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Summary 

In cereal farming, Fusari111n head blight is of great significance since 

in the case of an infestation not only yield and quality is affected, 

but also mycotoxin contamination of harvest products must be 

expected. Since mycotoxins produced in grain during cereal cul

tivation can only be partially removed by cleansing or processing, 

preventative measures against Fusari11111 infection on the field are of 
particular importance. Crop cultivation measures provide good 
possibilities for limiting the risk of infection if suitable crop rotation, 

type of soil tillage, choice of variety and plant protection are com

bined with each other in terms of situation and location. 

Introduction 

Moulds are part of the natural soil micro-flora and are active in the 

decomposition of organic plant residues. Among these fungi is the 

genus Fusariurn with some phytopathogenic varieties that are able 

to actively penetrate growing plants. 

Cereals, particularly wheat and maize, are frequently infected by the 

species Fusarium gra111inearu111 and F. c11/111or111n resulting in "head 

blight" disease. Fusarium head blight is accompanied with the 

destruction of valuable components in the kernels through to quality 
and yield losses in the harvest products (ARGYRIS et al., 2003). Also, 

many Fusarium species develop special mycotoxins in the course of 
their growth that may have de.trimental effects on the health of humans 

and animals when exposed through contaminated food and feed, 
respectively (HUSSEIN and BRASEL, 200 I). 

The most frequently appearing mycotoxins in cereals and maize 

produced by Fusariwn under central European climate conditions 

are cleoxynivalenol and zearalenone (CHELKOWSKI, 1998; ELLNER, 

2000; BOTTALICO, PERRONE, 2002). Both substances differ from 
each other in their chemical structure and affect vital functions of 

mammals, such as farm animals. Deoxynivalenol inhibits protein 
biosynthesis, has an irritating effect on skin and mucous membranes, 

and also harms the immune system (UENO, 1977; ROTIER et al., 1996). 

Zearalenone has an estrogen-like effect that can lead to changes in 
female reproductive organs and to reproductive problems (KUIPER
GOODMAN et al., 1987). 

Since February 2004, limit values for the Fusarium toxins deoxy

nivalenol, zearalenone and fumonisins in certain cereal and maize 
products, or rather dietetic foodstuffs, have been enacted in Germany 
(see Bunclesgesetzblatt Jahrgang 2004, Part I, Nr. 5). It is therefore 

important to prevent the Fusarium infection in cereals and maize as 

far as possible under field conditions in order to minimize mycotoxin 

contamination of harvest products. 

* The paper was presented as an oral communication at the 39'" meeting of 

the "Deutsche Gesellschaft For Qualitatsforschung (Pflanzliche Nahrungs
mittel) DGQ e.Y."

In the following, weather induced infection risks and possibilities 

for control of F11sari11m head blight and mycotoxin contamination 
through preventive crop cultivation measures will be discussed. 

Climatical conditions promoting Fusarium infection 

The intensity and frequency of Fusari111n head blight is particular

ly promoted through rainfall, humidity and local temperatures of 

above 17 C0 at the time of flowering (OBST et al., 2000; ROSSI et al., 

200 I). The total precipitation level (at least 2 mm) is in this case of 
less relevance as is the actual rainfall before and during flowering 

-(SUTTON, 1982; DOOHAN et al., 2003). 

Massive ear infections are mostly caused by F11sariu111 gramineamm 

and F11sariwn cu/111omm in the period from the miclclle of the car/ 

panicle emergence through to the encl flowering (Fig. I). F. gra111i-

11earu111 develop ascosporcs (sexual 1'eprocluction organs) on plant 

residues on or near the soil surface which can reach the ears directly 
through air movement. Another method, promoted by continuous 

leaf moisture, is via conidiosporcs (asexual reproductive organs) that 
reach the ears mainly through splashing rain from the soil or plant 

residues over the leaves (OBST and BECHTEL, 2000). 

Ear infection 

Young plant 

Fig. 1: Life cycle of Fusarium graminearu111 (Cibberella zeae) and F cul

morum 
(Source: J. Weinert, G.A. Wolf, lnstitut f"lir Pflanzenpathologie und 

Pflanzenschutz, Universitiit Giittingen) 
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The i n fecti on  of ears fi rst l eads to contami nat ion of the i nd i v idua l  
sp i kelets which l i ghten prematu rel y i n  co lour and to a c lear ly v i s ib le 
" head b l i ght " .  I n  the course of the pat hogenes is (Fi g .  2) ,  the fungus 
can proceed from an i n fected spikelet to the rhach i s ,  expand i n to the 
corn l ayers below ( KANG ,  8 UCHENAUER , 2000) and by distu rb i ng  the 
nutri t i onal supply in the upper corn layers causing shrunk grai n which 
do not  contai n mycotox in s .  Kernel s be l ow the pri mary infect ion can 
contain Fusari111 1 1 mycotox i n s  even if they are fu l l y  developed. 

t:.J BfMi • 

� Spikelet infection !=i Distr ibution of the fungus 

Fig. 2 :  Ear i n fect i o n  by Fusarium grw11i1 1earnm and  Fu.rnriu111 rn/111orum 

(Source: J .  Weinert , G .A .  Wol f, l n s t i l ut fiir POanzenpathologie und 

POanzenschutz ,  Universi ttit Gii t l i ngcn)  

Since the c l i mal ica l  condi t i ons  at the growth locat ion, part i cu lar ly  
at the t ime  o f  floweri ng ,  i s  not  pred ic tab le  in the l ong-term , pro
phy lac t i c  crop c u l t i vat i o n  measures mus t  be made to reduce the 
i n fect ion  potent ia l  at the so i l  surface and t hu s  to l i mi t  the danger of 
i nfec t i on .  

Prevention and control of Fusariwn infection in cereals 

Crop rotation 

The crop rotat ion plays an important rol e  with regard to i n fect i o n  of 
cerea l s  with F11sari 11111 . In narrow crop rotat ion systems with a high 
share o f  grai ns ,  part i cu lar ly  if ma ize i s  pl anted before gra i n s ,  crop 
spec i e s  preferably i n fected by Fusari11m follow one another d i rect ly 
thus leading to  a higher r i sk of mycotox i n  contami nat ion (OBST 
et a l . ,  2000; ELLNER, 2000) . 
I f  cereal share is reduced w i t h i n  a w ider crop rota t ion system ,  the 
fu ngus does not fi nd enough su i tab l e  p lan t s  o r  p l ant  res idues  to 
grow, mult ipl y and surv ive .  To reduce the danger of i n fec t ion ,  i t  i s  
recommended to avoi d  maize as p re-c rop and  to  rotate cerea l s  w i t h  
non-host crops l i ke l egumes or catch crops  (B OTTALICO, PERRONE, 
2002 ; KRUPINSK I  et  a l . ,  2002 ) .  

So i l  Tillage 

Fusarium spec ies survive on dead but not rotted plant res idues (s ta lks ,  
straw, stu bbl e ) .  
The e l im ination of host debris from the  soi l surface e ffect ive ly  reduces 
the Fusarium i n fect ion pressure (OBST et al . ,  2000; DILL-MACKY, 
JONES ,  2000) ,  wh ich can bes t  be achi eved by p lough ing .  Bu t  th rough 
deep p l ough ing of  p l ant res idues ,  rot t i ng is del ayed , so that  old debri s 

t hat i s  agai n pl oughed to the surface i n  the next year st i l l  has i noculum 
potenti al t h at could i n fect the  fol l owing crop .  
Through conserv i ng so i l t i l l age ( i . e . ,  mu lched d r i l l i ng) d i fferen t  
amounts of  p l an t  res idues remai n on t he  so i l  surface depend ing on  
the type of t i l l age pract ices imp lemented. Part i cu larl y mai ze stubb le  
and straw are infec ted by Fusarium , these res idues are diffi cu l t  
to rot and seem t o  b e  wel l  su i ted t o  the ascospore development o f  
Gibberella zeae, the teleomorph of Fusariwn gramineamn1 (R lNTELEN, 
2000) .  

I n  order to speed up  the rotting p rocesses ,  p l an t  res idues should be  
chopped as fi nely as possible and d i s t r ibu ted evenly over the  whole 
area before incorporated i nto the so i l ,  regardless of whether plough ing  
or conservat i onal so i l  ti l l age p rocesses are app l i ed .  Whether th i s  
measure el i m i nates e ffic i ent ly Fusari11111 spore development on  p lan t  
res idues remain ing on so i l  surface when mu l ch i ng  techn iques are 
appl ied s hou ld  be fu rther researched .  
D i rect dri l l i ng  i s  the process wi th the h ighest potenti al ri sk wi th regard 
to development of Fusarium and product ion o f  toxi n s  (OLDENBURG,  
BRUNOTTE, 2002) , s ince the res idues remai n compl ete l y  on the so i l  
su rface and no work i ng  i nto the so i l occu rs .  D i rect dri l l i ng therefore 
shou l d  be avo i ded if ma i ze is the p receding c rop for cerea l s  and i f  a 
narrow cerea l  crop rota t ion is p lanned . 

Choice of Variety 

Within Europe the range o f  res i s tance to F11sariwn head b l i gh t  avai l 
ab l e  i n  commerc i a l vari et i es  d i ffers between coun t ri es (HOLLINS 
et  al . ,  2003 ) .  Due to i n t ens i fied further deve l opment i n  breed i ng, 
i ncreasing wheat vari et ies with good res i stance character is t ics to head 
bl ight (Vari et ies of i n fect ion cl asses 2-3 , see Beschreibende Sorten
l i s te ,  2004, List of the German Var i ety Agency) are regi s tered i n  
Germany. 
Certai n morphological and phenolog i cal characteri s t i cs  of the cerea l 
reduce the suscepti b i l i ty to ear i n fect ion by F11sari11m (ZIMMERMANN, 
2000) . T n  long straw vari et ies ,  the d i stance between the soi l  and the 
ears i s  greater so that the  fungus spores must  overcome a l onger 
d i stance to reach the ears .  A short floweri ng  peri od reduces the ti me 
in which the fungus can i n fect the ears (MESTERHAZY , 1 995) .  Other 
res i s tance components are genotypical d i fferences i n  the penetration 
or d i stri bu t ion  res i stance in the ears ,  resi stance agai ns t  seedborne 
i n fect ion and tolerance against Fusarium mycotox ins  (G ILCHRIST 
et a l . ,  1 997 ; MESTERHAZY et al . ,  1 999 ;  M tEDANER , 1 997 ) .  
B y  pl anti ng  less  su s cep t ib le  vari e t i e s ,  s i gn i fi c an t l y  reduced ear  
i n fection as we l l  as s i gn i fi cant l y  l ower mycotoxin con ten t  i n  the  
kerne l s  c an be expected i n  com par i son to suscept i b l e  varie t i e s .  
However, i n  the  case  of  s t rong Fus'ari11111 i n fect i on  pressure combined 
wi th fu rthe r  un favora b l e  fac tors ,  such as l on g-term rai n fal l ,  t h e  
resi stance abi l i t ies  o f  even good resi stant vari et ies c a n  break down 
(see Tab. I ,  variety Petrus ,  artific ial l y  i n fecleJ) . The planting of h igh ly 
susceptib le  variet ies shou ld genera l l y  be avo ided and good res is tant  
varieties should be planted i n  areas t h at tend to have h igh prec ip itat ion 
at the t ime o f  fl owering, when so i l  conservi ng t i l l age i s  app l i ed ,  maize 
i s  a preced i ng  crop to cereal s and in case of  a narrow cereal crop 
rota t ion .  

Seed qual i ty 

I n fected seed can lead to an ear l y  i n fect i on  o r  sprouts or young plan t s  
and a s  a consequence, emergence damage or development d i fficu l t ies  
may occur (A RGYRIS et  al . ,  2003 ) .  Wi th the use of  cert i fied seed th i s  
p roblem can be avoided . In  the case of repl anti ng  farm-produced 
cereal seed, i t  i s  essen t i a l  to pay a t tenti on t hat the seed is free or 
F11sariu111 i n fect ion .  
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Fertilization /Plant Nutrition 

The growth and development of a p l ant are dec i s ive ly determined 

by i ts  nutri t ion . Suscepti b i l i ty to i n fect ion and the course of di sease 
may be i nfl uenced by  the nut r i t iona l  condi t ion of the pl ant .  However, 
the effect of a nutr ient cannot be regarded in an i so l ated manner. 
It can vary at d ifferent concentrat ion l evels and can depend on the 

absence or  presence of  other essenti al nutrients .  

In genera l , overfert i l i zati o n  with n i trogen appears to promote 
Fusarium infection of cereal s as wel l  as malnutri t ion (COOK ,  1 980 ;  

OBST,  1 98 8 ;  Y I  et  al . ,  2002 ;  MA et al . ,  2004) .  

However, l i t t le  i s  known on  the effect of  type, compos i t ion ,  dosage 

and terminat ion of the fert i l i zer i nputs in agr icu l tural practi ce on the 
contaminat ion of cerea ls  with Fusarium mycotox ins .  Studies on the 

i nfl uence of  n i t rogen fert i l izati on on mycotox i n  contents in  wheat 
kernel s s howed that a n i trogen defi c i t  (< 80 kg N/ha) resul ted i n  

s ignificant l y  reduced D O N  contents i n  the kernel s ,  but n o t  i n  ferti l i zer 
i nputs usual in practice (LEMMENS et al . ,  2004) .  As  a resu l t  of  other 

experiments ,  n o  defin i te effect of n i trogen input  on mycotoxi n con
t amina t i on  of w in ter wheat  c ou l d  be conc luded  (AUFHAMMER 

et a l . ,  2000) . 

Tab. 1 :  Influence of n i t rogen fe11 i l izat i on  on deoxynivalenol content in grai n 
of winter wheat (harvest year: 2002) 

N-fert i l izat ion Deoxynivalenol concentrat ion (mg/kg dry matter) 

kg N/ha Complet, a . i .  Petrus, a . i .  Complet , n . i .  Petrus, n . i .  

Mean SE Mean SE Mean SE Mean 

0 1 1 .28 0 . 85  6.55 0.5 8 0.38 0.06 0.21 

60 9.20 0.24 1 1 .39 0 . 8 1 0.35 0. 1 1 0 . 1 8  

1 20 1 1 .10 1 . 5 1  1 1 .38 1 . 1 7  0.59 0 .25 0.16 

1 80 10.53 1 . 1 8  12.24 2 . 50  0.53 0 . 1 3  0 .14  

240 1 1 .76 0 . 82  1 1 .06 1 . 03 0.51 0 .05 0.20 

Complet : Variety susceptible to Fu.rnrium head b l ight 
Petrus :  Variety with good res i stance agai nst Fusariu ,n. head b l ight 
a. i .  = ai1i fic ia l ly i n fected w i th Fusariu111 rn/111oru111
n . i .  = nat u ra l ly  i n fected
SE = Standard error of  4 rep l i cates

SE 

0 .03 

0 .04 

0 .05 

0.03 

0.05 

In own fi e ld studies, no d i rect i nfluence of the N ferti l i zati on on the 

deoxyniva leno l  content by inputs of O to 240 kg N/ha were found in 

w i nter wheat (Tab.  I ) , wh i ch i s  con tradi c tory to the results of 

LEMMENS et al .  (2004) . However, from both examinat ions  i t  can be 
concl uded that man ipu l ati on  of N dosage re l evant  in practice i s  not 

an effect ive too l  in contro l l i ng  Fusarium head b l i gh t  and tox in  
contami nati on .  

Plant Protectlon Measures 

Suffi c i entl y e ffect i ve fungicides against Fusarium head bl i ght are 

not yet avai l ab le .  Chemical  p lan t  protection  substances w i th azole  

agents can reduce i n fect ion rates and  deoxynivaleno l  con tents w i th  
an effectivenes s o f  50 to 70 percent i n  contrast to untreated cereals 

(OLDENBURG et al . ,  1 999 ;  CHALA et a l . ,  2003 ) ,  bu t cannot  prevent it 

ent i re ly .  I n  o rder to  target the opt imal  l evel or effectivenes s ,  the exact 

ti m ing  of  the app l i cat ion wi th in  a t ime  slot of one week after the 
start o f  fl owering, when the i n fecti on of the ears main ly takes place ,  

i s  of deci s i ve s ignifi cance .  The closer the t ime point of  fungic ide 
appl icat ion i s  to the actual t ime point  of ear  i n fection the better the 

success of treatment (CHA LA et a l . ,  2003 ) .  

Fungic ides contai n ing strobi lurine agents (kresoxym-methyl o r  az
oxystrob in)  can i n  contrast cause i ncreased deoxynivalenol l evels 
i n  grai ns (OBST et a l . ,  2000 ; OLDENBURG et al . ,  200 I ;  MAGAN et al . ,  

2002) ,  when n o t  combined with azole fung ic ides  (DARDIS , WALSH, 

2000) . In compari son to untreated cerea l s ,  the appl i cat ion of stro

b i l uri nes between the end of  shoot ing to the encl of the ear emergence 

can lead to a doub l i ng  i n  the mycotox in  content i n  gra i n  (OLDENBURG 
et al . ,  200 1 ) .  Thi s  effect can be e l imi nated through the subsequent 

appl icat ion of an azole fungic ide at the ti me of flowering (OLDENBURG 

et al . ,  200 1 ; CHALA el al . ,  2003 ) .  

An appl i cati on  o f  azole fungic ides at t he  poi n t  of fl owering i s  no t  i n  

general recommended i n  cereal cu l ti vati on ,  but shou ld  be taken in to 

cons iderati on when ri sky agri cu l tural prac t ices (e .g .  narrow maize
cereal crop rotati on ,  p lant ing of suscepti b le  vari et ies ,  app l icat ion o f  
strobi l ur ine fu ngic ides)  occur w i t h  i n fec t i on -promot ing weather 

condit ions at the t ime o f  flowering .  

Growth Regulators 

Whether the growth regul ators u sed in cereal c rop  cu l t i vation to avoi d  
ri sk of l odgi ng affect t h e  frequency a nd  extent of  Fusari11m infection 

and mycotox in  contam i na t ion i n  pract ice can at th i s  t ime not be 

j udged w i th certainty due to l im i ted i nvest i gati ons  avai l able .  In 

some field exam inat ions the use  of growth regu l ators in combinati on 

with leaf  fungicides led to increased head b l ight  and DON contents 

i n  wheat (OERKE et a l . ,  2002 ) .  To what extent the stalk shorteni ng 
reduces the h i gher res i s tance abi l i t y  o f  long s t raw vari eties to  

Fusariwn has  not been suffi cien t ly  cl ari fi ed .  I t  i s  thus  recommended 

to use growth regul ators moderate l y  and not to dose them above the 

level requ i red for the lodging res i s tance of the plants .  

Harvest condi tions 

As la rger amounts of  Fusarium tox in s  develo p  mai n l y  with in the 
l ast weeks before the harvest (MATTHAUS et a l . ,  2004) , a del ayed 

harvest carries an increased toxin risk. A l so  the harvest shou ld take 

p l ace under favorab le  weather condi t ions  i n  order to avo id qual i ty 
reducing r i sks for the subsequent storage , such as kernel moisture 
above 1 4  percent promot i ng  the  deve l opment  of s to rage mou l d s  

(BECK, 2000; HOMDORK et a l . ,  2000) , o r  so i l ed harvest products .  A 

prompt post-harvest drying i s  necessary i n  the case of unfavorab l e  
humid weather conditi ons a t  h arvest t o  maintai n both grain product 

and seed qua l i ty. 

Conclusions 

The total avo i d ance or t he  deve l opmen t  o f  F11sari11m tox ins  i n  

cu l tivated plants and plant raw materi al s  for food and feed product ion 

i s  not poss i b le ,  even with the appl icat ion or a l l  ri sk-reduc ing crop 

c u l t i va t i on  measure s .  Through  a s u i t ab l e  comb i n at i o n  of good 

agri cu ! Lural product ion techni ques based on  s i t uati on and l ocat i on ,  
the ri sk o r  mycotox in  contaminat ion can be s ign i ficant ly reduced 

and the probab i l i ty to exceed highest l eve l s  perm i s s i b l e  i n  food s tu ffs 
can be min imized.  High qua l i ty plant harvest products i n  combi nat ion 

with opt imal storage and processi ng practi ces are important factors 
to assure  the preventative consumer protect ion and a h i gh l evel of 

food sa fely. 



Reduc t ion  of mycotox i n  contaminat ion i n  cereals 1 77 

References 

ARGYRIS, J . ,  VAN SANFORD, D., TEKRONY, 2003 : Fusari11111 gra111i1 1earu111 
i n fection dur ing wheat seed development and its effect on seed qua l i ty .  
Crop Sc ience 43 ,  1 7 82- 1 7 88 .  

A UFHAMMER, W . ,  KOBLER, E . ,  KAUL, H . -P. ,  HERMANN,  W. , HOHN ,  D . ,  Y I ,  C . ,  
2000: Ahrenbe fa l l  r n i t  Fusarien (F  ira11 1 i1 1 e{lrum , F culmoru1 1 1 )  und  
Deoxynivalenolgehalt i m  Korngut  von  Winterweizen i n  Abhanoi oke i t  
von der N -Dlingung. Pflanzenbauw issenschaften 4 ,  72-7 8 .  

0 0 

B ECK,  R . ,  2000 : E in fl uss der Lagerbed i ngungen au f  d i e  Keimfohigkeit und 
Verarbe i tungsqua l i tiit von Win terweizen . Schr i ftenreihe der Bayer ischen 
Landesanstal t  fii r Bodenku l t u r  und Pflanzenbau 3 ,  99- 1 04 .  

Beschreibende Sorten l iste, 2004: Getreide, Mais ,  O l frl ichte, Legumi nosen ,  
H ackfrlichte, Deutscher Landwi rtschaftsver lag GmbH,  Hannover. 

B orrALICO, A . ,  PERRONE, G . ,  2002 : Toxigenic F11.rnriw11. species and myco
tox ins  associa ted w i t h  head b l ight in smal l -gra in  cereals in Euro pe .  
Eu ropean J .  P l an t  Pathology I 08 ,  6 1 1 -624. 

Bundesgesetzb latt Jahrgang ,  2004: Te i !  I ,  Nr. 5 : " Verordnung zur  Anderung 
der  Mykotox i n -Hochstmengenverordnung und der Di titverordnung " ,  D ie 
Bundesmi n isteri n fiir Verbraucherschutz, Erntihru ng und Landwi 11schaft ,  
Renate K iinast .  

CHALA, A . ,  WEINERT, J . ,  WOLF, G . A . , 2003 :  An I n tegrated Approach to the 
Evaluat ion o f  the efficacy o f  fu ngic i des agai ns t  Fu.rnrium cu/11 1oru1 1 1 ,  t he 
cause o f  head b l ight  of wheat . J .  Phytopathology 1 5 1 ,  673 -67 8 .  

CHELKOWSKI ,  J . ,  1 99 8 :  Distr ibut ion o f  Fu.rnrium spec ies  and the i r  mycotox ins  
in  cereal grains .  I n :  S inha, K . K . ,  B hatnagar, D .  (eds . ) ,  Mycotox i n s  i n  
Agricu l t u re a nd  Food Safety, 45-64. Marce l Dekker, I n c . ,  New York, 
B ase l ,  Hong Kong. 

COOK, R .J . ,  1 9 80: Fusariwu foot rot o f  wheat and i ts control i n  the Pac i fic  
Northwest . P lant  Disease 64, I 06 1 - 1 066 .  

DARDIS ,  J . ,  WALSH ,  E.J . ,  2000: S t u d ies on the e ffec t i veness of metconazole 
in  contro l l i ng Fu.rnri11 1 1 1 head bl ight caused by Fu.rnriw11 cu/111oru111 in 
spring w heat (Triticw11 aes1ivw11 L . ) .  Cereal Res .Communicat ions 28, 
443 -448.  

D ILL-MACKY, R. ,  JONES , R . K . ,  2000 : The effect  of pev i ou s  crop res id ues and 
t i l l age on F11sari11m head b l ight  of  wheat. Pla n t  Di sease 84, 7 1 -76 .  

DOOHAN, F.M . ,  BRENNAN, J . ,  COOKE, B .M . ,  2003 : I n fl uence of c l imat i c  factors 
on F11.rnri11111 species pathogenic to cereals .  Eu ropean J. Plant Patho l ogy 
I 09 , 755 -768 .  

ELLNER, F.M . ,  2000:  Occurrence o f  Fu.rnriu111 tox ins i n  the I 999's harvest . 
Mycotox in  Res .  1 6  A ,  2 1 -25 . 

G ILCHRIST, L . ,  RAJARAM, S . ,  VAN GINKEL, M .. KAZI ,  M . ,  FRANCO, J . ,  1 997 :  
Characteriz ing F11sariw11 ira111i 1 1 earu111 res is tance o f  CIMMYT bread 
wheat gennplasm. Cereal Res. Communicat ions  25 ,  655-657 . 

HOLLINS, T.W. , RUCKENBAUER, P. , DE JONG, H . ,  2003 : Progress towards wheat 
varieties with res i stance lo  Fu.rnri11111 head b l igh t .  Food Control 1 4, 239-
244. 

HOM DORK , S . ,  FEHR MANN, H . ,  BECK, R . ,  2000: I n fl uence of  d i fferent s torage 
condi t ions on the mycotox i n  production and qual i ty of Fusari11 1 1 1 - i n fected 
wheat gra i n .  J . Phytopatho l .  1 48 ,  7- 1 5 . 

HUSSE IN, H . S . ,  B RASEL, J . M . ,  200 I :  Tox ic i ty, metabo l i sm ,  and impact o f  
mycotox i n s  on humans a nd  an imals .  Tox i co logy 1 67 ,  I O 1 - 1 34 .  

KANG, Z . ,  BUCI IENAUER, H . ,  2000 :  A cytological and u l t ras tructural s tudy on 
the i n fect ion p rocess of Fu.rnri1 1 1 1 1  culmornm on  wheat spikes .  Myco
logical Res .  I 04, I 083- 1 093. 

K UIPER-GOODMAN, T. , Scorr, P.M . ,  WATANABE, H. ,  1 987 :  Risk assessment 
of  the mycotox i n  zearalenone.  Regulatory Tox icology Pharmacology 7,
253 -306 .

KRUPINSKY,  J . M . ,  BA ILEY, K .L . ,  MCMULLEN, M . P. ,  GOSSEN,  B .D . ,  TURK ING
TON ,  T. K . ,  2002 : Manag ing p l an t  d i sease r i sk  i n  d i vers i fied cropp ing 
systems . Agronomy J .  94, 1 98-209 .  

LEMMENS, M. ,  HA IM ,  K . ,  LEW , H . , RuCKENBAUER ,  P . .  2004:  The e ffec t  of 
n i t rogen fert i l ization on F11.rnriw11 head b l ight deve lopment and deoxy
nivalenol  contami nat ion in  wheat . J .  Phytopatho l .  1 52 ,  1 -8 .  

MA, B .L . ,  YAN,  W ,  DWYER, L .M . ,  FREGEAU-RE ID, J . ,  V OLDENG, I-1 .D . , DIONG, 
Y. , NASS, H . ,  2004: Graph ic analys is  of  genotype ,  environmen t ,  n i trogen
fert i l i zer, and their i n terac t ions on spri ng wheat y ie ld .  Agronomy J. 96,
1 69- 1 80 .

MAGAN,  N . ,  HOPE ,  R . ,  COLLEATE, A . ,  B AXTER ,  E .S . ,  2002: Re l at ionsh ip 
between g rowth and mycotox i n  product ion by  Fu.rnriw11 specie s ,  b ioc i des 
and env iro nment .  Eu ropean J. Plant Pathology I 08, 685 -690. 

MATrHAUS, K. , DANICKE, S. ,  VMtJEN ,  W. , S tMON, 0., WANG, J . ,  VALENTA, 
H . ,  MEYER, K . ,  STRUMPF, A., Z IESENISS ,  H . ,  FLACHOWSKY,  G . ,  2004: 
Progress ion of t he mycotox i n  and nutr ient  concentrat ions  i n  wheat after 
inocu la t ion  with F1 1.rnri11lll cu illlorulll . Arch .  An im .  Nu t r. 58, 1 9 - 35 .  

MESTER I IAZY, A . ,  1 995 :  Types and  components  of  res istance t o  Fu.rnriun1 
head b l ight of wheat . P lant  B reed ing 1 1 4 , 377 -3 86 .  

MESTERHAZY, A . ,  BARTOK, T. , MtROCHA, C .G  . ,  KOMOROCZY. R . .  1 999 :  Nature 
of wheat resistance to F11.rnri11111 head b l ight and the role of deoxyn ivalenol 
for breed i ng .  Plant B reed i ng  1 1 8 , 97- 1 1 0 . 

M IEDANER,  T. , 1 997 :  B reed i ng wheat and rye fo r res is tance to Fu.rnri1 1 111 
d i seases .  P l ant B reed ing 1 1 6 ,  20 1 -220. 

OBST, A . ,  1 98 8 :  Wie man Ahre n fusariosen vermeidet .  DLG - M i t t e i l ungen 9 ,  
470-47 1 .

OBST, A . ,  B ECHTEL, A .  2000 : Wi tteru ngsvoraussetzungen fii r den Ahrenbefall 
des We izens mi t  Fu.rnriulll gmll l inet1 1w1 1 .  Sc hri ftenreihe der Bayerisc hen 
Landesansta l l  fli r Bodenku l t u r  und Pflanzenbau 3 ,  8 1 -8 8 .  

OBST, A . ,  LEPSCHY, J . ,  B ECK ,  R . ,  B AUER, G . ,  B ECHTEL, A . ,  2000 : The risk of  
tox ins  by F11sari11111 gra111i1 1ean1111 i n  wheat - i n teract ions between weather 
and agronomic factors . Mycotox i n  Res. 1 6  A, 1 6 -20 .  

0ERKE ,  E . -C . ,  MEIER,  A . ,  L I ENEMANN ,  K . ,  M EYER ,  G. ,  M U T!- I OM I ,  J . ,  
SC I !ADE-SCH0TZE, A . ,  STE I NER,  U . ,  DEHNE,  H . -W. ,  2002 : Au ft re ten und  
Bekiimpfung von F11.rnri 1 1 1 1 1 -Arten i m  Rhei n l a n d .  1 3 . Wissenschaft l iche 
Faehtagung  "F11sari1 1 1 1 1 -Be fa l l  und Myko tox i nbe las tung von Getre ide 
- Ursachen , Auswirk ungen, Vermeidu ngss trateg ien " ,  7 .  November 200 I ,
Bonn ,  32 -44.

OLDENBURG, E., WEINERT, J . ,  WOLF, G .A . ,  1 999 :  PflanzenschuizmaBnahmen 
au f den Fusari u mtox in-Geha l t  in \.Ve izen .  P roceed ings 2 1 .  Mykotox i n 
Workshop, 7 . - 9 .  Jun i  1 999 ,  J ena, 30-34 .  

OLDENBURG ,  E . ,  WE INERT, J . ,  WOLF, G . A . ,  200 I :  Effects  of  s t rob i l u ri n  
conta i n i ng  fu ngici des on the deoxyniva lenol conten t  i n  w i n ter  wheat .  
Mycotox in  Res.  1 7  A ,  1 0- 1 4 . 

OLDENBURG, E . ,  B RUNOTrE,  J ., 2002 : Mykotox i ne :  e i n  spezi fisches Prob lem 
be i  p fl ugl oser Bodenbearbe i t u ng? Ge t re idemagaz in  8 ,  1 48 - 1 49 .  

R tNTELEN, J . ,  2000 :  I s t  d a s  s t arke A u ft reten von  Gibbere/la zeae ( F11st1 ri1.1111 
gmmi11earn111) an Getre ide tihren a u f  die Zu nahme des Maisanbaus zu
riickzu fli hren? .  Schr i ftenre i he der B ayeri schen Landesans ta l t  fii r B oden
kultur und  Pflanzenbau 3 ,  I 1 - 1 4 . 

RO S S I ,  V. , RAVAN ETTI ,  A . ,  PATTOR I ,  E . ,  G IO SUE ,  S . ,  200 I :  I n fluence of 
temperature and hum id i t y  on  the i n fec t ion o f  wheat s p i kes by some fu ngi 
causing F11.rnriu111 head b l igh t .  J .  P lant  Pat ho logy 83, 1 89 - 1 98 .  

ROTTER ,  B . A . ,  PRELUSKY,  D . B . ,  PESTKA, J . J . ,  1 996 :  Toxico logy o r  deoxy
nivalenol (vomitox i n ) .  J .  Tox ico l .  Environ .  Heal th 48 ,  1 -34 .  

SurroN,  J .C . ,  1 982 :  Epidem io logy of wheat  head b l ight and maize ear rot 
caused by F11sari11111 grall linearul/l. Canadian J. P lant  Pathol ogy 4, 1 95-
209. 

UENO, Y. , 1 97 7 :  M ode of t ri cho thecenes . Pu re App l .  Chem. 49 ,  1 737 - 1 745 .  
Yt ,  C .L . ,  KAUL, H . P. ,  KOBLER, E . ,  AUFI IAMMER ,  W. , 2002 :  Popu la t ions of  

F11.rnri11 1 1 1 gra111i1 1earw11 on  crop res idues as affected by i ncorporat ion 
depth ,  n i t rogen and fung i c ide  app l i c a t i o n .  Z .  Pflanzenk rankhe i t e n  
Pflanzenschutz 1 09 ,  252-263.  

ZIMMERMANN ,  G. ,  2000 : Nu tzung der  gene t i schen Res is tenz zu r  E ind iim
mung von F11.rnriu1 1 1 -Ahrenkrankhe i ten  be i We i zen . Schr i f'ten re ihe der 
B ayeri schen Landesans ta l t  fO r B odenku l i u r  und Pl' lanzenbau 3 ,  49-57 . 

Add ress of the  author :  
B u ndesforschungsans ta l t  fii r Landwirtschaft ,  Ins t i t u t  fii r Pflanzcnbau  und 
Grlin landwi rt schaft ,  B u ndesa l l ec 50, D- 3 8 1 1 6 B ra un schwe i g  




