A4 - soil ploughing at the depth 
of 18-22 cm; 

Factor B - sowing technologies: BI - using a disc drilIer and local deposition of mineral fertilizers (except 
ammonium fertilizers) ("Rapid 400 C", hereafter "Rapid"); B2 - using an anchor-type drilIer with a rotortiller at the 
depth of 5-7 cm and dispersion of mineral fertilizers before sowing ("Amazone AD-403 super", hereafter "Amazone 
h 1"); B3 - using an anchor-type drilIer with a rotortiller at the depth of 7-1 0 cm and dispersion of mineral fertilizers 
before sowing ("Amazone AD-403 super", hereafter "Amazone h2"). 
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There was a lack of precipitation from the second decade of April till the second decade of May in both trial 
years (Fig. 1). Very dry weather was in 2002 when from the third decade of July till the end of October total amount of 
precipitation was less than 40 mm. Differences in the average air were not so remarkable. Particularly dry 
weather in the autumn of 2002 was complemented by rapid decrease in from 12°C in the second decade 
of to 2 DC in the second decade of October 2). 
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Soil was ploughed by Overum~6 DVL combined with Pakomat DK-205-335 CM_ Herbicide Glifoss was applied 
on 06.09.2001. and 19.09.2002. Spring barley cv. Klinta was sown on 22.04.2002. and 02.05.2003. Sowing rate was 
400 fertile seeds per . Mineral fertilizers N6P26K30 300 kg ha- I and NH.NO] 150 ha- 1 (2002) were but in year 
2003 300 and NH4N03 200 . Pneumatic diffuser "Amazone" dispersed mineral fertilizers. 
Herbicide super 2 L was applied on 23.05.2002., but in 2003 mixture Granstars lOg ha- I + Primuss 
60 mi + Kontakts (adjuvant) 100 mi per 100 L water was used. lnsecticide Fastaks 0.15 L ha- I was 
used in 2002 because of serious in festation of 

Dry of shoot of spring barley was determined for 30 plants from each treatmen!. The number and 
of lateral roots and coefficient of tillering were determined for 25 plants from each treatment. Weed assessment was 
done two times in the season a 0.1 frame. 

The yield was harvested with trial harvester 140", to 14% moislure content and 100% purity. 
Data analysis was done using three factor ofvariance. 
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Results and Discussion 
Results in year 2002 show that a increase in the number of annual weeds was observed in the 

after Such results are obtained in both weed assessments - at the beginning and at 
life In the treatment where the disc-sowing machine was used, the number of 

annual weeds was smaller than in treatments with the driller with a rotortiller after intensive soil tillage. 
Data show that in treatments with a number of annual weeds in early growth stages of barley before 
herbicide application, the number of annual weeds will be greater also in late stages. This coherence is verified by the 
coefficient of correlation between the numbers of annual weeds in both growth stages of spring barley (r y< 0.677 > 
r005 0.231). 
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of in the stubble-field a smaIIer number of annual weeds in 2002 at spring 
1--2 leaf stage. There are no differences between the appJied dosages of GJifoss - both provided similar 
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Comparison of the coefficients of linear regression from the relationships between the number of Elytrigia 
repens (L.) Desv. ex Nevski before harvesting and the grain yield in 2002 and 2003 shows that the noxious effect of 
Elytrigia repens (L.) Desv. ex Nevski was significantly higher in 2003 (Figs. 7 and 8). Linear relationship between the 
number of Elytrigia repens (L.) Desv. ex Nevski before harvesting and the grain yield in 2003 was also statistically 
sign ificant. 
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Increasing the depth of the rotortiller for drilIer "Amazone" from 5-7 cm to 7-10 cm provided a significant 
decrease in the number of annual weeds in sowings of spring bar!ey. 

Conclusions 
Diverse meteorological conditions in the trial years had determinative importance to the effect of soil tillage, 

application of Glifoss and sowing technologies on weed infestation in sowings and growth and development of spring 
barley. 

Significant decrease in the number of annual weeds was observed by increasing the depth of the rotortiller from 
5-7 cm to 7-10 cm using sowing machine "Amazone AD-403 super". 

A significant negative effect on the growth and development of spring barley was caused by increased number of 
Elytrigia repens (L.) Desv. ex Nevski . This regularity was determined both at barley 1-2 leaf growth stage and before 
harvesting. 

The negative effect of sowing infestation with annual weeds on the growth and development of spring barley 
was not significant at barley 1-2 leaf stage. The effect of weed infestation before harvesting differs between the trial 
years. 

An increased number of annual weeds at barley 1-2 leaf stage also caused greater weed infestation before 
harvesting. 

References 
1. Lapiņš, D., Gaile, Z., Bērziņš, A., Liepiņš, 1., Ausmane, M. , Melngalvis, I., Gužāne, V., Sprincina, A., Freipiča, A., 

Kuplais, Ē., Kreišmane, B. 2000. Augsnes apstrādes - sējas tehnologiju efektivitāte graudaugiem LLU mācību un 
pētījumu saimniecībā "Vecauce". Agronomijas vēstis, Nr. 2, 26-39. 

2. Lapiņš, D., Bērziņš, A. , Gaile, Z. , Korolova, 1. 2001. Soil Tillage and Sowing Tehnologies for Spring Barley and 
Winter Wheat. Baltic States Banch of Istro - 1 st International Conference of BSB of lstro & Meeting of Working 
Group 3 of the INCO-COPERNICUS Concerted Action on Subsoil Compaction. Modern Ways of Soil Tillage and 
Assessment ofSoil Compaction and Seedbed Quality, 21-24 August, EAU Tartu, Estonia, 150-160. 

3. Lauringson, E. , Vipper, H., KuilI, T., Talgre, L. , Hirsnik, L. 2001. The Effect of the Minimisation of Autumn 
TilIage on Weediness and Yield . Baltic States Banch of Istro - 1 st International Conference of BSB of Istro & 
Meeting of Working Group 3 of the INCO-COPERNICUS Concerted Action on Subsoil Compaction. Modern 
Ways of Soil Tillage and Assessment of Soil Compaction and Seedbed Quality, 21-24 August, EAU Tartu 
Estonia, 81-92. 

4. Maiksteniene, S. 2000 . Possibilities of primary tillage reduction on clay lo am soi!. The Results of Long-Term Field 
Experiments in Baltic States, Proceedings of the International Conference, Jelgava, Latvia, 22-23 November, 
106-114. 

5. Stancevicius, A., Spokiene, N ., Raudonius, S., Treciokas, K., Jodaugiene, D., Kemesius, 1. 2000. Reduced Primary 
soi! Tillage of the Light Loamy Soils. The Results of Long-Term Field Experiments in Baltic States, Proceedings 
of the International Conference, Jelgava, Latvia, 22-23 November, 133-147. 

224 



AGRONOMIJAS VĒSTIS (Latvian Journal of Agronomy ) NO.7 LLU 2004 Ecological approach of modern weed control systems 

DETERMINATION OF WEEDS IN AGROPHYTOCENOSIS IN SITE-SPECIFIC AGRICULTURE 
( 

Jānis Repsons 
Latvia University of Agriculture, Department of Soi I Management, 

e-mail: repsons@dzelme.net 

Abstract 
A stlldy has been conducted in cooperation with the University of Bonn. The weed determination and weed 

control system based on digital photo analysis, GPS and GIS, usable for various farms under the conditions of Latvia, is 
being worked out. Significant reduction in pesticide usage and environmental preservation have been reached via site 
specitīc, selective herbicide application. 

Digital image anaJysis is used to identify weed seedlings of the most typical vegetation in cereal sowings in 
Latvia. The weed spec ies identification is needed to seJect post emergence herbicides and to assess weed seedJings 
distribution in the fields. The reduction of herbicide treatments can be realized by selective herbicide application, when 
weed control is limited to field areas where specific weeds are present. . 

Images were captured in near-to-infrared light with a digital camera. The images were processed with the 
computer - binarized, weeds contours were extracted, and shapes - analyzed (including parameters of the external 
contour such as rOllndness, compactness, area, and 40 Fourier descriptors). The investigations were carried out in cereal 
sowings in Latvia. 

Key words: site-specific agriculture, automated weed recognition. 

Introduction 
A study has been conducted to prevent nature polJution callsed by unnecessary herbicide usage, to obtain 

economical gain for agriculture via developing and improving an automated weed recognition system designed at the 
Friedrich-Wilhelm University of Bonn, and to use it for weed detection and patch spraying under the conditions of 
Latvia. 

In Latvia, weed patch spraying is actual in most of the fields, which are five hectares large or more. Of course, it 
depends - there might be some large tīelds, where uniform spraying can be applied without significant herbicide 
wasting (compared to site-specific application). 

Most of the fields have non-homogenous weed density with weeds Jocated in several patches where, as in other 
field areas, herbicides (for example, specific, expensive herbicides against CIRAR, AVEFA) might not be used at all. 
This threshold level of weeds depends on the possible yield loss and economical calculation as "not worth to spend, but 
worth to save". 

This paper is mainly a theoreticalliterature review ofmethodology and techniques for creating and improving an 
automated weed detection system for use under the conditions of Latvia. 

Materials and Methods 
In vegetation hall conditions at the University of Bonn, Germany, germinating plant sampies (60 spec ies) were 

grown. Over 40 weed species and six crops (barley, wheat, oat, sugar beet, rape, maize) were successfully growing, and 
pictures were successfully taken. 

The purpose of the investigation: for creating a plant-form parameters' knowledgebase, collect digital pictures of 
weeds, which later wilJ be used for automated weed detection in tīeld conditions. The pictures of weeds were taken 
once every two days until the weeds' six leaves stage. 

For image recording, the nlR camera-framegrabber-computer system was used (a Kodak grayscale camera with 
resolution 1024* 1024 pixels, sensitive in nIR). Very high image precision - approximately 5 pixel/mm - was used. 
For image processing, hardware and software equipment of the Institute of Plant Cultivation of the University of Bonn 
was used. 

Results and Discussion 
Possible economical and environmentaJ gain from precise herbicide application in patch spraying 
A lot of research have been done showing c1early that not all parts of fields reqllire the same amounts of 

herbicides. For example, Von Lettner et aI. summarize 1 that economic threshold is often reached only on 50% of arable 
land. The possible savings in herbicide usage vary between 50 and 70%. Significant savings in precise herbicide use are 
possible by implementing adequate thresholds. 

In areas where weed density is below the weed control threshold, herbicides are not used. In a 4-year experiment 
with a GPS-equipped sprayer at the Dikhopshof research station of the University of Bonn in Germany, average 
calculated savings of herbicide usage made 54% (Timmermann, Gerhards, Kuehbauch, 2004). Mr. Gerhards points out 
that savings are strongly dependent on crop and year. For grass weed herbicides, the savings were 90% in winter 
cereaJs, 78% - in maize, and 36% - in sugar beet; for herbicides against broadleafweeds, 60% savings were in winter 
cereals, I 1% - in maize, and 41 % - in sugar beet fields. The economical gain from reduction in herbicide use varied 
between the crops, it was dependent on the amount and price of herbicides used. In maize, savings made 42 €/ha, in 
winter wheat - 32 €/ha, and in sugar beet - 20 €/ha (Gerhard, Christensen, 2003). In barley sowings (Dicke, 2004) 

1 Von Lettner J., Hank K. und Wagner P. Okonomische Potenziale der teilf1achenspezifischen Unkrautbekampfllng. 
http://www.weihenstephan.de/ui/veroeff/tfu.htm 
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with site-specific weed control, 54% of herbicides against Ga/lium aparine (GALAP) and Cirsium arvense (CIRAR), 
96% of herbicides against grass weeds, and 94% of herbicides against broadleaved weed spec ies were reduced. 

Techniques of image acquisition and processing 
To provide a precise, environment-saving herbicide application system, a weeds patch spraying and automated 

weed detection-decision-making system with good computer vision capabilities is necessary. To detect weeds 
automatically, good quality images, as well as powerfui computer equipment, are needed because image processing 
"costs" a lot of CPU usage. 

Several types of cameras are used worldwide, and different approaches exist - either tractor-mounted and 
close-to-soil surface or airbome mounted (remote sensing). As J.V. Statfford says (Statfford, 1997), it is possible to see 
weed patches via airborne remote sensing, but data must be complemented by others such as assisted manual surveying 
to create application maps for patch spraying. 

Recognition principles 
Some researchers (e.g. R.H. BiJJer et aI., 1997) do not use video-camera systems but optoe1ectronical sensors. 

They detect and analyze light retlected by soil and plants to distinguish green objects - plants (BilIer et aI., 1997). 
Such systems might be very usefui to spray and save glyphosphate herbicides. Unfortunately, this system is not capable 
of distinguishing and detecting crop plants from weeds. D. Ehlert (2004), for detecting weeds, worked in empty space 
between crop rows. There detection principle was to count every smalJ, green plant as a weed, but big objects - as crop 
plants. In early 1985, Woebbecke and Meyer (1995b) established an interesting fact that the Fast Hadamard and Fast 
Fourier frequency transforrn methods can be used to classify inter-row video images, and the Fast Hadamard transform 
was as effective as the Fast Fourier transformation, but over 20 times faster. 

Kühbauch, Gerhard, Sokefeld et aI. have worked for some ten years at the University of Bonn to create a 
complete system, which now is capable not only of distinguishing crop plants from weeds, but also of detecting several 
weed species. For the weed species detection, plant shape parameters are used (Iength, width of leaves, and form 
factors) . M. Sokefeld (Sokefeld, 1997) describes in detail mathematics used to detect weeds and crop spec ies in his PhD 
paper. This system for plants two-dimensional description uses not only the plant's size, area and span width, but also 
the Fast Fourier transformation description. 

Image acquisition 
There are two main approaches to capture images and extract plant shape contours for comparison with sampies 

in the knowledgebase: first is to use RGB (red-green-blue) human visible light images, second is near-to-infrared 
(further in the text abbreviation nlR is used). Images in nIR are taken in a 700-1000 nm wavelength. This wavelength is 
very appropriate due to plants' higher reflectance of light than that of soil's. The final result is quite a good contrast 
image with brighter plants over darker soil. Woebbecke et aI. (1 995a) valued the near-infrared video system as superior 
to the color system for detecting weeds in inter-rows. R. Gerhard, W. Kühbauch et aI. use nJR and bispectral 
(nJR+green) cameras in field conditions. Bispectral cameras with image preprocessing in chip level give excellent 
contrast images where plant contours are perfectly visible, but non-plant objects (stones) are not visible (Sokefeld, 
20042

) . There might be used RGB cameras, too, similarly as Petry (1998) and Peretz et aI. (2000) do it. In this case, a 
specific plants image extraction program with specific plants color space coordinates calculation is needed (Woebbecke 
et aI., 1995a). 

Weed patch spraying can be do ne either on line or off1ine. Offline processing, with spraying later, has a benefit -
it aJJows calculating precisely the amount of each herbicide to be used. Online processing should work "as go", but 
Sokefeld (2004) says that requirement for a direct injection system for site-specific herbicide application is based on 
weed detection. The type of weed detection and the resulting detection time is the crucial factor for the whole weed 
detection system (on-line or off-line) and for its performance, especially for the acceptable delay time of the direct 
injection system. 

Conclusions 
From literature studies it can be concluded that the Precision Farming Weed Control technology system can give 

significant savings in herbicide use by automatic weed detection and precise patch spraying application. 
Even nowadays image capturing for such needs has not been solved via remote sensing due to lack of the 

required very high image precision (more than I pixel/mm). For the best quality, very detailed pictures are needed; 
therefore use of c1ose-to-surface, tractor-mounted cameras are preferable. 

Generally, for \.veed recognition, the re might be used all types of cameras - RGB and nlR, but the best results 
are possible by using soh1e combination of IR and visible light spectrum. To find the best low-cost soJution, it is worth 
to study possibilities of using ordinary industriaJ RGB cameras. 

For weed detection, a knowledgebase of weeds form span-width, Fast Fourior transformation and other 
parameters can be successfully used. 

Computer-based image analysis and weed detection consume a lot of CPU time requiring powerfuJ computers. 
As more images per field and per every second we take, as more computing resources are needed. 

Now, in the development stage of the project, even significant savings of herbicides might justify only some 
costs of developing the automatic weed detection and application of the Precision Farming Weed Control technology 
system. 

Optimistically, the system might be started testing in practical farming in Latvia in 2006 at the very earliest. 

Sokefeld M., Gerhards R. Unkrautkartierung mit digitaJer Bildverarbeitung. http://www.landtechnik.uni
bonn.de/ifl_research/pp _ 5/unkrautkartierung_mit_ digitaJer _ bildverarbeitung. pdf, 7 p. 
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