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ABSTRACT 

Many s p ec i e s  of F u s ar i um are common l y a s soc i ated wi th cerea l s ,  

p ar t i cu l ar l y  m a i z e , b u t  i n  New Zea l a nd , l i t t l e  i s  kn own of th e i r  

s i gn i f i cance  a s  mycotox i n prod ucers . Th ese  s t ud i es h av e  exam i ned t he  

p rev a l ence  o f  f u s ar i a a nd  o t her  fung i i n  ma i ze  a nd  ma i z e fi e l d s  and 

h av e  i nv e s t i g a ted the presence and sources of s ome major F u s ar i um 

t o x i n s  i n  ma i z e .  

F u ng i i n  m a i ze , h u s k , l i tter a nd s o i l fr om ma i ze  fi e l d s  and i n  

gr a i n  at h ar ve s t  and i n  s torage were as s ayed . The  d i s tr i b ut i on of 

f u n g i  was  found to be uneven  wi th i n  ma i z e ,  h u s k  and l i t ter s u b st rates 

w i t h i n  a f i e l d but i n  s o i l was  more homogeneou s . S amp l i ng techn i q ues  

wer e  th erefore  deve l o ped to  en s ure representat i ve s u b s amp l e s were 

obt a i ned from e ach  so urce . 

S i m i l a r l y  i s ol a t i on procedures  were chosen  to  ensure  adeq u ate 

recovery of f u ng i . D i l u t i on and d i rect p l a t i ng s  were  u s ed to prov i de 

i n format i on on  tota l  popu l a t i on s  and on fung i act u a l l y  i nv ad i ng ker­

n e l s ,  w i th t wo med i a , PDA- D and peN B .  The  med i um u s ed showed no s i gn i ­

f i cant  i n f l u ence on e i th er v i ab l e  co unt s  or kerne l co ntam i n at i on r ates 

nor on the  n umber of d i fferent F us ar i um s pp recovered on  the  two 

med i a , b u t  PDA-D  s upported a greater overa l l v a r i ety of fung i . The 

n umbers  of ge nera  and of F u s ar i um s pp recorded by d i rect p l at i ng were 

s i gn i f i cant l y  h i gher th an  w i th d i l u t i on p l at i ng .  

The tot a l  popu l at i on and the  number of d i fferen t genera and of  

F us ar i um spp  were compared for t he  fo u r  " f i e l d" s ub s trates . A tota l  

of  2 5  gener a was  i s o l  ated , most  be i  ng  recovered from  s o i  1 and 1 i t ter . 

F us ar i um was  present i n  a l l samp l e s .  Acremo n i um , C l ados por i um ,  

P e n i c i l l i um and  Mucor occu rred regu l ar l y .  The  four  s u b strates  gave 

up to  ten  d i f ferent  F us ar i um s p p ,  F .  grami near um , F .  c u l morum and F .  

ac umi n atum b e i ng t he  mo s t  frequen t .  H u s k  and l i t t er s amp l es gav e the  

h i g he s t  v i ab l e co unts  for  both  tota l  fung i and F u s ar i um s pp .  

F i e l d  s amp l es of ma i z e kerne l s showed 1 3  ge nera  and ten F u s ar i um 

s pp .  At h arvest  t i me t o t a l  genera i ncreased to 17 but  F us ar i um s pp 

rema i ned con s t ant . Wh i l e t h e  tota l  genera  rema i ned con s t ant at  17 i n  

s t o red s amp l e s ,  t he  n umber  of F u s ar i um spp  dropped t o  t h ree ,  on l y  � 
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s ubgl u t i n ans , F .  

n at i on r ate  o f  

f i e l d s amp l es 

s tored ma i z e .  

gr ami n e ar um 

k erne l s by 

( 7 5 . 8% )  to 

and F .  

f u s ar i a 

h arvest  

poae b e i ng detected . Th e contam i ­

a l so  c h anged s i gn i f i c a nt l y  from 

s amp l e s ( 58 . 3% )  to on l y 1 . 5% i n  

As wi th F u s ar i um ,  Acr emon i um and Mucor  popul at i ons  decreased 

from h arvest  to  s t or age  but  oth er genera  ( e . g .  Aspergi l l us ,  Be au­

v ar i a )  were on l y  found i n  s tored ma i ze .  The  freq uency of occurrence 

of  P e n i c i l l i um rema i ned  s t ab l e over the  who l e per i od . 

Th ree 

screen i ng 

i so l ates  

ana l yt i c a l  method s ,  

ma i z e , p o u l try r at i on 

TLC , GC  and  GC-MS were 

for f i ve F u s ar i um tox i n s .  

s amp l es and  c u l tures of  

T he  GC-MS method was 

u s ed for 

F u s a r i um 

t h e  most 

re l i ab l e  and s en s i t i ve for detect i on and q u an t i tat i on of DON , DAS and 

T-2  tox i n ,  b u t  not  for  q u a nt i tat i on o f  ZEA , due to der i v at i s at i on 

prob l ems . TLC and T L C - den s i tometry were s e n s i t i ve and re l i ab l e enough  

for  detection and q u an t i tat i on of ZEA a nd MaN respect i ve l y .  A l th o ugh  

the  GC  re s u l t s  were  c l o s er to  the  GC-MS r e s u l t s ,  a h i gh percentage of 

fa l s e  pos i t i ve s ,  part i cu l ar l y  for T-2 tox i n ,  was not i ced . 

Of the  exam i ned m a i ze s amp l es ,  85% were co ntami n ated w i t h  f unga l  

tox i n s . The maj o r i ty cont a i ned ZEA and  t h ree s amp l e s were e ac h  conta­

mi n ated wi th four  tox i n s .  No  MaN was  detected . 

Many i s o l ates , p art i c u l a r l y  of  F .  gr am i ne arum , were found  to  be 

ZEA- producers . Some 63% p rod uced ZEA at  >2  ppm .  T-2 t ox i n  was 

prod u c ed by 46% of  t h e  i s o l ates  but  at  l ow l ev e l s « 1 . 7  ppm ) . Low 

l ev e l s of  DON a nd DAS were produced by a few i s o l ates . MaN was 

produced by 30% of  i s ol ates , p art i cu l a r l y  F .  s ubgl u t i nans , and  i n  

l arge amounts  ( u p to  64  ppm) . 

Th i s  t he s i s  i s  the  f i r s t  report o n  t h e  n atura l  occu rrence of 

F us ar i um tox i n s i n  N ew Zea l a nd ma i ze . T - 2  t ox i n  and DAS h av e  not  been 

r eported as n a t u r a l  contam i n ants  i n  th i s  c o untry. MON prod u c t i on h a s  

a l s o  not  been reported i n  New  Zea l a nd . 
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PREFACE 

Spec i e s of th e ge nus  F us ar i um are  u s u a l l y  regarded a s  s o i l -borne  

fung i and  are  wi de l y  d i s tr i buted t h ro ughout  the  wor l d ,  part i cu l ar l y  i n  

s o i l as s oc i ated wi th p l ant  roots . T h ey are common on a l l s u bterranean 

p l a n t  p arts a s  we l l  a s  p l ant  debr i s and other organ i c  s ub strates  

( Bu rge s s ,  1 98 1 ) .  F rom th i s  s o i l r e servo i r , t hey frequen t l y i nvade the  

aer i a l p arts  of p l an t s .  Some F u s a r i um s p p  s uch  as  F .  gr ami ne arum 

( perfect s t ag e  G i bbere l l a  zeae ) can be co n s i dered to be among  the mo st 

destruc t i ve o f  p l ant  p athogen s , p art i cu l ar l y  of ma i ze  ( C h r i stensen  & 
\� i l co x s on , 1 966 ) .  Severa l  s pec i es ( F .  gr ami ne arum , F .  c u l mor um , F .  

oxys porum etc . ) h ave been found t o  b e  very frequent l y  a s s oc i ated wi th 

s eed l i n g b l i g ht and root , s t a l k a nd ear rots of many cereal  p l ants  i n  

many countr i e s ,  eg o the  U . S . A .  ( W i nd e l s & Kommedah l , 1 984 ) ,  South 

Afr i c a ( Mara s as � �. , 1979b ) ,  C a n ada  ( And rews et �. , 1 981 ) ,  New 

Zea l and ( F u l l erton , 1 978 ) . I n  tot a l , more th an h a l f of  th e Fus ar i um 

s pec i e s are p aras i tes  of cu l t i va ted p l ants . 

I n  ad d i t i on ,  s pec i es of  the  g e n u s  c an be agent s of mycoses  i n  

huma n s  and a n i ma l s ( Au s twi c k , 1 984 ) . A few s pec i es ( eg .  F .  s o l an i , F .  

oxys porum )  are 

( R i ppon , 1 982) 

i mportant i n  

and  more than  

reported t o  be  as s oc i ated wi th 

myco t i c  k e r at i t i s  and onychomyco s i s  

h a l f o f  funga l eye i nfect i on s  h ave been 

F u s ar i um s pp ( Au s twi c k , 1 984 ) . 

However , s ome a spect s of  the  b i o l o g i c a l  and b i oc h emi c a l  versa ­

t i l i ty of  t h e  ge nu s  c an be  u s ed to  benef i t t he  we l l - be i ng of  man . For 

examp l e ,  th e pathoge n i c i ty o f  s ome spec i e s to i n sect s ( e ntomogenous  

fu s ar i a )  m ay be u s ed to  co ntro l  c e rt a i n i n s ect pes t s . A number of 

met abo l i c  pro,duc t s  of f u s ar i a ( g i bbere l l i n ,  b i k aver i n  etc . ) h ave been 

found  to h ave s pec i f i c b i o l o g i c a l  propert i e s wh i c h c an be turned to 

human  ad vant age and h ave t herefore been  manufactured commerc i a l l y  

( Bu'l oc k ,  1 984 ) . P r i mary met abo l i t es of  stra i n s of  a t  l e ast one 

s p ec i e s h ave been u t i l i sed i n  th e prod u c t i on of m i crob i a l  b i omas s 

wh i c h c a n  be read i l y converted i nto  a w i de range of food st uffs 

( Ander s on & Sol omon s ,  1 984 ) . 

Recent l y  t h e  genus  h a s  ga i ned a b ad reputat i on becau se  of  the 

a b i l i ty of  s ever a l  spec i es to  produce  tox i c second ary met abo l i tes 

( mycotox i n s ) on orga n i c  s ub strate s , and i ngest i on of t he se  can res u l t 



i n  i l l n e s s  and even de ath i n  both human s and an ima l s ( th e  

mycotox i c o se s ) .  I n  part i cu l ar , du r i ng coo l  a n d  r a i ny seasons , cere a l  

g r a i n s  c a n  b ecome gros s l y  s p o i l ed by  f u s ar i a and the  i ngest i on of s u c h  

gr a i n c an re s u l t  i n  a var i ety of  mycotox i c  pro b l ems (Mara s a s  � �. , 

1 9 79 a ) . T he  apparent l y  h armf u l  c on sequences  of mycotox i n  i ng e s t i on 

c a n  a l so  l ead to  the unnecess ary deva l u at i on of many mou l d ­

cont ami n ated gr a i n l o ts  ( Mor i t a et �. , 1984 ) ,  wh i c h  i t se l f c a n  h ave 

s er i o u s  con sequences  on the  econom i c vi a b i l i ty of l i vestock  

prod u c t i on .  

Tox i n product i on by fung i depend s o n  3 cond i t i ons : the  act u a l  

pres ence  o f  the  fung i , an  env i ronment  s u i t ab l e  f o r  growth , and 

s u i t ab l e  s u b strates  for growth ( Smi th et �. , 1 984 ) . Determi n i ng the 

tox i ge n i c  fung i present i n  any g i ven food or feed i s  th erefore a 

u s e f u l  adj unct f o r  eva l u at i ng th at food or  feed for h azard potent i a l 

d u e  t o  mycotox i n  contami n at i on ( M i s l i vec , 1 9 7 7 ) . Thus  the  study of 

f u s ar i a and th e i r  a b i l i ty to  prod u c e  mycotox i n s h a s  rece i ved wi de 

atte nt i on i n  a n umber of countr i es ( S nyder ,  1986 ) . 

F u s ar i a h ave been co n s i de red to  be  the  mo st  i mportant among a l l 

th e tox i gen i c  f u ng i bec ause  of  the  wi de r ange of  mycotox i n s wh i c h they 

c a n  produc e ( He s s e l t i ne ,  1 9 7 7 ;  Gho s a l  et �. , 19 78 ) . Mo st  f i e l d 

o utbreak s  of f u s ar i otox i c o se s  oc cur  i n  areas  wi th a coo l er c l i mate 

s uc h  a s  th at exp er i enced i n  New Zea l and ( R i c h ardson � �. , 1985 ) , and 

are frequent l y  a s soc i ated w i th c o ntam i n ated ma i ze  wh i c h ,  i n  turn , i s  

an  i mport ant gr a i n c rop i n  New Zea l and . Ma i ze g r a i n i s  often con­

s i d e red th e most l i ke l y  source  of  mycotox i n contam i n at i on of a n i ma l  

feed s a s  reports  h ave i nd i c ated th at sma l l er gr a i n s  ( wh eat , b ar l ey 

etc . ) may be l e s s  s u s cept i b l e t o  F u s a r i um mycotox i n  contam i nat i on ,  

p art i cu l ar l y  i n  the  f i e l d ( Sm i th ,  1 982 ) . 

Ma i ze r an k s  th i rd among  the  wor l d ' s  major cerea l  crops . Tot a l  

product i on i n  New Zea l and d u r i ng the  1 983-84 s eason has  been  e s t i mated 

at 200 , 000 tonnes , mak i ng i t  th e th i rd most  i mportant  cerea l  crop  i n  

t h i s  country after b ar l ey and  wheat ( Ba n s a l  & E ag l es ,  1 985 ) . Produc­

t i on i nc reased d ur i ng more  r ecent sea son s  ( 1 984-85 a nd 1 985-86 ) to  

220 , 000 and  226 , 000 tonnes  r e s pect i ve l y ( Agr . Stat . Dept . , 1 986 ) . The 

ave r age gr a i n  y i e l d of  9 . 1 tonnes/ha  for  the 1 981 - 82 s e ason compares 

w i th  the average of  6 . 3  t o nne s / h a  for th e U . S . A . for 1 9 79-80 sea son , 

2 



mak i ng New Zea l and yi e l d s  among the  h i ghest  i n  t he  wor l d  ( B a n s a l  & 
E ag l e s ,  1 985) . 

Approx i mate l y  70% of  t h e  ma i z e  crop  i n  New Zea l and i s  u s ed i n  the 

an i ma l  feed i nd u s try, the  rema i nder  b e i ng dest i ned for h uman con s ump­

t i on ,  ph armac e u t i ca l  u s e  and for a l coh o l  manufact ure . The gr a i n  

con s t i tutes  63% of the  tota l  feed gr a i n  u sed and i n  the  North I s l and 

i s  reg arded as the ma i n  en ergy s ource  i n  feed s for pou l try and p i g s .  

P o u l try a l o ne  consume about 50% o f  t h e  manufact u red feed , wh i l e p i g s  

c o n s ume about  30% ( C h appe l l ,  1 985) .  

I n  New Zea l a nd there h ave been exten s i ve stud i es of two mycotox i n  

prob l ems , fac i a l ec zema and ryegr a s s  s t aggers , b ut  l i tt l e  i s  k nown 

about  th e s i gn i f i c ance of other mycotox i n s ,  p art i c u l a r l y  those  con­

t am i n a t i ng cerea l s .  I n  1 982 and  1 983 , L . G .  W i th at  the  Pou l try 

Con ference  h e l d at Mas sey Un i vers i ty brought to  the attent i on of the  

po u l try i nd u s try the  po s s i b i l i ty of  economi c l os s es due  to the con­

t ami n at i on of  feed st uff w i th  mycotox i n s .  He admi tted the  s t atus  of 

mycotox i n s i n  New Ze a l and  was not k nown and he  emph a s i sed to the 

po u l t ry i nd u s t ry the need for both. mon i tor i ng gr a i n  s amp l es rout i ne l y  

a n d  m a i n t a i n i ng a c l o se  w atc h for any c l i n i c a l  cases . P re l i m i n ary 

s t ud i e s h ad s hown t h at p o u l try  feed s c a n  cont a i n h i g h l eve l s of cer­

t a i n mycotox i n s and it i s  s trong l y  s u s pected t h at s uc h  contami n ants  

reg u l ar l y  affect gener a l  h e a l t h  and prod uct i v i ty of pou l try f l ocks 

( W i th ,  pers . comm . ) I n  ad d i t i on ,  p i g  producers s hou l d be  aware of the 

prob l em as swi ne  are the most  sens i t i ve a n i ma l s to the  major i ty of 

F u s ar i um tox i n s  ( M i roc h a ,  1 984) . 

The i nvest i gat i ons  t o  b e  reported i n  th i s  t he s i s  were i n i t i ated 

a s  no work h ad been done i n  th i s  cou ntry to determi ne the tox i c i ty of 

F u s ar i um spp  a s s oc i ated w i th  ma i ze .  I t  i s  kn own t h at many spec i es of 

F u s ar i um are w i de spread i n  New Z ea l and  c ereal s ,  g ra s se s  etc . ( L at c h  et 

�. , 1 976 ; H ampton , 1 980 ; F ow l er , 1 985).  The occu rrence of  F u s ar i um 

mycotox i n s co u l d therefore b e  expected , part i cu l ar l y  as t he  New 

Z e a l and  c l i mate i s  often cond uc i ve to  F u s ar i um i n fect i on and mycotox i n  

p rod uct i on - the  cool , damp cond i t i on s  t h at f avour  f u s ar i a c an be 

p r eva l ent  i n  many d i str i ct s .  
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Th i s  s t udy h a s  two major components . The f i r s t  ex ami nes  the 

prev a l e nce  o f  F u s ar i um s pec i es i n  ma i z e  f i e l d s  ( on gra i n ,  h u s k  and 

l i t ter and i n  s o i l ) ,  the i r  s t and i ng amongst  the genera l  mycof 1 0r a  of 

t h o s e  f i e l d s  and the i r  ch ang i ng patterns  of occurrence as the crop 

dev e l op s  and i s  p l aced i nto  storage . The s econd  concerns  the 

s c reen i ng of F u s ar i um i s o l a tes for th e i r  potent i a l tox i c i ty ,  and 

e x am i nes  ma i z e s amp l e s co l l ec ted from the  f i e l d ,  at harvest  t i me ,  and 

d u r i ng storage , as we l l a s  compounded po u l try r at i on s , for s ome of the 

i mport ant F u s ar i um mycotox i n s .  S uch  myco l og i c a l  and tox i co l og i c a l  

a n a l yses  c a n  g i ve comp l ement ary res u l t s ( F arnworth  & Ne i s h ,  1 980 ) . 
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CHAPTER 1 
I NTRODUCTI ON -

LITERATURE REVIEW 

1 . 1 .  THE  G E NUS  FUSAR I UM - TAXONOMY , E COLOGY AND METHODS OF STUDY  

T h e  hyphomycete genu s  F u s ar i um i s  c h ar ac t er i s ed by u s u a l l y  fast  

growi ng , p a l e  or br i g h t - co l o ured c o l o n i es ( P l a t e s  1 - 1 to 1 - 3 )  wi th 

fe l ty  aer i a l  myce l i um and  d i ffuse  or s porodoc h i a l  s poru l at i on ( Doms c h  

e t  �. , 1 980 ) . The s poroge nous c e l l s  ar i se e i t h er d i rect l y  fr om t h e  

hyph ae  or from d i st i nc t  co n i d i ophore s .  Th e co n i d i ophores c an b e  

e i t h er s i ng l e  o r  comp l ex by  branc h i ng a n d  term i n a t e  i n  ph i a l i des  wh i c h 

i n  t u rn c an be e i ther  s i ng l e  ( monoph i a l i de s ) or  c l u st ered ( po l y­

p h i a l i de s )  ( P l ate 1 -4 and F i g ure 1 - 1 ) .  The p h i a l i de s  t aper d i st a l l y , 

s omet i mes h ave  an ap i c a l  col l aret t e ,  and  p roduce  ph i a l o spores 

( co n i d i a ) ,  wh i c h may b e  o f  two type s .  The l arge m acrocon i d i a have 

from one to s evera l  s e p t a  and are hyal i n e ,  e l o n g a te ,  cyl i ndr i c  or 

c u rved  ( frequent l y  bo a t - s haped )  and  h av e  a we l l marked foot ce l l at  

t h e  a t t ac hment  end of the spore .  The  mi crospores  ( m i crocon i d i a )  are 

sma l l er ,  

p rodu c ed 

g a t h er ed 

1 96 8 )  . 

non septate or one-s ept ate , ov o i d  to  s h ort - cyl i nd r i c and are 

on  the  aer i a l  myce l i um,  never i n  sporodoc h i a .  They are 

i n  short  c h a i n s  or  more common l y  i n  s pore ba l l s  ( B arron , 

1 . 1 . 1 .  Taxonomy 

Spec i es of t he  g e n u s  F u s ar i um are notor i ou s  for th e i r  v ar i at i on 

i n  morph o l ogy on art i f i c i a l med i a . A l t h ough genet i c  v ar i ab i l i ty may 

s omet i mes  be i nvo l ved , th i s  var i at i on i s  l arge l y  due  to  cu l t ur a l  

c ond i t i on s  ( Booth , 1 984 ) and i t  i s , th erefore , i mport ant  to  at tempt 

i de n t i f i c a t i on of each s t r a i n u s i ng s t and ard i sed  cond i t i on s  of cu l t ure  

( Ne l s on e t  �. , 1 983 ) . 

The v ar i ab i l i ty d i s p l ayed w i th i n  t he  ge n u s  h as l ed t o  many 

d i f fe rent o p i n i on s  be i ng moo ted by myco l o g i s t s  regard i ng i t s c l as s i f i ­

c at i on .  V ery often many synonyms c a n  be found i n  th e l i terat ure , e . g .  

t h e  n ame 

e q u i s et i , 

F .  roseum h as b een u sed t o  i nc l u d e  F .  gr ami nearum ,  F .  

F .  s c i rp i , F .  avenaceum ,  F .  c u l morum , wh i l e F. tr i c i nc t um 
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P l ate  1 - 1 :  F i v e d ays o l d  F .  s u bgl u t i nans  c u l t ure on P DA 

1 )  C o l ony w i t h  wh i te powdery surface  

1 a )  Reverse  w i t h  creamy p i gmentat i on 
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Plate 1-2: Five days old F. poae culture on PDA 

3) Colony with white cottony surface 

3a) Reverse with burgundy pigmentation 
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P l ate 1 - 3 :  Five d ays o l d  F .  gr aminearum c u l ture on P DA 

4) Co l ony with white f l occose s urf ac e  and s howi ng red 

p i gment at centre 

4 a )  Reverse  with red p i gmentation 





9 

P l ate  1 -4 :  Con i d i ogenou s  c e l l s  and  spores  of  some F u s ar i um spp  

( a )  

F .  gr ami ne arum 

Con i d i ophores wi t h  u nbr anched  

monoph i a l i d es 

x 400 

( c )  

F .  poae 

Con i d i ophores wi t h  branc hed 

monoph i ali des  

x 500 

( e)  

F .  s ubgl u t i n ans  

Con i d i ophores wi t h  l at er a l  

monoph i ali des 

x 400 

( b )  

F .  gr ami near um 

Macrocon i d i a  wi th d i s t i n ct l y  

foot-s h aped b a s a l  ce l l  

x 400 

(d ) 

F .  poae 

M i crocon i d i a, g l obose  w i th  

d i s t i nct  p ap i l l a 

x 500 

(f ) 

F .  c u l morum 

Macrocon i d i a  

x 400 





F i gure  1-1 : Some spores and c on i d i ogenous  ce l l s  of  F u s ar i um spec i es 

( from Booth , 1 9 7 1 ) 

( a ) F .  poae 

M i crocon i d i ophores  

( b )  F .  poae 

M i crocon i d i a 

( c )  F .  gram i nearum 

M ac rocon i d i a 
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h as i nc l uded  F .  poae , F .  s porotr i ch i o i des  and F .  s porotr i ch i e l l a  

( Ve s onder  and H e s s e l t i ne ,  1 98 1 ) .  

T h at the  t axonomy of  t h e  ge nu s  h a s  been th e s ubj ect o f  contro­

v ersy  over  t he  years i s  p art i a l l y  i l l u s tr ated i n  Tab l es 1 - 1 and  1 -2 ,  

wh i c h comp are j u st  some o f  th e systems wh i c h have  been  propo sed . Of 

t h e s ever a l  c l as s i f i cat i ons  wh i c h h av e  b een suggested , s ome recom­

mended more th an 90 s pec i es ,  wh i l st one cons i s ted of on l y  9 s pec i es . 

Mo s t  h ave ado pted a s t and b etween th ese  two extremes but  none , not 

e v e n  the more modern  one s ,  c an b e  u s ed s at i s factor i l y  for t h e  i den t i ­

f i c at i on o f  a l l F u s ar i um s p p .  ( Ne l s on e t  il., 1 983 ) . 

Mo s t  of t h e  cu rren t l y  more popu l ar systems are  b ased on the  

Wo l l enweber and Re i nk i ng s c h eme fi r st  p ub l i sh ed i n  1 935 . Wo l l enweber 

and R e i nk i ng grouped t h e  s pec i es of t he  ge nus  i nt o  1 6  "sec t i on s " . 

T h ey i nc l uded  a tota l  of  6 5  s p ec i e s together wi t h  s ome 5 5  v ar i et i es 

and  22 " forms " . Sect i ons  were sep arated on  t he  presence or absence  of 

m i croco n i d i a ,  t h e  s h ape o f  th e mi c rocon i d i a ,  the  presence or absence  

o f  c h l amydospores , th e l o c at i on of  c h l amydospores , the  s h ape of the  

mac rocon i d i a and the  s h ape of  t he  b a s a l  ( foot) c e l l o n  t he  macro­

co n i d i a .  The  d i v i s i on of  e a c h  s ect i on i n to s pec i es , v ar i et i es and 

forms was on t h e  b as i s of  t h e  s h ape , l ength , wi dth  and n umber of 

s ep t at i ons  of t h e  macrocon i d i a ,  i n  ad d i t i on to t he  presence  or absence  

of  s c l erot i a and  the  co l o ur o f  t he  st roma . 

I n  c ontra st  to Wo l l enweber a nd Re i nk i ng ' s  system,  Snyder and 

H a n s e n  ( 1 940 ) av o i ded t he  c r e at i on of l arge " s ect i on s "  and u s ed t he  

term " s pec i e s "  t o  de s i gnate  th e eq u i v a l en t  group i ng s . Th i s  l ed i n  

s ome c as e s  to  very l arge c o l l ec t i o n s  o f  qu i te d i s t i nc t  s t r a i n s  be i ng 

referred to a s  t h e  s ame spec i es .  The i r  spec i es F .  ros eum was a p ar t i ­

c u l a r l y  u n fort u n ate  app l i c a t i on . About 1 5  s pec i es ( i n  ad d i t i on to 

forms ) i n  t h e  s ec t i ons  Arthrospor i e l l a , D i s co l o r ,  G i bbo s um and  Ros eum 

of  Wo l l enweber and  Re i nk i ng were a l l i ncorporated i nto  t he  one comp l ex 

s pec i e s F .  ros e um .  To furth er  comp l i c ate  matters , i n  1 957 Snyder and 

H a n sen  and OsvJa l d  ( c i ted by N e l s on Q il., 1 98 3 )  proposed the use of 

t h e  n ame "cu l t i v ar s "  for s ome s t r a i n s  w i t h i n  th e i r s pec i es .  The 

c u l t i v a r  sys t em h as been d i ff i cu l t  to  use because  no accurate  de s cr i p­

t i on s  o f  them are  av a i l ab l e  ( Ne l son  Q il., 1 983 ) . 
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One  common l y  u s ed c l a s s i f i c a t i on i s  th at of  Booth ( 1 971 ) wh o 

i l l u s t r at ed 44  spec i e s and v ar i et i es wh i c h were grou ped i n  1 2  

sect i o ns . Booth  reg arded morpho l ogy o f  the  co n i d i um and t h e  s poro­

ge n o u s  c e l l s  as the  maj or c h aracter for the i dent i f i c at i o n of F u s ar i um 

s p p .  

Ger l ach  a n d  N i renberg ( 1 982 ) i n  th e i r  book " T h e  gen u s  F u s ar i um -

a p i ctor i a l  a t l a s "  u s ed th e Wol l enweber a nd Re i nk i ng s c heme a s  a b as i s  

for  arrang i ng f u s ar i a i n  s ect i on s  but  d i d  not comp l ete l y  accept a l l 

Wo l l enweber and Re i nk i ng ' s conc epts . Ger l ach  and N i renberg exami ned 

a l l av a i l ab l e  c u l t ures  under  v a r i ous cond i t i ons  and s t ud i ed t h e  macro­

s co p i c  c h aracters  ( co l ony growth , aer i a l myce l i um ,  p i gment at i on ,  

s c l e rot i a l bod i es and s por u l at i on )  and  t h e  m i croscop i c  c h aracters 

( co n i d i ophore , con i d i a  and c h l amydospore s ) . Ge r l ac h and N i renberg 

u s ed the 1 6  sect i on s  system of  Wo l l enweber and Re i nk i ng ,  b ut  rep l aced 

s ec t i on D i s co l o r w i th sect i on F u s ar i um . The s ect i ons  conta i ned 90 

d i s t i nct  s pec i e s ,  i n  ad d i t i on to  do ubtfu l  s pec i e s and v a r i et i es .  A 

comprehen s i ve l i st  of synonyms was  i nc l uded . 

Ne l son  et  a l  ( 1 983 ) comb i ned s ever a l  of  the  sys tems wh i c h have 

been proposed ( eg .  Wol l enweber and Re i nk i ng ,  1 93 5 ; Booth , 1 971 ; 

1 982 etc . )  i n  a compromi se  system.  N e l son  et 
, 

Ger l ac h  and N i renberg , 

a l . f u l l y  de s c r i bed 30 s pec i es and , i n  l es s  deta i l ,  a further 1 6  

s pe c i es wh i c h t h ey d e s i gnated " q uest i on ab l e  spec i es " . Sect i o n s  were 

arr a nged i n  t h e  s ame order a s  i n  Wol l enweber and Re i nk i ng except th at 

3 s ect i on s ,  Macrocon i a , S u bm i croc era  and P s e udomi crocer a ,  were 

omi tted . 

Among th e more recent p u b l i c at i on s  i s  t he  l aboratory man u a l  of  

B u r g e s s  and  L i d d e l l ( 1 983 ) . I t  cont a i n s  pract i c a l  i nformat i on o n  the 

met h od s  of c l a s s i f i c a t i on  part i cu l a r l y  for F u s ar i um s pec i es i n  

A u s tra l i a . B u rges s  and L i d de l l ' s  t axonomi c system i s  e s s ent i a l l y  

b a s ed on  t h at o f  N e l son et �. ( 1 983 ) 

Bu rge s s  and L i dde l l i nc l ud e  28 s pec i e s i n  1 2  s ect i on s  ( Tab l e 

1 - 3 ) ,  wi t h  n o  v ar i et i es .  They l i s ted the  most  i mportant  c h a r acters  

used  i n  th e i r i den t i f i c a t i on s c heme a s : -

1 .  S h ape o f  the  macroco n i d i um 

2 .  Presence  o r  absence  o f  m i crocon i d i a 
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3 .  S h a pe and mode of  format i on of  m i crocon i d i a  

4 .  N at u re of the  c o n i d i ogenous  c e l l bear i ng mi crocon i d i a 

5 .  Presence  or absence  of  c h l amydo s pores 

6.  C o l o ny d i ameters  on PDA a fter  d a rk i nc u b a t i on for 3 days at 

250C and 300C 

7 .  C o l o ny morpho l o gy on PDA after i nc u b at i on for 1 0- 1 4  days at 

a l t e rn at i ng day and n i g ht t emperature of 250C/200C and 12 h 

photoper i od .  

I n  re l a t i on  to  t h e  i mport ance o f  c on i d i um morph o l ogy , F i s her et 

a l . ( 1 982 ) found t h at c a r n at i on - l eaf  agar ( CL A )  was a good med i um to  

s u pport growth and  spor u l at i on and  t o  g i ve a u n i form con i d i um appear­

a nc e ,  i n  c o ntr ast to r i ch med i a  s u c h  a s  potato dextrose ag a r  ( PDA) 

w h i ch may c a u s e  a de l ay of spore format i on and mi s s h apen con i d i a .  

I t  i s  t h e  spec i es concepts  of B urge s s  and L i d d e l l t h at wi l l  be 

l arge l y  fol l owed i n  t he  i nv e s t i gat i on s  to  be  reported i n  th i s  t h es i s .  

M o s t  F u s ar i um i s o l ates  were i dent i f i ed accord i ng to B urge s s  and 

L i d d e l l ' s Man u a l  but Booth ( 1 97 1 ) and Ger l ac h and N i renberg ( 1 982 ) as  

we 1 1  a s  other  references  were a l s o  u sed for th e i r  det a i l ed 

d e s cr i pt i ons . 

There i s  s t i l l  great  d i s agreement between taxonomi sts  a l l over  

t h e  wor l d de s p i t e a l l t h e s e  efforts . Pr i ce ( 1 984 ) b e l i eved , i n  c ommon 

w i t h  mos t  other authors , t h at the prob l em fac i ng work  wi th  F u s ar i um 

i s  not the a p p l i ed myco l ogy but  the  F u s ar i um t axonomy . He  be l i eved 

t h at the  array of i ntern at i o n a l  taxonomi c systems i s  i mpres s i ve b u t ,  

a l t h o ug h  many a r e  re l ated , there  c a n  b e  p i tfa l l s  u n l e s s  a worker  h a s  a 

d egree of  fami l i ar i ty w i t h  the  are a .  B ooth ( 1 984 ) c a u sed controversy 

when  h e  commented th at  the  t axonomi c pro b l ems wi t h  F u s ar i um were 

c r e ated by peop l e  thems e l ve s . He  s t ated that there  i s  no  mystery 

about  F u s ar i um t axonomy when a fres h  co l l ect i on from n ature i s  s t ud i ed 

a nd s i ng l e  co n i d i a  or s i ng l e  a s cospor e s  are c u l t ured on n atura l  med i a . 

H e  c on s i dered t h at no great  v ar i at i on w i l l  be found except for  F .  

a v e n aceum .  

Knowl edge of  the  t e l e omorph  state  of s ome s pec i es can  be  of v a l u e  

t o  t h e  t axonomi s t  ( Booth , 1 97 1 ) a l t ho ug h  many peop l e ,  part i cu l a r l y  

p l a n t  p atho l og i s t s , are concerned on l y  w i t h  the  anamorph ( i mperfect ) 
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s t a t e .  Booth c l a s s i f i ed the  perfect s t ates  of F u s ar i um spp as b e l ong­

i ng i n  the  order  Hypocrea l e s ,  of  the  Ascomycot i n a ( Pyrenomycetes ) . He 

i nc l u d e s  3 genera ( Nectr i a , G i bbere l l a  and  C a l onectr i a ) , and l ater 

s ug ge s ted two more , P l ecto s p h aere l l a  and Monographe l l a a s  perfect 

s t ate s  for spec i es i n  t h e  s ect i on Ar ac h n i tes ( Boot h , 1 981 ) . 

New tec h n o l ogy and ad v anced k now l edge i n  genet i c  eng i neer i ng have 

recen t l y  been used  i n  F us ar i um taxonomy . S zec s i  and  Dobrovo l szky  

( 1 985 ) exam i n ed genet i c  d i s t ance me asured  by a comparat i ve computer 

a n a l ys i s  of D NA th erma l d e n at u r at i on prof i l es .  They found t h i s  tech­

n i q u e  was  u sefu l for  the  c l as s i f i c a t i on of F u s ar i um spp  p art i c u l ar l y  

b ec a u se t h e  t h erma l  d e n at u r at i on i s  s i mp l e ,  d i rect  and  eas i l y  s t and ar­

d i s e d  and u s efu l for compar i ng c l o s e l y- re l ated D NAs . 

S zec s i  and Dobrovo l sz ky exami ned  13 spec i es of F u s ar i um by th i s  

tech n i q u e .  I n  some c a s e s  t h e i r f i nd i ng s  s upported ex i s t i ng group i ngs , 

ego F .  gr ami nearum and  F .  c u l morum of  the  sect i on D i sco l or were very 

c l o s e .  I n  other c a ses they found t h at spec i e s present l y  grouped 

together , ego F .  s amb u c i n um and F .  h eteros porum ( Booth ' s  D i sco l or ) 
were , i n  fact , q u i te d i s t i nc t  whe n  a n a l ysed by average l i n k age c l u s ­

t er i ng from genet i c  d i s t ance  d at a .  S u c h  work may we l l  re s u l t  i n  a 

more  accurate  t axonomy for  F u s ar i um i n  the  future . 
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T ab l e  1 - 1 : The  pr i nc i p a l  t axonomi c systems for the  genu s  F u s ar i um 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

14 

1 5  

1 6  

* 

---> 

Wo l l e nweber & 
R einking, 1935 

S ections: 16 

E u pionnotes 

Macroconia 

Spicarioide s 

S ubmicrocera 

Pseudomicrocera 

Arachnites 

S porotrichiel la 

R oseum 

Arthros poriel la 

Gibbosum 

Discolor 

L ateritium 

L iseola 

E l egans 

Martie l l a  

V entricosum 

A l so fol lowed 

Section name 

by 

Gerlach & N e l son, Toussoun 

Niren berg , 1 982 & Marasas , 1 98 3* 

Sections: 1 6  Sections: 1 2  

---> ---> 
---> none 

---> ---> 
---> none 

- --> none 

---> - --> 
- --> ---> 
---> ---> 
---> ---> 
---> ---> 

Fusarium Discolor 

---> ---> 
---> ---> 
---> ---> 
---> Martiel la-

---> Ventricosum 

Burge ss a nd Lidde l l  ( 1983 ) 

o f  Wol l e nweber a nd Reinking retained 

Booth, 1 971 

Se ctions: 1 2  

E pisphaeria 
" 

---> 
Arachnites 

Coc cophilum 

---> 
---> 

Arthrosporiel la 

---> 
---> 
---> 
---> 
---> 
---> 

Martiel la 
" 

Snyder & 
Hansen ,  1940s 

S pecies: 9 

e pisphaeria 
" 

rigidiuscula 

none 

none 

nival e  

tricinctum 

roseum 
" 

" 

" 

l ateritium 

monili forme 

oxysporum 

solani 
" 

Tab l e  1 - 2 :  Compar i son of  the  numbers  of sect i ons  and spec i e s i n  the  

p r i nc i pa l  t ax o n om i c sys tems for  F u s ar i um 

2 

3 

4 

5 

6 

T axonomic system Sections 

W o l l enweber & Reinking ( 1 9 3 5 )  1 6  

Snyder & Hansen ( 1 940s ) 

B ooth ( 1 97 1 ) 

G erlach & Nirenberg ( 1 98 2 )  

N e l son e t  a 1 .  ( 1 98 3 )  

B urge ss & Lidd e l l  ( 1 98 3 )  

1 2  

1 6  

1 2  

1 2  

S p ecies 

65 

9 

44 

90 

30 

Varieties 

5 5  

+ 2 2  forms 

9 cultivars 

7 

+ doubtful species 

and varieties 

1 6  questionab l e  

2 8  



T a b l e  1 - 3 :  S ect i on s  and spec i es i n  the  g e n u s  F u s ar i um as  l i s ted by 

Burge s s  and L i dde l l ( 1 983 ) 

Sect i on Spec i es 

Arachn  i t e s  F .  n i v a l e 

Sp i c ar i o i de s  F .  d ecemce 1 1  u 1 are 

L ater i t i um F .  l ater i t i um 

Sporotr i c h i e l l a  F .  poae 

F .  t r i c i nctum 

F .  s p orotr i c h i o i des  

F .  c h l amydosporum 

L i seo l a F .  mon i l i forme 

F .  pro l i feratum 

F .  a nthoph i l um 

F .  s u bg l u t i nans  

? F .  ' b rev i c atenum ' *  

E l egans  F .  oxysporum 

Mart i e l l a /Ventr i cos um F .  s o l an i 

D i sco l o r  F .  cu l morum 

F .  s amb uc i n um 

F .  c rookwe l l ense  

F .  g r am i nearum 

F .  ret i cu l atum 

Ro seum F .  gr am i num 

F .  av en aceum 

G i bbosum F .  ac um i natum 

F .  ' armen i acum ' *  

F .  l o ng i pes  

F .  compac t um 

F .  eq u i s e t i  

F .  sc i rp i  

Arthrospor i e l l a  F .  s em i  tectum 

Eup i onnotes  not  detected  i n  A u s t r a l i a  

* Uncert a i n s t atus  ( co u l d be  new s pec i es ) 
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1 . 1 . 2 .  Eco l ogy of  F u s ar i um Spec i es 

1 . 1 . 2 . 1 .  F actors  i nf l uenc i ng d i s tr i b ut i on 

The  ab undance  of  any f ung a l  s pec i e s i s  a ffected most s i gn i f i ­

c ant l y  by t h e  ge nera l  env i ronment a l  cond i t i on s  and t he  k i nd and t h e  

c o ncentrat i on of  av a i l ab l e  s u b strates . 

A .  Env i ronme n t a l  factors  

The  maj or i ty of  f u s ar i a  are w i de l y  d i s tr i buted but  i t  i s  not 

u ncommon to f i nd t h at s ome s pec i e s appear to  be  rest r i cted to c ert a i n 

c l i mat i c  zones ( Burge s s ,  1 98 1 ) .  F .  r i g i d i u s c u l um and F .  l on g i pes  are 

r e l at i ve l y  common i n  trop i c a l  and s ubtrop i c a l  zon e s ,  for examp l e ,  

wh i l e F .  s amb uc i num and F .  n i v a l e are mos t  common i n  co l d  areas and  i n  

a l p i n e s o i l s  ( Gorde n , 1 960 ) . S i m i l ar l y , a l t h ough  F .  mon i l i forme and 

F .  s u b g l u t i n ans c an b e  pres ent  i n  w i de l y  vary i ng c l i mates , F .  mon i l i ­

f orme tend s to be  most  common i n  s ubtrop i c a l  and  temperate areas and 

F .  s ubgl u t i nans  i n  t emperate and coo l  areas  ( Kommed a h l  � �. , 1 975 ) . 

Among the  many more w i de l y  d i s t r i bu ted s pec i e s f ound i n  a l l k i nd s  of 

c l i mates  are F .  eq u i s e t i  and F .  ac umi natum .  

T h e  spec i es F .  

F r a nc i s  and Burge s s  

gr ami near um was d i fferent i ated i nto  2 groups  by 

( 1 977 ) who noted th at s ome types  were more 

prev a l ent  i n  p art i cu l ar  c l i mat i c reg i o ns . Members  of  Group tended 

t o  be more common i n  dr i er areas whereas members  of  Group 2 were more 

freq uent  i n  warm and h um i d areas . The  l atter  favo ur the  f ormat i on of 

per i thec i a  and ascospore  d i s c harge ( Ts c h anz � �. , 1 976 ) . 

B .  Type and concentrat i on o f  s ub s trates  

Th i s  i s  the  mos t  i mportant p ar t  of  the  funga l  env i ronmen t .  

S t ates  ( 1 981 ) regarded t h e  funga l h ab i tat  a s  b e i n g  contro l l ed by t h e  

cond i t i on ,  concentr at i on a n d  c hemi c a l  a n d  s t r uc t ur a l  comp l e x i ty of  t he  

s ub s t r ate . F u n g i  h av e  a spec i f i c  r e l at i on s h i p  w i th t h e i r  s u b st r ates  

a s  a s ource  of  n utr i t i on and  energy, and d i fferences i n  t he  c hemi c a l  

c ompos  i t  i on of s ub s t r at e s  c an act i n  a s e l ect i ve way for part i cu l ar 

groups  of  fung i ( Co ok e , 1 979 ) . I t  i s  not  s urpr i s i ng ,  th erefore , th at 

t h e  freq u ency and r ange o f  F u s ar i um spp i s o l ated  from s o i l or  p l ants  
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h as been found  by m any eco l og i s t s  t o  be  affected by t h e  nature and 

av a i l ab i l i ty o f  s ub s t r ate ( B urge s s , 1 98 1 ) .  

When N a s h  and Snyder ( 1 965 ) compared t h e  abund ance  and r ange of 

t h e  F us ar i um pop u l at i on i n  cu l t i v ated s o i l and adj acent und i s t urbed 

s o i l ,  th ey found th at c u l t i v at i on and crop p i ng h ad a s i gn i f i c ant  

e ffect on  the  abundance  and  r ange o f  f u s ar i a i n  so i l .  L i m  ( 1974 ) a l so 

f ound th at the d i st r i bu t i on of  f u s ar i a  was i n f l uenced by th e vegeta­

t i on and  the c rop , i n  ad d i t i on to  the  mo i st ure content ( Me )  of  the 

s o i l and  other i nherent  charact er i st i c s . 

Snyder and N a s h  ( 1 968 ) reported t h a t  F .  c u l morum was extreme l y  

c ommon i n  l o n g - term c ereal  p l ots  whereas i t  was r are i n  l o n g - term 

p l o t s  p l anted i n  broad - l eaf crops i n  t h e  s ame l oc a l i ty .  S i m i l ar l y  

W i nde l s and Kommeda h l  ( 1 974 ) noted th at F .  ros eum and F .  mon i l i forme 

were s i gn i f i can t l y  more abundant  i n  a ma i z e f i e l d  t h a n  i n  non­

c u l t i va ted s o i l ,  but  oth er F us ar i um s pp were not  affected . 

The  u s e  of  re s i s t ant c u l t i vars  of  a part i cu l ar host  

a l so  c h ange th e pop u l at i on of  th e re l evant  F u s ar i um 

( Arms trong and  Arms trong , 1 975 ) .  

crop  w i l l  

pathogens  

The  app l i c at i on of fert i l i ze r ,  part i cu l ar l y  n i trogen , c an 

i nf l u ence th e freq u ency of s ome spec i e s .  Warren and Kommed a h l  ( 1 973 ) 

f ound fert i l i ze r  effected more r ap i d  decompo s i t i on of  re s i du e  and 

t h ereby reduced t h e  popu l at i on of F .  ros eum i n  the s o i l ,  b ecau s e  F .  

ros eum i s  a poor co l o n i ser and on l y  s urv i ve s  i n  so i l when  r e s i due  i s  

p resen t . I n  contra s t ,  F .  oxys porum i s  a t r u e  so i l i n h ab i tant  and 

ag gres s i ve p i oneer c o l o n i ser o f  p l ant  t i s s ue .  

Damage t o  t h e  p l an t  may a l so  h av e  an i nf l u ence on t h e  types of  

f ung i wh i ch co l o n i se t h at  p l ant . S u t ton et �. ( 1 980 ) found th at i n  

n at u r a l  b i rd i nj ury and s i mu l a ted b i rd i nj u ry of  mai z e ,  kerne l s  were 

co l o n i s ed r ap i d l y  by weak l y  ag gres s i ve f u ng i . A l so  t he  tox i n zeara l e­

none  was found  i n  i nj ured e ar s ,  but  not i n  n on - i njured e ars . They 

noted t h at co l on i s ed k e r ne l s occurred on l y  i n  port i on s  of e ars  where 

hu s k s  were l o ose  or  s h redded . The damaged h u s k s  ev i den t l y  were 

f actors  i n  pred i s po s i t i on of the e ar to  fung a l  col o n i s at i on .  The 

l oo s en i ng ,  open i ng and  s hredd i ng o f  t he  h u s k s  may i ncrease  t he  acces-
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s i b i l i ty of th e kerne l s  t o  funga l propag u l e s  and form a f avo urab l e  

env i ronment  o n  t h e  kerne l s for funga l  growth . They s u g ge s ted that  the 

i nj ured e ars  are  expo sed to d i rect i nv a s i on by propag u l e s i n  the a i r ,  

i n  s p l a s hed w ater and o n  i n sect , b i rd and  o t her vector s . 

1 . 1 . 2 . 2 .  Common h ab i tats  of  f u s ar i a 

The m ajor i ty of  F u s ar i um s pec i e s are  typ i c a l l y  s o i l -borne  fung i 

ahd they co l o n i s e  l i v i ng p l ant parts  or  p l ant  res i d u es wi th i n  the 

s o i l or ad j acent  to  the so i l s urface . Neverthe l es s ,  mo st h ave both 

act i ve and p a s s i ve me ans  of d i spers a l  i n  th e atmosphere and are common 

co l o n i sers  of aer i a l p l ant p arts  ( F r anc i s  a nd  B urges s ,  1 977 ) . 

A .  S o i l - borne  f u s ar i a 

Typ i c a l  representat i ve s  of the  s o i l - b orne f u s ar i a are F .  

oxys porum ,  F .  s o l a n i , F .  c u l morum , F .  grami nearum group and F .  

equ i  s et i ( B urge s s ,  1 98 1 ) . Members of th  i s  group often form s poro­

doc h i a on s u bstrates  on  or j u s t  above the s o i l s urface and the s pores 

c an be d i sper sed by r a i n  drops  d i rect l y  i nt o  the so i  1 ( Gregory � �. ,  

1 959 ) . A i r d i sper s a l  of  th i s  group h a s  a l s o  b een s ugge s ted , p art i c u ­

l ar l y  i n  a s s oc i at i on w i th d u s t  p art i c l e s ,  e v e n  for sever a l  hu ndred 

k i l ometres ( Oo k a  and K ommed ah l , 1 977 ) . P ropagu l e s of s o i l - b orne 

f u s ar i a  c an e a s i l y  be demonstrated i n  the atmosphere when s o i l i s  

c u l t i v a ted o r  crops  are  h arvested ( Burge s s ,  1 98 1 ) .  

A very common s o i l i so l ate i s  F .  oxys porum ( Wear i ng and Burge s s ,  

1 978 ) . Th i s  spec i e s i s  h i g h l y  v a r i ab l e  and  s ome s tra i n s are very 

p athoge n i c  for p l a nt s , wh i l e others are  typ i c a l l y  s aprophyt i c .  

B ec a u s e  F .  oxys porum forms c h l amydo s pore s ,  i t  i s  we l l ad apted to  l o ng­

t erm s urv i v a l  u nd er d i verse  cond i t i on s  ( Booth , 1 97 1 ) .  I t  i s  t h e  

p redom i nant  fungu s  i so l a ted from roots and  crown s and i s  act i ve under  

a wi d e  r ange of env i ronmenta l  cond i t i ons  ( Bu rge s s  et �. , 1 975 ) . 

A n other  common s o i l -borne  F u s ar i um i n  t emperate areas  i s  F .  

s o l a n i  ( Kommeda h l  � �. , 1 975 ) . I t  pers i st s  both a s  a p aras i te and 

as a s aprophyt e .  I n  t h e  absence o f  s u i t ab l e  s ub strate i t  wi l l  s urv i ve 

a s  c h l amydo s pores i n  s o i l and crop res i du e  ( Na s h  � �. ,  1 96 1 ) .  I t  

h as b een i s o l ated oc c as i on a l l y  from the  a i r ,  probab l y  a res u l t  of 
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b e i ng present  i n  w i nd -b l own s o i l or debr i s  ( Oo k a  a nd Kommed a h l , 1 97 7 ) . 

B u rge s s  ( 1 98 1 ) s ug ge sted th at F .  s o l a n i  i s  a common a i r-borne  fungu s  

a nd s ubsequen t l y i t  wi l l  b e  depo s i ted on  aer i a l p l ant  part s . 

F .  equ i s e t i  i s  a l s o  frequent l y  found  i n  and on  s o i l ( Bu rge s s ,  

1 98 1 ) .  I t  c a n  s u rv i ve a s  c h l amydo spores  o r  by hyp h a l  fr agments  e i ther 

i n  s o i l or p l a n t  res i du e .  Members of th i s  s pec i es are s aprophyt i c  but  

h av e  oc c as i on a l l y  been i nv o l ved i n  d i s e a se  p rob l ems ( Booth , 1 9 7 1 ) .  I t  

h a s  been found  t o  b e  a c ommon co l on i ser o f  senescent  wheat and  m a i z e  

t i s s ue ( Franc i s  and B urge s s ,  1 975 ) and forms sporodoc h i a  o n  p l ant  

r e s i dues  from wh i c h the  c on i d i a  are  d i spersed by r a i n - s p l a s h  a s  we l l 

a s  by w i nd - b l own s o i l p art i c l e s .  

V ar i at i on i n  t he  mode of ex i stence  c an be very marked , even 

w i t h i n  members  o f  the s ame s pec i es ( Bu rge s s ,  1 981 ) .  For examp l e ,  � 

gr ami nearum group 1 and  group 2 ( Franc i s  and  Burge s s , 1 9 7 7 )  are mor ­

pho l og i c a l l y  s i m i l ar popu l a t i ons  but  th ey a re  d i fferent i n  th e i r  

h a b i tats  and p hys i o l og i c a l  attr i butes . Members  of group 1 s urv i ve a s  

myc e l i um i n  h o s t  t i s s u e  and  i n  the  s o i l ,  and do not produce c h l amydo­

spores . The s t r a i n s are a s soc i ated w i th c rown and root rots  of 

cere a l s and g r a s s e s  a nd form abundant s porodoc h i a on the  l eaf- s h eaths  

( We ar i ng a nd B urge s s ,  1 97 7 ) . I t  h a s  b een s ugge s ted t h at the  con i d i a 

are d i s persed by r a i n -s p l a s h . Member s of group  2 are d i s t i ng u i s hed 

from group 1 i n  t h a t  t h ey produce  per i th ec i a on and i n  p l ant  res i d ues . 

Act i ve d i s c h arge of a s cospores  represents  a good i nocu l um s ource for 

the  i nfect i on of aer i a l  p l a nt  p arts . Members  of th i s  group are a s s o ­

c i a ted wi th s t a l k a n d  e ar r o t s  of  m a i z e  ( F ranc i s  a n d  Burge s s ,  1 97 5 ) . 

A further e c o l og i c a l  group  of f u s ar i a ,  re presented by F .  mon i l i ­

forme and F .  s ubgl ut i n ans , was  des i gn ated by Burgess  ( 1 981 ) .  Th i s  

group norma l l y  i s  composed of s o i l -borne  fung i wh i c h occupy both 

s ubterranean  and  s u perterranean h a b i tats  a l t h ough  t h ey are m a i n l y  

c o l o n i sers  of s ubterranean p l ant  p arts  and  p l ant  res i du e s , i n  t he  s o i l 

a nd o n  the  s o i l s u rf ace .  

B .  A i r-borne  fu s ar i a  

T h e  a i r-borne  f u s ar i a are we l l adapted to  d i sper s a l  i n  t he  atmos ­

p here and w i l l ,  th erefore , common l y  co l o n i s e  aer i a l  p l a nt  p arts , 
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a l though  t h ey are  a l s o  often i so l ated from the  s o i l .  Act i ve d i sper s a l  

of  asco spores  occu r s ,  b u t  apprec i ab l e  d i s per s a l  of  s pores , i nc l u d i ng 

co n i d i a ,  i s  ac h i eved by r a i n-s p l as h ,  i n s ect s ,  b i rds  e tc . ( Burges s ,  

1 981 ) . 

Typ i c a l  repre sent at i ves  of th i s  group  are F .  l ater i t i um and F .  

s t i l bo i des ( B u rge s s , 1 98 1 ) .  F .  l ater i t i um c an c au s e  p rob l ems i n  trees 

due to i ts p ar a s i t i c  act i v i ty ,  u s u a l l y  i n  wet c ond i t i on s ,  wi th asco­

s pores prov i d i ng t h e  ma i n  source of p r i mary i noc u l um .  The fungus  i s  

a l so spread by r a i n - s p l a s h  from sporodoc h i a .  

F .  s t i l b o i des  

1 981 ) .  Th i s  spec i e s 

( S i dd i g i  and C orbett , 

i s  c l o s e l y  r e l ated t o  F .  l ater i t i um ( Burge s s ,  

c a u se s  sca l y  bark "  and c o l l ar rot o f  coffee 

1 96 3) .  I t  i s  ma i n l y  spread by  r a i n - s p l a s h  of 

c on i d i a and not  by a s co spores . 

1 . 1 . 2 . 3 .  I nc i dence  and  s i gn i f i c ance  of  fu s ar i a  i n  ma i z e  crops  

Kommeda h l a nd W i nde l s ( 1 98 1)  co n s i dered t h at  o ne  or  more s pec i es 

o f  Fus ar i um c an b e  i so l ated from any p art of a ma i ze p l an t ,  part i cu l ­

a r l y  when th e p l ant  i s  exposed to s tre s s  d u e  to  b i ot i c ,  c l i mat i c  or 

edaph i c  f actor s . However , most of the d amage c aused to p l ants  ( s eed ­

l i ng b l i g ht , r oot rot , s t al k rot and  e ar rot ) i s  a s soc i ated w i th a 

c omp l ex of opportun i s t i c  f u s ar i a and other  fung i . The effect s  of 

i nv a s i on can  v a ry from mi l d  to extens i ve ,  d epend i ng on  the  amount  and 

type of s tre s s . 

Most of  t h e  d a t a  av a i l ab l e  today on  t h e  i nc i dence of F u s ar i um s p p  

i n  ma i ze  h a s  b ee n  o b t a i ned from p l ant  p atho l og i s t s  a nd i nd i c ate th at 

t he se  fung i ,  p art i cu l a r l y  F .  gr ami nearum ,  F .  mon i l i forme and F .  s ub ­

gl u t i nans , are  of  wor l d -wi de occurrence .  These  spec i es h ave  been 

found a s  p athogen s  of  m a i ze  i n  Western E u rope  ( C a s s i n i , 1 98 1 ) ,  E astern  

Au stra l i a  ( Burge s s  � �. , 1 98 1) ,  t he  U . S . A .  ( W i nde l s a nd K ommedah l 

1 984) and e l s ewhere . Most of the  Fus ar i um s pp wh i ch h ave  been  found 

o n  ma i z e  i n  th e U . S . A .  b e l ong t o  the  s ect i on s  Roseum , G i bbos um and 

D i s co l or ( Vesonder  and Hess e l t i ne ,  1 98 1 ) .  

The m ajor i ty of  F u s ar i um s pp a s soc i ated w i th ma i z e  a r e  d i s t i nct l y  

" f i e l d fung i " .  Howeve r ,  s ome spec i es ( F .  c u l morum ,  F .  poae and F .  
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tr i c i nctum )  c an grow du r i ng s torage . " S torage fung i "  oc c u r  part i ­

c u l ar l y  wh en  gr a i n wi th  h i g h water act i v i ty i s  stored at a l ow tem­

per ature ( Sm i th  � i.l. ,  1 984 ) .  F .  mon i l i forme and F .  s ubgl u t i nans  

h av e  a l s o  b een  c l as s i f i ed as stor age fung i of m a i z e  ( Maras as  � i.l. , 

1 979c ; R u s s e l l � i.l. , 1 982 ) and even  F .  grami nearum ( J ac k s on � i.l. , 

1 9V4 ) but  t h e  separ at i o n of fi e l d fung i and s torage fung i i s  not 

a b s o l u te and m any fung i c an s how i n termed i ate propert i es ( L ac ey et 

i.l. , 1 980 ) . 

A .  F u s a r i um s pp i n  " f i e l d " ma i z e  

F .  gram i nearum i s  pr i nc i pa l l y  a s s oc i ated w i th h e ad b l i gh t , e ar 

rot and s t a l k rot  of  ma i ze .  Other s pec i e s ,  eg o F .  avenaceum ,  F .  

c u l mor um,  F .  s ubgl u t i nans  a nd F .  tr i c i n ctum and th e i r t e l eomorp h s  h ave 

a l s o  been frequent l y  recorded i n  C a n ad a ,  E a s tern Austra l i a , E a s tern 

E urope and t h e  Sov i et Un i on ( Burge s s  et i.l. , 1 981 ; S u tton , 1 982 ; 

W i nd e l s and K ommed a h l , 1 984 ) . 

F .  gr ami n e arum  c an appear as a p i nk i s h to red d i s h  mo u l d on  the 

kerne l s ( S u t ton , 1 982 ) . I n  s evere l y a ffected ears , t he  h u s k s  c ommon l y  

ad h ere to t h e  kerne l s and F .  gr ami ne arum w i l l  i nv ade the  cob  ( e ar ) as  

we l l as  t he  s h ank . The fungus  i s  often found to be more common i n  th e 

b as a l  h a l v e s  of the  e ar wh en th e h u s k s  h ave b een s hredded by b i rd s  

( S utton � i.l. , 1 980 ) . Per i thec i a of  G i b b ere l l a  zeae , the  t e l eomorph 

of F .  gram i n e ar um ,  may dev e l o p  s uperf i c i a l l y  o n  i n fected h u s k s ,  k er­

n e l s and s t a l k s  p art i cu l ar l y  i n  pro l o n ged wet weather . A l t h o u g h  the 

s t and i ng p l a n t s  a nd s eed are sources  of  i nocu l um for the s pread of the 

fungu s ,  debr i s  on the  s o i l s urface i s  con s i dered the  ma i n re s ervo i r  

( S ut ton , 1 982 ) . 

Dur i ng t h e i r i ntens i ve study of  root and s t a l k rot i n  m a i z e  i n  

t he  U . S . A . from 1 973 - 1 983 , Kommed ah l and  h i s  co l l eag ues  fo und  t h at F .  

gr ami nearum a n d  F .  mon i l i forme were t h e  m a i n p athogens  i nv o l ved . F .  

gr ami nearum w a s  i so l ated more frequent l y  a t  anthes i s  ( f l ower i ng )  and 

extended t h ro u g hout  the  g rowi ng season . I t  was  the predom i n ant s t a l k 

rot orga n i sm l ate  i n  t he  s e a son ( W i nde l s a nd  Kommedah l ,  1 984 ) .  

Kommed a h l et  a l . 

a nd s t a l k s  o f  m a i z e .  

( 1 979 ) i so l ated s evera l  F u s ari um s pp from roots 

The  s ame spec i es and s t r a i ns were freq uent l y  
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found i n  s o i l wh ere m a i ze h ad been  g rown . F .  oxysporum and  F .  s o l a n i  

were  mos t  freq uent l y  i s o l ated from roots  and F .  mon i l i forme and F .  

t r i c i nctum mos t  frequen t l y  from s t a l k s . F .  eq u i set i , F .  ac umi n atum 

a nd F .  grami near um ape ared more often i n  the  roots th an i n  t h e  s t a l k s .  

Mo u b a s h er  e t  a l . ( 1 984 ) i s o l ated 3 F u s ar i um spp , F .  mon i l i forme , 

F .  oxys porum a nd F .  ac umi natum from t h e  r h i z op l ane of h e a l thy and 

d amped -off m a i z e  s eed l i ng s .  F .  mon i l i forme was the  most  c ommon . 

Maras as  et a l . ( 1 9 79c ) found t h e  most frequent  F u s ar i um spp  

i nfect i ng m a i z e  kerne l s i n  South  Afr i c a were F .  s ubgl u t i n ans , F .  

mon i l i forme and F .  gr ami nearum.  T hey noted th at the mean percentage  

of  kerne l  i nfect i on by a l l t he  three s pec i e s i ncreased du r i ng s tor age . 

Th e i r f i nd i ng t h at F .  s ub g l ut i n ans  wa s  the  mos t  prev a l e n t  spec i e s 

d i ffered from res u l ts  av a i l ab l e  from other  countr i es .  They c on s i dered 

t h at th i s  w a s  d u e  to frequent  m i s i de nt i f i c at i on and c o n seq ue nt mi s ­

t ak e n  c l as s i f i c at i on of  F .  s ub g l u t i n an s  a s  F .  mon i l i forme . 

Maras as  et  a l . ( 1 979c ) a l s o  n oted t h at the th ree spp  were 

a s soc i ated w i th d i fferent c l imat i c  cond i t i on s .  F .  s ubgl u t i n ans  was 

p redomi nant  i n  temperate  areas and F .  mon i l i forme i n  s u b - trop i c a l  

a reas . F .  gr am i nearum was common i n  a reas w i th i n termed i ate  c l i mate . 

F r anc i s  and B u rge s s  ( 1 9 7 5 )  a l so  s uggested th at F .  subgl u t i n a n s  i s  more 

p rev a l ent t h an  F .  mon i l i forme i n  coo l e r  c l i mates . 

Mar a s a s  e t �. ( 1 9 7 9 a )  i s o l ated s i x  F u s ar i um spp from m a i ze  and 

b ar l ey gr a i n s  i n  We s t  Germany : F .  av enaceum , F .  c u l morum ,  F .  

e q u i s et i , F .  o xys porum , F .  poae and  F .  tr i c i nctum .  F u s ar i um aven aceum 

w a s  the  mos t  common l y  i so l ated s pec i e s from b i rd -damaged m a i z e e ars . 

T h e  p redom i n ant  s pec i e s i n  bar l ey gr a i n s  was  F .  poae . I s o l ates  of F .  

a venaceum ,  F .  c u l mor um , F .  equ i s et i  a nd F .  oxys porum were  a l s o s hown 

t o  be tox i c wh en  cu l t ures  grown on a u toc l aved m a i z e were fed to d ay­

o l d c h i cke n s . 

F us ar i um s pp can b e  frequent l y  i so l ated from gr a i n l ef t  over 

w i nter . N e i s h e t �. ( 1 983 ) ,  exami n i ng m a i ze gr a i n  over-wi n tered i n  a 

f i e l d  i n  C a n ad a ,  found F .  gr ami near um ,  F .  mon i l i forme , F .  s ubgl u t i nans  

a nd F .  s porotr i ch i o i des  acco unted for 84% of the  tota l  F us ar i um 

i so l ates  w i t h  a nother f i ve spec i e s acco u n t i ng for the rema i n i ng 1 6% .  
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B .  F u s ar i a a s s oc i ated w i th s tored ma i z e  

T h e  n umber of  fung i found i n  s t ored gr a i n  depend s m a i n l y  o n  t h e  

c o nd i t i on o f  t h e  gra i n p r i or to  h arve st  and t h e  cond i t i on s  o f  storage 

( L ac ey � �. ,  1 980 ) . The presence  and act i v i ty of  F us ar i um s pp i n  

s tored gr a i n w i l l  be contro l l ed by s evera l  factors , of wh i c h the  most  

i mportant a re t h e  water act i v i ty o f  the  gra i n ,  the  temperature ,  amount  

of  aerat i on and  per i od o f  stor age , and  i n s ect and  m i te i nfestat i on 

( L ac ey et �. , 1 980 ) . I f  gr a i n h a s  been heav i l y i n fected w i th 

F u s ar i um s pp i n  the f i e l d ,  p art i cu l ar l y  d u r i ng any d e l ayed h arvest i ng ,  

t h e  gra i n  m ay a l s o be  contami n ated w i th  F u s ar i um tox i n s . T h u s  both 

F us ar i um p rop ag u l es  and tox i n s  w i l l  i n i t i a l l y  be s tored w i th t h e  

g r a i n .  The  m aj or i ty o f  f u s ar i a w i l l  d i e  after  dryi ng o r  d u r i ng proper 

s t or age b u t  the tox i n w i l l  s t ay s t ab l e  for a l o ng t i me ( M i l l s , 1 982 ) . 

Mar a s a s  et  a l . ( 1 9 79c ) found th at  F .  gr am i nearum ,  F .  mon i l i forme 

a nd F .  s ubgl u t i nans were the p redom i n ant  spec i es on  t h e  ma i ze at 

h arvest  and t h e  l eve l of i n fect i on by these  t hree spec i es i nc reased 

du r i ng an  e i g ht - month s torage  per i od u nder  commerc i a l cond i t i on s , b ut  

app arent l y  the  g r a i n h ad not been d r i ed adeq u ate l y before s torage . 

Fus ar i um s ubgl u t i n ans was a l s o  found to  be the  mo s t  common 

i so l ate i n  a ma i ze s amp l e  stored for 9 month s i n  a g r a i n  b i n  

( F arnworth a n d  N e i s h ,  1 980 ) . The g r a i n  h ad been l eft s t and i ng i n  t he  

f i e l d du r i ng t h e  autumn a nd w i nter before  h arvest i ng .  

Russ e l l e t  a l . ( 1 982 ) found a h i gh i nc i dence  of contam i n at i on o f  

m a i z e  s amp l e s w i th Aspergi l l u s , P e n i c i l l i um and Ceph a l os por i um 

s pec i es .  After  a 3 5 - d ay per i od at  400C and s u b sequent s t or age  at 60C ,  

o n l y F .  v e rt i c i l l i o i des  ( = F .  mon i l i forme or  F .  s u bgl u t i n ans ) was  

found , t he  presence  o f  wh i c h h ad n ot been  demonstrated e a r l i er .  They 

a s s umed dev e l opment of  th i s  spec i es h ad i n i t i a l l y  been i n h i b i ted by 

t h e  p resence of o ther s eed - a s soc i ated fung i and i t  a l one  h ad s urv i ved 

the s torage s uc ce s sf u l l y .  

1 . 1 . 2 . 4 .  F u s ar i um s pec i es i n  New  Z e a l and 

Some F us ar i um s pp were known t o  New Z e a l a nd p l ant p atho l og i st s  as 

e ar l y  as th e b eg i nn i ng of th e 1 930 ' s . The occu rrence of  members  of  
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th i s  ge n u s ,  p art i cu l ar l y  th e s o i l - b orne  s pec i es wh i c h were i nv o l ved i n  

root d i s e a s e s  of  c erea l s and g r as s e s ,  was  i nve s t i g ated extens i ve l y  

( Ne i l  and Br i en ,  1 935 ; B l a i r ,  1 936 ; B l a i r  and Morr i s s o n , 1 949 ) . N e i l 

a nd  Br i en ( 1 93 5 )  a l so  r eported th at t h e  dry- rot d i sea se  o f  ma i ze cobs , 

wh i c h h ad c au s ed s evere c rop l o s s es i n  t h e  B ay of  P l enty and G i s borne 

areas ,  was  ma i n l y  c a u sed by F u s ar i um spp . They i so l ated two F u s a r i um 

s pp ,  F .  mon i l i forme and F .  s ub g l u t i n ans , and not i ced t h at  these  

s p ec i es were  found  on  a w i de r ange o f  cerea l s and gra s se s . 

B l a i r  ( 1 936 ) work i ng i n  t he  C a nterbury reg i on ,  found  th at foot­

rot  of  wh e at was  c au s ed ma i n l y  by f u s a r i a ,  part i cu l ar l y  F .  c u l morum .  

Oth er d i s e a se s  wh i ch h ave  been a s soc i a ted w i th th i s  spec i e s are  s eed ­

l i n g  b l i ght , s pr i ng ye l l ow ,  wh i tehead and  s c a b .  F u s ar i um c u l morum was 

a l s o  i s o l a ted from b l ac k  root rot i n  s tr awberr i es ( Smi th , 1 95 3 )  and 

from b a s a l  rot i n  c ar n at i ons  ( Rob i n son , 1 96 1 ) .  

B l a i r  and Morr i s son  ( 1 949 ) l i s ted the  wheat d i s e a se s  i n  New 

Z e a l and as i nc l ud i ng those  i nvo l v i ng f i ve F u s ar i um spp : F .  avenaceum ,  

i so l ated from unth r i f ty s eed l i ng s  and foot rot i n  wheat ; G i bbere l l a  

i ntr i c ans ( perfect s t age of F .  eq u i s e t i ) ,  a s soc i ated w i th a b a s a l  rot 

i n  gras s es , c erea l  a nd Ph ormi um f l ax ; G .  z e ae ( perfect s t age  of  � 

gram i nearum ) , found a s  a common c au s e  o f  b a s a l  rot i n  c erea l s and 

gra s ses  as we l l as c a u s i ng an  e ar b l i ght  i n  wheat ; G .  s aub i net i i 

( perfect s t age  o f  F .  s amb uc i num) , c au s i ng a crown rot a nd f oot rot i n  

wh e a t ,  and l as t l y F .  s porotr i c h o i des  a s s oc i ated wi th f a l s e  s c ab on 

whe a t .  

Two oth er s o i l - b orne fus ar i a  h av e  b een  common l y  f o und i n  New 

Zea l a nd .  F u s ar i um o xys porum h as b een  a ttr i bu ted to s eve r a l  pro b l ems , 

s u c h  as d e s t r uct i ve wi l t  of aster  ( Cu n n i n g h am ,  1 93 1 ) ,  f l ax wi l t  

( Bayl i s ,  1 940 ) and v as cu l ar w i l t  i n  c arnat i on s  ( Rob i n s o n , 1 96 1 ) .  

F us ar i um s o l a n i  c au s e s  a dry rot i n  b ean s  ( Br i en e t  �. , 1 955 ) . There 

are  a few l e s s  wel l - k n own s pec i es s uc h  as F .  coer u l eum , a s s oc i ated 

w i th a dry rot  i n  s tored pot atoes ( Brook , 1 95 7 ) , F .  redo l en s  c aus i ng 

a sparag u s  s e ed l i ng b l i ght ( D i ng l ?y ,  1 965 ) and  F .  s em i tec t um wh i ch 

c a u s e s  storage  rot i n  f od der beet ( Br i en and D i ng l ey, 1 959 ) . 

Matth ews ( 1 965 ) recorded F .  n i v a l e for the  f i rst  t i me i n  New 

Zea l a nd from cerea l  s eed of  b ar l ey ,  wh e at and ryecorn . F .  n i v a l e  i s  
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n ow i nc l uded  w i th i n  the  Hyponect r i acae a s  M i crodoc t i um n i v a l e 

( S amue l s ,  1 984 ) . I t  i s  k nown to  be  present  on  wheat , b ar l ey a nd rye 

at l ow l eve l s .  Matth ews ( 1 96 5 ) i s o l ated F .  n i va l e from 7 out  o f  1 0  

wheat  s amp l e s ,  b u t  the  percent age o f  i nfected seed was  very l ow ( 0 . 3-

1 . 0% ) .  I n  a s t udy of  foot-rot prob l ems i n  New Zea l and  wheat , Sanderson  

( 1 9 72 ) f o u nd F .  n i v a l e togeth er w i th  F .  c u l morum ,  F .  a venac eum and F .  

gr ami ne arum to  be  w i de l y  spread i n  New Zea l and  s o i l s .  

F u s ar i a i n  p as t ure s o i l were i nve s t i gated by Thornton  ( 1 9 58 , 1 960 

a nd 1 96 5 ) . He n oted th at F .  oxys porum was the predom i n ant  i s o l ate i n  

m i l d  t emperatures  and i n  moderate l y  ac i d  s o i l .  I t  occu rred l es s  or 

was ab sent  i n  coo l , mo i st cond i t i ons  and i n  l ess  ac i d  s o i l s .  F .  

c u l mor um was  i so l ated from root s pec i men s  of  ryegras s ( L o l i um perenne 

1. ) and wh i te c l over  ( Tr i fo l i um repens  L . ) of s i x  s o i l s amp l e s ,  b ut  at 

a l ow l ev e l . F .  oxysporum was  a l s o common from root nodu l es of  the  

a bov e g r as s ,  wi th  F .  ave n aceum ,  F .  c u l morum and F .  s o l an i b e i ng 

i s o l ated l es s  freq uen t l y .  

A n  eco l og i c a l  s t udy o f  F us ar i um s pp as s oc i ated w i th  g r as s es was  

c arr i ed o ut by Keogh ( 1 97 3 ) . He i nv e s t i g ated the  i nf l uence  o f  graz i ng 

a n i ma l s on  t h e  d i s t r i but i on o f  s aprophyt i c  f u s ar i a ,  u s i ng a s amp l e ­

was h i n g a nd spore-co unt i ng p roced u r e .  He c l a s s i f i ed h i s  f i nd i ngs  

u s i ng the  c r i ter i a  of  Co l houn  and P ark  ( 1 964 ) i n to 3 groups  b a sed on 

s pore c h ar acter i st i c s .  Group 1 was  of  F .  c u l morum , group 2 s pores  were 

mos t l y  of F .  avenaceum a nd group 3 cont a i ned s pores of  oth er F u s ar i um 

s pec i e s .  

A n umber  o f  other researchers  h ave been attracted t o  F u s a r i um 

prob l ems i n  New Z e a l and pasture s .  Du r i ng a s t udy of root  rot of 

c l over , Menz i es ( 1 9 7 3 )  f ound t h at F u s ar i um s pp formed 1 9% of a tota l  

of 81 7 f u n g a l  i s o l ates . A s er i es of  p u b l i c at i ons  by  Sk i pp , and 

C h r i sten s e n  ( 1 98 1 , 1 982 and 1 983 ) reported on a s t udy  of  m i cro­

organ i sms i nv ad i ng wh i te c l over  root s ,  p art i cu l ar l y  i n  the Manawatu 

d i s t r i ct .  T he i r  res u l t s  s howed th at F .  oxys porum was the most 

freq uent  i s o l ate and was  the  major r oot i nv ader  among  F u s a r i um s p p .  

L e s s  freq u ent l y four  o th er f u s ar i a were i so l ated : F .  a v e n ace um ,  F .  

c u l mor um , F .  n i v a l e a nd F .  equ i s e t i . L oon L u i  L i m  and C o l e ( 1 984 ) 

s i m i l ar l y  fo u nd t h at F .  oxys porum was  predom i n ant i n  wh i te c l over 

seed l i ng s  w i th F .  a venace um b e i ng l es s  s i gn i f i cant . 
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F us ar i um was  one  of f i ve  genera  r ecorded by H ampton ( 1 9 7 7 )  as 

s eed -borne  pathoge n s  of New Zea l and wheat . Dur i ng h i s  s tudy on 

Drech s l er a  spp i n  New Zea l and  cerea l s ,  S her i dan ( 1 9 7 7 ) found t h at 

F us ar i um s pp wh i ch i nfected wheat , b ar l ey and oat seeds  were i n s i g ­

n i f i c ant  and th e i r  i nfect i on r ange  was  b etween 1 %  and 8% . However , 

t h i s  res u l t was  not s upported by H ampton ' s  ( 1 980 ) work on wheat-s eed 

c ert i f i c at i on .  Hampton found t h at F us ar i um spp  were present  i n  over 

85% of t h e  i nfected s eed s tes ted d u r i ng t h e  two seasons  1 9 7 7 - 1 978  and 

1 978- 1 9 7 9 . He recorded f i ve F u s ar i um s p p ,  the  mos t  common of  wh i c h 

were F .  a venace um ,  F .  c u l morum and F .  n i v a l e .  The rema i n i ng two were 

F .  gr ami ne arum and F .  poae . C h ong a nd S her i dan  ( 1 982 ) found t h at 

f u s ar i a  wer e  present  i n  9 7% o f  3 2  b ar l ey s eed s amp l es exami ned w i th a 

mean  recov e ry per s amp l e  o f  1 6% .  N i ne  s pec i e s  were i dent i f i ed - F .  

arthrospor i o i des , F .  avenaceum ,  F .  c u l morum , F .  eq u i s et i , F .  

f u s ar i o i de s , F .  gr ami nearum,  F .  l ater i t i um ,  F .  oxys porum a nd F .  poae . 

More r ecent l y  Lee  ( 1 986 ) found  t h at  New Zea l and b ar l ey was con ­

t am i n ated w i th F u s ar i um s pp at  a frequency of 1 00% ( 8/8  s amp l es ) at 

h arves t i ng t i me but th i s  frequency decreased to 7 1 %  after 5 month s ' 

commerc i a l s torage a nd 33% after 9 month s '  s torage . S he  i so l ated 1 2  

s pec i es ( F .  ac umi n atum ,  F .  a venac e um , F .  c u l mor um , F .  eq u i s et i , F .  

gr ami nearum ,  F .  mon i l i forme , F .  n i v a l e ,  F .  oxys porum , F .  poae , F .  

s amb uc i n um ,  F .  s emi tec tum and F .  s porotr i c h i o i des ) . 

F u l l erton  ( 1 978 ) s ummar i sed t h e  common funga l  prob l ems of New 

Zea l and m a i z e .  The  p athol og i c a l  prob l ems were s ta l k rot , cob  rot , 

root rot  and s h e ath b l otc h ,  a l l o f  wh i ch were common l y  c aused by 

F u s ar i um s pp .  He a l s o  found th at F .  mon i l i forme , G i bbere l l a  zeae , F .  

o xysporum and  F .  ros eum were present  on grasses , debr i s  and i n  th e 

s o i l ,  and d i s c u s sed t h e  eco systems o f  t he se  spec i es .  Cob  rot  occurred 

wh en th e c o b s  contacted the  s o i l or other  i noc u l um s ource s . Ma i z e 

h u s k s  co u l d a l so b e  damaged by b i rd s  or by c aterpi l l ar s ,  th u s  mak i ng 

t h e  h u s k s  more pred i s posed to  i nfect i on .  Spores s i t u ated o n  debr i s  

from t h e  p rev i ou s  c rop cou l d b e  c arr i ed by r a i n o r  r a i n - s p l a s h  i n to 

t h e  whor l s  o f  seed l i ng s .  F u ng a l  s pores  on l e aves c ou l d  be spread by 

w i nd and  r a i n - s p l a s h  t h roughout  th e crop  and  i nto adj acent  crops . 

F a l l oo n  ( 1 982 ) found t h at F .  o xysporum was the mos t  frequen t l y  

i so l ated f u ng u s  c ap ab l e  o f  k i l l i ng m a i z e  s eed l i ng s .  H e  recorded other 
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F us ar i um s pp ( F .  s o l a n i , F .  c u l morum and F .  aven ac eum ) b u t  these  were 

l e s s  common as p athogens  i n  s uc h  p l an ts . 

I n  add i t i on to b e i ng i mportant  p athogen s  of g r a s s  past ure and 

cere a l s i n  New Ze a l and , f u s ar i a  h ave been l i nked w i th  another prob l em ,  

" Ryegra s s  Staggers " .  L atc h et �. ( 1 9 76 ) reported on  stud i es of the 

f ung a l  popu l at i on i n  ryeg r a s s  ( L o l i um spp ) p astures  i n  New Ze a l and 

over a f i ve-year per i od . They found that F u s a r i um spp  were the 

d om i n a nt  fung i i n  tho s e  p ad do c k s  surveyed i n  wh i c h prob l em s t aggers  

o c c u rred . F u s ar i um co n i d i a were present  i n  over 85% of herbage 

wash i ng .  F u s ar i um c u l morum , F .  avenaceum , F .  c onco l or ( of Booth , 

1 9 7 1 ) ,  F .  s ubgl u t i n ans , F .  n i v a l e ,  F .  oxys porum and F .  s em i tectum were 

a l l i s o l ated  w i th  F .  c u l mor um and F .  aven aceum be i ng the  mo st  common . 

L atc h � �. n o t i ced a ge nera l l y  pos i t i ve corre l at i on between a tox i c  

p asture  ( o ne c a u s i ng ryegr as s  s t ag gers ) and the  number o f  F u s ar i um 

c o n i d i a presen t .  They ma i n t a i ned a hypoth e s i s t h at ryegra s s  s t ag gers  

m ay b e  d u e  to F u s ar i um mycotox i n  p rod u c t i on .  I t  h a s  s i nc e  been found 

t h at th i s  may be  i ncorrect ( G a l l ag h er et  �. , 1 985 ) . 

Recent l y  ( L auren , 1 986 ) h as recorded a r ange of F u s ar i um spp  from 

Nort h  I s l and  p as tures , i nc l ud i ng F .  crookwe l l ense , F .  c u l morum , F .  

gr ami n um ,  F .  gr ami n e ar um ,  F .  avenaceum , F .  oxyspor um and F .  

ac um i n atum .  F u s ar i um crookwe l l en s e  w a s  the  mo s t  common i s o l ate . 

1 . 2 .  SAMP L I NG METHODS FOR THE MYCOLOG I CAL STUDY OF FUSAR I UM SPP  

F u ng i i n  d i fferent eco l o g i c a l  groups  req u i re d i f ferent s amp l i ng 

t ec h n i qu e s  for t h e i r  i so l at i on and enumerat i on .  The f a i l u re to recog ­

n i se f u n g a l  commun i t i es i n  t h e  p a st  c a n  be  p art i a l l y  attr i buted to  

i n adeq u ate  s amp l i ng proced u r e s  and i n ac c u r ate  spec i es i den t i f i c a t i on 

( S t ate s ,  1 98 1 ) .  L u s senhop  ( 1 98 1 ) con s i dered t h at f u n g a l  commu n i t i es 

h av e  been  s t ud i ed w i th con s er v at i ve methods  because  t h e  re l at i onsh i p  

between t h e  c o l l ected s amp l e and  the  n at ura l  funga l  u n i t s w i th i n  i t  

w a s  not  c l e a r .  F u rthermore f e w  re l i ab l e  s t at i s t i c a l  procedures  h ave  

been  a p p l i ed to s amp l i ng ,  e i ther  from s o i l or  from gr a i n  i n  the  f i e l d 

( P ark i n son  e t �. 1 9 7 1 ) ,  a l t h o u g h  r andom s amp l i ng i s  a common pract i c e 

for  s amp l i ng stored gr a i n ( Sm i th � �. , 1 984 ) . 
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S amp l es are co l l ected for  two ma i n reasons  - e i th er s i mp l y  as a 

s ource  o f  m i croorga n i sm ( e . g .  i n  i nvest i gat i ons  of ant i b i ot i c  produc ­

t i on )  or  for  stud i es o f  th e n at ura l  s t ate  of  the  hab i t at  ( P ark i nson e t  

�. , 1 97 1 ) .  I n  th e f ormer c a s e  very few s amp l i ng prec aut i ons  wi l l  be 

n eeded  a nd i t  w i l l  not matter wh ether the s amp l e  has  b een d i sturbed or 

a l t ered , even i f  s i ev ed , a i r dr i ed a nd st ored for s ome month s before 

b e i ng proc e s sed . I n  contra s t , i n  i nv e st i ga t i ons  i nt o  re l at i on s h i p s ,  

t h e  ma i n a i m  of  any s amp l i ng method must  be to reve a l  t h e  genera l  

d i s t r i b u t i on  of the  funga l u n i t s i n  the  f i e l d and  i n  the m i cro­

env i ronment . Errors s uc h  a s  s amp l i ng errors , s e l ect i on errors , 

me as urement errors etc . s hou l d be  reduced as far a s  p ract i c a l l y  and 

eco nomi c a l l y  feas i b l e .  P re l i m i n ary ev a l u at i ons of any chosen  method 

mu s t  a l w ays be performed ( Burgess  and L i dde l l ,  1 983 ) . 

Among the  f actors  to  be con s i dered i n  the  cho i c e o f  a n  i s o l at i on 

techn i q u e  are t h e  n at ure of  t h e  s amp l e ,  the  n umber o f  s amp l e s wh i ch 

n eed t o  be  t ake n ,  t h e  r ange o f  fung i l i ke l y  to be present  and i f  i t  i s  

n ece s s ary to i s o l ate a l l or  on l y  s ome of  th e fung i ( B urgess  and 

L i dde l l ,  1 983 ) .  If  o n l y a few s amp l es are req u i red then a r ange of 

techn i q u es can  b e  chosen to m ax i m i se the prob ab i l i ty of i s o l at i on of 

f u ng i . B u t  i n  t he  c ase  of  exten s i ve s urveys , th e l arge number of  

s amp l e s wh i c h wou l d need t o  b e  proc essed may we l l  prec l ude  the  u s e  of  

more t han  one p rocedu re . B u rges s  and L i dde l l ( 1 983 ) recommend red u ­

c i ng t h e  n umber of  obj ect i ve s  i n  exten s i ve s urveys wherever pos s i b l e ,  

t o  f ac i l i t ate a reduct i on i n  compromi ses  requ i red i n  t he  s e l ect i on of  

i so l a t i on p roc ed u re s . 

There i s  n o  s i ng l e  p rocedure av a i l ab l e for the de termi n at i o n of 

a l l types of f u ng i ex i st i ng wi th i n  any g i ven hab i tat , ev en for the  

s pec i es w i th i n  one  ge nu s  ( L u s senhop , 1 98 1 ) .  I n  th e c as e  o f  F u s a r i um , 

P ar k i n son  et �. ( 1 9 7 1 ) fe l t  th at i t  i s  i mpos s i b l e  to  dev i se a s i ng l e  

i so l at i on techn i qu e  by wh i ch a l l s pec i es present i n  th e s o i l c an be  

i so l ated , p art l y bec ause  d i fferent s pec i es are present  i n  d i fferent 

n i c h es w i th i n  t h at h ab i t at .  McMu l l en and S tack ( 1 983 ) p o i nted out 

th at not on l y  i s  any i s o l at i on techn i qu e  somewh at s e l ec t i ve but  a l s o  

t h at th e f u s ar i a  a r e  present  i n  th e s o i l a n d  other  s u b strates  i n  

d i fferent  f orms , i . e .  c on i d i a ,  a scospore s ,  c h l amydo spores  a nd myce l i a l 

fr agments . They conc l uded th at u s i ng a s i ng l e  i so l at i on t ec h n i q u e  or 
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med i um may be i n s uff i c i ent  to  f u l l y  d i scover  the  d i str i but i on and 

abund a nce  of F u s ar i um s pp i n  th e s ub strate . 

1 . 2 . 1 .  So i l  

Mo s t  of the  d a t a  av a i l ab l e  today  about s amp l i ng procedures  has  

been  obt a i ned from s t ud i es o f  the  funga l  eco l ogy of  s o i l a s  th i s  

n at ura l  h a b i tat  h a s  been s t ud i ed more i n tens i ve l y  th an  other h a b i t ats 

( Co ok e ,  1 9 79 ) . Moreover , s o i l i s  an i mport ant reservo i r  of p l ant­

a s s oc i ated fung i and by u s i ng a ppropr i ate methodo l ogy , a strong re l a­

t i on s h i p  b etween the  s o i l funga l commun i ty and the  p l ant  commun i ty can  

be  f o u nd . 

T he  bas i c  s o i l u n i t  c a n  v ary great l y  from ac res of  a f i e l d to a 

s i ng l e  h or i zon . Any s ub- s amp l e  taken  from t h e  s o i l u n i t  co n st i tutes  

o n l y a sma l l p art of th e who l e  u n i t  b ut  one mu st  ass ume that  s uc h  a 

s amp l e i s  representat i ve of  the  who l e  s o i l u n i t  ( P ark i n son et �. , 

1 97 1 ) .  

N a s h  and Snyder ( 1 962 ) exami ned s o i l to determi ne whether there 

was  any s i gn i f i cant d i fference between F us ar i um ( F .  s o l a n i ) v i ab l e  

co u n t s  recorded u s i ng d i fferent  s amp l e  s i zes  by compar i ng compo s i te 

core s amp l es ,  s i ng l e  core s amp l es and very sma l l i nd i v i d u a l  s amp l es 

( 43 mg ) .  No s i gn i f i cant  d i f ferenc es  ( at t he  95% conf i dence l eve l ) 

were found  between the  co u nt s  of  F .  s o l a n i  propagu l es from the  th ree 

met h o d s  u s i ng t h e  d i l u t i o n - p l at i ng techn i q ue .  N a s h  and  Snyder ( 1 962 ) 

a l s o  found  t h at propagu l e s of  F .  s o l  a n i  were eve n l y  d i s t r i buted i n  a 

f i e l d wh en s o i l recent l y  cropped to  beans  was exam i ned . However , the  

v i ab l e  co unt dropped m arked l y  and t h e  d i st r i bu t i on of the  fungus  

bec ame l e s s  u n i form where beans  had  not grown for 1 . 5 year s .  The work 

of  McMu l l en and Stack  ( 1 98 3 )  a l s o  i nd i c ated t h at s amp l i ng s i te d i d  not 

s i gn i f i c an t l y  affect i so l at i on of  F u s ar i um s p p  but other i nvest i ga ­

t i on s  h av e  found  F u s ar i um t o  be unev en l y  d i s t r i buted . Wear i ng and 

B urge s s  ( 1 9 7 7 ) , for examp l e ,  found t h at F .  gr ami nearum group was 

uneven l y  d i s t r i buted i n  s o i l at s amp l i ng s i tes wi th i n  wheat f i e l d s 

even  where  crown rot i nc i dence  was u n i f orm . 

Bec a u s e  F us ar i um s p p  and other fung i  c an  be expected t o  h ave 

u nev e n  d i s tr i but i on i n  s o i l ,  m i x i ng i nd i v i du a l  s o i l s amp l es from the  
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s amp l i ng a rea  i nt o  

( Bu rgess  a n d  L i d de l l ,  

a compos i te s amp l e  i s  a very common prac t i ce 

1 983 ) . I t  mu st  be accepted t h at i f  i nd i v i d u a l  

f u n g a l  s pec i e s a r e  d i str i bu ted i rreg u l a r l y ,  t hey are l i k e l y  t o  be more 

abu ndant  i n  s ome of  the i nd i v i du a l  s amp l es i n  c ompar i s on to  t h e i r 

a b u nd ance  i n  t h e  compos i te s amp l e . 

R andom t r ansect i on and  c ompos i te s amp l i ng are  very common methods  

o f  c o l l ect i on .  For  examp l e ,  McKenz i e  and  T ay l or  ( 1 983 ) c o l l ected f i ve  

c ompos i te s o i l s amp l es on  a r andom t r an s ect , each  cons i s t i n g o f  t h ree 

cores . Then the compos i te s amp l es from each transect were b u l ked , 

m i xed  thoro u g h l y  and p a s s ed through  a 200 mm me s h  s i eve before sub­

s amp l i ng .  Wear i ng and  B u r ge s s  ( 1 97 7 )  c o l l ected 1 k g  s o i l s amp l e s from 

e a c h  s amp l e  s i te .  Each  o f  these  compos i te s amp l es cons i s ted of  sub-

s amp l es ,  each  approx i mate l y  200 g ,  from f i ve l oc at i on s  w i th i n  an area 

approx i m ate l y  5 m d i ameter on a s amp l i ng arc 50- 75  m from the boun­

d a ry of  the crop  ( th e  n umber of s amp l e  s i tes  per f i e l d was  not g i ven ) . 

Wear i ng and B u rge s s  ( 1 97 8 ) , u s i ng a s l i ght l y  d i fferent method , c o l l ec ­

ted  1 k g  compos i te s o i l s amp l es p e r  f i e l d .  E ac h  compos i te s amp l e  

c o n s i sted of 5 sub- s amp l e s  o f  approx i mate l y  200 g eac h ,  obt a i ned from 

s o i l adj acent  to  f i ve s t a l k -rot  affected p l ants . 

C o l l ect i ng  s amp l es at  a const ant i nterv a l  a l ong  a path  of  

p redeterm i ned s h ape wi th i n  t he  f i e l d  s uch  as  d i agona l , V - or W - s h aped 

i s  common  pract i ce ( Basu  et  il. , 1 97 7 ) .  B a s u  et  il. c arr i ed out  a 

v e ry u s ef u l  s t udy to determ i ne  the  effects  of t h e  s i z e o f  s amp l i n g 

a re a ,  t he  p attern of  s amp l i ng p at h s  and the  spread among  s amp l i ng 

s i t e s  i n  r e l at i on to  t h e  i nc i dence o f  common l e af s pot  i n  a l f a l f a  

f i e l d s .  B a s u  and h i s  c o l l e ag ues app l i ed the  fo l l ow i ng methods  for 

s amp l i ng ( F i g u re 1 - 1 ) :  i )  t h ey s amp l ed 10 approx i mate l y  eq u a l l y­

s p aced s i te s  l oc ated o n  a l ong W- s h aped p ath  cover i ng t h e  ent i re 

f i e l d ;  i i )  t h ey demarc ated a squ are are a  of 1 acre i n  one  o f  4 

q u ad r ants  c ho s en arb i t r ar i l y  and w i th i n  t he  area  1 0  equ a l l y- s p aced 

s amp l i ng s i tes  were l oc ated a l ong  a W - s h aped path ; i i i )  t h ey s amp l ed 

1 0  eq u a l l y- s p aced s i tes l oc ated a l ong  the  90 m d i agon a l  of the  s ame 

d emarcated area  of method ( i i )  and  i v ) t hey s amp l ed 1 0  eq u a l l y  s p aced 

s i te s  from e ac h  of  four 90-metre paths l oc ated a l ong  the f i e l d  

d i ago n a l s ,  e a c h  p ath  be i ng h a l fway between the  c entre and a corner of 

t h e  f i e l d .  After an a l ys i s  o f  v ar i ance  as s oc i ated wi th  f i e l d s ,  p ath s 

w i t h i n  the f i e l d and s i tes  w i t h i n  t h e  p ath s ,  t h e  authors  recommended 
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F i gure  1 - 2 :  D i agram s h ow i ng the re l at i ve pos i t i on ( e )  of  f i e l d  

s amp l i ng s i tes  i n  t he  4 s amp l i n g method s of B a s u  

� �. ( 1 9 7 7 ) 

i ) 

i i ) 

i i i ) 

i v ) 
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i ) W-s h aped  p ath - t o t a l  1 0  s i te s amp l es 

i i ) W-s haped  p ath - tota l  1 0  s i te s amp l es from a 1 - acre qu adrant 

i n  t h e  f i e l d  

i i i ) 90-m d i agona l  i n  a 1 - ac re area - tota l  1 0  s i te s amp l es 

i v ) 4 90-m d i agon a l s f rom each q u adrant  - tot a l  of 40 s i te s amp l es 
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t h e  s amp l e  shou l d  be t ak e n  from s i tes  througho u t  the  ent i re f i e l d  such  

as  t h e W- s h aped p ath  o f  1 0  s i te s amp l es ( F i g ure  1 - 1 ( i ) ) .  

1 . 2 . 2 .  S o i l Organ i c  M atter ( L i tter )  

S atc h e l l ( 1 974 ) br i ef l y  def i ned the  l i tter  l ayer as  dead p l ant 

mater i a l ,  or an i ma l  manures wh i ch may be pre sent  on the s o i l s urface . 

Th i s  defi n i t i on i nc l udes  a l l organ i c  mater i a l s der i ved from a n i ma l s or 

p l a n t s  ( eg .  f a l l en l e ave s ,  d ead herbaceous  matter , f l owers etc . ) Th i s  

organ i c  m ater i a l on t he  s urface of t h e  s o i l i s  somet i mes d i v i ded i nto  

t h ree  l ayers . The " L "  ( l i tter )  l ayer i s  t he  uppermos t ,  and norma l l y  

co n s i sts  o f  fresh l y- fa l l en p l ant  mate r i a l  ( n ot  dec ayed ) .  The I I p 

( fermentat i on )  l ayer i s  beneath the  L l ayer and  i s  wh ere act i ve decom­

pos i t i on i s  t ak i ng p l ac e .  The l owermost  " H" ( h umi f i c at i on )  l ayer 

compr i s es more or l es s  amorphous  organ i c  matter ( S atc h e l l ,  1 974 ) .  

I t  i s  becomi ng recogn i sed t h at l i t ter as  a spec i f i c h ab i tat , wi th 

a s p ec i f i c a s soc i at i on of f ung i i s  an  i mportant  part of  eco l og i c a l  

s t ud i es ( C ook e ,  1 979 ) . S uc h funga l  popu l at i on s  are norma l l y der i ved 

from the prev i ous  generat i on of l i tter mater i a l s ,  from s o i l popu l a­

t i on s  and from the  as soc i ated areas o f  p l ant  s u rf aces wh i c h h av e  been 

c o l o n i sed ( Cook e ,  1 979 ) .  

D i ck i n s on et a l . ( 1 981 ) regarded fung i , and i n  part i cu l ar the  

f u s ar i a , as  the  most  i mportant  co l on i sers  among  the  mi croorga n i sms of  

agr i c u l t u r a l  l i tter . L i tter i s  the ma i n  reservo i r  of seve r a l  F u s ar i um 

s p p .  We ar i ng a nd B u rgess  ( 1 9 7 7 )  found  that  F .  gr am i ne arum and F .  

a ven aceum s u rv i ved norma l l y  a s  hyphae  i n  l i tter , and Kommedah l et �. 

( 1 97 9 )  i so l ated f i ve F u s ar i um spp from a s i ng l e  fragment o f  dec ayed 

m a i z e  s t a l k .  

Bec au se  the  fung a l  popu l at i on pers i sts  i n  d i fferent  forms i n  

n at u r e  and bec ause  there  i s  a very w i d e  v a r i e ty of  l i tter components , 

a v a r i ety of  methods  for the  s amp l i ng and proces s i ng of l i tter h as 

been deve l oped . Th e purpose  of the  i nvest i gat i on and the  n at ure of  

the  l i tter ( i . e .  fore s t , ag r i cu l t u r a l  etc . ) are  i mportant  factors  to  

c on s i der  i n  t he  s e l ect i on of  s amp l i ng proced ures . Some i nvest i g ators 

use s e l ect i ve methods  wh i l e others dea l  wi th  l i t ter on a broad base . 

D u r i n g  th e i r  l ong-term study of corn - st a l k rot prob l ems i n  t he  U . S . A . , 



W i nde l s and Kommeda h l ( 1 984 ) s e l ected on l y  rotted corn - s t a l k debr i s 

wh i c h was i n  contact  w i th  the  s o i l .  I n  Au s t r a l i a  Wear i ng and B urge s s  

( 1 9 7 7 )  co l l ected o n l y  weath ered whe at s t u bb l e  l i tter  t o  study � 

grami  nearum ( group 1 )  i n a wh eat f i  e 1 d ,  and 1 ater ( 1 978 ) we ath ered 

m a i ze stubb l e  from a m a i z e  f i e l d .  

Among the  more b road l y- b ased s t ud i e s wh i c h have  been performed , 

Goodfe l l ow and Dowson  ( 1 9 7 8 )  i nc l uded the  th ree l i tter l ayers ( L ,  F 

a nd  H )  i n  th e i r  s amp l i ng of  th e l i tter of a s pruce  fores t .  S amp l es ( 1  

k g  e ac h ) of  each  l ayer were a sept i c a l l y  t r an s ferred to new p o l ythene  

b ag s .  The s amp l es were  then bu l ked and  m i xed  before the  m i cro­

orga n i sms were  a s s ayed . S i m i l ar l y  i n  h i s  i nv e s t i gat i on of the  i n ter­

act i on of b as i d i omycete  decomposers i n  the l i tt er of an area of 0 . 5  

h a ,  Newe l l ( 1 984 ) s u bd i v i ded th e l i tter l ayer i nt o  4 s u b l ayers - L ( 1 . 5  

mm i n  th i c knes s ) , F 1  ( 5 - 1 0  mm ) , F 2  ( 1 0- 20  mm ) and H ( 1 0- 2 5  mm ) 
h o r i zons . Ten r andom s amp l es of l i tter ( 5  g fresh  we i ght ) were co l -

l e cted , mi xed from th e a bove 4 l ayer s , or  1 - 2 g separat e l y ,  every two 

week s .  

1 . 2 . 3 .  Ma i ze  Gra i ns 

S amp l i ng o f  s t and i ng crops poses s i m i l ar prob l ems to those of  

s o i l and l i tter s amp l i ng .  S amp l es of  ma i z e ,  for examp l e ,  m ay be t aken  

r andom l y  from crops  grow i ng i n  the f i e l d ,  d u r i ng h and l i ng ,  d u r i ng 

s t or age etc . 

Becau s e  mo u l d s  ( and  mycotox i ns ) are r are l y  u n i forml y d i str i bu ted 

th roug hout orga n i c  mater i a l s ,  th e i r  oc c u rrence i s  r ather sp asmod i c .  

S amp l i ng techn i qu e  i s  p os s i b l y  the mos t  i mport ant  factor i n  any s urvey 

of fung i  or mycotox i n s  i n  n atura l  produc t s  s u c h  as cerea l s or a n i ma l  

f eed s  ( Smi th  e t  �. , 1 984 ) . 

Genera l  recommen d a t i on s  o n  gr a i n s amp l i ng t echn i q ues  and s amp l e 

s i ze ,  p art i cu l a r l y  from t h e  f i e l d ,  are  not  e asy .  Dav i s  � �. ( 1 980 ) 

s et genera l  gu i de l i ne s  wh i ch are d i s cu s s ed b e l ow,  b u t  these  do not 

comp l ete l y ac h i eve th e i r  purpose as they a s s umed th at l arge s amp l e s 

w i l l  i ncrease  ac curacy .  Th e co st factor wi l l  o f  neces s i ty h ave  to  be  

cons i dered and  reconc i l ed wi th an accept ab l e  l ev e l  of  accur acy . 

34 



1 . 2 . 3 . 1 .  S amp l i ng ma i ze i n  th e f i e l d 

F us ar i um s p p ,  w i th  few except i ons , c an be  r egarded a s  f i e l d  fu n g i  

w h i c h norma l l y  grow on  gr a i n  before h arvest  a n d  d o  n o t  deve l o p further  

i n  stor age . But  s amp l i ng from th e f i e l d  i s  a most  d i ff i c u l t  task  and  

r e l i ab l e  s amp l i ng ,  r epresen t at i ve of the  who l e  f i e l d ,  i s  not error­

f ree ( D av i s  et  �. , 1 980 ) . The  techn i q u e s  wh i c h have been u s ed i n  t h e  

p ast for ma i ze f i e l d  s amp l i ng h ave been v a r i ed and there h as been n o  

s t andard procedu re ( Scott  a n d  K i ng ,  1 984 ) . However , Dav i s  a n d  h i s  

co l l eagues  f ound t h a t  the  coeff i c i ents  of  v a r i at i on i n  an a l yses  of  

a f l atox i n c o u l d decrease  from 1 33% for  a s amp l e of 36  ma i ze ears  to  

8 3% for 1 00 ears a nd 3 9% for  800 ears  where there was a mean  of  1 00 

p pb a f l atox i n i n  t he  gr a i n .  B u t  s u b - s amp l es t aken after h arve s t i ng 

the who l e f i e l d  gave a coeffi c i ent of  v a r i at i on of 2 9% between a l l 

s amp l e s . S i m i l ar l y , Smi th et �. ( 1 984 ) recommended tak i ng a f i e l d  

s amp l e  at h arves t i ng t i me from the  h arvester  o r  from the  l o ad i ng truck  

to  e n s ure good r andom m i x i ng .  I f  i t  i s  neces s ary to  co l l ect a s amp l e  

from growi ng crop s ,  th ey recommend co l l ec t i ng l arge n umbers  of wi d e l y­

d i str i buted u n i t s or seed s .  I n  pract i c e i t  i s  d i ff i cu l t  to f i nd 

i nvest i gators  fol l ow i ng  s uc h  recommendat i on s .  Scott and K i ng ( 1 984 ) 

co l l ected th e top ear  from each  of the  f i r s t  ten  p l ants  of  each  p l ot 

( a  p l o t was  a s i ng l e  5 m l o ng row)  60 days after the m i d - s i l k  s t age  of  

deve l o pmen t .  After  the  ear h ad been  dr i ed at  400C for 5-7  days the  

cobs  were  s h e l l ed and the  kerne l s thoroug h l y  m i x ed .  A r andom s amp l e 

wa s  wi thdrawn and s t ored at 60C u n t i l used . V e sonder et �. ( 1 978 ) 

s amp l ed a m a i ze f i e l d 20  rows i n  from the  ed ge s . From each  of two 

d i agon a l l y  o ppos i te l oc at i on s  1 00 cobs  were exami ned v i s u a l l y  for 

G i bbere l l a  ear  rot . T he  f i rst  20 to  2 5  cobs  s howi ng the  d i sease  were 

c o l l ected , b u t  i n  t he  c a se  of  no  G i bbere l l a  rot be i ng found , a r andom 

20  to 2 5  cobs  were c o l l ected . The cobs  wer e  h and - s h e l l ed ,  put  i n  

p l ast i c  bags  and m i xed by s h ak i ng .  A s amp l e for mi crob i a l and myco­

tox i n a s s ay i ng  was  t hen  removed . 

1 . 2 . 3 . 2 . S amp l i ng s tored m a i ze  

Aga i n  t here i s  no  s t andard method or recommended s amp l e  s i ze ,  and 

i n  mos t  c a ses  the stored gra i n  s amp l e s are co l l ected by non­

myco l o g i st s . However , i t  s eems that  the  stream-cut  tech n i q u e  c ar r i ed 

o u t  d u r i ng th e un l o ad i ng of  s i l o s or b i n s i s  t h e  most re l i ab l e  method 
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( Dav i s  et il. , 1 980 ) . Th i s  method i nv o l ve s  the  c o l l ect i on of  sma l l 

port i on s  of  gr a i n  fr om t h e  mov i ng s tream du r i ng l o ad i ng or un l o ad i ng ,  

a t  per i od i c  i nterva l s ,  and th en comb i n i ng t h e s e  port i ons  as  a s amp l e .  

Other  method s i nc l ude  th at o f  L acey � �. ( 1 980 ) , who recommended 

d r awi ng the  stored s amp l e s from d i fferent d epth s us i ng s amp l i ng 

p robes . Shotwe l l et il. ( 1 9 7 5 )  co l l ected 8 s amp l e s  ( 50- 1 00 g )  fr om 

d i fferent p l aces i n  a sma l l wooden b i n  6 . 5  x 7 f t .  By u s i ng a gra i n  

p robe they ens ured i nc l u s i on of the  top , m i dd l e  and bottom port i on s  o f  

t h e  s ame l oc at i on .  Some l e s s  popu l ar method s of s amp l i ng h ave  been 

r eported , i nc l ud i ng h a nd s e l ect i on of on l y  i nfected kerne l s  from 

s t o r age  cr i bs ( Mara s a s  et  il. ,  1 9 79c ) .  

Act u a l  s amp l e  s i ze h a s  v ar i ed from t h e  70 kg  s amp l e s of Maras a s  

et  il. ( 1 979c ) who co l l ected ma i ze  s amp l es from a gr a i n  e l evator , t o  

th e 50- 1 00 g s amp l e s o f  Shotwe l l et  �. ( 1 9 7 5 )  descr i bed above . 

Wh i t ak er  et il. ( 1 97 9 )  h and l ed 400 s amp l e s o f  1 kg e ac h , c o l l ected 

fr om commerc i a l l o t s , wh i c h t hey t h en comb i ned and s u bd i v i ded i n to  1 0  

sma l l l o ts  ( 40 k g  e ac h )  c a l l ed m i n i l o t s . 

1 . 2 . 4 .  Sub - s amp l i n g and the  N umber of Rep l i c at i ons  

S ub- s amp l i ng i s  necess ary as i t  i s  i mpo s s i b l e  to  proc e s s an  

e n t i re s amp l e .  S u b- s amp l e  s i ze i s  ag a i n  h i gh l y  var i ab l e ,  there be i n g  

n o  s t and ard method . I n deed , the  s ub - s amp l i ng techn i que  c an ad d 

another  error to th e s amp l i ng proced u r e .  

M i l l er � il.  ( 1 983 ) u sed s o i l s u b- s amp l e s o f  0 . 8  g and no rep l i ­

c at i on ,  wh i l s t McKe n z i e and  Tayl or ( 1 983 ) u s ed 1 0  g of  oven-dr i ed s o i l 

and f i ve rep l i c ate  de termi nat i ons . Sturz  and  Joh n ston ( 1 985 ) s ub­

s amp l ed 2 . 5  g of  ove n - dr i ed s o i l fr om each  b u l k ed f i e l d s amp l e  and 

e i g ht rep l i cate p l ates  were prepared . 

For  ma i ze , i t  i s  eq u a l l y  i mport ant  th at s u b- samp l es are represen­

t at i ve of the  who l e .  Th i s  can  be ac h i eved  i n  severa l  ways . On e 

popu l ar  method i s  to  c arefu l l y  m i x t h e  s amp l e ,  e . g .  by ro l l i ng or  

s h ak i ng the  g r a i n i n  a p art l y- f i l l ed j ar or  c l o s ed p l ast i c  b ag t o  

avo i d  l o s s  of s pore s ,  and s ub sequent l y  t ak i ng sma l l s amp l es from 

d i f ferent parts  of  t h e  bu l k s amp l e .  A l ternat i ve l y , b u l k  s amp l es c an 
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be repeated l y  qu artered , d i s c ard i ng the  two oppos i te qu arters , u nt i l a 

s u i t ab l e  s i zed s u b- s amp l e  i s  obt a i ned ( L ac ey � �. , 1 980 ) . 

For the  act u a l  kerne l s to  be proc es s ed t h e  sub- s amp l e  s i ze ag a i n  

s eems to be  arb i tr ary ( Scott  and K i ng ,  1 984 ) . I ken berry ( 1 96 1 ) c i ted 

by Scott and K i ng u s ed a s u b- s amp l e  s i z e  of  on l y  4 kerne l s .  V e s onder  

and  C i eg l er ( 1 9 7 9 ) u s ed 50 kerne l s ,  and Scott  and  K i ng ( 1 984 ) 1 30 

k erne l s .  F a rnworth and Ne i s h ( 1 980 ) used a tot a l  of 300 kerne l s wh i c h 

t h ey p l ated out  on  3 d i fferent med i a .  T h e  rep l i cat i on of s ub- s amp l es 

a l s o  d i ffers w i de l y .  I k enberry ( 1 96 1 ) u s ed one , Mar a s as � �. ( 1 97 7 ) 
two , K i ng and Scott  ( 1 981 ) three and Scott  and K i ng ( 1 984 ) s i x  

rep l i c a t i ons . 

Scott and K i ng ( 1 984 ) c arr i ed out  an i mportant tr i a l  o n  s u b ­

s amp l e  s i ze for m a i z e  kerne l s .  The i r  res u l t s s howed th at a s u b - s amp l e  

s i ze of 1 3  kerne l s  wa s  too sma l l to g i ve a prec i s e est im at i on of  

kerne l s i ntern a l l y  i nfected w i th F .  mon i l i forme . A s ub- s amp l e  s i z e of  

6 5  k erne l s gav e a reasonab l e  e s t i mat i on ,  wh i l e  a s u b- s amp l e  s i ze of  

1 30 kerne l s seemed q u i te s at i sf actory. 

Scott a nd K i ng ( 1 984 ) s uggested th at a 1 00 kern e l  s ub- s amp l e s i ze 

a nd th ree s u b- s amp l e  rep l i c a t i ons  are ad equ ate  for cu l t ur i ng by d i rect 

p l at i ng .  Howev e r ,  a 1 00 kerne l  s u b- s amp l e  s i ze wi th no rep l i c a t i o n s  

i s  t h e  mos t  common method for  the  de tect i on of  Fusar i um s pp a nd  other 

f u n g a l  genera  ( Mar a s as , 1 9 79b ) . 

I n  th e c a se  of  t h e  d i l u t i on- p l at i ng techn i q u e ,  a s u b- s amp l e of  1 0  

g ground  ma i ze ,  w i th  p l at i ng s  of d i l u t i on s  i s  often u s ed ( F l a nn i ga n , 

1 97 7 ) , a l t hough  M i l l er � �. ( 1 983 ) u s ed 1 0  s u b - s amp l es of  ov e n - d r i ed 

ground  ma i z e  of 0 . 5  g ( t ot a l  5 g ) . 

1 . 2 . 5 .  L abor atory S tor age of S amp l es 

Wh i l e  most  i nv e s t i gators  prefer proc es s i ng th e i r  s amp l e s a s  soon  

a s  pos s i b l e after  c o l l ect i on ,  others  h av e  s tored t h e i r s amp l es i n  a 

c o l d p l ace  ( norma l l y  0-40C ) for v aryi ng per i od s .  A few prefer to  

deep-freeze s amp l e s at  - 1 80C .  Unfort u n ate l y t h ere are very few stu­

d i es on  the  effect o f  l ow temperature o n  th e d e ath rate  of m i cro­

o rg a n i sms i n  s o i l s  a nd  l i tters  ( P ark i n son et  �. , 1 9 7 1 ) . I n  ad d i t i on ,  
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t h e  opt i mum stor age  per i od of s amp l e s  i s  not  we l l  k nown , as  there  i s  

n o  ac cu r ate  i nformat i o n on  th e permi s s i b l e  s torage  t i me for d i f ferent  

s o i l s .  P ark i n son  et a l . ( 1 97 1 ) co n s i d ered most  researc hers  to  b e  

r at h er pragmat i c  i n  th e i r  work out - l ook  on  th i s  quest i on .  

L ac ey � �. ( 1 980 ). cons idered t h at  s amp l es shou l d  be proce s s e d  a s  

s oo n  as pos s i b l e  f o l l owi ng  co l l ect i on ,  b u t  i n  contrast  W i nde l s  and 

Kommeda h l ( 1 974 ) d r i ed s o i l s amp l es at room t emperature for 48 h ,  t hen 

s t ored them i n  p l a s t i c  bags  at 80C for a max i mum per i od of  9 mo nth s 

before p roce s s i ng .  

The  common stor age per i od i s  2 -4  week s .  McMu l l en and S t ack  

( 1 983 ) s t ored th e i r  s amp l es  at SoC and proc es sed them wi th i n  3 week s .  

Wear i ng a nd Burge s s  ( 1 97 7 )  st ored s o i l and  l i tter s amp l e s i n  p aper 

b ag s i n the  l a boratory unt i l  proces s i ng .  

Gr a i n  s amp l e s  s ho u l d be st ored at OoC o r  even - 1 80C to  prevent 

c h ange  i n  the m i crof l o r a  i n  cases  where s t or age i s  u n avo i da b l e  ( L acey 

et  �. , 1 980 ) a l t h o u g h  i n  gener a l  gr a i n  w i th  mo i sture content  of  1 3-

1 3 . S% i s  s afe for l o n g - term storage ( Dav i s  � �., 1 980 ) . Dav i s  and 

h i s  c o l l e ag ue s  presented d a t a  about the r e l a t i o n s h i p  between mo i s t u re 

c o ntent , per i od of  st orage , temperature  and n umbers of f u nga l  prop a­

gu l e s / g  gr a i n .  Ma i ze s tored at  OoC for 8 days at 2 1 . 3% mo i s t ure 

c o ntent  s h owed no  c h ange  i n  funga l  propag u l e s .  But when a d u p l i c ate 

s amp l e  was  stored at  2 40C fung a l  propag u l e s  i nc reased l S00- fo l d .  When  

a nother ma i ze s amp l e was  s tored at a MC . .  of  1 2 . 6% at 240C no  ch a nge 

i n  t h e  n umbers  of  f u ng a l  propag u l es  was  n ot i c ed . Dav i s  and h i s  c o l ­

l e ag u es po i nted o u t  th at s amp l es s hou l d prefe r ab l y  be stored a t  OoC ,  

a l t h o ug h  econom i c s  genera l l y  prec l ude th i s  p r ac t i ce i n  l arge s u rveys . 

1 . 3 .  I SOLATI ON TECHN I QU E S  FOR FUSAR I UM SPP  

1 . 3 . 1 .  I s o l at i on P roced ures 

The  s t and ard d i l u t i on - p l at i ng techn i q u e  i s  one of  the  o l d e s t  and 

mos t  u s efu l  techn i q u e s  for qu ant i t at i ve s t ud i es of  fung i , part i cu l a r l y  

i n  t h e  s o i l env i ronment , 

c i sm ( S t ates , 1 981 ) .  

de sp i te severe and  perh aps undeserved c r i t i ­

P ark i nson et a l . ( 1 9 7 1 ) con s i dered th at  th i s  

meth od h a s  i n  many c ases  been i n appropr i ate l y  app l i ed ,  and  t h ey 
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s u g gested t h at  other  techn i q u e s  s uc h  a s  t h e  s o i l -wash i ng techn i qu e  and 

d i rect i so l a t i on  are adequate ,  part i cu l ar l y  for r h i zop 1 ane  fun g i  

( f u ng i a s s oc i ated w i t h  roots ) . 

The  so i l p l ate techn i q u e ,  norma l l y  u s ed for fast- growi ng fung i 

wh i c h are present a s  s pores , h a s  for  s ome fung i been found t o  be 

b etter th an t h e  st and ard d i l u t i on - p l a t i ng  techn i q ue ( Warcup , 1 9 5 7 ) . 

McMu l l en and Stack  ( 1 983 ) comp ared t h e  u s e  o f  the  so i l  p l ate techn i q ue  

w i t h  others bec ause  i t  seemed to  be l e s s  t i me co nsum i ng . The i r  con-

c 1 u s i ons  after pre l i m i n ary s t ud i es were th at th ere was  no d i fference 

between the  n umbers  and types of F u s ar i um spp wh i ch cou l d  be i s o l ated 

by eac h  techn i q u e .  

E n umerat i ng gra i n  fung i c a n  b e  c a rr i ed out e i ther by p l a t i ng 

who l e  gra i n s  ( d i rect p l at i ng ) , by ser i a l  d i l u t i on of was h i ng s  from the  

who l e  gra i n ,  or  by d i l u t i on of a s u s pen s i on of  commi nuted gr a i n ( Sm i th 

� �. , 1 984 ) . 

By u s i ng th e d i l u t i on -p l at i ng tec h n i q u e  and s u i t ab l e  rep l i c at i on ,  

th e funga l  v i ab l e  counts  a s  co l ony form i n g  u n i t s ( CFU ) can  be obt a i ned 

u s i ng med i a  s uc h  as N a s h  and Snyder ' s  ( 1 962 ) peptone-pent ac h 1 0ro­

n i trobenzene ( PCNB ) ag ar  for F u s ar i um or potato dextrose agar  ( PDA ) 

for  fung i i n  gener a l  ( see Sect i on 1 . 3 . 2 ) . 
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P r i ce ( 1 984 ) s ug gested that the  a c c u r acy of me as ur i ng the presence 

o f  F u s ar i um i n  the s o i l i s  a funct i on o f  the techn i que , wh atever s e l ec­

t i ve med i um i s  u s ed and wh atever the  n umber of propag u 1 es/ g . Muc h 

de pend s  upon t h e  pretreatment o f  th e s o i l  before d i l ut i on and the  

d i l u ent u sed . Both  the  number and u n i f ormi ty of d i str i but i on are  muc h 

i mproved wi th more v i s cous  d i 1 u ent s . 

P robab l y  a l l p l ant p atho l og i s t s  u s e  th e d i rect p l ate techn i que  

( M ara s as � �. ,  197 9c ; F arnworth and  Ne i s h ,  1 980 ; Vesonder � �. ,  

1 9 7 8 ) . The  u s u a l  techn i q ue for detect i ng seed- borne p athoge n s  i s  to 

f i rst pre-treat  the seed s to e l i m i n ate  s u rface-borne " s aprophyt i c  

f ung i "  and t h e n , after dry i ng , t o  p l ate  out  o n  s o l i d  med i um 

( F l a n n i gan , 1 9 7 7 ) . 



Smi th et a l . ( 1 984 ) preferred t h e  u s e  of the  d i rect p l a te  tech-

n i q ue  over the d i l u t i on- p l at i ng tec h n i q u e ,  part i cu l a r l y  for s o i l deb­

r i s , p l ant root s ,  l i t ter  and  gr a i n kerne l s .  We a r i ng and B u rges s  

( 1 978 ) i s o l a ted F .  gram i nearum group 2 i n  4 o u t  of 5 s amp l e s by us i ng 

t h e  d i rect p l a t e  tec h n i q u e ,  but  from o n l y 2 o u t  of 5 s amp l e s u s i ng the 

d i l ut i on - p l a t i ng techn i q u e .  

M i s l i vec and Bruce  ( 1 9 7 7 )  found t h e  d i rect p l at i ng tec h n i q u e  to 

be more effect i ve i n  d e tect i ng i nd i v i du a l  f ung a l  spec i es from s oybean 

a nd dr i ed bean s amp l es .  These  authors reported an average of  1 2 . 9  

s p ec i es by d i rect p l a t i ng but  an  a verage  of o n l y  4 . 4  spec i e s by 

d i l u t i on p l at i ng .  A l t h o ugh  d i rect p l a t i ng can  y i e l d  a wi der range  of 

s p ec i es th an d i l u t i on p l at i ng ,  p art i cu l a r l y  for fung i th a t  do not 

produce  abu n d a n t  spores , e . g .  A l tern ar i a ,  E p i coccum and F u s ar i um 

( L acey et �. , 1 980 ) , i t  i s  neverth e l e s s  very common pract i ce for 

myco l og i s t s  to u s e  both techn i q ues  and more th an one med i um to 

i n c rease  the frequency,  dens i ty and d i vers i ty of  F u s ar i um spp  ob t a i ned 

( McMu l l en and S t ac k ,  1 983 ) . 

There are many o t her l e s s  common l y  u sed techn i q ues  wh i c h 

app l i ed depend i ng on t he  type of s ub s t rate  a nd the  a i m  of th e 

L atch  � �. ( 1 9 7 6 )  s t ud i ed the fung a l  popu l a t i on i n  New 

can be  

s t udy.  

Z e a l and 

ryegr ass  pasture  u s i ng th ree techn i q u e s  - herb age wash i ng ,  Brook s pore 

t r app i ng and propag u l e p l a t i ng .  No  one t echn i que gave a comp l ete 

record o f  the  s p ec i e s present . Burg e s s  and L i dde l l ( 1 983 ) i s o l ated 

per i thec i um- prod u c i ng f u s ar i a  by wash i ng o u t  sma l l p i eces of  i nfected 

p l a n t  t i s s ue b e ar i ng per i thec i a  and p l ac i ng t h em on t he  i nner  s i de of  

the  l i d of  an  i nv erted petr i  d i s h  cont a i n i ng water  agar  ( WA )  or  

c arnat i on - l eaf agar  ( CLA ) . The  t i s s u e  was  h e l d i n  p l ace  w i th  petro­

l e um je l l y .  After 24 h i ncubat i on at  2 50C the  ascos pores were 

r e l e as ed on t h e  s urface  of the agar where t hey then  germi n ated . 

1 . 3 . 2 .  Med i a  for I so l at i on and I dent i f i c at i on 

Because  f u ng i v a ry i n  th e i r  n utr i t i on a l  req u i rement s ,  t h e  med i um 

u s ed can be a determ i n an t  of wh i ch s pec i e s are i so l a ted ( P apav i z a s ,  

1 96 7 ) . Se l ect i ve med i a  for severa l  F u s ar i um spp are av a i l ab l e .  

M art i n i s  rose beng a l  agar  ( Mart i n ,  1 95 0 )  c on s i s t s  of 1 0  g dextros e ,  5 

g peptone , 1 g K H2P04 , 6 . 5  g MgS04 . 7H20 ,  20  g agar , 1 , 000 m l  t a p  water 
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a nd  1 : 30 , 000 rose  beng a l  and 30 �g/i  s t reptomyc i n .  Nash  and Snyder ' s  

( 1 962 ) peptone PCNB  aga r  co n s i s t s  o f  1 . 5% D i fco peptone , 2% aga r ,  0 . 1 %  

K H2P04 , 0 . 0 5% MgS04 . 7H20 ,  1 , 000 m l  water , 300 ppm streptomyc i n  and 

1 : 1 00 pentac h l oron i trobenze ne ( PC N B ) .  P apav i z as ' ( 1 96 7 )  mod i f i ed 

p eptone-PCNB  h a s  a s i m i l ar compos i t i on to  N a s h  and Snyder ' s  med i um 

e x cept th at  0 . 5 g oxga l l and 50 mg o f  c h l orotetr acyc l i ne HC l are 

i nc l uded . S ev e r a l  mod i f i c a t i ons  of  N a s h- Snyder med i um have been s u g ­

g e sted ( Kerr , 1 963 ; P a p av i zas , 1 96 7 ; S toner and Cook , 1 96 7 ) , u s i ng 

v ar i ou s  concentra t i ons o f  PCNB  and d i f ferent  ant i b i ot i c s ,  b u t  none  ad d 

a ny rea l  ad v a n t age . 

To eva l u ate  t h ese s e l ect i ve med i a  and  th e i r  effect on t h e  i so l a­

t i on of  Fus ar i um s p p ,  P ap av i z a s  ( 1 96 7 )  t e s ted 1 8  d i fferent med i a  for 

t h e  recovery of f u s ar i a from the s o i l and conc l uded th at the peptone­

P C N B  agar i n  i t s o r i g i n a l  form or i n  a mod i f i ed form was overwh e l ­

m i ng l y  ad v a n t age ou s .  The  s e l ect i v i ty o f  the  med i um depend s o n  the  

P CN B  a s  a good f un g a l  i nh i b i tor  for t he  tro u b l esome fung i ( Mucor and  

R h i zopu s ) .  The  PCNS  a l so h as been  ad ded to  potato  dextrose  agar  

med i um by the  E u ropean Brew i ng Comm i t tee ( 1 98 1 ) for th e i s o l a t i on of  

F u s ar i um spp  from b ar l ey .  

A s  a n  a l t ernat i ve to  PCNS  ( i t h a s  b ee n  reported as potent i a l l y  

c arc i nogen i c  by Andrews and P i t t  [ 1 986 J ) ,  d i c h l oran ( 2 , 6 - d i c h l oro-4-

n i troan i l i ne )  h as been u s ed . K i ng � �. ( 1 9 7 9 )  added d i c h l or an ( 2  

� g/ml ) t o  ro se  benga l med i um and Andrews and P i tt ( 1 986 ) rep l aced t he  

P C NS  i n  N a sh - S nyder med i um by  d i ch l o r an for  i so l a t i ng F u s ar i um s p p  and 

d emat i aceous  hyphomycete s  from cerea l s .  K i ng et �. ( 1 9 79 )  found 

d i ch l oran one o f  t h e  best o f  3 1  a n t i f u ng a l  compound s for a b i l i ty to  

i nh i b i t  fas t - growi ng mou l d s  ( Mucor and  R h i zopus ) ,  wh i l e a l l ow i ng 

g r owth of  oth er  f u ng i ,  p ar t i c u l a r l y  the myco tox i gen i c  fung i . 

L acey a nd Du t k i ewi cz  ( 1 9 7 6 )  con s i dered th at i t  i s  extreme l y  

c r i t i c a l  to c hoo se  a spec i f i c med i um for a l l f u s ar i a .  They found  th at 

p ot ato dex trose  aga r  ( PDA )  was  s at i s f actory for i so l a t i ng s pec i e s of 

t h i s  genus . Wh i l e  not b e i ng a s e l ect i ve med i um ,  i t  gave good counts  

w hen u s i ng i nh i b i tory r e age n t s  s uc h  a s  o x g a l l and  PCNB  to r e s tr i ct the  

g r owth of f a s t - growi ng f u ng i s uc h  a s  the  Zygomycetes . B urgess  and 

L i dde l l ( 1 983 ) ,  h owever , found th at  P DA was u s efu l  on l y  i n  i so l a t i ng 

t h e  s l ow-grow i ng f u s ar i a ,  e . g .  F .  l ater i t i um , F .  decemce l l u l are  etc . 



T h ey con s i dered th at  th i s  med i um ,  i n  common w i th other  r i c h c arbo­

hydrate med i a ,  h ad many d i  s ad v a n t age s  such as i t s tendency to  

encourage t he  growth o f  non-target orga n i sms ( Zygomycetes etc . ) and 

i t s apparent  promot i on of  r ap i d  mu tat i on i n  some F u s ar i um spp . Home­

made PDA i s  preferred by many myco l og i s t s  because  i t  st i mu l ates  spore 

p rod uct i on proc e s s es adequate l y ( Burge s s  and L i dde l l ,  1 983 ; S i tton  and 

C ook , 1 981 ) .  

The car n at i on - l e af  agar  ( C LA ) s ug ge s ted by Toussoun  and  N e l son 

( 1 9 7 6 )  has been  strong l y  recommended by F i s h er � �. ( 1 982 ) and 

B urge s s  and L i dde l l ( 1 98 3 )  a s  an i s o l a t i on med i um as we l l as an  i den­

t i f i cat i on med i um .  I t  i s  not a s e l ect i ve med i um,  but  w i l l  encourage 

t h e  growth and spor u l a t i on of a l arge range of  fu n g i  i nc l ud i ng 

f u s ar i a .  T he  l ow n u tr i ent  l eve l  i n h i b i t s bacter i a l  growth and the  

growth of  t rou b l esome fa st - growi ng f u ng i . Therefore B urge s s  and 

L i dde l l ( 1 98 3 )  r ecommended u s i ng C L A  and P DA med i a  for t h e  i den­

t i f i cat i on of  F u s ar i um spp  and  d i d  not  co ns i der th e u se  of s e l ect i ve 

med i a  was neces s ary for i den t i f i c at i on .  CLA  i s  often f i r s t  c ho i c e for 

i dent i f i c at i on pu rpose s ,  as  i t  promot e s  good growth and s porodoc h i um 

format i on and  produces  u n i f orm co n i d i a of typ i c a l  morpho l ogy ( F i sher 

� �. ,  1 982 ; N e 1  s on � �. , 1 983 ) . 

Doms ch  � �. ( 1 980 ) found oatme a l  agar  ( OA ) , pot ato - s uc r o s e  agar 

( P SA )  and t h e  use of b l ack l i ght or d ay l i ght were good for i nd uc i ng 

s por u l a t i on i n  f u s ar i a .  P SA med i um wa s  a l s o  recommended by N e i s h et 

a 1 .  ( 1 983 ) . 

McMu l l en and S t ac k  ( 1 983 ) i n  t h e i r  c ompar i son of tec h n i q u e s  and 

med i a  u sefu l  for the i s o l at i on of f u s ar i a from so i l ,  roots  and debr i s ,  

f o und th at  t h e  d i ver s i ty of f u s ar i a  wa s  greatest  w i th Mar t i n ' s  rose  

benga l  med i um ,  a l t h o ug h  th i s  med i um s up po rted the recovery o f  severa l  

o t h er fung i , eg o Tr i ch oderma , Pen i c i l l i um ,  R h i zopus and  A spergi l l us .  

I t  i s  not  uncommon to  u se  more  t h a n  two med i a  i n  myco l og i c a l  

i nv e st i ga t i o n s  when  more than  one  f u ng a l  g e n u s  i s  be i ng s tud i ed .  

F a rworth and Ne i s h ( 1 980 ) u s ed 3 d i fferent  s e l ect i ve med i a and  t he  

d i rect p l a te  t ec h n i q u e  for  ma i ze k erne l s - ferr i c  c i t r ate  med i um 

( As pergi l l u s d i fferen t i al :  med i um ,  ADM ) for the  detect i on of  A .  

f 1 avus , tomato  j u i ce agar  - s a l t med i um ( TJS ) for the i s o l a t i on of 
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other storage  f u ng i , and N a s h  and S nyder ' s  ( 1 96 2 ) peptone-PCNB  agar  

for  the i s o l a t i on  of F u s ar i um spp . 

1 . 3 . 3 .  S i ngl e Spore  C u l tur i ng 

S i ng l e  s pore cu l t ur i ng was f i r s t  dev i sed by H . N .  H an s e n  and h a s  

been  recommended by mo st  myco l og i s t s  p art i c u l a r l y  for  t axonomi c p ur ­

poses  ( Booth , 1 9 7 1 ; Tous soun  and N e l s on , 1 9 76 ; Burge s s  and  L i d de l l ,  

1 983 ) . F u s ar i um co l o n i es i n i t i ated from s i ng l e  spores are un i form and 

con s i stent i n  appearance  and th i s  c a n  b e  u sefu l  i n  i de nt i f i c at i on .  

T he  hyp h a l  t i p techn i q ue was a l s o recommended by Burge s s  and  L i d de l l 

( 1 983 ) as  a n  a l t e rn at i ve to  s i ng l e  s p ore i so l a t i o n .  

1 . 3 . 4 .  I nc u b a t i on Cond i t i ons 

Gener a l l y  most  m i croorgan i sms i nc l u d i ng fusar i a ,  grow we l l at  

2 50C - 300e or  a t  room temperature ( Sm i th et  �. , 1 984 ) . D ay l i ght  or  

u l t r a-v i o l et l i g ht i s  regarded as an  i mportant factor for  s poru l a t i on 

and  for d e v e l o pment of  p i gment at i on c h aracter i st i c s ( S nyder and 

H an sen , 1 94 7 ) . Burge s s  and L i dde l l ( 1 983 ) a l ways i nc u b ated th e i r  

c u l t ures i n  a n  a l ternat i ng temperature  ( 2 50e day/20°C n i ght ) w i th a 1 2  

h photoper i od .  The c u l tures  wer e  i nc u b ated 40 cm be l ow a b an k  of 

l i g ht cons i s t i ng of  4 wh i te f l uores cent  tubes ( 40 w) and 1 t ube  of 

b l ack  l i ght  ( 40 w ) . To u s soun and  N e l s on ( 1 976 ) i nc u b ated F us ar i um 

c u l t ures  at  2 0o _ 2 2oe w i th  a 1 2  h a l t e r n at i ng cyc l e  of  l i g ht and  d ark . 

B u t  wh i l e f l u c t u at i ng temperatures are  th e best , a l l t he  F u s ar i um spp 

( ex cept F .  n i v a l e )  grow we l l at  a con st ant temperature of  20o_22oe 

( Ne l son  et �. , 1 983 ) . 

The per i od of  i nc u b at i on c a n  vary from 1 week to 4 week s . 

W i nde l s and  Kommedah l ( 1 984 ) u sed P C N B  agar  w i th  a 1 2  h p hotoper i od 

under  f l uorescent  l amps for 1 - 2 week s before t r an sferr i ng to home-made 

P DA med i um .  T h e  c u l t ures  were l eft for 1 0- 1 4  d ays before f i r s t  exami ­

n at i on .  I so l a t e s  were tran sferred to eLA and i ncubated under  f l uores­

cent  l amps a g a i n  for  4 week s ,  then e x am i n ed for per i thec i a  and  mature 

a s co spores as we l l as  c h l amydo spore s . B oth ascospores and c h l amydo­

s pores  are i mportant i n  the i dent i f i c at i on of  some F u s ar i um spp 
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( Burge s s  and L i dde l l ,  1 983 ) . C h l amydospores  can a l s o  be  produced on 

poor  med i a  s uc h  as WA and CLA or by u s i ng s o i l extr act s  or s o i l p l ates  

( Ne 1 son et  �. , 1 983 ) .  

1 . 4 .  THE F USAR I UM TOX I NS AND FUSAR I OTOX I COSES .  

1 . 4 . 1 .  Th e T ox i n s  of F u s ar i um Spec i es 

Mycotox i n s are genera l l y  c on s i de red to be second ary met abo l i tes  

f ormed by b i oc hemi c a l  pathways wh i c h represent  br anc hes  of  normal  

c e l l u l ar a n a bo l i c  and  c a t abol i c  pathways ( Haye s ,  1 985 ) . C h emi c a l l y  

( Tab l e  1 -4 ) ,  F u s ar i um tox i n s  are re l a t i ve l y  l ow mo l ecu l ar we i g ht , non­

a nt i gen i c  s econdary metabol i tes  c a p a b l e  of  c a u s i ng a tox i c  effect i n  

man and an i ma l s .  T h e  ma i n  F us ar i um tox i n s  wh i ch h ave been found  t o  be 

n atura l l y  produced are those  of t h e  t r i c hothecenes group and zear a l e ­

n one ( lEA ) a nd  mon i l i formi n ( MON ) . T h e  mo s t  i mport ant are  t h e  t r i cho­

t h ecene s ,  wh i ch compr i se a l arge group  o f  about  7 5  chemi c a l l y- re l ated 

a nd b i o l og i c a l l y  act i ve secondary met abo l i tes . A l t hough  posse s s i ng 

common s t r u c t u r a l  feat ures i nc l ud i ng the  tr i cyc l i c  r i ng system 

( tr i chothecane ) ,  t h e  1 2 , 1 3  epox i de group  t r i chothecenes con t a i n  many 

v ar i a t i ons  ( G i l bert , 1 984 ) .  T r i c hothecenes  i n  genera l  are c o l o ur l es s , 

c rys ta l l i ne ,  opt i c a l l y  act i ve and s t ab l e  i n  t he  s o l i d  s t ate  and  c a n  be 

s tored at  room t emperature  for year s  w i thout  l o s s  of act i v i ty ( Snyde r ,  

1 986 ) . 

ZEA i s  struct u r a l l y  d i fferen t  from t he  t r i chothecenes  ( Tab l e  

1 -4 ) , be i ng a n  oestroge n ,  6- ( 1 0-hydroxy- 6 - oxo-trans- 1 - undeceny l ) - S ­

r e sorcyc l i c  ac i d- l ac t one  ( Mi roc h a  e t  �. , 1 977 ) . l EA  i s  t he  on l y  

F u s ar i um myco t o x i n found  usefu l  commerc i a l l y .  Der i vat i ve s  o f  l EA g i ve 

a n  enh anced growth r at e  i n  c a tt l e  whe n  u s ed at  t he  proper t i me and i n  

p r oper amou n t s . 
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T a b l e  1 -4 :  S t r uc t u r e  and some chemical p rope r t i e s  o f  t h e  most common F us a r i um lox i ns ( Ueno , 1 98 3 ;  C o l e  and Cox , 1 981 ) 

M�c o t o x i n  s t ruc t u r e  C omj2ound Abb r .  M . W .  F o rmula R 1  R 2  R 3  R4 R 5  

H H �: *  
H3c T - 2  t ox i n  466 . 2 1 C 24H 340 9 OH OAC OAC H OCOCH2CH ( CH3 ) 2 1I11".R1 

0 H T -2 424 . 20 C2 2H 3 208 OH OH OAC H OCOCH2CH ( CH3 ) 2 

IIIII,"H D i acetoxysc i r penol DAS 366 . 1 6  C 1 9H2 60 7 OH DAC OAC H H 

R4 R2 
Neosoleniol NED 382 . 1 6  C 1 9H2 608 OH OAC OAC H OH 

R3 Monace toxysci rpenol MAS 3 24 . 1 5  C 1 7H2406 OH OH OAC H H 

T r i acetoxysci rpenol T AS 408. 1 7  C2 1 H2 808 OH OAC OAC OH OAC 

�: * 
Deoxyni val enol DON 296 . 1 2  C 1 5H2006 OH H OH OH 

H H N i val enol N I V  3 1 2 . 1 2  C 1 5H 200 7 OH OH OH OH 
H3C .. ""uRi F u s a renon-X FUS-X 3 54 . 1 3  C

1 7
H2 20 8 OH OAC OH OH 

0 D iacety l n i va l e nol DAN 3 9 6 . 1 4  C 1 9H2409 OH OAC OAC OH 

0 lIIun H 3 - ac e t y ldeox y n i va l e no l  

R2 ( Monoacety l DON ) 3 -ADON 3 3 8 . 1 3  C 1 7H2 207 OAC H OH OH 

1 5-acety l deoxynival enol 

( D i ac e t y l  DON ) 1 5-ADDN 380 . 1 8  C 1 9H2408 OAC H OAC OH 

)=( mon i l i fo rmi n MON 1 1 9 . 98 C4H03Na Sod i um s a l t  

1 36 . 0 7 C4H0 3K P o t a s s i um s a l t  

98 . 00 C4H203 F ree a c i d  
R - N a  or K 

OH 
z e a r a l enone Z E A  3 1 8 . 1 4  C1 8H2 20 5 

HO 0 
* � 

T richothecenes (J1 



MON ( 1 - hydroxy- cyc l obut - 1 - e ne-3 , 4 - d i one ) i s  another i mportant  

F us ar i um tox i n .  I t  i s  found a s  e i t her  t h e  s od i um or  pota s s i um s a l t  

a nd i s  s o l u b l e  i n  water . 
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Mo st  F u s ar i um mycotox i n s  are produced by f i ve ma i n  s ect i on s  of 

the ge nus : Sporotr i c h i e l l a ,  L i seo l a ,  G i b bos um ,  Ros eum and D i sco l or 

( S amue l s ,  1 984 ; Vesonder  and Hess e l t i ne ,  1 981 ) .  The maj or i ty o f  t he  

s pec i es be l o ng i ng t o  t he se  s ect i on s  h ave been  found to be common on 

c ere a l  gr a i n s . Tab l e 1 - 5 summar i s e s  t h e  mos t  common F u s ar i um s pp th at 

h ave been found  to b e  t ox i n prod u c er s . 

1 . 4 . 2 .  N a t u r a l  Occ urrenc e 

The ro l e of  F us ar i um tox i n s  a s  a et i o l og i c  agents i n  mycotox i coses  

was  f i rst  reported by  Hs u et � ( 1 97 2 ) when  t hey demo n s t r ated the  

presence  o f  2 p pm of T - 2  tox i n i n  mou l dy ma i ze  a s soc i ated wi th  l e th a l  

tox i coses  i n  da i ry c a tt l e i n  th e U . S . A .  I n  J apan severa l  o u tbreak s of 

red mo u l d t ox i co s i s  i n  h umans and a n i ma l s were attr i b uted to  i ngest i on 

of  gr a i n i nfected by Fus ar i um s pp ( Os b orne , 1 982 ) . Ob v i ou s l y , 

F u s ar i um tox i n s  oc cur  n atura l l y  i n  gr a i ns , p art i c u l a r l y  i n  ma i z e ,  and 

i t  s eems to b e  a s er i o u s  prob l em i n  v a r i o u s  cou ntr i es ( M i l l er et �. , 

1 983 ) . 

I n  p r act i c e ,  on l y  smal l n umbers  o f  mycotox i n s have regu l ar l y  been 

found n at u r a l l y ,  c ompared to  over 200 fung a l  metabo l i te s  wh i c h h ave  

been  s hown t o  be  potent i a l l y tox i c t o  m an and a n i ma l s .  The  maj or i ty 

of  t hese  tox i n s  h a v e  been p r imar i l y  produced i n  c u l t ures  under  

l abor atory cond i t i on s  ( Sm i th � �. , 1 984 ) . 

The l ev e l  of  n a t u r a l  mycotox i n  c o nt ami n a t i on  var i es g re at l y  from 

one coun t ry to another as we l l as w i t h i n  a country.  Th i s  has been 

attr i buted to s evera l factors  and p rob a b l y  the mos t  i mport an t  of  th e s e  

a re  env i ronmenta l  factor s ,  ag r i cu l t ur a l p r act i ces a n d  food hyg i ene 

( WH O ,  1 979 ) . Ob v i ou s l y  th ree ma i n  cond i t i on s  mu st  be fu l f i l l ed before 

mycotox i n c o n t ami n at i on becomes a prob l em :  tox i gen i c  fung i mu st  be  

present , t he  s ub s t r ate  must be  s u i t ab l e  for the i r  growth , and 

env i ronment a l  cond i t i ons  must  a l l ow ad equate  growth for  tox i n  

prod u c t i on ( He s s e l t i n e ,  1 9 76 ) . 



Tab l e  1 - 5 :  The p r i nc i p a l  F u s ar i um spp produc i ng mycotox i n s .  

F u s a r i um s p e c i es 

F .  grami nea rum 

F .  culmorum 

F .  e q u i s e t i  

Mycotoxi ns* 

lEA , DON , 1 5-ADDN , N I V  

T -2 t ox i n ,  DAS ,  TAS , 

MAS , MDN , 3-ADDN 

lEA , DON , 3-ADDN 

( DAS , NED , T - 2  

tox i n  & H T -2 ) ** 

lEA , MDN , T - 2  

t ox i n ,  DAS , NED , 

N I V , F us-X , B u t enol ide 

R e ferences 

M i l l e r  e t  al . ,  1 9 83 ; 

I ch inoe & Kura t a ,  1 98 3 ;  

C h a t t e r j e e  � a 1 . ,  1 98 6 ;  

R a b i e  � �. , 1 986 

Sco t t  et �. , 1 98 7  

I chinoe & Kura t a , 1 98 3 ;  

C o l e  & Cox , 1 98 1  ; 

G reenhalgh � a l . ,  1 986 

Cole & C o x ,  1 98 1 ; 

R a b i e  � �. , 1 98 2 ; 

R ichardson � �. , 1 985 

F .  acu m i n a t um T -2 t ox i n ,  NED , H T - 2 , N I V , I chinoe & K u r a t a , 1 98 3 ;  

DAN , DAS , MON , l E A ,  FUS-X 

F .  poae DAS , NED , T - 2  

tox i n ,  H T - 2  t o x i n  

F .  s po r o t r i c h i oides T -2 & H T - 2  t ox i n ,  

NED , DAS , 

F .  sul phu r eum T-2 & H T - 2  tox i ns ,  

NED , DAS , TAS , MAS 

F .  s o l a n i  NED , T -2 tox i n ,  

H T -2 , DAS 

F .  ave naceum 

F .  samb uc i num 

F .  c r ookwe l l ense 

NED , T-2 toxi n ,  

DAS , MDN 

DAS 

lEA ,  DAN 

R ab i e  e t  �. , 1 98 2 ; 

R i chardson � �. , 1 985 

I ch i noe & Kurat a ,  1 983 ; 

Ueno � .§l. , 1 97 3 .  

Ueno � .§l. ,  1 97 3 ;  

H a rwig e t  a l . , 1 97 9 ;  

C ol e  & Cox , 1 98 1 . 

U eno � a 1 . ,  1 97 3 . 

Ueno � .§l. ,  1 97 3 ;  

M a rasas e t  �. , 1 979a 

Cole & Cox , 1 98 1  

L auren , 1 986 
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T ab l e  1 - 5 ( cont i nued ) 

Fusarium spec i e s  

F .  n i val e 

F .  o xysporum 

F .  tri c i nctum 

F .  mon i l i forme 

F .  subgl u ti nans 

F .  semitectum 

F .  l a teritium 

Mycotoxi ns* 

N I V ,  FUS-X , DAN 

lEA , MON ,  T -2 

tox i n  

lEA ,  T - 2  tox i n ,  

DAS ,  butenol ide 

MON , lEA , DAS , 

T -2 tox i n  

MON 

MON , DAS , T - 2  

tox i n  

T - 2  tox i n  

R e ferences 

I chinoe & K urata , 1 98 3  

Steele e t  �. , 1 976; 

Marasas et al . 1977 ; 

R ab i e  � �. ,  1 986.  

S teele et �. , 1 9 76; 

B otta l ico et �. , 1 984 

Cole & Cox , 1981 . 

Kriek � �. ,  19 7 7 ;  

G hosal � �. , 19 78 . 

T h ie l  e t  a1 . ,  198 2 .  

R a b i e  � �. ,  19 82 , 

C o l e  & Cox , 198 1 . 

R ab i e  � �. ,  1 986 

1 986 

* F u l l  tri v i al names are l i sted in th e Abbrev i ation T a b le 

** A ccord i ng to Greenhalgh � a l . ( 1986 ) , DAS , NEO , T - 2  tox in and HT-
2 t o x i n  product i on by F.  c ulmorum was a n  error , due to an i ncor­

rect c la s s i fi cation of the i solate . 
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Tox i ge n i c  f u s ar i a norma l l y  dev e l o p and re l e a se  th e i r  tox i n  i n  

c o o l , wet weather ,  p ar t i cu l ar l y  du r i ng a utumn and  wi nter , i n  the 

f i e l d ,  and du r i ng s t orage  ( Andrews � �. , 1 98 1 ) .  De s p i te  mo st  

F us ar i um s p p  be i ng d i st i nc t l y  fi e l d f u ng i , there  are some storage 

s pec i es wh i c h appear e i t h er before h arvest i ng or more rare l y  dur i ng 

s t o r age  ( Bu rges s ,  1 98 1 ) .  The i dent i f i c at i on of tox i gen i c  fung i may 

n o t  be of d i agno s t i c  v a l u e i n  i nvest i g a t i on s  of mycotox i co s e s  i f  th ere , 

i s  n o  de tect i on of the mycotox i n  i t s e l f .  B u t  the  presence of a known 

t o x i gen i c  f u n g u s  i n  a rea son ab l e  q u ant i ty does imp l y  s ome d egree of 

h az ard ( Smi th  et �. , 1 984 ) . 

A l t hough  F us ar i um tox i n s  h ave most l y  been found i n  kerne l s  on th e 

c o b s  or i n  s h e l l ed ma i z e , s ome of th e mycotox i n s ( Z EA ,  DON and T-2 

t o x i n )  h ave a l so  been found  i n  ma i ze s t a l k s  ( M i roc h a  � �. ,  1 9 7 9 )  and 

i n  s t a l k s , s t ems and h u s k s ( Young  and M i l l er ,  1 985 ) . 

1 . 4 . 2 . 1 . N at i on a l  S urveys 

Muc h o f  th e i nformat i o n now kn own about the F u s ar i um mycotox i ns 

and mycotox i coses  has been obt a i ned e i ther  from the s t udy of i s o l ated 

o u tbreak s of  a n i ma l  d i sease  on the  f arm or from t he  a s s ay of s e l ected 

s amp l e s of feed s and feed s t u ffs ( Ep p l ey ,  1 982 ) . There  h ave  been 

genera l  s urveys o f  the mycotox i n  contami n a t i on o f  feeds  i n  on l y  a few 

co u n tr i es .  

A s  a r e s u l t  of  a n a t i o n a l  s urvey i n  C a n ad a  dur i ng 1 9 78 and 1 979  

c arr i ed out  by a v ar i ety of  gov ernment , un i vers i ty and  p r i v ate agen­

c i es ( And rews et  �. , 1 98 1 ) ,  i t  was determi ned t h a t  mo s t  mycotoxi n 

cont ami n at i on of  ma i ze and wheat  i n  Western  C a n ad a  ( Br i t i sh Co l umb i a  

and t h e  p r a i r i e s )  was a s s oc i ated w i th h i gh moi sture  cerea l s ,  p art i c u ­

l ar l y  when  th ere h ad been de l ayed h arve s t i ng or  t h e  g r a i n was l eft 

overwi n ter i n  the  f i e l d .  T-2  tox i n and oc hratox i n were  t he  most 

prev a l ent  i n  these  areas  b u t  ZEA was common i n  South  Man i toba  and 

deoxyn i v a l eno l  ( DON ) was  common i n  the Quebec reg i on .  DON was  a l so 

found i n  wh i te w i nter crops i n  Ontar i o  at  the l ev e l  of  85 ppm du r i ng a 

ge ner a l  s urvey i n  1 980 reported by Tren h o l m  � �. ( 1 98 1 ) and DON 

s eems to be  t he  most s i gn i f i cant  mycotox i n  i n  C a n ad a  ( Scott , 1 984 ) . 



The re s u l t s  of t h e  1 980 ge nera l  s urvey i n  C anad a  provoked a n  

i mmed i ate  s urve i l l ance  progr amme i n  t h e  U . K .  f o r  DON i n  feed and 

m a l t i ng b ar l ey a nd i n  i mported ma i ze ( G i l bert � �. , 1 983 ) . Th e s e  

i nve st i ga t i o n s  s howed t h at i n  b o t h  feed a n d  ma l t i ng b ar l ey 90% of  

s amp l e s were  contami n ated at  l eve l s of  l es s  t h an  0 . 02 ppm.  On l y  a few 

c o n t a i ned DON at  l eve l s above 0 . 02 and up to 0 . 36 ppm . A tota l  of 36% 

of i mported ma i ze  s amp l e s were contami n ated , 25% at  a l ev e l  of l e s s  

t h an 0 . 02 ppm a n d  1 0% from 0 . 02 t o  1 . 4 ppm .  

F urth er  s urveys i n  t h e  U . K .  i nv e s t i gat i ng h ome- grown wheat from 

t h ree h arve s t s  ( 1 980- 1 982 ) ,  and i mported wheat s amp l e s ,  were reported 

by Os borne and W i l l i s ( 1 984 ) . A t o t a l  of  2 32  s amp l es were an a l ysed 

for  the presence  of  seven t r i c hoth ecenes : n i v a l eno l  ( N I V ) , f u s arenon­

X ( FUS -X ) ,  neo s e l a n i o l  ( NEO ) , d i acetoxys c i rpenol  ( DAS ) , DON , T-2  tox i n 

and  HT -2 . On l y  DON was  detected . Of  the 1 99 U . K .  home- grown wheat 

s amp l e s ,  on l y  3 2  cont a i ned DON at  l ev e l s r ang i ng from 0 . 02 to  0 . 4  ppm.  

O u t  of 33 i mported wheat  s amp l e s 23 were found to be  contam i n ated , at  

l ev e l s r ang i ng from 0 . 02 to  1 . 32 ppm .  Recent l y ,  Tanaka  et �. ( 1 986 ) , 

u s i n g more s en s i t i ve meth od s ,  detected 3 F u s ar i um tox i n s  ( DON , N I V  and 

l EA )  i n  U . K . - g rown cere a l s ( wh e at and b ar l ey )  a t  freq uenc i es of 6 5 ,  55  

and  1 3% of s amp l es respect i ve l y .  

I n  Au s tr a l i a  a s urvey for severa l  mycotox i n s ( af l atox i n ,  

o c h ratox i n  A ,  zeara l enone , s ter i gmatocys t i n  and T-2  tox i n )  was  c arr i ed 

o u t  i n  e i g h t  d i str i ct s  o f  North  Queen s l and ( B l aney et �. , 1 984 ) . 

S amp l e s from m a i ze  h arvested du r i ng 1 982 were co l l ected from a l o ad i ng 

t r uc k . lear a l enone h ad c o n t ami n ated 85% of  the  2 93 s amp l e s .  No other 

mycotox i n s  were detected . 

Severa l  s u rveys h ave  been  c arr i ed o u t  i n  d i fferent s t ates  of t he  

U . S . A .  t o  d e termi ne th e l ev e l  of  myco tox i n s occurr i ng i n  ma i z e .  

Shotwe l l ( 1 9 7 7 )  reported th at  af l atox i n  was  detected i n  3 1 %  of  1 283 

t r uc k - l o ad s of wh i te corn  from seven cou n t i e s  i n  South - E a s tern 

M i s so ur i . Another s u rvey i n  the southern  s t ates  ( E pp l ey et �. , 1 9 74 ) 

s h owed th at  1 7% of  2 23 s amp l e s a na l ysed were con t ami n ated w i th lEA . 

H ag l er � �. ( 1 984 ) reported three mycotox i n s contami n at i ng wheat c rops  

from four  s t ate s . DON was  i dent i f i ed i n  3 1  o u t  o f  33 s amp l es and the  

l ev e l  of  c o n t ami n at i on r anged between 0 . 1 2 and  5 . 5  ppm .  A l s o  23  

s amp l e s were  c o n t ami n ated w i th af l a tox i n B 1 , at l eve l s r ang i ng from 

0 . 8  t o  1 7 . 0  ppm . 
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Z EA  was found  i n  3 o f  th e 33 s amp l e s ,  wi t h  th e h i ghest  l eve l of  

c o n t ami n at i on b e i ng 254  p pm .  

I n  J apan , d a t a  accumu l ated between 1 9 76 a nd 1 982 on t he  n atura l  

o c cu rrence of  mycotox i n s s howed th at DON  and  N I V  contami n at i on was  a 

major  pro b l em i n  J apan ' s  domes t i c  b ar l ey and wheat . Over  200 s am­

p l e s were exami ned and 74 . 6% were pos i t i ve .  Wheat  and b ar l ey gr a i n s  

p u rc h ased by  the  gove rnment  i n  1 981  and 1 982 were  a l so contam i n ated by 

DON  and N I V  at a l ev e l  of 80% of s amp l e s exam i ned ( Yo s h i z awa , 1 984 ) . 

N a t i o n a l  s urveys o f  mycotox i n s  and mycotox i co ses  c an th u s  be very 

i mportant  i n  estab l i s h i ng poten t i a l  pro b l ems f ac i ng l i vestock 

p roduc ers  ( And rews et �. , 1 981 ) .  

1 . 4 . 2 . 2 .  N atura l l y  contam i n ated c erea l s and  feed s tuffs 

A .  Z e a r a l enone 

ZEA  h a s  been wel l k n own and we l l  doc umented a s  a F u s a r i um myco­

t o x i n i n  many countr i e s . I t  was  detected i n  h ay at a l eve l  of  1 4  ppm 

i n  E n g l and , fr om ma i ze i n  F r ance , Yugo s l ov i a , U . S . A . and Eng l and at 

l eve l s  rang i ng from 0 . 1  to 206 ppm and from a n i m a l  feed s at  l ev e l s of 

0 . 01 to 2900 ppm i n  U . S . A .  ( S hotwe l l ,  1 97 7 ) . Agnew � a l . ( 1 986 ) 

f o u nd  a l l o f  1 2  New Z e a l and  wh eat s amp l e s were co n t ami nated w i th  ZEA . 

Z E A  h as al so  been found n at u r a l l y  i n  p as t ure . d i  Men n a  et �. ( 1 985 ) 

f o u nd th at Z EA  was  a n at u r a l  contam i n ant  of New Z e a l and  pasture grass  

l e ave s a t  l ev e l s  of 0 . 6 - 2 . 6  p pm .  

Z EA  fou n d  i n  a n i ma l  feed s or i g i n a l l y  come s from contami n ated 

m a i z e  or bar l ey ,  ac cord i ng t o  Smi th e t �. ( 1 984 ) . T h i s  conc l u s i on 

w as reached fr om d a t a  co l l ected by t he  Veter i n ary Serv i ce s  B r anc h ,  

O n t ar i o ,  C a n ad a  o n  2 , 02 2  feed stuff s amp l es tes ted  between 1 972 and 

1 97 7 , i nd i cat i ng t h at ZEA was present i n  2 7 7  s amp l e s ( 1 4% )  and was th e 

most  s i gn i f i c an t  mycotox i n a s soc i ated w i th ma i ze crops . The 

c o n t am i n at i on l ev e l  f l u c t u ated from year to year . Af l atoxi n ,  

o c h r atox i n and T-2  tox i n were a l s o  detected i n  s ome s amp l es b u t  not  i n  

s i gn i f i cant  amount s  ( F unne l l ,  1 97 9 ) . 
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Severa l  F us ar i um s pec i e s s uc h  a s  F .  grami near um , F .  c u l morum,  � 

t r i c i nc t um ,  F .  oxys porum , F .  s porotr i c h i o i des  and F .  mon i l i forme h ave  

b een  common l y  reported a s  l EA  prod u c ers  ( WH O ,  1 979 ) . These  spec i es 

u s u a l l y  attack  th e d ev e l o p i ng s eed s d u r i ng a peri od o f  heavy r a i nfa l l 

p art i c u l a r l y  at l ow t emperatures  ( 1 2- 1 4oC ) . The genera l  s u rvey of  

m a i z e h arves ted d u r i ng 1 982 i n  North Queens l and , A u s t r a l i a , reported 

by B l aney et �. ( 1 984 ) , s howed th at  85% of  th e s amp l es exami ned ( 2 93 

s amp l e s )  were contami n ated wi th lEA . The mean concentrat i on i n  a l l 

s amp l e s was  0 . 1 7  ppm, b u t  t h ere were four  s amp l es i n  wh i c h t he  concen ­

t r at i on ex ceeded 1 ppm .  Th ere was  a pos i t i ve corre l a t i on between t he  

amount  of  r a i nfa l l d u r i ng t h e  per i od o f  ma i ze growth , G i bbere l l a  zeae 

cob rot a nd the lEA co n t am i n at i on ( B l aney � �. , 1 984 ) . 

B .  Tr i chothecenes  

These  tox i n s  are p rod u c ed mos t l y  by F u s ar i um spp  b u t  a l s o  by some 

s pec i es of other fung a l  genera  s uc h  a s  Myrothec i um , Stachybotrys and 

Tr i c h oderma ( E pp l ey ,  1 9 75 ) .  Ueno ( 1 9 77 ) reported over 1 8  s pec i e s of 

t h e  genus  F u s ar i um as b e i ng  t r i chothecene�  produ cers  under l aboratory 

cond i t i on s  a nd one i s o l ate  co u l d prod u c e  more th an one F u s ar i um tox i n .  

Over  75 t r i chothecenes  h av e  been i s o l ated and c h aracter i s ed ( G i l bert , 

1 984 ) , and 6ijer� 47 o f  t h em are n a t u r a l l y- oc c u rr i ng ( S nyder , 1 986 ) , 

b u t  on l y about  1 5  are b i o l og i c a l l y  act i ve ( Bott a l i co et �. , 1 984 ) . 

T he  pr i nc i p a l n atura l l y- oc cu rr i ng t r i c hothecenes  are N I V , FUS- X ,  DON , 

3 -ADON , DAS , T-2  toxi n a nd HT-2 tox i n ( Rosen  and Rosen , 1 984 ) and 1 5 -

ADON  ( Abbas  et �. , 1 986 ) . E p p l ey ( 1 982 ) l i s t ed other t r i chothecenes 

as oc curr i ng n atura l l y , s uc h  as d i acetyl n i v a l eno l , d i acetyl deoxy­

n i v a l eno l , d eoxyn i ve l e no l  a cet ate , acetoxysc i rpen d i o l , 4- acetoxys c i r­

pend i o l and  neoso l an i o l . These  t r i c hothecenes  are l es s  frequent l y  

r eported because  they are  not  commerc i al l y av a i l ab l e ,  i t  i s  d i ff i c u l t 

t o  s creen for  t hem and th ere h a s  been a l ack  of  exten s i ve exami n at i on 

( Sm i th � �. , 1 984 ) . 

On l y  four  o f  t he  t r i c hothecenes ( DON , T-2  tox i n ,  DAS and N I V )  are 

freq uent l y  reported from cerea l s a nd m i xed feed ( Ueno , 1 9 7 7 ) . The 

p redomi nant c o n t ami n a n t  among these four tox i n s  i s  DON , p art i cu l ar l y  

i n  ma i ze ( P ath re  and M i roc h a ,  1 9 79 ) . DON and lEA most freq u ent l y 

o cc ur . t ogether i n  ma i ze ( Shotwe l l � �. , 1 980 ; Ves onder and 

C i eg l er ,  1 9 7 9 ) . DON , lEA and N I V  h ave  common l y  been found i n  wheat 
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s amp l e s i n  N ew Ze a l a n d  ( Agnew e t  �. , 1 986 ) a nd i n  b ar l ey a n d  wheat 

s amp l es from Japan , T a i wan  and C h i na ( Ueno et �. , 1 986 ) . DON , 1 5-

ADON a n d  Z EA were found  together i n  two U . S . A . ma i ze s amp l es wh i ch h ad 

been  a s soc i ated w i t h  feed refu s a l  ( Abbas  et �. , 1 986 ) . 

Th e n at ura l  occurrence of DON i n  Canad i an gr a i n s h as  been we l l  

doc umented by sever a l  authors . N at i on a l  s ur veys at d i fferent t i mes 

i nd i c ated t h a t  t h e  l ev e l  of contam i n a t i on w i t h  DON i n  O ntar i o  soft 

w i n ter wheat  r anged from 0 . 22-0 . 74 p pm ,  from Q uebec h ard s pr i ng  wheat 

0 . 33-3 . 0  ppm and i n  wh e at from the  Mar i t i me P ro v i nces  0 . 1 3 - 0 . 47  ppm.  

M a i ze was  a l so  c o n t am i n ated w i t h  DON to  a l ev e l  o f  0 . 2 -0 . 62 ppm 

( Sc o t t , 1 984 ) . 

DON w a s  the  ma i n  mycotox i n  cont am i n at i ng both domest i c  and 

i mported gr a i ns  i n  the U . K .  ( G i l bert � �. , 1 984 ) . 

Vesonder  et  a l . ( 1 9 78 ) reported 24  o u t  o f  52  preharvest  ma i ze 

s amp l es from Northwe st  Oh i o ,  U . S . A . were co n t am i n ated w i th  DON . The se  

s amp l es c ame from a d e l ayed h arvest u nder  wet weather  a nd  the  crop was 

e xten s i ve l y  contami n at ed w i th  F u s ar i um spp .  Y o s h i z awa ( 1 984 ) found 

DON  a nd N I V  to be n atu r a l  contam i n ants  of J a p anese  gr a i n  ( wheat  and 

b ar l ey ) . T h e i r  d at a ,  wh i ch were c o l l ected between 1 976  and  1 982 , 

i nd i c ated t h at 74 . 6% ( of 205 s amp l e s )  o f  domest i c  gra i n s  were 

c o n t am i n ated at a l ev e l  r a ng i ng from 0 . 3  ppm to o ver 2 ppm. A s i mi l ar 

l ev e l  h ad been found  i n  g ra i n i mported d ur i n g 1 981 - 1 982 w i t h  an 

o v e r a l l freq uency of 80% of s amp l es contam i n ated . 

On  v ery r are 

n at u r a l l y  t ogether  

occas i on s  DON  and  T-2  

i n  c ere a l s .  I n  Canad a , 

t ox i n  

t h e  

h ave 

two 

been 

tox i ns  

found  

have  

o c c a s i on a l l y  been  l i nked  w i th  l i vestock  tox i co ses  and ref u s a l  of  feed 

( Ne i s h et �. , 1 982 ) . Recent l y ,  DON h as been  found  contam i n at i ng 

a b o u t  60% o f  breakfast  cerea l s  ( 60 s amp l es )  at a n  aver age l eve l o f  1 00 

p p b  ( Tr u c k s e s s  � �. ,  1 986 ) . 

There  are  severa l  reports wh i c h i nd i cate t h a t  T-2  tox i n h as been 

i nv o l ved  i n  a n i ma l  and h uman  mycotox i coses . The f i r st  major outbreak , 

k nown a s  a l i ment ary tox i c  a l euk i a  ( ATA ) , occurred i n  t he  S ov i et U n i on 

b etween 1 94 1 - 1 94 7  ( Joffe , 1 978 ) . H s u  et a l . ( 1 9 7 2 )  reported that  

mou l dy m a i z e  a s soc i ated w i t h  a l et h a l  tox i cos i s  i n  da i ry c a tt l e was 

c o n t am i n ated w i t h  2 ppm of T-2 t ox i n .  Cases  of  mou l dy gra i n tox i cos i s  



wh i c h i nv o l ved duc k s ,  gees e ,  h or se s  and sw i ne were attr i bu ted t o  t he  

presence of  2 5  ppm of  T-2  tox i n i n  t he  gr a i n  ( P u l s a n d  Greenway, 

1 9 76 ) . 

M i roc h a  et a l . ( 1 9 76b ) found t h a t  i n  ad d i t i on to T-2  tox i n ,  DAS 

and DON cont ami nated m i x ed feed s amp l e s from d i fferent s t ates  of t h e  

U . S . A . T - 2  tox i n ,  a t  l ev e l s o f  0 . 076  ppm was  found  i n  o n e  m i xed feed 

a s soc i ated wi th b l oody s t oo l s i n  c att l e .  DAS was found i n  two m i xed  

feed  s amp l e s  a s soc i ated  w i th h aemorr h ag i c  bowe l synd rome i n  swi ne . 

T he  l eve l  of  contami n at i on was  0 . 380-0 . 500 ppm . From I nd i a , Ghos a l  � 

a l . ( 1 9 78 ) reported T - 2  t ox i n ,  DAS a nd lEA i n  sweet corn i nfected wi th  

F .  moni l i f orme growi ng i n  t h e  f i e l d .  The l eve l s of co ntami n at i on were 

4 � g / g ,  1 4  � g / g  and 1 6  � g / g  for T-2 tox i n ,  DAS and lEA res pect i ve l y .  

J emma l i  e t �. ( 1 9 78 ) reported th at T-2 tox i n as we l l as  th ree oth er  

F u s ar i um tox i ns ( N I V ,  DON and lEA )  occu rred n at u r a l l y  i n  ma i ze s amp l e s 

a s soc i ated w i th i nfert i l i ty and refu s a l  symptoms i n  swi ne i n  F r anc e .  

The  l eve l  o f  contami n at i o n w i th T-2  tox i n was  r e l at i ve l y  sma l l a t  0 . 02 

ppm .  

Thu s ,  th e n atura l  occu rrence o f  t r i chothecenes  i n  food s t uffs and 

a n ima l  feed h as been of  concern to  hea l t h  a uthor i t i e s i n  v a r i ous  p ar t s  

o f  th e wor l d  ( I c h i noe  � �. , 1 983 ) . 

c .  Mon i l i f ormi n ( MO N ) 

Th i s  mycotox i n  wa s  found  for t he  f i rst  t i me to  occur  n at u r a l l y  i n  

two m a i ze s amp l e s i n  a S o u th Afr i can  crop by Th i e l et �. ( 1 982 ) . The 

l eve l s of  contami n at i on were 1 6  a nd 2 5  p pm .  Two other F u s ar i um 

tox i n s ,  DON and lEA ,  were a l so i so l ated from t he  above s amp l es . A 

myco l og i c a l s t udy of t h e  two s amp l e s reve a l ed t h at F .  grami n e arum ,  F .  

mon i l i forme and F .  

two spec i es are 

( Marasa s  � �. , 

o f  mon i l i f ormi n 

i so l ates  by Kr i ek 

s ubgl u t i n ans were  the  ma i n  i so l ates . The  l atter  

among the  most prev a l ent  fung i i n  ma i ze wor l d -wi de 

1 979c ) .  Under l abor atory cond i t i ons  a l arge amount  

( 1 1 . 3 g/kg  mai ze ) was  produced by F .  s ubgl u t i nans  

� �. ( 1 9 77 ) ,  and Steyn et �. ( 1 978 )  reported 2 to  

1 6  g o f  mon i l i f ormi n / k g  ma i ze .  Other  F u s ar i um s pp h ave  a l s o  been 

found to  b e  good mon i l i formi n prod u cer s ,  n ame l y  F .  avenac eum , � 

ac umi n atum , F .  oxyspor um , F .  s emi tec tum ,  F .  eq u i s e t i  and F .  c onco l or 

( R a b i e  et �. , 1 982 ) . 

54  



Recen t l y Th i e l � �. ( 1 986 ) found t h at ma i ze s amp l es from the  

U . S . A .  were n a t u r a l l y  cont ami n ated wi th  MON ( 2 . 8 7 ppm ) and f u s ar i n C 

( 0 . 39 ppm ) . 

1 . 4 . 3 .  E ffec ts of F u s ar i um Tox i ns on Human and  An i ma l  H e a l t h  

F us ar i um s pp h av e  for many years been reco gn i s ed a s  be i ng w i de l y  

p resent  i n  c erea l  g r a i n ,  and cons umpt i on o f  mou l dy gr a i n s by e i ther  

h umans  or an i ma l s h a s  res u l ted i n  a v a r i ety of  he a l t h  prob l ems . 

D u r i ng the  s econd h a l f o f  the  e i ght eenth cent ury Woron i n  ( 1 891 ) , c i ted 

by  M i roc h a  ( 1 984 ) ,  de sc r i bed outbre ak s o f  h uman mycotox i co s i s  i n  both 

Sweden  and E a s tern  U . S . S . R .  The mai n symptoms were d i z z i ne s s  or 

s t ag g e r i ng a fter co n s umpt i on of  bread made from mou l dy gr a i n .  The 

c erea l  d i sease  a s s oc i ated wi th these  symptoms was ' s c ab ' or b l i g ht 

c a u s ed by F u s ar i um . The mycotox i co s i s  can s t i l l  be a prob l em today ,  

a nd  i t  h as b een demo n s t r ated th at i ngest i on o f  bre ad made from mou l dy 

rye can res u l t i n  h e ad ac h e ,  d i z z i nes s ,  s h i ver i ng ,  vomi t i ng ,  d i s t u r ­

b an c e  o f  v i s i on a n d  genera l  mal a i s e .  An i m a l s s uch a s  dog s , horses , 

p i g s a nd c h i c kens  are  a l s o  s u scept i b l e  ( M i roc h a ,  1 984 ) . 

Severa l  other  o u tbreak s of myco tox i co s e s  a l l around t he  wor l d 

h av e  been a s s oc i ated  w i th  F u s ar i um tox i n s ,  and  i n  part i cu l ar the  

t r i c hoth ecenes , as  s ummar i sed by  P ath re and  M i r oc h a  ( 1 979 ) and  Os borne 

( 1 982 ) .  T hese  i nc l ud e  t a ume l getre i de tox i c o s i s  and a l i ment ary tox i c  

a l e uk i a  ( ATA ) i n  man , h o r se  and p i g  ( U . S . S . R . ) ; s tachybotrotox i co s i s  

and  dendrodoc h i atoxi c o s i s  i n  horses  ( E u rope ) ; bean-hu l l  tox i co s i s  i n  

h or se s  and red mou l d tox i co s i s  i n  horses , s w i ne and cows ( J ap an ) ; 

mou l dy corn t ox i cos i s  i n  swi ne and cows ( U . S . A . ) ; oesoph age a l  cancer  

i n  man  ( Tr anske i ,  South  Afr i c a ) ; degra l a d i s e a s e  in  cows ( I nd i a ) a nd 

F u s a r i otox i cos i s  i n  d uc k s ,  geese , horses and sw i ne ( C a n ad a ) ( Tab l e  1-

6 )  . 
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T ab l e  1 -6 :  Some F us a r i ot o x i co ses assoc i a t ed wi th cereal g r a i n  a nd a n ima l fe edstu ffs .  * 

F us a r i o t o x i co s i s  

T aumel ge t r e i de 
t o x i cos i s  

A l imen t a r y  t o x i c  
a l e u k i a  ( A T A ) 

B ean-h u l l 
t ox i co s i s  

Red mou l d  
t ox i co s i s  

M o u l d y  corn 
t ox i c o s i s  

F us a r i ot o x i c o s i s  

O sophag e al 
c a nc e r  

L eukoencephal o ­
mal a c i a  

C o u n t r y  

S i b e r i a  

USSR 

J apan 

J a pa n  

U . S . A .  

C a nada 

T r anske i 

U . S . A .  , 
E g y p t , 
C h i na , 
S .  A fr i c a  
U . S . A .  

* L argely presump t i ve 

T ox i n ( s ) 
imp l i ca ted 

T r i chot h ecenes 

T-2 t ox i n  

T - 2  t ox i n ,  
NEG 

DON , N I V  

DON , DAS ,  
T -2 t o x i n  

T r i cho thecene 

DON , Z E A ,  
MaN 

C u l t u r e  o f  
F .  
mon il i forme 

T y pe o f  
ce r e a l s  

R y e  

Wheat , o a ts 
b a r l e y ,  r y e  

B e a n  hu l l s 

Wheat 

M a i z e  

B a rl e y  

M a i z e  

M a i z e  

F ung j i so l a ted 

G. s a ub i ne t t i  

A n j ma l s  
a f fc c L ed 

M a n ,  horse , 
pig ,  fowl 

F .  spo r o t r i c h i o i des M a n , ho rse , 
p i g  

F.  sol ani Horse 

F .  graminearum 

F .  roseum , 
F .  t r i c i nc t um 

G .  zeae 

F .  grami nearum 
F .  mon i l  i forme 
F .  s ubgl u t i nans 

F .  moni l i forme 

M a n ,  horse , 
swi n e ,  cow 

Cow , swi ne 

Duck s ,  geese 
ho rse , swine 

M a n  

Horse , mul e ,  
donkey 

Symp toms 

Headache , ch i l l s  
nausea , vomi t i ng 

Vomi t i ng ,  d i a r rhoea , 
s k i n  i n flammat i on ,  
l e ukopen i a , a ng i na 

Conv u l s ions , 
cyc l ic movement 

Vomi t i ng ,  d i a r rhoea , 
eme s i s ,  abor t i on 

Eme s i s ,  haemorrhage , 
re fusal o f  feed 

E m es i s ,  r e fusal o f  
feed , exces s i ve 
sal i v a t i on ,  t h i rst 

O e sophageal 
tumours 

N e rvous depression,  
incoordi n a t i on 
l iq u e fac t i ve necros i s  
o f  wh i t e  m a t t e r  o f  
cerebral hemi sphe re 

R e fe rences 

Woron i n ,  1 891  

Jo f fe ,  1 978  

U e no e t  a 1 . , 
1 972 - -

S a i t o  & T a tsuno , 
1 97 1  

H s u  � �. , 1 972 

G reenwa y & P u I s ,  
1 976 

Thiel e t  a 1 . , 
1 982 - -

P i enaar e t  a 1 . ,  
1 981 - -

W i l son e t  �. , 
1 98 5 .  



Of  the  sever a l  F us ar i um tox i n s  wh i c h  h av e  been f i rm l y e s t ab l i s h ed 

a s  c au s i ng i n tox i c at i on i n  h umans and a n i ma l s after i nge s t i on ,  T - 2  

tox i n ,  DAS , DON a nd Z EA  a re  th e most common ( M i roc h a ,  1 983 ) . Howev er , 

a s  th e fung i prod u c e  an  array of tox i n s i n  n at u re , some k n own and s ome 

a s  yet undesc r i bed , c au s a l i ty c a n  be mu l t i p l e .  

Mycotox i coses  i n  gener a l  represent a d i agnost i c a l l y  d i f f i c u l t  

prob 1 em for veter i  n a r i  ans  s i nc e  many of t h e  symptoms are s 1 i ght  and  

e a s i l y  confu sed wi th oth er d i s e ases . The  i n s i d i ou s  effects  on a n i ma l s 

w i l l  c au s e  reduced growth r ate , red uced feed c onvers i on and i ncrea sed 

d i s e a se  s u scept i b i l i ty .  However , on the b a s i s  of  i nformat i on on c a u s e  

a nd e ffect  re l a t i on s h i p s  av a i l ab l e  today,  th e u s u a l  concentr at i on o f  

n atur a l l y- oc curr i ng t ox i n s  i n  contami nated food st uffs s o  f a r  reported 

does not appear to  be h i gh enough  to  exp l a i n  t h e  n at ura l  o r  exper i ­

ment a l  symptomato l ogy wh i ch h a s  been apparent  i n  an i ma l s .  T h i s  

d i s crepency c an i n  p art  be  a t tr i buted to  prob l ems a s soc i ated w i th  

a na l ys i s  a nd  c an a l so  be  due  t o  the  synerg i s t i c effects  of  more th a n  

one  t o x i n ( P athre and  M i roc h a ,  1 979 ) . 

1 . 4 . 3 . 1 .  Humans 

5 7  

The  re l at i on s h i p s b etween mycotox i n s  and  human h e a l t h  are d i f ­

f i cu l t  t o  a s cert a i n a s  th ere i s  no  d i rect ev i dence  of suc h i nvo l vement  

i n  t e rms o f  contro l l ed exper i ments  wi th man . Sm i th ( 1 981 ) t hought  

t h at t h e  s u s cept i b i l i ty o f  d i f ferent an i ma l  s pec i es to  many mycotox i n s 

must  b e  con s i dered a s  s trong ev i dence t h a t  man  cou l d be  affected i f  

s u bm i t t ed to  s i mi l ar expo s ure l ev e l s .  Good e p i demi o l og i c a l  ev i dence  

h as b e en co l l ected wh i ch i nd i c ates  t h at severa l  f u s ar i otox i n s  affec­

t i ng h uman hea l th c an b e  conf i rmed . ATA , a l s o  c a l l ed " s ept i c  ang i n a " , 

" p anmy e l otox i cos i s " and s evera l  other n ame s , was  descr i bed i n  d r amat i c  

o u tbre ak s oc curr i ng i n  t he  U . S . S . R . , p a rt i cu l a r l y  i n  t he  Orenburg  

d i s tr i ct ,  between 1 94 1  a n d  1 94 7 .  The  d i s e a s e  was  assoc i ated w i th  t h e  

c o n s ump t i on of  bread s prepared from mou l dy gr a i n s ( mi l l et ,  wh eat , rye 

and o at s ) l eft under  th e wi nter snow .  T h e  typ i c a l  symptoms were 

desc r i b ed a s  spots  on  the s k i n ,  l eu kopen i a ,  ag r an u l ocytos i s , necrot i c  

a ng i n a ,  h aemorr h ag i c  r as h ,  s eps i s ,  ex h a u s t i on of t he  bone  marrow , 

b l eed i ng from the  nos e ,  th roat  and gums . P a t i ents  wi t h  ATA s howed 

i mpa i red  n ervo u s  

enceph a l i t i s  etc . , 

ref l ex e s ,  gener a l  depre s s i on ,  

and  reported burn i ng s e n s a t i ons 

hyperaes the s i a , 

i n  t he  mouth ,  



oe s op h agus  and s t omac h ( Joffe , 1 9 78 ) . T he  v i ct i m  deve l oped a s evere  

emes i s , d i arrhoea  and abdom i n a l  p a i n ;  60% of  the  v i ct i ms d i ed .  I t  was  

fo u nd th at the mou l d s a s s oc i ated w i th ATA were mai n l y  F .  tr i c i nc tum 

and F .  poae a nd t h e i r  mycot ox i n s ,  part i cu l a r l y  T-2  t ox i n ,  were mos t  

l i k e l y  respons i b l e  ( Y agen et �. , 1 97 7 ) . 

F ood po i son i ng was a l so  reported i n  J apan i n  t he  1 940 ' s and  

1 950 ' s  due  to  c o n s umpt i on of r i ce cont ami n at ed w i th G .  z e ae and F .  

n i v a l e .  N au s e a ,  vomi t i ng , h e ad aches  and convu l s i on s  were t h e  m a i n 

c l i n i c a l  s i gn s  ( Vesonder and Hess e l t i ne ,  1 981 ) . Mou l dy r i ce h a s a l s o 

been found to  c a u s e  yel l ow r i ce d i sease  i n  J apan , a d i s ea se  w i th 

s i mi l a r symptoms t o  ber i ber i ( O sborne , 1 982 ) . 

T h ere 

as soc i ated 

1 956 and 

are m any other records of n au s e a , vomi t i ng 

wi t h  t he  contami n at i on of whe at and r i ce by 

1 963 t he  h arve sted wheat  of We s tern J apan 

and  d i arrhoea  

f u s ar i a .  I n  

was  severe l y  

attac ked  by F us ar i um and the  res u l t i ng h uman mycotox i co ses  were attr i ­

bu ted to  F us ar i um t ox i ns , p art i c u l ar l y  t r i c hothecenes ( Yosh i z awa , 

1 983 ) . 

I n  Afr i c a th ere h as been a c l ear  a s s oc i at i o n between ma i z e  c u l t i ­

v at i on  and the  occu rrenc e of oesophag e a l  c ancer  ( Cook , 1 97 1 ) . M a i ze  

s amp l e s  con sumed by peop l e  deve l o p i ng oesoph age a l  cancer  i n  t h e  

Tran s k e i area i n  South  Afr i c a were found t o  be  contam i n ated wi th 

F us ar i  um s pp ( Maras as et �. , 1 97 7 ) . DON and other t r i  chothecenes  

were s u s pect ed to  be  th e ma i n c a u s e .  S i m i l ar l y  L i n  a nd T ang ( 1 980 ) 
( c i ted by Sc hoent a l , 1 981 ) reported th at oe sophagea l  t umours  i n  man 

and a n i ma l s i n  Hen an Prov i nc e  i n  North C h i n a c o u l d be due to  t ox i c  

metabo l i tes  prod u ced by fung i s uc h  a s  f u s ar i a .  Pure  T -2  tox i n h a s  

a l so  been  reported t o  be  c arc i nogen i c  to  r a t s  ( P athre and M i roc h a ,  

1 9 79 ) . 

Recen t l y  Schoen t a l  ( 1 985 ) presen ted ep i demi o l og i c a l  ev i dence of  

the  re l a t i ons h i p  between F us ar i um mycotoxi n s  and  p sych i at r i c d i s orders  

i n  human s .  He b e l i eved th at per i n a t a l  e xpo s ure  to  t he  mycotox i n s 

c o u l d c au s e  damage t o  m any h uman org a n s , i nc l u d i ng the  cent r a l  nervou s  

sys tem ( CNS ) . P sych i at r i sts  h ad o bserved t h at some ATA p a t i ent s  

s omet i me s  s h owed oppos i te s i gn s  a nd  symptoms , eg o e i ther a tendency to  

s omno l e nce  or a somn i a ,  and e i th er p sychomotor  ex c i tement o r  anerg i a ,  
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a p athy etc . S ome of the  p at i ent s  exper i enced v i v i d  v i s u a l  and  a u r a l  

h a l l uc i n at i on s .  

Accord i ng t o  Schoent a l  ( 1 985 ) , t here  i s  other  ev i dence  from 

e p i demi o l og i c a l  s t ud i es wh i ch i nd i c ate s  th at the r i s k  o f  s er i ou s  

n eonata l  abnorma l i t i es of  th e CNS  s uc h  a s  e nceph a l y ,  Down ' s , Turner ' s  

a nd K l i nef l t ov ' s  Synd romes as we l l a s  c hromosome aberr at i o n i n  t he  

n ewborn and s c h i z o phren i a  i s  re l a ted t o  t he  s ea son  of b i rth  a nd i s  

h i g her among t h o s e  b orn  du r i ng the  w i nter  or  spr i ng month s .  O u tbreak s 

o f  precoc i ou s  dev e l opment  of s ex organs  wh i c h  affected t h o u s and s of  

v e ry yo ung c h i l dren  i n  the  ear l y  1 980 ' s  i n  P uerto R i co a l s o  appear  

r e l ated to  exces s i ve i n t ak e  of ZEA and  i t s der i v a t i ves  wh i c h were 

d e t ected i n  t h e  b l ood of  s ome c h i l dren ( Saenz de Rodr i guez , 1 984 ) . 

There i s  a n  endemi c o steoarthr i t i c  d i s ea se  of  man kn own i n  C h i n a ,  

E a s tern U . S . S . R .  and  North Korea a s  K a s c h i n - Beck ' s  D i s e as e .  I t ,  too , 

s eems to be a s s oc i ated wi th m a i z e  and wheat  co ntami n ated w i th  f u s ar i a 

( Sm i th and Mo s s ,  1 985 ) .  

1 . 4 . 3 . 2 .  Horses  

Equ i ne mycotox i coses  h av e  been recogn i s ed for  s ome t i me .  O n  

o c c a s i on s  t hese  mycotox i co ses  h ave c au s ed h i gh mort a l i ty .  S t a c hy­

botryotoxi co s i s  i s  b e l i eved to  be c au s ed by t r i c hothecenes  prod u c ed by 

S t ac hybotrys a l ternans . I t  s hows a s i m i l ar i ty to mycotox i co ses  c au s ed 

by F us ar i um spp  ( H i n t i k k a ,  1 97 7 ) .  

5 9  

T h ere h av e  been severa l  sporad i c  d i s e a se  o u tbreak s f or  wh i ch 

F u s ar i um mycotox i n s ,  p art i cu l ar l y  t r i c h ot h ecenes , were b e l i eved to be 

respons i b l e .  F o r  examp l e ,  i n  the  U . K .  i n  1 927  " gr a s s  d i s ea se "  or  

" gr a s s  s i c knes s "  i n  horses  was  a s soc i ated  wi th  u n u s u a l  s e ason a l  

weat her . A l t h o u g h  t h e  aet i o l og i c a l  age n t  o f  t h e  d i sea se  was  not  

e s t ab l i s hed t he  c o nd i t i on appears  to be  s i m i l ar to  that  c au s ed by 

t r i c ho t hecenes  ( Sc hoenta l ,  1 98 1 ) .  

O n  Hok k a i do I s l and , J a p anese  s c i ent i s t s  reported sporad i c  f a t a l  

o u tbreak s  o f  Ak a k a b i  byo ( Red mou l d  d i s ea se ) i n  h umans a n d  horses , for  

wh i c h  F u s ar i um mycotox i n s  were  l ater found  to  be the  ma i n  c au s e . 

Kon i s h i  and l ch i j o ( 1 9 70 ) ( c i ted  by Ueno e t  �. , 1 9 72 ) reported th a t  



horses  fed bean  h u l l s  du r i ng wi nter  s howed conv u l s i on ,  d i s turbed 

re s p i r at i on and decreased heart  rate . The  mort a l i ty rate  was  about 

1 5% .  No def i n i t i ve aet i o l ogy was  e s t a b l i shed b u t  mi crob i o l og i c a l  

exami n at i on o f  th e h u l l s  found he avy cont ami n at i on w i th F .  s o l a n i . 

T h i s  f i nd i ng l ed most J apanese  s c i en t i s t s  to be l i eve  th at  F u s ar i um 

tox i n s  may h av e  been the c a u s e .  

T h e  most s e r i ous  mycotox i co s i s  of  horses  wh i ch i s  mos t  c er t a i n l y  

a s s oc i a ted w i th feed contami n at i on by f u s ar i a i s  l e ukoencep h a l omal ac i a  

( L E M ) , a l so  referred t o  as " corn s t a l k d i sease"  and  "mo u l dy corn  

d i seas e " . P i e n a ar et a l . ( 1 981 ) rev i ewed most of  t he  av a i l ab l e  

l i ter ature about  th e LEM  ca ses . They con s i der th at t he  prob l em c a n  b e  

t r ac ed b a c k  t o  t he  1 8th a n d  1 9 th centur i es wh en h i g h mort a l i ty i n  

h or se s  i n  t h e  U . S . A .  was  preceded by nervo u s  symptoms after con s ump­

t i on of mou l dy ma i z e .  The d i sease  was  l ater  found t o  h ave  a wor l d ­

w i de d i s t r i b u t i on ,  and was  reported from South  Amer i c a ,  C h i n a ,  E gypt , 

Greece and South  Afr i c a ( P i en aar et �. , 1 981 ) .  Recen t l y  t h e  d i sea se  

h a s been reported from France a nd  Braz i l ( W i l s on � �. ,  1 985 ) . 

De s p i te t he  e ar l y  i nd i c a t i ons  t h at t h i s  d i sease  was  c a u s ed by a 

mycotox i n ,  t he  respons i b l e  fungu s ,  F .  mon i l i forme was  not i dent i f i ed 

u nt i l 1 97 1  ( W i l son  and  Maronpot , 1 9 7 1 ) .  L E M  was found to  c a u s e  l i q u e­

f i c a t i on and necro t i c  l es i ons  i n  t h e  wh i t e matter of one or both 

c erebra l  hem i s pheres . S i m i l ar symptoms h ave been reprod u ced exper i ­

ment a l l y i n  both  donkeys and horses  by feed i ng F .  mon i l i forme ( B ad i a l i  

e t  �. , 1 968 ; M a r a s a s  et �. , 1 976 ; W i l son  � �. , 1 985 ) . 
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Recent l y  W i l son  � �. ( 1 985 ) reported numerous  LEM c a se s  i n  the 

U . S . A .  These  auth ors  reproduced s i mi l ar c l i n i c a l  s i gn s , d i s ea se  

c o ur s e , gro s s  a nd  h i stopath o l og i c a l  l e s i on s  i n  horses  f ed mou l dy 

m a i ze . A l t hough  F .  mon i l i forme h as been  found  t o  be the  ma i n  c a u s e  of 

t h e  d i sease , the actua l  mycotox i n s re spon s i b l e  for prod u c i ng t he  

d i sorder  are s t i l l  u n kn own ( W i l son � �. , 1 985 ) . 

1 . 4 . 3 . 3 .  C a t t l e 

S ever a l  o u t break s of mycotox i co s i s  i n  c a tt l e  t hat  are apparent l y 

r e l a ted t o  i ng e s t i on of feed s t uff cont ami n ated by fung a l  tox i n s  h av e  

been  recorded i n  d i f ferent p arts  o f  th e wor l d ( Petr i e  � �. , 1 9 7 7 ) . 



What  appears t o  b e  the  f i r s t  c l ear  report was descr i bed by H s u  e t  a l . 

( 1 97 2 ) i n  t h e  U . S . A .  The l eth a l  t o x i c o s i s  was  c a l l ed mou l dy corn  

tox i co s i s  a nd  was  c h ar acter i sed by b l oody d i arrhoe a ,  mas s i v e h aemor -

r h ag i c  l es i on s  i n  th e s tomac h ,  h e ar t ,  i n test i ne ,  l u ng , b l adder  and 

k i dney as we l l a s  frequent  abort i on s . T-2  tox i n at a l ev e l  of  2 ppm 

was  detect ed i n  th e mou l dy ma i  z e  th at  h ad been b l amed for t he  

outbre ak . 

S i m i l ar symptoms were descr i bed by P e tr i e  � �. ( 1 9 7 7 )  f o l l owi ng 

outb reak s i n  wh i ch 9 c ows out of 1 1 5  d i ed after eat i ng mou l dy 

feed s t uff .  T - 2  tox i n ,  NEO , FUS-X  and DAS were detected ( bu t  w i t hout  

q u an t i f i c at i on ) . Petr i e  and h i s  c o l l e ag u e s  a s s umed th at t h i s  o u tbreak  

was  one of T - 2  tox i cos i s  a l though  t h ere  i s  a pos s i b i l i ty t h at other  

t r i c hothecene s  m i g h t  h ave  been  i nv o l ved . 

E xper imen t a l l y ,  K o s ur i et a l . ( 1 97 0 )  admi n i s tered T-2  t ox i n 

i nt r amu scu l ar l y  to  c at t l e and reported m as s i ve h aemorrhage  i n  t he  

l arge i ntest i ne a s  we l l  a s  we i g ht l o s s .  Weaver  � �. ( 1 980 ) d i d  not 

f i nd h aemorr h ag i c  l es i o n s  when they exper i men t a l l y  s t ud i ed the eff ect 

of T-2  tox i n i n  pregn ant cows , b u t  o b s erved refu s a l  of r at i on s  c o n ­

t a i n i ng 50  ppm T - 2  tox i n .  Congest i on o f  muco s a  a n d  t he  b l o od v e s s e l s 

i n  t he  l ami n a  propr i a  of  t he  omasum ,  r umen and j ejunum i n  both  cows 

a nd c a l ves  were a l s o  n o t i ced . 

M i roc h a  ( 1 983 ) rev i ewed most of  t h e  reports  on th i s  s ubj ect  and 

h i s  c onc l u s i on wa s th at  T-2 tox i n when i nge s ted by d a i ry c ows a t  a 

c o nc entrat i on o f  l e s s  th an 1 . 0 ppm does  n ot c a u se  h aemorrh age . There­

f ore , any h aemorrhag i ng a s soc i ated wi th  con t ami n ated feed i s  l i k e l y  to  

b e  c a u sed by s ome tox i n a s  yet u nd i s covered . 

6 1  

S ome re search  h as been done on t h e  e ffect s o f  Fus ar i um tox i n s  on 

t h e  bov i ne i mmunosystem .  B uen i ng et �. ( 1 982 ) exper i ment a l l y  adm i ­

n i st ered T-2  t ox i n to c a l ves  at  t he  r at e  o f  0 . 6  ppm and found  th at 

t h i s  r e s u l ted i n  a s i gn i f i c an t  decrease  i n  c h emot ax i s  and m i g r at i on of 

n eutroph i l s .  Sever a l  c h ange s were obs erved by Mann  et �. ( 1 982 ) i n  

t h e  bov i ne i mmune  system.  They fed 4 3  d ay- o l d c a l ves  T-2  t ox i n a t  t he  

r ate of  0 . 6  p pm and  found a s i gn i f i c a n t  red uct i on i n  t he  l eve l s  of  

a l p h a ,  beta  1 ,  beta  2 and gamma g l o b u l i n .  Ser um prote i n  l ev e l s and  



th e C3 l eve l were decreased and t h e  l ev e l s of  1 9M and 1 9A were s i gn i ­

f i c a nt l y  l owered , b u t  not  the  1 9G .  

1 . 4 . 3 . 4 .  Swi ne 

Feed refu s a l  and hyperoestrogen i c  symptoms appear to  be  t he  mo s t  

d r amat i c  effect s o f  F u s ar i um mycotox i n s  on swi ne  ( M i roc h a ,  1 984 ) . 

A .  F eed refus a l  a nd emes i s  

Vesonder  and H e s se l t i ne ( 1 98 1 ) noted th at  outbreak s o f  b ar l ey 

scab  c au sed by G i bber e l l a  zeae i n  t h e  U . S . A .  were reported i n  1 9 1 9 ,  

1 928  and t h e  1 930 ' s ,  and th i s  b ar l ey was  rejected by swi n e .  One o f  

the  c a u s at i ve agents  o f  emes i s  and  feed refu s a l  i n  swi n e  h as been 

found to b e  DON ( vomi tox i n )  ( Pathre  and M i roc h a ,  1 9 7 9 ) . V e s onder et  

a l . ( 1 9 7 3 )  f o u nd i t  to be  th e maj or age nt . L ater Forsyth � �. 

( 1 9 7 7 )  demo n s t r ated a do se-respon s e  r e l a t i o n s h i p  between t h e  l ev e l  o f  

DON admi n i s t ered and t he  feed ref u s a l  f actor  a n d  vomi t i ng i n  swi n e .  

The authors  found  th at  t h e  sw i ne comp l et e l y  refused t he  mou l dy m a i z e  

cont a i n i ng 1 3  ppm DON . A l t h oug h DON  accounts  for a major  p ar t  of  the  

ref u s a l  symptom ,  M i roc ha  ( 1 983 ) exp er i ment a l l y  found th a t  a concen­

trat i on of  p u re DON eq u a l  to  t h at  i n  ma i ze wh i ch swi ne  t o t a l l y  

refused , d i d  not  cau s e  tot a l  refu s a l  and  s ugges ted th at ref u s a l  m i g ht 

be  d u e to  o t her metabo l i tes prod u c ed by F u s ar i um and  a s  yet 

u n i dent i f i ed .  

Ot her t r i c h oth ecenes s uc h  as T - 2  tox i n and DAS ( Vesonder  et  �. , 

1 979 ) a s  we l l a s  1 5 -ADON ( Abbas  � �. , 1 986 ) were i s o l ated from ma i ze  

t h at h ad been n at u r a l l y  refu sed , i n  ad d i t i on to  DON .  

6 2  

T - 2  tox i n and  DAS h ave  a l so b ee n  f o u nd to  c ause  feed r ef u s a l  a s  

we l l  a s  other  symptoms i n  swi ne . Weaver  et �. ( 1 978b ) f ed sw i ne  a 

d i et cont a i n i ng d i f ferent doses  of T - 2  t ox i n ( 1 2 ,  1 6 , 24  a nd 3 2  ppm) . 

T h e  d i et wi th 24  and  32  ppm c a u sed c omp l et e  refu s a l . An i ma l s fed t he  

1 6  p pm  d i et ate  s cant i l y  wh i l e t hose  fed 1 2  p pm  ate  1 6% l e s s  t h an  the  

contro l  grou p .  S o  th e auth ors  conc l uded  t h at  sw i ne  wi l l  accept  1 0- 1 2 

p pm of  d i et ary T - 2  tox i n and c an con t i n ue  s uc h  a d i et for up  to  seven  

month s wi t hout  any apparent  c l i n i c a l  s i gn of  i ntox i c at i on .  At  



0 u topSY,  h owever , s evere conge s t i on a nd h a emorrh age o f  t h e  l i ver were 

found . 

Weaver et a l . ( 1 981 ) s t ud i ed t he  ac t i v i ty of DAS i n  yo ung swi ne . 

A d i et c o n t ami n ated wi th 2 ,  4 ,  8 and 9 ppm DAS was fed t o  young  sw i ne 

for  n i ne week s .  A l l th e above doses c aused l i ng u a l  and b u c c a l  muco s a l  

l e s i on s  and s ome of  t h e  swi ne  d ev e l oped mu l t i p l e  foc a l  muco s a l  

eros i on .  No  h aemorrh age o r  conge s t i on was  not i ced i n  t h e  i ntest i ne 

except t h at  a few an i ma l s s howed d i ffuse  conge s t i on i n  t h e  s p l een . 

A l l do s e s  c a u sed a decrease  i n  food con s umpt i on  and i n  we i ght  ga i n .  

The  authors  co nc l uded  th at 1 0  ppm DAS co u l d c a u s e  comp l ete  refu s a l . 

B .  Oes trogen i c  effect of lEA  

lEA  and i t s i s omers c a n  cause  s er i ou s  reproduct i ve prob l ems when 

con s umed by sw i n e  or da i ry c att l e ,  but h ave  l i tt l e  effect o n  pou l t ry 

( M i roc h a ,  1 984 ) . P i g s  are cons i dered to  be  t h e  most s e n s i t i ve a n i ma l s 

to  lEA ,  deve l o p i ng an  oestroge n i c  synd rome and i nfert i l i ty .  The most 

common symptoms found i nc l ude  swe l l i ng of the gen i t a l  syst em .  The  

vu l v a becomes swol l en a nd o edematous  a nd there  may be v ag i n a l  or  a n a l  

pro l a ps e ,  wh i l e t h e  u t erus  becomes e n l arged a n d  oedemato u s  a n d  ovar i e s 

become atrop h i ed .  The testes  and mammary g l and s are a l s o  affected 

( C h ang  et  � . , 1 979 ; L ong et  �. , 1 982 ) . 

6 3  

C h ang � �. ( 1 9 79 ) st ated th at  i nfert i l i ty i n  swi ne  i s  common l y  

a t tr i buted t o  t he  i ngest i on of ma i z e i nfected wi th F u s ar i um s p p  

c apab l e  of  prod uc i ng lEA .  T h e  ma i n  symptoms found by  C h ang ' a n d  h i s  

co l l eagues  wa s  th at lEA  c a u sed nymphoman i a , p s eudopregn ancy ,  ov ar i an  

atrophy a nd c h anges  i n  t he  endometr i um i n  mature femal e swi ne . Long  

and D i ekman ( 1 986 ) d emon strated th at t h ree g i l t s  out of  four  wh i ch 

i nge s ted 1 08 ppm lEA on  pos tmat i ng days seven to ten , were not  preg ­

n ant  and s h owed r egre s s i on of corpora  l u te a .  

T h e  effect o f  F u s ar i um tox i n s  o n  fert i l i ty may not be  s o l e l y  d u e  

to  l EA ,  h owever . M i roc h a  ( 1 984 ) s u g ge sted th at tr i chothecenes  are 

a l s o  i nvo l ved . T-2  tox i n and i t s effect on fert i l i ty and  abort i on i n  

s ows were i nv e s t i g a ted by Weaver � �. ( 1 978a ) . These authors  repor­

ted n o  effect on  pregn ancy wh en the T-2 tox i n was  fed w i th  the normal  
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d i et .  B u t  when T - 2  tox i n was admi n i stered p arenter a l l y  a t  a dose  o f  

0 . 2 1 -0 . 4 1 p pm body we i ght , abort i on o ccurred after 48-80 h o ur s .  

1 . 4 . 3 . 5 .  Pou l t ry 

There  are  few reports o f  n at u r a l  outbreaks  of T - 2  t ox i cos i s  i n  

pou l t ry .  Dur i ng one  o utbreak t h e  mor b i d i ty r anged between 1 0  to 2 5% ,  

w i th  about  1 0% mor ta l i ty ( Bryden , 1 986 ) . C h i ckens  appe ar  l es s  sens i ­

t i ve t h a n  other l i vestock  to  t h e  t ox i c effects of  mos t  F u s a r i um 

tox i n s .  

T h e  effect o f  p ure T - 2  t ox i n o n  c h i c kens  h a s  been  s t ud i ed by 

severa l rese archer s but there i s  s t i l l  no c l ear  understand i ng of  the  

amount  o f  T - 2  tox i n wh i ch can b e  t o l erated by  c h i ckens . C h i  et  a l . 

( 1 9 7 7 a )  o b s erved no  c h ange s i n  c h i c k e n s  dosed l es s  t han  4 . 0  p pm ,  b u t  

t h o s e  f e d  a l eve l  h i g her t h an 4 . 0  p pm showed decreased body we i g ht , 

redu ced feed consumpt i on and o r a l  l e s i on s .  The  ora l  l es i on s , desc­

r i bed a s  c i rcums c r i bed , pro l i fe r at i ve c a seou s - l i k e  p l aques , were 

regarded as an exc e l l ent i nd i c ator  of  T-2 i ntox i c at i on .  However , 

other  stud i es h ave g i ven d i fferent resu l t s .  I n  I t a l y ,  C i r i l l i  ( 1 983 ) 

found t h a t  a smal l amount  of T - 2  t ox i n ( 40-30 ppb ) i n  ma i ze c a u sed 

ser i o u s  symptoms s uch  as  hepat i c  necros i s ,  nephros i s  and  d e ath due  to 

av i t am i nos i s  a nd metmyog l ob i n aemi a i n  bro i l er c h i c k e n s . Ch i and 

M i roc h a  ( 1 9 7 8 )  tested  other tr i c hothecenes to  see i f  o r a l  l es i ons  

co u l d be produ ced . On l y  DAS at  a l eve l  of  5 ppm c au sed  severe 

l es i on s .  DAS h as a l so been reported t o  c a u se  ora l  l es i on s  and  affect  

food i nta ke  a nd growth r ate of c h i c k e n s  ( Bryde n , 1 986 ) . 

T -2  

c h i ckens  

worker s  

ter i c a l  

t ox i n h as a l s o  been reported as  caus i ng neura l  d i st u r b ance i n  

( Wyatt  et  �. , 1 97 3 ;  C h i e t  �. , 1 98 1 ) . Wyatt  and  h i s  co-

o b served that  c h i ckens  fed 4 ,  6 a nd 8 p pm tox i n s h owed hys -

wi ng  movement ,  s e i z u res and a n  i mpa i red r i g ht i ng r ef l ex .  

T h e  effect of F u s ar i um tox i n s  o n  egg-prod uct i on o f  p o u l try h a s  

a l so been s t ud i ed .  Wyatt � �. ( 1 9 7 5 )  fed l ay i n g  h e n s  2 0  p pm  of T-2  

t ox i n and o b s erver  ora l  l es i ons , reduct i on i n  feed cons umpt i on ,  a nd  

red uced e gg -product i on .  E g g - s he l l s  were a l s o  t h i nned . C h i  et a l . 

( 1 9 7 7 b )  o bt a i ned s i m i l ar resu l t s  by feed i ng 8 . 0  ppm T - 2  t ox i n wh i ch 



a l s o  affect ed both hatc h ab i l i ty of eg g s  and the  b l o od c h emi s t ry of the  

h e n s . 

P o u l t ry h av e  been reg arded a s  be i ng re l at i ve l y  i n s en s i t i ve t o  DON 

( Hu ff et �. , 1 981 ; Kubena  et  �. , 1 985 ) . Kubena  � � ( 1 985 ) fed DON 

a t  a l eve l of 0 ,  9 or 1 8  ppm t o  c h i ck s  from one d ay- o l d to 3 5  d ays 

o l d .  T h ey demon s t r ated th a t  t h e  body we i g ht was not  affect ed , b u t  

l i ver we i ght s were s i gn i f i c an t l y  l ower a nd g i z z ard we i gh t s  i nc re ased . 

T h e  h aemog l o b i n a nd h aemocr i t were  decrea sed s i gn i f i c a nt l y .  A l l en et  

a l . ( 1 98 1 ) i nve s t i gated the  effect s of DON , e i ther pur i f i ed ( 0 ,  8 and 

1 6  mg/ k g  o f  d i et )  or from F u s ar i um cu l t ure ( 8 ,  1 6  a nd  64 mg/ k g  of 

d i et ) , o n  bro i l er c h i cken s .  T hey found t h at 8 and 1 6  mg/ k g  were 

w i thout  effect but a dose  of  6 4  mg/ k g  of  d i et was found to  red u ce  

we i g ht ga i n  a n d  feed cons umpt i on .  

l e s i on s  were not i c ed upon necropsy . 

Three b i rds  out  of  ten  d i ed but  n o  

C h i c ke n s  a l s o  seem h i g h l y  r e s i s t an t  to l E A  up  to  800 mg/ k g  o f  

d i et ( C h i  et �. , 1 980 ; A l l en � �. ,  1 981 ) .  Ch i � �. ( 1 980 ) 

found  th a t  ch i c ken s  are h i gh l y  t o l erant  to  lEA c ompared to  swi ne  

and t urkey pou l t s .  The  oestrogen i c  effect s  of  the lEA  were  i ncreased 

wi th  i ncrea s i ng tox i n  l eve l s ( eg .  400 and 800 mg/kg ) ;  a l so the  effect 

was  greater when  i t  was  admi n i s t ered in  mu l t i p l e  do ses  r ath er t h a n  i n  

a s i ng l e  d o s e .  Th e authors  a l s o  n o t i ced t h at serum c a l c i um i ncreased 

and s erum phos phoru s  decreased . 
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Mo n i l i f ormi n wa s  found to  be h i g h l y  tox i c to p o u l t ry exper i ­

ment a l l y  by [o l e ' e.! �. , - : 1 9 73 .  T here  are  a l i m i ted number  o f  F u s ar i um 

s pp c ap ab l e  of  prod uc i ng th i s  tox i n ,  b ut  t h e s e  s pp s h owed an  a b i l i ty 

t o  re l e a se  a l arge amount  ( u p to  3 3 . 7  g / k g  o f  s u bs trat e )  u nder  l abora­

tory cond i t i on s  ( R ab i e  � �. , 1 982 ) . C o l e et �. ( 1 9 7 3 )  reported 

t h a t  the  ora l  L D50  of pur i f i ed MaN was  4 . 0  mg/ k g  i n  o ne  day- o l d  

coc kere l s .  B i rds  wh i ch l i ved more th an  two hours  showed a s c i te s  wi t h  

o edema of  me senter i es and  h aemorrh age i n  t he  proventr i cu l u s ,  g i z zard , 

i n test i ne and s k i n . Duck l i ng s  s h owed even h i g her s u scept i b i l i ty to  

MaN th an  c h i c k e n s  ( Kr i ek et �. , 1 9 7 7 ) .  

C h i c k e n s  h ave been reported to  be h i g h l y  s u s cept i b l e  to  c r ude  

F u s ar i um c u l t u re s ,  p o s s i b l y  bec a u s e  o f  the  m i x t u re of tox i n s  present  

i n  s uc h  mater i a l ( M i roc h a ,  1 984 ) . Ad ams and Tu i te ( 1 97 6 )  found , when  



feed i ng l ayi ng hens  wi th ma i z e contami n ated w i th G .  z e ae , t h at eg g 

produc t i on and feed con sumpt i on were s i gn i f i c ant l y  reduced . R educt i on 

o f  we i g ht ga i n ,  c h emi ca l  and  gros s  patho l og i ca l  c h anges  and s evere  

h aematopo i et i c  d amage were ob s erved when one  d ay- o l d c h i c ken s  were  fed 

m i xed  c r ude  extr acts  of F .  poae  and F .  s porotr i c h i o i des  by Joffe and  

Y agen  ( 1 9 7 7 ) . Wa l ser � �. ( 1 98 2 )  reported a h i g h morta l i ty rate  when  

b r o i l er ch i c ken s  were  fed r a t i o n s  conta i n i ng 5%  and  1 0% gr a i n con­

t ami n ated wi th F .  grami nearum .  The mort a l i ty rate  was  7 5% and  1 00% 

respect i ve l y , w i th i n  one to t h ree week s .  

P rob ab l y  th e best  examp l e  o f  these  u n known or perh aps  synerg i s t i c  

effe c t s  of mi x t u res  of F u s ar i um t ox i n s  was  observed by A l l en e t  �. 

( 1 982 ) who found that  a l t h o u g h  OAS  cou l d be respon s i b l e  f or red uced 

h atc h ab i l i ty ,  an  unkn own F u s ar i um tox i n produced by F .  grami nearum 

cu l t u res  h ad a gre ater effect . Two groups  of  l ay i ng hens  were  fed 

e i t her  0 . 5 ppm p u r i f i ed OAS or  3% of  F u s ar i um cu l t u r e .  Th e h atch­

ab i l i ty o f  fert i l e  eg g s  was  reduced  by  24%  w i th  OAS a nd 99%  w i th  t h e  

F u s ar i um c u l t u re . 
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Another ex amp l e  of suc h u n k nown tox i n ( s )  i s  th at  wh i ch c a u s e s  

t i b i a l  dys chondrop l a s i a  ( TOP ) i n  c h i cken s . Th i s  d i s e a s e  ( bone defor­

mat i on )  i s  c ommon l y  s een in  c h i ck en s ,  t urkeys , swi ne , hor se s , c at t l e 

and dog s . I n  the  past  the  c au s a l  rol e h ad been a s s i g ned to  r ap i d  

we i g h t  g a i n ,  n utr i t i on and genet i c  factors , and tox i n i n  cerea l s was  

not  c o n s i dered ( M i roc h a ,  1 984 ) . W a l ser et �. ( 1 982 ) found  a group of  

water - s o l u b l e  tox i n s to be a s s oc i ated wi th  TOP . Ch i c k e n s  fed 2% F .  

gram i n e ar um cu l t ures  grown on  r i ce ,  or part i a l l y p u r i f i ed tox i n, 

dev e l o p ed t h e  d i s ease . The l es i on was c h ar acter i sed by t h e  presence  

of a c art i l age wh i ch extend� di st a l l y  from t he  prox i ma l  t i b i ot ars i . 

More recent l y  L ee  et �. ( 1 985 ) i so l ated s i x  maj or  water- s o l u b l e  

components  and o ne  of these  ( as s i gned TOP - 1 ) was  apparent l y  the  ma i n 

c au s e  o f  TOP . Th e tox i n a l s o  red u ced egg h atc h ab i l i ty t o  n e ar l y  zero . 

There  are few reports on  t h e  a s s oc i at i on of  F u s ar i um w i th  feed 

refu s a l  i n  pou l t ry ,  a l t hough  B urd i t t et �. ( 1 983a )  f o u nd e v i dence 

l i nk i ng mycotox i n s  d i rect l y  to  feed refu s a l . H ag l er et  a l . ( 1 98 1 ) 

demo n s t r ated th a t  cu l t ure f i l t r ates  of F .  ros eum c o n t a i n i ng h i g h 

l eve l s of OAS produced dramat i c  feed ref u s a l  wh en added to feed or  

s ub s t i t u ted for dr i nk i ng water . B u rd i t t � �. ( 1 983a , b )  regarded 



c o n t ami n at i on wi th T-2 tox i n and  DAS a s  one of t he  ma i n  factor s  i n  

feed ref u s al  i n  pou l t ry .  

Tr i c hothecenes  h ave been  demon s trated to  be i mmuno s u ppre s s an t s  i n  

l aboratory an i ma l s ( Ro senste i n et �. , 1 98 1 ; F r i end et  �. , 1 983 ) , and 

s ome rese arc h h as been c arr i ed out o n  s u c h  effect s i n  p o u l t ry .  Hoerr 

and  C a r l t o n  ( 1 9 7 9 )  s t ud i ed the tox i c i ty of  T-2  tox i n to 7 day- o l d ma l e  

bro i l er c h i c k e n s . The  surv i v i ng b i rd s  deve l o ped atrophy i n  t h e cortex 

o f  t h e  b u r s a  o f  F abr i cu s  and thymu s .  B i rd s  admi n i s tered 7 con secu t i ve 

da  i l y  do se s  of  1 .  2 5  mg/ k g  s h owed ye l l ow bone marrow. Boonthuv it  et  �. 

( 1 97 5 ) repor ted t he  effect s of  T - 2  tox i n on S a l mone l l a  i nfect i on of 

c h i c k e n s . The res u l t s  i nd i c ated th at n e i ther  the S a l mone l l a  i nfect i on 

nor  T-2  tox i n  a l one ca used mort a l i ty but  t he  two i n  comb i n a t i on e n h a n ­

ced mort a l i ty .  T -2  tox i n w a s  found to  exert a thymo l yt i c  effect i n  

t urkeys a nd both T-2 tox i n a nd DAS h av e  been found by P i er et a l . 

( 1 97 9 )  t o  depress  bone marrow act i v i ty a nd cause  l eukopaen i a and 

thym i c  i nvo l u t i o n . 

R i ch ard e t  a l . ( 1 978 ) compared T-2  tox i n i ntox i c at i on i n  both 

turkeys  a nd c h i c ken s . Th e i r re s u l t s  i nd i c ated th at t u rk eys were more  

s u s cept i b l e  to T-2  tox i n th an  c h i c ke n s  at  dose  l eve l s o f  10 ppm . 

Thymus  g l and s i n  turkeys were  marked l y  decreased i n  s i ze and h i s to ­

l og i c a l  ex ami n a t i on o f  these  g l and s reve a l ed a dep l e t i on  o f  cort i c a l  

l ymphocytes . 

1 . 4 . 4 .  F u s ar i um Myc otox i ns i n  New Z e a l and 
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The potent i a l d anger of F u s ar i um mycotox i n s  i n  c o u ntr i es w i th a 

temperate  c l i mate  s u c h  as New Z e a l and h a s  been po i nted o u t  repeated l y  

( Mar a s as � �. ,  1 97 9 a ;  P i er ,  1 98 1  etc . ) .  

I n  New Ze a l and F us ar i um p opu l a t i on s h ave  been found  i n  t h e  

major i ty of  f i e l d s  on wh i ch ryeg r a s s  s t aggers  deve l op ,  and L at c h  et 

a l . ( 1 9 76 ) h ave  s ugges ted th at  f u s ar i a m i g ht be p art i a l l y  respon s i b l e  

for s u c h  o utbreak s .  

I t  h as a l s o  been s ugge s t ed th at  t he  n at ura l  cont ami n at i on of  

p as t u re  w i t h  ZEA  c an be part i a l l y  re spon s i b l e  for  l ow l amb i ng percen ­

t ages  i n  s ome parts  of  New Z e a l and  ( d i  Menna  et  �. , 1 985 ) . A s er i es 



of  t r i a l s wa s  carr i ed o u t  t o  e s t a b l i s h the  i nc i dence  of F u s ar i um s pp 

i n  t h e p asture , p art i cu l a r l y  i n  t he  North  I s l and and  to  an a l yse  th e i r  

a b i l i ty t o  produce  tox i n s  and  t he i r i mp act  on l i vestock  ( L auren , 

1 986 ) . Three d i s t r i ct s ,  G i s borne , P u kekohe  and Wang a n u i , were 

cove red by t h i s  study .  Myco l og i c a l  d a t a  obt a i ned s h owed th at F .  

c rookwe l l ens e was  the  most  fr eq u en t  i so l ate , wi th F .  c u l morum,  F .  

gr ami n um ,  F .  gr ami nearum ,  F .  ave n ace um , F .  o xys porum and F .  ac umi n at um 

a l s o  found  i n  severa l  s i te s  ( L auren , 1 986 ) . Mycotox i n  a n a l ys i s  of  t h e  

g r a s s  s amp l e s  f o r  Z EA contami n at i on revea l ed th at l EA  w a s  present  i n  

s i x  s amp l e s o u t  of seven  from t h e  l ow- l a nd s amp l e o f  the  G i s borne  

d i s t r i ct , but  i n  on l y  one  out  of  f i ve  s amp l es from h i gh l and  i n  the  

s ame d i s t r i ct . The  contami n a t i on l eve l  r anged between 0 . 6 and 2 . 6  

ppm .  l EA  was  found  l es s  fr equent l y  i n  t he  P ukek o h e  and Wang a n u i  

d i s t r i ct s ( 2/ 24  and 1 /24 s amp l e s r espect i ve l y ) . 

Smi th  � �. ( 1 986 ) found  exp er i ment a l l y  t h at t h e  reproduc t i ve 

performance of  ewes was marked l y  reduced by ora l  do s i ng of 2 5  ppm lEA  

d a i l y  from Day 7 to Day  1 7  of  t h e  oestrus  cyc l e .  Smi t h  � �. ( 1 986 ) 

c ar r i ed o ut a further  t r i a l  wh i ch s howed th at lEA  c o u l d c au s e  70% 

red u c t i on i n  t he  reproduct i ve performance of s heep wh en g i ven  at a 

l eve l o f  1 6  ppm of d i et ary i nt ake . L auren  ( 1 986 ) pred i ct ed th at  

c hron i c  exposure  to  l ow l ev e l s of  F u s ar i um toxi n cou l d  red u ce  stock  

l i v e - we i ght  a nd pred i s pose the  a n i ma l s t o  i nfect i o u s  d i seases . 
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F us ar i um i so l ates  from p asture  h ave b een tes ted for th e i r  tox i ­

gen i c  act i v i ty o n  a n umber o f  oc c as i on s . G a l l ag her ( 1 985 ) reported 

t h a t  F .  c u l mor um i so l ates  prod u c ed ZEA at l ev e l s of >200 ppm on o a t s  

med i um .  L auren ( 1 986 ) screened 2 5  s t r a i n s  b e l ong i ng to  F .  crook­

we l l en s e ,  F .  c u l morum,  F .  eq u i s et i , F .  s amb uc i n um,  F .  aven aceum , � 

grami n um and F .  s emi tec t um and  sever a l  F u s ar i um mycotox i n s were 

i so l a t ed . ZEA was  produc ed o n  r i ce med i um by i s o l ates  of F .  croo k ­

wel l en s e  a n d  F .  c u l morum at  l ev e l s o f  1 - 2 9  ppm.  I n  ad d i t i on to  l EA ,  

F .  c u l mor um prod u ced 6 9  ppm of  8 - ze ara l eno l  and 3 ppm of  a - zear a l eno l . 

DON ( vomi tox i n )  a nd acety l - vomi t ox i n were produced by F .  s emi tec t um 

and DAS  by F .  s amb uc i n um .  One  F .  crookwe l l en se  i so l ate  was  found  to  

prod u c e  v a r i ous  t r i c hothecenes  s u c h  a s  4 ,  1 5  d i ac etyl n i v a l eno l , o ther  

spec i e s were  found  t o  prod u ce  DON , 1 5  ADON a nd 4 , 1 5  d i ac etoxys c i rpenol  

( L auren , 1 986 ) . 



I n  terms o f  New Z e a l a nd c erea l s contami nated w i th  F u s ar i um myco­

t ox i n s , Agn ew et �. ( 1 986 ) a ss ayed 1 2  wheat s amp l e s a nd found two 

s i gn i f i cant l y  contami n ated w i th 0 . 02 and 0 . 7 7 ppm of N I V .  A further 

t wo s amp l es  were contami n ated w i th DON at  l eve l s  of  1 . 5 a nd 1 0 . 8  ppm . 

A s i gn i f i c a nt  l ev e l  of a t h i rd ,  

i n  four  s amp l e s .  A l l s amp l e s  

r ang i ng from 0 . 04 to 0 . 35 ppm . 

un i dent i f i ab l e ,  c ompound was  present  

were  contami nated w i th Z EA  at l eve l s  

Recen t l y ( Anon , 1 986 ) a warn i ng was  i s s ued about  t he  poten t i a l 

s e r i o u s ne s s  of F u s ar i um mycotox i n  contami n a t i on not  on l y  of  New 

Z e a l a nd cere a l s but  a l so  o f  prod uc t s  and feed s .  I t  was  s a i d " th e  

p re senc e  o f  h i g h l eve l s o f  t r i chothecenes  co u l d h ave  grave  h ea l th 

i mp l i c a t i ons  for farmer s ,  h arve s ters , mi l l er s  and con s umer s a s  we l l a s  

for  a n im a l  f eed producers  a n d  a n i ma l s . " 

1 . 4 . 5 . L abor atory Methods for the  Produc t i on of F u s ar i um Mycotox i ns 

Among t h e  factors wh i c h i nf l uence  the  product i on of  tox i n s  by 

F us ar i  um s pp i n  the  l abor atory are th e s u b strate  and i t s i n i t i a l 

mo i s t ure con ten t ,  th e t emperat ure , th e per i od of  i nc u bat i on and t he  

s t r a i n  of  the  fungus  u s ed . 

1 . 4 . 5 . 1 .  S ub strate  

Both  n a t ura l  s ubstrates  and syn t het i c  s u b strates  norma l l y  i n  a 

l i q u i d  s t ate , h ave  b een u s ed f or tox i n product i on ( Greenh a l gh  � �. , 

1 983 ) . 

A . N a t u r a l  s u bstrates  
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N at ura l  med i a  u s ed for the s t udy of  mycotox i n produc t i on by 

F u s ar i um h ave  been most l y  m a i z e  or  r i ce ,  e i ther  a l o ne  or w i t h  added 

g l uc o s e  ( Mi roc h a  et �. , 1 97 1 ) a nd h ave  l ed to  s omewh at  c o nf l i ct i ng 

re s u l t s .  

E u ge n i o  � �. ( 1 970 )  s t ud i ed t he  s ubstrate  f actor  exten s i ve l y  by 

u s i ng d i fferent n at ura l  and synth et i c  med i a  to  o bs erve th e i r  effect o n  

Z E A  produc t i on .  They found t h e  amount  o f  Z E A  v ar i ed from exce l l en t  

prod u c t i on on pol i s h ed r i ce ,  s omewh at  l es s  on ma i z e ,  a n d  n one o n  



s oybean  and pea s . On l y  trace  amounts  of  lEA were produced  i n  

med i a  ( C z a pek -Dox , S abouraud ' s  and pot ato-dextrose broth s ) .  

work done by Burme i ster  ( 1 97 1 ) s h owed th at wh i te ma i ze g r i t s  

l i q u i d  

E a r l y  

were 

s u per i or to  p e ar l ed wh eat  and  po l i s hed r i ce for produc i ng T-2 tox i n at 

1 50C .  Greenh a l gh � �. ( 1 983 ) produced two F u s ar i um toxi n s , DON and 
l E A ,  on both r i ce and m a i z e  but r i ce wa s found to  be the better 

s u b s t r ate  for DON and m a i z e  t h e  better for lEA . 

B otta l i co et a l . ( 1 984 ) reported that  i n  gener a l  m a i z e  kerne l s 

s u pported  th e product i on of  d i fferent F u s ar i um mycotox i n s '  ( DON , T-2  

t ox i n a nd lEA ) better  th an  r i ce kerne l s ,  wh i l e  r i ce was  s uper i or for 

mon i l i formi n product i on .  To produce  mon i l i formi n under  l aboratory 

cond i t i ons , K r i ek � �. ( 1 97 7 )  and R ab i e  � �. ( 1 97 8 )  u sed ma i ze - i n ­

water  cu l t ure s  i nc u b ated a t  2 50C for 2 1  d ays and found  ma i ze  to  be  t h e  

b e s t  s ub strate  f o r  MON . 

A c ompar at i ve  s t udy i nv e s t i gat i ng th e produ ct i on o f  lEA , zeara­

l eno l , T - 2  t ox i n and  DON  was  c a rr i ed out  by  R i c h ardson  et �. ( 1 984 ) 

o n  th ree d i f ferent med i a :  mo i s t a utoc l aved r i ce ,  vermi cu l i te mo i s ­

tened  w i th  n u t r i ent broth a nd a l i qu i d  s t arch- g l u t amate- s od i um c i trate  

med i um .  Wh i t e r i ce and  vermi c u l i te c u l t ures  s upported t h e  produc t i on 

o f  a l l of  the  tox i ns but  t h e  l i q u i d  med i um s upported on l y  poor produc­

t i on of  T- 2 tox i n and DON . Vermi c u l i te was  s u per i or i n  that  i t  

y i e l ded  a c l e ar ex tract compared to  the  r i ce cu l t ure wh i ch y i e l ded an  

o i l y  e x tract wh i ch reduced th e s ens i t i v i ty of  t h e  detect i on techn i q u e .  

B .  Synthet i c med i a  
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L i q u i d  or  s o l i d  synth et i c  med i a  h ave been l es s  popu l ar for i nv e s ­

t i g a t i ng  F u s ar i um tox i n p roduc t i on i n  s p i te of  t he i r ad v a n t age  i n  

red u c i ng i nterfer i ng s ub s t ances  and s ubsequen t l y  s horten i ng t h e  ext­

r ac t i on and p u r i f i c at i on proc e s ses  ( R i c h ard son et �. , 1 984 ) . The  

i nformat i on av a i l ab l e i nd i c ates  that  a synthet i c  med i um i s  s u i t a b l e 

for s c reen i ng a nd produc t i on of  lEA and i t s der i v a t i ve s  a nd i t  h as 

been u s ed exten s i ve l y  for th i s  purpose . About  32  g / i  of  lEA were 

obt a i ned 

g l uc o s e ,  

K C  1 and  

i n  a s urface ferment at i on o f  a def i ned med i um cont a i n i ng 

ure a ,  c a se i n  hyd ro l ysate  ( N -l-Am i ne  A ) , K2 HP04 , MgS04 . 7H20 

lnS04 . 7H20 ( H i dy � �. , 1 97 7 ) . R i c h ardson  e t  a l  ( 1 984 ) 



con s i dered t he  syn th et i c  med i a  a l s o adeq u at e  for t he  detect i on of  

t r i c hothecenes . 

Recen t l y , Pe stka  e t �. ( 1 985 ) u s ed v a r i ous  synth et i c  med i a  t o  

prod u ce  DON and 1 5-ADON from F .  grami ne arum i s o l a te s . They obt a i ned 

the h i gh e s t  amount  o f  DON ( 1 6 . 5  mg/� ) by ad d i ng 4% corn s teep l i q uor  

to  a mod i f i ed Fr i es med i um .  The h i g hest  amount  o f  1 5 -ADON ( 1 4 . 0  mg/� ) 

wa s  prod u ced i n  g l uco se-yea s t  extract  peptone ( GY E P ) .  Gree n h a l g h  � 

a l . ( 1 984 ) u sed 80� o f  GYEP  for t h e  l arge - s c a l e product i on of  3-ADON 

by F .  gram i n e arum and F .  c u l morum.  

S ever a l  o t her synth et i c  med i a  h av e  a l so  been rout i ne l y  u s ed for 

myco tox i n product i on .  C z a pek - Dox  med i um s upp l emented w i th  0 . 5% 

peptone  was  u s ed by Morooka � �. ( 1 97 2 )  and ag a i n  by Yo s h i z awa and 
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Morook a ( 1 9 7 7 ) . Mod i f i ed Gregory med i um and Voge l synthet i c  med i um 

were u s ed by C u l l en � �. ( 1 982 ) . 

1 . 4 . 5 . 2 .  I n i t i a l Mo i s t ure  Content  ( I MC ) 

IMC  and  t he  r e l a t i ve h umi d i ty grea t l y i nf l u ence tox i n p rod uc t i on 

o n  n a t u r a l  s ubstrate s .  R i c h ard son  et a l . ( 1 984 ) s t udyi ng t he  

accumu l a t i on of  l EA  i n  b ot h  r i ce a nd  verm i c u l ate  med i a ,  f o und  t he  

o p t i mum I MC t o  b e  7 0% water o n  a dry-we i ght  b as i s ,  a n d  Eugen i o � �. 

( 1 9 70 ) found th at  lEA was  produced better  on  r i ce at  MC 60- 6 5% or on 

m a i ze  at MC 4 5% w/w bas i s .  C a l dwe l l e t  a l . ( 1 9 70 )  a nd N a i k  et  a l . 

( 1 9 78 ) prod u ced s i gn i f i c an t  amounts  of lEA  o n  ma i z e  at  I MC of  

approx i m ate l y  40% .  I n  t h e  c a s e  of DON , Greenh a l g h  et �. ( 1 983 ) found 

opt i ma l  prod u c t i on at 40% IMC  after a 2 4- day i nc u b at i on per i od . 

S i m i l ar l y  Ne i s h et �. ( 1 983 ) fo und th at opt i mum DON produc t i on was at 

3 5% I MC . 

1 . 4 . 5 . 3 .  Temperature a nd per i od o f  i nc ubat i on 

As  we l l a s  t h e  s u bstrate  u s ed and i ts i n i t i a l mo i s t ure content, 

i ncubat i on temperat ure  and per i od o f  i nc u b at i on can  g re at l y  

i n f l u ence  tox i n produc t i on i n  t h e  l aboratory ( Greenh a l g h  e t  �. , 1 983 ; 

Bott a l i co � �. , 1 984 ) . B u rme i ster  ( 1 97 1 ) emp h a s i s ed t emperature  

a nd the  nature  o f  s u bstrate  i n  h i s  s t ud i es of T-2  tox i n product i on .  

He obt a i n ed th e h i g hest  amou n t  of  T-2 tox i n on wh i te ma i z e  gr i t s at 



1 5°C .  He a l so noted th a t  th e amount  of T-2  tox i n dec l i ned when  t he  

t emperature i nc rea sed . The T-2  tox i n was  50% l es s  a t  20°C a nd 85%  

l e s s  a t  2 5°C a nd  no  t ox i n was  detected at  3 7°C .  Common l y  t h e  c u l t ure  

i s  f i r s t  i nc u b ated at  2 7°C one  week , fo l l owed by t h ree week s a t  1 2°C 

t o  max i m i s e T-2  tox i n p rodu c t i on ( Bo t t a l i co � �. , 1 984 ) . Green h a l g h  

e t �. ( 1 983 ) found t h at a s t r a i n of  F .  gram i n earum k nown to  be a lEA 

and DON prod u cer ,  prod u ced m a i n l y  lEA at 1 9 . 50C .  The amount  of  lEA 

i nc reased accord i ng to both I MC a nd the t i me of  i nc u b a t i on ,  r e ac h i ng a 

m a x i mum ( 3 33  ppm) after  40 days a t  48% I MC . B u t  a t  th e h i gher t em­

perat ure of 28°C DON prod u ct i on was  opt i ma l , 5 1 5  p pm b e i ng prod u ced 

after  24  d ays at 40% I MC . Green h a l gh  � �. con s i de red th at t h e  i nc u ­

b a t i on per i od s hou l d exceed t h ree  week s to  a l l ow max i mum produc t i on o f  

DON . 

The effect s of  i nc u b at i on temperature  and t he  l ength  of  

i nc u b at i on  on mon i l i formi n product i on h ave  been  s tu d i ed by  R a b i e  � 

a l . ( 1 9 7 8 ) . Us i ng t h ree d i fferent i nc u b a t i on t emperature s  ( 20°C ,  2 5°C 

and  3 1 °C )  and i ncubat i on per i od s  of  7 ,  1 4  and 2 1  days , t hey reported 

t h at opt i ma l  prod uct i on was  after 2 1  d ays ' i nc u bat i on a t  2 5°C .  

P robab l y  t he  l o ng e s t  per i od o f  i nc ubat i on u s ed wa s  t h a t  of  

C a l dwe l l e t �. ( 1 970 )  for lEA  produc t i on .  Cu l t u res  were grown on 1 50 

g m a i z e  e i t h er for ten week s a t  1 6°C or  at  24°C for  two week s fo l l owed 
° by 2 week s a t  1 2  C .  

1 . 4 . 5 . 4 .  F unga l  s t ra i n ( th e  b i o l og i c a l  f ac tor ) 

J a rv i s ( 1 9 7 1 ) conc l uded  t h at not  a l l s t r a i n s  o f  a p art i cu l a r  

f u ng a l  s pec i es a r e  ab l e  t o  p rod uce  mycotox i n s ,  b u t  n o  exp l a n at i on i s  

s o  far  av a i l ab l e  for th i s  fact . A n umber of  i nve st i g ators  h av e  

n o t i c ed th a t  v ar i at i on between s t r a i n s  i s  i nf l u enced i n  part by 

phys i c a l  and n u tr i t i on a l  f actor s .  Greenh a l gh  et a l . ( 1 983 ) , for 

examp l e ,  n oted th at 

prod u c e r s  of  tox i n ,  

s ome F u s ar i um s p p  wh i ch appear t o  be weak 

and even  th o s e  wh i ch are app arent l y  non -tox i n 

prod u c er s ,  c o u l d produce  tox i n ( or more tox i n )  u n der  spec i f i c  phys i c a l  

a nd n ut r i t i o n a l  cond i t i on s . T h ese  authors  found t h ree out  o f  t h ree 

s t � a i n s  of F .  grami nearum prod u c ed DON and lEA on  m a i ze , wh ereas  on  

r i ce o n l y  two of  t h e  s t r a i n s  p rod uced s i gn i f i cant  amou nt s .  
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The  i n teract i on between t emper ature and  s t ra i n was  d emonstr ated 

by N a i k � �. ( 1 97 8 ) . These  authors  found  on l y o ne  s t r a i n  o u t  of  

f i v e  of F .  gr ami nearum p rod uced greater amounts  o f  l EA  at 1 00C com­

p ar ed to t ho se  prod u ced at 2 50C ,  and o n l y  one s t r a i n o u t  o f  the  f i ve  

p roduced great er amount s  a t  350C .  S i m i l ar res u l t s  wer e  o b t a i ned by 

B o t t a l i co et �. ( 1 984 ) concern i ng t he  i nteract i on of s tr a i n and 

t emperature . The  maj or i ty o f  th e i r  s t r a i n s  of  F .  gram i ne ar um produ c ed 

m ax i mum lEA at a c o n s t ant  i nc u ba t i on temperat ure o f  2 70C b u t  a few 

p rod uced lEA o n l y  at  a l ow temperature  ( 1 20C ) . One  of the s tra i n s 

a l s o  prod u c ed DON on l y  at 1 20C .  

1 . 4 . 5 . 5 .  M i sce l l aneous  factors  

There are  oth er l e s s  i mportant  f actor s s uc h  as  pH , O2 , CO2 
concentrat i on ,  c u l t ure f l a s k  s i ze etc . T he  pH factor  h as normal l y  

b een adj u s t ed i n  syn th et i c  med i a  on l y .  H i dy et �. ( 1 97 7 )  u s ed a 

s t ar t i ng pH  of  6 . 8- 7 . 2  for lEA  product i on ,  b u t  to  red u ce  t he  r i s k o f  

c o n t am i nat i on th e pH was  a l l owed t o  drop  to  a b o u t  4 .  S i m i l ar l y  E l ­

K ady  and E l -Marag hy ( 1 982 ) fo und t h at lEA was produced o p t i ma l l y  at  an  

i n i t i a l pH  of  7 .  T he  opt i mum pH for  DON produ ct i on r ange s between 5 . 2  

and  6 . 5 , accord i ng to  Greenh a l g h  � �. ( 1 983 ) . 

U nfortunate l y  th ere i s  i n adeq u ate i nformat i on av a i l ab l e  about  t h e 

o th er f act ors  and t h e i r i n fl uence  on  F u s ar i um toxi n product i on .  

Greenh a l gh  � �. ( 1 983 ) exp e r i mented wi th  d i fferent s i ze s  of cu l t ure  

f l a s k  conta i n i ng d i fferent  amounts of  r i ce .  No mycotox i n  was  detect ed 

i n  2 , 000 and 2 , 800 ml f l a s k s  b u t  p roduc t i on was good i n  500 m l  f l a s k s . 

T h ey i nterpreted s uch  phenomen a a s  b e i ng due  to  the l arger f l a s k s 

req u i r i ng 

t i ve l y  due  

the  t o x i n .  

l onger  i nc u b at i on per i od s  for t ox i n p roduct i on o r  a l t erna­

to  t he  gaseous  env i ronment  affect i ng t he  b i o synth es i s  of  

H i dy et �. ( 1 97 7 )  s t ated th at aerat i on for lEA product i on 

i n  l i q u i d  med i a  was not an i mportant  f actor , a l t h o u g h  a m i n i ma l  amount  

was  e s s en t i a l . 



1 . 5 .  PROCEDURE S FOR THE  ANAL YS I S  OF  FUSAR I UM MYCOTOX I NS 

1 . 5 . 1 .  S amp l e  Extrac t i on 

Th ere are severa l  s teps  t o  be  comp l eted b efore a s amp l e  i s  r e ady  

for  mycotox i n an a l ys i s  ( Go r s t -A l l man and Steyn , 1 984 ) . 

1 . 5 . 1 . 1 .  S amp l e and  s ub s amp l e  s i ze  

T he  s i ze of  s amp l e  u s ed for t ox i n a na l ys i s  h a s  var i ed great l y  and  

i t  i s  d i ff i c u l t t o  mak e a genera l  recommend a t i on ( Dav i s  � �. , 1 980 ; 

Sm i th e t  �. , 1 984 ) . Sm i th � �. s uggested  t h at a l arger  s amp l e  s i ze 

( no t  s pec i f i ed )  wou l d  i ncrease  t he  acc u racy b u t  ana l ys i s  wou l d  be  

c o s t l y . Because  i t  i s  d i ffi c u l t to  ana l yse the  who l e ( l arge ) s amp l e ,  

s u b s amp l i ng i s  nece s s ary . 

Dav i s  � �. ( 1 980 )  recommended gr i nd i ng t h e  or i g i n a l  s amp l e  t o  

p a s s  th roug h a No . 1 4  s i eve  t h en t h oroug h l y  b l end i ng and  s ubd i v i d i ng 

i n t o  1 k g  s amp l es . The  1 k g  s amp l e  s ho u l d t h en be ground  t o  p a s s  

t h rough  a No . 2 0  s i ev e  b efore b l end i ng a n d  s u bd i v i d i ng i n t o  500 g 

an a l yt i c a l  s amp l es .  T h ey a l so  s ugge sted t h at i t  i s  nece s s ary t o  u s e  a 

l arger  s u b s amp l e  for c o ar s e l y- ground mater i a l  t h an for f i ne l y- ground  

mater i a l . 

I n  pract i ce th e s ub s amp l e  s i ze h as ranged  from the  1 0  g o f  ma i z e  

u s ed by Cohen a n d  L apo i n t e  ( 1 980 ) t o  t h e  300 g o f  feed s t uff  a na l ysed 

by M i roc h a  e t �. ( 1 9 76b ) . Trenho l m et �. ( 1 985 ) con s i dered t h e  s i ze 

of  t h e  f i n a l  s amp l e  ( s ub s amp l e )  u s ed for mycotox i n an a l ys i s  t o  be  very 

i mportan t . They f o u nd t h at t h e  prec i s i on o f  t h e  an a l ys i s  i mproved 

marked l y  when the s u b s amp l e  s i z e r anged between 50  to  200 g .  

1 . 5 . 1 . 2 .  E x tract i on s o l vents  and  method s 

P athre  and M i roc h a  ( 1 9 7 7 )  d i v i ded t h e  F u s ar i um tox i n s ( tr i c ho­

th ecenes ) i n to  two groups  bas ed o n  s o l u b i l i ty propert i es .  Group A 

i nc l uded  T-2  tox i n ,  HT- 2  tox i n ,  NEO , DAS , monoacetoxy s c irpeno l ,  

verr uca�i n ,  v a tr i d i n  and verruco l .  Group  B i nc l u ded s c i rpentr i o l , T -2  

t e t r ao l , DON and  N I V . Group  A t r i chothecenes  are a l l a bout  t he  s ame 

order  of po l ar i ty and so n orma l l y  c a n  be extrac ted from con tami n ated  
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commod i t i es wi th an  aprot i c  ( n on -po l ar )  s o l vent  s uc h  as  e thy l  acet ate , 

acetone , c h l o roform , methyl ene c h l o r i de or  d i ethyl  e t h er . Group  B ,  

wh i ch are h i g h l y  hydroxy l ated and re l at i ve l y  p o l ar , c an u s u a l l y  b e  

ex t r ac t ed w i th prot i c  ( po l a r )  s o l vents  s uc h  a s  meth ano l  a n d  eth ano l  or  

even  by  aq ueous  meth ano l , aq ueous  aceton i t r i l e  or water . Forsyth e t  

a l . ( 1 9 7 7 )  s ugge s ted t h at ethyl  acetate a s  we l l as  ac eton i tr i l e  are 

the c h o i ce  of s o l v e n t s  f or the extrac t i on o f  tox i n s  i n  Group  A .  

F o rsyt h  and h i s  co l l e agues  recovered 80% of  T-2  tox i n and  9 7% o f  DAS 

from m i xed feed s amp l e s u s i ng aceton i t r i l e .  E t hy l  acetate  was ev en  

bet ter ( 87% and  99% recovery ) . Good recovery ( 85% ) of  DAS  and  FUS-X  

was  ac h i eved by  Nak a no � �. ( 1 974 ) u s i ng a m i x t ure cont a i n i ng 1 00 m l  

h e x a ne  a n d  200 ml met h ano l  - 1 %  N aC l  ( 5 5 : 45 ) . 

For  mos t  pract i c a l  purposes  i n  choos i ng a s o l vent  c apab l e o f  

ex t r act i ng a l l F u s ar i um t ox i ns s i mu l t aneou s l y , aq ueous  methano l  s o l ­

v e n t s  r ang i ng between 50% and 9 5% met h ano l  h ave  been u s ed exten s i ve l y  

( Kami mura � �. , 1 98 1 ; G i l bert ,  1 984 ; Cohen  and L apo i n te , 1 984 ) . For  

examp l e ,  Cohen  and L apo i n te  app l i ed meth ano l -water ( 50 : 5 0 )  t o  ext r ac t  

group  A t r i chothecenes  ( T- 2  tox i n ,  HT-2 tox i n a n d  DAS ) from cerea l  

gr a i n ,  wh i l e  Scott  � �. ( 1 981 ) s uc cessf u l l y  extracted DON  ( g roup  B )  

from wheat s amp l es w i th  50% meth ano l . Kam i mu r a  � �. ( 1 981 ) extrac ­

t ed ZEA ,  MON , b uteno l i d  and s evera l  t r i c ho t h ecenes from b o t h  groups  

w i th  meth ano l -water ( 9 5 : 5 ) . B u t  Trenh o l m  � �. ( 1 985 ) found  t h at 

ace ton i tr i l e-water was  better t h an meth ano l -water , i n  p art i cu l ar by 

g i v i ng l e s s  i nterfer i ng c o n tami n at i on .  
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Genera l l y  there a re  two ma i n method s f or  the  extract i on o f  

c o n t ami n ated s amp l es  o r  f u nga l  c u l t ures .  They may e i ther  be  extrac ted 

con t i n uou s l y  wi th an appropr i ate s o l vent  m i x t ure for 24  h or more i n  a 

Soxh l et apparatus  or , wh ere a fas ter extrac t i on i s  wan ted or  t h e  

myco tox i n i s  heat - s en s i t i ve ,  th e s amp l e  c an be  extrac t ed w i th  a n  

appropr i at e  so l vent i n  a War i ng b l ender for severa l  m i n u te s  ( Gor s t ­

A l l man a n d  Steyn , 1 984 ) . 

Cons i derab l e  v ar i at i on s  i n  res u l t s  h av e  been  found between l abo-

rato r i es or proced u r e s  or both  ( Trenho l m  � �. , 1 985 ) . T he se  

v a r i a t i on s  

proc edures  

ferences  

are  p art i a l l y  d u e  t o  the  d i verse  e x tract i on and  

u s ed by v a r i o u s  l aborator i e s ( Ep p l ey ,  1 979 ) . 

can  be part i cu l a r l y  obv i ou s  i n  t h e  extrac t i on 

c l e a n - u p  

S u c h  d i f ­

of DON . 



However ,  wh en DON was  e x tracted from cerea l  gr a i n s wi th met h ano l -water 

( 1 : 1 )  and  b l ended for 5 m i n i n  a h i gh- s peed b l ender , t h e recover i es 

from wh eat  aver aged 7 2% and 80% from two d i f ferent  l aborator i e s and 

t h i s  was  reg arded a s  a good res u l t ( Scott  et �. , 1 98 1 ) .  Q u i t e  

s i m i l ar r e su l t s were r epor ted b y  Bennett  et �. ( 1 983 ) u s i ng the s ame 

s o l vent  b u t  w i th a wr i s t - act i on s h aker for 30 mi n .  The  recovery 

r anged from 7 7 . 3% to  86 . 3% for DON s p i k ed  i n  wh eat s amp l e s .  

Aceton i t r i l e -water ( 84 : 1 6 )  so l vent  was  u sed by C h ang et �. ( 1 984 ) i n  

t h e  ex tr act i on of wh eat  s amp l es . E x t r act i o n was  comp l e ted wi th 3 m i n 

of  h i gh- s peed b l end i ng ,  w i th near l y  1 00% r ecovery.  B u t  Tren ho l m  et  

a l . ( 1 98 5 )  found 3 m i n b l end i ng r e l e ased o n l y  53%  DON i n  n a tura l l y-

cont ami n ated s amp l e s . They recommended a m i n i mum of 1 6  m i n for com-

p l ete  DON extract i on from n atur a l l y- contam i n ated s amp l e s .  

Sox h l et ex tract i on h a s  been common l y  u s ed f or ex trac t i ng MaN from 

feed a nd food stuff . R ab i e � �. ( 1 978 ,  1 982 ) extracted mou l dy mea l  

w i th aq u eous  meth ano l  ( 80% ) i n  a Soxh l et e x trac t or for 4 8  h ,  wherea s  

S teyn et �. ( 1 97 8 )  u s ed meth ano l  a s  the s o l vent  and a Sox h l e t - type 

automat i c  ext ractor for 3 h on l y .  

A few s t ud i e s h ave  ev a l u ated t he  effi c i ency o f  the  act u a l  extr ac­

t i on tec h n i q u e .  Tren ho l m  et �. ( 1 985 ) a s s e s s ed 3 mi x i ng apparat u s  

( h i gh- s peed b l ende r ,  wr i s t - act i on s h aker  a n d  mec h an i c a l  s t i rrer ) and  

t h e i r effect on  extrac t i on of  DON from n at u r a l l y- c ont ami n ated g r a i n s .  

Two so l vent  systems , aceton i tr i l e -water ( 2 1 : 4 )  and meth ano l -water  

( 1 : 1 ) we re u sed as ext r act i on s o l vents . T h e  h i g h - s peed b l ender  was  

t h e  best  extract i on dev i ce ,  req u i r i ng a m i n i mum of  1 6  m i n b l end i ng .  

T hey found  th at n at u r a l l y- contam i n ated s amp l es needed a l o nger t i me 

( about  2 h )  o n  a wr i st - act i on s h ak er ; neverth e l e s s  th i s  s h ak er  wa s  

u sef u l  for  l arge- s ca l e s amp l e  a n a l ys i s .  

1 . 5 . 1 . 3 .  C l ean - u p  proc edures  
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Any ex tract  from gr a i n ,  food s t uff o r  fung a l  c u l t ures  u s u a l l y  

cont a i n s n umerou s  c a rbohydrates , l i p i d s ,  p i gmen t s  and o t her contam i ­

n ant s ,  s o  i t  i s  nec e s s ary to i ntrod u ce  a c l e an - u p  step to  r emove a s  

many i nt erfer i ng compo und s a s  poss i b l e  before a n a l ys i s  ( Gor s t -A l l m an 

and S teyn , 1 984 ) . P u r i fy i ng t he  extract wi l l  i mprove t he  sens i t i v i ty ,  

d etect i on ,  s e l ect i v i ty and  q u a n t i f i c at i on .  Two techn i q ue s  are com-



mor i l y  eillp l oyed for pur i f i c a t i on ,  l i q u i d - l i q u i d  a nd s o l i d - l i q u i d  

part i t i on ( P ath re a nd M i roc h a ,  1 9 7 7 ) . 

A .  L i q u i d - l i q u i d  ( s o l vent - s o l ven t )  part i t i on 

I n  t he i r rev i ew ,  P ath re and M i roc h a  ( 1 9 7 7 )  noted t h at 

p art i t i on i ng o f  the  extract  i n  org a n i c s o l ven t s  a s  we l l a s  i n  a 

heterogeneous  s o l vent  sys t em h a s  been r eported t o  b e  wi thout  any 

s i gn i f i c a n t  l o s s  of t r i c ho t hecenes . T he  ma i n prob l em wi th t h i s  

procedure  i s  t h at  many tr i c hot hec enes from group A ( T- 2  tox i n ,  DAS 

etc . ) h ave  some f i n i te s o l u b i l i ty i n  hydroc arbon s o l vent s  ( s uch  as 

hexane  etc . ) .  The part i t i oned hydroc arbon s o l u t i on ( l i p i d ­

hydroc arbon ) mi g ht ,  th en , a c t  a s  a s o l vent  for d i s s o l v i ng s ome of  t he  

t r i choth ecenes  a nd l ower i ng t h e i r r ecovery. 

T h ere  are s evera l  syst ems o f  l i q u i d- l i q u i d  c l e an - u p .  P at hre  e t  

a l . ( 1 9 7 6 )  u sed aceton i tr i l e/petro l eum ( 60 - 70 ) 50 : 50 for pur i fy i ng 

MAS , DAS and T - 2  tox i n .  Bennett  � �. ( 1 981 ) e xtracted DON from 

ma i z e  g r a i n s wi t h  aqueous  met h ano l  80% and t h e  aqueo u s  s o l u t i on of DON 

was  p ar t i t i oned i n  ethyl ac e t at e  s o l u t i on .  Defat t i ng  i s  very often  

accomp l i s hed by part i t i on i ng t h e  extrac t  s o l vent  wi th  e i th er n - h exane  

or i so - oc t an e  ( Tak i tan i a nd  As abe , 1 983 ) . 

B .  S o l i d- l i q u i d  p art i t i on 

T h i s  techn i q u e  h a s  been ex t en s i ve l y  u s ed i n  t h e  i so l at i on and  

a n a l ys i s of tr i c hoth ecenes a nd u ses  absorbent  s i l i c a ge l ( Hage n and  

T i et jen , 1 97 5 ;  C ohen and  L a po i n te ,  1 980 ) , c h arcoa l  ( Ueno  et �. , 

1 9 73 ) , f l or i s i l  ( K ami mura  � �. ,  1 981 ) ,  Amber l i te XAD-2  ( V i scon t i  and 

M i roc h a ,  1 985 ) and XAD-4 ( Kami mura  � �. ,  1 981 ) .  

T L C  o n  s i l i c a ge l  i s  a very common c l e a n i ng-up  tec h n i q u e .  The  

TLC p l a te  m ay be  spotted w i t h  c r ude  extract and  then  d e ve l oped i n  

benzene- h ex a n e  ( 3 : 1 )  etc . I n  t h i s  system t h e  mycotox i n  rema i n s  on  t h e  

b a s e  l i ne whereas  many o f  t he  c o n t am i nants  move w i th th e s o l vent  front  

( Hagen and  T i etjen 1 975 ) .  

Amber l i te XAD -2  and XAD-4 , b oth  h i gh l y  porous  syn t het i c  ad sor­

bents  a n  po l ystyrene  bead s ,  h av e  b een found  to  be  promi s i ng agents  for 
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c l e a n - up purposes . For  examp l e ,  V i scont i a nd  M i roc h a  ( 1 985 ) a pp l i ed 

XAO- 2 to c l e an - up  c h i c k e n  organ  t i s s u e .  The T - 2  t ox i n and i ts met abo ­

l i tes  were e l u ted wi t h  90% aqueou s  met h ano l . 

I t  i s  not  uncommon  to  f i nd many rese arc hers  i nc l u d i ng more t h a n  

o ne  c l ean a - up s tep a n d  occ a s i on a l l y  b o t h  tec h n i q ues  ( s o l i d - l i q u i d and 

l i q u i d- l i q u i d )  are i nv o l ved i n  the pur i f i c at i on proces s ( Ab b a s  et �. , 

1 986 ) . K am i mura  et �. ( 1 98 1 ) a pp l i ed two s tep s ,  n ame l y  XAO-4 co l umn 

c hromatogr aphy and f l o r i s i l  c o l umn c hromatogr aphy to pur i fy m i x t ures  

o f  F us ar i um mycotox i n s .  The s amp l e  extract  was  app l i ed f i r st to  

AMber l i te XAO-4  res i n  i n  a c h romatograph i c  c o l umn . Mon i l i f ormi n was  

f i r s t  e l u t ed wi t h  50  ml  o f  water and  then  lEA and  f i ve t r i c ho thecenes  

w i t h  1 00 m l  of methano l .  The  met h ano l  extract was ev aporated and t he  

res i d u e  red i s s o l ved i n  a 1 0  m l  mi x t u re of c h l oroform-methano l  ( 9 : 1 ) .  

Th i s  was t h en s u bj ected to  f l or i s i l c o l umn chromatogr aphy as  a second 

s t ep c l ea n - u p ,  t he  t r i chothecenes and  lEA b e i ng e l u ted w i t h  1 00 m l  

c h l oroform-meth an o l  ( 9 : 1 ) .  A two- s tep  c l ean-up  was u s ed by Cohen  and 

L apo i nte  ( 1 980 ) f o l l ow i ng extrac t i on of  lEA from a i m a l  feed s wi t h  

c h l o roform-meth ano l . C l e a n - u p  was i n i t i a l l y  wi t h  a Sep-Pak  s i l i c a g e l  

c ar tr i d ge fo l l owed by co l umn c hromatogr aphy on S ephadex  L H - 2 0 .  

A t h ree - s tep c l ean - up method c a n  a l so be  u s ed . Rosen  and Rosen  

( 1 984 ) u s ed met h ano l - h exane  part i t i on i ng ,  reversed-ph ase  and  norma l ­

p h a se  Sep-Pak  C 1 8  c artr i dges  to  c l e a n - u p  T-2  t ox i n ,  HT-2  t ox i n ,  lEA  

and  OAS  from m a i z e  s amp l es .  

1 . 5 . 2  P hys i co -c hemi c a l  As s ays 

A co ns i de r ab l e  n umber of  an a l yt i ca l  methods  for F us ar i um myco­

t ox i n s h ave been  proposed , b u t  there  h av e  been  few  overa l l  c ompar i sons  

of  t he i r  app l i c at i on .  The  metho d s  i n  u se  for detect i ng and  

q u an t i fy i ng mycotox i ns can  be c l as s i f i ed i nto  phys i co -chemi c a l  or  

b i o l og i ca l  as s ays ( Pathre  and  M i roc h a ,  1 977 ) . 

Severa l  p hys i co -c hemi c a l  a s s ay method s h ave  been dev e l oped a nd 

u s ed d u r i ng t he  past  dec ade , i nc l u d i ng t h i n - l ayer c hromatogr aphy 

( TLC ) ,  gas c h romatogr aphy ( GC ) , gas c hromatography-mass  spectrometry 

( GC -MS ) ,  mas s s pectrometry-mass  spectrometry ( MS - MS ) a nd h i gh perfor­

mance l i q u i d  c hromatography ( HP LC ) .  S cott  ( 1 982 ) ev a l u ated acc u racy , 



prec i s i on and l i m i t s  of  d etect i on of t he  above method s and h i s  c o n ­

c l u s i on was  th at  GC  w i th  a n  e l ectron  c apture d etec tor  ( ECD ) or  GC-MS  

were the  best  techn i q u e s  for detect i on and q u an t i f i c at i on of  tr i c ho­

t h ecenes  b u t  the  method s i nvo l ve  expen s i ve i n st rument at i on .  G i l bert  

et � . ( 1 984 ) r anked t h e  most common chem i c a l  a n a l yt i c a l  methods  for  

the  separat i on and  detect i on of  F u s ar i um myc otox i n s  i n  order  o f  

i ncreas i ng spec i f i c i ty a s  fo l l ows : H P L C  ( wi t h  U V  detector ) , TLC  after 

s pr ayi ng w i th P - n i trobenzy l - pyr i d i ne reagent , G C  wi t h  E C D ,  GC-MS a n d  

MS -MS . A s  t he  spec i f i c i ty a n d  s en s i t i v i ty of t h e  tech n i q u e  i ncreas e s , 

t h e  i n s tr umen t at i on become s more  expen s i ve and  l e s s  av a i l ab l e for 

rout i ne l aboratory a s s ays . 

1 . 5 . 2 . 1  Th i n - l ayer c h romatogr aphy 

Th i n- l ayer c hromatogr ap hy i s  t he  techn i q ue  wh i c h i s  t he  mo s t  

w i de l y  u sed  for the detect i on and a n a l ys i s  o f  mycotox i n s ,  i nc l u d i ng 

F u s ar i um tox i n s .  I t  depen d s  on t h ree var i ab l es ,  name l y  t h e  type of  

ab sorben t ,  the  s o l vent  sys t em and  the  method of  detect i on ( Gors t ­

A l l man  and St eyn , 1 984 ) . T L C  i s  frequent l y  t h e  method o f  c ho i ce for 

the s emi - q u ant i t at i on of  t r i chothecenes  ( Scot t ,  1 982 ) . The  ana l ys i s  

i s  mos t  frequen t l y  performed on  a s i l i c a ge l  ph a s e .  F u s ar i um tox i n s ,  

except i ng l EA ,  h ave n o  f l uorescent  o r  u l tra-v i o l et absor b i ng  proper­

t i es ,  so  t h e i r detect i on and  quant i t a t i on  on TLC can  be  d i ff i c u l t .  

The  c h romat og r am shou l d be  s prayed wi th  a c hromogen i c  reagen t  and t h e  

tox i n detected by f l uores cence or by co l our ( Tak i t an i  a n d  As abe , 

1 983 ) . However , some d i s ad v ant age s accompany th i s  detect i on met h od . 

T h e  r e age n t s  are not spec i f i c and for  natura l  ext r act s t h e  c hromato­

gr ams are  d i ff i c u l t to i nt er pret  and  the techn i q u e  i s ,  at bes t ,  s emi ­

q u ant i t at i ve .  There i s  a l s o  n o  s i ng l e  reagent  wh i ch h a s  enough  sens i ­

t i v i ty ,  s e l e ct i v i ty and s t a b i l i ty for  u n i ver s a l  u s e . 
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P a t hre and M i roc h a  ( 1 97 7 )  con s i dered t h at t h e  TLC  met h od i s  not  

q u an t i t at i ve bec ause  of  t h e  d i ff i c u l ty encount ered i n  u n i form l y  

s pr ay i ng  the  p l ate  wi th t h e  r e agent . Detec t i on and  quant i t at i on a l so 

b ecome very c r i t i c a l  when t h e  extract  cont a i n s many i nterfer i ng c om­

ponen t s . B u t  G i l bert � �. ( 1 984 ) conc l u ded t h a t  TLC ( preferab l y  i n  

two d i men s i o n s ) c a n  offer adequ ate separat i on when  a comb i n a t i on  of 

s pr ay r e agents  i s  u s ed , a l t h ough  t h e  sen s i t i v i ty for cert a i n 



t r i chothecenes  ( T-2  t ox i n i n  part i cu l ar )  i s  poor and q u a n t i t a t i on i s  

at  bes t  on l y  approx i mate . 

P a thre  and M i roc h a  ( 1 9 7 7 ) , and  Tak i t an i and A s abe ( 1 983 ) conduc­

t ed genera l  rev i ews of t he  ma i n reagen t s . Any of  t h e  f o l l ow i ng c o u l d 

be  chosen  depend i ng on  t h e  purpose  of  t he  a s s ays and t h e  type of  

t ox i n .  

a )  S u l p hu r i c  ac i d  ( H2 S04 ) a t  a r at i o  o f  1 0-50% i n  aq ueou s  or 

e th ano l i c  s o l u t i on .  After  be i ng s prayed , the TLC p l ate  i s  

h e ated for about  20  mi n a t  1 00- 1 300C ( Sorenson � �. , 1 9 75 ) .  

Tr i c hothecenes  type A w i l l  g i ve a greyi s h- b l ack  co l o ur  and 

type B a brown co l o ur .  

The  de tect i on l i mi t accord i ng t o  Tak i t an i and As abe  ( 1 983 ) 

was  0 . 2 5 � g / spot . Unde r UV  l i g ht  ( 360 nm) o n l y type A w i l l  

g i ve a b l ue f l u orescenc e ,  b u t  t he  d e tect i on l i m i t was  i mp­

r oved  by about  0 . 05 � g / s pot . Hofman ( 1 980 ) ( c i ted  by S co t t ,  

1 982 ) reported i mproved s en s i t i v i ty u s i ng two- d i me n s i on a l  TLC  

and  s pr ay i ng wi th 20% H2S04 , He  detected 1 5  � g / k g  T - 2  t ox i n 

i n  t h e  m u sc l e  and l i ver t i s s u e  o f  c h i cken . 
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b )  A l um i n i um c h l or i de ( A 1 C 1 3 ) .  

on re s u l t ant f l uorescenc e .  

T h e  u s e  o f  t h i s  re agen t  i s  based 

N ao i  ( 1 98 3 )  detected F U S - X  after 

p l ates  h ad been sprayed w i t h  5 0% A 1 C 1 3 and heated for  1 0  m i n 

at  1 300C .  The  tox i n was detec t ed by i t s b l u e  f l u orescence 

under  360 nm UV l i ght  and  t h e  detect i on l i m i t was  0 . 05 

� g / s pot . K am i mura et �. ( 1 981 ) detected type B t r i c hothe­

cenes  by sprayi ng p l ates  w i t h  20% A1 C 1 3 and h e at i ng for 1 0  

m i n a t  1 1 00C ;  t h e  detect i on l i m i t was between 20-50  � g / k g  for 

DON , N I V  and  FU S - X .  

Recen t l y  E pp l ey et �. ( 1 986 ) reported on an exten s i ve co l ­

l aborat i ve s t udy ( 1 8  co l l aborator  l aborator i e s )  for  t he  

de termi n at i on of  DON u s i ng a r ap i d  screen i ng method  i n  wh i ch 

TLC p l a te s  were spr ayed w i t h  A 1 C 1 3 . T he  l ower l i m i t of 

detec t i on was  act u a l l y  50- 1 00 ppb b u t  r e l i ab l e  determ i n a t i ons  

of DON  i n  wheat  were ac h i eved a t  l ev e l s of  300 ppb  or  more . 



c )  2 , 4  d i n i trophenyl hydr az i ne ( 2 , 4 - DN PH ) .  Sorenson  et a l . 

d )  

( 1 97 5 )  reported a s em i - q u an t i t at i ve determ i n at i on of  t r i c ho ­

thecenes  on TLC after  der i v a t i ve s  were obt a i ned  from reac t i on 

wi th 2 , 4 - DNPH . T he  detect i on l i m i t was 6 � g/ml . Go r s t -

A l lman and Steyn ( 1 97 9 )  reported a n  orange c o l o ur  from t h e  

react i on o f  2 , 4 - DNPH  w i th T - 2  tox i n  and d a r k  or ange -ye l l ow 

wi th ZEA . B u t  th e 2 , 4 - DNPH  reagent  was n o t  s e n s i t i ve enough  

compared to  other reag e n t s  s uc h  a s  H2S04 , A 1 C 1 3 etc . 

Kam imura  � �. ( 1 981 ) deve l o ped a den s i tomet r i c  q u an t i t a t i on 

and co nf i rmat i on of mon i l i form i n by u s i ng 2 , 4 - DNPH  der i v a­

t i ve s .  The detect i on l i m i t of  t h i s  techn i qu e  was  50 � �/ k g .  

Steyn et �. ( 1 97 8 )  app l i ed two reagents , 1 %  o f  2 , 4- DNPH  and  

1 %  of meth ano l i c  n i nhydr i n  so l u t i on s prayed o n  the  TLC p l ate  

( 0 . 3 mm C amag D-5 s i l i c a g e l ) .  

O th er reagents  s uch  a s  P - an i s a l dehyde ( Scott  � �. , 

4 - ( P - n i t robenzy l ) pyr i d i n e ( Tak i t a n i  et  �. , 

N i co t i n am i de-2- acetyl pyr i d i ne ( S ano  et �. , 1 982 ) a l s o  

1 9 7 0 )  , 

1 97 9 )  , 

h av e  

been  u s ed successf u l l y  f o r  detect i on and q u an t i f i c at i on o f  

s ome F us ar i um toxi n s . 

Q uant i t a t i on of mycotox i n s by TLC c an be c arr i ed o u t  by 

ev a l u at i on e i ther on the p l a te  or  after ex t r ac t i on from the p l ate . 

Both need a prec i se appl i c at i on of a f i xed amo u n t  of s t andard 

myco tox i n s  ( Gor s t -A l l m an & Steyn , 1 984 ) . 

There  are  two mai n meth od s app l i c ab l e  for q u a n t i fy i ng t he  

F u s ar i um mycotox i n s on TLC : a )  v i s u a l  determi n a t i on wh i c h i s , accor­

d i ng t o  S c h u l l er et  � ( 1 976 ) ,  a t  best  s em i qu ant i tat i ve .  A compar i so n  

of  s pot a reas o f  th e s amp l e  i s  mad e  t o  t he  a r e a  o f  kn own c o ncentrat i on 

of s t and ard r u n  on  t he  s ame p l at e ; b )  i n s trumen t a l  measurement .  

Schu l l er � �. ( 1 9 76 ) found both  accuracy and  prec i s i on of  an a l ys i s  

c an be i mproved by u s i ng a den s i tometer  to  determi ne t h e  t r an sm i s s i on 

or ref l ect i on propert i es of t h e  mycotox i n spot  on  the TLC  p l ate . The 

de n s i tometer :  can  be  u sed on  s pot s  wh i c h  are c o l o ured , e i ther  n at u ­

ra l l y  or w i th c hromatoge n i c  reage n t , are c h arred , or a b sorb  UV l i ght  

or f l u oresce  ( Gorst-A l l man & Steyn , 1 984 ) . UV  spectroscopy i s  a l so  

common l y  u s ed a s  a q u ant i t at i ve meth od for t he  mycotox i n extracted 
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from t h e  ad sorbent  l ayer of TLC . TLC absorbence obt a i ned from u n k nown 

s amp l e s  i s  u s ed i n  conj unct i on wi th t h e  mol ar  absorpt i v i ty ( E )  of pure 

tox i n to  c a l c u l a t e  the concent rat i on ( Burme i ster  � �. , 1 979 ) .  

A l arge v a r i ety of so l vent  syst ems h a s  been deve l oped t o  detect  

and  c h aract er i s e v ar i o u s  tox i n s . The  mos t  freq uen t l y  u s ed sys tem 

cons i s t s  of d i fferent  percen t ages  of  meth ano l  ( 2 - 7% )  i n  c h l o roform, 

a l t h o ug h  t h i s  sys tem i s  very s en s i t i ve to  env i ronmen t a l  fac t ors  s u c h  

as  h um i d i ty .  

D i f ferent  deve l o p i ng s o l vent  syst ems f or t h e  detect i on and i de n ­

t i f i c at i on of  t r i c hoth ecenes o n  s i l i c a  g e l T L C  p l ates h av e  been  

deve l o ped . P a th re and M i roc h a  ( 1 9 7 7 ) rev i ewed s ome of th e s e  systems , 

eg o c h l o roform-meth anol  ( 98 : 2 ,  97 : 3  and 9 5 : 5 ) ,  t o l u ene-ethyl  ac etate  

( 1 : 3 ) a nd  benzene- acetone  ( 3 : 2 ) . T he  Rf  v a l ues  for d i fferent  t r i c ho-

thecenes  are  affected by th e pol a r i ty of t he  s o l vent . Acetone h as 

been effect i ve l y  s ub s t i tu ted for meth ano l  and t h e  opt i mum r at i o  of 

c h l oroform t o  acetone was  reported as 90 : 1 0  by Gor s t -A l l man and Steyn 

( 1 9 7 9 ) or 85 : 1 5  by Ge nest  and Smi t h  ( 1 963 ) ( c i t ed by Gorst-A l l man and 

S teyn , 1 984 ). E pp l ey et �. ( 1 986 ) u s ed c h l oroform-acetone - i sopropano l  

( 8 : 1 : 1 )  for  DON  detect i on .  N e i sh e t �. ( 1 982 ) d eve l oped TLC p l ates  

i n  t o l u ene-ethy l  acetate-form i c ac i d  ( 6 : 3 : 1 ) or benzene-me t h ano l ­

acet i c  ac i d  ( 24 : 2 : 1 )  to  detect T-2  tox i n and DAS . 

been 

was 

some 

1 . 5 . 2 . 2 .  H i g h performance l i q u i d  c hromatography 

Wh i l e h i g h performance  l i qu i d  chromatogr aphy h a s  s uc ce s s fu l l y  

u s ed for de tect i on and q uant i t at i on of  ZEA  ( G i l bert , 1 984 ) , i t  

found too  d i f f i c u l t to  app l y  for mos t  t r i c h ot h ecenes  ( except  for 

group B t r i chothecenes , e . g .  DON , N I V  etc . )  because of  t h e  1 ack  

of UV  absorpt i on .  F urth ermore t h i s  meth od was  e ar l i er co n s i dered 

u n s u i t ab l e  for  gr a i n ana l ys i s ,  because  o f  poor s e n s i t i v i ty ( Sc ot t , 

1 982 ) .  However ,  s en s i t i v i ty h a s  now been i ncreased cons i derab l y  par­

t i cu l ar l y  after  i mprovements  i n  the  sen s i t i v i ty of modern  UV detectors  

( L auren and  Greenh a l g h ,  1 987 ) . L auren and Green h a l gh  detected 1 5  and 

50 n g /g  of N I V  and DON respect i v e l y  from s p i ked  wheat and m a i ze  

s amp l es .  



1 . 5 . 2 . 3 .  G a s  c h romatogr aph i c  a nd a s soc i a ted  techn i ques  

Scott  ( 1 982 ) c onc l uded th at g a s  chromatogr aphy a l one or i n  c om­

b i n a t i on wi th o t h er techn i q ues  was the mos t  s at i sfactory method of  

ana l y s i s  f or F u s ar i um myco tox i n s ,  b e i ng b e tter  than  TLC i n  t erms of  

detect i on and  s ens i t i v i ty .  However , GC has  been s a i d  to have  on l y  

l i mi t ed app l i c at i on i n  t h e  i nve s t i ga t i on of u n k n own mycotox i n s ( Go r s t ­

A l l m a n  a n d  Steyn , 1 984 ) a l t h ough  when co u p l ed t o  m a s s - s pectrometry a 

cons i derab l e amoun t  of  q u a l i t a t i ve d a t a  concern i ng t h e  i den t i fy of t h e  

compound be i ng a n a l ysed can  b e  obta i ned . 

A .  Der i v a t i s at i on 

As F us ar i um mycot ox i n s  are i n suff i c i ent l y  v o l a t i l e  thems e l v e s  

t hey m u s t  be  tran sformed i n to  vo l a t i l e  der i v at i ve s , typ i c a l l y  t r i ­

methy l s i l y l ( TMS ) e t h ers ( K am imura  e t  �. , 1 981 ) or heptaf l u oro­

butyryl ( HFB ) e sters  ( Scott  et  �. , 1 981 ) .  T he  de r i v at i s at i on s tep i s  

of p r i mary i mportance  i n  a n a l yt i c a l  proc ed u res , b u t  the cond i t i on s  

t h at favour t he  react i on are comp l i c ated ( K i en t z  a n d  Verwe i j ,  1 986 ) . 

A l arge number of der i v at i s a t i on reagen t s  are commerc i a l l y  av a i ­

l ab l e  ( Tab l e  1 - 7 )  a nd t h e u s e  of some reagen t s  s eems arb i trary.  Some 

auth o r s  h av e  a l s o  u sed i ncomp l ete der i v at i s at i on  of  mycotox i n accor­

d i ng t o  G i l bert et �. ( 1 985 ) . 

V a r i ou s  F us ar i um t ox i n s  have been s i l y l a t ed w i t h  TR I - S I L  "TBT "  

wh i c h  i s  a s t and ard m i x t ure of  TMS I .�: ) B SA and TMCS ( 3 : 3 : 2 ) . I t  i s  a 

powerfu l  s i l y l at i ng r e agent  wi th  h i g h  bo i l i ng p o i n t , b ut  i t  i s  d i f ­

f i cu l t t o  remove ex ce s s  ( G i l bert , 1 984 ; M i roc h a  et a l . 1 976 a ;  V i scon t i  

and M i  roc h a ,  1 985 ) . Ro sen  and Ro s en ( 1 984 ) heated t he  mi  x t u re of  

BSTFA reagent  wi t h  mycotox i n s  for  1 h at  900C for  der i v a t i s i ng s evera l  

t r i ch othecenes  a s  we l l a s  ZEA . 
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Heptaf l u orobutyryl i mi dazo l e ( HFB I ) h a s  been  u sed by s ev e r a l  

a u th o r s , prov i d i ng good s en s i t i v i ty p art i cu l ar l y  b y  u s i ng GC w i t h  E C D  

for a n a l ys i s  ( G i l bert , 1 984 ; Cohen a n d  L apo i n t e ,  1 984 ; Scott e t  �. , 

1 981 ) . 
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M i x tures of TMS I and TMCS i n  ethyl  ace t a t e  were s uccessf u l l y  u s ed 

by K am i mura  et �. ( 1 981 ) for s i l y l a t i on of  T-2 tox i n ,  HT - 2  t o x i n ,  

N I V ,  DON , FUS-X  and  l E A .  O n e  m l  o f  mycot o x i n s t andard or  0 . 5  m l  o f  

extr act s amp l e  w a s  t r ansferred i nto a 2 0  m l  pear - s h aped f l a s k  a n d  

a f t e r  ev aporat i on 0 . 5  m l  of  der i v at i s i ng re agent  was added . T h e  

reac t i on was comp l et e  w i th i n  1 5  m i n at room temperature .  

T ab l e 1 - 7 :  Name s of der i v a t i s i ng reagen t s  * 

Reagent  Abbrev i at i on 

N , O- B i s ( tr i methyl s i l y l ) ace t am i de 

N , O-B i s ( tr i methyl s i l y l ) t r i f l u oroacet ami de 

Tr i methy l c h l oros i l ane  

Hexamethyl d i s i l az ane  

N -Tr i methyl d i l y l i m i d a zo l e 

B SA-TMCS ( 5 : 1 ) Tr i - S i l B T  ** 

TMS I - B SA-TMCS ( 3 : 3 : 2 ) Tr i - S i l T BT ** 

Tr i f l u oroacet i c  anhyd r i de 

N-Tr i f l uoroacety l i m i d a zo l e 

N -Met hyl - b i s ( tr i f l uoroacemam i de ) 

Heptaf l u orobutyry l i m i d az o l e 

B SA 

BSTFA 

TMCS 

HMOS 

TMS I 

BT 

TBT 

TFAA 

TFA I  

MBTFA 

HFB I 

* F r om K i en t z  and V erwe i j ,  1 986 , and G i l bert  et  �. , 1 985 . 

** Tr ade n ame of P i erce 

S ome stud i es h ave  attempted to  ded u ce  t h e  opt i mum cond i t i on s  

req u i r ed for a u n i v e r s a l  der i v a t i s at i on proced u re for the q u a n t i t a ­

t i ve a n a l ys i s  o f  s amp l es contami n ated wi th  F u s ar i um t ox i n s .  G i l bert  

e t  a l . ( 1 985 ) exami ned t h e  opt i mum cond i t i on for  t r i methyl d i l y l a t i on 

of  DON . They u sed d i fferent der i v at i s i ng reagent s  ( BSTFA and  TMS I ) 

a nd  3 d i fferent temper at u res ( room tempera t u re , 60°C and 1 00oC )  for  

c omp l e t i ng the react i on .  T he  authors  found  that  DON  cou l d  be  der i v a­

t i sed comp l et e l y  on l y  i n  t h e  presence of TMS I wh atever t he  t herma l 

t reatment , wh i l e  u s i ng B STFA a l aon e ,  desp i te pro l onged heat treatment  

and  t h e  presence of an ac i d i c  c a t a l ys t  s uch  a s  TMCS , the  der i v at i s a ­

t i on o f  DON w a s  not  c omp l eted . The  authors  co nc l uded  t h at TMS I was  



a l so  a powerfu l  r eagent  for a l l members  o f  type B t r i chothecenes  ( eg .  

N I V ,  FUS-X  etc . ) .  T h e  ma i n d i s ad vantage  o f  TMS I i s  t h at  i t  i s  n o t  

e as i l y  ev aporated a nd  th e ex ces s  ha s  been found  to  c a u se  damage t o  t h e  

s t at i on ary phase  o f  t h e  co l umn . 

A further and more ex ten s i ve s t udy was  c arr i ed o u t  by K i entz  and  

V erwe i j  . ( 1 986 ) u s i ng s even  d i fferent der i v a t i s a t i on reagents  for DAS , 

N EO , DON , N I V ,  T-2  tox i n ,  HT-2 tox i n and  l E A .  The i r  conc l u s i on was  

t h at reagen t s  con t a i n i ng TMS I i n  th e pre sence  of  BSA or BSTFA seemed 

to be  e s s en t i al t o  obta i n  a h i gh response  for b oth type A and type B 

t r i c hothecene s .  Howev e r ,  lEA der i vat i ve s  are h i gh l y  u n s t ab l e even  

w i th B STFA reagent  ( Ro s e n  and  Rosen , 1 984 ) . 

K i entz  and V erwe i j  ( 1 986 ) s u ggested t h at t he  u n s at i sfact ory 

res u l t s  obt a i ned i n  many cases  were mos t  l i k e l y  due e i t h er to i nc om­

p l ete  de r i vat i sat i on s ,  mos t l y h appen i ng w i t h  DON ,  or t o  decompos i t i on 

of  t h e  der i va t i ve du r i ng gas  c hromatogr aph i c  ana l ys i s ,  part i cu l ar l y  

w i th l EA .  I t  wa s  h ard t o  d i st i ng u i s h between t he se  two factors . 

B .  Ga s - l i qu i d  c hromatogr aphy 

G a s- l i q u i d  c hromatogr aphy c an obt a i n  good resol u t i on and of ten  

good s en s i t i v i ty o f  de tect i on i f  t he  tox i n i s  s uffi c i en t l y  vo l at i l e  a t  

t h e  co l umn t emper ature  or  c an be  converted i n to  a vo l a t i l e  d er i v a t i ve 

( M i roc h a  � �. , 1 9 76 a ) . I nc rea s i ng t h e  t emperature o f  t h e  co l umn 

e i ther l i near l y  or  non - l i near l y  w i l l  a l l ow t h e  s equen t i a l e l u t i on of  

metabo l i tes  of  great l y  varyi ng ( a l t h o ug h  not  over l ong ) retent i on t i me s  

w i tho u t  peak broad e n i ng ( Gorst -A l l man a n d  S t eyn , 1 984 ) . 
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The ma i n d i s ad v an t ag e  of GC i s  the po s s i b i l i ty of f a l s e  pos i t i v e 

res u l t s ,  part i c u l ar l y  w i th  f l ame i on i z at i on detection ( F l O ) , b ec au s e  

t h ere are many components  wh i c h co-c hromatogr ap h  wi t h  t r i chothecenes  

( i . e .  have  an  i de n t i c a l  reten t i on t i me )  ( M i roc h a  � �. , 1 97 6b ) . By  

u s i ng GC wi th  an e l ect ron c apture detector  ( E C D ) , th i s  prob l em c an b e  

p art i a l l y  ov ercome and  t h i s  comb i nat i on ( GC - E C D ) c a n  be  regarded a s  

t h e  best  comprom i s e  between expens i ve i n s t rument at i on a n d  r e l i ab l e 

q u ant i t at i on ( Scot t ,  1 982 ) . 



Most  of t he  F u s ar i um t ox i n der i vat i ves  ( TMS i n  part i cu l ar )  h a v e  

been an a l ysed on  a s hort  non-p o l ar packed  c o l umn . S e ver a l  s t a t i on ary 

p h a se s  are av a i l ab l e  s u c h  a s  OV - 1  ( St ee l e  �et �. , 1 97 6 ; C h aytor and 

S axby ,  1 982 ) or OV - 1 7 ( Kami mura  et  �. , 1 981 ) .  S E - 5 2  was  u s ed by 

Thouvenot  and Morf i n ( 1 9 7 9 )  on cap i l l ary g l a s s  for detec t i on of  lEA  

and f u sed s i l i c a c a p i l l ary co l umn s  coated w i th S E - 5 4  by Cohen a nd 

L apo i n t e  ( 1 982 ) for  t h e  detect i on of  DON . Ac cord i ng t o  P athre  and  

M i roc h a  ( 1 979 ) , t h e  mos t s u i t a b l e ph ases  for  t r i c ho thecenes  are S E - 30  

and OV - 1 7 .  Recent l y  c ap i l l a ry c o l umn s  ( u npacked ) h ave  b een  found  

s uper i or to  t h e  p ac ked co l umn s a nd are now u sed more  often  ( Ro sen  and  

Rosen , 1 984 ) . Cohen  and L apo i n te  ( 1 984 ) u s ed f u sed s i l i c a  DB -5  ( 30 m 

x 0 . 32 mm i d )  for t h e  detect i on of  T -2  t ox i n ,  HT-2 t ox i n and DAS . 

Sens i t i v i ty of  t h e  GC method i s  l arge l y  dependent  u pon  t h e  sepa­

r at i on of t he  mycotox i n u nder  i nve s t i g a t i on from o t her i n t erfer i ng 

components  i n  t h e  e x t r act . T he  detec t i on l i m i t  depend s t o  a l arge 

extent  on the type of detector , n orma l ly  e i t h er a F l O  or  E C D . 
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Scott  ( 1 982 ) conc l uded t h a t  GC-ECD  i s  more sens i t i ve t h an G C - F l D  

f or d e termi n i ng TMS eth ers of  both type A and  type B t r i c hothecene s , 

p art i cu l a r l y  for group  B members  bec ause  of  t h e i r  conj ugated c arbonyl  

group . K am i mura  � �. ( 1 981 ) compared the  detec t i on eff i c i ency of  

GC-F l D  and GC-ECD  for severa l  t r i chothecenes  and  ZEA . They found  t h at 

t h e  detect ab l e  amount  of t r i chothecenes  of  type A ( T-2  t ox i n a nd DAS ) 

was  about  200 �g/ k g  and about 1 00 � g / k g  for  type B ( N l V , DON and  F US ­

X )  w hen  GC-F l D  was  u s ed ,  compared t o  about  80 �g/ k g  for  type A a nd 

about  2 � g / k g  for type B when  GC - ECD  was  u s ed . Th i s  mea n s  t h at  more  

t h an a 2- fol d i mprovement i n  t h e  s en s i t i v i ty for typ e  A and  a 50-fo l d 

i mprovement for type B was noted wi th  t h e  u s e  o f  GC - E C D . Kuroda  e t  

a 1 .  ( 1 979 ) ,  c i t ed by  N a o i  ( 1 983 ) h av e  r eported a n  e v e n  greater 

i ncrease  i n  sen s i t i v i ty wi th E CD , d ependent  on  the presence  of  C=O  a t  

t h e  8 t h  pos i t i on o f  t h e  tr i choth ecene s truct ure  for type B compound s .  

A l t ho ug h  g a s  c hromatogr aphy w i th  F l O  i s  l e s s  s en s i t i ve f or 

F us ar i um tox i n s  compared to E C D ,  i t  i s  s t i l l  common l y  u s ed ,  b u t  mos t  

conf i rmat i on i s  done  b y  a comb i n at i on o f  GC- F l D  wi th  mas s s pectrometry 

( S teele et  �. , 1 9 7 6 ; C u l l en e t  �. , 1 982 ; K i e n t z  and V erwe i j ,  1 986 ) . 



C .  G a s  c hromatogr aphy - mass  spectometry 

The  GC-MS techn i q u e  i s  extreme l y  s e l ect i ve and sens i t i ve and c an 

ac h i eve  mo s t  of t he  req u i rements  o f  s creen i ng proce s se s  ( Ch aytor  and 

S axby,  1 982 ) . However , the i ns trume n t at i on i s  expen s i ve and not  free l y  

av a i l ab l e  t o  the  rout i ne l aboratory ( G i l bert � �. , 1 984 ) . P at h re 

and  M i roc h a  ( 1 97 9 )  co n s i dered GC-MS t o  be the  best  a n a l yt i c a l  t oo l , 

g i v i ng prec i s e i dent i f i c at i on of  compound s even when t h ere i s  s u b s t a n ­

t i a l i nterferenc e .  

A s  t h e  components  o f  a n  i njected  s amp l e  are e l u ted from a GC  

c o l umn , t h e  mas s  spec trum of  each  c omponent i s  recorded , each  tox i n 

and  i t s der i va t i ves  h av i ng a c h aracter i st i c  mass  spec tr um ( MS ) . A 

computer  c a n  be  i nterfaced w i th t h e  GC-MS system and  t he  M S  d a t a  

s t ored and a n a l ysed . 

8 7  

There are  two mode s  f or  record i ng the  m a s s  spectr a  - e i ther  f u l l ­

s c a n  ( tot a l  i on detect i on )  or  s e l ected  i on mon i tor i ng ( S I M ) . The  

f u l l - s c a n  mode  i s  u sefu l  for t h e  i ident i f i cat i on and  conf i rmat i on o f  

t h e  presence of  the  tox i n a s  i t  i s  e l u ted off the  c o l umn , b u t  t he  

s en s i t i v i ty i s  l i mi ted a nd s omet i me s  hampered by a n  overwh e l m i ng  

concentrat i on of  an i nterfer i ng compound ( P athre  and  M i roc h a ,  1 97 7 ) . 

S I M  i s  u sed i n  a cont i nuou s - s c ann i ng mode d u r i ng  wh i c h  MS  are  o b t a i ned 

a t  reg u l ar i nterv a l s ( Mi roc h a  et �. , 1 97 6b ) . The s pec i f i c i ty and 

s e n s i t i v i ty of  S I M  prov i de a def i n i te add i t i on a l  ad vantage over other 

e l ect ron i c  method s of detect i on ( Ro sen  and Rosen , 1 984 ) . S e l f ( 1 9 7 9 )  

demon s tr ated th at S I M  wi t h  a m u l t i - c h an n e l  computer  contro l l ed a t  h i gh 

re so l u t i on s h o u l d g i ve a h i gh sen s i t i v i ty .  

R o s en and  Ro sen ( 1 982 ) d e s c r i bed t h e  S I M  procedure f or  t h e  detec­

t i on of  s ev e r a l  F u s ar i um tox i n s  from "ye l l ow r a i n "  s amp l e s .  Three 

c h aracter i st i c mo l ec u l ar i on s  f or each toxi n were chosen . The  s ame 

t ec hn i q u e  wa s  app l i ed 

s amp l es to  i de nt i fy and 

( Ro sen  and R o sen , 1 984 ) . 

l at e r  by t he  authors  to  extr ac t s  o f  ma i ze 

q u an t i fy T-2 t ox i n ,  HT- 2  tox i n ,  DAS and  ZEA 

They d emon s trated th at  the i de nt i f i c at i on of 

t he se  mycotox i n s  a s  we l l as t he i r r e l i ab l e  q u a nt i t a t i on  c o u l d be  

ac h i eved down to  l eve l s of abut  20-50  ppb . Howeve r , t hey not i c ed t h at 

t h e  ZEA d er i v a t i ve s  beg an  t o  deter i or ate  after one  hour . 
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The GC-MS ( S I M )  tech n i q u e  i s  the recommended r ou t i ne s c reen i ng 

method  for DON i n  MAFF Food Sc i ence  l aborator i e s i n  t h e  U . K .  ( G i l bert 

� �. , 1 984 ) . The  procedure  u s es  TMS d er i vat i ves . Mon i tor i ng i s  

c arr i ed o u t  for two c haracter i s t i c  mo l ec u l ar i on s  ( ma s s / c h arge r at i o  

[m/ z ]  of  i on fr agments  5 1 2 and  4 2 2 ) . I n  the  c a se  of  mu l t i - tox i n 

a s s ays  t he  S I M  t echn i que c a n  be  app l i ed w i t h  cap i l l ary co l umn mu l t i p l e  

i on d e tec t i on ( M I D )  for swi t c h i ng between the  two groups  of  e i ght  

character i s t i c  mo l ec u l ar i on s .  Up to e i g h t  t r i chothecenes  i n  a s i ng l e  

chromatogr aph i c  run  can  be mon i tored ( G i l bert n �. ,  1 984 ) . 

T he  n umber  of mo l ecu l ar i on s  u s ed for mon i tor i n g  v a r i e s  great l y  

among re s earchers . Scott n �. ( 1 98 1 ) mon i tored a s i ng l e  c h aracter­

i st i c  i on ( m/z  884 ) for DON -HFB  der i v a t i ve s  wi th the  detec t i on l i m i t < 

1 00 p p b  i n  s amp l e s and Cohen  a n d  L apo i nte  ( 1 984 ) conf i rmed t he  

presence  

E l ectron  

of  T - 2  tox i n ,  

I mpact  ( E I )  

HT- 2 t ox i n and DAS -HBF I der i v a t i ve s  by u s i ng 

and S I M  mode ( o ne i on ) . Y o s h i z awa ( 1 984 ) 

mon i tored a t  m/z 5 1 2 and 4 9 7  for DON -TMS and at m/z 482  a nd 4 1 3 for 

N I V .  T he  detect i on l i mi t for t he  tox i n s  was 1 00 ppb . C h aytor  a nd 

Saxby ( 1 982 ) detected and q u an t i t ated  T - 2  tox i n from ma i z e s amp l es by 

mon i tor i ng on two i on s ,  m/z 350 and m/ z 436 . The detect i on l i m i t was  

extreme l y  l ow ( 5  ppb ) w i th an  average recovery of 80% . 

U s i ng th ree s e l ected i on s  i s  a not  uncommon tech n i q u e  wh i ch h a s  

been emp l oyed for t r i chothecene s  a n d  l EA detect i on .  M i roc h a  e t  a l e 

( 1 97 4 )  d e s c r i bed t he  S I M  method for the  i s o l at i on ,  d etect i on and 

qu ant i t at i on of lEA-TMS der i v at i ve s .  The detect i on l i m i t was  1 0  n g / g  

i n  ma i ze by  u s i ng m/z 44 7 ,  462  or  429  a n d  333 . Rosen and  R o sen ( 1 982 ) 

s e l ected t h ree i on s  for mos t  tox i n s .  T - 2 -TMS was mon i t ored a t  m/z 

436 , 3 50  and  290 , DON -TMS at  5 1 3 ,  5 1 2 and  497 , DAS-TMS at 3 7 8 ,  350 and 

2 90 ,  l EA-TMS a t  462 , 445 and 350 . For HT-2 -TMS on l y  two i on s  were  

u sed ( 46 6  and  347 ) .  I n  add i t i on ,  de uterated TMS der i v a t i v e s  were u s ed 

a s  i ntern a l  s t and ard s and two s e l ected i on s  c hosen for mon i tor i ng  e ac h  

s t and ard . 

T h e  s ame tec h n i q u e ,  wh en  i t  was  app l i ed to ma i ze s amp l es ,  s h owed 

a detect i on l i mi t of about 20-50  ppb . 



The  l arge st n umber o f  s e l ected i on s  was  u s ed by M i roc h a  et a l . 

( 1 976 b ) . N i ne ch aracter i s t i c  fr agment  i on s  were chosen  to  detect  

s evera l  F us ar i um tox i n s  c o n t ami n at i ng a m i xed feed  s amp l e .  

Severa l  modes  of i on i z a t i on c an be u s ed for t he  GC-MS a s s ay 

method , i . e .  E l ect ron I m p act ( E I ) ,  Negat i ve I on Chem i c a l  I o n i z a t i on 

( NC I ) ,  P o s i t i ve C h em i c a l  I on i z a t i on ( PC I ) ,  Oxygen Neg a t i ve Chemi c a l  

I on i z a t i on  ( ONC I )  etc . ( M i l e s and Gurpra s ad , 1 985 ) . M o s t  of  t h e  

app l i c a t i ons  o f  MS f o r  F us ar i um tox i n i den t i f i c a t i on h ave  u t i l i s ed th e 

E I -MS  mode and detect i on l i m i t s  r ange between 2 5  pg a nd 1 00 pg 

( M i roc h a  � �. , 1 9 76b ; Scott  � �. , 1 981 ; C o h en and L apo i n te ,  1 984 ) . 

Other  mode s  of  i on i z at i on may g i ve better  s ens i t i v i ty th an ET � 
Roth berg ' � �. ( 1 983 ) obt a i ned bet ter sens i t i v i ty and s e l ect i v i ty by 

u s i ng NC I w i th the  S I M  tec h n i q u e  for the detect i on of s i x  t r i chothe-

cenes . Roth berg and  h i s  co l l eagues  compared th ree MS mod e s ,  E I , P C I  

and NC I .  The  l i mi t s  o f  detect i on for the  th ree modes were 1 00 ,  500 

a nd 0 . 1 pg res pect i ve l y .  M i l es and Gurpr a s ad ( 1 985 ) app l i ed ONC I -MS 

for t he  de tect i on of n i ne t r i chothecenes as we l l as ZEA from d i fferent 

agr i cu l t u r a l  commod i t i e s .  By s e l ect i ng two i on s  to  be  mon i tored for 

each  t ox i n ,  th ey were ab l e  t o  s c reen for ten tox i n s  i n  a s i ng l e  

a n a l yt i c a l  r u n .  No d er i v a t i s a t i on was  needed , s o  the  t r i chothecenes  

were s t ab l e and the  a na l ys i s  c o u l d be  c arr i ed out  at  a l o nger t i me 

after s amp l i ng .  Recovery r anged between 77%  and  1 06% . 

D .  M a s s  s pect rometry - mas s s pect romet ry 
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MS-MS i s  the  most  s op h i s t i c ated i nst rumen t a l  techn i q ue  wh i ch h a s  

b een u s ed f o r  both t he  s ep ar at i on and detect i on o f  mycotox i n s .  MS-MS 

a s  descr i bed by P l a t tner  a nd Bennett ( 1 983 ) u s e s  one s t age of  m a s s  

s ep ar at i on to  se l ect t h e  compound of  i ntere s t  fr om the  matr i x  and a 

s econd  s t age for ana l ys i s  after co l l i s i ona l l y  act i v ated d i s s oc i at i on 

( CAD ) by co l l i s i on w i th t he  t arget gas . P o tent i a l  mu l t i - t ox i n 

s creen i ng i s  pos s i b l e  by d i rect a n a l ys i s  of a crude  s o l vent  extract  

w i tho u t  c l e a n - up  or der i v a t i s at i on ( P l attner  a nd Bennet t ,  1 983 ) . 

T hese  authors  s uccessf u l l y  u s ed th i s  method t o  detect  ZEA  and DON , a nd  

t h e  s en s i t i v i ty was  1 00 ug/ k g  i n  cerea l  s amp l e s .  B u t  t h i s  techn i q u e  

i s  s evere l y  l i mi ted by th e av a i l a b i l i ty of eq u i pmen t  d u e  to  t he  h i g h 

c o s t  o f  t h e  i n strumen t  ( G i l bert et �. , 1 984 ) . 



1 . 5 . 2 . 4 .  Mu l t i -myco toxi n a s s ay 

N o  p r i nc i p l es ex i s t  for pred i ct i ng t he  presence o f  a part i cu l ar  

myco tox i n i n  food stuffs other  th an  those  d r awn from our  l i m i ted k n ow­

l ed ge of f u n g a l  eco l ogy ( Gor s t -A l l m a n  and Steyn , 1 97 9 ) . I t  i s  we l l 

k n own th at  n at ura l  s amp l es a re often  contami nated w i th  more t h an one  

myco tox i n ( L ee � �. , 1 980 ) and  t h at s ome F u s ar i um s pp c a n  prod u ce  

more th an  o n e  tox i n .  Th i s  w i l l  m ake i t  d i ff i cu l t t o  p red i ct wh i c h 

F us ar i um t ox i ns are s i gn i f i cant  ( G i l bert et  �. , 1 984 ) . A s  a na l ys i s  

for e ac h  i nd i v i du a l  tox i n c a n  be  ted i ou s  and t i me-c o n s umi ng , mu l t i ­

mycotox i n s creen i ng methods  h ave  been i ntroduced  and s t rong l y  recom­

mended ( L e e  et  �. , 1 980 ) . 

Any method for mu l t i -mycotox i n  ana l ys i s  s hou l d f u l f i l four ma i n 

c r i ter i a ( G i l bert � �. , 1 984 ) . These c r i ter i a  are : a ) a mi n i mum 

of four F u s ar i um mycotox i n s s h o u l d be  mon i tored s i mu l t aneo u s l y ;  b ) 
the  method  s hou l d a c h i eve a l i mi t of detect i on be l ow 1 00 � g / k g  for 

a n i ma l  feed and probab l y  be l ow 50  � g / k g  for h uma n ; c ) r ap i d 

procedures  are de s i r ab l e ,  t o  a l l ow the a n a l ys i s  of a l arge number  o f  

s amp l es ;  d ) the  method s ho u l d p rov i de reason a b l y  h i gh spec i f i c i ty .  

Th i s  i s  p art i cu l ar l y  i mportant  for t r i chothecene s ,  wh i c h do not s how 

n at i ve f l u orescence nor e l ectron-captur i ng proper t i e s  w i t hout  

der i v a t i s at i on .  

A 

posed . 

( 1 97 9 )  

v a r i e ty of  mu l t i -mycotox i n s creen i ng method s h av e  been pro­

TLC  h as been a frequent  a n a l yt i c a l  too l .  Gors t -A l l m an and Steyn 

u s ed TLC t o  separ ate 1 3  i mportant  mycotox i n s  from a cont ami -
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n ated m a i ze s amp l e  i n to c hemi c a l l y  neutra l  a nd ac i d i c  c omponents . The  

an a l ys i s  wa s  ac h i eved by  us i ng s evera l  s o l vent  sys tems and  spray i ng 

p l ates  w i th a ppropr i ate  c hromogen i c  reagent s . The l i m i t of  detect i on 

from t h e  p ure s amp l e  r anged b etween 1 . 0 and 0 . 01 ppb . I t  i s  u n l i ke l y  

t h at t h e s e  v a l u e s  co u l d be ac h i eved  i n  t h e  an a l ys i s o f  n atura l l y­

contam i n at ed s amp l e s .  

T LC  systems are often s l ow ,  o f  re l at i ve l y  l ow s e n s i t i v i ty and 

requ i re t h e  u s e  of  several  so l vent s  ( Lee e t  �. , 1 980 ) . TLC  i n  comb i ­

n a t i on w i th  GC was  app l i ed for s creen i ng a l arge number  of Fus ar i um 

tox i n s  by K ami mura  � �. ( 1 98 1 ) and R i c h ard son e t  a l . ( 1 984 ) . 

K am imura  � �. descr i bed how severa l  tr i c hot hecenes a s  we l l a s  Z EA ,  



MON and  buteno l i de can  b e  s i mu l t aneous l y  d e termi ned i n  a s p i k ed  m a i z e  

s amp l e  by  T L C  a nd GC  e i th er w i th  F I D  o r  wi t h  E C D .  T h e  authors  a l s o  

app l i ed t h i s  method t o  4 3  s amp l es of whe a t  and  b ar l ey and  30 were 

pos i t i ve for DON a nd N I V . 

GC  or  GC-MS or  both h av e  a l so  been  c ommon l y  u sed for t h e  

d e tect i on a n d  conf i rmat i on of  th e presence o f  more t h an  one  F u s ar i um 

tox i n .  M i roc h a  et  �. ( 1 9 76 b )  s c reened feed stuff for 6 F u s ar i um 

tox i n s  by u s i ng GC-MS . The resu l t s i nd i c a ted t h at DON , DAS and ZEA  

n atu r a l l y  contami n ated th e s amp l e s .  I n  t h e  cour se  o f  a s urvey o f  food 

and f od der  cerea l s i n  the U . K . , O s borne and  W i l l i s ( 1 984 ) app l i ed o n l y 

GC  wi th  oc cas i on a l  MS  confi rma t i on to  a s s ay wh eat s amp l e s for seven  

common t r i chothecenes  b u t  on l y DON was  detected . 

G i l bert et a l . ( 1 984 ) c o n s i dered th at  t he  GC-MS method i s  t h e  

most promi s i ng a n d  a c h i eves th e de s i red c r i ter i a  f o r  a mu l t i p l e ­

mycotox i n a s s ay .  M i l es and G u rprasad ( 1 985 ) u sed GC-MS  i n  th e ONC I 

mode t o  s ucce s sf u l l y  a n a l yse n i ne under i v a t i s ed t r i chothecenes . 
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1 . 5 . 2 . 5 .  B i o l og i c a l  de tect i on method s 

I n  c a ses  where th ere i s  no  e s tab l i s hed  phys i co - c hemi c a l  a s s ay 

techn i q u e  or i f  t he  tox i gen i c  fungus  prod u ce s  an  uncommon or  u nk n own 

mycotox i n , tox i c i ty can be mon i tored by a b i o a s s ay method ( Co l e ,  

1 984 ) . F us ar i um t ox i n s  ( p art i cu l a r l y  tr i c hothecenes ) p o s s e s s  a n t i ­

b i ot i c ,  p hytotoxi c ,  cytotox i c , a nd dermat i t i c  a c t i v i t i e s wh i c h a l l ow 

s u c h  c h ar acter i s t i c s  to  be  emp l oyed for b i o as s ay ( P athre a nd M i roc h a ,  

1 9 7 7 ) .  S k i n  tests  and  i mmunoas s ays are probab l y  t he  mos t  r e l i ab l e  and 

s en s i t i ve tests ( Scott , 1 982 ) but s ome methods  are not s pec i f i c  to  

F u s ar i um  tox i n s  ( Ueno , 1 983 ) . 

A .  S k i n  b i oas s ay 

Sev e r a l  i nves t i ga tors  h a v e  s uccessfu l l y u sed  sk i n  b i o a s s ay for 

t r i choth ecenes , p art i cu l a r l y  T-2  tox i n and HT -2  toxi n .  T he  method 

prov i de s  a h i gh l y  s e l ect i ve b i o as s ay b u t  not  a l l t r i chothecenes  s howed 

dermal  t ox i c i ty ( Co l e ,  1 984 ) .  T he  test  i s  c arr i ed o u t  by top i c a l , 

i nt r aderma l or  s ubcu taneous  adm i n i s trat i on ( W e h ner et �. , 1 978 ) , 

u s i ng m i ce ,  r ats , g u i nea  p i g s or  r abb i ts .  U eno  ( 1 983 ) c on s i dered t he  



g u i ne a p i g to be  the mos t  sen s i t i ve to  t r i chothecenes . T h e  prom i nent  

features  o f  the  react i on ( s k i n i rr i t at i on ,  eryt h ema , oedema and  

necro s i s )  are  read after  24 ,  48  and  7 2  h ( Ch u ng � �. ,  1 97 4 ) . H ayes 

a nd S c h i e fer ( 1 9 7 9 )  c o u l d  e s t i mate  5 to 60  u g /m l  of T-2  t ox i n and  DAS 

q u a nt i t at i ve l y  by cutaneous  i nject i on of  rats and r a bb i ts .  However , 

s k i n  b i o a s s ay i s  at best  semi -quant i t a t i v e  and i t  c annot  d i s t i n g u i s h  

b etween  members o f  the  t r i chothecene  fami l y  ( Ep p l ey ,  1 975 ) . 

B .  I mmunoassay 

T here are now av a i l ab l e  spec i f i c  sens i t i ve and  r e l at i ve l y  i nex­

pen s i v e i mmunoa s s ay methods  for  d etect i on and  q u ant i t a t i on  of  some 

F us ar i um t ox i n s  and other  mycotox i n s ( Ch u  � �. , 1 979 ; G i l bert  et 

�. , 1 984 ) . 
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Because  F u s ar i um t ox i n s  h ave no  n at u r a l  a n t i gen i c c h aracters , i t  

i s  necess a ry to  produ ce  s pec i f i c a n t i bod i e s  t o  u s e  i n  e i t h er  r ad i o­

i mmunoa s s ays ( R I A )  o r  en zyme- l i n k ed i mmunosorbent a s s ays ( EL I SA )  

( Ue n o ,  1 983 ) . The  R I A method h a s  been u sed as  a techn i q u e  for t he  

detect i on and  q u ant i t at i on o f  F u s ar i um mycoto x i n s .  T he  i n s tr umen­

t at i on i s  r e l a t i ve l y  i nexpens i ve and  t he  method  i s  r ap i d  and  c a n  be  

c a rr i ed  out  on crude  s amp l e  extract s ,  or even  s ome t i mes  w i t h o u t  

e x trac t i on ,  a s  i n  t he  c a s e  o f  b i o l og i c a l  f l u i d s ( Fonte l o  et  �. , 

1 983 ) . Th e ma i n d i s ad v ant age s are t h at i t  req u i res  s pec i a l i sed s k i l l  

a nd  e xper i ence  i n i t i a l l y  to  prod u ce  ant i - sera  and i t  i s  not  s u i t ab l e  

for  mon i tor i ng for more t h a n  a s i ng l e  tox i n a t  a t i me ( G i l bert  et �. , 

1 984 ) . A s i gn i fi c ant  cross -reac t i on c ou l d occur  between any 

c hemi c a l l y- re l ated mycotox i n s  s uch  as  T - 2  t ox i n and  HT-2 t ox i n ,  or 

z e ar a l e none and i ts der i v a t i v e s  ( Fo n te l o et �. , 1 983 ; Thouvenot and 

Morf i n ,  1 983 ) .  

L ee  and C h u  ( 1 981 a ,  b )  deve l oped a R I A  for determ i n i ng T -2  t ox i n 

i n  ma i z e ,  wheat  and b i o l og i c a l  f l u i d .  No  cross-reac t i on was not i ced 

b e tween the  a n t i body and  other tr i c hothecenes  wh i ch were tested excep t  

for  HT- 2  tox i n .  The  detect i on l i m i t w a s  2 . 5  n g / g  i n  ma i ze , 1 n g/g  i n  

wheat  and 0 . 5  ppb for serum ,  u r i ne  and m i l k .  S i m i l ar resu l t s were 

r eported by Fonte l o  et �. ( 1 983 ) by  a R I A  method i n  wh i ch no extrac-

t i on s t ep was  u sed for  t h e  b i o l og i c a l  f l u i d s .  A s e n s i t i v i ty of 1 n g  

per  a s s ay or  1 0  ng/m l  was ac h i eved . Ant i bod i es for  R I A  of  zeara l enone 



and zeara l eno l  were deve l oped i n  p i g s by T houv enot and  Morf i n ( 1 983 ) 

and were app l i ed t o  h uman s erum .  I t  was  found  th at t h i s  meth od was  

a b l e  to  de tect a s  l ow a s  5 ppb  of  ZEA or  ze ara l eno l  i n  h uman and  

a n i m a l  sera . But  i t  c an not  d i fferen t i ate z e ar a l enone from i t s met abo­

l i tes  or ze ara l e n o l  fr om i ts t r ansformat i on product s  ( Thouvenot  a nd 

Morf i n ,  1 983 ) . 

E L I SA a s s ay method s were s uccessfu l l y emp l oyed by Peters  � a l . 

( 1 982 ) t o  detect  T-2  tox i n down t o  2 pg per  a s s ay of  pur i f i ed myco­

tox i n .  The E L I SA method h a s  ad vantages  ov e r  t he  R I A  method a s  t h e  

c r o s s  react i on o f  T - 2  tox i n an t i serum w i t h  o t her tr i c hothecenes  w a s  

weak . The method  i s  a l so  exp ens i ve .  E L I SA techn i q u e s  h av e  mos t  

commo n l y  been u s ed for a f l a tox i n ( R am e t  �. , 1 986 ) . 
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CHAPTER 2 

MATER I ALS  AND METHODS 

2 . 1 .  MYCOLOG I CAL TECHN I QUES  

2 . 1 . 1 .  P r i nc i p a l Med i a 

A .  P ot a to Dextrose  Agar  ( PDA ) : -

Pot ato  broth 500 ml 

( p repared by bo i l i ng 200 g pee l ed and d i ced o l d - c rop pota­

toes  for 1 h i n  500 m l  tap  water fo l l owed by f i l te r i ng 

t h rough  d o u b l e-fo l ded c h ee sec l o th , to  a f i n a l  v o l ume of  500 

m 1 ) ;  ad d 

Dex trose  

Ag ar  

Water  

Au toc l aved 

20 g 

20  9 
5 00 ml 

1 5  mi n at 1 200C 

B .  P otato  Dex trose Agar + D i c h l oran  ( PDA-D ) : -

C .  

To mo l t en PDA at 450C t he  approp r i ate q u ant i t i e s 

o f  a n t i b i ot i c  stoc k s o l u t i on s  ( see  be l ow )  were 

ad ded to g i ve f i n a l concen t r at i o n s  of : 

Benzy l  pen i c i l l i n 

Streptomyc i n  s u l phate  

D i c h l oran* 

50 un i t s /m l  

1 00 un i ts /m l  

1 m l  

* 2 , 6 - d i c h l oro-4- n i troan i l i ne 

Mod i f i ed N a s h  and 

D i fco  peptone 

Aga r  

KH2P04 
MgS04 · 7H20 

PCNB  ( stoc k ) *  

Snyder ' s  ( 1 962 ) 

1 5  9 
2 0  9 

1 9 
0 . 5  9 

5 m l  

Water  1 ! 

Au toc l aved for 1 5  mi n at  1 200C .  

* P e n t ac h l o ron i trobenzene  

Peptone-PCNB  a g ar  ( PCNB ) : -
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( cont i n ued ) 
To the  mo l t en  med i um coo l ed to  4 50C the  

a ppropr i ate q u a n t i t i es of  a nt i b i ot i c  

s tock  s o l u t i o n s  ( see  be l ow ) were 

added to  g i ve f i n a l  concentrat i ons  o f :  

Streptomyc i n  s u l p h ate  1 00 mg/ �  

C h l orotetracyc l i n e HC l 50  mg/� 

An t i b i ot i c  Stock S o l u t i on s  for Med i a  B and C 

Benzy l  pen i c i l l i n 

S treptomyc i n  s u l ph ate  

C h l orotetracyc l i ne HC l 

D i c h l or a n  

Pentac h l oron i trobenzene  

5000 u n i t s /ml  i n  water  

1 0000 u n i t s /ml i n  water  

5 mg/m l  i n  water  

0 . 2% i n  ethano l  

( 1 m l  eq u i v a l ent  t o  2 mg/� ) 
1 0% i n  acetone 

D .  P o t ato Sucrose Agar ( PSA ) : -

P o t at o  broth 

Sucrose  

Aga r  

Water  

Au t oc l aved for  1 5  m i n at 

5 00 ml 

20  g 

20 g 

500 m l  

1 200C .  

E .  C a r n at i on- l eaf Agar ( C LA ) : -

F re s h  c arn at i on l e ave s , free from fung i c i de or  i n s ect i c i de ,  

were  c u t  i nto about  5 x 5 mm p i eces and  d r i ed a t  5 5 -600C 

for 1 . 5  h ( u n t i l br i t t l e ) . Approx i mate l y  5 g q u ant i t i es were 

p l aced i n  p l as t i c  b ag s ,  s e a l ed , and s ter i l i z ed by y­

i rr ad i at i on ( I C I  New Z e a l and L td , We l l i ngton ) . S ter i l i zed 

l e av e s  were stored at  40C u nt i l u s ed . 

9 5  

Sever a l  ( approx i mate l y  1 0 ) p i eces  of t he  c ar n at i on l eaves  

were  p l aced i n  empty petr i d i s he s  and covered  w i th  mo l t e n ,  

coo l ed , t ap-water agar . Pr i or to  u s e  t he  p l ates  were l eft  

at room temperature  for  4 d ays t o  c heck  for any 

cont ami n at i on .  
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F .  Cz apek -Dox Ag ar  ( C DA ) : -

N a2N03 3 . 0  9 
K I:l2 P04 1 . 0  9 
MgS04 · 7H2O 0 . 5 9 
KC l 0 . 5 9 
FeS04 · 7H2O 0 . 01 9 
G l u co se  30 . 0  9 
Agar 1 5 . 0  9 
D i s t i l l  ed water 1 .  0 � 

Au toc l aved for 1 5  m i  n a t  1 200C .  

2 . 1 . 2 .  Source  of S amp l es 

2 . 1 . 2 . 1 .  M a i ze ( see  T ab l e  2 - 1 )  

A .  F i e l d  s amp l es 

S amp l e s were co l l ect ed from ma i ze f i e l d s  at  F l yger ' s  L i ne near  

P a l me rston  North ( J 1 ) , near  L ev i n  ( J2 ) and  from four f i e l d s from 

K a i ranga  County ( T 1 , T2 , T3 and T4 ) . Loc at i ons  are i nd i c ated i n  

F i g u re  2 - 1 - and T ab l e 2 - 1 . 

B .  H arvest  s amp l es 

These  were co l l ected  from t he  s ame f i e l d s  as  the  s amp l es at  

h arve s t  t i me wi th the except i on of f i e l d  J 1 , wh i ch was  not  s amp l ed .  A 

furth er  two h arvest  s amp l es ,  R H  from a ma i ze f i e l d  at  Sett l ers  L i ne i n  

B u n ny thorpe  Cou nty and K H  from a fi e l d  a t  F l yger ' s  L i ne near 

P a l merston  North , were c o l l ected d u r i ng the  u n l o ad i ng of  a truck  a t  

R owe & Co l l i s Ltd . Dry i ng C omp l ex .  

C .  Stored samp l e s 

a ) Three s amp l e s from S i l o  A from K a i ranga  County were 

co l l ec ted between 1 0 . 8 . 84 and 1 0 . 1 0 . 84 .  The  gr a i n  was  a mi x t u re of 

t h a t  from f i e l d s T2 , T3 and  T4 . 

b ) Three s amp l e s from S i l o  B from L ev i n were co l l ected bet -

ween 1 0 . 9 . 84 and 2 9 . 1 1 . 84 ;  the  g r a i n or i g i n a l l y  came from f i e l d  J2  

( L ev i n ) . 



T ab l e  2- 1 : Source  o f  s amp l e s .  

a )  F i e l d  and h arve s t  s amp l e s . 

H a rve st  Date  of  

9 7  

F i e l d  

s amp l e s 

D ate  of  

s amp l i ng s amp l e s amp l i ng 

Breed o f  

ma i ze Locat i on 

T1  1 9 . 06 . 84 T 1 H 26 . 06 . 84 P i oneer 3901  K a i r ang a 

T2 04 . 07 . 84 T2H  05 . 08 . 84 De  Ka l b 54 + 

XL45  " 

T3 0 1 . 05 . 84 T3H 1 2 . 06 . 84 PX 442 + 

05 . 08 . 84 XL45 " 

T4 1 1 . 06 . 84 T4H 05 . 08 . 84 XL45  " 

J2  1 1 . 06 . 84 J2H  1 1 . 07 . 84 P i oneer 3901 L ev i n  

J 1  20 . 04 . 84 P i oneer 3901  P .  N . , 

F l yge r s  L i n e 

K H  1 7 . 08 . 84 De K a l b 54  " " 

R H  1 2 . 08 . 84 P i oneer 3709 B u n ny t horpe 

b )  S tored s amp l es .  

D ate  o f  Breed o f  

S amp l e  code s amp l i ng ma i ze L oc a t i on 

S i l o  A :  1 1 0 . 08 . 84 [ De K a l b 54 ] K a i r ang a ,  ex 

2 03 . 09 . 84 XL45  and f i e l d s T2 , 

3 1 0 . 1 0 . 84 PX  442 T 3 , T4 

S i l o B :  1 1 0 . 09 . 84 [ P i  oneer ] L ev i n ,  ex 

2 1 7 . 1 1 . 84 3901 f i e l d  J2 

3 2 9 .  1 1 .  84 

S i l o  c :  3 0 . 09 . 85  Not kn own P o u l t ry Research  

2 02 . 1 2 . 85 C entre , Massey 

3 2 4 . 0 1 . 86 Un  i vers  i ty 

S i l o  D :  1 7 . 1 0 . 85 Not k n own S an s on 

2 1 6 . 1 1 . 85 

3 2 7 . 1 2 . 85 



F i gure  2 - 1 : Sources  of  f i e l d ,  harvest  and  stored ma i ze samp l e s 

c o l l ected i n  t he  Manawatu  D i s t r i c t .  L oc a t i on of s amp l e s 

co l l ected i s  coded  KH , RH et c . ; number i n  p aren t he se s  

i nd i c ate number of  s amp l e s .  

O Sanson 

Silo  D 
( 3 )  

o Bunny thorpe 

RH ( 1 ) 

KH ( 1 )  
Palmerston 

@ North J1 ( 1 )  S i lo C 
( 3 )  

T 1 -4 
TH1 -4 O . K ananga 

Silo  A 

J2 . 0 Levin 
J2H 

S i lo B 
( 5 )  

( 1 1 )  
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c )  T hree s amp l es from S i l o  C from the Pou l t ry Research  

Centr e ,  Ma s s ey Un i vers i ty ,  were co l l ected  between 30 . 9 . 85 and  2 4 . 1 . 86 .  

d )  Three  s amp l es from S i l o  D i n  S a n son Cou n ty were  c o l l ected 

between 1 7 . 1 0 . 85 and 2 7 . 1 2 . 85 .  

2 . 1 . 2 . 2 .  S o i l ,  h u s k  and l i tter s amp l e s  

T h e s e  mater i a l s  were co l l ected from f i e l d s  J 1 , J2 , T3 and  T4 at  

the  t i me of  co l l ect i on of f i e l d  ma i z e s amp l es .  

2 . 1 . 3 .  S amp l i ng Tec h n i q ue 

2 . 1 . 3 .  1 .  F i e  1 d s amp 1 e s 

S amp l e s were  co l l ected l)etween 1 -8 wee k s  before h arve s t i ng .  E ac h  

f i e l d  was d i v i ded arb i tr ar i l y  i nto  f i ve c i rc u l ar p l o t s  approx i mate l y  

7 5- 1 00 m i n  d i ameter and 20 m i n to  t h e  crop from t h e  marg i n  o f  the  

f i e l d .  These  p l o t s  were coded A ,  B ,  C ,  D and  E ( F i g ure  2 - 2 ) .  I n  each  

p l o t four  s amp l i ng s i te s  ( S l -4 )  were s e l ect ed at t he  corners  of  each  

q u ad r ant ( i . e . o n  r ad i a l tran sect s ) .  A f i fth  s amp l i ng s i t e ( S 5 )  was 

e s t ab l i shed i n  the centre of  the p l o t .  

The  fo l l owi ng s amp l es were co l l ected from wi th i n  an area  o f  2 m2 

a t  each  s amp l i ng s i te : -

A .  Four  ma i z e c o b s  comp l ete w i th  h u s k s  ( e ach o n e  from a s ep ar ate  

p l an t ) ; 

B .  2 to  3 g of l i t ter ( de ad m a i z e  l e aves , dead gra s s  l e av e s  etc . 

i n  c o n t ac t  wi th  the ground ) ;  

D i s p o s ab l e  p l a st i c  g l ov e s  were u s ed t o  avo i d  cros s-

cont ami n at i on .  The  ma i ze and l i tter s amp l e s wer e  c o l l ected 

i nto  s t er i l e  h eavy- duty po l yth ene  bag s .  

C .  Approx i mate l y  3 0  g s o i l t o  a depth  of 1 0- 1 2 cm ,  u s i ng a s o i l 

s amp l er ( a  s t a i n l e s s  stee l  t ube  20  cm l ong and 3 cm i nterna l  

d i amet er ) . The  s amp l e s were  p l aced i n  brown p aper bag s . The  

s o i l s amp l er was  was hed a nd d i s i nfected wi th  70% a l coho l  

b etween  each  s amp l i ng .  
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F i g u r e  2 - 2 : F i e l d  

s o i l ,  

B ,  C ,  

s amp l i ng method u s ed for ma i ze ,  h u s k s ,  l i t ter  and 

s howi ng th e re l at i ve  pos i t i on s  of s amp l i ng p l o t s  A ,  

D a nd E and s amp l i ng s i tes  5 1 , 5 2 ,  53 , 5 4  a n d  5 5  

D i s tr i bu t i on o f  p l ot 

s amp l es w i t h i n  t he  

f i e l d 

D i s t r i b u t i on of  s i t e  

S 3  s amp l e s  wi t h i  n the  

p l ot 

1 00 



The  s amp l es from the  f i ve  s i tes  were  pool ed ( F i g ure  2 - 3 ) to  form 

p l o t  s amp l es ( compos i te s amp l e s ) for each  s amp l e  type - i . e .  2 0  cob s ,  

about  1 0- 1 5  g of l i t ter and about  1 50 g s o i l .  

D .  H us k s  were detac hed from a l l the  1 00 cobs  before l e a v i ng the  

f i e l d and p l aced i n  s ter i l e  po l ythene bag s .  After m i x i ng 

we l l about  50  who l e h u s k  l e av e s  were r andoml y c ho sen and 

s tored i n  fresh  b ag s .  

F o l l owi ng pre l i m i nary s t ud i es ( s ee Sect i on 3 . 1 . 1 ) ,  t he  p l ot s am­

p l e s were poo l ed together to form compos i te f i e l d s amp l e s  ( F i gu re 2 - 3 ) 

wh i ch co n s i s t ed of 1 00 cob s ,  approx . 750 g of s o i l and  50- 75  g l i tter . 

Upon ret urn to the  l aboratory ( w i th i n  2 h of co l l ect i on ) , a l l t he  

ma i z e cobs  were s h e l l ed a sept i c a l l y  by  h and to obt a i n betwee n  4 - 5  k g  

kerne l s .  H u s k s  a s  we l l a s  l i tter  were c u t  i n to smal l p i eces approx . 3 

x 5 mm wi th s t er i l e  s c i s sors . A l l s amp l es were s tored i n  a co l d  room 

at  0-40C unt i l proces s i ng ( max i mum s tor age  per i od two mont h s ) . 

F i e l d  s amp l e s of ma i ze , h u s k , l i tter and s o i l from four f i e l ds 

( J 1 , J2 , T3 and T4 ) were s ubj ected to fu l l myco l o g i c a l  a s s ay and 

compar i son , wh i l e  on l y  m a i z e  s amp l es from f i e l d s T1 and T2 were 

exam i ned . 

2 . 1 . 3 . 2 .  S amp l e s of m a i ze at h arve st  

S amp l i ng o f  ma i ze wa s performed e i ther  dur i ng t h e  l o ad i ng of  a 

truck  from t h e  comb i ne h arves ter or d u r i ng u n l o ad i ng i nto  t h e  s i l o .  A 

2000 m l  p l a s t i c  j ug was  u s ed to c u t  t he  gr a i n - s t re am at  per i od i c  

i nterv a l s u nt i l a tota l  s amp l e  o f  5 k g /f i e l d  was co l l ec ted . 

2 . 1 . 3 . 3 . S amp l e s from s t ored ma i z e 

Approx i mate l y  3 - 5  k g  of  m a i ze  were co l l ected from s i l o s  by u s i ng 

o ne  of  th e fo l l owi ng methods  accord i ng to t he  st r. ucture  of t h e  s i l o : -

A .  From the  top o f  t he  s i l o ,  made u p  a s  a compos i te 

port i on s amp l e s ,  each  port i on be i ng d r awn from approx . 

30 cm depth of t h e  m a i z e  b u l k after thoroug h mi x i ng .  

of 5 

1 m2 x 

1 0 1  



F i gu re 2 -3 : S c heme for pool i ng of s i te and p l ot s amp l es of  ma i z e to  

t he  f i e l d  s amp l e  and  s u b se�uen t  s u b s amp l i ng 

1 50 g for 
d i rect 
p l at i n g 

2 s ub s amp l e s  ( 20 g eac h )  
. for Me d e termi n at i on 

2 subs amp l e s ( 20 g each ) 
for d i l u t i on p l at i ng 

F I ELD  SAMPL E  

P l ot s amp l e  ( 20 cob s )  

S 2  

S I TE  SAMPL E  

( 4  cobs  eac h )  

1 0 2 
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B .  By u s i ng a gr a i n  prob e ,  the  s amp l e b e i ng co l l ected from both  

top  and s i de doors  at  d i fferent depths  and  then  bu l k ed  to  

form a compo s i te s amp l e .  

C .  F rom t h e  g r a i n s tream d ur i ng t h e  u n l o ad i ng o f  t h e  s i l o .  

Deta i l s  of s amp l i ng i n terv a l s are i nc l uded  i n  Tab l e  2 - 1 . 

2 . 1 . 4 .  Sub - s amp l i ng Tech n i que  

2 . 1 . 4 . 1 .  M a i ze 

A sma l l tumb l er m i xer of v a r i ab l e  s peed ( Des i gn E l ect ron i c s L td . , 

P a l merston North , New  Zea l and ) and wi t h  a PVC  barre l  was  u s ed for  t he  

s ub - s amp l i ng procedure . To  i nv e s t i gate  t h e  effect of number of  rota ­

t i o n s  ( n o .  o f  ro l l s /m i n )  on  t he  re l e a s e  of  fung i , a pre l i m i n ary 

i nv e s t i ga t i on was made as fo l l ows on ma i ze s amp l es der i ved from f i e l d s  

J2 and T1 . 

T he  pol yth ene  b ag cont a i n i ng the who l e o r i g i na l  s amp l e  ( ap prox . 

4 - 5  k g )  was  p l a ced i n  the m i x i ng b arre l . Three  s u b- s amp l e s  were t ak e n  

at zero t i me ( i . e . w i th no  s h ak i ng ) ,  e a c h  o ne  of abou t  2 0  g ,  by  h and 

but wear i ng d i s p o s ab l e  g l ove s .  E ac h  s ub - s amp l e wa s dr awn i ndepen­

den t l y  from th ree d i f ferent areas of the compos i te s amp l e .  T he  bag  

was  f i l l ed w i th a i r ,  t i ed f i rml y and the m i xer spun  for 1 m i n ( 3 5  

rotat i on s )  after wh i c h a further th ree s u b- s amp l es were  wi t h drawn ( 20 

g e ac h ) .  Th e a bove procedure  was  repeated a t  2 m i n  ( 70 rotat i on s ) ,  3 

mi n ( 1 05 rotat i on s )  a nd 4 m i n ( 1 40 rotat i on s ) . 

The  pre l i m i n ary i nv e s t i ga t i on of t h e  above s amp l i ng method i nd i -
I 

c ated th at 70 rotat i on s  gave  the  max i mum r e l e ase  of propag u l e s ,  s o  a l l 

further compos i te s amp l es were s u b- s amp l ed after two m i nutes ' ro l l i ng 

( se e  Sect i on 3 . 1 . 1 ) .  

U s i ng t h e  above tec h n i q u e  t he  fo l l ow i ng sub- s amp l e s  were d r awn 

r o u t i ne l y : -

A .  Two s u b- s amp l es ( about  20  g )  for mo i s t ure content  mea s urement  

B .  Two s u b- s amp l es ( about  20 g )  f o r  exam i n at i on by  t he  d i l u t i on ­

p l a t i ng tec h n i qu e  



C .  O ne  s u b - s amp l e  ( a bout  1 50 g )  for the d i rect  p l a t i ng  

techn i q u e .  

S u b- s amp l es were p l ac ed i n  sma l l s ter i l e  po l ythene  b a g s  and kept  

i n  a c o l d room a t  0-40C before proc es s i ng .  

2 . 1 . 4 . 2 .  H u sk and l i tter  

S amp l e s  were s u b- s amp l ed by f i l l i ng t he  po l yth ene b ag s  wi th  a i r ,  

s h ak i ng v i gorou s l y  by h and severa l  t i mes  i n  d i f ferent d i rect i ons , t hen  

wi t hdrawi ng two s u b- s amp l es ( about  5 g e ac h )  w i th s ter i l e  forceps . 

Sub- s amp l e s were stored i n  a co l d  room.  

2 .  1 . 4 . 3 .  So  i 1 s amp 1 es 

L arge so i l part i c l e s  were crus hed by h and and the s o i l m i x ed 

we l l .  Approx i mate l y  50 g were then  wi t hdrawn . Th i s  s amp l e  was dr i ed 

i n  an i nc u b ator for about 1 2  h at 3SoC fo l l owi ng wh i c h i t  was m i xed  

thoroug h l y  and t hen two sub- s amp l e s of 10  g eac h were w i th dr awn wi th  a 

spatu l a ,  p l aced i n  i nd i v i du a l  u n i versa l  bott l es and s tored i n  t he  co l d  

room . 

2 . 1 . 5 .  P roc es s i ng of Samp l es  

2 . 1 . 5 . 1 .  Mo i s t ure content  ( MC )  determi n at i on ( for ma i ze on l y )  

Th i s  w a s  tested accord i ng t o  I . S . T . A .  R u l e s  and Annexes  1 976 , 

Seed Sc i ence and Tec hno l ogy,  u s i ng t i n d i s hes  w i th fo i l  l i d s .  The 

test  was  carr i ed out  i n  d up l i c ate o n  two i nd ependen t l y  dr awn s amp l es ,  

e ac h  of  wh i c h was  about  20 g .  A l l f i e l d  and  h arve st  s amp l e s ,  ( MC over 

20% )  were p re- dr i ed for 3-5  h at 700C .  The  m a i ze  was then ground i nto 

f i n a l  form.  

About 1 0  g of s amp l e  was  ground i n  a coffee gr i nder  and dr i ed at 

1 300 + 30C for 4 h ,  fol l owed by a cool i ng per i od of about  30 m i n i n  a 

des i c c ator conta i n i ng s i l i c a ge l . The  MC was  c a l c u l a ted a s  a percen­

t age of  t he  we i g ht l o s s  us i ng t he  fo l l ow i ng  formu l a e :  

1 .  m2 - m3 X � 

m2-m1 

1 04 



where m1 
= the  we i g ht  of  the  d i s h and i t s cover 

m2 t h e  we i g ht of t he  d i s h ,  ma i z e and cover before d ryi ng  

m3 
= t h e  we i g ht of the  d i s h ,  m a i z e  and cover after d ry i  ng . 

I f  the  mater i a l w a s  pre- dr i ed ,  t he  MC was  c a l cu l ated from t h e  re s u l t s  

obt a i ned i n  t h e  f i r s t  and s econd s t age s  a s  fo l l ows : 

wh ere 

2 .  S 1 
+ S 2 - S 1 X S2 

1 00 

S 1 
= mo i st ure l o st  i n  the  f i r s t  s t age 

S2 mo i s t ure l o s t  i n  the  s econd  s t age . 

2 . 1 . 5 . 2 .  As s ay i ng o f  fung a l  f l o r a  

I nv e st i ga t i on s  were c arr i ed o u t  on two med i a ,  PDA-D  ag a r  for 

genera l  purposes  and P C NB  aga r  s e l ect i ve med i um for f u s ar i a .  A l l 

f i e l d  and h arvest  s amp l e s  were proce s s ed by both  d i l u t i on p l a t i ng and 

d i rect p l at i ng ex cept for s o i l s amp l es ,  wh i c h were exam i ned by 

d i l u t i on p l a t i ng o n l y .  S amp l e s of  s tored ma i ze were ex am i ned by 

d i rect p l at i ng on l y . 

A .  I s o l a t i on and count i ng tec h n i q u e s  

i )  D i l u t i on p l at i ng 

a )  Ma i z e s amp l es :  A l l f i e l d s ub- s amp l e s were d r i ed for 

about  20 h ,  and h arvest  s amp l es  for about  8 h ,  at  380C i n  an  i nc u b ator 

t o  reduce  the MC be l ow 1 7% to  fac i l i t ate  gr i nd i ng .  The  who l e s ub­

s amp l e  ( about  20  g )  was  then ground f i ne l y --i n  a coffee gr i nder  and 1 0  

g we i ghed o u t  acc u r ate l y  and ad ded t o  1 00 m 1  of s ter i l e  soft  agar  

( 0 . 08% agar ( Oxo i d  No . 3 )  i n  water ) i n  the  s ter i l e  s t a i n l e s s  s t ee l  j ug 

o f  a War i ng b l ender  ( Dyn ami c s  C orporat i on of Ame r i c a  - New H artford , 

U . S . A ) . The  s u spens i on was  b l ended for 5 mi n at a speed o f  1 7 , 000 

r pm ,  and 1 0  ml of t h e  h omogen i s ed s amp l e  t r ansferred to 1 50 ml bott l e s 

cont a i n i ng 

about  30  

9 0  m l  o f  soft  ag a r .  The  bot t l e was  s h aken  v i gorou s l y  for  

sec . Two or th ree furt h er ten -fo l d d i l u t i on s  were 

p rep ared . S amp l es of 1 m l  of each of t h e  f i n a l  three d i l u t i on s  were 

p i petted i n  d u p l i cate  i n to s ter i l e  d i spos ab l e  petr i d i s h e s  to  wh i ch 

P DA-D or P C NB  med i um was  then  added ( i . e . a tota l  of  1 2  p l a tes/ s u b-

1 05 



s amp l e  for  both med i a ) . About  1 2 - 1 5  m1 mo l t en agar med i um at  4 50C was  

poured i nto  each  pet r i  d i sh and the  i nocu l um mi xed we l l w i th the  

med i um .  

b )  Hu s k  and l i t ter  s amp l e s :  Each  5 g s u b- s amp l e  was  thorough l y  

mi xed and 1 g remov ed t o  a 200 m 1  s c rew- c ap  bott l e .  Ster i l e  d i s t i l l ed 

water ( s dw ,  1 00 m 1 ) was  ad ded , and the  prepar at i on s h ak e n  for 1 5  m i n 

at 2 50  r pm on a s h aker  ( New B r u n sw i ck  Sc i en t i f i c ) . T h e  s u pern atant  

was  decanted i mmed i at e l y  a nd  s er i a l d i l u t i on s  ( up t o  1 0-6 ) i n  s dw 

prep ared . Cu l t u res  on P DA-D  and PCNB  were e s t ab l i s h ed a s  for  t he  

ma i z e  s amp l e s .  The  h u s k  a nd  l i t ter  s egments  were re served for  t he  

d i rect p l a t i ng techn i q u e .  

c )  S o i l s amp l es :  T h e  two s u b- s amp l es o f  1 0  g e a c h  were tre ated 

s i mi l ar l y  to the ground ma i ze s amp l es ,  except th at the s o i l d i l u t i on 

factors  were h i gher  t h a n  t hose  for the  ma i z e ( t o 1 0- 5 ) ,  and the  l a st  

th ree d i l u t i on s  u s ed for  p l at i ng .  

A l l p l ates  were i nc u b ated at  2 50C i n  t h e  dark . C o l o n i e s  were 

counted after 3 ,  5 and 7 days of  i nc u bat i on .  

S l ow- growi ng and un i de nt i f i ed co l on i e s and a l l F u s ar i um co l o n i es  

were s ubcu l t ured onto  P DA a nd other  med i a  for further e x am i n at i on .  I f  

more t h a n  30 co l o n i es of any part i cu l ar  morpho l og i c a l  type were 

i so l ated on  the d i l u t i on p l ate s , o n l y  a r andom s e l ect i on o f  about  20 

co l o n i es was  s ubc u l t ured . 

i i )  D i rect p l a t i ng tech n i q u e  
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a )  Ma i z e k erne l s :  M a i ze  k erne l s ( about  1 00 g )  from the  s u b­

s amp l e  ( Sect i on 2 . 1 . 4 . 1 )  were p l aced i n  a 400 m 1  s crew- c ap  bot t l e .  

The k e rne l s were d i s i nfect ed by h and s h ak i ng w i th 1 %  s od i um hypo­

c h l or i te  ( N aOC 1 ) for 1 m i n .  After d i scard i ng the N aOC 1 , the kerne l s 

were r i n s ed w i th s dw three t i me s ,  e ach  t i me be i ng sh ak e n  for  about  20 

sec . After dryi ng on a ster i l e  f i l t er p aper , 50 kerne l s  were cu l t ured 

on PDA-D  med i um ,  and anoth er 50  k erne l s were  cu l t ured on  PCNB  med i um 

( preferab l y  5 d ays o l d )  a t  a d en s i ty of 5 kerne l s per  p l ate . A l l 

p l ates  were i nc u b ated i n  t he  dark  at 250C .  T he  p l a t e s  were f i r s t  

exam i n ed after 5 d ays ' i nc u b a t i on and s l ow- grow i ng co l o n i e s  



s ubcu l tured . T h ey were re-exami ned after 1 0  days . A l l F u s ar i um s p p  

a n d  u n i dent i f i ed f u n g a l  genera  were s u bcu l t u red o n to  i dent i f i c at i on 

med i a . 

b )  H u s k s and l i tter segments : T he  s egmen ts wh i c h were res erved 

from the d i l u t i on p l a t i ng proced ure were h and s h aken wi th 1% N aOC l 

cont i n uou s l y  for  1 m i n .  After the  N aOC l was  d i scarded t he  s egmen t s  

were  washed th ree t i mes  wi th sdw ,  each  t i me be i ng s h ak e n  for a b o u t  20  

sec . The  segments  were then  dr i ed on s t er i l e  fi l t er paper . A t o t a l  

o f  30  segments  p e r  s u b - s amp l e  w a s  p l a ted o u t  on both P DA-D a n d  PCNB  

( 1 5  s egments eac h )  at  a dens i ty of  5 s egmen t s / p l ate .  Both  i nc u b at i on 

cond i t i ons  and exami n at i on of  the  p l ates  was  a s  for kerne l s .  

B .  I de n t i f i c at i on and c l a s s i f i c at i on 

i )  F u s ar i um s p p .  growi ng on p l ates  from both techn i q ues  were 

i de nt i f i ed after cu l t u r i ng on P SA ,  PDA and CLA med i a . 
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The  s i ng l e  s pore tec hn i q u e  ( Booth , 1 97 7 )  was app l i ed when  neces­

sary ,  part i cu l a r l y  f or t hose  i s o l ates  to  be l a ter u s ed for  mycot ox i n 

screen i ng .  T he  c u l t ures were i ncub ated i n  the dark for 3-4 days a t  

2 50C a n d  growth r ate  ( co l ony d i ameter ) me a s ured . T h e  p l ates  were r e ­

i nc u b ated u n der  i l l um i nat i on ( two 40 w coo l  wh i te f l uorescent  t ubes  

and one  40  w b l ac k  l i ght t u be ,  360- 3 7 0  nm [ P h i l i ps TL 40/08J , 

pos i t i oned 40 cm above t he  c u l t u res ) w i t h  a 1 2  h photoper i od ,  and 

a l t ernat i ng t emperature of  2 50C day/200C n i ght . The cu l t ures  were  

exami ned after 1 0- 1 4  days and  aga i n  after  4 week s to c heck  for  per i ­

thec i a  and c h l amydo s pore product i on .  T he  c u l t ures on P DA and PSA were 

u sed to  study co l o ny morpho l ogy i . e .  growth rate , p i gmen t at i on ,  

s porodoc h i a produc t i on and other var i ab l e s  b u t  i dent i f i c at i on s  were 

l arge l y  based on morpho l ogy of  con i d i a ,  c on i d i ophore , type of s p or i ng 

head and c h l amydos pore product i on etc . o n  CLA  med i um .  T h e  above 

c h aracters  were s t ud i ed macroscop i c a l l y ,  w i t h  a s tereo-mi croscope  and 

by prepar i ng wet -mou n t s  i n  sdw for l i ght  m i croscopy.  A l l F u s ar i um spp 

were i dent i f i ed u s i ng t h e  cr i ter i a of  B urge s s  and L i dde l l ( 1 983 ) ,  

Ger l ac h  and N i renberg ( 1 982 ) and Booth ( 1 97 1 ) .  Other  av a i l ab l e  

references were a l s o  u sed a s  neces s ary . 
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i i )  Other  funga l gener a were i dent i f i ed i nt o  gen u s  on l y  except  

for s ome a s perg i l l i .  M o s t  co l on i es were i den t i f i ed on t he  i so l at i on 

med i a  b u t  co l o n i es w i t h  uncert a i n aff i n i ty were tran sferred t o  other  

a ppropr i ate  med i a  s uch  a s  P DA ,  C DA and  CLA . Genera  w i th  poor  spor u l a ­

t i on were cu l t u red o n  CLA and  i nc u b ated under b l ack  l i ght . 

C .  V i ab l e  counts  

i )  D i l u t i on p l at i ng :  Co l on i es were counted on  both  med i a  after  

3 ,  5 and  7 days ' i nc u b at i on at 2 50C .  P l ates  c arryi ng  between 1 0- 1 00 

c o l on i es were used . The  mean of c o l ony numbers  from two p l ates  of t he  

s ame d i l u t i on on the  s ame med i um were expres sed  a s  c o l ony-form i n g  

u n i t s per gram s amp l e  ( CFU/g ) . I n  t he  c a se  o f  F u s ar i um spp , co l on i e s 

g rowi ng o n  a l l 6 p l ates  for each med i um were c ounted and t he  mean  of  

these  counts  were used  t o  obt a i n t he  F u s ar i um v i ab l e  count  as CFU/ g . 

i i ) D i rect p l at i ng :  The  number of ma i ze kerne l s or segment s  of  

l i tter  or husk  t h at y i e l ded F u s ar i um spp  or  o t her funga l  genera  were 

counted a fter 5 and 1 0  d ays ' i nc u b a t i on i n  t h e  d ark at 2 50C .  T he  

res u l t s  were expre s s ed a s  a percent age of contami n ated kerne l s  o r  

s egments of  the  tot a l  y i e l d i ng fung i . 

D .  S t at i s t i c a l  an a l ys i s 

The d a t a  were s u bj ected to a one-way an a l ys i s  of v ar i ance  ( St ee l  

and  Torr i e ,  1 980 ) t o  te st  for s i gn i f i c ant  d i fferences between t h e  

me ans  o f  a )  t he  f u n g a l  popu l at i ons  i n  f i e l d p l ot s amp l e s ,  b )  t h e  

f u ng a l  popu l a t i ons  a n d  n umbers of  f u n g a l  genera  a n d  F u s ar i um s p p  

i s o l a ted on  d i fferent med i a  o r  by  d i fferent tech n i ques , and c )  t h e  

n umbers o f  funga l  genera  and F u s ar i um spp i so l ated from f i e l d  a nd  

h arvest  s amp l es .  D uncan ' s  t e st  was  u s ed t o  a s s e s s  p l ot d i fferences  i n  

T a b l es 3 - 1  t o  3-4 . 

2 . 1 . 5 . 3 .  Preserv a t i on o f  funga l  c u l t u re s  

A .  F u s ar i um i so l a te s  

Two methods  were u sed  for  ma i n ta i n i ng t h e  F u s ar i um c u l t u res : -

i )  CLA s l ants : T he  CLA s l an t  was recommended by F i s her  et �. 
( 1 982 ) for short- term s torage . I n  the present  s t ud i es ,  F u s a r i um 
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cu l t ures  s t ored on CLA s l a n t s  were found to rema i n v i ab l e for over two 

years  wi th o u t  mu t at i o n .  T he  c u l t u re s  were s tored a t  room temperature . 

i i ) Lyoph i l i s at i on : I s o l ates  of  F u s ar i um s p p  for l yoph i l i s a t i on 

were grown on CLA p l a te s  for  7 - 1 0 d ays under a 1 2  h a l t ernat i ng cyc l e 

u nder  the  l i g ht bank  at  200C n i ght/24oC d ay .  The  c u l t ures  were 

c hecked for adeq u ate growth a nd p u r i ty . F i ve v i a l s  for each i so l ate  

were  prepared for  l yoph i l i s at i on .  Ster i l e  s k i m-mi l k  1 0% ( 0 . 2  m l ) 
( s k i m  mi l k  powder - Anchor  N ew Z e a l and Co - operat i ve D a i ry 

Hami l t on ) was i ntrod u c ed i n to  each  ster i l e  freeze- d ry v i a l 

C o .  L td . , 

l abe l l ed 

wi th t he  i s o l ate number . Two co l o n i sed c arnat i on l e af p i ec e s  were 

transferred t o  the  v i a l s  under  s t er i l e  cond i t i on s . T he  v i a l s  were 

then s t oppered wi th a s t er i l e  cotton p l u g and h e l d i n  s t a i n l es s  s t ee l  

bowl s cont a i n i ng e i ther  c r u s h ed d ry  i ce or l i q u i d  N2 a n d  propan - 2 - o l  

( i s opropyl a l coho l ) for 30  m i n .  Lyoph i l i s at i on w a s  performed u s i ng 

s t and a rd p rocedures . T h e  l yoph i l i s ed s amp l e s were r andom l y  checked  

for v i ab i l i ty i mmed i at e l y  and  after each  6 month s .  C u l t ure s  were  

s tored at - 2 00C .  

B .  Other  funga l gener a 

These  i s o l ates  were m a i n t a i ned on both  P DA and CLA s l a nts  and  

s u b cu l t u red every 6 -8  month s .  

R epre sentat i ves  of  a l l F us ar i um spec i e s  a nd other f unga l  genera 

were depos i ted at  t he  herbar i um a nd c u l t ure c o l l ect i on of  t he  P l a n t  

D i s ea se s  D i v i s i on ,  D . S . l . R . , Auck l and ( Append i x  A ) . T h e  author  spec i ­

f i c a l l y  ac knowl edges t h e  h e l p of Dr  G .  S amue l s  i n  t h e  i dent i f i c at i on 

o f  s ome of t he  i so l ates  a s  we l l a s  conf i rm i ng a l l the  others , and for 

h i s  genera l  g u i dance i n  F u s ar i um t axonomy . 

R epre s en t a t i ves o f  t h e  i s ol ates of "F u s ar i um s p p  were a l s o  

depos i ted w i th  the Amer i c a n  Type C u l t ure Co l l ect i on ( ATCC ) , U . S . A .  

( Append i x  B ) .  



2 . 2 .  TECH N I QUES  FOR MYCOTOX I N  E XTRACT ION  AND ANAL YS I S  

2 . 2 . 1 .  S ourc e of S amp l es 

Twenty samp l e s of  ma i z e  and four s amp l es of  pou l t ry r at i on s  were 

a s s ayed for t he  presence of mycotox i n s :  

A .  A tota l  of 1 8  m a i z e  s amp l e s de s t i ned for u s e  i n  a n i ma l  rat i o n s , 

i nc l ud i ng f i e l d ,  h arvest  and stored s amp l e s ,  co l l ec ted a s  des­

c r i bed i n  Sect i on 2 . 1 . 2 ( Tab l e  2 - 1 ) 

B .  Two mai z e  s amp l es f rom a commerc i a l s u pp l i er produc i ng h uman 

food st uffs . 

C .  F o ur  compounded pou l t ry r at i on s amp l e s prov i ded by a l arge c h i c ken  

product i on un i t .  

A l s o :  

D .  A tota l  o f  4 0  i s o l ates  o f  F u s ar i um s p p .  ( Tab l e  2 - 2 )  wh i c h h ad been 

obt a i ned from ma i z e ,  h u s k , l i tter  and so i l were tested for t h e i r  

a b i l i ty t o  produce  mycotox i n s i n  cu l t u r e .  

Tab l e  2- 2 :  F u s ar i um i so l a tes  tested for t he i r  potent i a l tox i ge n i c i ty .  

F u s ar i um spp . N o .  t e sted 

g r ami nearum 1 1  

s u bg l u t i nans  1 5  

mon i  1 i forme 1 

eq u i set i  2 

a venaceum 2 

c rookwe l l ense  1 

acumi n atum 1 

s t i l bo i de s  1 

c u l morum 2 

oxysporum 2 

mer i smo i de s  1 

s amb uc i num 

1 1 0  



2 . 2 . 2 .  Reagents  

2 . 2 . 2 . 1 .  Mycotox i n reference  st a nd ard s 

A .  O r i g i n a l  s toc k s  

Zeara l e none ( ZEA ) and T - 2  t ox i n  were obt a i ned from S i gma 

C hemi c a l  C omp any , S t  Lou i s ,  MO , U . S . A . , D i actoxysc i rpeno l  ( DAS ) a nd 

Deoxyn i v a l e no l  ( DON ) were o bt a i ned from Myco L a b .  C ompany , 

C hesterfi e l d ,  MO , U . S . A . Mon i l i f ormi n was generous l y  prov i ded  by Dr  

P . G . Th i e l , N a t i o n a l  Research I n s t i tute  for Nutr i t i o n a l  D i s e a se , 

Tygerberg 7505 , South Afr i c a and D r .  J . L .  R i c h ard , N at i on a l  An i ma l  

D i sease  Cen ter , Ames , I owa , U . S . A .  

B .  S t and ard mycotox i n  mi x tures  

i )  T h e  s t and ard mycotox i n  m i x ture  for  TLC  ( referred to  as MTM1 ) 

cons i sted of  DON ( 1 5  )..l g /ml ) a.lld 'T .. 2 tox i n ,  DAS , ZEA and MON ( e ach 30 

l-I g/ml  i n  c h l o roform/meth ano l ( 1 : 1 ) .  

i i )  The  s t andard  mycotox i n for GC and GC -MS ( MTM2 ) con s i s ted of 

DON ( 40 )..l g /m l ) and DAS , T -2  t ox i n  a nd ZEA ( each SO )..l g/ml ) i n  

ch l o roform/meth ano l  ( 1 : 1 ) .  

Al l mycotox i n  s toc k s  were s tored i n  a - 1 SoC freezer . When  

req u i red for a n a l yses they were th awed t o  room temperatu r e .  

1 1 1  

2 . 2 . 2 . 2 .  C o l umn c hromatography mater i a l s ( for c l ean - u p  of s amp l e s ) 

A .  Amber l i te XAD-4 

Amber l i te XAD-4 ( Rohm and H a a s  C o . , P h i l ade l ph i a ,  PA 1 9 1 05 ,  

U . S . A . ) wa s generou s l y  prov i ded by R ohm and H a as New Ze a l and  L td . , 

Otahuhu , Auc k l and . Cond i t i on i ng of t he  Amber l i te i on exchange res i n  

was  performed a s  de scr i bed by Nao i ( 1 98 3 ) w i t h  s l i ght  mod i f i c at i on .  

About 2 50 g of the res i n  was p l a ced i n  a 500 m l  mod i f i ed E r l enmeyer 

f l a s k , wi t h  a mag net i c  bar for s t i rr i n g .  The  f l ask  h ad a s i de  arm 

f i tted and h o s e  attac h ed for dra i n age , as s hown i n  F i g ure  2 -4 . D i st i l ­

l ed water for f l u s h i ng was ad ded wh i l e s t i rr i ng . After dra i n i ng the  

water suff i c i en t  1 N  NaOH was  added  to  cover  the  Amber l i te bead s and  



F i g u r e  2 -4 : Scheme s howi ng the apparatus  u s ed for cond i t i on i ng the Amber l i te XAO-4  res i n .  
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t he  res u l tant mi x t ure was  st i rred for 1 h .  Then  the N aOH was  d r a i ned 

off  and a nother s i m i l ar amount  of 1 N  N aOH was added , s t i rred for 

a nother hour , then d r a i ned . The N aOH and the  XAO-4 were then  f l u s h ed 

cont i n uous l y  w i th d i s t i l l ed water wh i l st s t i rr i ng ,  

d r a i ned u n t i l the  eff l uent  water was at n e utra l  pH 

and cont i n u o u s l y  

( approx . 1 0- 1 5  R. 

r i n s i ng water req u i red ) .  Suffi c i ent meth a n o l  to cover the  Amber l i te 

was  th en  added and t h e  m i x ture s t i rred for 5 m i n before the  met h a no l  

l ayer was  dra i ned off . Th i s  was  fo l l owed by three app l i c at i ons  of hot 

methano l , w i th s t i r r i ng at each  app l i c at i on .  F i n a l l y ,  s uffi c i en t  

water wa s  f l u s hed t hrough  t h e  res i n  t o  remove the meth ano l . The  

prepared XAO-4  res i n  was  th en stored i n  d i s t i l l ed water  at r oom 

temperat u re . 

B .  F l or i s i l 

F l o r i s i l ( BOH C h em i c a l s L td . , P oo l e ,  E ng l and ) ,  about 1 00- 200 US  

mes h ,  was  act i v ated by  dry i ng 1 �  h at 1 050C and stored i n  a des i ccator 

wi th  s i l i c a ge l  ad sorbent . 

2 . 2 . 2 . 3 .  TLC reagents  

A .  TLC  so l vent sys tems ( dev e l op i ng s o l v e n t s ) 

A l l so l vents were an a l yt i c a l  reagent g r ad e .  C h l o roform and  

meth ano l  were red i st i l l ed pr i or to use . To l u ene  and acetone were 

s tored over  mo l ecu l ar s i eves  ( 4A )  ( Type 4A-4 -8  mes h  bead s - Aj ax 

C hemi ca l s Ltd , Sydney , Au s tra l i a ) t o  remove water . 

The fo l l ow i ng s o l vent  systems were prep ared fres h  each  d ay for 

use  o n  that d ay :  

So l vent  #1 . c h l o roform-meth ano l  ( 93 : 7 )  

So l vent  #2 . To l u ene- acetone-meth ano l  ( 5 : 3 : 2 )  

So l vent  #3 . To l u ene- ac etone ( 97 : 3 )  

So l vent  #4 . Ch l o roform-meth ano l  ( 3 : 2 ) .  

1 1 3  



B .  Spray reagents  

1 .  A l u mi n i um c h l or i de s o l u t i on : -

20  g reagent  grade A 1 C 1 3 . 6H20 was d i s sol ved i n  1 00 m l  50% 

eth ano l - wate r .  

2 .  S u l p hur i c  ac i d  so l u t i on : ­

H2S04 ( 20% v/v  i n  water ) . 

3 .  2 , 4 - D i n i t rophenyl hyd r az i ne ( Z , 4  DNPH ) s o l u t i on : -

1 1 4  

0 . 32 g r e agent  grade 2 , 4- d i n i t rophenyl hyd r az i ne 

( N02 ) Z . C6H 3 . N H-NHZ : ( Aj ax C hemi c a l s L td . , Syd n ey ,  Au s t r a l i a ) 

4 .  

was  d i s s o l ved i n  1 00 m l  2 N  HC 1 . The s ame re age nt  was u sed 

for der i v a t i s a t i on of mon i l i form i n ( Sect i on 2 - 2 - 6 - 5 } . 

D i a zon i um s a l t 

F a s t  v i o l et B 

U . S . A . ) as  

reagent : -

s a l t ( S i gma  C hemi c a l C ompany ,  S t  L o u i s ,  

0 . 7% s o l u t i on i n  d i s t i l l ed wate r .  

MO , 

2 . 2 . 2 . 4 . Reage n t s  for g a s  c hromatogr aphy ( GC and GC - MS ) 

A .  Der i v a t i s i ng reagen t s  

Two t r i methyl s i l y l ( TMS ) der i v at i s i ng reagent m i x tures  were 

emp l oyed : 

D er i v at i s i ng Reagent  [ a ] ( N -Tr i methyl s i l y l - i m i da z o l e )  [ TMS I ] , 

rese arch grade  ( Serva , Fe i rb i ochem i c a ,  H e i de l berg , New York ) 

+ Tr i methyl c h l oro s i l a ne  [ TMCS ]  ( d i spersed i nt o  1 m l  ampo u l es 

u nder  n i troge n )  + Ethyl  acet ate ( g l as s  d i st i l l ed and s tored 

over mo l ecu l ar s i eve ) . These  3 reagent s  were m i x ed under  

o xyge n - free n i trogen i n  t he  r at i o  1 : 0 . 2 : 9 i n  2 0  m l  bot t l e s  

f or  u se on the  s ame d ay ,  o r  d i s persed  i n  1 m l  ampo u l es  and 

s e a l ed under n i trogen for s tor age at  0-4oC unt i l u s ed wi th i n  

2 week s .  

Der i v at i s i ng reage nt  

TBT ( 1  m l  ampou l es )  

i m i d a z o l e ( TMS I ) ,  

c h l oros i l ane , 3 : 3 : 2  

I L  6 1 1 05 ,  U . S . A . ) 

[ b ] ( a  commerc i a l preparat i on ) : TR I - S I L  

- t h i s  i s  a s pec i a l formu l at i on o f  TMS ­

B i s- TMS- acetam i de ( BSA)  a nd t r i methyl 

( v/ v ) ( P i erce C h emi c a l  Company , Roc k ford , 



B .  I n tern a l  st andard 

C 24 ' C 26 ' C2S ' C 30 n - a l k a ne s  m i xed  i n  hexane e a c h  at  a concen­

trat i on of 50 mg/5 ml  ( A l l t ech  As s oc i at i on ,  Tak apu n a ,  Auc k l a nd , New 

Zea l a nd ) .  

C .  P ho sphorus  pentox i de 

P 205 ( E -Merk Darms t ad t , F . R . Germany) for absorb i ng mo i s t ure 

before der i vat i s at i on .  

2 . 2 . 3 .  Apparatus  

2 . 2 . 3 . 1 .  Gas  c h romatog r aphy 

A.  For GC- F I D ,  a Pye Un i cam s er i es 304 gas c h romatog r aph  

( Ph i l i p s L td . , C ambr i dge , E ng l and ) was  u s ed . Th i s  was  eq u i pped w i th  

f l ame i on i z at i on detector ( GC - F I D )  and  a Pye  U n i cam CPP4  comput i ng 

i n tegr ator . T he  i n s trument  was  l oc ated at the  New Z e a l and  D a i ry 

Research  I n s t i t u te , P a lmer s ton North . 

Two co l umn s were emp l oyed : 

1 .  1 2  m x 0 . 2 5 mm i . d .  v i treo u s  s i l i c a c a p i l l ary co l umn wi th  

bonded  phase  B P 1  ( d i methyl  s i l o x ane  equ i va l e nt , non-porous  

bonded  phase )  ( Sc i ent i f i c G l a s s  E n g i neer i ng P ty L td ,  

R i ngwood , V i ctor i a 3 1 34 ,  Au stra l i a ) .  

2 .  50 m x 0 . 2 5 mm i . d . , otherwi s e  i den t i c a l  to  c o l umn #1 . 

Operat i ng cond i t i ons : G a s  carr i er :  He l i um ( He ) . L i near gas  

ve l oc i ty at  1 50°C = 5 5  cm/ sec , c h art s peed 30 cm/ h . T h e  temperature 

was p rogr ammed s t art i ng at 1 S00C for 5 m i n i sotherma l , t hen  r i s i ng to  

220°C at  a rate of  5°C /mi n ,  fo l l owed by a r i se  to  2S00C at a r ate of 

e i ther  3°C/mi n for the s hort c o l umn or  SOC/mi n for  t h e  l ong co l umn . 

The O n - co l umn i njector t emperature was  60°C and t h e  d etector tem­

perature  320°C .  The attenuat i on of the  e l ect rometer was  i n i t i a l l y  set 

at 6 4 ,  t hen decreased t o  3 2  or  1 6  w i th s ome s amp l es ,  depend i ng on  the 

observed peak h e i ght and s i gn a l - to-no i s e r at i os .  

1 1 5  



B .  For GC-MS a H ew l ett  P ac k ard  ( mode l 5 985 B )  system was  u sed  

coup l ed t o  a H P  1 000 d a t a  sys tem ( Hewl ett-Pac k a rd C o . , P a l o  A l t o ,  C A ,  

U . S . A . ) .  T h e  i n s trument  wa s  l oc ated a t  th e Forest  Research  I ns t i tute , 

Rotor u a .  

E l ectron I mpact ( E I ) mode i on i z a t i on wa s u sed , w i t h  i on source  

temperature  200°C and  e l ectron energy 70 eV . The  i n strument was  

f i t ted wi th  a BP I  bonded  phase  v i treous  s i l i c a c a p i l l a ry c o l umn ( 1 2  m 

x 0 . 2 5 mm i . d . ) i nterfaced t o  the  mas s  spectr ometer by an  open- s p l i t  

i nterface heated at 2 50°C .  The co l umn t emperature  wa s programmed from 

1 80°C to 2 50°C ,  wi th an  i n i t i a l h o l d of 5 mi n at 1 80°C and f i n a l  h o l d 

of  1 0  mi n at 2 50°C .  T he  f i r s t  progr amme rate  was  8°C /mi n u nt i l 220°C ,  

t h en 3°C /m i n unt i l 2 50°C .  Th e i nj ector temperature was  65°C ( on -

co  1 umn system) . 

o f  50 cm/ s ec .  

The c a rr i er gas  was h e l i um a t  a mean  l i near  ve l oc i ty 

The mas s  s pectrometer was  progr ammed to  mon i tor 5 c h aracter i st i c  

i on s  each  for DON , DAS , T -2  tox i n and ZEA ( T ab l e  2 -3 ) .  The s c an n i ng 

for  Group  1 ( DON and DAS ) proceeded from 9 m i n after i nj ect i on u nt i l 

1 6  mi n ,  t h en scann i ng for Group 2 ( T-2  tox i n and  ZEA ) proceeded from 

1 6  m i n u nt i l 2 5  mi n .  The chromatogr ams were obta i ned as h ard-copy 

from t h e  computer sys tem .  

Tab l e  2-3 : Mass- to-c h arge r at i o s  ( M/l )  of  i on s  u s ed for s e l ect i ve i on 

mon i tor i ng d u r i ng GC-MS . 

Group  1 Group 2 

DON : 5 1 2  T-2  tox i n : 436 

4 22  3 50 

407 2 90 

2 5 9  1 73 

2 3 5  1 22 

DAS : 3 7 8  ZEA : 462 

350 444 

2 90 429  

1 75 3 33 

1 06 1 5 1 

1 1 6 



2 . 2 . 3 . 2 .  T h i n - l ayer c hromatography ( TLC ) 

A .  TLC p l ates : 

1 .  20 x 2 0  cm a l umi n i um s heet s , pre-co ated wi th 0 . 2  mm s i l i c a  

ge l 6 0  w i th o u t  f l u orescent  i nd i c ator ( Art-5553  from E .  Merc k , 

D arms t ad t , F .  R .  Germany ) . 

2 .  20  x 2 0  cm a l u mi n i um sheets  pre-coated wi th 0 . 2 mm s i l i c a g e l  

6 0  w i th  f l u orescent i nd i c ator ( Art-5 554 from E .  Merc k , 

D arms t ad t , F .  R .  Germany ) . 

B .  V i ewer 

Chromato-Vue  c a b i n et Mod e l  CC- 6 0 ,  u l t r av i o l et i l l um i n a t i on system 

( UUVP I nc . , S a n  Gabr i e l , CA , U . S . A . ) .  The un i t  h as two U - V  t ubes  2 54  

and 365  nm  wave l ength . 

C .  TLC den s i tometer 

A Sh i mad z u  mod e l  CS -90 d u a l  wave l ength  TLC s c anner  ( S h i mad z u  

L td . , Kyoto , J ap a n )  was  u sed wi th t h e  f o l l owi ng opera t i ng cond i t i on s : -

S l i t  wi dth  0 . 3  x 1 0  mm ; l i near  s c an n i ng mode ; s c an s peed 1 0  

mm/mi n ;  wave l ength : reference  700 nm ,  s amp l e 480 nm .  For  

confi rmat i on ,  3 wave l ength s ,  400 , 480 and 540  nm were  u s ed . 

2 . 2 . 3 . 3 .  U . V .  spectrophotomet ry 

SP8-400 U V /V i s  s pectrophotometer  ( Pye Un i c am L td . , C ambr i dge , 

E ng l and ) .  Opera t i ng cond i t i on s  were s c a n  300 nm to 200 nm , record 

r ange 2-A ( 2  a b sorbance u n i ts f u l l s c a l e ) , b and wi dth ( nm s c a n  speed ) 

4 nm/ s .  

2 . 2 . 3 . 4 .  G l a s sware 

1 1 7  

A l l g l a s sware was  soaked  i n  1 %  N aOC l for about 3 h t h e n  r i n sed 

severa l  t i me s  w i th d i s t i l l ed water , s o ak e d  i n  c hromi c ac i d  overn i ght , 

t hen r i ns ed aga i n  sever a l  t i mes wi t h  tap  water , seve r a l  t i me s  wi th 

de i on i zed water and fi n a l l y  oven- dr i ed before u s e .  



2 . 2 . 4 .  Mycotox i n  Prod uct i on under L abor atory Cond i t i ons  

Q u ant i t i es of 1 00 g of ma i ze , free o f  mycotox i n s ,  were  p l aced i n  

75  m l  d i s t i l l ed water i n . 50D m l  E r l enmeyer f l a s k s  stoppered wi th  cot ton  

woo l  p l ug s . T he  f l a s k s  were  l eft  w i t h  occ a s i ona l  s h ak i ng for 1 h at  

room temperat ure  and then s toppered w i th  fo i l  and  autoc l aved  twi c e  at  

1 2 1 0C for  45 m i n on two con secut i ve days . One ml  amount s  of  f u n g a l  

i noc u l um ( con s i s t i ng o f  s pores  and hyp h a l  segments  i n  s dw )  from a 7 -

day o l d cu l t u re on  C LA w a s  u sed . The c u l t ures had been i nc u b ated 

under a b l ac k  l i g h t  b ank w i t h  a 1 2  h photoper i od to s t i mu l ate  s por u ­

l at i on .  After  i nocu l at i on ,  the  ma i ze i n  t he  f l ask  wa s s h ak e n  severa l  

t i me s  to d i s t r i bute  the  i nocu l um . The  f l a s k s  were then  i nc u b ated  at  

250C for  four  week s ,  wi th the  except i on of  F .  s ubgl u t i n ans  wh i c h was 

i nc u b ated for t h ree week s on l y .  After the  i nc u bat i on per i od ,  c u l t u re s  

were  d r i ed i n  t h e  o ve n  at 500C f or  24  h ,  then  ground to a s emi f i n e 

me a l  wi th a W ar i ng b l ender and stored a t  0-4oC unt i l u s e .  

2 . 2 . 5 .  Extrac t i on  o f  S amp l es  and C u l tures  

E x tract i on and  c l ean - up steps  were  b ased on the  method  o f  

Kami mura et a l . ( 1 981 ) w i t h  m i nor mod i f i c at i on s .  

Ma i ze s amp l e  ( 1 00 g )  o r  ma i z e c u l t ure  ( 1 00 g )  was  f i ne l y  ground  

i n  a coffee g r i nder or War i ng b l ender , t hen  t ransferred to a 500-ml  

Qu i c k f i t g l a s s - s t oppered f l a s k ; 200 ml  aq ueou s meth ano l  ( 95 meth ano l : 5  

water ) were added and the f l a s k  s h ak en  for 1 h ,  u s i ng a wr i st - ac t i on 

s h aker  at  800 s h ak es /mi n .  The  contents  o f  the  f l ask  were t hen  f i l ­

tered through  Wh atman No . 1 f i l ter pape r .  Th e approx i mate l y  1 00 m l  of 

f i l t r ate obt a i n ed was  tran sferred to  a 300-ml round-bottomed f l a s k  and 

evapor ated to  about  1 0  ml under reduced pre s s ure at 500C i n  a B u c h i  

rot ary evaporator . 

2 . 2 . 5 . 1 .  C o l umn c hromatograph i c  fract i on at i on and c l e a n - u p  

T he  Amber l i te  XAO-4 co l umn wa s  prep ared as descr i bed by K ami mura 

et �. ( 1 981 ) .  

The  s l u r ry of  

chromatogr aphy co l umn 

Amber l i te XAO-4 res i n  was  p l aced 

20 cm x 1 . 4 cm i d ,  p l ugged w i th  

i n to a 

g l a s s  

g l as s  

wool , 

1 1 8  



u nt i l the  h e i g ht of t h e  sett l ed co l umn was  about  1 0  cm . 

ex tract  was  added gen t l y  to the  top  of t he co l umn . The  

T he  s amp l e  

f l a s k  was  

was hed wi th  d i s t i l l ed water fo l l owed by smal l port i on s  o f  meth a no l  

tota l l i ng 5 m l . A f i r s t  fract i on ( F 1 ) , cont a i n i ng any mon i l i formi n ,  

was  obt a i ned by e l u t i ng the co l umn w i th  water i n to a 300-ml  round ­

bottomed f l a s k  at a rate  of 1 . 5 ml /m i n for the  f i rst  30 ml  and then  3 

ml /mi n for a further 50  ml and the two e l u ates  comb i ned . ( P r e l i mi n ary 

i nvest i gat i on  h ad i nd i cated t h at p art  of the  mon i l i f ormi n content  was  

e l uted wi t h  the  f i rst  30 ml  water and  the  rest  w i th the rema i n i ng 50  

ml  water . ) 

DON , DAS , T-2  tox i n and ZEA  were then e l u ted wi th 1 00 m l  meth ano l  

a t  a rate of 6 m l /mi n .  T he  e l u ate  was  c o l l ected i n  a 300-ml  round -

bottomed f l a s k  to  form frac t i on  2 ( F 2 ) . 

2 . 2 . 5 . 2 .  C l e an - up of F 1  

E th ano l  

eva porated 

The res i du e  

acetone . 

( 20  ml ) was added to the  e l u a te and the  m i x t ure 

t o  dryne s s  under reduced  pre s s ure on  a water bath  at 

was  d i s s o l ved i n  5 ml  met h ano l , then  m i xed  w i th  

t hen  

7 00C .  

1 5  m l  

The res u l t i ng so l u t i on was  f i l tered t hrough  Wh atman No . 1 f i l t er 

p aper i nto a 300-ml  round-bottomed f l a s k . The f i l trate was  ev apor ated 

to  drynes s under  reduced pres s ure on  a water bath ( 500C ) . The res i due  

was then  d i s s o l ved i n  1 ml  meth anol  and st ored at - 1 8oC u n t i l req u i red 

for a s s ay of  mon i l i form i n .  

2 . 2 . 5 . 3 . F l or i s i l  chromatogr aph i c  co l umn for c l e a n - up  of F2  

1 1 9  

The f l or i s i l  co l umn was prepared a s  de scr i bed by K ami mura  � �. 

( 1 981 ) . A g l a s s  co l umn ( 20  cm x 1 . 5 cm i . d . ) p l ugged w i th  g l a s s  wool 

was u sed . About 1 0  m l  ch l oroform a nd 5 g anhydrous  sod i um s u l p h ate  

( N a2S04 ) were ad ded to  the co l umn ,  fo l l owed by a s l u rry of  10  g 

f l or i s i l  i n  c h l oroform/methano l  ( 9 : 1 ) . When  the  gel  sett l ed i t  was  

topped wi th  about  5g N a2 S04 . The s o l vent  was  then  dra i ned to  the  top 

of  the  N a2S04 . 



F2  was  evapor ated to  drynes s u nder red uced pres s ure  on a water 

b ath at 5 00C .  The re s i due  was d i s so l ved i n  1 0  m l  c h l oroform/meth ano l  

( 9 : 1 ) then  t r ansferred onto  the co l umn . Mycot ox i n  was  e l u ted i nt o  a 

300- m l  round - bottomed f l a s k  wi t h  1 00 m l  ch l o roform/meth ano l  ( 9 : 1 ) a t  a 

r ate  of 2 m l /mi n .  After co l l ect i on ,  the  e l u ate was  evaporated to  

about  1 0  m l  and then  transferred to a 30-m l  pear- s h aped f l ask  a nd 

evaporated to dryness . T he  res i due  was d i s s o l ved i n  1 m l  meth ano l  and 

then s t ored at - 1 80C u n t i l req u i red . I t  was  u s ed to screen for DON , 

DAS , T-2 t ox i n  and lEA . 

2 . 2 . 6 .  Screen i ng Me thods  

2 . 2 . 6 . 1 .  Th i n - l ayer c hromatogr aphy 

The TLC p l ate was  f i rst  deve l oped i n  e i ther  s o l vent  # 1 , 

c h l oroform-meth anol , or  s o l vent  #2 , tol uene- acetone-methano l  to wash  

o u t  a ny i mpur i ty .  Then  i t  was  recond i t i oned i n  an  oven  at  1 1 00C for  90 

m i n .  

A l i ght penc i l 

bottom ed ge of the 

mycotox i n reference 

m i crop i pette s .  After 

p l a te s  were deve l oped 

l i ne ( s pott i ng l i ne ) was marked 3 cm from the  

p l at e .  20 � l  a l i q uots  of  F 1  a nd F 2  and 20  � l  

( MTM1 ) were s potted at 1 . 5 cm i nterva l s w i t h  

d ryi ng t he  spots  wi th  a h a i rdryer , t he  TLC  

i n  u n l i ned and uneq u i l i br i ated tank s u s i ng the  

fo l l owi ng s o l vent  sys tem : 

A .  T LC  p l ates wi t h o u t  f l uorescent  i nd i c ator  were dev e l oped i n  

1 20 

s o l vent  #1  u nt i l 1 8  cm from the  bott om ed ge . After dev e l o pmen t  t he  

p l ate  wa s dr i ed for about  1 0  m i n a nd t hen  obs erved u nder  365  a nd  2 54  

nm U . V .  l i g ht for f l uorescent  spot s .  l EA  appe ared a s  a b l u e f l uores­

cent  s pot part i cu l ar l y  at  2 54 nm . The p l ate  wa s sprayed w i th  A 1 C 1 3 
s o l u t i on ( 20% w/v ) and heat ed at 1 1 00C for 1 0  m i n ,  then ob served ag a i n  

u nder  365 nm U . V . l i g h t . DON a nd lEA s howed b r i g ht b l u e  f l u orescent  

s pots . The  p l ate was  t hen  sprayed w i th  H2S04 s o l u t i on ( 20% v/v  i n  

water ) , h e ated at 1 1 00C for 1 0  m i n and observed under 365  nm U . V .  

l i g ht . T he  T-2  tox i n  and DAS exh i b i ted b l u e - green  f l uorescent  spot s . 

T he  th i rd s pr ay reage n t  was  2 , 4  DNPH  s o l u t i on 0 . 32% i n  2 N  HC 1 .  After 

s p rayi ng , the p l ate was  h eated at  1 1 00C for 1 0  m i n .  MON appeared a s  a 

red - b rown spot  on the s pott i ng l i ne .  



B .  

s o l vent  

TL C p l ates w i th f l uore scent  i nd i cator  were  

#2 u n t i l the s o l vent  front was  18  cm  from the  

deve l oped i n  

bottom ed ge . 

T he  p l ate was  dr i ed for about  1 0  m i n and then observed under  2 54 nm 

U . V .  l i ght . ZEA and MON appeared a s  abs orpt i on ( d ark ) spot s . When 

the p l a te was  spr ayed wi th  0 . 32% 2 , 4  DNPH  s o l u t i on and heated at 1 1 00C 

for 1 0  m i n ,  MON appeared a s  red -brown ( br i c k  red ) spot s . 

2 . 2 . 6 . 2 .  G a s  C hromatography 

A .  Der i va t i s at i on : 0 . 1 m l  of mycotox i n  reference ( MTM2 ) a nd 0 . 2  

m l  o f  s amp l e  extract ( F 2 )  were p l ac ed i n  separate  1 m l  react i on - v i a l s  

f i t ted w i th tef l on septum s t oppers . The v i a l s  ( opened ) were put  i n  a 

des i c c ator w i th phos phor u s  pentox i de to absorb mo i s ture . The de s i c­

c ator was  then  connected to  a water vacuum pump for 3-4 h to  evaporate 

the  s o l vent , then to a h i gh vacuum pump ( Emai l I nd u s tr i e s L td . , New 

Z e a l and ) for 4 h to remove r e s i d u a l  s o l vent and water . The des i cc ator 

was  then f l u s hed wi th n i trogen ,  and the  v i a l s i mmed i ate l y  s ea l ed .  The 

fo l l ow i ng amo unts  of TMS r e agent  were added through  the  sept um : 1 00 �l  

for the mycotox i n reference v i a l , 200 �l  for the  s amp l e extract v i a l s .  

The  v i a l s  were then  l eft at room temperature for 30 m i n .  Der i v at i ­

s at i on  was  performed fre s h  d a i l y .  

1 2 1 

B .  Preparat i on of s amp l e s for i nj ect i on i nto  the  GC  system : S amp l es 

were norma l l y  d i l u ted 50% w i th pyr i d i ne or wi th ethyl  acetate before 

i nj ect i ng onto the co l umn .  Der i vat i sed  s amp l e s or  mycotox i n  s t and ards  

( 0 . 4-0 . 6  � l )  were co- i nj ected w i th 0 . 2  � l  i nter n a l  s t andard  mi x ture  

( C 24 -C 30 , 0 . 5 �g/� l ) . 

C .  Detect i on and qu ant i t at i on of  mycotox i n s : C a l c u l a t i on of  the 

concentrat i on of mycotox i n s was  performed u s i ng p e ak areas  c a l c u l ated 

by an i ntegr ator appropr i ate l y programmed for t h e  purpose  ( on s ome 

occ a s i o n s  peak he i ght was  u s ed ) .  The  i nt ern a l  s t andard  was  u s ed to 

mon i tor  any v a r i at i on i n  t h e  retent i on t i me between a s s ays . E x tracts  

o f  a l l s amp l es and  twe l ve F us a r i um cu l tures wer e  a s s ayed by the  GC  

meth od . 



2 . 2 . 6 . 3 . G a s  chromatog r aphy - mas s s pect rometry 

TMS - der i v at i ves  of  mycotox i n  s t and ards  ( MTM2 ) and of  s amp l e  

extracts  were prepared fresh  each  day a s  for t he  GC method . 

o f  t he  s amp l e  extract was  necess ary for t hose  wi th h i g h 

concentrat i on or i f  t hey co n t a i ned mater i a l s  wh i c h cou l d  

w i t h  the  a n a l ys i s ,  eg o c arbohydrates , l i p i d s etc . 

D i l u t i on 

mycotox i n 

i nterfere 

One �1 a l i quots  of der i vat i s ed MTM2 or  s amp l e extract were 

i nj ected d i rect ) y  i n to t he  c a p i l l ary co l umn ( o n - co l umn i nj ector ) . The 

mass  s pect rometer was programmed to  mon i tor t he  DON and  DAS i on s  for 

retent i on t i me s  between 9 and 1 6  m i n ,  and the  i on s  for T-2  tox i n and 

lEA  were mon i tored between  1 6  and 2 5  m i n .  Th e mas s  spectrum of each  

mycotox i n  was  a na l ysed i nd i v i du a l l y  by  choos i ng a narrow wi ndow t i me ,  

eg : 

DON between 9 and 1 3  m i n wi t h  f i ve i on s , DAS between 1 2  and  1 6  

m i n ,  T - 2  t ox i n  between 1 8- 2 2  m i n ,  and lEA  between 2 1 - 2 5  m i n .  The 

i on s ' mass spectrum as wel l a s  the i on c hromatograms were chec ked  for 

the above tox i n s .  

Q u ant i t a t i on of th e d er i vat i s ed mycotox i n s i n  s amp l es was 

performed by compar i ng t he i r  computer- i ntegr ated pe ak areas ( mean 

of 5 i on s ) w i th those  of t he  correspond i ng mycotox i n  s t and ard . E ac h  

mycotox i n  h ad been a n a l ysed for i nten s i t i e s of  s e l ected i on s  as  a 

f unct i on of retent i on t i me a s  wel l as  t he  rat i o  between t hese  i on s . 

T h i s  i nforma t i on was u s ed to  i den t i fy the mycotox i n .  E x tr act s of a l l 

s amp l es and 2 5  F u s ar i um cu l t ures  were a na l ysed and conf i rmed by t he  

GC -MS  method . 

2 . 2 . 6 . 4 .  Q u an t i t at i on of zeara l enone 
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B ec ause  the  lEA-TMS d er i vat i ve  i s  u n s t ab l e a TLC method was  

emp l oyed for q u ant i t at i on .  Each  TLC p l ate  ( Sect i on 2 . 2 . 3 . 2 , A  1 )  was  

s potted at  1 . 5  cm i nterv a l s w i t h  3 spot s , ( 2 ,  5 a nd 10  �1  res pect i ve l y )  

o f  l E A  s t andard  ( 40 �g  l E A  p e r  m l  c h l oroform/meth ano l ) a nd th ree spots  

( 5 ,  5 ,  and 1 5  � 1  respect i v e l y ) , of s amp l e  extract  ( F2 ) . Then 5 � 1  of  

lEA  s t and ard was  app l i ed to  o ne  of  t he  5 �1  s amp l e spots  a s  i ntern a l  

s t andard for co -chromatog r aphy .  T h e  p l ate  w a s  deve l o ped as des c r i bed 

i n  Sect i on 2 . 2 . 6 . 1 ,  A. After deve l o pment  the p l ate was l eft to dry � .  



for 1 0  mi n at room temperature and  then  v i ewed under  both short -wave 

U . V .  ( 2 54 nm ) and l ong -wave U . V .  ( 36 5  nm ) . lEA a ppeared a s  a b l u e 

f l u ores cent spot , more i nten se  under short-wave . By v i s u a l l y  matc h i ng 

t he  i ntens i ty of  f l u o rescence of the  s amp l e  spots w i th  t hose  of  t he  

l EA  s t andard s ,  a s em i -qu ant i t at i ve a s s ay of  the amount  of  lEA wa s  

mad e .  Any s amp l es t h at s howed more i n tense  f l uorescence t h an tho s e  of  

the mycotox i n  s t a nd ard  s pot s  were su bj ected t o  further d i l u t i on and 

rechromatogr aphed . After v i s u a l  a s se s sment , the p l a te  was s p r ayed 

wi th  20% A 1 C 1 3 for conf i rmat i on as a l re ady de scr i bed . Occas i on a l l y , 

further confi rmat i on was  obt a i ned by spr ayi ng  a second p l ate  w i th  f a s t  

v i o l e t  B ,  a s  descr i b ed by S co t t  � �. ( 1 97 8 ) . 

2 . 2 . 6 . 5 .  Den s i tometr i c  an a l ys i s for q u a n t i t a t i on and conf i rma t i on 

of  mon i l i formi n 

The  method o f  K ami mur a  et a l . ( 1 981 ) w as used w i th  a s l i g ht  

mod i f i c at i on :  

A l i q uots  of 0 . 3  m l  eac h of  s amp l e  extrac t  F 1  and mon i l i f orm i n 

s t andard were tran sferred t o  s ep arate  sma l l screw- c ap  v i a l s  a nd 

evapor ated to dryn e s s  under a stream of n i t rogen . The  r e s i d u e  was  

then  d i s so l ved i n  2 m l  2 , 4  DNPH  so l u t i on ( Sect i on 2 . 2 . 2 . 3 , B ) . " 

T he  v i a l was  then  s e a l ed , m i x ed gent l y  by swi r l i ng and p l aced i n  a 

500C water ba th for 2 h to a l l ow format i on of  t h e  MON - 2 , 4  DNPH  der i v a ­

t i ve s . The de r i v at i ve s  were transferred i n to  1 00 m l  s ep ar atory 

funne l s w i th 1 0  m l  wate r ,  and the  v i a l r i n s ed wi th add i t i on a l  sma l l 

port i o n s  of acetone and severa l  port i on s  of  water to  g i ve a tot a l  

v o l ume i n  the  separ a tory funne l  of 2 0  ml . 

The  aqueous l ayer was  extr act ed wi th  1 0  m l  c h l oroform by s h ak i ng 

for 5 m i n .  Th i s  wa s  repeated wi th  an add i t i on a l  1 0  m l  c h l oroform . 

Approx i mate l y  1 0  g o f  anhydrous  s od i um s u l p h ate  was  ad ded to  th e 

c h l oroform phase  and t h i s  was  s t i rred before f i l trat i on i nto  a 30-ml  

pe ar- s h aped f l ask . T he  f i l t r ate  was  then  evaporated to dryness  under  

reduced  press ure on  a s t e am bath . The  res i du e  wa s  d i s so l ved i n  0 . 5  m l  

acetone . A TLC  p l ate  w i t h  f l u orescent  i nd i c ator  was  s potted at 1 . 5  cm 

i nterva l s  w i th 1 0  and 20  �l of  s amp l e  der i v a t i ve  and 5 ,  1 0  and 20 � l  

s t and ard  MON -der i v at i ve .  The p l ate  was  t h e n  d e ve l oped i n  s o l vent  #3  
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( to l u ene- acetone 97 : 3 )  u n t i l t h e  so l vent  front was 1 8  cm from t h e  

bot tom ed ge .  

After deve l opment , t h e  p l a t e  w a s  d r i ed f or  1 0  m i n a t  room 

t emper ature  and then  s c a nned on  a TLC dens i tometer at 480 nm ,  for  

q u a n t i t at i on  by  est i mat i ng t h e  peak  area  wi th  t he  recorde r  s peed set  

at  2 . 5  cm/m i n .  A s econd  s c a n  was  performed wi t h  the  recorder  s peed a t  

0 . 5  cm/mi n f or  measur i ng t he  peak h e i ght . T he  p l ate wa s a l s o  s c an ned  

at  400 nm and 540 nm t o  conf i rm t he  i dent i ty of the  MON  peak , by  

compar i ng the  r at i os of  peak  h e i g h t s  a t  the  d i fferent wave l ength s  for  

each  s amp l e spot wi th those  of  the  s t andards  a t  the  s ame wav e l engt h s .  

MON - de r i v at i ves  g ave  a br i ck - red co l o u r  on the  TLC p l ate  a t  

approx . Rf 0 . 3 . A l l F 1  s amp l es a n d  F u s ar i um c u l ture  extracts  were 

a s s ayed and  confi rmed by th i s  method . 

2 . 2 . 6 . 6 .  U . V .  spectroscopy for conf i rmat i on of MON 

50 �t of s amp l e  extract  ( F 1 ) and MON s t andard  were s potted on a 

TLC p l ate  wi th f l uorescent  i nd i cator , d eve l oped i n  s o l vent  #4 

( c h l o roform-meth anol  3 : 2 )  for  1 8  cm then dr i ed and  v i ewed under s hort ­

wave  U . V .  l i g ht ( 2 54 nm ) . MON wa s  detected a s  a d ark a b sorbent  b and  

wh i ch was  then  scraped off a nd e l u ted wi th  c h l oroform-methano l  ( 1 : 1 , 

a bout  20 m l ) .  The s i l i c a ge l extr ac t  was  t h e n  f i l tered i n to  a 30 m l  

pe ar- s h aped f l a s k  and  evaporated t o  dryne s s , red i s so l ved i n  0 . 5  m l  

met h ano l  and t he  so l u t i on d i l u ted o r  concentrated  a s  req u i red . T he  

a b sorp t i on  spectrum wa s  obt a i ned by s c an n i ng b etween 300 and  200  nm on  

a record i ng s pectrophotometer , a s  d e s cr i bed i n  Sect i on 2 . 2 . 3 . 3 . 

2 . 2 . 7  Safety Me asures  

Bec a u s e  mycotox i n s are  extreme l y  dangerous  s u b s t a nc e s , a l l 

s amp l e s and  F u s ar i um c u l t ures  were h and l ed wi th  extreme c ar e , 

p a rt i cu l a r l y  when hand l i ng t he  pure  mycotox i n s .  I n  a l l c a s e s  a face  

ma s k  wi th  f i l ter , and d i s po s ab l e g l oves , were  worn . A l l proce s s i ng 

wa s  carr i ed out  i n  a l am i n ar f l ow c a b i net . Any sp i l l  of  mycotox i n ­

cont a i n i ng materi a l s wa s  treated wi th  5% s od i um hypoc h l or i te .  Th i s  

s o l u t i on was  a l so u s ed for g l a s sware detox i f i c at i on ( s ee  Sect i on 

2 . 2 . 3 . 4 ) . 



CHAPTER 3 

RESULTS 

3 . 1 .  THE  MYCOFLORA OF  MA I ZE AND ASSOC I ATED  SUBSTRATES FROM F I E L D  TO 

STORAGE 

3 . 1 . 1 .  Pre l i m i n ary I nves t i gat i ons  

3 . 1 . 1 . 1 .  F i e l d  s amp l i ng tech n i q ue s  

Th i s  i nv e s t i g at i on i nc l uded a compa r i son  of t he  tota l  f u n g a l  

propagu l e s ,  a n d  o f  t h e  F us ar i um prop ag u l e s  i n  part i cu l a r ,  from the  

f i ve i nd i v i d u a l  p l o t s amp l e s of ma i ze , h u s k , l i tter and s o i l c o l l e c ted 

a s  descr i bed i n  Sect i on 2 . 1 . 3 . 1  from f i e l d s  J 1  a nd T3 . Samp l es were 

a n a l ysed by the d i l u t i on - p l at i ng tec hn i q ue , u s i ng the two med i a  P DA-D  

a nd PCNB  ag a r  ( Sect i on 2 . 1 . 1 ) .  F ung a l  v i ab l e  counts  from the  m a i z e 

s amp l e s were exp res sed a s  the mean of e i g h t  p l ate  rep l i c a t i ons  and 

t hose  from hu s k , l i t ter and s o i l s amp l e s were c a l cu l ated as the mean  

of four p l ate rep l i c a t i ons . 

A summary of  t he  tot a l  funga l  v i ab l e counts  ( CFU/ g )  for t h e  four  
I 

s amp l e  types from f i e l d  J 1  are presented  i n  Tab l e  3 . 1 .  There was  a 

s i gn i f i cant  d i fference  between the fung a l  v i ab l e  coun t s  for ma i ze from 

t he  f i ve separate p l o t  s amp l e s ( P<0 . 01 ) ,  and for h u s k s  and l i t ters  

( P< 0 . 001 ) ,  b u t  no  s i gn i f i cant  d i fference was  found between t he  s o i l 

s amp l e s ( P>0 . 05 ) .  

1 2 5 

A compar i s on between  th e tota l  f u ng a l  v i ab l e counts  recovered 

from the four s ub s tr ates as a mean of t h e  f i ve p l ot s amp l es i nd i c ated 

th a t  l i tter gav e t he  h i ghe s t  counts  of 3 . 7  x 1 07 CFU/ g ,  a l t h o u g h  t h e  

counts  of h u s k s  ( 1 . 7  x 1 07 CFU/g ) were c l o s e  t o  those  o f  l i tter . The  

ma i ze kerne l s cons i s tent l y  gave  the l owe s t  counts  for  a l l f i ve p l ot 

s amp l e s ( mean 4 . 7  x 1 03 CFU/g ) .  

The propag u l e s  o f  F u s ar i um spp recorded from the f i ve p l o t  s am­

p l e s  are l i s ted i n  T a b l e 3 . 2 .  Counts  of f u s ar i a showed s i g n i f i c a n t  

d i f ference s  i n  t h e  f i ve sep arate p l o t  s amp l e s for ma i z e ( P< 0 . 0 1 ) a n d  

l i tter  ( P<0 . 05 ) ,  b u t  no s i gn i f i cant  d i fferences  were noted for h u s k  

a n d  s o i l s amp l e s  ( P>0 . 05 ) . 



Tab l e  3 - 1 : Tot a l  f u n g a l  v i ab l e  counts  ( CFU/ g ) o f  ma i z e ,  h u s k , l i tter  

and  s o i l from the  f i ve p l ot s amp l es i n  f i e l d J 1 . 

P l ot 

s amp l e  

A 

B 

C 

D 

E 

Mean  

Ma i ze 

8 . 6 x 1 03a  

8 . 4  x 1 03a  

3 . 1  x 1 03 b  

2 . 2  x 1 03c 

1 . 2 x 1 03d  

4 . 7  x 1 03 

T o t a l  v i ab l e  count s ( CF U/g) * 

H u s k  L i tter  S o i l 

1 . 1 x 1 07 a 8 . 0  x 1 07 a  1 . 0 x 1 04 a  

5 . 8  x '1 06 b  3 . 7  x 1 06 b  2 . 0  x 1 04 a  

6 . 8  x 1 06c  3 . 0  x 1 07 c  1 . 6 x 1 04 a  

2 . 6  x 1 07 d  4 . 0  x 1 07d  1 . 6 x 1 04 a  

3 . 4  x 1 07c  2 . 5  x 1 07 c  1 . 8 x 1 04 a  

1 .  7 x 1 07 3 . 7  x 1 07 1 . 6 x 1 04 

* Co u nts  from ma i ze as  mea n  of e i ght  p l ate rep l i c at i ons  from the  two 

med i a  ( PDA-D and P C NB ) ; from the other s u b s t r ates as me an of  four  

p l ate rep l i cat i ons from the  two med i a . 

a , b , c , d  overa l l mean s  i n  t he  s ame c o l umn w i t h  no common s u perscr i pt s  

d i ffer . F o r  ma i ze P <0 . 01 a n d  for h u s k  a n d  l i tter P <0 . 001 . 

Tab l e  3-2 : V i ab l e  counts  of F u s ar i um spp ( CFU/ g )  of ma i ze ,  h u s k , 

l i tter and  s o i l from the  f i ve p l ot s amp l e s  i n  f i e l d J 1 . 

P l ot 

s amp l e  

A 

B 

C 

D 

E 

Mean  

a , b , c , d , e  

F u s a r i um v i ab l e  counts  ( CFU/g) 

Ma i ze H u s k  L i tter 

1 2 . 5a 1 . 3 x 1 05 a  6 . 5  x 1 06 a  

4 . 9  x 1 02 a  1 . 5 x 1 05 a  6 . 0  x 1 05 b  

0 . 0  b 7 . 5  x 1 05 a  2 . 6  x 1 06 bc 

1 .  7 x 1 02 a  7 . 5  x 1 04 a  1 . 4 x 1 06 bd 

20 . 0a 4 . 8  x 1 05 a  1 . 3 x 1 05be  

1 . 4 x 1 02 3 . 2  x 1 05 2 . 3  x 1 06 

overa l l  mean s  i n  t he  s ame co l umn w i th  no  

d i ffer . For  ma i ze P<0 . 01 and for 1 i tter 

S o i l 

3 . 2  x 1 03 a  

1 . 8 x 1 03 a  

1 . 2 x 1 03 a  

3 . 2  x 1 03 a  

2 . 5  x 1 03 a  

2 . 3  x 1 03 

common s uperscr i pts  

P<0 . 05 .  
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Compar i ng the  mea n  v i ab l e  counts  o f  fu s ar i a  i n  t he  f i ve  p l ot 

s amp l e s for the  four  s ubstrates  gave a s i m i l ar pattern of  oc c u rrence  

to those  of tota l  f u ng i . L i tter gave  t h e  h i ghest counts  of  both  

F u s a r i um and tot a l  f u ng i . 

The  tota l  fung a l  v i ab l e counts  obt a i ned from the three s u b s t r ates  

( m a i z e ,  h u s k  a nd l i tter ) e x ami ned from f i e l d T3 are l i sted i n  T ab l e  

3-3 . Aga i n  the f u ng a l  v i ab l e  counts  of t h e  i nd i v i du a l  ma i z e ,  h u s k  and  

l i tter  s amp l e s for t h e  f i ve p l o t s amp l e s  were s i gn i f i c ant l y  d i fferent  

( P<O . OOl ) .  

1 2 7 

The funga l  popu l a t i ons  of  both husk  and l i tter s amp l e s were v ery 

h i g h and were s i m i l ar to those  of f i e l d  J 1 . However ,  two of the  m a i z e 

p l o t  s amp l e s ( B  a nd D )  gave no  fung i . T hese  two samp l e s con s i sted of 

a d i fferent ma i ze v a r i ety ( XL45 ) w i th i n  the s ame f i e l d ;  s amp l es from 

p l o t s  A ,  C and E were o f  ma i z e var i ety PX442 . The m a i z e  s amp l es a g a i n  

gave the  l owe st f u ng a l  v i ab l e  counts  ( mean  3 . 8  x 1 02 CFU/g  compared to 

3 . 5  x 1 07 mean for the h u s k  s amp l e s ) .  

F u s ar i um count s  from the  f i ve p l ot s amp l e s  of f i e l d T3 are  s um­

mar i s ed i n  Tab l e  3 . 4 . The ma i ze s amp l e s showed h eterogeneous  

d i s t r i b ut i on of  F u s ar i um and t he  v i ab l e  counts  r anged between 20  

C FU/g  from p l ot  C to  zero  from p l o ts  B ,  0 and  E ( P<O . O l ) .  T h u s , a s  

wi th  f i e l d J 1 , f u s ar i a propagu l e s on m a i z e  were d i s t r i buted u neve n l y  

and were present  i n  very sma l l n umbers . H u s k  and l i tter s amp l e s 

s howed no s i gn i f i c ant  d i fferences ( P>0 . 05 ) . 

Th e resu l t s of  th i s  pre l i m i n ary s t udy,  and the  con s i derat i on s  

reg a rd i ng the t i me factor for proces s i ng a nd the  eco nomi c c o s t , 

emph a s i se the i mport ance of comb i n i ng p l o t s amp l es t o  o bt a i n a 

represent at i ve f i e l d s amp l e for u s e  i n  t h e  s t ud i es to  be  reported . 



Tab l e  3 - 3 : Tota l  f u nga l  v i ab l e  counts  ( CFU/g ) of  ma i z e ,  h u s k  and 

l i tter from the f i ve  p l ot s amp l es i n  f i e l d T3 . 

P l ot 

s amp l e 

A 

B 

C 

0 

E 

Me an 

Tot a l  v i ab l e count s ( CFU/g) 

Ma i z e H u s k  

1 . 3 x 1 02 a  3 . 5  x 1 07 a 

O . Ob * 1 . 0 x 1 07 b  

1 . 3 x 1 03c  7 . 3  x 1 07 c  

O . Ob * 2 . 6  x 1 07 a 

4 . 8  x 1 02 a  3 . 0  x 1 07 a  

3 . 8  x 1 02 3 . 5  x 1 07 

L i tter 

3 . 2  x 1 07 a  

6 . 0  x 1 07 b  

1 . 7 x 1 07 c  

2 . 3  x 1 07 c d  

3 . 4  x 1 07 a  

3 . 3  x 1 07 

* Ma i ze i n  p l ots  B and 0 was of a d i fferent v ar i ety ( see  text ) 

a ,  b ,  c ,  d Overa l l  means i n  t h e  s ame c o l umn w i t h  n o  c ommon  

s uperscr i pts  d i ffer ( P<0 . 001 ) .  

Tab l e  3-4 : V i ab l e counts  of Fus ar i um ( CFU/ g )  of ma i z e ,  h u s k  and  

l i tter  from the  f i ve p l ot s amp l e s i n  fi e l d  T3 . 

a ,  b 

P l ot 

s amp l e  

A 

B 

C 

0 

E 

Me an  

F u s ar i um v i ab l e  c ounts  ( CFU/g) 

Ma i ze H u sk L i tter 

1 2 . 5a 2 . 5  x 1 05 a  1 . 1 x 1 06 a  

O . Ob 4 . 0  x 1 04a  2 . 5  x 1 06 a  

20 . 0a 3 . 5  x 1 05 a  1 . 9 x 1 06 a  

O . Ob 5 . 3  x 1 04a  6 . 0  x 1 06 a  

O . Ob 9 . 0  x 1 05 a  1 . 4 x 1 06 a  

6 . 5  3 . 2  x 1 05 1 .  5 x 1 06 

Over a l l  means i n  the s ame c o l umn wi th  no common s u persc r i pts  

d i ffer ( P< 0 . 001 ) .  
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3 . 1 . 1 . 2 .  L a boratory s u b s amp l i ng techn i q u e  

Two s amp l es der i ved from f i e l d s J 2  ( S amp l e  1 )  a n d  T 1  ( S amp l e  2 )  

were used  to i nv e s t i g a te  the  v a l i d i ty of the  s u b s amp l i ng p roced ures  

for ma i ze  gra i n s and to  determi ne the  re l at i o n s h i p  between the  n umber 

of  rotat i ons  ( ro l l s )  d u r i ng s amp l e mi x i ng and  the fung a l  v i ab l e  counts  

a s  d e s cr i bed i n  Sect i on 2 . 1 . 4 . 2 .  

Th e res u l ts  from s amp l e  1 were expres sed as a mean of three  

s ub s amp l e s on one med i um P DA-D ( s i x  p l ate rep l i c at i o n s ) .  For  s amp l e  

2 ,  the res u l t s were c a l c u l ated a s  a mean o f  two s u b s amp 1 e s on two 

med i a , P DA-D and P C NB  agar  ( e i ght  p l ate rep l i c at i on s ) . Ta b l e 3 -5  a n d  

F i g ure 3 . 1  s ummar i s e t h e  re s u l ts  from both s amp l e s .  Tab l e  3 - 5  s hows 

the mean  CFU/g and the mea n  l og 10 of  CFU/g wi th conf i dence  l i m i t s  of  

9 5% .  U s i ng an an a l ys i s  of var i ance  test i t  was  shown that  there was  

no  s i gn i f i cant  d i fference  ( P)0 . 05 )  i n  terms of  the  tota l  funga l  v i ab l e  

counts  b etween the f i ve  rotat i on s .  At zero  t i me ( no s p i n )  s amp l e  1 

s howed t h e  l owest  v i ab l e  counts  ( da t a  from S amp l e  2 i s  not a v a i l ab l e ) . 

Two mi n u tes of ro l l i ng gave the  h i g hest  v i ab l e count s  from both  

s amp l e s .  

Tab l e  3 -5 : R e l at i on s h i p  between numbers of rot at i ons o f  s amp l e  mi xer  

a nd the  s ub s eq uent tota l  fung a l  v i ab l e  counts  ( C FU / g )  a s  

determi ned  by  d i l u t i on p l at i ng .  

R otat i on 

t i me 

( m i n )  

0 

Number 

of 

rotat i on s  

Samp l e  

Count  

V i ab l e  count s  ( C FU/g ) *  

l og 1 0  

+ S . E .  

S amp l e 2 

Count  

1 . 2 x 1 03 4 . 02 + 0 . 209 N . A . 

l og 1 0  

+ S . E .  

1 2 9 

1 3 5  2 . 6  x 1 03 4 . 2 9 + 0 . 1  1 . 0 x 1 03 3 . 97 + 0 . 1 1  
-

2 70 7 . 3  x 1 03 4 . 40 + 0 . 6 7 5  1 .  2 x 1 03 4 . 04 + 0 . 07 

3 1 05 1 . 7 x 1 03 4 . 09 + 0 . 44 6 . 2 x 1 02 3 . 74 + 0 . 1 7  
-

4 1 40 2 .  1 x 1 03 3 . 94 + 0 . 68 8. 4 x 1 02 3 . 83 + 0 . 07 

* Counts  for Samp l e  1 a s  mean of s ix  plate  rep 1  i c at i on s , for Samp l e  2 

mean  of e i ght ' p l ate rep l i c a t i o n s  

NA . : not  a s s ayed 



F i gure  3- 1 : R e l at i on s h i p  between n umber of rot at i ons  ( ro l l s ) of  s amp l e  m i xer and the  

tota l  f u nga l  v i ab l e  counts  ( C FU / g )  of  m a i ze  
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3 . 1 . 1 . 3 .  E v a l u at i on of med i a and i s o l at i on tec h n i q ue s  for  the  

recovery of  F us ar i um spp  

As the  F us ar i um popu l a t i on was  g i ven pr i or i ty i n  th i s  s t udy ,  

i s o l a t i o n  methods  were i n i t i a l l y te s ted for t he i r eff i c i ency i n  

recove r i ng f u s ar i a from ma i z e s amp l e s .  The two med i a  P DA-D  and PCNB  

and  t h e  d i l u t i on ·  p l at i ng and  d i rect p l a t i ng techn i ques  were  compared 

u s i ng gr a i n from f i e l d s  J 1 , T3 and J2  ( Tab l e  3 -6 ) . For each  techn i q ue , 

no  s i gn i f i c a nt d i fference ( P>0 . 05 )  was  not i ced between the  tota l  

F us ar i um popu l at i on s  recovered on the  two med i a .  

I t  was  d i ff i cu l t  to make a compar i s on between the  two tec h n i ques  

t h ems e l ves  i n  re l a t i on to  the  e s t i m ated tota l  popu l a t i on of  F u s ar i um 

s p p  because  the  amount  o f  m a i z e  a s s ayed by d i l u t i on - p l at i ng was 

me as ured by we i g ht  ( 1 0  g ) wh i l e  t h a t  for d i rect p l at i ng was me asured 

by n umber of  kerne l s ( 1 00 ) . Howeve r ,  u se  of the  number of d i fferent 

F us ar i um spp recovered co u l d be  con s i dered v a l i d  a s  a c r i ter i on .  

A comp ar i s on of t h e  effi c i ency o f  the two med i a  and  the  two 

techn i q ues  for the  recovery of d i f ferent  F u s ar i um spp  i s  s ummar i sed i n  

T ab l e  3 - 7 .  I n  these pre l i mi n ary tests  th ere was  no  s i gn i f i cant  d i f ­

ference ( P >0 . 05 )  between the  two med i a  when number of  spec i e s on each  

med i um was  compared i n  t h e  s e p arate  t ec hn i q ue s . However , t he  d i f­

ferenc e between the  two techn i q ues  was  h i gh l y  s i gn i f i c an t  ( P( 0 . 001 ) .  

No F u s ar i um spp  were recovered by d i l u t i on ·  p l a t i ng from four  s amp l e s  

o u t  o f  ten , wh i l e by  d i rect p l at i ng F u s ar i um spp  were recovered from 

a l l s ampl e s .  Th e mean numbers  of s pec i es from a l l ten s amp l e s  were 0 . 8  

and 2 . 5  by d i l u t i on - p l a t i ng and d i rect p l a t i ng respect i ve l y .  

The med i a  and tec h n i q ue  f actors  wi l l  be e x am i ned further  l ater i n  

th i s  c h apter after further d a t a  h ave  been accumu l ated , i nc l u d i ng tho s e  

f or  t otal f u n g a l  gener a .  

1 3 1 



Tab l e  3 - 6 : P re l i mi nary eva l u at i on o f  the  two med i a  ( P DA- D  and PCNB  

agars ) a nd  the i r  effi c i e ncy for  reco very of F u s ar i um spp  

from ma i z e kerne l s by the  d i rect p l at i n g a nd d i l u t i on ­

p l a t i ng techn i q ues 

F i e l d  P l ot 

code S amp l e 

J 1  A 

B 

C 

D 

E 

T3 A 

B 

C 

D 

E 

J2 A 

B 

C 

D 

E 

Mean 

Mean 

l og 1 0  

D i rect p l at i ng 

C ontami nat i on rate  

( % )  

P DA-D P C NB  

78  50  

7 2  6 8  

7 6  1 8  

68 90  

92  94 

20 94  

8 

1 00 9 4  

2 

80 98 

98 96 

1 00 1 00 

94 9 8  

9 2  1 00 

92  96  

7 1 . 5  7 3 . 0  

1 . 45 1 . 6 

NS P>0 . 05 

- - s amp l e negat i ve for F u s ar i um 

t = not  a s s ayed 

NS : not  s i gn i f i cant  

D i l u t i on p l a t i ng 

V i ab l e  coun t s  

( CFU/ g )  

P DA-D  PCNB  

0 . 3  x 1 02 

3 . 7  x 1 02 2 . 7  x 1 02 

3 . 3  x 1 02 0 . 05 x 1 02 

0 . 4  x 1 02 

0 . 2  x 1 02 0 . 3 x 1 02 

0 . 3  x 1 02 0 . 1 x 1 02 

* * 

v v 

0 . 78 x 1 0� 0 . 36 x 1 02 

1 . 9 1 . 6 

NS P>0 . 05 

1 32 



Tab l e  3 - 7 :  T he  numbers  of  d i fferent  F u s ar i um spp  recovered on P DA-D  

and PCNB ag ars  by  the  d i rect p l a t i ng and  d i l u t i on p l a t i ng 

techn i q ues . 

S amp l e  

J 1  A 

B 

C 

D 

E 

T3  A 

B 

C 

D 

E 

Mean 

D i rect p l a t i ng 

PDA-D  PCNB  

2 2 

3 4 

2 3 

3 2 

2 2 

2 2 

1 

4 3 

1 

3 

2 . 3  2 . 0  

NS P>O . OS 

N o .  of F u s ar i um s p p  

D i l u t i on p l a t i ng T o t a l , both med i a 

P DA-D  PCNB  D i rect D i l u t i on 

p l a t i ng p l a t i ng 

1 2 

2 4 2 

3 

3 1 

2 1 

2 1 

2 1 4 2 

1 

3 

0 . 7  O . S  2 . S  0 . 8  

NS P>O . OS * * *  P<0 . 001 

1 33 



3 . 1 . 1 . 4 Mo i s ture co ntent  of m a i z e  gr a i n s 

Mo i st ure  co ntents  ( MC s ) of t h e  gr a i n were e s t i mated a s  de s c r i bed 

i n  Sect i on 2 . 1 . 5 . 1  and the resu l t s  are  l i s ted i n  Tab l e  3-8 for m a i z e  

s amp l es  from t h e  f i e l d ,  a t  h arve s t  a n d  from s t or age . A t  t h e  t i me o f  

co l l ec t i on o f  f i e l d s amp l es t h e  gr a i n ' s M C  was  moderate l y h i g h ,  w i t h  a 

mean of 3 2 . 3% ( r ange 36 . 1 % [ J 2 ]  t o  2 5 . 7% [T2 ] ) .  At h arve s t  t i me t he  

MC s dropped t o  wi th i n  t he  r ange 20 . 8% ( s amp l e T4 ) t o  2 5 . 8% ( s amp l e 

RH ) ,  me an 2 2 . 8% .  Because  f i e l d T3 was  p l a n ted wi th  two d i f ferent  

ma i ze  var i et i e s ( PX442 matures  ear l i er t h an does  XL45 ) ,  two d i fferent  

MC s are l i st ed . 

The mean  MC of s tored s amp l es  was  1 3 . 7% .  The  MC for s amp l e s from 

each i nd i v i d u a l  s i l o  was c l o s e ,  and me ans  were 1 4 . 4 ,  1 4 . 5 ,  1 3 . 2  a nd  

1 2 . 8% for  s i l o s  A ,  B ,  C and D res pect i ve l y  ( Tab l e  3 -8 ) . 

1 34 



Tab l e  3 - 8 :  Mo i s t ure  contents  ( MC )  o f  ma i z e gr a i n from f i e l d ,  h arve s t  

a nd s t ored s amp l es 

F i e l d  

s amp l e s 

T 1  

T2 

T3 ( 1 ) 

( 2  ) 

T4 

J 1  

J 2  

K H  

RH 

mean 

H arvest  

MC (% )  s amp l es 

2 7 . 3  T1 H 

2 5 . 7  T2H 

34 . 0  ) T3H 

3 1 . 6  ) 3 2 . 8  

2 9 . 5 T4H 

3 2 . 3  

36 . 1  J2H  
* KH  
* RH 

3 2 . 3  

* N o t  s amp l ed 

MC ( % )  

2 3 . 2  

20 . 9  

( 1  ) 2 2 . 0  ) 

( 2  ) 2 1 . 1  ) 2 1 . 6 

2 0 . 8  
* 

2 5 . 1 

2 2 . 0  

2 5 . 8  

2 2 . 8  

Stored 

s amp l e s  

A1 

2 

3 

mean 

B 1  

2 

3 

mean 

C 1  

2 

3 

mean 

01 

2 

3 

mean  

mean  of 

4 s i l o s 

MC ( % )  

1 4 . 7  

1 4 . 5  

1 4 . 0  

1 4 . 4  

1 5 . 0  

1 3 . 5  

1 5 . 0  

1 4 . 5  

1 3 . 3  

1 3 . 1 

1 3 . 2  

1 3 . 2  

1 3 . 3  

1 2 . 2  

1 3 . 0  

1 2 . 8  

1 3 . 7  

1 35 



3 . 1 . 2 .  Th e Myc of 1 0r a  of  Growi ng Ma i ze  and A s s oc i ated S ub s trates  i n  t h e  

F i e l d  

M a i ze from f i e l d s  T1 , T2 , T3 , T4 , J 1  and  J 2  was fu l l y  ex am i ned a s  

descr i bed i n  Sect i on 2 . 1 . 5 . 2  and , for compar i s on ,  h u s k , l i tt er  and  

s o i l s amp l e s were a l s o  i nc l uded for  f i e l d s  J 1 , J 2 ,  T3 and T4 . T ab l e  

3 - 9  s ummar i se s  t he  t o t a l  funga l counts  from t h e s e  s u b s trate s  a s  de ter­

m i ned by  the  d i l u t i on p l a t i ng t echn i q u e .  The  h i g he s t  f u n g a l  

popu l a t i on was from h u s k  ( mean  5 x 1 07 C F U / g ) wh i l e  t he  l owest wa s  

from s o i l ( mean 2 . 4  x 1 04 CFU/g ) .  

S amp l es of ma i z e ,  h u s k  and l i tter  were a l s o  ass ayed by t h e  d i rect  

p l at i ng t echn i q ue  and  res u l t s  expres sed a s  percentage contam i n at i on 

r ate o f  m a i ze kerne l s or segment s  of h u s k  or  l i t ter ( Sect i on 2 . 1 . 5 . 2 ) . 

Debr i s from s o i l was  no t  a s s ayed i n  th i s  way .  Tab l e  3 - 1 0  compares t h e  

res u l t s  from these  t h ree s u b s t r ates . I t  was  found t h a t  1 00% of  hu s k  

s egme n t s  from a l l t h e  f i e l d s were contami n at ed by fung i . A l l k ern e l  

s amp l e s except t h a t  from f i e l d  T3 were a l s o  contami n at ed a t  th  i s  

1 eve 1 . L i tter s egme n t s  s howed a l ower mean  con t am i n at i on r a t e  

( 86 . 5% ) , due  to  t h e  l ow res u l t ( 50% con t am i n at i on )  from s amp l e  T3 . 

I n  Tab l e  3- 1 1  a l l funga l genera i s o l a ted from t h e  f i e l d s amp l e s  

by  b o t h  t ec h n i q ue s  u s ed are l i s ted and t h e  i nc i dence o f  t he se  genera  

i n  m a i ze , h u s k , l i t t er  and s o i l s u b s trates  i s  c ompared . A tota l  of 25  

genera  was  detected from the  tota l  of 1 8  s amp l es e xam i ned . T he  

freq u e ncy of  oc cu rrence  of each  genu s  among  a l l t he  s amp l e s  v ar i ed 

great l y  from 1 8/ 1 8 ( 1 00% ) for t he  gen u s  F u s ar i um t o  very r are w i t h  

s uc h  genera  a s  C hrys ospor i um a n d  Myrothec i um 1 / 1 8  ( 5 . 5% ) . 

Four  f u nga l genera  occu rred regu l a r l y .  Th e s e  genera  were 

F u s ar i um,  Acremon i um , C l ad ospor i um and P en i c i l l i um ,  a t  l eve l s  of 

1 00% , 94% , 88% and 88% of a l l s amp l es res pect i ve l y . A c ompar i son bet­

ween t he  four  s u bs t rates from a l l f i e l d s i nd i c ated that  the  l arger 

number  of fung a l  genera was  i so l a ted from s o i l and l i t ter  ( 1 9  e ac h )  

wh i l e ma i ze and h u s k  h ad 1 3  and 1 1  gener a re spect i ve l y .  Wh i l st mos t  

1 36 

genera  were found  i n  a l l four  s u b s t r a te s , a few 

a s s oc i ated w i th cert a i n  s u b s t r ates  on l y . Con i othyr i um ,  

Preus s i a ,  Pyth i um and Sependon i um were i s o l a ted from 

on l y . R h -i z opus was i so l a ted frorn m a i z e  on l y . 

were s tr i ct l y 

P aec i l omyce s , 

s o i  1 s amp l e s 



Tab l e  3 - 9 : T o t a l  f u nga l  v i ab l e counts  of f i e l d  s amp l e s  o f  ma i ze ,  

h u s k , l i t ter and s o i l ( me an of two med i a ) .  

F i e l d  

code 

T 1  

T2  

T3 

T4 

J1 

J2  

Mean  

Ma i z e 

3 . 0  x 1 03 

3 . 4  x 1 03 

3 . 8  x 1 02 

1 .  5 x 1 05 

4 . 7  x 1 03 

5 . 0  x 1 04 

3 . 5  x 1 04 

* NA :  n o t  a s s ayed 

V i ab l e  C ount s  ( C FU/g) 

Hu sk  L i tter  S o i l 

NA * NA NA 

NA NA NA  

3 . 5  x 1 07 3 . 3  x 1 07 2 . 9  x 1 04 

8 . 0  x 1 06 3 . 6  x 1 06 3 . 0  x 1 04 

1 . 7 x 1 0 7 3 . 7  x 1 07 1 .  5 x 1 04 

1 . 4 x 1 08 3 . 4  x 1 06 2 . 3  x 1 04 

5 . 0  x 1 07 1 . 9 x 1 07 2 . 4  x 1 04 

Tab l e  3 - 1 0 :  Contam i n at i on rates  ( % )  of f i e l d  s amp l e s  of  ma i z e ,  h u s k  

a nd l i t ter b y  fung i ( d i rect p l at i ng techn i q u e , me a r l of 

two med i a ) . 

F i e l d 

code 

T 1  

T2 

T3 

T4 

J 1  

J 2  

Me an  

* NA : n o t  a s s ayed 

C o n t am i n at i on rate  ( % )  

Ma i ze H u s k  L i tter  

98 NA * NA  

98  NA  NA  

88 1 00 50 

1 00 1 00 96  

1 00 1 00 1 00 

1 00 1 00 1 00 

9 7  1 00 86 . 5 

1 3 7 



Tab l e  3- 1 1 :  F unga l  genera i so l a ted from f i e l d s amp l e s of ma i z e ,  h u s k , 1 i tter  and  s o i l ( d i rect and 
d i l u t i on p l a t i ng  techn i q ues , both med i a ) .  

Field S amel es Total 
Maize Husk l i tter S o i l  occurrence 

in 1 8  

Genus T 1  T2 T3 T4 J1 J2 T3 T4 J1 J2 
I 

T3 T4 J 1  J2 T3 T4 J1 J2 samples 

Ac remoniella + + I + 3 

Acremonium + + + + + + + +t* + +t +t +t �t I + + +t +t 1 7  
Alternaria + + + + + + + + + 9 
Arthrinium + + + 3 
Ascoc hyta + + 2 
C haetomium + + 2 
C hrysosporium + 1 
C ladosporium + + + + + + + + + + + + + + + + + 1 6  
Coniothyrium + + 2 
Epicoccum + + + + + + + + + 9 
F us arium + +t +t +t + +t + + + + + + + + + + + + 1 8  
G l i oc ladium + + + + 4 
Mucor + + + +t + + + + + + + 1 1  

Myrothecium + 1 
Nigr ospora + + + + + + + 7 
P aecilomyces + 1 
Penicillium +t + + + + + +t + +t + + + +t +t + + 1 6  

Phoma + + + + + + + + 8 

P reussia + 1 

Pyth ium + + 2 
Rhizopus + + + 3 
Scopulariopsis + + + + 4 
Sepedonium + 1 
T r ichoderma + + + + 4 

Verti cillium + + + +t + + + + 8 

T otal gene r a ,  
e a c h  fi eld 9 6 6 5 8 8 8 9 8 8 1 1  9 6 1 0  1 3  1 0  1 0  9 

Total gene r a ,  
all fi elds 1 3  1 1  1 9  1 9  

*t : the predominant genus 

w OJ 



The  predom i n an t  genus  ( th e  mos t  frequent l y  i s ol a ted g e n u s  from a 

s amp l e ,  a s  e s t i mated from a l l p l a te s  of both  techn i q u e s ) i n  four  of  

t he  s i x  m a i z e  s amp l es was  F u s a r i um . I n  s amp l e s  from f i e l d s  T1  and  J 1 , 

Pen i c i l l i um and Mucor  were t he  p redomi n an t  i s o l ates  respect i ve l y .  

Ac remon i um and P e n i c i l l i um were common i n  h u s k , l i t ter  and s o i l 

s amp l es .  

The  freq uency of  oc currence of  e ach  g e n u s  cou l d be  e s t i mated more 

prec i s e l y i n  terms of  the act u a l  c o n t ami n at i on rates by t h e  f ungu s  ( %  

contam i n at i on of  ma i z e kerne l s  and  segments  of  husk  and  l i tter ) a s  

recorded by  the d i rect p l at i ng t ec hn i q u e .  T ab l e  3 - 1 2 s h ows th at  a 

tota l  o f  1 5  ge nera  was detected from the  s i x  f i e l d s amp l es .  Th ere 

were 1 3  genera  i s o l a ted from the  ma i ze s amp l e s ,  and 1 1  genera  from 

e ach o f  the h u s k  and l i tter s amp l es .  F u s ar i um was t he  mos t  c ommon 

contam i n an t  from a l l s u b s trates . I t  was found  at a l ev e l  of con t am i ­

n at i on o f  7 5 . 6 , 69 . 0  and 43 . 3% of  k erne l s ,  h u s k  segmen t s  and  l i tter  

s egmen t s  res pect i ve l y .  Other genera  common l y  i sol a ted were  Mucor  i n  

kerne l s ( mean  c o n t am i n at i on r ate 2 7 . 6% ) , P e n i c i l l i um i n  h u s k  s egments  

( mean 3 2 . 8% )  and  Acremon i um i n  l i t ter  s egments  ( mean 1 2 . 5% ) . 

Th e popu l at i on of F u s ar i um s p p  a s  en umerated by t h e  d i l u t i on 

p l at i ng and d i rect p l a t i ng tec h n i q ue s  i s  s ummar i sed i n  T a b l e s  3 - 1 3  and 

3 - 1 4 .  V i ab l e  co unt  determ i n a t i o n s  of f u s ar i a i n  ma i z e ,  h u s k , l i tter  

1 3 9 



Tab l e 3 - 1 2 :  Contam i n at i on rate  (%  ) of  f i e l d  ma i ze and segments  of h u s k  and 1 i tter by 

fung i ( d i rect p l at i ng tec h n i q u e ,  me an o f  two med i a ) . 

C ontamina t i on rate ( % )  i n  F i eld Sam�l es 

M a i z e  Husk L i t t e r  

G enus T 1  T 2  T 3  T 4  J 1  J 2  Mean T 3  T 4  J 1  J 2  Mean T 3  T 4  J 1  J 2  Mean 

Ac remon i e l l a  1 0 . 2  6 . 7 1 . 7 0 

Ac remoni um 6 4 7 1 9  1 5  5 9 . 3 3 . 3  3 . 3  1 0 . 0  4 . 2  20 2 6 . 6  3 . 3 1 2 . 5  

A l t e rn a r i a  0 . 2  2 5  - 1 0  6 . 7  1 0 . 4  3 0 . 8  

A r th r i ni u m  4 0 . 7  0 6 . 6  1 . 7 

C ladosporium 2 0 . 3  1 0  2 . 5  6 . 7  1 0  4 . 2  

E p i coccum 1 6 3 1 . 7 35 6 . 7  1 0 . 4  0 

F u s a r i um 4 5  7 2  6 3  1 00 7 7  9 7  75 . 6  76 4 3 . 3 67 90 6 9 . 0  6 . 6  2 3 . 5  46 . 6  96 . 7  43 . 3  

Mucor 4 6 1  9 9  3 2 7 . 6 26 3 . 3  50 1 9 . 8  0 

N ig r ospora 2 4 1 . 0 8 2 0  1 6 . 7  1 1 . 2 36 3 . 3  1 0  1 2 . 3  

P e n i c i l l ium 72 34 9 3 2 2 2 0 . 3  3 1  4 6 . 7 36. 7 1 6 . 7  32 . 8  3 . 3  0 . 8  

P homa 3 0 . 5  3 . 3  0 . 8  1 3  3 . 3  4 . 0  

R hi zopus 2 0 . 7  0 0 

Scopul a r iopsis 0 0 20 5 . 0  

T r i chode rma 0 0 3 0 . 8  

V e r t i c i l l ium 4 0 . 7  3 . 3  0 . 8  - 43 . 3  1 0 . 8  

T o t al e ac h  

fi e l d  7 6 5 4 6 7 6 8 6 6 5 5 6 4 

T otal gene r a ,  

a l l  f i elds 1 3  1 1  1 1  



1 4 1 

Tab l e  3- 1 3 :  Tota l  v i ab l e  counts  ( C F U /g  s u b s tr at e )  of f u s ar i a recorded 

from f i e l d s amp l es of m a i ze , h u s k , l i tter and  s o i l ( me an 

o f t wo med i a )  . 

F i e l d  V i ab l e  counts  ( C F U /g) 

code M a i z e  Hu s k  L i tter So i l 

T1 2 . 2  x 1 02 NA * NA NA 

T2 1 . 1  x 1 02 NA NA  NA  

T3 O .  1 1  x 1 02 3 . 0  x 1 05 2 . 4  x 1 05 4 . 0  x 1 03 

T4 1 . 6 x 1 03 2 . 3  x 1 05 9 . 7 x 1 04 3 . 5  x 1 03 

J 1  3 . 4  x 1 02 3 . 0  x 1 05 7 . 8  x 1 05 2 . 5  x 1 03 

J2  4 . 7  x 1 03 1 . 4 x 1 05 1 . 0 x 1 05 7 . 6  x 1 02 

Mean 1 . 2 x 1 03 2 . 4  x 1 05 3 . 0  x 1 05 2 . 7  x 1 03 

Tab l e  3- 1 4 :  C ontam i n at i on rates  ( % )  o f  f i e l d  s amp l e s  o f  m a i ze ,  h u s k  

a n d  l i t t er by f u s ar i a ( d i rect p l a t i ng techn i q u e ,  mean of  

two  med i a ) .  

F i e l d C o n t am i n at i on r ate ( % )  

code Ma i ze H u s k  L i tter Mean % 

T 1  45  NA  * NA  

T2  7 2  N A  NA  

T3 6 3  7 6  6 . 6  48 . 7  

T4 1 00 4 3 . 3  2 3 . 5  5 5 . 7  

J 1  7 7  6 7  46 . 6  7 2 . 0  

J 2  9 7  90 9 6 . 7  9 3 . 7  

Me a n  % 7 5 . 6  6 9 . 0  4 3 . 3  

* NA : n o t  a s s ayed 



and s o i l i nd i c a ted t h at t he  h i g he s t  popu l at i on s  were s hown by h u s k  and  

l i t ter s amp l es ( Tab l e  3- 1 3 ) . The  two s ub s trates  showed s i mi l ar n um­

bers when averaged  for a l l four f i e l d s ( 2 . 4  x 1 05 and 3 . 0  x 1 05 

respect i ve l y ) . Ma i ze s amp l es gave  t he  l owes t  popul a t i on  from a l l 

f i e l d s ( mean  1 . 2 x 1 03 CFU/ g ) . 

However , us i ng t he  d i rect p l a t i ng  techn i q ue , F u s ar i um spp  were 

found to oc c u r  i n  ma i z e kerne l s at h i gher act u a l  contam i n at i on l eve l s 

th an i n  s egments  o f  h u s k s  and l i t ter s  ( Ta b l e  3 - 1 4 ) . T he  mean % o f  

kerne l s or s egment s  contami nated wi th  fusar i a  i n  the  f i e l d s  were 7 5 . 6 ,  

69 . 0  and 43 . 3% for ma i ze ,  h usk  and l i t ter r e s pect i ve l y .  F i e l d  J 2  gave 

the  h i g h e s t  ov era l l % cont am i na t i o n ( 93 . 7% )  compared to  t he  o t her 

th ree f i e l d s .  
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A v ar i e ty of  i nd i v i du a l F u s ar i um s p p  was  detec ted i n  a l l four  

s ubstrates  from f i e l d  s amp l e s as  i s  s ummar i s ed i n  T ab l e  3 - 1 5 .  The  

resu l t s s howed t h at overal l ,  F .  c u l morum was the mos t  freq u en t l y  

i sol ated ( 1 4/ 1 5 s amp l e s ) .  Th ree oth er s pec i e s ,  F .  gr ami nearum , F .  

ac umi n at um and F .  oxys porum were a l s o  common l y  found ( 1 3/ 1 5 ,  1 1 / 1 5 and  

9/ 1 5  s amp l es respect i ve l y ) . Th ree s pec i e s ,  F .  mer i smo i des , F .  equ i s e t i  

and F .  mon i l i forme were recorded on l y  once e ac h .  A c omp a r i son  between  

t h e  n umber  of  F u s a r i um spp  i s o l a ted from each  s u b strate i nd i c at ed t h a t  

t h e  l i t ter  s amp l e s  h ad t h e  greate s t  v ar i e ty ( 1 1  spec i e s ) , w i th  s o i l 

and ma i ze h av i ng t en  eac h ,  and hu s k s  e i g h t  spec i es . T h e  predomi n a n t  

spec i e s i n  f i ve of  t h e  s i x  ma i z e s amp l es w a s  F .  grami n e arum ,  wh i l e  � 

s ubgl u t i n ans was the predomi n an t  i s o l ate i n  t he  rema i n i ng s amp l e  ( T3 ) . 

The three  h u s k  s amp l es h ad d i fferen t predomi n a n t  s pec i es ,  

F . grami nearum ,  F .  s u bgl ut i n ans and F . oxys porum. Two spec i e s  (� 
c u l mor um and F .  ac umi natum ) were the  p redomi n ant i s o l a te s  from t h e  

l i tter  s amp l e s .  A l l three s o i l s amp l e s  s howed F .  oxys porum t o  b e  t h e  

predom i nant  spec i es .  

F i ve s pec i es ,  F .  grami nearum ,  F .  c u l morum, F .  s u bgl u t i n ans , � 

oxysporum and F .  ac umi natum were found at  h i gh l eve l s i n  t he  four  

s ub s trates  when v i ab l e  count s  were determi ned by d i l u t i on p l a t i ng  

( Tab l e 3 - 1 6  and  F i g ure  3- 2 ) .  No  F .  oxyspor um was found  i n  ma i z e  

s amp l e s a n d  no F .  ac umi natum was  d e tected from t h e  s o i l s amp l e s u s i ng 

th i s  t e c h n i q u e .  



Tab l e  3 - 1 5 :  F us ar i um spp i so l ated  from f i e l d  samp l e s o f  ma i ze , h u s k , 

l i t ter  and s o i l ( d i rect and  d i l u t i on p l at i ng tec h n i q ues , 

b oth med i a ) . 

F ield S amples 
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Maize Husk L i t ter  Soil  Occurrence in 
Fusarium spp. T 1  T2  T3 T4 J 1  J2 T3  T4 J2 T3 T 4  J2 T 3  T4 J2 1 5  samples 

F .  gr ami nearum +t* +t + +t +t 
F .  culmorum + + - + + 
F .  subglutinans - - +t + + 
F .  oxysporum + - + + -
F .  acuminatum + + + + + 
F .  avenaceum - - - - -
F .  poae + - - + + 
F .  solani - - - - -

F .  merismoides - - - - -

F .  lateritium - - - -

F .  equiseti - - - - -

F .  crookwe l l ense - - - + -

F .  sambucinum - - - -
F .  stilboides - - - - -
F .  mon i l i  forme - - - + -

Total  spp , 

each field 5 3 4 8 5 

T otal  spp 

a l l  fields , 1 0  

* t :  the predominant species 

+ t +t + + 
+ + + + 
- - +t + 
- - - +t 
+ + - + 
+ + - -

+ + + + 
- - - -

- - - -

- - - -

- - - -
- - - + 
- - - -

+ - - -

- - - -

6 5 4 7 

0-
8 

+ + 
+ +t 
- + 
- + 
+t + 
- + 
- -

- -
- -

- + 
- + 
- + 
- -
- + 
- -

3 1 1  

0 0  
1 1  

+ 
+t 
-

+ 
+ 
-
-

-

-
+ 
-

+ 
+ 
+ 
-

8 

+ 
+ 
-

+t 
-

-

-

+ 
-

+ 
-

-
-

+ 

- , 

-

6 

( J 1  samples o f  husk , l it ter and soil not assayed to species level . )  

- - 1 3  

+ + 1 4  

+ + 8 

+t +t 9 
- - 1 1  

- - 3 
- - 7 

+ + 3 

+ - 1 

- - 3 

- - 1 
- + 5 

+ - 2 

+ - 5 
- - 1 

7 5 

1 0  

Tab l e  3 - 1 6 :  V i a b l e count s  ( CFU/ g ) of  t h e  most  common l y- oc curr i ng 

F us ar i um s pp  i n  f i e l d  s amp l es ( me an of t h ree f i e l d s T3 , 

T4 and J2 ) .  

Viab l e  counts (CFU/g) 

S ubstrate F .  gr aminearum F .  culmorum F .  subglutinans F .  oxysporum F .  acuminatum 

Maize 1 . 3 x 1 04 8 . 0  x 1 02 2 . 6  x 1 03 0 3 . 2  x 1 03 

Husk 1 . 0  x 1 05 1 . 7  x 1 04 3 . 0  x 1 04 4 . 6  x 1 04 6 . 8  x 1 04 

L i t ter 3 . 8  x 1 04 4 . 3  x 1 04 4 . 3  x 1 03 5 . 9  x 1 03 3 . 7  x 1 05 

S o i l  1 . 3  x 1 02 1 . 8 x 1 02 6 . 8  x 1 02 2 . 2  x 1 03 0 



F i gure 3 - 2 :  Compar i s on b etween the  v i ab l e  c o u n t s  of t h e  mo s t  

common l y- occ urr i n g F u s ar i um s p p  i n  f i e l d  s amp l e s 

( ma i z e  = M ,  h u s k  = H ,  l i t ter = L and  so i l = S )  

( co u n t s  a s  CFU/g ) .  
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The  freq uency of  oc currence  o f  t he  i nd i v i du a l  F u s ar i um spp  i n  

k erne l s and  i n  s egment s  of h u s k  and l i t ter i s  s hown i n  T ab l e  3 -

1 7 . A t o t a l  of 1 2  F u s ar i um s p p  was  detec ted from a l l s u b s trates  by 

t h e  d i rect  p l at i ng techn i q u e .  N i ne spec i es occu rred i n  t he  s i x 

s amp l es  of ma i ze and s even s pec i es e ac h  i n  t h e  t h ree s amp l e s of h u s k  

and l i tter . F .  grami nearum was  t h e  mos t  freq uent  i s o l a t e  from ma i ze 

and h u s k  s amp l e s ( mean 44 and 3 7 . 7% respect i ve l y ) wh i l e  F .  c u l morum 

was the mo s t  frequent  i so l ate from the l i tter  s amp l es . Th ree spec i es 

( F .  c u l mor um , F .  s ub g l u t i nans and F .  ac umi n at um )  were a l s o  common b u t  

at  muc h l ower freq ue nc i es t h a n  F .  g rami nearum.  

Both  tota l  f unga l  v i ab l e  c o u n t s  and count s  of F u s ar i um spp  from 

al l s u b s t r ates  are s ummar i s ed i n  F i gure  3 - 3 . T he  res u l t s  are 

expres sed as  mean l og 10 of c o u n t s  fr om a l l s amp l es o b t a i ned from t h e  

four f i e l d s  T3 , T4 , J 1  and J 2  f o r  wh i ch d i rect compar i s on s  cou l d b e  

made . The  h i ghes t counts  for both  tota l  f u ng i and F u s ar i um spp  were 

obta i ned from h u s k  s amp l e s .  The f i g u re a l l ows compar i son  of  the t o t a l  

funga l  pop u l a t i on i n  eac h  o f  t h e  f o u r  s u b s t r ates  exam i ned and o f  t h e  

re l a t i ve proport i on of  F u s ar i um spec i es i n  t h e  t ota l  f u n g a l  popu l a t i on 

of eac h  o f  th e s u b s t rate s .  

1 4 5 



Tab l e  3 - 1 7 :  Contam i n a t i on rates  ( % )  of  f i e l d  ma i z e and segmen ts of h u s k  and l i tter  by i nd i v i d u a l  

F u s ar i um spp , ( d i rect p l a t i ng techn i q u e ,  me an o f  two med i a ) . 

Contami nation rate ( , )  i n  field samples , 
Maize Husk L itter 

Fusarium spp.  T 1  T 2  T3  T4 J 1  J 2  Mean T 3  T4 J 1  J2 Mean T 3  T4 J1 J2 Mean 

F .  graminearum 23 51 6 62 47 77 44 . 0  43 20  NA* 50 3 7 . 7  7 3 NA 20 1 0  

F .  culmorum 1 0  1 9  - 34 3 1 3  1 3 . 0  3 1 0  1 0  7 . 7  - - 40 1 3 . 3  

F .  subglutinans - - 28 1 1  2 5  - 1 0 . 7  - 20 3 7 . 7  - - 3 3 . 3  

F .  oxysporum 3 - 5 1 - - 1 . 5 - - - - - 3 3 2 . 0  

F .  acuminatum 8 4 26  1 2 1 2  8 . 8  2 3  - 2 0  1 4 . 3 - 7 3 0  1 2 . 3  

F .  poae 3 - - 1 1 - 0 . 8  1 0  3 1 3  8 . 7  - - - -
F .  crookwel lense - - - 3 - - 0 . 5  - - 7 2 . 3  - - - -
F .  stilboides - - - - - 1 0 . 1 7  - - - - - - - -
F .  moniliforme - - - 1 - - 0 . 1 7  - - - - - - - -
F .  avenaceum - - - - - - - 1 3  - - 4 . 3 - - - -
F .  equiseti - - - - - - - - - - - - 3 - 1 . 0 

F .  lateritium - - - - - - - - - - - - - 1 0  3 . 3  

Total spp, 

each fi eld 5 3 4 8 5 4 5 4 0 6 1 5 0 6 

T otal spp,  

all  fields 9 7 7 

*NA : not assayed 



F i gure 3 - 3 : 
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3 . 1 . 3 . Th e Mycof l or a  of  M a i z e  at Harvest  

Th e ma i ze s amp l e s co l l ected  at  h arves t  t i me ( Sect i on 2 . 1 . 3 . 2 ) 

were a s s ayed by both t h e  d i l u t i on p l at i ng and d i rect p l at i ng t ech­

n i q u e s . The tota l  f unga l  popu l a t i on of  t h e s e  h arve s t  s amp l e s i s  

s ummar i sed i n  Ta b l e  3 - 1 8 ,  wh i ch l i s t s  t he  res u l t s  from both  i s o l at i on 

techn i q ue s . The ove r a l l l ev e l  of  contam i n at ed kerne l s was  h i gh a t  

9 4 . 3% ( mean o f  seven  f i e l d s  samp l ed ) .  T h e  l owes t  l ev e l  o f  con t ami ­

n ated kerne l s from an  i nd i v i du a l  f i e l d  was  recorded from f i e l d  T2H 

( 82% ) . Four  f i e l d s  ( T1 H ,  J2H , KH  and RH ) were contam i n ated  at  1 00% . 

Tot a l  f unga l  propag u l e s as  detected by d i l u t i on p l at i ng were s i m i l ar 

for s i x  of th e f i e l d s ( 1 . 0-2 . 0  x 1 03 ) b u t  s amp l e  KH s howed a l ow 

popu l a t i on of  70 CFU / g .  Th e mean from al l f i e l d s  was 1 000 C FU/ g .  

The  i nd i v i du a l  o c c urrence o f  d i fferent f u ng a l  genera i s  presented 

i n  Tab l es 3 - 1 9  and 3 - 2 0 .  I n  Tab l e  3 - 1 9 t h e  p roport i on o f  m a i ze  k e r ­

ne l s co n t am i nated b y  i nd i v i du a l  genera  i s  g i ven  a s  an average f o r  t h e  

two med i a  i n  t he  d i rect  p l a t i ng techn i q ue .  A t o t a l  of  1 6  genera  w a s  

de tected from the  s eve n  f i e l d s b y  th i s  techn i q u e .  The h i g h e s t  n umber 

of  d i fferent genera was  detec ted i n  f i e l d KH  ( 1 1  genera )  wh i l e t h e  

l owest n umber wa s  from fi e l d T 2 H  ( 5 ) . The  genera F u s ar i um and 

Pe n i c i l l i um occurred i n  a l l s amp l e s .  Three  ge nera  ( Arth r i n i um ,  

F u s i c oc c um and Scopu l ar i ops i s )  occu rred rare l y  ( 1 / 7 each ) .  T h e  

h i g hest  mean contami n a t i on l eve l s of  k erne l s were 58 . 3% f o r  F u s a r i um , 

fo l l owed by 2 7 . 7% for  P e n i c i l l i um .  Th ree f i e l d s ,  J2H , KH a n d  RH were 

contami n ated wi th  h i gh l ev e l s of  Acremon i e l l a  ( 43 ,  34  and 3 1 %  re s pec­

t i ve l y , mean 1 5 . 4% ) , but n o  Acremon i e l l a  was  de t ected i n  the remai n i ng 

f i e l d s .  I n  contr a s t ,  E p i c oc c um and N i grospora  occ u rred commo n l y i n  

t h e  f i e l d s  ( 6/ 7 ) b u t  a t  l ow kerne l  contam i n at i on rates  ( 1 . 6  and 5 . 1  

respect i ve l y ) . 

Tab l e  3-20  s ummar i se s  t he  tota l  n umber o f  genera detected by both  

1 48 

d i rect and d i l u t i on p l at i ng .  A t o t a l  o f  1 7  gener a  was  i s o l a ted from 

t h e  seven  h arve s t  s amp l es .  Four  ge nera  ( Acremon i um ,  E p i coccum ,  

F u s ar i um and Pen i c i l l i um )  were found i n  a l l s amp l es , wh i l e s ome genera  

s uc h  a s  Arth r i n i um ,  F u s i cocc um etc . were  found  i n  o n l y one  s amp l e  

e ac h .  F u s ar i um was  t h e  predomi n an t  i s o l a t e  from f i v e  s amp l e s ,  w i t h  

Pen i c i l l i um predomi n a n t  i n  t h e  rema i nder . V er t i c i l l i um was detected  

o n l y  by  d i l u t i on p l a t i ng .  



Tab l e  3- 1 8 :  Tot a l  fung a l  pop u l a t i on of  h arve s t  s amp l e s of  ma i ze  

( d i rect  and  d i l u t i on p l at i ng techn i ques , me an  of  two 

med i a )  . 

H arve s t  

s amp l e 

c ode  

T1 H 

T2H 

T3H 

T4H 

J 2H  

K H  

R H  

Mean  

D i l u t i on p l a t i ng 

V i ab l e c o u n t  

( C FU /g  ma i z e )  

1 . 0 x 1 03 

1 . 1 x 1 03 

1 . 1 x 1 03 

1 .  3 x 1 03 

1 . 3 x 1 03 

0 . 7  x 1 02 

2 . 0 x 1 03 

1 . 0 x 1 03 

D i rec t p l at i ng 

Contami n at i on r ate  

( %  ) 

1 00 

82  

94  

84 

1 00 

1 00 

1 00 

94 . 3  
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Tab l e  3 - 1 9 :  Contami n a t i on r a t e s  ( % )  by d i fferen t genera i s o l a ted from 

h arvest  s amp l e s of ma i ze ( d i rect  p l at i ng tec h n i q u e ,  me an 

of  two med i a ) .  

C o n t ami n at i on rate ( % )  
i n  h arves t s ampl es  Occurrence  

1 50 

Ge nus  T1 H T2H T3H  T4H J 2H  K H  RH Mean  % i n  7 f i e l d s  

Acremon i e l l a  4 3  3 4  3 1  1 5 . 4  3 

Acremon i um 1 2  1 1 2 8 3 . 4  5 

A l t ernar i a 2 4 0 . 9  2 

Arth r i n i um 1 0 . 1 4  1 

C h aetomi um 2 6 1 .  1 4  2 

C l adospor i um 2 2 0 . 6  2 

E p i coc cum 3 1 3 1 2 1 . 6 6 

F u s ar i um 87 40  37 39  7 4  5 1  80 58 . 3 7 

F u s i coc cum 1 0 . 1 4  1 

Mucor 6 1 3 1 8  4 . 0  4 

N i grospora  1 0  5 4 6 3 8 5 . 1  6 

Pen i c i l l i um 33  44  49 36 2 2  4 6 2 7 . 7  7 

P h oma 26  3 . 7  1 

Sc h i zo p hy l l um 2 0 . 3  1 

Scopu l a r i ops i s  1 0 . 1 4  1 

Tr i choderma 1 1 8 1 . 4 3 

Tota l  g ener a ,  

e ach  s amp l e  7 5 9 7 8 1 1  6 



Tab l e 3 - 20 : F unga l  genera i so l a t ed from h arvest  s amp l e s of ma i ze 

( d i rect and d i l u t i on p l at i ng techn i q ue s ,  both  med i a ) . 

Genus  T1 H 

Acremon i e l l a  

Ac remon i um + 

A l t ernar i  a 

Arth r i n i um 

C h aetomi um 

C l ado spor i um + 

E p i  coc cum + 

F u s ar i um + j* 

F u s i coccum 

Mucor + 

N i grospora  + 

Pe n i c i l l i um + 

Phoma 

Sc h i z ophy l l um 

Scopu l ar i ops i s  

Tr i choderma 

Vert i c i l l i um + 

Tot a  1 gener a ,  

e ac h  s amp l e  8 

H arves t s amp l es 

T2H T3H 

+ + 

+ 

+ + 

+ + 

+ + 

+ 

+ + 

+j +j 

+ 

+ 

7 9 

T4H J 2H 

+ 

+ + 

+ 

+ 

+ 

+ + 

+ + 

+j +j 
+ 

+ 

+ + 

+ 

+ 

+ 

8 1 1  

*j : t h e  predomi n an t  genus  

KH  RH  

+ + 

+ + 

+ 

+ + 

+j +j 

+ + 

+ + 

+ + 

+ 

+ 

+ 

+ 

1 1  8 

Occu rrence 

i n  7 f i e l d s 

3 

7 

2 

1 

2 

5 

7 

7 

1 

4 

6 

7 

2 

1 

1 

3 

3 

1 5 1 



The  tot a l  popu l a t i on of F u s ar i um detected by both  techn i q ue s  i s  

presented i n  Tab l e  3 - 2 1 . T he  d i l u t i on p l at i ng tec h n i q u e  gave l ow 

v i ab l e  c o u n t s  for a l l th e f i e l d s .  F i e l d  T2H s howed n o  F u s ar i um by 

d i l u t i on p l at i ng wh i l e 40% of  t h e  kerne l s  were cont am i n ated w i th  

F u s ar i um accord i ng to t he  d i rect p l a t i ng techn i q u e .  

Among t h e  seven  f i e l d s exam i ned , f i e l d  R H  h ad t he  h i g hest  v i ab l e  

count  of  f u s ar i a ( 680 CFU/ g ) , wh i l e  KH gave on l y  5 C FU / g .  The mean 

for a l l the f i e l d s  was 1 50 C FU/g . The  d i rect p l at i ng techn i que  i nd i ­

c ated a l eve l of con t ami nat i on  of  k e rne l s r a ng i ng between  3 7% ( f i e l d 

T3H ) t o  87% ( f i e l d  T1 H )  w i th a mean of  58 . 3% . 

1 52 

A t o t a l  of n i ne F u s ar i um s p p  was  i s o l ated  from a l l h arvest  s am­

p l e s by d i rect p l at i ng .  The n umber of d i fferent  Fus ar i um s p p  per f i e l d 

ranged between th ree spec i es from f i e l d RH to  s i x  spec i e s from f i e l d  

KH . ( Ta b l e 3 - 2 2 ) Th i s  t ab l e  s hows t h at s ome s pec i es were present  i n  

a l l f i e l d s  ( F .  gr ami nearum and F .  c u l morum)  wh i l s t others  (� 

oxysporum and  F .  crookwe l l en s e ) were  i s o l a ted from o n l y one  f i e l d .  

F .  grami nearum was  t he  most common contami n an t  of k erne l s ( mean 3 3 . 4% 

contami n at i on rate ) . 

Th e d i l u t i on p l at i ng techn i q u e  yi e l ded on l y  seven  s pec i e s from 

the s even  f i e l d s ( Tab l e  3 - 23 ) .  F .  acumi n atum ,  F .  crookwe l l en se  and F .  

s t i l b o i des  were not detected by th i s  tec h n i q ue but F .  l ater i t i um was  

found i n  o ne  f i e l d .  The  max i mum n umber of F u s ar i um s p p  recorded by 

th i s  method from one f i e l d  was  four  spec i es from s amp l e KH , b u t  th e 

major i ty h ad two spec i es .  F .  grami n earum was aga i n  t h e  most  freq u e n t . 

T ab l e  3 -24  s ummar i ses  t h e  oc currence of a l l F u s ar i um s p p  a s  

detected by  b o t h  d i rect a n d  d i l u t i on p l at i ng .  A t o t a l  of  ten  w a s  

detec t ed , w i th F .  grami near um , F .  c u l morum and F .  s ubgl u t i n ans  b e i ng 

the mo s t  frequen t l y  oc curr i ng ( 7/ 7 , 7 / 7  and  5/7 samp l e s r e s pect i ve l y ) . 

F .  grami ne arum was the p redom i n ant i s o l ate  i n  f i v e  o f  the seven  

s amp l e s ,  w i t h  F .  c u l mor um and  F .  s u bgl u t i n an s  be i ng p redom i nant  i n  o n e  

s amp l e  e ac h . 



Tab l e  3- 2 1 : Tot a l  popu l a t i on of  F u s ar i um s pp  con tami n a t i ng harvest  

s amp l e s of  ma i ze ( mean  of  two med i a ) .  

H arvest  

s amp l e  

T1 H 

T2H 

T3H 

T4H 

J2H  

KH  

RH 

Mean  

D i l u t i on p l at i ng 

V i ab l e  count  

( C FU/g  ma i ze ) 

0 . 9  x 1 02 

0 . 2  x 1 02 

0 . 4  x 1 02 

2 . 0  x 1 02 

0 . 05 x 1 02 

6 . 8  x 1 02 

1 . 5  x 1 02 

D i rect p l at i ng 

C on t ami n at i on r ate  

( %  ) 

87  

40  

37  

39  

7 4  

5 1  

80 

5 8 . 3 

Tab l e  3 - 2 2 : C o n t ami n a t i on rates  ( %  ) of  h arv e s t  s amp l e s  of  

m a i ze by i nd i v i du a l F u s ar i um spp . ( d i rect  p l at i ng 

t e c hn i q u e ,  mean of  two med i a ) .  

F u s ar i um s p p  

F .  grami nearum 

F .  c u l morum 

F .  s ubg l u t i n a n s  

F .  oxysporum 

F .  acumi  n at um 

F .  avenaceum 

F .  poae 

F .  crookwe l l en se 

F .  s t i l bo i de s  

Tota  1 s p p ,  

each  s amp l e  

C ontami n at i on rate ( % )  
i n  h arves t s amp l es 

T 1 H T2H T3H T4H J 2H KH  

24  1 8  2 3  2 9  4 9  30 

5 1 9  4 8 1 2  6 

34 3 1 1 1  

1 

3 2 

1 2  

2 0  7 3 2 

1 

5 1 

5 4 4 4 4 6 

RH Mean % 

6 1  3 3 . 4  

1 6  1 0 . 0  

2 7 . 3  

0 . 1 4  

0 . 7  

1 . 7  

4 . 6  

0 . 1 4  

0 . 9  

3 

1 5 3 



Tab l e  3-2 3 :  F u s ar i um v i ab l e  counts  ( C FU/ g )  i n  h arvest  s amp l es of  ma i ze ( d i l u t i on p l at i ng tech n i q u e ,  

mean of  two med i a ) .  

V i able' counts e cru/9:) i n  h a rv e s t  samp l e s  O c cu r r ence 

F u s a r i um s pp T3H T4H J2H T 1 H  T2H RH KH in 7 f i e l ds 

F .  g r am i nearum 0 . 2  x 1 02 2 . 0  x 1 02 0 . 7  x 1 02 
0 . 05 x 1 02 

1 . 6 x 1 02 5 

F .  culmorum 0 . 2  x 1 02 
0 . 4  x 1 02 

2 

F .  subglu t i na n s  3 . 1  x 1 02 

F .  oxy sporum 1 . 7 x 1 02 1 

F .  a v e naceum 0 . 03 x 1 02 0 . 1  x 1 02 
2 

F .  poae 0 . 02 x 1 02 

F .  l a t e r i ti um 0 . 2  x 1 02 

N o .  s p p ,  

e a c h  sample 2 2 2 2 0 4 



Tab l e  3 - 2 4 : F us ar i um spp  i so l ated  from h arvest  s amp l es o f  m a i z e  ( d i rect  

and d i l u t i on p l a t i ng techn i q ues , both med i a ) . 

F u s a r i um s p p  

F .  gr ami near um 

F .  c u l morum 

F .  s u b g l u t i n a n s  

F .  oxysporum 

F .  ac um i n at um 

F .  ave n aceum  

F .  poae  

F .  cr ookwe l l en s e  

F .  s t i l bo i de s  

F .  l a t er i t i um 

No . s p ec i es ,  

e ach  s amp l e  

T1 H T2H 

+ + 

+ +j 
+j* 

+ 

+ 

+ 

+ 

5 4 

* j : t h e  p redom i nant  s pec i es 

H arves t s amp l es 

T3H  T4H J2H  

+j +j +j 
+ + + 

+ + 

+ 

+ 

+ + 

+ 

4 5 4 

KH RH 

+j + j 
+ + 

+ + 

+ 

+ 

+ 

6 3 

Occu rrence 

i n  7 f i e l d s  

7 

7 

5 

2 

1 

4 

1 

2 

1 5 5 



3 . 1 . 4 .  Mycof l ora of S tored Ma i z e  

S amp l e s o f  ma i ze  from s t or age  s i l o s  were  ex am i n ed by  d i rect 

p l at i ng o n l y .  Tab l e  3 - 2 5  s ummar i s es  the  r e s u l t s for both  tota l  f u ng i 

and F u s ar i um spp from 1 2  s amp l es  o f  s tored ma i ze  ta ken  from four  

s i l o s .  A c ompar i s on of t he  tota l  f u nga l  popu l a t i on between the  four  

s i l o s  s hows th at s i l o C was  h e av i l y con t ami n ated ( 8 1 %  kerne l  con­

t ami n a t i on r a te ) , whereas  th ere were few cont ami nated k e r ne l s i n  s i l o  

D .  Overa l l the  1 2  s amp l e s were contami n ated a t  a l ev e l  o f  42 . 4% .  

Genera l l y  th ere was n o  i ncrease  i n  the  f u ng a l  popu l a t i on dur i ng t h e  

s amp l i ng per i od for most s i l o s  except  s i l o  A .  

T h e  l ev e l  of  F u s ar i um c o n t ami n at i on i n  s t ored ma i z e was  very l ow 

( mean 1 . 5% for 1 2  s amp l es ) . T he  h i ghest  l ev e l  of c o n t am i n at i on was 

from s i l o  B ( 3% kerne l  contami n at i on rate ) . 

A t o t a l  of  1 7  funga l  genera  was  i s o l ated  by t h e  d i rect p l at i ng 

techn i q u e  on  both  med i a . T a b l e  3 - 26  s ummar i s es t h e  contami nat i on 

rates by e ac h  i nd i v i du a l  ge nus . A c ompar i s on between t h e  tota l  n umber  

of genera  i s o l ated from each  s i l o  s h owed that  s i l o  B was  contami n ated 

w i th t h e  h i g hest  n umber ( 1 1 ) .  Some genera were common  i n  th e s amp l es . 

Pen i c i l l i um ,  F u s ar i um and N i gros p ora were detected i n  1 1 ,  9 and 6 

s amp l e s res pect i ve l y . F i ve genera  ( Acremon i e l l a , Arthr i n i um ,  an 

u n i dent i f i ed Ascomycete ,  Chrysos por i um and E p i c occum )  were d etected i n  

on l y o ne  s amp l e  e ac h .  Each  s i l o  s howed d i fferent l ev e l s o f  contami ­

nat i on . P e n i c i l l i um was t h e  mos t  common cont ami nant  i n  s amp l es from 

s i l o s  A and C .  I n  s i l o  B N i grospora  predomi nated and  s i l o  D s howed a 

very l ow l ev e l  of contami n a t i on , t h e  predomi n an t  genus  b e i ng 

A l ter n ar i a .  

Ta b l e  3-2 7 s hows t h e  r at e  o f  contami n at i on of k erne l s w i th each  

i nd i v i du a l F u s ar i um s pp .  O n l y t h ree  spec i e s ( F .  s u bgl u t i n ans , F .  poae 

and F .  gr ami nearum )  were detec t ed from t h e  1 2  s amp l e s .  F .  s u b ­

gl u t i n ans  oc curred mo s t  freq u en t l y ( 8/ 1 2 s amp l es ) . F .  poae and F .  

grami n e arum  were  detected o n l y  i n  s i l o  B and  the  cont am i n a t i on r ates  

were v ery l ow .  

1 56 
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Tab l e  3 -2 5 :  C o n t ami nat i on rates  ( % )  of s tored 

ma i ze ( d i rect p l at i ng tech n i q u e ,  mean of two med i a ) . 

C o n t ami nat i on rate  ( % )  

S torage per i od A l l F u s ar i um 

S i l o  S amp l e  n o .  ( week s )  fung i s pp 

A 1 4 1 4  2 

2 7 1 8  2 

3 1 2  6C  1 

Me an 30 . 7  1 . 7 

B 1 8 5 1  3 

2 1 3  4 5  4 

3 1 8  5 7  2 

Mean  5 1  3 

C 1 54  80  1 

2 5 6  82 

3 6 3  8 1  

Mean  81  0 . 3  

0 1 1 2  2 

2 1 6  1 3  2 

3 2 1  6 1 

Mean  7 1 

Me an 42 . 4  1 . 5 



Tab l e  3- 2 6 :  C o ntami nat i on rates  ( % )  o f  ma i z e  from four s i l o s . .  by  d i fferent f u nga l  genera  ( d i rect 

p l at i ng techn i q u e ,  mean o f  two med i a ) . 

Ge nus 

Acremon i e l l a  

A l t e rn a r i a  

A r t h r i nium 

Ascomycete 

Aspe r g i l lus 

B e auva r i a  

Chae t om i um 

Ch rysosporium 

C ladospor ium 

E p icoc cum 

F u s a r ium 2 

Muco r 

N i g r ospora 2 

P e n i c i l l i um 7 

R hi z o pus 

S c o pu l a r i opsis 

U loc l ad ium 

No . gene r a ,  

e a c h  sample 5 

N o .  ge n e r a ,  

e a c h  s i l o  

S i l o  A 

2 3 Mean 

0 . 3  

2 0 . 7  

0 . 3  

2 1 . 7 

2 6 3 . 3  

1 3  44 2 3 . 0  

1 0 . 7 

0 . 7  

4 7 

8 

2 

3 

33  

1 0  

8 

C o n t a m i na t i on r a t e  ( % )  
S i l o  B S i l o  C 

2 3 M e a n  2 3 Mean 

2 

2 0 . 7  

1 3  3 1  6 3  35 . 6  

0 . 3  1 0 . 7  

0 . 7  

0 . 3  

0 . 3  

0 . 3  

4 2 3 . 0  0 . 3  

0 . 3  

3 1  3 0  3 1 . 0  

8 1 4  1 2 . 3  79 2 7  2 3  4 3 . 0  

0 . 3  1 1  3 . 7  

0 . 7  2 0 . 7  

0 . 3  

4 6 5 5 5 

1 1  9 

S i l o  D O ccu r rence 

2 3 Mean i n  1 2  samp les 

7 2 . 3  3 

0 . 3  

2 0 . 7  4 

0 . 3  4 

2 

0 . 7  4 

2 1 . 0 9 

2 1 . 0 3 

6 

2 1 . 0 1 1  

4 

5 

0 . 3  2 

2 6 5 

9 

--' 
<.Tl 
ex:> 



Tab l e 3 - 2 7 : Contami na t i on rates  ( % )  o f  s tored m a i z e  from four  s i l os 

by i nd i v. i du a l  F us ar i um s pp ( d i rect  p l at i ng techn i qu e ,  

mean o f  two med i a ) . 

C ontami n a t i on r a te  ( % )  

S i 1 0  Samp l e  No . F .  s u bg l u t i nans  F .  poae F .  grami near um 

A 1 2 

2 2 

3 

B 1 2 1 

2 1 2 

3 1 1 

C 1 1 

2 

3 

0 
2 2 

3 1 

Mean 0 . 9  0 . 2 5 0 . 33 

1 59 



3 . 1 . 5  An a l ys i s  of t he  Myco l ogi c a l As s ays 

3 . 1 . 5 . 1 . Med i a  and tec h n i q u e s  and th e i r  effect on t h e  i so l a t i o n  

o f  fung i 

T h e  pre l i mi n ary s t udy c arr i ed o u t  at t h e  beg i nn i ng of  t h i s  i nv e s ­

t i ga t i on con s i dered effects  o f  med i a  a n d  techn i ques  on  t h e  i s o l a t i o n  

of  F u s ar i um s p p  on l y  ( Sect i on 3 . 1 . 1 . 3 ) .  After comp l e t i ng t he  a s s ays 

i t  s e emed worthwh i l e t o  ex am i n e the effect s  of  those  factors  on  t h e  

i so l a t i on of  other  f u n g a l  ge nera  i n  compar i s on w i t h  F u s ar i um s p p .  

T he  ov era l l res u l t s  from a l l ma i ze s amp l e s  ex am i ned i nd i c a t ed 

t h at th e two d i fferent  med i a  ( PDA-D and  peN B )  gave no  s i gn i f i c a n t  

d i fference s  ( P) 0 . 05 )  f o r  e i t h er t h e  t o t a l  f u ng a l  pop u l a t i on  or t h e  

F u s ar i um popu l a t i on ( Tab l e s 3 - 2 8  and  3 - 2 9 , and F i gures  3 - 4  and 3 - 5 ) .  

Howeve r ,  t h e  t o t a l  funga l popu l a t i on was  s l i g ht l y  h i gher  on P DA-D  

med i um i n  b oth tech n i q ues . F u s ar i um c o u n t s  were s l i gh t l y  h i g h er on 

P DA-D  u s i ng d i l u t i on p l at i ng and  v i ce ver sa  w i t h  d i rect p l a t i ng .  

T he  i n f l uence  of  t h e  med i a  on  t he  t o t a l  n umber of  genera  i s o l a t ed 

and t h e  n umber of  F us ar i um s p p  are s ummar i sed i n  Tab l e  3 - 3 0 . No s i g ­

n i f i c a n t  d i fference ( P )0 . 05 )  was  found b etween the  act u a l  n umber  of  

F us ar i um s pp o b t a i ned from t h e  two  med i a  a l t h o ug h  t h e  mean number of  

s pec i es was  h i g her on  peNB  med i um ( 4 . 2 )  compared to t h at o n  t he  P DA-D  

med i um ( 3 . 5 ) .  Th i s  over a l l res u l t ag rees wi th t he  pre l i m i n ary 

res u l t s .  However ,  t h e  med i a  factor  s i gn i f i c a nt l y  ( P< O . O l ) affected 

t h e  n umbers  of  other  genera  wh i c h were recovered ( Ta b l e  3 - 30  and 

F i gu re 3 - 6 ) .  The  tota l  n umber o f  genera was s i gn i f i c an t l y  h i gher  on  

P DA-D  ( 5 . 9 )  t h an on t h e  peNB  ( 4 . 3 ) ( P<O . Ol ) .  
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On l y  one p arameter  was u s ed t o  ev a l u at e  t h e  i nf l u ence  of  t h e  two 

tec h n i q u e s  wh i ch were u s ed ( i . e .  t he  n umber of genera  and  t h e  n umber  

of  F u s ar i um spp  recorded by  e i t h er techn i q u e ) . Tab l e  3 -3 1  a nd  F i g u re  

3 - 7  s how t hat  b o t h  t h e s e ,  wh en  recorded by  d i rect p l at i ng ,  were s i g ­

n i f i c ant l y  h i gher  t h an when  r ecorded by d i l u t i on p l a t i ng ,  part i cu l ar l y  

for F u s ar i um s p p .  T h e  mean n umber of  F u s ar i um s p p  recorded b y  d i rect 

p l at i ng was 4 . 9  compared to 2 . 4  by d i l u t i on p l at i ng ( P<O . OO l ) .  

S i m i l ar l y  the t o t a l  n umber o f  genera  i so l a ted was 6 . 9  ( mean ) by d i rect 

p l at i ng c ompared t o  5 . 4  ( mean ) by d i l u t i on p l at i ng ( P<0 . 02 5 ) . 



The  i n t eract i on between t he  med i a  and t ec h n i q u e s , and t h e i r  

e ffect o n  t h e  n umber o f  f u ng a l  ge nera  and F u s a r i um s pp i s o l a ted i s  

s ummar i sed i n  Tab l e  3 - 3 2 .  Th i s  t ab l e  i nd i c at e s  t h a t  t h e  n umber of  

F u s ar i um s p p  i s o l ated was  s i gn i f i c an t l y  h i gher  ( P<0 . 001 ) by u s i ng 

d i rect  p l a t i ng ,  

bers  of  funga l 

h i gher on P DA- D ,  

regard l es s  of t he  med i um u s ed . I n  t h e  c a s e  o f  n um-

genera ,  d i rect p l at i ng re s u l t s  were s i gn i f i c an t l y  

b u t  t h ere w a s  no  s i gn i f i c ant  d i f ference be tween t he  

t echn i q u es when  PCNB  was  u s ed .  

Tab l e  3 - 2 8 :  E v a l u at i on of  t h e  two med i a , P DA- D and P CNB  for th e i r  

effect o n  t h e  e s t i mated pop u l a t i o n s  of t o t a l  f u ng i and 

F u s ar i um s p p  from ma i ze as  de termi ned by t h e  d i l u t i on 

p l at i ng tec h n i q u e .  

V i ab l e  c ounts  ( CFU/  g)  
S amp l e  F u s a r i um To t a l  fung i 

code P DA-D P C N B  P DA-D  PCNB  

T 1  2 . 0  x 1 02 2 . 4  x 1 02 3 . 6  x 1 03 2 . 4  x 1 03 

T1 H 1 .  3 x 1 02 0 . 4  x 1 02 1 . 0 x 1 03 9 . 3  x 1 02 

T2 1 .  3 x 1 02 0 . 9  x 1 02 2 . 8  x 1 03 4 . 0  x 1 03 

T2H 1 . 4 x 1 03 8 . 7 x 1 02 

13 0 . 1  x 1 02 0 . 08 x 1 02 4 . 4  x 1 02 3 . 3  x 1 02 

13H 0 . 3  x 1 02 0 . 03 x 1 02 1 . 1 x 1 03 1 . 2 x 1 03 

T4 1 .  7 x 1 03 1 . 6 x 1 03 2 . 2  x 1 05 7 . 4  x 1 04 

T4H 0 . 3  x 1 02 0 . 3  x 1 02 2 . 0  x 1 03 6 . 7  x 1 02 

J 1  1 . 5  x 1 02 5 . 4  x 1 02 5 . 0  x 1 03 4 . 0  x 1 03 

J 2  6 . 0  x 1 03 3 . 3  x 1 03 4 . 5  x 1 04 5 . 5  x 1 04 

J2H  2 . 3  x 1 02 1 . 7 x 1 02 2 . 0  x 1 03 5 . 1  x 1 02 

RH 6 . 2  x 1 02 7 . 3  x 1 02 2 . 7  x 1 03 1 . 5 x 1 03 

KH  0 . 1  x 1 02 0 . 7  x 1 02 0 . 4  x 1 02 

Mean  

l og 1 0  2 . 0  1 . 9 3 . 4  3 . 2  
NS  ( P>0 . 05 )  N S  ( P >0 . 05 )  

N S : not  s i gn i f i c ant  

1 6 1 



T ab l e  3- 2 9 :  E v a l u at i on of the two med i a P DA- D and P CNB  for  the i r  

e ffect on  t he  recovery r ate ( %  c o n t ami nat i on of  k erne l s ) 
of  tota l  f ung i and F u s ar i um spp  from ma i ze  as  d etermi ned 

by t he  d i rect p l at i ng tec h n i q u e .  

Contami n at i on r ate ( % )  

S amp l e  

code 

T1  

T1 H 

T2 

T2H 

13 

13H 

T4 

T4H 

J 1  

J2  

J2H  

RH  

KH 

Me an 

PDA-D  

50  

7 4  

7 6  

38  

58  

2 8  

1 00 

2 6  

88 

96 

68  

6 6  

2 6  

6 1  

F u s ar i um 

PCNB  

40 

1 00 

70 

42 

68 

46 

1 00 

5 2  

66 

98 

80 

94  

76  

7 1 . 7  

NS  ( P>0 . 0 5 )  

NS : not  s i gn i f i c an t  

Tot a l  fungi 

PDA-D P C N B  

1 00 96  

1 00 1 00 

1 00 9 6  

96  68  

88 83 

96 9 2  

1 00 1 00 

94  7 4  

1 00 1 00 

1 00 1 00 

1 00 1 00 

1 00 1 00 

1 00 1 00 

98 9 3 . 4  

NS ( P> 0 . 05 )  
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F i g ure 3 -4 : Compar i s on of the two med i a  P DA-D  and  PCNB for t h e i r  

effect  o n  t h e  e s t i mated popu l a t i o n s  o f  tota l  f ung i and  

F u sar i um spp  from ma i ze  as  determ i ned  by  the  d i l ut i on 

p l at i ng techn i q ue . ( CFU/ g )  . 
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F i gure  3 - 5 : C ompar i s on of t h e  two med i a  P DA-D  and P C NB for t he i r  

effect on the  recovery rate ( %  contami n a t i o n  of ker­

ne l s )  of F u s a r i um spp  and  o ther gener a ,  as determi ned 

by the  d i rect p l at i ng  techn i q ue . 
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T ab l e  3 - 3 0 :  E v a l u at i on of th e two med i a  P DA-D and  peNB  for th e i r  

e ffect on th e n umber of f u nga l  genera  and o f  F u s ar i um spp  

r E covered from ma i ze  by  t he  d i rect p l a t i ng  tech n i que . 

S amp l e  No . F u s ar i um spp  

code P DA-D peNB 

T1  5 5 

T1 H 3 5 

T2 3 3 

T2H 4 3 

13 4 4 

13H 3 4 

T4 4 8 

T4H 3 3 

J 1  3 4 

J2  4 3 

J2H 4 4 

RH 2 3 

KH  4 6 

Me an  3 . 5  4 . 2  
NS  ( P >0 . 05 )  

NS : n o t  s i gn i f i c ant  

To t a l  no .  funga l genera  

P DA- D peNB  

6 3 

7 3 

5 4 

5 2 

5 4 

7 7 

4 3 

5 5 

6 4 

5 5 

7 4 

6 6 

9 6 

5 . 9  4 . 3  
( P <0 . 0 1 ) 
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F i gure  3 - 6 :  
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Tab l e  3 - 3 1 : E v a l u a t i on  of  the  d i rect p l a t i n g  and  d i l u t i on p l a t i ng 

techn i q u e s  for th e i r  effect on  t h e  numbers  of 

S amp l e  

code 

T1  

T1 H 

T2 

T2H 

13 

13H 

T4 

T4H 

J 1  

J 2  

J2H 

RH 

KH 

Mean 

f unga l genera and of F u s ar i um spp recovered from ma i z e 

( both  med i a ) . 

No . F u s ar i um spp  Tot a l  no .  f unga l  genera  

D i l u t i on p l . D i rect p l . D i  l u t i on p l . D i rect p l . 

4 5 8 7 

3 5 6 9 

3 3 5 6 

1 4 5 6 

2 4 6 5 

2 4 5 9 

2 8 4 4 

2 8 4 6 

3 5 7 6 

3 4 5 7 

2 4 6 8 

2 3 4 6 

2 6 6 1 0  

2 . 4  4 . 9  5 . 4  6 . 9  

P<0 . OO1 P<0 . 02 5  

1 6 7 



F i gure  3- 7 :  E v a l u at i on 
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Tab l e  3 - 3 2 : Ev a l u at i on of t he  two med i a  P DA-D  and P CNB  and the  two t ec h n i ques  d i l u t i on and  d i rect 

p l at i ng for th e i r  effect s o n  the t o t a l  n umbers of  f u ng a l  genera  and of  F u s ar i um spp  

recovered from ma i ze .  

Sample 

code 

T1 

T 1 H  

T 2  

T2H 

T3 

T3H 

T4 

T4H 

J1 

J2 

J2H 

RH 

KH 

Mean 

Fusarium spp 

Dilution Di rect 

2 5 

1 3 

2 3 

4 

2 4 

1 3 

2 4 

3 

2 3 

3 4 

2 4 

3 2 

4 

1 . 6 3 . 5  

P < O . OO1 

PDA-D 

Total genera 

D i lu tion D i rect 

5 6 

5 7 

4 5 

2 5 

5 5 

4 7 

4 4 

4 5 

6 6 

5 5 

6 7 

4 6 

3 7 

4 . 3 5 . 8  

P < O . OO1 

Fusarium spp 

D i lu tion Di rect 

2 5 

2 5 

3 

3 

2 4 

1 4 

2 8 

1 3 

2 4 

2 3 

1 4 

3 3 

6 

1 . 5  4 . 2  

P<O . OO 1  

peNS 
Total genera 

Dilution D i rect 

4 3 

5 3 

4 4 

4 2 

6 4 

5 6 

4 3 

5 5 

6 4 

3 5 

6 4 

4 6 

5 7 

4 . 7  4 . 3 

NS ( P)O . 05 )  



3 . 1 . 5 . 2 .  Freq uency o f  occu rrence o f  i nd i v i d u a l  genera and  

F u s ar i um s p p  from a l l s amp l es 

Tab l e  3 - 3 3  s ummar i s e s  the  overa l l freq uency of i s o l at i on of  t h e  

i nd i v i du a l  genera from a l l s amp l es ( 3 7 )  of  ma i ze ,  h u s k , l i t ter and 

s o i l .  A tota l  of 30  genera was  recorded . Two gener a ,  F us ar i um and 

P en i c i l l i um were r ecovered from 34 of  t h e  37 s amp l e s ( 92% ) . 

C l adospor i um ,  Ac remo n i um and N igrospora  were a l so common ( �0 - 54% ) , 

wh i l s t s even genera were each  recorded from a s i ng l e  s amp l e  on l y .  

As pergi l l us and Bea uvar i a were i so l ated from s t ored ma i ze on l y ,  wh i l e  

C on i othyr i um ,  Preuss i a  and Pyth i um were i s o l a ted from s o i l s amp l es 

on l y . 
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Tab l e  3 - 3 3 :  Occu rrence of f u ng i i n  t he  3 7  s amp l es of  ma i z e ,  h u s k , 

1 i tter  and s o i l e x am i ned ( both  techn i q ue s ,  both  med i a ) . 

N o .  of  sam�l es �ositive  

Maize Husk Li t. ter Soil  Occur rence 
in 37 

Genus field harvest s tored samples 

Acremoniel l a  1 3 � 1 7 
Acremonium 6 7 4 3 4 2 4  
Alterna r i a  2 2 3 4 2 1 1 4  
Arthrinium 1 1 1 1 1 5 
Ascochyt a  1 1 1 3 
Aspergi l lus 4 4 
Beauva ria  4 4 
Chaetomium 2 2 2 7 
Chrysosporium 1 1 2 
C l adosporium 6 5 4 4 4 3 2 6  
Conioth y rium 2 2 
Epicoccum 3 7 1 3 3 1 7  
Fusarium 6 7 9 4 4 4 34 
Fusicoccum 1 1 
G l iocladium 1 3 4 
Mucor 5 4 3 4 1 1 1 8  
Myrothecium 1 1 
N igrospora 2 7 6 3 2 2 0  
Paecilomyces 1 1 
Penicill ium 6 7 1 1  4 2 4 34 
Phoma 1 2 1 4 2 1 0  
Preussia 1 1 
Pythium 2 2 
Rhizopus 3 4 7 
Schizophy l lum 1 
Scopul a r i opsis 5 3 1 0  
Sependoni um 1 1 
Tr ichode rma 3 3 7 
Ulocladium 2 2 
Verti c i l l ium 3 2 4 1 0  

Total genera 1 3  1 7  1 7  1 1  1 8  1 9  
No. samples 

examined 6 7 1 2  4 4 4 3 7  



Two c r i ter i a ,  the  mean c o n t ami n a t i on r ate ( %  o f  kerne l s i nfected 

i n  a l l s amp l e s )  and t he  fr eq uency of  occ urrence ( %  pre sence  i n  a l l 

s amp l e s  exam i ned ) a s  a s s e s s ed from t h e  res u l t s o f  t h e  d i rect p l a t i ng 

a s s ays can be  u s ed to ev a l u ate  the c h an g i ng s i gn i f i c ance  of  v a r i ous  

f u ng a l  genera  a s s oc i ated wi th m a i ze s amp l es from f i e l d ,  h arvest  and 

s tor age . 

T h e  s even  most frequent l y  encountered genera ,  together  w i th 

Asperg i l l us ,  are  l i s ted i n  Tab l e  3-34 and th e i r  c h ang i ng patterns  of 

occu r rence  i l l u s trated i n  F i g ures  3-8 and  3 - 9 .  Acremo n i um ,  F u s ar i um 

and Mucor were CanTOn in f i  e 1 d s amp 1 es b u t  decreased i n  o c c urrence  from 

h arv e s t  to s tor age . Other genera  s u c h  as N i gros pora  and  E p i coccum 

s h owed g re ater occurrence at  h ar ve s t  t i me .  Pen i c i l l i um m a i n t a i ned i ts 

l eve l from t he  f i e l d  to  s torage . I n  contras t ,  As pergi l l us was  o n l y  

recorded from s t ored ma i ze .  

Tab l e  3 - 3 4 :  Compar i son  of t h e  mean c o n t am i nat i on r ate s  ( % )  a nd t h e  

freq uenc i es o f  occurrence  ( % )  of  e i g ht  f u ng a l  genera  i n  

a l l f i e l d ,  harvest  and  stored m a i ze  s amp l e s .  

C o n t am i nat i on r ate ( % )  Frequency o f  occ urrence  ( % )  

i n  ma i ze  from : i n  ma i ze from : 

F i e l d  Harvest  S torage  F i e l d  H arves  t Stor age 

Acremon i e l l a 0 . 3  1 5 . 4  0 . 3  1 6 . 6  4 2 . 8  8 . 2  

Acremon i um 9 . 3 3 . 4  1 00 7 1 . 4  

As perg i l l u s 9 .  1 3 3 . 3  

E p i coc c u m  1 . 7  1 . 6 0 . 3  50 . 0  8 5 . 7  8 . 3 

F u s ar i um 7 5 . 6  58 . 3 1 . 5 1 00 1 00 7 5 . 0  

Mucor 2 7 . 6  4 . 0  0 . 3  66 . 7  5 7 . 0  2 5 . 0  

N i grospora  1 . 0 5 . 1  8 . 7 3 3 . 0  8 5 . 7  50 . 0  

Pen i c i l l i um 20 . 3  2 7 . 7  20 . 0  1 00 1 00 9 1 . 7  

N o .  s amp l e s 6 7 1 2  6 7 1 2  
exami ned  
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F i gure  3 - 8 : C o n t ami n at i on r ates  ( mean  % )  of e i g h t  f u n g a l  genera  from 

f i e l d ,  h arvest  and s t ored s amp l e s  of m a i ze ( 6 ,  7 and 1 2  

s amp l e s res pect i ve l y ) . 
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A tot a l  of  1 5  F u s ar i um spp  was  recorded from t he  34  s amp l es 

e x ami ned i n  wh i ch s pec i a t i on of F u s ar i um i so l a t e s  was undertaken  

( Tab l e  3 - 3 5 ) .  Stored ma i ze  cont a i ned t h e  fewest  s pec i es ( F .  s ub­

gl u t i n ans , F .  poae and F .  gr am i nearum on l y ) , wh i l st s o i l and l i tter  

s amp l es yi e l ded ten and 1 1  spec i es respec t i ve l y . F i e l d  and  h arvest  

m a i ze s amp l e s  conta i ned ten  s pec i es e ac h .  F .  grami nearum occurred at  

t h e  h i g hest  freq uency ( 6 7 . 6% of  a l l s amp l e s ) , F .  c u l mor um and  F .  

s ubgl u t i nans  were a l s o  common  at 6 1 . 7% e ac h .  

o f  occurrence ( one  out  o f  3 4  s amp l es each ) 
mer i smo i des , F .  equ i set i and F .  mon i l i forme . 

The l owest freq uenc i es 

was  recorded for F .  

When  t h e  overa l l l eve l s o f  F u s ar i um spp  contam i n at i ng ma i ze  i n  

t h e  f i e l d a nd at h arves t  t i me were comp ared , a h i g h l y  s i gn i f i cant  

d i f ference  ( P<0 . 001 ) was  i nd i cated  between t he  two popu l at i o n s  ( Tab l e  

3 - 3 6  and  F i g ure  3- 1 0 ) . Ma i ze s amp l es from t he  f i e l d  were found  t o  be 

c o n t am i n ated by F u s ar i um s pp at s i g n i f i c ant l y  h i g h er l ev e l s t h an 

h ar ve s t  s amp l e s i n  enumera t i o n s  done by d i rect p l a t i ng ( mean con­

t am i n at i on r ates  7 5 . 8% i n  f i e l d s amp l e s ,  5 8 . 3% i n  h arvest  s amp l e s ) . 

B u t  t h e  act u a l  n umbers of  d i fferent F u s ar i um s pp i so l ated from f i e l d 

a nd  h arvest  s amp l es gave no  s i gn i f i cant  d i fference ( P>0 . 05 )  (mean  4 . 8  

from f i e l d and  4 . 9  from h arve s t , Tab l e 3 - 36 ) . I n  contrast , t o t a l  

f u n g a l  popu l a t i on l eve l s from f i e l d a n d  h arvest  s amp l es s h owed no  

s i gn i f i cant  d i fferences ( P>0 . 05 )  a l t hough  t he  tota l  n umber of  genera  

at  h arve st  t i me s l i g ht l y  i nc reased ( mean 7 . 6  compared to 5 . 8  from 

pre h arve s t , Tab l e  3 -36 ) .  
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T ab l e  3- 3 5 :  Occurrence o f  F us ar i um spp  i n  34 s amp l e s exam i ned ( both  

techn i q ues , both med i a ) . 

N o .  o f  saml2l es l20s i t i v e  

M a i z e  Husk L i t t er S o i l  O c cu r rence 

F us a r ium spp f i e l d  ha rve s t  stored 
i n  34 

samp les 

F .  g r am i nearum 6 7 3 3 3 1 2 3  

F .  c u l m o r um 5 7 3 3 3 2 1  

F .  s u b g l u t i nans 3 5 8 2 2 2 1  

F .  o x y spo rum 3 1 2 3 1 0  

F .  a c u m i na tum 6 2 2 3 1 3  

F .  a v e naceum 1 1 4 

F .  poae 4 4 2 3 1 3  

F .  s o l a n i  3 3 

F .  me r i sm o i de s  1 

F .  l a t e r i t i um 2 4 

F .  e q u i s e t i  

F .  c r ookwe l lense 2 6 

F .  s a mbuc i num 1 1 2 

F .  s t i l b o i des 2 2 2 7 

F .  mon i l i f o rme 1 

T o t a l  s p p  1 0  1 0  3 8 1 1  1 0  

N o .  s a mp l e s  examined 6 7 1 2  3 3 3 34 
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T a b l e 3 - 3 6 :  Contami n at i on r ates ( % )  of  ma i ze  kerne l s by a l l 

fun g i  and by F us ar i um spp i n  f i e l d and h arvest  s amp l e s 

( d i rect p l at i ng techn i q u e ,  mean of  two med i a ) . 

A l l  f;;ngi F us a r i um sl2l2 
F i e l d  H a r v e s t  F i el d  Ha rvest 

Sample 0' No . 0' No . 0' N o .  0' No . ,0 ,0 ,0 ,0 

code contami n .  genera contami n .  genera contami n .  s p ec i es contami n .  species 

T 1  98 7 1 00 7 45 5 87  5 
T 2  98 6 82 5 73 3 40 4 
T 3  88 5 94 9 63 4 3 7  4 
T4 1 00 4 84 6 1 00 8 39  4 
J 1  1 00 6 * * 77 5 * * 

J2 1 00 7 1 00 8 97 4 74 4 
K H  * * 1 00 7 * * 5 1  3 
R H  * * 1 00 1 1  * * 80 6 

Mea n  9 7 . 3 5 . 8  94 . 3  7 . 6  7 5 . 8 " 4 . 8  58 . 3 " 4 . 9  

* : n o t  a ssayed 

II :  P < 0 . 001 

F i g u re 3 - 1 0 :  C ompar i s on of contami n a t i on by F us ar i um spp  of ma i z e  i n  

t h e  f i e l d  a nd a t  h arve s t  ( d i rect p l at i ng techn i q u e ) . 
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Tab l e  3 - 3 7  shows th e l eve l  o f  contami n at i on by t h e  i nd i v i du a l  

f u s ar i a i n  f i e l d and h arvest  s amp l es ( f i ve f i e l d s ) .  Three  F us ar i um 

s p p ,  F .  gr ami nearum,  F .  c u l mor um and F .  ac umi n at um ,  s howed a s i gn i ­

f i c an t  decrease  ( P<0 . 001 ) i n  h arve st  s amp l es ,  wh i l s t F .  s ubgl u t i n an s  

g a v e  t h e  s ame l eve l . T he  rema i n i ng s pec i e s were present  i n  l ow 

n umbers  on l y .  Over a l l ,  t he  F u s ar i um popu l a t i on dropped s i gn i f i -

c a n t l y  ( P<0 . 001 ) at h ar ve s t  t i me ( F i gu re 3 - 1 0 ) . 

T ab l e  3 - 3 7 :  Contami nat i on r ates  ( % )  of ma i z e kerne l s by i nd i v i d u a l  

F u s ar i um s p p ,  f i e l d  and harvest  s amp l es ( d i rect p l at i ng 

tec h n i q u e ,  mean o f  two med i a ) . 

C ontamina t i on rate 

F i e l d  sam l es H a r ves t sam l e s  

F us a r i um spp T 1  T2 T3 T4 J2 Mean T 1 H  T 2H T 3H T 4H J2H Me a n  

F .  g r aminearum 2 3  5 1  6 62 77 4 3 . 8  24 1 8  2 3  2 9  4 9  2 8 . 6 

F .  culmo rum 1 0  1 9  34 1 3  1 5 . 2  5 1 9  4 8 1 2  9 . 6  

F .  subglu t i nans 28 1 1  7 . 8  3 4  3 7 . 6  

F . o x y sp o rum 3 5 1 . 8 0 

F .  a c u m i natum 8 4 2 6  1 2  1 0 . 2  3 2 1 . 0 

F .  a v enaceum 0 1 2  2 . 4  

F .  poae 3 1 0 . 8  2 0  7 3 6 . 0 

F .  c r ookwe l lense 3 0 . 6  0 . 2  

F .  s t i lboide s  0 . 2  5 1 . 0 

F .  m o n i l i  Forme 0 . 2  0 

No . s pec i e s  

e a c h  sample 5 3 4 8 4 5 4 4 4 4 
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3 . 2 .  OCCURRE NC E  OF  FUSAR I UM MYCOTOX I NS I N  MAI l E  

Twen ty s amp l e s o f  ma i z e  obt a i ned from t h e  f i e l d ,  a t  h a rvest  and  

d u r i ng s t orage were extracted and an a l ysed for the  mycot ox i n s  - DON , 

DAS , T2- tox i n ,  l EA and MON a s  de scr i bed i n  Sect i on 2 . 2 .  I n  add i t i on ,  

f o ur  s amp l es of compounded pou l t ry r a t i o n s  conta i n i ng ma i z e  a s  t he i r  

major  i ngred i ent were i nc l u ded for compar i son . 

3 . 2 . 1 .  Th i n  L ayer Chromatogr aphy 

I n  Tab l e  3-38 , t he  res u l t s from TLC a s s ays of DON , DAS and T-2  

t ox i n  are  expres sed a s  mycotox i n  present  ( + ) or absent  ( - )  after 

compar i s on o f  the f l uorescence  c h aracter i s t i c s  of  pos i t i ve spots  from 

s amp l e s wi t h  those  of  authent i c  s t and ards  descr i bed i n  Sect i on 

2 . . 2 .. 6 . .  1 .  The Rf v a l u e s  of  the  F u s ar i um mycotox i n s  i n  t he  s o l vent  

c h l o roform-meth ano l ( 93 : 7 )  were  approx 0 . 2 3 ,  0 . 7 9 and 0 . 84 ( F i gu re 3 -

1 1 )  for  DON , DAS and  T - 2  t ox i n respec t i ve l y .  As s ays of lEA  ( Rf v a l u e  

0 . 7 3 )  c o u l d be  presented s emi q u ant i t at i ve l y  a s  ppm ( Sect i on 2 . 2 . 6 . 4 ) . 

Th e freq uenc i es of  T - 2  t ox i n ,  DON a nd lEA were 2 5% ,  2 9% and 54 . 2% 

r e s pect i ve l y  i n  the 24 s amp l e s  exami ned . No DAS was detected by TLC 

i n  any of t h e  s amp l e s . The max i mum n umber of mycotox i n s detected by 

t h e  TLC  method i n  any one  s amp l e  was  three  ( s amp l e  A3 ) wh i l e  s i x  

s amp l e s s howed two mycotox i n s  e ac h . N o  F u s ar i um tox i n s  were detected 

i n  t h e  pou l t ry r at i ons  ( GC 1 -4 ) by TLC . 
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Tab l e  3 - 38 : Th i n  l ayer c h r omatogr aphy an a l ys i s  of  m a i z e  and 

r a t i ons  s amp l ed for DON , DAS , T-2  

S amp l e  

code DON 

J2 

13 

T4 

T1 

J1 

T2 

T1 H 

KH 

T2H 

RH + 

T4H 

J2H 

13H 

C2 

0 1  + 

83 + 

A1  + 

A3 + 

AN- 1  + 

AN-2  + 

GC 1  

GC2  

GC3  

G C4 

Tot a l  +ve 7 

% +ve 2 9  

* . do ubtfu l  

Mycotox i n  

DAS 

o 
o 

T-2 t ox i n  

+ 

+* 

+* 

+ 

+ 

+* 

6 
2 5  

tox i n  and ZEA . 

Z 8A 
( ppm ) 
0 . 32 

0 . 5  

2 . 2  

0 . 4  

0 . 4  

1 . 9 

4 . 6  

2 . 9  

0 . 2  

16 . 0  

0 . 1  

O .  1 

0 . 8  

1 3  

5 4 . 2 

1 80 
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F i gu re 3 - 1 1 :  D i agr ammat i c  repres entat i on of  t h e  an a l ys i s  o f  mycotox i n  

s t and a r d s  accord i ng to  th e i r  Rf  v a l ues  on deve l oped TLC  

r/) 
(]) 
::J 
cU 
> 

..-

c: 

p l ates . 

1'0 

-

00 T-2 

(}8 _ DAS 
(!) ZEA 

-

06 --,  

-

(}4 -

-

(}2 -
® DON 

-

T LC without fluorescent 

indicator,  devel oping solven t 

chloroform-methanol ( 9 3 : 7 ) . 

l C!) ZEA 

] 
-

-

� 

-

-

(!) M O N  

T L C  with fluorescent indicator , 

developing solvent toluene­

acetone-methanol ( 5 : 3 : 2 ) . 
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3 . 2 . 2 .  G as C hromatography w i th F l ame I on i s at i on Detec t i on  

F i g ure  3 - 1 2  s hows a ga s ch romatogr am of  t h e  mycotox i n  s tandards  

after  conver s i on to t h e  tr i methyl  s i l y l  ( TMS ) ethers  ( a s d e s cr i bed i n  

Sect i on 2 . 2 . 6 . 2 ) . The amounts  of t ox i n i nj ected were 48 n g  for DON and  

9 6  ng  each  for DAS , T - 2  tox i n and lEA .  The amount  of  i n tern a l  s t an ­

d a rd ( C 24 , C2 6 , C28  a n d  C30  a s  a m i x ture )  w a s  80 n g . T h e  i de nt i t i es 

o f  the  p e ak s  are s hown on  F i gure 3 - 1 2 .  P e ak f con t a i ned unreso l ved  

C 28  and  lEA-TMS . Th u s  Z EA  co u l d not be  ea s i l y  q u ant i t ated on  the  

c o l umn if  t h e  i n tern a l  s t and a rd m i x was presen t . Q u ant i t a t i on of  lEA  

w a s  unre l i ab l e  even  i n  th e abs enc e of  over l app i ng C 28  bec a u s e  of  the  

i n s t ab i l i ty of  lEA-TMS . Where C28  i n terfered w i th  e s t i mat i on of  t h e  

l E A-TMS p e ak area/he i g ht , a n  e s t i mate co u l d s omet i mes  be  made by 

d i rect compar i s on wi th another  c hromatogram conta i n i ng i n tern a l  s t a n ­

d a r d s  on l y .  

The  major i ty o f  th e ma i ze s amp l es cont a i ned l arge amounts  of  

i n terfer i ng compound s ,  part i cu l ar l y  those  wi th  s i m i l ar retent i on t i me s  

to T -2 -TMS . For  ex amp l e ,  s amp l e  83 ( F i gure  3 - 1 3 ) was  contami n ated 

w i th sma l l amounts  of DON and DAS ( pe ak s  a and b )  but l arge  amounts  of 

mater i a l c o i nc i d i ng wi th the T-2  t ox i n peak ( pe ak e ) . C a l c u l a t i on of 

t h e  concen trat i on s  of  these  peaks  gave v a l ues  of  0 . 00 9 ,  0 . 4  a nd 37 p pm 

for  DON , DAS and T-2  t ox i n  respect i ve l y  ( th e  v a l u e  for T - 2  tox i n wa s  

l a ter found  to  be  f a l se  a nd  wa s  i n  fact very sma l l accord i ng to the  

G C - MS method descr i bed l ater ) . 

1 82 

There were a few s amp l es wh i ch d i d  not s how too  muc h i mpur i ty .  

S amp l e J 2  ( F i gu re 3- 1 4 ) w a s  contami n ated w i th T - 2  tox i n ( pe ak e ) ; t h e  

amount  of  T-2  tox i n i n  th i s  s amp l e was  s i m i l ar by  b o t h  GC  a n d  GC-MS 

( 0 . 1 8  and 0 . 2  ppm respect i ve l y ) . S amp l e  J 2  was  a l so  contami n ated w i th  

DON ( peak a ) ,  DAS ( pe ak b )  a nd  lEA  + C28  ( peak f ) . 

The pro b l ems of i n terference w i th the  a s s ay of T-2  t ox i n  and t h e  

ove r l app i ng o f  ZEA  w i th  C 28  were ov e rcome by  u s i ng a very l ong c ap i l ­

l ary col umn ( 50 m )  w i th a n  a l t ered temper ature  programme ( Sect i on 

2 . 2 . 3 . 1 )  a s  s h own i n  F i g ure  3 - 1 5 .  A l l of  the  mycotox i n s t and ards  a s  

we l l a s  t he  i nter n a l  s t and ard s  were we l l s ep ar ated , w i th  t h e  except i on 

of  the  DAS -TMS peak b and C 2 4  peak c ,  wh i c h c ame c l o ser owi ng to t h e  



c h ange i n  temperat ure p rogr ammi ng , b u t  they s t i l l  s h owed n e ar base­

l i ne reso l u t i on .  The  l on g  c o l umn h ad the  ad v a n t age of g i v i ng s h arp  

pe ak s w i th be tter reso l u t i on .  

F i gure 3 - 1 6  i s  a g a s  c h romatogr am of the  TMS der i v a t i ve s  from a 

n at u r a l l y- c o ntami n ated ma i z e s amp l e  ( AN - 2 ) w i th  Z EA  p resent  ( peak  d ) . 

T h e  Z EA-TMS peak was we l l s ep arated from the  C28  peak ( peak c ) . 
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F i g u r e  3 - 1 2 :  Ga s  chromatogr am of  TMS - der i v at i ve s  of mycotox i n  s t a n -

d ards  o n  1 2  m c a p i l l ary c o l umn . P e ak i de nt i f i c at i on :  

o 

a = DON -TMS , b = DAS-TMS , c = C 24 , d = C 26  ( i nter n a l  

s t andard ) e = T - 2 -TMS , f = Z E A-TMS + C28  ( i ntern a l  

s t andard ) ,  g =  C 30 ( i n tern a l  s t and a rd ) .  

( Attenuat i on wa s  c h anged from 64 t o  1 6 . ) 
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F i g u re  3- 1 3 :  Gas  c hromatog r am on  1 2  m c a p i l l ary c o l umn , s i l yl at ed 

extract s fr om n atura l l y- contami n ated ma i ze s amp l e 8 3 . 

P e ak i dent i f i c at i on :  

a = DON -TMS , b = DAS-TMS , c = C 24 , d = C 2 6 , 

e = T - 2 - TMS + u n k n own , f = C 28 
+ Z EA-TMS 

( Attenuat i on was c h anged from 64 to 1 6 . )  
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F i g u r e  3- 1 4 :  S amp l e  J2  c o n t ami nat ed w i th DON , DAS , T - 2  t ox i n  and lEA . 

, 
I i 

I 
I i 

. I 
1 

o 

! 
I 
i 
I 
1 I 
1 

Fewer i mpu r i t i es are apparent . P e ak i dent i f i c at i on :  

a = DON - TMS , b = DAS -TMS , c = C 24 , d = C 2 6 , e = T-2 -TMS 

and f = C 2 8  + l EA-TMS . 

( Atten u at i on was  c h anged from 64 to  1 6 . ) 
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F i g u r e  3 - 1 5 :  G a s  ch romatogr am of  TMS -der i v a t i ve s  of mycotox i n  s t a n ­

d ard on  5 0  m c ap i l l ary co l umn . P e ak i dent i f i c at i on :  

o 5 '  

a = DON - TMS , b DAS-TMS , c = C 24 , d = C26  
e = T-2 -TMS , f = C 28  g = ZEA- TMS ( Atten u at i on 6 4 ) . 

I 1 0  1 5  20 
Time (minutes)  

d 
Y 

I 35 
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F i g ure  3 - 1 6 :  Gas  c h r omatog r am of n at ura l l y- co n t am i n ated s amp l e  ( AN - 2 ) 

after der i v a t i s at i on w i th TMS , on 50 m c ap i l l ary co l umn . 

\ \ 
I 

\ 

, I 
· 0  

. : 
5 

Peak i de n t i f i c at i on :  

a = C 24 , b = C 26 , c = C 28 , d = ZEA-TMS 

( Attenu at i on was 64 except for peak a, wh i ch was 32 . )  
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The  retent i on t i mes for  peak s ,  both i n  mycotox i n  s t andard m i x ­

t u res and s ome o f  t h e  s amp l es ( a s  determi ned by the  computer ) are  

s umma r i s ed i n  T ab l e 3 - 3 9 .  I t  c a n  b e  seen th at  t h ere are c o n s i derab l e 

d i fferenc e s  between t he  two c o l umns wi th  reg ard t o  separat i on s  

obt a i ned . For examap l e ,  Z E A  and  C28  were n o t  separ ated o n  t h e  1 2  m 

c o l umn b u t  were w i de l y  separ ated o n  the  50 m c o l umn . S u c h  d i fferences  

m ay h av e  been due  t o  degrad at i on of t he  s t at i on ary p ha se  on  the  1 2  m 

c o l umn ( c ompared w i th  t h e  Forest  Research  I n s t i tute  1 2  m c o l umn , 

F i g ure  3- 1 7 ) . The l ev e l  o f  T-2  tox i n  e s t i mated was  freq u en t l y  h i g her 

th an t h a t  obta i ned by GC -MS ( Sect i on 3 . 2 . 3 ) . T h i s  was  ev i dent l y  d u e  

to  t h e  presence  of an  i n terfer i ng compound i n  t h e  s amp l es .  No  s u c h  

p rob l em w a s  observed w i th t he  5 0  m co l umn , on  wh i c h a l arge peak  i n  

the  s amp l es often oc c u rred b efore t he  T-2  tox i n  p e ak . 

Tab l e 3 - 3 9 : Retent i on t i me ( m i n ) of  the  p e ak s of  t he  mycotox i n  s t an-

d a rd m i x t u re ( MTM ) and  some of  those  from t he  s amp l e s ,  

( computer  ana l ys i s ) . 

A = on  s hort co l umn 

S amp l e  D at e  

or MTM DON DAS C 24  C26  T-2  C28 ZEA  o f  r u n  

1 89 

MTM 8 . 9 7 1 0 . 43 1 0 . 9 7 1 4 . 69 1 7 . 99 1 8 . 8 1 1 8 . 8 1 2 7 . 2 . 86 

83 8 . 95 1 0 . 44 1 0 . 92 1 4 . 67 1 8 . 08 1 8 . 8 1 1 8 . 8 1 " 

J2  8 . 86 1 0 . 34 1 0 . 95 1 4 . 65 1 7 . 96 1 8 . 7 9 1 8 . 7 9 " 

MTM 8 . 93 1 0 . 45 1 0 . 92 1 4 . 6 1 1 8 . 02 1 8 . 7 6 1 8 . 76 2 5 . 2 . 86 

B = on  l ong c o l umn 

MTM 20 . 63 2 2 . 09 2 2 . 2 2 2 6 . 53 3 1 . 9 1 3 2 . 7 7 34 . 67 2 7 . 6 . 86 

AN-2  20 . 6 7 2 2 . 24 2 6 . 55 3 2 . 80 34 . 74  " 

MTM 20 . 66 2 2 . 1 3 2 2 . 26 2 6 . 58 3 1 . 99 3 2 . 85 34 . 57 30 . 6 . 86 
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F i g ure  3- 1 7 :  G a s  c h romatogr aphy of mycotox i n  s t and ard on  1 2  m c ap i l ­

l ary c o l umn u s i ng Hewl ett  P a c k ard  G C  system a t  Forest  

Research  I n s t i tute . P e ak s a ,  b ,  e and g for  DON , DAS , 

T-2 t ox i n  and ZEA der i v at i ves  respec t i ve l y ,  w i t h  l es s er , 

u nk n own peak s be i ng by- produc t s , pe aks c ,  d ,  . f and  h 

i ntern a l  s t and ard . ( Atten u at i on wa s  1 6 . ) 
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Tab l e  3-40 s hows t he  semi q u ant i tat i ve res u l t s for the  four  

F u s a r i um mycotox i n s DON , DAS , T-2  tox i n and ZEA . R e s u l t s obt a i ned 

from th e GC-F I D  i nd i c ated a very h i gh freq u ency of  oc c u rrence of t h e  

above F u s ar i um myco tox i n s  i n  compar i son to  t he  resu l t  o f  the  T L C  

me thod ( Tab l e  3 -38 ) . The  mo st common was Z EA  ( 70 . 8% of s amp l es ) and  

the  l e a s t  common was  DAS  ( 1 6 . 7% of  s amp l e s ) . DON and T - 2  tox i n were 

detected i n  5 8 . 3% and  62 , 5% of s amp l e s res pect i ve l y .  Four  ma i z e 

s amp l e s ( J 2 ,  13 , T4 a nd B3 ) were contami n ated w i th four mycotox i n s 

e ac h , another four  s amp l e s were contami n ated w i th three  mycotox i n s 

each  wh i l e ten s amp l e s c onta i ned two myco t ox i n s  e ac h .  T h e  neg a t i ve  

s amp l e s were from po u l try r at i ons  ( GC2 , G C3  and  GC4 ) , together w i th 

one ma i z e s amp l e  ( T1 H ) . 

T he  l owe st  apparent  l ev e l  of  tox i n detected was 0 . 009 ppm for DON 

i n  s amp l e  33 . T-2 tox i n  and ZEA  contami n ated some s amp l e s at h i g h 

l eve l s .  S amp l e s B 3  and RH gave  3 7  and 2 5  ppm res pect i ve l y  o f  

apparen t l y  T - 2  tox i n ,  a n d  s amp l e  A1 g a v e  1 7  p pm  o f  Z E A .  These were  

l a ter found  to be  fa l s e po s i t i ves . 
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Tab l e  3 -40 : 

S amp l e  

code 

J2 

T3 

T4 

T1 

J 1  

T2 

T1 H 

KH 

T2H 

RH 

T4H 

J2H 

T3H 

C2 

01  

B3  

A 1  

A3 

SA . 1  

SA . 2  

G C 1  

G C 2  

GC3  

GC4  

Tot a l  +ve  

% +ve 

S emi q u a nt i t at i ve a s s e s sment o f  four  F u s ar i um mycotox i n s 

i n  24 s amp l es of m a i z e  and pou l t ry r a t i ons , u s i ng the  

GC - F I D  method . 

L e v e l  of myc otox i n  ( ppm ) 
DON 

0 . 3  

1 . 5 

0 . 3  

0 . 3  

4 . 9  

0 . 1 4  

0 . 09 

1 . 3 

0 . 08 

0 . 009  

0 . 1 4  

0 . 6  

0 . 1 2  

0 . 4  

1 4  

5 8 . 3 

DAS 

1 . 3 

4 . 2  

0 . 3  

0 . 4  

4 

1 6 . 7 

T -2  t ox i n  

0 . 1 8  

1 . 7 

0 . 6  

t r ace 

1 3 . 0  

2 5 . 0  

t r ace 

8 . 0  

1 . 2 

0 . 02 

0 . 08 

3 7 . 0  

4 . 7  

3 .  1 

6 . 7  

1 5  

6 2 . 5  

Z EA 

1 . 8 

3 . 0  

3 .  1 

t race  

t r ace  

t r ace  

3 . 9  

0 . 5  

3 . 8  

3 . 0  

1 . 4 

6 . 6  

1 7 . 0  

4 . 2  

1 . 2  

1 . 7  

2 . 9  

1 7  

7 0 . 8  

N o .  o f  tox i n s  

detected  

4 

4 

4 

3 

2 

1 

0 

2 

2 

2 

2 

3 

2 

1 

2 

4 

3 

2 

2 

2 

3 

0 

0 

0 
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3 . 2 . 3 .  G as C hromatogr aphy - Mass Spectrometry 

D etect i on ,  q u a nt i t at i on and confi rmat i on o f  the  n a t u r a l  occur ­

rence  of F u s ar i um mycotox i n s i n  ma i ze s amp l e s were more re l i ab l y  

ac h i eved  by u s i ng t he  GC -MS system a s  d e s c r i bed i n  Sect i on 2 . 2 . 3 . 1 , B .  

F i gu re 3 - 1 8 s hows t he  i on c hromatogr ams of f i v e  s e l ect ed i on s  for e ac h  

myco t ox i n s t and ard u nd e r  t h e  cond i t i ons  d e s c r i bed i n  Sect i on 2 . 2 . 6 . 3 . 

The  TMS der i vat i sed  s t andard m i x tu res of  t h e  four  mycotox i n s  were  

i n jected at the  l eve l o f  80 ng  of DON and  1 20 ng  for  each  of  DAS , T-2  

tox i n and lEA . U s i ng an open s p l i t  i nterfac e ,  on l y  90% of  the  amou n t  

of i n jected mater i a l  i s  a n a l ysed by the  m a s s  s pect rometer . S I M  i on 

c hromatogr ams A ,  B ,  C and 0 ( F i gu re 3 - 1 8 )  s how t h e  approx i mate reten­

t i on t i mes  of DON-TMS ( 1 2 . 55 m i n ) , DAS -TMS ( 1 3 . 9  mi n ) , T - 2 -TMS ( 2 1 . 2  

m i n )  and  lEA-TMS ( 2 2 . 3  m i n ) .  The peaks  on f i v e  s e l ected i on ch romato­

grams for each  der i v at i ve h ave the  s ame retent i on t i me .  

The  d a t a  s tored i n  the  computer system c a n  b e  an a l ysed a nd 

presen ted i n  d i fferent  forms . F i gure 3 - 1 9 s hows the mas s spectr um of  

t he  s e l ected i on s  for each  mycotox i n  s t and a rd der i v at i ve as we l l a s  

t h e  who l e S I M  i on c h r omatog r am o f  the  m i x t u re . F u l l  s c a n  mass  s pect r a  

o f  th e TMS der i v a t i ves  o f  each  mycotox i n  s t andard  were obt a i ned by 

u s i ng the tota l  i on mon i tor i ng mode ( F i g ure  3 - 2 0 )  to  compare w i th  S I M  

mode for abso l u te  conf i rmat i on .  

The chromatogr ams obt a i ned from a n  extr act of a s p i ked m a i z e  

s amp l e  after der i v a t i s at i on a re  s hown i n  F i gure 3 - 2 1 . S I M  i on 

c hromatogr ams of t he  four mycotox i n s  were i dent i c a l  t o  t h o s e  of 

a u th en t i c  mycotox i n  s t and ard s ,  i n  both reten t i on t i me a nd the r at i os 

of  i on i ntens i t i es .  Th i s  c h romatogram wa s  u n u s u a l  i n  t h a t  a s econd  

p e ak appeared w i th a s i mi l ar fr agmentat i on p at tern to  lEA-TMS but  an  

a n  e ar l i er rete nt i on  t i me ( 1 9 . 5 5 m i n ) . T he  i dent i ty of  t he  p e ak i s  

u n k n own and i t  d i d  not  appear i n  any of t h e  s amp l es . 

Typ i c a l  n at u r a l  con tam i n at i on wi th  a l l four  F u s ar i um mycotox i n s 

i s  exemp l i f i ed by s amp l e  J 2 . Th i s  ma i ze s amp l e  was c o n t ami n ated w i th 

DON , DAS , T-2 t ox i n a nd lEA . The c hromatogr ams of the mycotox i n s are 

s h own i n  F i g ure  3- 2 2 . T he  S I M i on c hromatogr ams were i dent i c a l  to  

t hose  of t he  a u th ent i c  mycotox i n  s t andard s .  Two i on s  ( M/ Z  1 73 and  

1 2 2 )  from T-2  t ox i n s howed a second peak  correspond i ng to an  unk n own 



component . Q u ant i t at i on  of t he  l ev e l  of cont am i n at i on gave  0 . 3 , 0 . 9 ,  

0 . 2  a nd 2 . 4  ppm for DON , DAS , T -2  tox i n  and l EA  respect i ve l y  ( Tab l e  

3 -4 1 ) . 

F i g ure 3 - 23  s hows two d i fferent amou n t s  of lEA i n  c o n t am i n ated  

s amp l e s  AN - 1  and T2 . C a l cu l at i ons  reve a l ed  t he  l eve l  of  contam i n a t i on  

to  b e  0 . 33 and  1 . 3 p pm for AN - 1  and T2 � s amp l e s  respect i ve l y  ( T ab l e  

3-4 1 ) . 

R es u l t s  from t h e  GC-MS method for detect i on and quant i t at i on of  

DON , DAS , T-2 t ox i n a nd lEA , as  s ummar i s ed i n  Tab l e  3 -4 1 , i nd i c a t ed 

that  T-2 tox i n  h ad t h e  h i ghest  freq uency of  occurrence among the  24  

s amp l e s exam i ned . DAS  was  the  l ea st  common .  The l eve l s of  occurrence  

of DAS , DON , lEA and  T - 2  t ox i n  were  25% ,  4 1 . 7% ,  50% and 54 . 2% respec­

t i ve l y .  Two s amp l e s ,  J2 and T4 , were  contam i n at ed w i th  four  

mycotox i n s  and  e i ght  s amp l e s were con t am i n ated wi th  two  mycotox i n s .  

No F u s ar i um mycotox i n s  were found i n  t he  four  pou l t ry r at i on s amp l e s  

( GC 1 , GC 2 ,  GC3  a nd GC4 ) . The  l i mi t of  detectab i l i ty for the  four  

tox i n s  was e s t i ma ted to be between 20-40  ppb  ( 20-40 n g / k g ) . 
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F i g u r e  3 - 1 8 :  S I M  i on c hromatogr ams of mycotox i n  s t and ard s  

( A )  DON-TMS ; 

( B )  DAS-TMS ; 

( C )  T - 2 - TMS ; 

( D )  Z EA-TMS 

wi th retent i on t i mes  of 1 2 . 5 5 ,  1 3 . 9 ,  2 1 . 2  and  2 2 . 3  m i n 

r e s pect i ve l y .  
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F i gure  3 - 1 9 :  S I M mas s spectra ' of  mycoto x i n s t and ard s of  

( A )  DON -TMS ; 

( B )  DAS -TMS ; 

( C )  T -2 -TMS ; 

( 0 ) ZEA-TMS . ( *  s e l ected i o n . ) 
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F i gure  3 -20 : Tot a l  i on c h romatogr am of 4 s t andard mycotox i n s ;  

from l eft to r i ght : TMS der i v a t i ves of DON , DAS , 

and ZEA  at  retent i on t i mes  of 1 1 . 1 ,  1 2 . 2 , 1 9 . 5 and 

top 

T -2  

20 . 5  

m i n res pect i ve l y , a nd f u l l s can  mass  spec t r a  of TMS ­

der i v a t i ves  of 

( A )  DON ; 

( B )  DAS ; 

( C )  T-2  tox i n ;  

( D )  ZEA . 
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F i g ure  3 - 2 1 : S I M  i on c hromatograms of mycotox i n s recovered 

from s p i ked  s amp l e :  

( A )  DON -TMS ; 

( B )  DAS -TMS ; 

( C )  T-2 -TMS ; 

( D )  ZEA-TMS , 

w i th reten t i on  t i mes  of 1 2 . 4 ,  1 3 . 9 ,  2 1 . 6 and 

2 2 . 6  mi n re spec t i v e l y .  
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F i g u r e  3 - 2 2 : S I M i on c hromatogr ams of n at u r a l l y- contam i n ated m a i z e  

( s  amp 1 e J 2 ) .  

( A )  OON -TMS ; 

( B )  OAS -TMS ; 

( C )  T -2 -TMS ; 

( 0 )  ZEA-TMS 

w i th reten t i on t i mes  of 1 1 . 58 ,  1 2 . 7 7 ,  20 . 1 2  a nd  2 1 . 0 7 

m i n respec t i ve l y .  
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Tab l e  3-41 : Semi q u ant i t at i ve a s ses sment  of  F u s ar i um mycotox i n s i n  2 4  

s amp l es of  ma i ze and pou l t ry r at i on s ,  u s i ng t he  GC -MS 

method . 

S amp l e  

code  

J2  

T3 

T4 

T 1  

J 1  

T2  

T 1 H  

KH 

T2H 

RH 

T4H 

J2H  

T3H 

C2 

0 1  

83  

A1  

A3 

AN - 1  

AN -2  

GC 1  

GC2 

GC3 

GC4 

Level  of myc o t ox i ns (ppm ) 
DON DAS T-2  tox i n ZEA  

0 . 3  0 . 9  0 . 2  2 . 4  

trace  0 . 5 

0 . 2  0 . 5 0 . 1 2  t r ace 

0 . 3 0 . 5  0 . 1  

0 . 007 1 . 3 

0 . 005 2 . 0  

0 . 05 

0 . 09 0 . 04 0 

0 . 03 0 . 2  0 . 08 

0 . 8  0 . 1 0 . 08 

3 . 8  

0 . 02 0 . 05 0 . 2  

O .  1 0 . 06 

0 . 1  0 . 05 0 . 2  

0 . 0 1 6  0 . 1 4  

0 . 024 0 . 33 

0 . 1 3  0 . 6  

Tot a l  +ve  1 0  6 

25 . 0  

1 3  

5 4 . 2  

1 2  

50 . 0  % +v e  41 . 7  

No . o f  tox i n s 

detected 

4 

2 

4 

3 

0 

2 

2 

0 

1 

2 

3 

3 

1 

0 

3 

2 

3 

2 

2 

2 

a 
a 
a 

a 

200 



F i g u r e  3 - 2 3 :  S I M  i on c hromatogr ams of mai z e  s amp l e s  ( AN - 1  and T 2 ) 

n atura l l y  cont ami n at ed ) 

t i me was  2 2 . 7 5 .  

w i t h  ZEA .  The  reten t i o n  
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3 . 2 . 4 .  TLC and  TLC Dens i tometry Screen i ng for Mon i l i formi n 

Th e MON res u l t s  were separated from t h e  other four  mycotox i n s 

b e c a u se  d i fferent an a l yt i c a l  methods  were u s ed . One method , u s i ng TLC  

p l ates  w i thout f l uorescent i nd i c ator ( Se ct i on 2 . 2 . 6 . 1 )  was  u sed t o  

attempt to detect MON i n  s amp l e  extr act s .  Accord i ng to  th i s  met hod , 

ten  s amp l e s were contam i nated w i th MON ( Tab l e  3-42 ) . MON was  a l s o  

prod u c ed by t h e  two F .  mon i l i forme and o n e  F .  s ubgl u t i nans  i s o l a te s  

u s ed a s  po s i t i ve contro l s .  However ,  u s i ng the  more accu rate  tec hn i q u e  

o f  den s i tometry o f  the  2 , 4 - D N P H  der i v a t i ves  on l y  the two i s o l ates  NRRL  

1 3088 and  6022  prod u c ed MON ( a t l ev e l s o f  6 38  a nd >500 mg/ k g  [ p pm] 

re spect i ve l y ) ( Ta b l e  3 -4 2 ) . No  MON was  detected  i n  a ny o f  the  m a i z e  

s amp l e s  exami ned . a nd a l l th e s amp l es were th erefore reg arded a s  

negat i ve .  
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Tab l e  3 -4 2 : Presence  o f  mon i l i f ormi n i n  s amp l e s  of ma i z e  and pou l try 

r at i o n s ' u s i ng TLC  and TLC d en s i tometry of MON -2 , 4 - D N P H  

der i v a t i ve s .  A l so  i nc l uded  were th ree k n own MON ­

produc i ng s tr a i n s  of F .  s ubgl u t i n ans . 

Samp l e  D i rect v i s u a l  Den s i tometry of 

code method 2 , 4 - D NPH  der i v a t i ve s  

J 2  + 

T3 + 

T4 

T1 + 

J 1  

T2 + 

T1 H 

KH 

T2H + 

RH + 

T4H + 

J 2H + 

T3H + 

C 2  

0 1  

B 3  + 

A1 

A2 

AN - 1  

AN2 - 2  

GC 1  

GC2  

GC3 

GC4 

+ve  { NRRL 1 3088 + 638 mg/ k g  

contro l { NRRL 6022 + >500 mg/ k g  

{ NRRL 5860 + 
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3 . 2 . 5 .  F i n a l  As s e s smen t  of the  An a l ys es 

T ab l e  3-43  s hows t h e  percentage  freq uency of oc c u rrence of t h e  

four F u s ar i um mycotox i n s  ( exc l u d i ng MON ) . T h e  d a t a  a r e  a l so presen ted 

as a h i stogr am ( F i gure  3 - 24 ) . There was reason ab l e  agreement between 

the GC and GC-MS method s for a l l mycotox i n s ,  except t h at wi th  ZEA  

there  was a c l oser re l a t i ons h i p  between TLC and GC -MS than  w i th t he  GC  

and  GC -MS method . 

The  numbers of mycotox i n s per s amp l e  wh i ch cou l d be detected by 

the d i fferent methods  are l i s ted i n  Tab l e 3-44 . Th i s  t ab l e  s hows 

there was reasonab l e  agreement  between the GC  and GC-MS method s .  The  

max i mum  n umber of mycotox i n s detected i n  any one  samp l e by  TLC was  

three , from one samp l e  on l y , wh i l e four  mycotox i n s were  detected by GC  

i n  fou r  s amp l es and i n  two s amp l es by  GC -MS . I t  was apparent , never ­

the l e s s ,  t h at a h i g h proport i on of s amp l e s  were  contami n ated w i t h  mor e  

t h a n  one  mycotox i n .  

Tab l e  3 -4 3 :  Freq u ency o f  occu rrence of four F u s a r i um mycotox i n s i n  2 4  

s amp l e s  o f  ma i ze and pou l try r at i on s  a s  recorded by t h e  

three an a l yt i c a l  method s .  

Method of % occ urrence ( n=24 ) 
a n a l ys i s DON DAS T-2  ZEA  

TLC  2 9 . 0 0 2 5 . 0  54 . 2  

GC  5 8 . 3 1 6 . 7  6 2 . 5  70 . 8  

GC-MS 4 1 . 7  2 5 . 0  54 . 2  50 . 0  

Tab l e  3-44 : Number  of s amp l es contami n ated w i t h  one or more F u s ar i um 

mycotox i n s  a s  recorded by  t h e  t hree ana l yt i c a l  method s .  

Method of Number of mycotox i n s i n  s amp l e  

a n a l ys i s 0 1 2 3 4 

( n =24 ) 
TLC 6 1 1  6 1 0 

GC  4 2 1 0  4 4 

GC-MS 7 2 8 5 2 
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F i n a l  j ud gement  of " co n t am i n ated samp l e " status  was  determ i ned 

u s i ng the  fo l l ow i ng parameters : -

a - E very mycotox i n  de tected by GC-MS method  on  a S I M  i on c hromatogram 

u s i ng an  i de nt i c a l  f i ve ( on a few occ a s i ons  fou r )  i on s  was  

regarded as pos i t i ve .  

b - Detect i on and  q u a nt i t at i on o f  lEA was  con s i dered best  by t h e  TLC 

method , but  w i t h  conf i rmat i on by GC -MS . 

c - I f  GC -MS reve a l ed on l y  two or three of t he  f i ve req u i red peak s  b u t  

t h e  mi ss i ng ones  may h a ve  been ma s ked  bec ause  of h i g h bac k gro u n d  

i nterference from another compound e l u t i ng a t  a s i m i l ar reten t i on 

t i me ,  and i f  t he  res u l t s  of TLC or GC  a n a l ys i s  a l s o  s ugge s t ed t he  

presence of  t h e  mycotox i n ,  the  resu l t  was  con s i dered pos i t i ve .  

d - Q u a nt i t a t i on and  confi rma t i on of  MaN  depended s o l e l y  on the  TLC  

de n s i tometry of  der i v a t i ves  of MaN p rep ared w i th 2 , 4- D N P H . 

Occ a s i ona l l y  UV  s pectrophotometry wa s  a l so u s ed for f u r t her  

conf i rmat i on ( d i s c u s sed l ater ) . 

On the  b as i s  of the  above cr i ter i a ,  the  f i n a l  a s s e s sment  of  

s amp l e s i s  l i s ted i n  T ab l e 3-45 . lEA w a s  t h e  mos t  freq uent  myco t ox i n  

( 62 . 5% of s amp l e s ) . The h i g hest  l ev e l  of c on t ami nat i on was  recorded 

for s amp l e  J2H ( 1 6  ppm ) . The  l owes t  l ev e l  o f  detect i on by TLC  wa s  0 . 1  

ppm . Four  s amp l es were contam i na ted a t  l eve l s of over 2 ppm . The  

freq uency of occurrence  of T - 2  tox i n  and  DAS  d i d  not d i ffer from  the  

re s u l t s obt a i ned by  GC-MS ( 54 . 2% and  2 5% of  s amp l e s  respect i ve l y ) . 

The freq uency of  DON wa s  ad j u s ted to  45 . 8% o f  s amp l e s i n s tead of  4 1 . 7% 

by G C -MS or 58 . 3% by GC . None  of t he  s amp l es were con s i dered pos i t i ve 

for MON . 

T he  f i n a l  res u l t s i nd i c ated t h at t hree  s amp l es were contam i n ated 

wi t h  four mycotox i n s each , s even  s amp l e s s howed three mycotox i n s e ac h ,  

f i ve  s amp l e s h ad two mycotox i n s eac h and two s amp l es  had  one mycot ox i n  

eac h . 
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Tab l e  3-4 5 :  " Co n t am i nated s amp l e  s t a t u s "  and  s em i q u ant i t a t i v e  a s se s ­

sment  ( ppm ) of  DON , DAS , T - 2  tox i n ,  Z E A  a nd MaN i n  

ma i ze and  pou l try rat i on s amp l e s .  

207  

S amp l e  

code  DON  

Mycotox i n  

DAS T-2  tox i n  ZEA MaN 

N o . of t ox i n s  

detected  

J2  

T3  

T4 

T1 

J 1  

T2 

T 1 H 

KH  

T2H 

RH 

T4H 

J2H 

T3H 

C 2  

D 1  

B3  

A 1  

A2 

A N - 1  

AN- 2  

GC 1 

GC 2 

GC 3 

GC4  

Tot a l  +ve 

% +ve 

0 . 3  

0 . 2  

0 . 2  

0 . 09 

0 . 03 

0 . 02 

0 . 1  

0 . 1 2  

0 . 03 

0 . 02 

0 . 02 

1 1  

4 5 . 8  

0 . 9 

0 . 01 

0 . 5 

0 . 5 

0 . 03 

0 . 1 3  

6 

25 . 0  

0 . 2  

0 . 1 2  

0 . 1  

0 . 00 7  

0 . 005  

0 . 05 

0 . 04 

0 . 2 

0 . 07 

0 . 05 

0 . 06 

0 . 05 

0 . 02 

1 3  

54 . 2  

0 . 32 

0 . 5  

2 . 2  

0 . 4  

0 . 4  

1 . 9 

2 . 6  

2 . 9  

0 . 2  

1 6 . 0  

0 . 2  

0 . 1  

0 . 1  

0 . 8  

0 . 6  

1 5  

6 2 . 5  

4 

2 

4 

4 

1 

2 

2 

a 

1 

3 

3 

3 

a 

a 

3 

2 

3 

3 

2 

3 

a 
a 
a 
a 

1 7  

7 0 . 8  



3 . 3 . PRODUCT I ON OF  TOX I NS BY  FUSAR I UM SPP  I SOLATED FROM MAI ZE F I E L DS 

3 . 3 . 1 .  I s o l ates  Tes t ed 

A tota l  o f  40  F us ar i um i s o l ates  be l o ng i ng to  1 3  d i fferent  s pec i es 

obt a i ned from ma i ze ,  h u sk , l i t ter a nd s o i l ,  were cu l t i v ated on ma i z e 

( Sect i on 2 . 2 . 4 )  t o  s c reen for t he  prod uct i on of f i ve mycoto x i n s :  DON , 

DAS , T-2  tox i n ,  ZEA a nd MON . Br i ef i nformat i on about t hese  s p ec i e s ,  

i nc l u d i ng t he i r  f i e l d  of or i g i n  and t he i r  re l a t i on to spec i f i c  s ub ­

strates , i s  g i ven  i n  Tab l e  3 -46 . T hese  i so l ates  were  r andom l y 

s e l ected from t h o s e  obt a i ned from d i f ferent  f i e l d s  and s u b s t r at e s , b u t  

the  major i ty were  from f i e l d s T4 , T3  a nd  J 2 , from wh i c h 1 5 ,  1 1  a n d  9 

i so l a tes  respect i ve l y  were obt a i ned . T a b l e  3-46 a l s o  i nd i c a te s  t h at 

t he  maj or i ty o f  te s ted i so l ates  be l o nged to  one of two maj or  s pec i es ,  

F .  gr ami nearum ( 1 1  i s o l ates ) and F .  s ubgl u t i nans  ( 1 5  i so l ates ) .  
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Tab l e  3-4 6 :  F u s ar i um i so l ates  tes t ed for  tox i n prod uct i on .  

I so l a t e  O r i gi n 

Spec i e s code F i e l d S ub st rates 

F .  g r ami nearum SN1  T1  Ma i z e - harvest  
SN2  T3 Ma i z e - f i e l d 
SN5  J 2  I I  I I  

SN9 J2 Ma i z e - h arves t  
SN 1 3 T3 H u s k  
SN 1 5  J 2  Ma i ze - f i e l d 
SN3 7  T3 Ma i z e  - h arve s t  
SN39 T4 I I  I I  

SN40 J2 L i tter 
SN41  J2  Ma i z e  - h arvest  
SN42 T1 Ma i z e - f i e l d 

F .  s u bg l u t i n a n s  SN3  T4 Ma i ze - f i e l d  
SN 1 4  T3 Ma i z e - h arvest  
SN 1 7  T4 H u s k  
SN 1 8  T4 I I  

SN1 9 T4 Ma i z e  - f i e l d 
S N2 1  J 1  I I  I I  

SN22  J 1  I I  I I  

SN23 T4 I I  I I  

SN24 T3 Ma i z e - h arve s t  
SN25  T3 I I  I I 

SN27  T4  Ma i ze - f i e l d  
SN28 T4 I I  I I  

SN29 J2  Hu s k  
SN30 J2 Ma i z e - stored 
SN3 1 J2  I I  II 

F .  a venaceum SN7 J 2  Ma i z e - harvest  
SN38 T4 L i t ter 

F .  c u l morum SN26  T4  Ma i ze - h arve s t  
SN35  T3 Ma i z e  - f i e l d 

F .  eq u i set i SN6 T4 L i tter 
SN34 T3 H u s k  

F .  mer i smo i de s  SN36 T4 So i l 
F .  mon i 1 i f  orme SN4 T4 Ma i z e  - f i e l d  
F .  c rookwe l l en s e  SN8 T4 L i tter  
F .  s t i l bo i de s  SN 1 2 T3 So i l 
F .  acumi natum S N 1 6 T3 H u s k  
F .  oxysporum SN20 J2  So i l 
F .  s ambuc i num SN32  T4 L i tter  
F .  oxysporum SN33 T3 Ma i z e - f i e l d 



3 . 3 . 2 .  Myc o t ox i n  As s ay 

These  i s o l ates  were c u l t ured on  ma i ze  med i um ( Sect i on 2 . 2 . 4 )  and  

treated s i m i l ar l y  to the  ma i z e s amp l e s for extr act i on ,  c l e an - up steps  

and a s s ay method s for  any mycotox i n s ( Sect i on s  2 . 2 . 5  and 2 . 2 . 6 ) . The  

th ree a s s ay t ec h n i ques  ( TLC , GC  and  GC-MS ) were app l i ed but  not  a l l 

the  i s o l a te s  were a s s ayed by a l l t h ree method s .  

Ta b l e  3 . 47 reports  th e re s u l t s of  TLC a s s ay of 2 8  d i fferent 

F u s ar i um i s o l a te s  sc reened for DON , DAS , T-2  tox i n and lEA . These  

resu l t s are expressed as tox i n present  ( +ve ) or absent ( - ve ) , except 

for lEA  for wh i c h an e s t i mat i on as ppm of lEA was made . 

Over 7 8% of  the i s ol ates  were lEA-produc ers , at l eve l s r ang i ng 

from traces  « 0 . 1 ppm ) to about  96  ppm . A l l F .  gr am i nearum i s o l ates  

( 1 1 / 1 1 )  were  l EA- producers . No  lEA was  de tected i n  t he  c u l t u res  of the  

three i so l a te s  of  F .  s ubgl u t i nans . 

U s i ng t h e  TLC method , T-2  tox i n was  detected from 3 5 . 7% of c u l ­

ture s ,  c l o s e l y fo l l owed by DON 32 . 1 % .  No DAS was detected by th i s  

method . Two i s o l ates  of F .  gr ami nearum and one i so l a te of  F .  equ i s e t i  

were found to  prod uce  t h ree F u s ar i um tox i n s  ( DON , T - 2  tox i n a n d  l EA ) . 

On l y  1 2  F us ar i um cu l t ures were a s s ayed by the GC method . The  

major i ty ( s even  i s o l ates ) were F .  gr am i nearum .  Other spec i es were 

repre sented by s i ng l e  i s o l a tes  on l y  ( Tab l e  3-48 ) . The GC method was  

emp l oyed for both  detect i on and q u a nt i t at i on of  the  tox i n .  

2 1 0  

U s i ng G C  a l l the  1 2  i s o l ates  were found t o  be producers  o f  lEA  

and T - 2  tox i n ,  5 8 . 3% were DON  prod u cers . On l y  one i so l ate  (� 

gr ami n e arum,  S N39 ) prod uced DAS i n  ad d i t i on to the DON , T-2 t ox i n and 

lEA . l EA produc t i on r anged from a h i gh of 85 ppm from F .  gr ami nearum 

i s o l ate  SN40 to  a l ow of  0 . 9  ppm for F .  ac umi n atum i s o l ate  S N 1 6 .  The 

max i mum prod uc t i on of  T-2 tox i n was from F .  gr am i nearum i s o l ate  SN39 , 

wh i ch y i e l ded 38 . 0  ppm . L owes t  T - 2  prod uc t i on ( 0 . 6  ppm)  wa s  from F .  

ac umi n a t um SN 1 6 .  

F i ve out  of the s even i s o l ates  of F .  gr am i nearum were DON -

prod u cer s . DON was  u s u a l l y prod uced at  l ow l eve l s ,  the max i mum be i ng 



5 . 6  ppm from F .  gr ami nearum i so l a te S N 1 3 a nd the l owe s t  0 . 007 ppm from 

F .  s amb uc i n um SN32 . 

Twen ty- f i ve d i fferent cu l t ures  o f  F u s ar i um i so l a te s  were as s ayed 

q u ant i t at i ve l y  and q u a l i t at i ve l y  by the  GC-MS method and t he  resu l t s 

are reported i n  T a b l e  3-4 9 .  Of t h e  tes ted i s o l ates , 1 1  were of  F .  

grami nearum .  The tota l  i on c h romatogr ams of  F usar i um tox i n s prod uced 

by i so l a te  S N 3 9  are  s hown i n  F i g u re  3 - 2 5  a s  an ex amp l e  ( DON , DAS and 

l EA ) . 

GC-MS a n a l ys i s i nd i cated t h a t  more t h a n  h a l f of  t he  tes ted 

i so l ates  were T-2 tox i n producer s , b u t  at  very l ow l eve l s ,  r ang i ng 

from 0 . 02 p pm from i s ol ate  F .  s amb uc i num SN32  to 1 . 1 ppm from F .  

crookwe l l e n s e  S N8 .  lEA w a s  fo u nd to  b e  prod uced b y  44% o f  th e 

i s o l ates  te s ted . The  amount of lEA  produced was  h i gher  t h a n  t hat  of 

the other mycotox i n s .  Amounts  r anged from about 3 1  ppm by i so l ate F .  

gr ami nearum SN40  t o  on l y 0 . 09 p pm from i so l ate  F .  gr am i ne arum SN2 . 

DON a nd DAS were prod uced by 24% of  t h e  i so l a tes . Prod u c t i on l eve l s  

were very l ow for  both  tox i n s  (�1 . 0  p pm ) . 

Three i s o l ates  ( S N5 , SN4 1  and SN42 ) of F .  gram i nearum and one  

i so l a te of F .  s amb uc i n um ( SN32 ) p rod u c ed t h e  four  mycotox i n s ,  wh i l e 

two other F .  gram i nearum i so l ates  ( S N 2  and  SN 3 9 )  and F .  a venac eum SN38 

produced th ree F us ar i um tox i n s  e ac h . Th e rest  of  the  i s o l ates  

produced o n l y one  tox i n eac h . 

2 1 1 
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T ab l e  3 -4 7 :  Prod uct i on of DON , DAS , T-2 t ox i n  and ZEA by F u s ar i um spp 

grown on ma i z e  k e r ne l s ,  as  d etected by TLC a s s ay of  

cu l t ure  extract s . 

I s o l a te  Mycotox i n  

Spec i es code  DON DAS T -2 ZEA 

( ppm ) 

F .  gram i nearum : S N 1  + + 0 . 1 

SN2  t r ac e  

SN5  + 1 6 . 0  

S N 9  t r ace  

SN 1 3  9 6 . 0  

SN 1 5  + + 38 . 0 

SN 3 7  + 2 0 . 5 

SN39  +* 2 2 . 0  

SN40 >64 . 0  

SN4 1 + 38 . 4  

SN42 +* 4 . 8  

F .  s ubg l u t i n ans : S N3  

SN 1 4  

SN 2 5  +* 

F .  avenac eum :  SN7  

SN38  +* 1 6 . 0  

F .  c u l morum :  S N26  + 4 . 3  

SN35  + + 2 . 6  

F .  eq u i  set  i : SN6 + + 3 . 2  

SN34 0 . 2  

F .  mer i smo i de s : SN36  0 . 3 

F .  mon i l i forme : SN4 0 . 1 

F .  crookwe l l en s e :  SN8 

F .  s t i l bo i de s :  S N 1 2  t r ace  

F .  acumi n a t um :  S N 1 6 1 . 0 

F .  oxyspor um :  SN20 +* 0 . 64 

F .  s ambuc i n um : SN32  + 0 . 43 

F .  oxysporum :  S N33  + 

Tot a l  +ve 9 0 1 0  2 2  

% +ve 3 2 . 1  3 5 . 7  7 8 . 6 

* : doubtfu l  



Tab l e  3-48 : Semi q uant i t a t i ve  a s s ay by GC an a l ys i s  o f  F u s ar i um myco ­

tox i n s  produced b y  F u s ar i um s p p  grown on  ma i z e  kerne l s .  

Spec i es 

F .  g r ami n earum : 

F .  acum i n at um :  

F .  oxy s porum :  

F .  oxysporum :  

F .  s ambuc i n um : 

F .  a ven aceum :  

I so l ate  

code 

SN9  

SN 1 3  

SN 1 5 

SN39 

SN40 

SN41  

SN42  

SN 1 6 

SN20 

SN33 

SN32  

SN38 

DON 

5 . 6  

1 . 0  

0 . 9 

0 . 026 

0 . 4  

0 . 7  

0 . 007 

7 

5 8 . 3% 

M.vcotox i n  ( p--'-p_m-<.) ___ _ 

DAS T -2  

6 . 0  

6 . 4  

1 2 . 8  

0 . 1 38 . 0 

2 . 8  

5 . 2  

0 . 7  

0 . 6  

8 . 3 

1 . 5 

2 . 7  

3 . 0  

1 1 2  

8 . 3% 1 00% 

ZEA 

1 . 9 

5 1 . 2  

5 . 5  

1 5 . 5  

85 . 0  

1 0 . 8  

2 . 9  

0 . 9  

1 . 2 

3 . 3  

4 . 2  

1 2 . 2  

1 2  

1 00% 

2 1 3 



2 1 4  

T ab l e  3 -49 : Product i on of  DON , DAS ,  T -2  tox i n and ZEA  by F u s ar i um spp  

grown on ma i ze kerne l s ,  a s  detected by GC-MS  a n a l ys i s .  

I s o l ate  

Spec i es c ode  DON DAS T - 2  Z EA  

F .  gr am i  nearum :  SN 1  0 . 24 

SN2 0 . 1 2  0 . 2 0 . 09 

SN5  0 . 02 0 . 06 0 . 1 4  2 2 . 0  

SN9  0 . 6 

SN 1 3 * * 

SN 1 5 

SN37  

SN39 0 . 2  0 . 02 9 . 0  

SN40 3 1 . 0  

SN41  0 . 5  1 . 0 0 . 1 4  3 . 0  

SN42 0 . 024  0 . 2 0 . 3 7 . 8  

F .  s u bg l u t i n an s :  SN 1 4 

F .  a v en aceum:  SN7  0 . 2 

SN38 0 . 05 0 . 2 1 . 1 

F .  c u l morum:  SN26  0 . 04 

SN3 5 

F .  eq u i set i : SN6 0 . 1 

SN34 

F .  mer i smo i des : SN36 0 . 9  

F .  mon i  1 i forme : S N4 

F .  crookwe l l en s e :  S N8 1 .  1 

F .  s t i l bo i des : SN 1 2 0 . 4  1 1 . 8 

F .  o xysporum:  S N20  2 . 8  

F .  s amb u c i n um:  SN32  0 . 5 0 . 2  0 . 02 7 . 8  

F .  oxys porum:  SN33 

To t a  1 producers  6 6 1 3  1 1  

% producers  24  24  5 2  4 4  

* :  n o t  d eterm i ned 



F i gure 3 - 2 5 :  S I M  i on chromatogr ams of th ree tox i ns prod u c ed by 

F .  gr ami nearum i so l a te  SN39 : 

( A )  DON -TMS , 

( B )  DAS-TMS and 

( C )  ZEA-TMS 

w i th reten t i on t i mes  of 1 2 . 5 ,  1 3 . 9  and 2 2 . 7 5  m i n 

respect i ve l y . 
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3 . 3 . 3 .  F i n a l  A s se s sment of the An a l yses  

T a b l e s  3 -50  and  3 -5 1  s ummar i se th e over a l l d a t a  from the  

a n a l yses , after fo l l owi ng t h e  c r i ter i a  for a s ses smen t a s  def i ned for 

ma i z e  s amp l es ( s ee Sect i on 3 . 2 . 5 ) . Twenty- two o ut  of t he  28 i s o l ates  

( 78 . 6% ) prod u c ed lEA  i n  amounts  rang i ng from  9 6  ppm  from F .  

grami nearum S N 1 3 to  0 . 09 ppm from F .  gr ami nearum SN2 . Fou rteen of  t he  

2 2  i s o l ates  ( 6 3%)  were found  to prod u ce  l EA  a t  > 2 . 0  ppm.  A l l F .  

gr am i nearum i s o l ates  ( 1 1 / 1 1 )  h ad the  a b i l i ty to prod uce  lEA . The  

l i m i t of  d e tect i on for  lEA  r anged between 20  and 50  ppb  ( ng/ g ) . 

T -2  tox i n was prod u ced by 1 3  o u t  of  t he  28  te s ted i s o l ates  

( 46 . 4% ) . The l ev e l  of product i on wa s i n  genera l  very l ow ,  r ang i ng 

from 1 . 7 ppm from F .  avenaceum i s ol a te SN38  to  on l y  0 . 04 ppm from F .  

c u l morum i s ol a t e  SN2 6 .  Over 50% of F .  grami near um i so l ates  were T-2  

tox i n prod ucer s . 

DON a nd DAS were prod u ced by fewer i s o l ates , on l y  2 1 . 4% of  t hose  

te s ted be i ng f ound capab l e  of  produc i ng t hese  two tox i n s a nd  mo st  of  

t h e s e  prod ucers  were F .  gr ami nearum i s o l ates . 

F .  avenac e um i s o l ate SN38  produced DAS , T -2  tox i n and lEA . Four  

i so l a te s  ( SN 5 , SN3 9 ,  SN4 1  and  SN42 ) of  F .  gr am i nearum were found to  

prod u ce  b oth DON and  DAS s i mu l t aneou s l y . Leve l s of  produc t i on of  

these  two  tox i n s were very l ow ,  rang i ng from 1 . 0 p pm to  0 . 02 ppm.  

Some of the t e s ted i s ol ates  ( 4 / 28 ) were found to have the a b i l i ty t o  

prod uce  four t ox i ns s i mu l t aneou s l y ;  t h ree o f  t h e  2 8  produced th ree 

tox i n s  and f i ve  produced two tox i n s .  



Tab l e  3 - 5 0 :  Product i on o f  DON , DAS , T -2  tox i n and Z EA by F u s ar i um 

F .  

F .  

F .  

F .  

F .  

F .  

F .  

F .  

F .  

F .  

F .  

F .  

F .  

i so l ates . R es u l t s  a s  s em i q u a n t i t at i ve ( ppm ) a s se s sment  

from the  three  a n a l ys i s  method s . 

S p ec i es 

g r am i n earum : 

s u bg l u t i n an s :  

a ven aceum : 

c u l morum :  

e q u i s e t i : 

mer i smo i de s : 

mon i 1 i forme : 

I so l ate  

code 

SN 1  

SN2  

SN5  

SN9  

SN 1 3  

SN 1 5  

SN37  

SN39 

SN40 

SN41  

SN42 

SN3 

SN 1 4  

SN25  

SN7  

SN38 

SN26 

SN35 

SN6 

SN34 

SN36 

SN4 

c r ookwel l en s e :  SN8 

s t i l bo i de s : S N 1 2 

acum i  n atum :  S N 1 6 

o xysporum :  SN20 

s amb uc i num : SN32  

oxysporum : SN33 

Myc otox i n ( ppm ) 
DON DAS T - 2  

0 . 24 

0 . 1 2  0 . 2  

0 . 02 0 . 06 0 . 1 4  

1 . 6 

0 . 5  0 . 02 

0 . 5  1 . 0 0 . 1 4 

0 . 4  0 . 2  0 . 3  

0 . 2  

0 . 05 1 . 7 

0 . 04 

0 . 1  

1 . 1 

0 . 4  

0 . 5  0 . 2  1 . 36 

ZEA  

0 . 1 

0 . 09 

1 9 . 0  

0 . 6  

96 . 0  

38 . 0 

2 0 . 5  

1 5 . 5  

60 . 0  

24 . 6  

5 . 2  

1 0 . 0  

4 . 3 

2 . 6  

3 . 2  

0 . 2  

0 . 6  

O .  1 

3 . 9  

1 . 0 

0 . 64 

4 . 0  

Tot a l  producers  6 6 1 3  2 2  

% produc ers  2 1 . 4  2 1 . 4  46 . 4  78 . 6 

2 1 7 



Tab l e  3 - 5 1 : N umbers  of F u s ar i um i so l a te s  produc i ng tox i n s . 

Spec i es 

F .  gr ami nearum 

F .  s u b g l u t i n an s  

F .  ave n aceum 

F .  c u l morum 

F .  equ i s et i  

F .  mer i smo i d e s  

F .  mon i  1 i forme 

F .  cro ok we l l e n se  

F .  s t i l bo i de s  

F .  a cum i  natum 

F .  oxy sporum 

F .  s ambuc i n um 

To t a  1 produc ers  

% produc ers  

Tota l  

exami ned 

( n =28 ) 

1 1  

3 

2 

2 

2 

1 

1 

1 

1 

1 

2 

1 

N o .  produc i ng tox i ns 

DON DAS T-2  

5 4 6 

1 2 

1 

1 

1 

1 1 

6 6 1 3  

2 1 . 4  2 1 . 4  41 . 4  

2 1 8  

ZEA 

1 1  

2 

2 

1 

1 

1 

1 

2 

1 

2 2  

7 8 . 6 



3 . 3 . 4 .  MON Produc t i on 

Tab l e s  3 - 52  and 3 - 5 3  report t he  re s u l t s  o f  t he  s creen i ng of  40  

F u s ar i um i s o l ates  for  MON prod uct i on us i ng TLC de n s i tometry after 

der i v a t i s i ng the  s amp l e s  w i th 2 , 4 - DNPH  ( Sect i on 2 . 2 . 6 . 5 ) . Twe l v e  

i so l ates  ( 30% ) were fo und t o  prod uce  amount s  o f  MON r ang i ng from 6 4  

p p m  from F .  oxysporum S N 2 0  to  0 . 4  ppm from F .  s ubgl u t i n ans SN25 . T h e  

av er age  amount  detected was  1 4  ppm.  Seven o u t  o f  1 5  of  t he  F .  s ub ­

gl u t i n ans i s o l ates  were MON prod ucers . No MON wa s  detected from any 

of  t he  1 1  i so l ates of  F .  gr ami nearum.  Tab l e  3-53 a l s o  i nc l udes  two 

i so l ates , F .  mon i l i forme and F .  s ubgl u t i nans  k n own to be  MON producers  

( NRRL 602 2 a nd NRRL 1 3088 ) wh i ch were emp l oyed here  as pos i t i ve 

contro l s for  c heck i ng the  product i on and a s s ay i ng method s .  These  two 

i s o l ates  were found to  produce amou nts  i n  exces s of 500 ppm.  

For conf i rmat i on o f  t h e  re s u l t s , peak h e i g h t s were determi ned a t  

t h ree wave l ength s ( 400 ,  4 80  a n d  540 nm )  a nd t he  r at i os of t h e  p e a k s  

compared w i th  those  from t h e  authen t i c MON s t a nd a r d .  I n  some c a s e s , 

f u rt her conf i rmat i on was  o bt a i ned by UV s pectropho tometry ( Sect i on 

2 . 2 . 6 . 6 ) . F i gure 3-2 6 s hows the UV  s pectrum of  both the authent i c  MON 

s t and ard and the MON y i e l ded by F .  acum i natum i so l ate S N 1 6 .  

2 1 9 



Tab l e  3 - 5 2 :  N umbers of F u s ar i um i s o l a tes  produc i ng mon i l i formi n .  

Spec i e s 

F .  gram i n e arum 

F .  s ubg l u t i n a n s  

F .  ave n ace um 

F .  cu l morum 

F .  eq u i set i 

F .  mer i smo i d e s  

F .  crookwe l l en s e  

F .  s t i l bo i de s  

F .  acum i n atum 

F .  s ambuc i num 

F .  oxysporum 

F .  mon i 1 i forme 

Tota 1 producers  

% prod ucer s  

N o .  t e sted 
( n =40 ) 

1 1  

1 5  

2 

2 

2 

1 

1 

1 

1 

1 

2 

1 

No . pos i t i ve* No . neg a t i ve 

1 1  

7 8 

2 

2 

1 1 

1 

1 

1 

1 

1 

2 

1 

1 2  2 8  

30 70  

* : l ev e l s are  i nc l u ded i n  Tab l e  3 - 5 3  

2 2 0  



Tab l e  3 - 5 3 :  Mon i l i f ormi n product i on by v a r i ous  F u s ar i um spp . 

I s o l ate  

code  

SN 1 7  

S N 1 8 

S N 2 1  

S N 2 3  

S N 2 5  

S N 2 8  

SN30  

Sn6  

SN4  

S N 1 6 

S N20  

SN33  

NRRL  1 3088 

NRRL  6022  

F .  

F .  

F .  

F .  

F .  

F .  

F .  

F .  

Spec i es 

s u bg l u t i n a n s  
" 

" 

" 

I I  
1 1  

" 

eq u i set i  

mon i  1 i forme 

acumi n atum 

oxysporum 

oxysporum 

s u bg l u t i n a n s  * 

mon i l i forme 

Leve l  of MON 

( ppm ) 

7 . 7  

3 . 0  

1 8 . 0  

3 . 0  

0 . 4  

1 3 . 5  

5 . 7  

1 . 4 

0 . 8  

4 5 . 0  

64 . 0  

5 . 8  

6 38 . 4  

> 500 . 0  

* : rece i ved a s  F .  mon i l i forme var  s u bgl u t i n an s  

2 2 1  



F i gure  3 - 2 6 :  UV  spectrum of ( a ) mon i l i fo rm i n from F .  acumi n a t um 

i so l ate  and ( b )  mon i l i formi n a u then t i c  s t andard  
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CHAPTER 4 .  

D I SCUSS I ON 

The a t t r i butes  of the ge nu s  F us ar i um h ave  dr awn c on s i derab l e  

attent i on from t axonomi s t s , p l ant  p a th o l og i s t s  and mycotox i co l og i s t s  

throughout  t he  wor l d .  T h e  f u s ar i a  are the  mo st  common d e s truct i ve 

fu ng i of cerea l  gr a i n s  ( Gordon , 1 95 2 ; Uot i  and Y l i mak i , 1 9 74 ; Ne i s h et 

�. , 1 982 ) a nd several  s pec i es can  c a u s e  s er i o u s  mycotox i n  pro b l ems i n  

v ar i ous  cou n t r i e s ( Mi l l er � �. , 1 983 ) . A better under s t and i ng o f  

t h e  eco l ogy of t he  g e n u s  cou l d form t h e  b as i s  f o r  dev e l op i ng str ate­

g i e s a i med a t  preven t i ng mycotox i n  contami n at i on of gr a i n s  and 

feed s tuffs . Apart  fr om our l i mi ted k nowl edge of  gener a l  f u n g a l  eco ­

l ogy,  no ba s i s  ex i s t s  for pred i ct i ng the  pY' e senc e of part i c u l ar  

F us ar i um myco tox i n s i n  gr a i n s .  Th erefore , i n  the  present  s t udy a l l 

ma i z e  s amp l e s  were  a n a l ysed for t he  presence  of  poten t i a l l y  tox i gen i c  

spec i e s and s i mu l t aneou s l y  for t he  presence of a broad r ange of 

F u s ar i um mycotox i n s ,  wi th t he  purpose  of determ i n i ng the  extent  to 

wh i c h myco l og i c a l  and tox i co l og i c a l  a n a l yses can  g i ve comp l ement ary 

res u l t s . 

2 2 3  

I n  New Zea l a nd mo s t  myco l og i c a l  s t ud i es of  t h e  re l a t i on s h i p  o f  

F us ar i um s pp to m a i z e h ave i nvo l ved t he  p aras i t i c  spec i e s .  Th ere h ave  

been n o  comprehen s i ve s urveys of  t he  genera l  mycof l or a  of  m a i z e  s t and s 

i n  the  f i e l d or at  harvest  t i me .  There  i s  no doubt that cerea l  crops  

i n  the f i e l d  are reg u l a r l y  contami n a ted wi th a v a r i ety of  fung i , 

mos t l y  f i e l d f u ng i . E ven  i f  t hese  are  s aprophyt i c  fung i t hey can not 

be i gnored because  the spec i f i c compo s i t i on of  th i s  f l o r a  may g i ve 

some i nd i c at i on of  the  genera l  cond i t i on of  t he  gra i n .  F u r th ermore ,  a 

k n owl edge of t he  over a l l fung a l  f l o r a  i s  a l so  i mportant  when  s amp l es 

for fodder a nd i nd u s tr i a l purposes  are  ex ami ned , bec ause  t h e  presence 

of mou l d  on  gr a i n s  and feed st uffs may i mp l y  a r i s k  of  mycotox i n con ­

tami n a t i on ( Y l i m ak i , 1 981 ) .  To  a l l ow co ns i derat i on of  t he  above 

prob l ems th e l ev e l  of  occurrence of  both pathogen i c  and s aprophyt i c  

f u s ar i a and o t h er fung i a s s oc i ated w i th ma i z e ,  and t h e i r  pos s i b l e  

reservo i r s ,  were recorded d ur i ng th i s  s t udy. Thus  the  s ur vey of t he  

n umbers a nd  k i nd s  of  f u ng i present  i n  ma i ze kerne l s ,  h u s k , l i tter and 

s o i l was u ndertaken to an swer q u e s t i o n s  about the d i ve rs i ty and 

or i g i n s  of  F u s ar i um spp a s soc i ated wi th ma i z e kerne l s ,  p ar t i cu l a r l y  

those  spec i e s wh i c h c o u l d  b e  i nv o l ved i n  tox i n product i on .  



The  t axonomy of  the g e n u s  F u s ar i um ( d i scu s sed i n  Sect i on 1 . 1 . 1 )  

i s  a c r i t i c a l  prob l em for a l l myco l o g i st s ,  part i c u l ar l y  t hose  who are 

i nteres ted i n  i t s eco l ogy and  t0x i gen i c i ty .  T h e  c l a s s i f i c a t i on  

of  F u s ar i um i n  t he  present s t udy was  l arge l y  based on  t h e  system of  

Burge s s  and  L i d de l l wh i c h was  d e s cr i bed by  those  authors  a s  a com­

pos i te of  the Snyder and H an s en system wi th t h at of Wo l l enweber and 

Re i nk i ng .  Howeve r ,  a few mod i f i c a t i ons  were mad e .  F .  gr ami nearum ,  

d i v i ded i nto  two  groups  by  Burge s s and L i d de l l ,  was  c o n s i dered a s  one 

spec i e s .  The two s pec i es F .  mer i smo i des  and F .  s t i l b o i des  were c l a s ­

s i f i ed accord i ng to Booth ( 1 9 7 1 ) a n d  a s  de scr i bed by  Ger l ac h and 

N i renberg ( 1 982 ) . F .  c rookwe l l ense  ( Burge s s , Ne l s on  a nd Tou s s ou n ,  

1 982 , s p .  nov . ) ,  recent l y  reported from New  Zea l and p a s t ure ( L auren , 

1 986 ) w a s ,  i n  the present s t udy ,  found on  a l l s u b s trates  i n  ma i ze 

fi e l d s .  T h i s  s pec i es s hows c h ar acters  be tween F .  c u l morum and F .  

gr am i nearum and was  most l i ke l y  e ar l i er c l a s s i f i ed wi th i n  th e above 

tax a .  B urge s s  � �. ( 1 982 ) c o n s i der the s pec i es t o  b e l ong  t o  t he  

sect i on D i s co l o r  ( s ee  Sect i on 1 . 1 . 1 ) .  

2 24  

Med i a  and  c u l t ura l  cond i t i ons  u s ed for the i de n t i f i c at i on of  

fu s ar i a  are very cr i t i c a l  f act ors  ( Burge s s  a nd L i dde l l ,  1 983 ) . The  

growth and  spor u l a t i on of  F u s ar i um s pp depend  a great  de a l  o n  the  

c u l t u ra l  cond i t i ons . U s i ng a carbohyd rate-r i c h med i um such  a s  P DA 

c au s e s  d e l ays i n  s poru l a t i on  a nd a l so may s t i m u l ate  non - un i form,  m i s ­

s h apen con i d i a ( F i s her e t  �. , 1 982 ) . T h e  carnat i on l e af a g a r  ( CL A )  

u sed i n  t he  present  i nves t i g a t i on w a s  an  exce l l ent  med i um ,  g i v i ng good 

growth and sporu l at i on .  The  or i g i n a l  c u l t ure type of t he  F u s a r i um 

i so l ates  wa s  ma i n t a i ned .  Sporu l at i on oc curred w i th i n  1 4  d ays w i th  

very few  except i on s ,  eg o F .  a venaceum s t r a i n s  cou l d t ak e  over  th ree 

week s .  Another u sefu l  cond i t i on emp l oyed t o  s t i mu l ate  s poru l a t i on was  

expos ure  t o  b l ac k  l i ght  at a f l u c t u at i ng t emperature ( 20 -240C ) .  S u ch  

cond i t i on s  were favourab l e  for  a l l F u s a r i um s p p .  B l a c k  l i g ht h a s  been 

u sed common l y  by F us ar i um t axonom i s t s  ( To u s soun  and N e l son , 1 9 76 ; 

Burge s s  and  L i d d e l l ,  1 983 ) . 

Tec hn i q u es  for E co l o g i ca l  S t ud i e s 

Of the  major prob l ems wh i c h c a n  be encou ntered when study i ng 

fung a l  e co l ogy,  t he  tota l  l ac k  o f  s t and ard method s and t he  l i mi t at i on s  

o n  t he  amount  of  t i me and effort wh i c h can  be  expended a r e  perh aps  the  



mos t  i mportant ( P r i ce ,  1 984 ) .  Many report s ,  as we l l  a s  the  pre s en t  

study ,  h ave  i nd i c ated t h at the  v a l i d i ty of  t ec h n i ques  f or  s amp l i ng f or  

fung i ( and th e i r myco tox i n s )  i n  g r a i n ,  e i th er i n  t he  f i e l d or  i n  

s torage , l arge l y  depend s on the  s amp l e  s i z e  and s amp l i ng proc ed u r e .  

I t  h a s  been recommended t h a t  t h e  req u i red s amp l e  s i z e o f  m a i z e t o  

prov i de re l i ab l e  re s u l t s  i s  about  1 0  l b  ( ± 5  k g )  ( Dav i s  � �. , 1 980 ) . 

Neverth e l e s s ,  i n  p r act i c e t h i s  recommend at i on h a s  rare l y  been fo l l owed 

bec ause  of th e co s t  of  transport and s tor age fac i l i t i es etc . The  

pre sent  s t udy recogn i sed the above  s u g ge s t i on and  t he  m a i z e  s amp l e  

s i z e  ranged between 3 a nd 5 k g .  

2 2 5  

The  s i z e of  o t h er s ub s trates  i s  apparen t l y  not  cr i t i c a l  ( Na s h  a nd 

Snyder ,  1 962 ; Sm i th a nd Snyde r ,  1 975 ; S t urz  and John s ton , 1 985 ) . I n  

the  c a se of s o i l ,  a bout  1 k g  h a s  most common l y  been u s ed ( Wear i ng and 

Burge s s ,  1 9 78 ) . I n  t h e  present  s t udy approx i mate l y  750  g s amp l e s were 

co l l ect ed . S amp l e  s i z e  for the two other s u b s trates ( l i t ter and  h u s k ) 

were mea s u red by number of p i eces . W i nd e l s and Kommeda h l  ( 1 984 ) 

con s i dered th at  50  p i eces  were more th an  en ough to  represent  the  

f i e l d ,  b u t  i n  these  i nve st i ga t i on s  l i tter  and  h u sk s amp l e  s i z e was  

muc h l arger ( A  1 g s amp l e  of l i tter or h u s k  co u l d cont a i n hund red s o f  

p i ec es ) . 

The  second major  factor govern i ng v a l i d i ty of r e s u l t s ,  ac t u a l 

s amp l i ng proced u r e ,  h as been co ns i dered b y  many t o  be  t h e  mo st  i mpor­

tant ( D av i s  et �. , 1 980 ; McMu l l en and S t ack , 1 983 ) . S amp l i ng 

proc edure i s  determ i n ed by t he  s t age o f  matur i ty at wh i c h t he  s amp l e  

i s  co l l ect ed - i n  t h e  f i e l d ,  dur i ng h arve s t i ng etc . E a c h  s t age  h a s  

i ts own prob l ems . D av i s  � �. ( 1 980 ) were o f  the  op i n i on th a t  i t  i s  

better to  s amp l e  s he l l ed ma i ze r ather  t h an e ar ma i ze and i t  i s  better  

to s amp l e  ground  m a i z e r ather than  s h e l l ed ma i ze .  But  often  i nv e s ­

t i ga tors d o  n o t  men t i o n t he  method o f  s amp l i ng from t he  f i e l d .  S t u r z  

a n d  Joh nston ( 1 983 ) for  examp l e ,  c o l l ected 2 40 e a r s  each  of  b ar l ey a nd 

wheat from 1 6  p l o t s  w i thout  ment i on i ng t h e  method u sed for t he  co l l ec ­

t i on .  I n  the present  s t udy ,  techn i q ue s  for s ampl i ng from t he  f i e l d a s  

we l l a s  a t  h arvest  were con s i dered to  b e  extreme l y  i mpor t an t  a s  

F u s ar i um spp more e as i l y contami n ate s ub s t r ates  i n  t h e  f i e l d  t h a n  i n  

s torage . So great  c are was t ak e n  to obt a i n  representat i ve s amp l e s 

from the  fi e l d for a l l s ub s tr ate s .  Tak i ng random s amp l e s i n  l a rge 



f i e l d s  i s  a formi da b l e  t a s k , and t h e  method u s ed here of  2 5  s i te 

s amp l i ng s  ( F i gure 2 - 2 ) ,  w i th s i t e s  l oc ated among f i ve  c i rcu l ar p l o t s  

cover i ng t h e  ent i re f i e l d ,  was  co n s i dered better t h a n  other  

prev i ou s l y- s uggested  p atterns ( W - s h aped , X - s h aped , V - s h aped , d i ago n a l  

etc . ) ( B a s u  et  �. , 1 97 7 , F i g u re  1 - 2 ) .  T h e  method emp l oyed a l so 

f u l f i l l ed t h e  recommend a t i on of other i nv e s t i gators  ( Fr anc i s  and 

Burge s s ,  1 9 7 5 ; D av i s  et �. , 1 980 ) ,  t h a t  s amp l i ng i s  b et ter when  

w i de l y  d i s t r i bu ted throughout  the  f i e l d .  

T he  s amp l i ng s i te factor  h a s  r are l y  been  cons i dered ( D i c k i n s on 

and Ke n t ,  1 9 72 ) .  S i nce i t  i s  i mpo s s i b l e  to  re l y  on one  s i te or even 

p l o t s amp l e  i n  a f i e l d be i ng repre sent at i ve ,  b u l k i ng p l o t  s amp l es i s  

the  method of c ho i ce wh ere t he  proces s i ng of  a l l i nd i v i du a l  p l o t 

s amp l e s i s  i mpos s i b l e  bec a u se  of  both f i nanc i a l and  t i me co s t s .  

B u l k i ng f i e l d  s amp l e s i s , of cour s e ,  a common pract i c e ( Wear i ng a nd 

Burge s s , 1 97 8 ;  B u rge s s  and L i d de l l ,  1 983 ; S turz and Jo h n s to n ,  1 98 5 ) . 

A l though  a u thors  do not  ag ree a bout  the s i z e and number  o f  s amp l es ,  

they do  agree about poo l i ng t he  s amp l e s .  

I nv e s t i ga t i on s  concern i ng s amp l i ng and s ub- s amp l i ng t echn i q u e s  i n  

the  present  study a s  reported i n  C h apters 2 and 3 d e termi ned t he  

v ar i at i on between p l o t s amp l e s .  M a i z e ,  h u s k  a nd  l i tter  s howed hetero­

geneous d i s t r i but i on of fung i among the f i ve p l ots  s amp l ed from both  

test  f i e l d s ,  w i th s i gn i f i cant  d i f ference s  between s amp l e s .  F u s ar i a 

s urpr i s i ng l y  were a l s o  uneven l y  d i s t r i buted i n  ma i z e s amp l e s from both 

f i e l d s  but not i n  l i t ter and h u s k  s ampl es . On l y  s o i l g a v e  homogenous  

resu l t s for  both tota l  fung i a nd  t h e  f u s ar i a  ( Sect i on 3 . 1 . 1 . 1 ) .  Th i s  

s t udy h a s  a l so s hown that  t o t 2 1  f u n g a l  propag u l e s  a s  we l l  a s  prop a­

gu l e s of F u s ar i um s pp i n  l i tter  and  husk  are  very muc h h i g her th a n  

t h o s e  i n  s o i l .  

T he  ma i ze kerne l s h ad t he  l owest counts  ( f i e l d  J 1 ) .  The  uneven  

d i st r i bu t i on of  f u ng i p art i cu l ar l y  w i th i n  t he  ma i z e s amp l es may be  due  

to u neve n  exposure  of  the ma i z e k erne l s to  f unga l  propag u l es .  S h red ­

d i ng o f  th e h u s k  and i nj u r i es  to  the  ear  co u l d p l ay very i mpor t an t  

rol e s  a s  factors  pred i s pos i ng to  i nc reased l eve l s  of f u n g a l  con t ami ­

n at i on ( S u tton  et �. , 1 980 ) . 

2 2 6  



A s econd v ar i ab l e  i nv o l ved i n  t he  uneven  d i str i b ut i on of  f u n g a l  

propag u l e s  i n  both m a i ze and h u s k s  cou l d b e  t h e  mai z e  v a r i ety i ts e l f .  

I t  was  found  t h at at t h e  f i r s t  s amp l i ng m a i z e o f  var i e ty XL45  from 

p l ots  B and  0 of f i e l d T3  ( Sect i on 3 . 1 . 1 . 1 )  s h owed no myce l i a l f u n g i 

when exami ned by t h e  d i l u t i on p l a t i ng techn i qu e .  U s i ng d i rect  

p l a t i n g ,  the  kern e l s from these  two p l o t s  were  contam i n ated w i t h  

F u s ar i um s pp at rates of  4 and 1% re s pect i ve l y  compared to  5 7 ,  9 7  and 

89% ( me an of  two med i a ) from p l ots  A ,  C a nd  E re s pect i ve l y , wh i ch were 

o f  v a r i ety P X  442 . P l ot s  B and 0 were re s amp l ed aga i n  5 week s l ater  

and  t h i s  t i me gave  v e ry l ow funga l  v i ab l e  counts  by d i l ut i on p l a t i ng 

( 500 CFU/g ) .  By d i rect  p l at i ng a 1 00% k erne l contami n at i on rate  wa s  

n oted , about 25% o f  these  fung i be i ng F u s ar i um* .  S i m i l ar l y  h u s k  

s amp l es of  v ar i ety X L 4 5  s howed s omewh at l ower counts  for both t o t a l  

f u n g i  and F u s ar i um ( Tab l e  3 . 3  a n d  3 . 4 ) c ompared t o  the  h u s k s  o f  o t h e r  

v ar i et i es .  

Mak i ng a major  contr i bu t i on t o  these  d i fferences  c ou l d  be t h e  

t i me o f  maturat i on .  V a r i ety X L45  matures  about  2 month s  after PX  442 . 

T h u s  s amp l i ng f i e l d  T3  at  the  beg i n n i ng o f  May resu l ted i n  s amp l e s  o f  

X L4 5  b e i ng t a k e n  a bo u t  3 mont h s  before h a r ve s t  wh i l e PX  4 4 2  wa s  j u st 5 

week s away from h arv e s t .  S uch  a d e l ayed deve l opment of t h e  mycof l or a  

was  s i m i l ar t o  the  f i n d i n g s  o f  M i l l er � il. ( 1 983 ) who  i s o l ated n o  

f u n g i  from kerne l s u n t i l about 6 week s before h arvest i ng .  S i m i l ar l y , 

Tu i te et il. ( 1 97 4 )  r ecommended exami n i ng m a i z e  f i e l d s  for ear ( cob ) 

rot approx i mate l y  4 - 6  week s before the  beg i nn i ng of the  ma i ze h arv e s t . 
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T he  i nformat i on o b t a i ned i n  t h e  present  s tudy i nd i c ated t h a t  

overa l l n umbers of  F u s ar i um spp  or other f u ng i i n  t h e  s o i l ,  un l i ke t h e  

o ther s u b strates , c ou l d  be  est i mated from j u s t  o n e  p l ot s amp l e  ( on e  o f  

the  f o u r  q u adrants  or  t h e  centra l  one )  t o  g i ve a r e l i ab l e  represen ­

t at i ve res u l t  for t h e  who l e  f i e l d .  S i mi l ar res u l ts for  s o i l s amp l es 

h ave been reported by N a s h  and Snyder ( 1 96 2  and  M i l l er et  il. , ( 1 98 3 ) . 

B u t  s omet i me s  t o t a l  f u nga l  v i ab l e  counts  c a n  be mean i ng l es s  when  

c ompared to  i nd i v i du a l  v i ab l e  counts  of s ome tox i gen i c  s pec i es .  T h u s ,  

p art i cu l ar l y  i n  regard  t o  i nd i v i du a l  F u s ar i um spp ,  there  can  b e  a n  

u neven d i str i bu t i on w i th i n  a f i e l d ( We ar i ng and B urges s ,  1 97 7 ) . 

R e l y i ng  on one p l ot s amp l e wou l d  t herefore create  bi a s  and  b u l k i ng o f  

s evera l  s amp l es i s  e s s e nt i a l . 

* These  d ata  are not  presented i n  t he  R e s u l t s sect i on .  



S u b s amp l i ng i s  anothe r  factor  wh i c h need s  to be c arefu l l y  c o n ­

s i dered . Method s wh i c h h ave been rout i n e l y  u s ed f or  s u b s amp l i ng 

( part i cu l a r l y  of gr a i n ) h av e  been rev i ewed i n  Sect i on 2 . 4  and s u i t ab l e  

procedures  c an be ac h i eved  i n  severa l  ways . I n  t he  present  s t udy a 

mec h an i c a l  m i x i ng dev i ce was  u sed . The r e s u l t s  obt a i ned i nd i c a ted 

t h a t  70 rotat i ons  ( 2  m i n i n  the mi xer ) gave the h i ghest  v i ab l e  cou n t s , 

but  i t  was c l ear th at  t h ere was  no  s i gn i f i c an t  d i fference ( P)0 . 05 )  

between v i a b l e  counts  obt a i ned fo l l owi ng a ny o f  the  four  per i od s  of 

rotat i on tes ted ( 35 , 70 , 1 05 and 1 40 ro l l s ) . For conven i ence , i t  was  

dec i ded to  u se  the  two  m i nute  rotat i on for a l l other  ma i z e  s amp l e s 

throughout  the  proj ect . 

S amp l i ng of  s o i l ,  l i tter and h u sk i s  de scr i bed i n  Sect i on 

2 . 1 . 3 . 1 .  N o  attempt was  made to  a s s e s s  t h e  eff i c i ency of  t he  s ub­

s amp l i ng me thod of t h o s e  th ree s u b strates . I t  was a s s umed th at o n l y 

p art i a l l y  f i l l i ng l arge po l ythene  bags  wi th  t he  s amp l e  a l l owed t h e  

h u s k  or l i tter segmen t s  to  mi x free l y  w i th i n  t h e  b ag .  

Emp l oyi ng two med i a  and two i so l a t i on t echn i q u es  i n  t h i s  

i nv e s t i g a t i on i mproved t h e  recovery of F u s ar i um spp from a l l t h e  

exami ned mater i a l s ( ma i z e ,  h u s k , l i t ter and  s o i l ) . The two factors  of  

med i um and techn i q u e  w i l l  now b e  exam i ned t h rough  the data  c o l l ected  

from th i s  s t udy ,  to determi ne th e i r  effi c i ency .  

2 2 8  

A l t hough  t h e  med i um f actor h as been found b y  some authors  to  n o t  

s i gn i f i c an t l y affect mou l d c o u n t s  or t he i r recovery r ate s  ( J arv i s ,  

1 97 3 ;  McMu l l en and S t ac k ,  1 983 ) , u s i ng a s e l ec t i ve med i um to fac i l i ­

t ate  s c reen i ng for f u n g i  s uch  as F u s ar i um i s  cons i dered des i r ab l e  

( Andrews and P i tt ,  1 986 ) . The  mo s t  wi d e l y  u sed  s e l ect i ve ( s em i ­

s e l ect i ve )  med i um for f u s ar i a  h a s  been the  N as h - Snyder P C NB  ag ar  ( L i m , 

1 97 4 ;  Kommeda h l  n �. ,  1 9 75 ; McMu l l en a nd St ack , 1 983 ) . I n  t he  

present  s t udy t h i s  med i um was  u s ed b u t  was  s u p p l emented w i th strepto­

myc i n  s u l p hate and  c h l orotetracyc l i ne HC 1 .  

g i s t s  

fung i 

we l l 

Th e other common l y- u s ed med i um ,  P DA ,  i s  u s ed rout i ne l y  by myco l o -

as  a med i um for t h e  i so l a t i on and i dent i f i cat i on of  numerous  

and h a s  been common l y  u s ed for  F u s ar i um s p p . Th i s  med i um a s  

a s  other c arbohydrate-bas ed med i a  pose  t h e  prob l em of  s upport i ng 

f a s t - growi ng fung i s uc h  as Rh i zopus  and Mucor s p p ,  and two 



mod i f i cat i o n s  were i n trod uced i n  t h e  present  s t udy .  F i r s t ,  fres h l y­

prepared PDA ( n on- commerc i a l )  w a s  u s ed to  enhance sporu l at i on ,  

fo l l owi ng t h e  s ugge s t i on o f  other  r e s e archers  ( Tous soun  a nd Ne l son , 

1 9 7 6 ;  Ogawa et  �. , 1 9 78 ) . Second , d i ch l oran  was  added to  t h e  PDA to 

restr i ct the d i ameter o f  the  most  r a p i d l y  growi ng col on i e s ,  s o  a i d i ng 

count i ng a nd prevent i ng ov ergrowth o f  the s l ower- growi n g  s tr a i n s . 

Thus  PDA-D was  u sed a s  a genera l  med i um as we l l as a s em i - s e l ect i ve 

med i um .  

Resu l t s from the  present i nv e s t i ga t i on i nd i c ated th a t  the  genera l  

fung a l  pop u l a t i on as  we l l a s  th a t  of  F u s ar i um spp  from ma i z e kerne l s 

was s l i g ht l y  h i g her when determi ned on  PDA-D t h a n  on P C N B  u s i ng t he  

d i l u t i on p l a t i ng tec h n i qu e .  U s i ng t h e  d i rect p l at i ng techn i q u e ,  PDA-D 

s t i l l  gave  t h e  h i ghest  recovery of  t o t a l  fung i but not o f  F u s ar i um spp  

( Tab l e s 3 -28  a nd 3-2 9 ) . A l t hough  P C N B  was  apparen t l y  s uper i or to P DA­

o i n  terms of  the number of d i fferen t F u s ar i um s pp recorded , s uc h  a 

d i fference was  not s i gn i f i c ant  ( P)0 . 05 ) . The  n umbers  of  o t her fung i 

were s i gn i f i c a nt l y  l ower ( P< 0 . 0 1 ) o n  P CNB  ( Tab l e  3 -30  and  F i g ure  3- 6 ) .  

S i m i l ar res u l t s  were reported by F r anc i s  and Burge s s  ( 1 9 7 5 )  who 

emp l oyed th ree  med i a  ( CLA ,  PDA and P CN B )  for i s o l at i ng f u s ar i a a s  we l l 

a s  other f u ng i from m a i z e  s t a l k s .  These  authors  i so l a ted a tot a l  of 

1 1  F u s a r i um spp on t h e  three med i a  u s ed . The  h i ghest  freq uency of  

i so l at i on of  F u s ar i um spp  was  on  PCNB  agar  wh i l e  other f u ng a l  spec i es 

s howed a s i gn i f i cant l y l ower recovery o n  th i s  med i um .  

2 2 9  

Severa l  tec h n i q u e s  h ave been u s ed f o r  t he  i s ol a t i on  o f  d i fferent 

funga l  s pec i e s from d i fferent h o s t  s u b s trate s ,  b u t  t h e  two techn i q ues  

emp l oyed i n  t h e  present  stud i es ( d i l u t i on p l a t i ng and  d i rect p l at i ng )  

are perh aps  t h e  mo s t  common ( F l a n n i ga n , 1 9 7 7 ) . Mo s t  myco l o g i sts , 

p art i cu l a r l y  p l ant p atho l og i st s  and mycotox i co l o g i s t s , d e a l i ng wi th 

the mycof l o r a  a s soc i ated wi th gr a i n s eed s and p l ant  p art s  ( s t a l k ,  

s tem , l e aves  e tc . ) p refer u s i ng d i rect p l at i ng .  Th i s  i s  because  the  

i n tern a l  mycof l o r a  i s  more i mport an t  t h an th at  on  the  o u ter  s u rface i n  

terms of p l a n t  i nv a s i on and mycotox i n product i on .  Th u s  d i rect p l a t i ng 

after s urface  ster i l i z at i on i s  con s i dered a most u s e f u l  tech n i que  

( L ac ey � �. , 1 980 ) . However , when  a wi de  r ange of f u ng a l  genera a s  

we l l a s  i nd i v i du a l  F u s ar i um s p p  are  to  be s t ud i ed and compared from 

d i fferent h ab i t ats , a s  i n  the  present  s t udy ,  emp l oy i ng a techn i q u e  

wh i c h doe s  not  i nv o l ve s urface s t er i l i s at i on i s  e s s e n t i a l . Th e 



d i l u t i on p l a t i ng tec h n i q ue  prov i ded re s u l t s  wh i c h were s at i sfactory 

for a s se s s i ng the over a l l mycof l o r a  and t he  genera l occu rrence of  

F u s ar i um spp  among s t  a l l th e fung i present . 

Re s u l t s  reported e ar l i er d i d  i nd i c a te ,  h owever ,  t h at  fung i wh i c h 

do  not prod uce  abund a n t  spore s ,  s u c h  a s  A l t ernar i a ,  E p i c occ um ,  

F u s ar i um , N i grospora ,  C h aetomi um and Tr i ch oderma g i ve a sma l l er 

pop u l a t i on on d i l u t i on p l a t i ng .  The presence  of  h i gh l y  s poru l a t i ng 

genera s u c h  a s  P en i c i l l i um ,  Rh i zopus  and Acremo n i um may a l s o  s uppre s s  

t hose  l e s s  s poru l a t i ng  f u ng i . These  res u l t s  th erefore agree w i th t h e  

conc l u s i on o f  Lacey et � .  ( 1 980 ) th at b y  d i l u t i on p l a t i ng on l y  a 

l i mi ted r ange of  spec i e s c a n  be en umerated accu r a te ly .  

T h e  act u a l  n umber of  d i fferent F u s ar i um spp  recovered from ma i z e 

kerne l s by d i rect p l a t i ng was  s i gn i f i c an t l y h i g h er th an t h a t  recorded 

by d i l u t i on p l a t i ng ( P< 0 . 001 ) .  D i rect p l a t i ng of  ma i z e kerne l s  wa s  

s u per i or to d i l u t i on p l a t i ng wh en exam i n i ng t h e  frequency of  oc c u r­

rence of both F us ar i um s pp and other  funga l  genera  wi th i n  t he  kerne l s 

( Ta b l e  3 - 3 1  a nd F i g ure  3 - 7 ) . The d a t a  from h u s k s  and l i tter  was l e s s ,  

b u t  i t  i s  neverth e l e s s  p o s s i b l e  t o  dr aw a conc l u s i on reg ard i ng t he  

tec h n i q u e s  a s  app l i ed to  these  s u b s tr ates  a l s o .  Hu s k  gave  s i m i l ar 

res u l t s  to ma i ze b u t  l i tter s howed t he  oppos i te effect . Both  t h e  

tot a l  n umber o f  genera  a s  we l l a s  t h e  numbers  o f  F u s ar i um s p p  

recovered from l i t ter  s amp l es  were h i gher b y  d i l u t i on p l a t i ng  t h an by 

d i rect p l a t i ng .  Th i s  cou l d be because  t h e  l i t ter s egmen ts , b e i ng 

dec ayed , ab s orbed t h e  s od i um hypoc h l or i te u sed for s u rface  ster i l i ­

z a t i on ,  w i th the  re s u l t t hat  s ome of the  i ntern a l  F u s ar i um myce l i um 

was  k i l l ed ( B urge s s  and L i d de l l ,  1 983 ) . 

2 30  

I n  th e c ase  of  s o i l ,  b l end i ng o f  s amp l e s a i ms to  o bt a i n t h e  

re l ease  of the  max i mum n umber of  f u ng a l  propag u l es from t he  s o i l and  

i ts orga n i c  matter , and  i t  reduces  t he  t i me and  costs  i nv o l ved i n  

a l t ernat i ve s i ev i ng a nd was h i ng techn i q ues . S u c h  b l end i ng techn i q ues  

h av e  been  s uc ce s sf u l l y  u sed by severa l  worker s , for  examp l e  Smi th and  

Snyder ( 1 9 7 5 )  recovered approx i mate l y  seven  t i mes  more F . oxys porum 

from b ar l ey roots by u s i ng b l end i ng a s  opposed t o  the s h ak i ng me thod . 

T he  tec h n i q ue  seemed t o  b e  part i cu l ar l y  u s ef u l  i n  the present  i nv e s ­

t i g a t i o n s ,  b l end i ng d u r i ng prepar at i on of  t he  i nocu l um res u l t i ng i n  



t h e  recovery of a h i gh n umber ( 1 0 )  o f  F u s a r i um s p p  from t he  s amp l es 

after a s s ay by d i l u t i on p l a t i ng . 

D i fferences between F us a r i um popu l at i o n s  obt a i ned after as s ay by 

t h e  two tec h n i ques  of  d i l u t i on p l at i ng and d i rect  pl at i ng  have  been  

reported a s  be i ng due  s o l e l y  t o  t he  i so l a t i on techn i q ue  ( Smi th and  

Snyder , 1 9 75 ; McMu l l en and  S t ac k ,  1 983 ) , but  s u c h  an  exp l a n at i on mu st  

b e  con s i dered a s  u ncer t a i n .  The  h i gh popu l a t i on s  s ome t i me s  recorded by  

d i rect p l a t i ng cou l d be  d u e  to h a b i t at ( h o s t ) f ac t ors , a s  i t  h a s  a l s o  

been  found  t h at debr i s fr agments  are a greater  reservo i r  of  f u n g i  

t h a n  t he  s o i l i tse l f ( Burges s ,  1 98 1 ) .  I ndeed , the res u l t s from t h e  

present  s t udy i nd i c ate  th a t  d i fferences obt a i ned  b y  the  two tec hn i q ue s  

may be on l y  par t i a l l y  d u e  to the  i so l a t i o n tec h n i q ue  a s  t h e  h ab i t a t  

f ac tor a l so  s eemed to  h av e  an  i nf l uenc e .  S u c h  a conc l u s i on c a n  b e  

made a s  the  two tec h n i q ues  were app l i ed to t he  s ame s i ng l e  s u b strates . 

There i s  no doubt t h at t he  u s e  of two i so l a t i on techn i q u e s  and two 

med i a  i n  the present  s tudy l ed to an  i ncrease  i n  the freq uency and  

den s i ty of funga l  spec i e s ,  1 5  s pec i e s of F u s ar i um and  30 other  funga l  

genera  be i ng i so l ated . 
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D i l u t i on p l at i ng prov i ded a n  opport u n i ty for a n  over a l l a s s e s ­

sment o f  t h e  mycof l ora  and t he  p l ace o f  F u s ar i um s p p  w i th i n  i t ,  

a l t h o u g h  i t  i s  recogn i sed  t h at t h i s  techn i q u e  d eterm i ne s  t he  t o t a l  

n umbers o f  v i ab l e  f u n g a l  p ropag u l e s ,  whet h er th ey are act i ve l y  growi n g  

or  not .  These s t ud i es i nd i cated  t h at both  t o t a l  F u s ar i um counts  a n d  

t h e  n umber of  d i fferen t  spec i es were s i gn i f i c an t l y  l ower th an t h o s e  

noted by t h e  d i rect p l a t i ng tec hn i q u e  ( Tab l e s 3- 1 3 , 3 - 1 4 a n d  3 - 3 1 ) .  

S u c h  l ow res u l t s  c o u l d  be because  s pec i es o f  t h i s  g e n u s  are l es s  

compet i t i ve on the i so l at i on p l ates  w i th t h o s e  more h i g h l y  sporu l at i ng 

genera  wh i ch are a l s o  present . 

D i rect p l at i ng after surface  s t er i l i s at i o n ,  on t he  other  h and , 

prov i de s  i nformat i on o n  t h e  i ntern a l  f ung i  of  t h e  s ub strat e ,  more o f  

wh i ch can  b e  a s s umed t o  b e  act i ve l y  grow i ng  w i t h i n  t h at s ub s t r ate . 

The  tec h n i q ue  a l l ows i so l a t i o n s  of  fun g i  wh i ch mi g h t  otherwi s e  b e  

masked  by s uperfi c i a l spec i es ,  n o t  a l l o f  wh i c h wou l d  be  act i ve ( i . e .  

i so l at i ons  or i g i n a t i ng from trans i en t  spores  etc . ) . The  t r ue  

propor t i on a nd i mport ance  of  F u s ar i um spp  c an t hen be a s s e s s ed . T he  



resu l t s s howed th at  7 5 . 6 ,  6 9 . 0 and 43 . 3% of  kerne l s ,  h u s k  segmen t s  and 

l i tter segmen t s  were act u a l l y  contam i n ated w i th th i s  gen u s . 

The Genera l  Myco f l o r a  of F i e l d  Ma i z e  

Rare ly  h a s  s c reen i ng been c arr i ed o u t  for s uc h  a w i de r ange  of 

f u ng i  from s uc h  a va r i ety of s ub s trate s .  Most i nve s t i g a tor s  h ave 

concentrated th e i r stud i es on spec i f i c pathogens ( S u tton , 1 982 ) , 

a l t houg h  C h r i s ten sen  and Ka ufmann ( 1 96 9 )  reported on  sever a l  genera  

( Al ternari a ,  C l adospor i um , N i grospor a ,  He l mi nthospor i um ,  F u s ar i um and 

Tr i ch oderma ) i nv ad i ng c erea l  gra i n s  i n  the f i e l d .  Re s u l t s  from the 

present s t udy par t i a l l y  agree w i th t ho se  o f  C h r i s tensen and K a u fmann 

but no He l m i n t ho spor i um was found and P en i c i l l i um was common . F rom 

t he  U . S . A . , H e s s e l t i ne and Both a s t  ( 1 9 7 7 )  recorded four  gener a ,  

F u s ar i um,  Ac remon i um ,  N i grospora and C l a d o s por i um ( i n  descend i ng order 

of frequency ) . P en i c i l l i um and Mucor were a l s o  found i n  the f i e l d  

very e ar l y  a s  contam i n at i ng the ma i z e  s i l k s .  

The mo s t  freq uent  fung i from a l l mater i a l s  exami ned were 

F u s ar i um,  Ac remon i um ,  C l adospor i um and P en i c i l l i um .  F i ve other  genera ,  

Mucor , Al ter n ar i a ,  E p i c occ um , Vert i c i l l i um ,  and P homa occurred at  

moderate freq uenc i es .  So i l and l i tter  g ave  the gre atest  v a r i ety of  

genera ( 1 9  e ac h ,  Ta b l e 5 . 1 3 ) .  F u s ar i um was  the  predomi n a n t  genus  i n  

ma i z e  kerne l s i n  3 out  of the  4 f i e l d s amp l es exami ned , wh i l e  i n  the  

fourth  s amp l e ,  Mucor was  the  mo s t  freq uent  i s o l ate  ( Tab l e  5 . 1 3 ) .  

Pen i c i l l i um was  t he  predomi nant  g e n u s  i n  two each  o f  t h e  s amp l es of 

h u s k  and s o i l b u t  was i s o l ated l es s  freq u e n t l y  from m a i z e  and l i t te r .  

Ac remon i um was  th e predomi nant  gen u s  i n  t h e  greatest n umber o f  s amp l es 

of h u s k , l i t ter and  s o i l ( 2 /4 , 3/4 and 2 / 4  s amp l e s respect i ve l y ) , b ut  

not  of  ma i z e .  V ert i c i l l i um was t he  predomi n an t  genu s  i n  on l y  one  

l i tter s amp l e .  C l adospor i um was  t h e  s econd mos t  freq ue n t  genus  

over a l l ,  b u t  was  n o t  predomi n an t  i n  a ny s ampl e .  
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An unexpected res u l t was th at  three  " f i e l d fung i " ,  A l ternar i a ,  

E p i c occum and  N i grospor a ,  were most l y  recovered from t he  h u s k  and 

l i tter , but were  rather u ncommon from ma i ze i n  the  f i e l d .  These  

genera  are  s a i d  t o  be l a te season co l o n i z ers of mai z e  ( Hes s e l t i ne and 

Both a st , 1 97 7 ) . In t h e  present  s t udy ,  E p i coccum and N i grospora  were 

not i so l ated from so i l s amp l es i n  s p i te of the i r  oc cu rrence on  other  



s u b s tr ate s ,  part i cu l a r l y  h u s k s  and l i tter . A l ternar i a was  a l s o  

i s o l ated mo s t  frequent l y  from h u s k  and l i tter  ( Ta b l e  3 - 1 1 ) .  

N o  Asperg i l l u s s pp were  detected from any of  the  s amp l e s exam i ned 

( except  for the  s torage s amp l e s from S i l o  C ) . Other worker s  have  

f a i l ed to  detect any Aspergi l l u s spp  i n  f i e l d ma i z e .  H e s s e l t i ne and 

Both a s t  ( 1 9 7 7 )  exami ned over 4 , 500 i nd i v i du a l  kerne l s of  ma i ze but no 

Aspergi l l us s pp were found . S i m i l ar l y ,  R ambo � �. ( 1 97 4 )  d i d  not  

f i nd a ny A .  f l avus  i n  1 56 f i e l d  s amp l e s of  ma i z e  from I nd i ana  from t he  

1 97 1  c rop  wh i l e  on l y  0 . 08% from 369  s amp l e s  were contami n ated wi th 

t h i s  s pec i es i n  1 9 72 . Howev e r ,  th ere can  occ a s i on a l l y  be a ser i o u s  

prob l em of  contami n at i on of  ma i z e  i n  th e f i e l d  w i th A .  f l avus  and 

con sequent  a f l atox i n prod u ct i on .  S uch  prob l ems ma i n l y  occur  i n  h i gh 

temperature areas  ( over  340C )  a nd u nder drought  s t res s ( P ayne et  �. , 

1 986 ) . So t h e  coo l er c l i mate  i n  New Zea l and  cou l d  be  the  ma i n  factor 

l e ad i ng to  a l ac k  of Aspergi l l u s spp  i n  m a i z e  f i e l ds .  

F u s ar i a i n  Ma i ze F i e l d s 

The  ge n u s  F u s ar i um was  o f  t he  mos t  i ntere s t  i n  t h e  present  s t udy .  

I t s h i g h freq uency of oc c u rrence  and i ts h i gh l ev e l  of con t am i n a t i on 

( 7 5 . 6% ,  Tab l e  3- 1 2 )  o f  ma i ze i n  the  f i e l d  h as not  been reported 
before i n  t h i s country .  

The  s t ud i es o n  t h e  occu rrence of F u s ar i um s pp from a l l t he  s ub­

s t rates  i n  the f u l l y- s t ud i ed ma i ze f i e l d s T3 , T4 , J 1  and  J2  i nd i c ated 

t h at f i ve  f u s ar i a  ( i n  de crea s i ng order : F .  c u l morum ,  F .  gram i nearum ,  

F .  ac um i natum ,  F .  oxys porum and  F .  s u bgl u t i n ans , Tab l e  3- 1 5 ) were 

present  at h i gh freq ue nc i e s .  I t  i s  appropr i ate to d i s cu s s  t he se  

f i nd i ng s  and to compare t h e  r es u l t s  of the  pres ent  s t udy w i th t ho se  of  

oth er report s . 

F .  c u l morum was found  at  t he  h i g he s t  l ev e l  ( 1 4/ 1 5  of  tot a l  

exami ned s amp l e s from t h e  four  s u b s tr ate s ) wh i c h i s  probab l y  t h e  

re s u l t o f  i t s s aprophyt i c  r ather t h an i ts paras i t i c  ac t i v i t i e s .  I t  

w a s  noted i n  a l l s amp l es o f  s o i l ,  l i tter and h u s k  and i n  f i ve  ma i z e  

ke rne l s amp l es o u t  of  s i x .  The s pec i es i s  typ i c a l l y  a s o i l - b a s ed 

f u n g u s  ( Burge s s , 1 981 ) ,  wh i c h  p o s s e s s e s  a h i gh compe t i t i ve s aprophyt i c  

a b i l i ty ,  b u t  a l so  c au s e s  a v a r i ety o f  d i s e a se s  on a w i de  r ange of  
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cerea l s and g r a s se s  i n  most  countr i es of  the  wor l d  ( J ones  and 

C l i fford , 1 9 7 8 ) . L a t er res u l t s  s howed t h at th i s  s pec i es occu rred at  a 

frequency of  1 00% i n  h arvest  s amp l es ,  b u t  was  absent  i n  s t orage 

s amp l e s ( Tab l e  3 - 2 4 ) . F .  c u l mor um h a s  not been frequent l y  report ed i n  

N ew Z e a l and ma i z e before , po s s i b l y  bec a u s e  i nves t i gators  c l a s s i f i ed i t  

a s  F .  ros eum ( Fow l er , 1 985 ) . H ampton  ( 1 980 ) found th i s  s p ec i es to  be 

t h e  predomi n a n t  one i n  wheat s eed s a nd i t  h as a l so  been recorded i n  

fres h l y- h arvest ed b ar l ey ( C hong and S h er i da n , 1 982 ; Lee , 1 986 ) . I t  

h as common l y  b een fo und i n  p as t ure g r a s s  a nd may prod uce  z eara l enone  

i n  the  grass  l e av e s  ( Ga l l ag her , 1 985 ; L a uren , 1 986 ) . 

A l thoug h  F .  

( an  expre s s i on  

s pec i es ) , t he  

c u l mor um s howed t he  h i g h e s t  freq uency of occu rrenc e ,  

o f  th e number o f  a l l s amp l es pos i t i ve for th i s  

act u a l  l ev e l  of  con t ami n a t i on  of the  s ub s tr ates  ( the  

frequency of  i s o l at i on from a s amp l e ,  as  e s t i mated from a l l p l ates  of 

both techn i q u e s ) was  l ower . The  l ev e l  of  co n t ami nat i on of m a i z e  and 

l i tter by F .  c u l mor um was  second to F .  gram i nearum ,  wh i l e i n  h u s k s  and 

s o i l F .  c u l mor um was  th i rd and fourth respect i ve l y  ( F i gure  3 - 2 ) .  

F .  gr am i near um was second i n  freq ue ncy of  oc currence  ( 1 3/ 1 5  

s amp l es ) . I t  was  present  i n  on l y  one  of t h e  th ree s o i l s amp l es .  I n  

t erms of l ev e l  of contami n at i on ,  F .  gram i n e arum was the  mo s t  s i gn i f i ­

c ant  spec i es i n  both m a i ze  and h u s k s and was t h i rd i n  t h e  l i t ter 

s amp l e s .  T hese  res u l t s  suggest  t hat  the ma i n  i nocu l um of F .  

gr ami ne arum i n  t he  f i e l d  was d i s po sed i n  the  aer i a l parts  o f  t he  

p l ants  from wh i c h s pread to the  s o i l a n d  l i tter co u l d oc c u r .  S u c h  a 

conc l u s i on agrees  w i th th at  of  Kommeda h l  e t �. ( 1 9 79 )  and M i l l er et 

a l . ( 1 983 ) .  At h arve s t  t i me and after h arves t ,  p l ant  d e br i s  i n  t he  

s o i l co u l d then  b e  t he  ma i n  res ervo i r  of  th i s  s pec i es .  

The  l ow l eve l of  oc currence of F .  gram i near um i n  t he  s o i l was  not 

unexpected as a s i m i l ar re s u l t h ad been reported by sever a l  a uthors  

( Wear i ng a nd  B u rge s s ,  1 9 78 ; W i nde 1 s a nd  Kommed a h 1 ,  1 97 4 ) . W i nd e l s  and 

K ommedah 1 ( 1 9 7 4 )  detected F .  grami n e arum i n  on l y  30% of s o i l s amp l es .  

Accord i ng to  t he se  authors  s uc h  a l ow l ev e l  was  becau se  th i s  s pec i es 

prod u ce s  c h l amydospores for s urv i va l  i n  s o i l .  B u t  t he  tech-
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r are l y  

n i q u e  

1 e v e  1 . 

u s ed ( d i l u t i on p l at i ng ) cou l d be  another  reason for s uc h  a l ow 

Th i s  s pec i es was  not  detected by u s i ng d i l u t i on p l at i ng of  



sever a l  h u nd red so i l  s amp l e s from C an ad i an f i e l d s ( Gordon , 1 9 56 ) . I n  

t he  present  s t udy,  F .  gram i nearum was detected i n  one o u t  of  th ree 

s o i l s amp l es b u t  at  the l ow popu l a t i on count  of 3 90 CFU/g . 

Mo s t  of the  i s o l a tes  o f  F .  gr ami nearum obt a i ned from th i s  s t udy 

prod uced per i thec i a  on  C LA  med i um and th i s  s ug ge s t s  th at  the  i s o l ates  

b e l onged t o  the  " Group  2 "  o f  F ranc i s  and  B urge s s  ( 1 9 7 7 )  ( s ee Sect i on 

1 . 1 . 2 ) .  T h i s  group c o n t a i n s a i r-borne  i s o l ates  wh i c h c a u s e  d i sease  of  

aer i a l  p l a n t  parts  s uc h  a s  s t a l k a nd ear rots of  m a i z e  and head  b l i g ht  

of  wheat , b ar l ey and o ats  ( W i nde l s  and Kommed ah l , 1 984 ) . F .  

g r ami nearum group 2 h a s  been  found t o  s u rv i ve most l y  i n  p l a n t  t i s s ue 

( eg .  debr i s )  and to  be  s e l dom i s o l a ted from s o i l ( W i nde l s and 

Kommeda h l , 1 9 74 ; Burge s s  � �. ,  1 98 1 ) .  T he  aet i o l og i c a l  s t ud i es of 

W i nde l s  a nd Kommeda h l  ( 1 984 ) sug ge s t  that th i s  s pec i e s c o u l d b u i l d  up 

i t s i nocu l um potent i a l i n  de br i s ,  on or near the s o i l s urfac e ,  and i n  

s t and i ng ma i z e .  The  present  re s u l t s  s upported t he  observ at i on th a t  

s o i l i s  probab l y  not  a n  i mportant  i noc u l um s ource  of th i s  spec i es ,  

wh i l e the org a n i c matter i n  s o i l ( o l d  s t a l k ,  ma i z e ear , s t u b b l e  etc . ) 

co u l d be t he  pr i nc i p a l  o ne .  The  present s t udy a l so reve a l s t h a t  t he  

h u s k s  a nd  kerne l s c an a l s o  b e  an i mportant source  of  i nocu l um .  

I n  N ew Z e a l and F .  grami nearum i s  apparen t l y  not i mportant  a s  a 

p l a n t  pathogen  i n  ma i ze a nd i n  fact i t  i s  not  we l l  k n own i n  New 

Ze a l a nd m a i z e ,  a l t h o u g h  a s  i t s t e l eomorph i c  s t age  ( G .  z e ae ) i t  h a s  

been reported a s  be i ng i nvo l ved i n  s t a l k a nd c o b  rots  ( Fu l l erton , 

1 9 78 ) , p art i c u l ar l y  i n  wetter areas . F .  gr ami nearum i s  better k n own 

i n  other c rops , eg o i n  b ar l ey ( C hong  a nd S h er i da n ,  1 982 ; Lee , 1 986 ) 

a nd i n  gr a s s  ( L auren , 1 986 ) . 

A r ev i ew by S u t ton  ( 1 982 ) n o ted th at F .  g r ami nearum i s  res pon­

s i b l e  for cob  rot wor l d -w i d e , wi t h  reports  from most  m a i z e - produc i ng 

countr i es ( C an ad a ,  U . S . A . , Southern  and E a s tern  Europe , Centra l  and 

Sou thern Afr i c a and U . S . S . R . ) .  Th ere i s  a great deal  of  concern about  

s uc h  a h i gh l ev e l  of cont am i nat i on by  F .  gram i ne arum i n  ma i z e , bec a u se  

i so l ates  of  i t  a re  we l l  k nown to  prod uce  s ev e r a l  i mportant  t ox i n s  s u c h  

a s  DON , Z E A ,  N I V  and F U S - X  ( I c h i n oe a n d  Kurat a ,  1 983 ; M i roc h a ,  1 984 ) . 
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The resu l t s of the  present  i nve s t i g a t i on ag ree t h a t  F .  

gr ami nearum i s  c ommon i n  mai z e ,  b u t  i t  apparent l y occur s  a s  a 

s aprophyt i c  organ i sm produc i ng n o  symptoms o n  the  p l an t .  

The th i rd most  freq uent  F us ar i um s pec i e s was  F .  ac um i n a t um ( 1 1 / 1 5  

s amp l es ) . I t  was  present  i n  a l l m a i z e  and  l i tter  s amp l e s and i ts 

popu l a t i on i n  ma i z e and l i t ter was the  h i g hest  among t ho se  s pec i es 

present  there ( 3 . 2  x 1 03 and 3 . 7  x 1 05 C FU / g  respect i ve l y ) . I t  was  

a l so common i n  h u s k  s amp l es ,  wi th a l ev e l  of con tami n a t i on  s econd 

a fter F .  grami n e arum .  I t  was  not  found  i n  s o i l .  These  re s u l t s  sup­

port  those  of K ommed a h l  et �. ( 1 9 79 ) who found  th at F .  ac um i n atum was  

t h e  predomi n an t  F u s ar i um i n  ma i ze  s t a l k debr i s .  F .  ac umi n a t um co u l d 

b e  s i gn i f i c a n t  a s  a mycotox i n- prod ucer  a s  i t  i s  k nown t h a t  s evera l  

mycotox i n s ( T- 2  tox i n , HT-2  tox i n ,  DAS  and  N EO ) can  be  prod u ced by 

s t ra i n s  of t h i s  s pec i es ( I ch i noe and K u r at a ,  1 983 ) . 
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Amongst  t he  other freq uent l y- oc cu rr i ng f u s ar i a w a s  F .  oxysporum 

( 9/ 1 5  s amp l e s ) .  I t  was  the predomi n a n t  F us a r i um spp  i n  a l l s o i l 

s amp l e s ,  wh i l e  i t  was  second  i n  h u s k  and l i t ter . No F .  oxysporum was  

recorded from ma i z e .  

F u s ar i um oxys porum i s  one of t h e  mos t prev a l ent  s o i l - borne  

f u s ar i a and  i s  h i g h l y v a r i ab l e .  S ome v ar i et i e s are very pathogen i c ,  

c a u s i ng wi l t ,  c rown and root rots  wh i l e  t h e  s aprophyt i c  s t r a i n s  are 

c ommon co l o n i sers  of s enescent  or damaged p l an t  t i s s ue ( Burge s s ,  

1 98 1 ) .  The re s u l t s o f  t h e  present  s t udy s u pport prev i ou s  s t ud i e s  from 

C an ad a  ( Gordo n ,  1 95 4 ) , from t he  U . S . A .  ( W i nde l s and Kommed a h l , 1 97 4 ) 

from Au s tra l i a  ( We ar i ng a nd B urge s s ,  1 97 7 )  a nd from New Zea l and  

( F a l l oon , 1 982 ) t h at F .  oxys porum i s  the  mo s t  common i so l ate  from s o i l 

a nd roots . 

A l though  t h e  l ev e l  of  co ntam i n at i on of m a i ze  kerne l s w i th F .  

oxys porum was  not  s i gn i f i c an t ,  th ere i s  a pos s i b i l i ty of  s ome 

mycotox i n s b e i ng produced u nder s u i t ab l e  c o nd i t i on s  i n  gr a i n .  R es u l t s  

from other i nv e s t i gators  s how t h a t  s ome i s o l ates  o f  th i s  spec i e s can  

produce  T - 2  tox i n ,  ZEA and MON ( I  c h  i n oe and  K u r at a ,  1 98 3 ;  R a b i  e et 

�. , 1 982 ) . 



F u s ar i um s ub g l u t i nans  was  found at a moderate freq uency ( 8/ 1 5 

s amp l es ) . I t s popu l a t i on l ev e l  was  h i g h i n  s o i l and i t s regu l ar 

i sol a t i on  from s o i l s amp l es ( Wear i ng and B urge s s ,  1 978 ) h a s  l ed to  t h e  

s o i l be i ng c o n s i dered i t s mos t  i mportant  i noc u l um s ource . F .  s ub ­

g l ut i n ans  a n d  F .  mon i l i forme a r e  often  l umped together a n d  i n  t h e  past  

h ave c a u s ed confu s i on ,  but  s evera l  i nve s t i gators  now regard  them  a s  

two d i st i nc t  s pec i es ( Marasas  et  �. , 1 9 79c ) ( th i s  wi l l  b e  d i scu s s ed 

l ater ) . 

A few other F u s ar i um s p p  a l s o  occu rred a t  rea son ab l y  h i g h 

freq uenc i e s or popu l a t i on l eve l s .  These spec i e s were F .  poae , F .  

s o l a n i  and  F .  c rookwe l l en se . F .  poae was  common i n  t he  h u s k  and  

k erne l s wh i l e none  was  de tect ed from l i tter or s o i l .  O verseas  reports  

i nd i c ate  th a t  F .  poae c an b e  recovered from s o i l ,  b u t  mos t l y  at  a l ow 

l eve l of  occu rrence ( Domsch  et �. , 1 980 ) . I t  i s  common i n  temperate 

reg i on s  where  i t  i s  co n s i dered a s  a weak p aras i te or s aprophyte , b u t  

may be  a s s oc i ated wi th s ome p l a n t  d i seases  s u c h  as c o b  r o t  i n  ma i z e  i n  

F r anc e ,  P o l and  and North Amer i c a ( Booth , 1 9 7 1 ) . 

F u s ar i um s o l a n i  w a s  i s o l a ted from s o i l s amp l es o n l y but  at  

moderate  popu l at i on l eve l s  ( R e s u l t s  not  i nc l uded i n  Tab l e  3 - 1 6 ) . Th i s  

s pec i es i s  a common so i l - borne  f u n g u s  ( Gordon , 1 9 5 6 ;  Wear i ng a nd 

B urge s s ,  1 9 7 7 ) . I t  i nc l ud e s  p ar a s i t i c  a nd s aprophyt i c  groups . The  

p aras i t i c  members  c an be  i mportant  i n  root  and  crown rots  ( Burge s s ,  

1 981 ) . The  pre sent  resu l t s  a9ree wi th  the op l n l on s  of other 

i nv e s t i g a tor s  th a t  F .  s o l a n i  i s  r a r e l y  found i n  cerea l  g r a i n ( Domsc h  

et �. , 1 980 ) . 
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F u s ar i um crookwe l l ense oc c u rred at  a l most  eq u a l  frequency from 

a l l s ub s trates . A l though  i t s o ver a l l frequency of o cc urrence was  l ow 

( 5/ 1 5  s amp l e s ) , i t  cou l d be  i mportant  a s  a tox i gen i c  s p ec i es .  I t  h a s  

been recov ered from grass  p a s t u re i n  New Zea l and and s ome i so l ates  

h ave  been  found t o  be  s trong l y  t ox i gen i c ,  produc i ng a l arge  var i ety of  

toxi n s  ( L auren , 1 986 ) . The  eco l ogy of t h i s  s pec i es w a s  d i scus sed i n  

Sect i on 1 . 1 . 2 . 
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The  Mycof l o r a  of  Ma i ze  at  H a rvest  

The  genera l  myco f l o r a  of ma i ze kerne l s i n  t h e  f i e l d and dur i ng 

h a rve s t  h ave  a s pec i a l i mportance i n  regard t o  t he  i nv a s i on of t he  

k erne l s by  f ung i a n d  t he  po s s i b l e  r e l ease  of  mycotox i n s  ( S u tton e t  

�"  1 980 ) . T he  freq uency of  occu rrence of  F u s ari um s pp from the  

h arve s t  s amp l e s exami ned wa s  a l most  the  s ame a s  t h at from f i e l d s am­

p l e s ( Tab l e  3 - 24 ) , b u t  t he  act ua l  l ev e l  of c o n t am i n a t i on of  t he  m a i z e  

kerne l s wa s  l ower at  h arve s t  t i me f o r  most  s pec i e s ,  part i cu l a r l y  F .  

gr ami nearum ,  F .  c u l morum and F .  acumi natum .  S i m i l ar re s u l t s  to  t hese  

h av e  been reported by other  i nv e s t i gators  ( He s s e l t i ne a nd  Both as t ,  

1 97 7 ;  M i l l er � �. , 1 983 ) . M i l l er a nd h i s  c o l l e agues  exper i ment a l l y  

i noc u l ated ma i z e ears  wi th  F .  grami nearum 7 9  d ays  after p l an t i ng t he  

ma i ze .  T hey not i ced th at  t he  propag u l e s o f  F .  grami nearum present  a s  

t h e  ma i z e deve l oped i ncre ased after i noc u l a t i on  f o r  s i x  week s and t hen  

s t arted to  decrea se ,  a nd t h ey s ugge s ted t h at s uc h  a dec l i ne was  due  to  

end -prod uct  i nh i b i t i on by  DON , a l t hough  i t  co u l d a l so be  a t tr i bu ted to  

t he  l ack  o f  mo i sture  and n u tr i t i on .  H e s s e l t i ne and Botha s t  ( 1 9 7 7 ) 

a l s o reported t h at t he  n umbers  of  F u s ar i um- i n fected  m a i ze  kerne l s were 

l ower i n  t h e  l a st  few week s before h arvest i ng ,  b u t  no  exp l a n at i on for 

th i s  was g i ven . 

I n  t he  present  s t udy the decrease  of  t h e  F u s ar i um popu l a t i on 

c o u l d we l l be  due  to t h e  decrease  of  mo i s ture  content  of  t he  kerne l s .  

The  MC o f  t he  f i e l d  ma i z e  aver aged 3 2 . 2% ,  wh i c h wou l d s u pport good 

growth of  F u s ar i um s p p .  Ac cord i ng to  Sutton  ( 1 982 ) F .  gr ami nearum 

grows v i go rous l y  at 3 5% MC b u t  s p ar s e l y  near 2 0 - 2 2% MC . Therefore t h e  

dropp i ng of  M C  t o  2 2% ( average ) a t  h arvest  t i me a s  observed i n  t he  

pre sent  s t udy cou l d be  t h e  ma i n factor c a u s i ng the  decrease  i n  t he  

popu l a t i on l eve l  of mos t  F u s ar i um s p p .  Su pport i ng t h i s  concept was  

the o bserv at i on th at the l ev e l s of F .  s ubgl u t i n ans  rema i ned const an t . 

Th i s  spec i es h a s  the  a b i l i ty to con t i nue  growth a t  l ow MC s ( R u s s e l  et  

�. , 1 982 ) .  

Reg ard i ng the  l eve l of  con t am i n at i on by F u s ar i um s pp ,  t he  

res u l ts ,  as  we l l a s  t h e  res u l t s  of other workers  ( e . g .  Ne i s h et �. , 

1 983 ) i nd i cate  th at i t  i s  d i f f i c u l t to  re l y  on  an a l ys i s of gr a i n at  

h arvest  t o  assess  the  s i gn i f i cance  of F u s a r i um spp  on that  gr a i n .  

As s ay of t he  gra i n  i n  the  f i e l d mu st  be  performed . Th i s  a l s o  s u pports  



the  conc l u s i on of S t urz a nd Joh n ston  ( 1 983 ) , t h at the e ar l y  oc currence  

of  tox i n - produc i ng f u s ar i a i n  t he  gr a i n s h o u l d n o t  be over l o oked when  

c on s i der i ng t he  amou n t  and type of mycotox i n  present i n  cere a l  gr a i n  

a t  the  end of the  growi ng  s e ason . F u s ar i a i s o l a ted from t he  ears  l ate  

i n  t he  season  are  not  nec e s s ar i l y t he  o n l y producers of mycotox i n s 

wh i c h may be present i n  con t ami n ated s eed . 

The ma i ze ke r ne l  s amp l es at  h arvest  s howed a gre ater v a r i ety of  

f ung i ov er a l l th an d i d  f i e l d s amp l es ( a  tot a l  o f  1 7  genera  from  seven  

h arvest  s amp l es ,  c ompared to on l y  1 3  ge nera  from s i x  f i e l d  s amp l e s ) .  

F o u r  ge nera  ( Acremon i um ,  E p i coc c um ,  F u s ar i um  and  P en i c i l l i um )  occurred 

at  the h i ghest  frequ ency,  7/7 s amp l es eac h .  N i grospor a ,  C l ados por i um 

a nd Mucor were a l so  common ( Tab 1 e 3 - 20 ) . H owev e r ,  i n  terms of  popu 1 a ­

t i on l ev e l , F u s ar i um w a s  th e mo st  abund a n t  ( 58 . 3% )  f o l l owed by 

P en i c i l l i um ( 2 7 . 7% )  ( Ta b l e  3- 1 9 ) . These  re s u l t s  agree we l l  w i th t ho se  

of  Mara s a s  and Sma l l ey ( 1 9 72 ) who i so l ated  1 7  ge nera from fre s h l y-

h arvested  (but mouldy) ma i z e .  C l ados por i um ,  F u s ar i um, Ac remo n i um and  

P e n i c i l l i um were t he  most  c ommon . 

Mo s t  other  i nv e s t i gators  h ave a l s o  found  t h at F u s ar i um i s  one  o f  

t h e  mo s t  common genera  from fres h l y- h arves ted ma i ze .  Both ast  � �.  

( 1 9 7 3 )  found th at 5 5  to  7 7 %  o f  who l e ma i ze  k erne l s  ( fre s h l y  h arves t ed ) 

were i nfected wi th v a r i ou s  fung i , b u t  two genera , F u s ar i um and 

P e n i c i l l i um ,  were predomi n a n t .  As pergi l l u s ,  He l m i nthospor i um ,  

N i grospora  and  Tr i ch oderma were a l s o found a t  s i gn i f i cant  l eve l s .  

The  Mycof l ora  o f  Stored Ma i ze 
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A l l ma i ze under i nv e s t i ga t i on was  art i f i c i a l l y  dr i ed t o  be l ow 1 4% 

MC and then  s tored u nder  contro l l ed cond i t i on s  ( by aer at i on ) , except  

for  the  s amp l es from S i l o  C ,  wh i c h  h ad been  s tored for about  1 2  mon th s  

i n  an u n aerated s i l o  b efore t he  f i r s t  s amp l e  was c o l l ec ted . T he  

contro l l ed s torage cond i t i on s  preven ted mos t  f ung i from mu l t i p l y i ng ,  

wi th a few except i on s  ( e . g .  Pen i c i l l i um ) , wh i l e  many genera  decrea s ed 

great l y  ( e . g .  F u s ar i um ) . Spec i es of P en i c i l l i um were present  i n  

greate s t  amounts  i n  S i l o s A ,  B a nd C ( 2 3 ,  1 2 . 3  a nd 43% respect i ve l y )  

and the  genus  was a l s o  t h e  mos t  freq uent  among a l l the  genera  present . 

An other two gener a found at h i g h l ev e l s were N igrospora ( 3 1 % )  f r om 

S i l o  B and As perg i l l us ( 3 5 . 6% )  from S i l o  C .  B oth P en i c i l l i um and 



N i gros p or a  were common at h arvest  t i me and  a pparent l y  t he  d ry i ng 

proc e s s  d i d  not  affect th em .  The  rema i nde r  of  the 1 7  genera  from a l l 

1 2  s amp l e s occurred very r are l y . The freq u e ncy of occurrence of  

F u s ar i um s pp was 9/ 1 2  s amp l e s ,  s econd t o  P e n i c i l l i um ( 1 1 / 1 2 ) , b u t  th e 

f u s ar i a were found at  very l ow l eve l s of  contam i n at i on « 1 % i n  a l l 

s amp l e s ) .  

Many F u s ar i um s pp may be k i l l ed d u r i ng t h e  dryi ng a nd s tor age  

proc e s s  ( M i l l er et  �. , 1 983 ) . On l y  th ree ( F .  s u bgl u t i n a n s , F .  

gr ami nearum and  F .  poae ) were  found i n  t he  s amp l e s exam i ned . T hese  

s pec i e s can  be c l a s s i f i ed a s  s torage  fung i ( Ma r a s as � �. , 1 9 7 9c ; 

J ac k son � �. , 1 9 74 ) . 

S i l o  C s howed t h e  h i ghest  l ev e l  o f  contami n at i o n ( 8 1 % ) a nd 

Aspergi l l u s s pp were p ar t i c u l a r l y  numerous . Th i s  co u l d be  due  to  th e 

l ong s t or age of th e gr a i n i n  th i s  s i l o  ( 1 2  mon th s ) .  G r a i n from S i l o  B 

s howed a h i g h l ev e l  of  contami n at i on ( 5 1 % ) , perh aps bec a u s e  t he  ma i z e 

i n  th i s  s i l o c ame from f i e l d  J 2  wh i c h h ad s hown gr a i n wi th h i g h mou l d 

l eve l s ;  t he  MC was  a l s o  h i gher at 1 4 . 5% .  
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The observ a t i o n s  of other i nv e s t i gators  s t udyi ng s tored m a i ze 

v ary great l y  and many factors  s u c h  a s  MC , s t or age per i od and s torage  

cond i t i ons  c an i n f l u ence  resu l t s .  F o r  examp l e ,  Mar a s a s  a nd Sma l l ey 

( 1 9 72 ) reported a very h i gh funga l popu l a t i on ( 5  x 1 07 ) from very 

mo i s t ( 30% ) mou l dy m a i ze wh i c h was s tored at  1 00C .  The  a uthors  repor­

ted th at  four genera ( C l adospor i um ,  Ac remon i um ,  F u s ar i um and 

Pen i c i l l i um )  were present  i n  l arge n umbers  p art i cu l ar l y  a t  the beg i n ­

n i ng o f  s torage . A s  the  s t or age progres s ed t he  l ev e l  o f  F u s a r i um 

fe l l .  However , C i eg l er ( 1 97 8 )  reported th a t  i f  gr a i n was s tored at a 

MC a bove 2 5% ,  F us ar i um spp  c ou l d become a major concer n ,  wh i l e  at  

about 1 5% MC  Aspergi l l us and Pen i c i l l i um were  c ommon . M ara s a s  � �. 

( 1 9 79c ) reported a controvers i a l res u l t i n  t h a t  they detected three  

F u s ar i um s pp ( F .  s ub g l u t i nans , F .  moni l i forme and F .  gr am i nearum ) f rom 

South Afr i can  ma i z e a t  h arves t  t i me ,  where t h e  MC was b e l ow 1 3% .  T hey 

found t h at the l ev e l  of contami n a t i on by a l l F us ar i um spp  was 1 9% 

( mean of a l l s amp l e s ) . B u t  th i s  l ev e l  of  c o n t ami nat i on i ncreased  t o  

34% after e i ght  month s '  storage , a l t hough  t h e  M C  wa s on l y  1 4% .  S u c h  

resu l t s cou l d  i nd i c ate  a we ak r e l a t i on s h i p  between M C  and contam i ­

n at i on by F u s ar i um s p p .  



Genera l  C omments  Regard i ng t h e  I so l a t i on of Cert a i n F u s ar i a 

An i mportant  f i nd i ng i n  t h e  present  s t udy was th e detect i on of  � 

s ubgl u t i n ans , wh i l e F .  mon i l i forme wa s found on l y  once .  F .  s ub ­

gl u t i n ans was  a common i so l ate  i n  the major i ty of s amp l e s  and i t  was  

th i rd i n  freq ue ncy of  occurrence ,  after F .  gram i nearum and F .  c u l mor um 

( Tab l e  3 - 3 5 ) .  I t  i s  worth n ot i ng t hat  t he  freq uency of  t h i s  s pec i es 

i nc re as ed i n  m a i z e  kerne l s from t h e  f i e l d  t o  s tor age and  i t  was the  

mos t common F u s ar i um spp  to be i s o l ated from  stored s amp l e s .  

B e c a u se  o f  m i s i de n t i f i c at i on ,  and l ump i ng of th i s  s pec i e s w i th F .  

moni l i forme un t i l recen t l y , l i tt l e  i s  k nown about i t s t r u e  prev a l ence  

and geograph i c a l  d i s tr i but i on  ( Ma r a s a s  e t  �. , 1 9 7 9c ;  Ne i s h et  �. , 

1 983 ) .  Ac cord i ng to  Ne i s h et �. ( 1 983 ) ,  res u l t s  from most  s tud i es 

carr i ed o u t  i n  North  Amer i c a s how t h a t  F .  s ubgl u t i n a n s  h as not  b een 

d i s t i ng u i s h ed from other v a r i e t i e s  of F .  mon i l i forme , so i t  i s  not  

k nown whether F .  s ubgl u t i n a ns was  predom i n ant  i n  t h a t  area or not . 

S i m i l ar l y , l i tt l e h as been reported on F .  s ubgl u t i nans  i n  New  Zea l a nd . 

Most of  t h e  l i t erat u re ment i on s  F .  mon i l i forme ( D i ng l ey ,  1 965 ; Fowl er , 

1 985 ; L e e ,  1 986 ) . 
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T h e  two  s pec i es are  wi de l y  i so l ated from p l ants , s o i l and s eed s 

but  F .  s ubgl u t i n ans  i s  common  i n  coo l er areas  w i th a h i gh r a i nfa l l a nd  

i s  often  found  to  c ause  cob  and kerne l  rots  i n  ma i ze ,  wh i l e F .  

moni l i forme i s  found i n  areas  wh i ch h av e  a s ubtrop i c a l  c l i mate ( warm 

and d ry )  a nd i s  often reported as caus i ng s t a l k rot of m a i ze  p l a n t s  

( Booth , 1 9 7 1 ; F r anc i s  and B urge s s ,  1 9 75 ) . 

Th e New Ze a l and c l i mate  ( t emperate ) s ho u l d be expected to  s u pport 

F .  s ubgl u t i n an s  bet ter th an  F .  mon i l i forme and th e present  res u l t s  

s upport s uc h  a n  i de a .  F u l l erton  ( p ers .  comm . ) con s i ders  F .  s ub ­

gl u t i n ans  as  t he  most  common s pec i es i s o l ated from New  Zea l and m a i ze  

w i th  s t a l k and cob  rot s .  

No  spec i e s be l ong i ng t o  t h e  s ect i on Sporotr i ch i e l l a  were found  

except for l ow l eve l s  of  F .  p o ae .  Such  res u l t s  agree w i t h  t he  v i ew of 

Vesonder  a nd H e s s e l t i ne ( 1 981 ) ,  who found the above s pec i es were l es s  

freq u e n t  o n  m a i ze  i n  t emperate zones . 



U n l i ke r e s u l t s  of other re searchers  i n  New Z e a l and ( e . g .  H ampton , 

1 980 ; L e e ,  1 986 ) F .  n i v a l e c e s  e x .  S acc o [ for  wh i c h th e n ame Ger l ac h i a  

n i v a l i s  h as been sugge s ted ( G ams and Mu l l er , 1 980 ) or  more recen t l y  

M i c rodoc h i um n i v a l e ,  i nc l uded i n  the  Hyponectr i ac e ae , ( S amue l s ,  

1 984 ) J , was  not found d u r i ng t h i s  s t udy .  Th i s  cou l d b e  beca u se  the  

i nc u b a t i on temperature ( i . e . 2 40C )  was  not  s u i t ab l e .  To u s soun  and 

N e l son  ( 1 976 ) recommend a 5 - 1 00C i nc u b a t i on temper at ure for th i s  

s pec i e s .  

The  pre s ent  s t udy h a s  s hown th at  f u s ar i a are th e predomi n ant  

i s o l ates  from mai ze  both  i n  terms of freq uency and l eve l of  

contam i n at i on .  Such  a res u l t h a s  not been prev i ou s l y  reported for New 

Zea l and  m a i ze  gra i n .  T he  maj o r i ty o f  i so l ates  were o f  s aprophyt i c  

s pec i e s a nd s o  may have  been  i gn ored by p l a n t  p a th o l og i s t s . I t  i s  not  

uncommon to f i nd a h i g h l ev e l  of  contami n a t i on by one or more  F u s ar i um 

spp w i th  l i t t l e or no d i s e a se  apparent ( Kommed a h l  et �. , 1 97 9 ) . 

S i mi l ar res u l t s  were reported by McKenz i e  a nd T ay l or ( 1 983 ) who found 

a very l arge F u s ar i um popu l a t i on i n  p as t ure s o i l ,  part i cu l ar l y  of F .  

c u l mor um , wi t h  l i t t l e ev i dence  o f  paras i t i c  i nv a s i on o f  t he  roots . 

An a l ys i s  of Ma i ze for Mycotox i n s  
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The  eco nomi c s i gn i f i c ance  of  i nd i v i du a l  mycotox i ge n i c  fung i and 

t he i r  mycotox i n s may be  ga uged accord i ng to  th e i r  prev a l ence  i n  the  

food  or  feed  s upp l y  i n  conj unct i on wi th the  n at u re and degree  of  

tox i c i ty of t he  mycotox i n  t o  a c ert a i n an i ma l  s pec i es .  I n  New Ze a l and 

t h e  p o u l try and p i g  i nd u s t r i es are t he  mo s t  l i ke l y  to  face pro b l ems 

wi th  F u s ar i um tox i coses  fo l l ow i ng an i ma l  con sumpt i on of contami n ated 

produc t s . M a i ze const i t u te s  about 63% of the  feed g r a i n  c o n s umed by 

both  pou l t ry and p i g s  i n  the North I s l and . A l t h o u g h  acute 

mycotox i coses  are probab l y  r are l y  found , and are u s u a l l y  s u s pected and 

d i agno sed by veter i n ar i an s , the c hron i c  and non- l eth a l  effects of 

mycotox i n s are the mo st common and t hese  are  not recog n i s ed e as i l y .  

Thu s th e approach where t he  pre sence o f  tox i ge n i c  fung i i n  a 

p ar t i c u l ar  commod i ty s u c h  a s  ma i ze i s  determi ned a nd t h e  tox i n s  t hey 

prod u ce  i de nt i f i ed i s  t o  be  recommended . I t  c a n  prov i de u sefu l  

i nformat i on i n  pred i ct i ng myco tox i n prob l ems , wh i ch may oc cur  a t  the  

c hron i c  l eve l . 
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I n  the  present  i nv e s t i ga t i on K am i mur a ' s  me th od ( Sect i on s  2 . 2 . 5  

and 2 . 2 . 6 ) w a s  f o l l owed when scree n i ng for f i ve F u s ar i um t ox i n s  ( DON , 

DAS , T-2 tox i n ,  ZEA and  MON ) i n  ma i z e s amp l es as we l l  a s  i n  F u s ar i um 

c u l t ures . T h e s e  mycotox i n s  ( except  MaN ) are pos s i b l y  t h e  most  c om­

mon l y  found i n  n at u re ( Ueno , 1 983 ) . MON was a s s ayed bec a u s e  of  t he  

l ev e l  of  ma i ze c o n t ami n at i on w i th F .  s ubgl u t i n ans  ( Sect i on 3 . 1 . 5 . 2 )  

wh i c h i s  a we l l - kn own MaN -producer . 

A l though  t h i s  method h a s  been  ack nowl edged by severa l  a uthors  

( Scott , 1 982 ; N ao i , 1 983 ) for  i t s l ow detect i on l i mi t s  « 1 00 u g / k g ) ,  

good recovery and i t s ab i l i ty t o  a na l yse severa l  t r i c h o thecenes  

s i mu l t aneou s l y , i t  does  not i nc l ud e  a mycotox i n  conf i rmat i on s t age . 

Th u s ,  i n  th e present  s t udy the  GC-MS  t ec h n i q ue  was i nc l uded  for b oth 

conf i rmat i on and quant i t i t at i on .  A l l the f i n a l  r e s u l t s  for 

tr i c hothecenes  were b ased on GC-MS , so that res u l t s  from other 

tec h n i ques  ( TL C  and  GC- F I D )  cou l d b e  a s ses sed for fa l se  nega t i ves  or 

f a l se  pos i t i ve s  by compar i ng a l l th ree  method s .  

Q uant i t a t i ve  an a l ys i s  of food s a nd feed s for mu l t i mycotox i n s 

rema i n s a c h a l l eng i ng prob l em , part i cu l ar l y  w i th t he  poor s e n s i t i v i ty 

a nd re l i ab i l i ty o f  many c urrent method s ( S cott , 1 982 ) . I n  f ac t  th e 

s en s i t i v i ty o f  a ny ana l yt i c a l  method w i l l  d e pend on  the  q u a l i ty of  the  

s amp l e ,  wh i c h  i s  l i m i ted by the rat i o  of i n terfer i ng s ub s t ance s  to the  

tox i n present  ( I l u s et �. , 1 98 1 ) .  The  m a i z e s amp l e s exam i ned i n  the  

present  s t udy were extens i ve l y  c o n t ami n ated w i th a l arge n umber of  

i n terfer i ng s u b s t ances  ( l i p i d s ,  p i gments  etc . and poss i b l y  u n k n own 

mycotox i ns ) . S u c h  prob l ems are common i n  n atura l  products  and  t he  two­

s tep c l ean- up  emp l oyed d i d  not  s eem t o  h e l p too muc h .  There i s  

c u rrent l y  no  adeq u ate c l e an - up proced u re .  

The TLC  method was  found to b e  s i mp l e and l es s  t i me- c o n s um i ng 

t h a n  other d e s cr i bed method s for the  detect i on of  F u s ar i um tox i n s .  I t  

wa s  a l so  u sefu l  i n  t hat  i t  was p ar t i c u l ar l y  i nexpen s i ve .  B u t  i t  i s  

not  sens i t i ve enough  t o  detect l ow l eve l s  of  tox i n s ,  e s pec i a l l y  

t r i c hoth ecenes ( E p p l ey ,  1 982 ) . S o  t h e  res u l t s  o bta i ned b y  TLC 

conf i rmed th at  th i s  techn i qu e  i s  not  a s u i t ab l e one for l ow l eve l s  of 

t r i c hothecenes  ( be l ow 1 00 ppb ) . Mo s t  of  the resu l t s for T-2 tox i n ,  

DAS and DON by TLC  were s us p i c i ou s l y  p os i t i ve ,  t he  ma i n  pro b l em b e i ng 

t h e  presence of  l arge amounts  of u n k n own f l u orescent compounds  w i th 



s i m i l ar Rf v a l u e s  t o  the tox i n .  I t  was  al s o  d i ff i c u l t  to  

d i f feren t i ate between T - 2  tox i n and DAS . P athre  and M i roc h a  ( 1 9 7 7 )  

a l so found th at t he  R f  v a l ues  of these  two tox i n s  were s i m i l ar i n  mos t  

s o l vent systems . T h u s  the  TLC method was o f  l i mi ted v a l u e .  

Gener a l l y , t h e  R f  v a l ues  noted d ur i ng t h e  present  s t udy were 

h i g her th an those reported by Kami mura  � �. ( 1 981 ) ,  u s i ng t he  s ame 

deve l o p i ng s o l vents . Th i s  co u l d h ave been due  to th e was h i ng of t he  

TLC  p l ates  w i th s o l vent  b efore spot t i ng wa s  done  ( Sect i on 2 . 2 . 6 . 1 ) .  

Neverthe l e s s  the  R f  v a l u e s  found by mo st workers  vary co n s i der a b l y . 

S uc h  v ar i ab i l i ty co u l d  be due to t he  s i l i c a ge l u s ed , i t s th i c k n e s s ,  

degree o f  ac t i v i ty ,  a tmospher i c  mo i s ture , room temperature  etc . 

I n  s i t u at i ons  where th ere i s  no  a l tern a t i ve t o  the  TLC  techn i q u e ,  

severa l  steps  cou l d b e  t aken  to  i mprove both  t h e  s pec i f i c i ty and 

s e n s i t i v i ty .  U s i ng d i fferent deve l o pment  s o l vents , deve l o p i ng the TLC  

i n  two d i me n s i ons  a nd s pr ayi ng the  p l ate w i th  more  th an  one  v i s u a l i ­

s at i on r e agent  cou l d a l l h e l p .  Howeve r ,  t h e  m a i n obj ect o f  u s i ng t he  

T LC  method i n  t he  pre sent  s t udy was  a s  a p r i mary scree n i ng too l , to  

g i ve an i n i t i a l i nd i c at i on of th e k i nd of  c o n t am i n at i on of  New Z e a l a nd 

m a i ze  by F u s ar i um tox i n s . S uch  i n i t i a l i nformat i on i s  obv i ou s l y  

i mportant  because o f  th e l ack  of s uc h  i nformat i on about t h e  s t a t u s  of  

F us ar i um tox i n s  i n  t h i s  co untry. As h a s  b een me nt i oned prev i ou s l y , 

t he  TLC method was u s ed for  de tect i on of  t r i c hoth ecene s  w i th out  any 

attempt at q u a nt i t at i on ,  but i t  was a l s o  u s ed s ucce s s f u l l y for t he  

detect i on a nd  q u an t i t at i on o f  Z EA  a nd  MON , a s  w i l l  be d i s c u s sed l ater . 

I t  i s  d i ff i c u l t t o  dec i de wh at  detect i on l i mi t can  be  ac h i eved by 

t h e  TLC method from n a t ura l l y  contami nated c ommod i t i es as mos t  of t he  

a s s e s smen t s  of th i s  t ec h n i que  ( a s we l l  as  o f  other  techn i q u e s ) depend 

o n  the u se of  authen t i c  s t andards  or ar t i f i c i a l l y  co n t am i n ated s am­

p l e s .  Obv i ou s l y , t h e  a s s e ssmen t  cr i ter i a  for n atura l l y  contam i n ated 

s amp l es d i ffer from t h o s e  for authen t i c  s t a nd a rd s .  Th u s  many authors  

are  doubtfu l  a bout  t he  s e n s i t i v i ty of  TLC  for  n atura l  e x tract s  a s  i t  

i s  d i ff i cu l t  to i n terpret  th e res u l t s  obt a i ned by t h e  TLC  met h od 

( C h aytor and S ax by ,  1 982 ) . 

The l ow sen s i t i v i ty for t r i c hoth ecenes i n  p art i cu l a r ,  a s  obt a i n ed 

i n  the  present  s t udy ,  h a s  been gener a l l y  ag reed among s t  i nv e s t i gators  

244 
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i n  th i s  f i e l d  and the  d e tect i on l i m i t s  reported are  h i g h l y  v ar i ab l e .  

C h aytor and S axby ( 1 982 ) s t a ted th at  t h e  TLC detect i on l i m i t was 

s evera l  hu ndred p arts  per b i l l i on ( ppb ) i n  n atura l l y  c o n t am i n ated 

food s .  E pp l ey � �. ( 1 984 ) ac h i eved a l i mi t o f  de tect i on of  200 ppb  

for DON  from n at u r a l l y  contam i n ated gr a i n after  i mprov i ng the  c l e a n - up  

p rocedu res a n d  u s i ng A 1 C 1 3 a s  s prayi ng r e agent . L ater the  s ame method 

was  emp l oyed by ten  co l l aborat i ve l a bor ator i es and th i s  s t udy i nd i ­

c a ted t h at t he  l i mi t o f  de tect i on was  about  300 ppb  ( Epp l ey et  �. , 

1 986 ) . 

Scott ( 1 982 ) c on s i dered that  t h e  met h od reported by K am i mur a  et 

a l . ( 1 981 ) was  t he  me thod wh i ch ac h i eved the  best  sens i t i v i ty ( for 

s p i ked s amp l e s ) us i ng 20% A 1 C 1 3 s pray reagent  for type B 

t r i chothecenes . K am imura  and h i s  co l l e agues  obt a i ned 20-50  ppb  

s en s i t i v i ty ,  wh i l e  tr i c hothecenes of  type A gave  1 00- 500 ppb  

sens i t i v i ty after s prayi ng w i th 20% H2S04 , 

Notwi th s t a nd i ng t h e  d i ff i c u l t i e s encoun tered w i th the  

t r i cho th ecenes , t he  TLC method proved very u sefu l  for the  d e tect i on 

and  q u ant i tat i on of  lEA and MON i n  t he  present  s t udy and th i s  i s  i n  

agreement  w i th t he  f i nd i ng s  of other i nv e s t i gator s .  K am i mur a  e t  �. 

( 1 981 ) reported a h i gh sen s i t i v i ty u s i ng the  TLC method for l EA ,  

detect i ng 1 0- 5 0  ppb  of  lEA  i n  s p i ked s amp l e s .  A l ev e l  o f  40 ppb  was  

a c h i eved i n  t he  present  s t udy a l t h o u g h  t he  act u a l  sma l l es t  

concentrat i on of  lEA  reported from s amp l e s w a s  1 00 ppb . A s e n s i t i v i ty 

o f  1 0  ppb ( K am i mura  � �. , 1 98 1 ) h a s  not  been recorded by any other 

i nve s t i ga tor , b u t  a sen s i t i v i ty of 1 00 ppb  i s  s upported by t he  res u l t s  

o f  t h e  col l aborat i ve s t udy o f  Shotwe l l et a l . ( 1 97 6 ) , four  

c o l l aborators  o u t  o f  1 6  detect i ng l EA  i n  s amp l es con t a i n i ng 1 00 p p b .  

H owever ,  f i ve  o u t  of  t he  1 6  co l l aborators  mi s s ed even  the  300  ppb  

l ev e l  of con t am i n a t i o n .  

I n  the present  s t udy t h e  l E A  concen t r a t i on was  a s s e s sed v i s u a l l y  

b efore s prayi ng wi th A 1 C 1 3 s o l u t i on .  Th i s  i s  a very common method for 

q u an t i t at i on of  myco tox i n s  by t he  TLC method ( Shotwe l l et �. , 1 97 6 ;  

E pp l ey et �. , 1 986 ) . A n  a l t ernat i ve meth od for v i s u a l a s s e s sment  i s  

to  u s e  a d e n s i tometer , 

a c h i eved ( Shotwe l l � �. , 

s t udy of the  de tect i on 

by wh i c h more c o n s i stent  resu l t s may be 

1 9 76 ) . However  Epp l ey � �. ( 1 986 ) i n  a 

of DON on  TLC  c o nc l uded t h a t  even u s i ng 



den s i tometers  res u l t s  can  be u n s a t i sfactory. Th ey comment  th at  

den s i tometers  from d i fferent manufac t u rers h ave v ar i o u s  c omb i n a t i o n s  

of mono -c hromat i c  and/or  f i l t er components , s o  the i n s tr umen t  para­

meters wou l d h ave to be c arefu l l y  spec i f i ed i n  any c omparat i ve 

stud i es .  

MaN was  a l s o detected and q u an t i tated by t he  TLC method u s i ng 

den s i tometry ,  after be i ng der i v a t i sed w i th 2 , 4 - D N P H .  A good 

a l ternat i ve to TLC  i s  HPLC  ( S hepherd  and  G i l bert , 1 986 ) and UV 

spectrometry has very often been u sed for conf i rmat i on and 

quan t i t at i on ( R ab i e � �. , 1 9 7 8 ) . I n  the  prese n t  s t udy UV 

spectrometry was  u s ed for confi rmat i on of MaN ( F i gure 3 - 2 6 ) . 

Wh en TLC i s  u s ed for an a l ys i s  of MaN , t h e  tox i n  c a n  b e  v i s u a l i sed 

by quenc h i ng of  f l u orescence i nd i c ator  ( a  dark  spot on  a f l u ores cent  

p l a te ) . But  fa l s e  pos i t i ve s  due  t o  quenc h i ng of  f l u ores cence by 

i n terfer i ng s u b s t ances  h av i ng t he  s ame Rf v a l ue  as the MaN were noted . 

These s u b s t ances  were found i n  both  m a i ze s amp l es and from c u l t ures  of 

F u s ar i um.  U s e  of  the 2 , 4- DNPH  der i v a t i ve g a ve  exce l l en t  

d i fferen t i at i on between MON a n d  t he se  i n terfer i ng s u b s tanc e s .  
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Anoth er a s s ay method wh i ch was  u s ed i n  the  present s t udy  was GC­

F l O ,  wh i c h g ave  mor e  pos i t i ve r e s u l t s  f or a l l F u s ari um tox i n s th an d i d  

the TLC method ( Tab l e  3-40 ) . B u t  when  t he  GC-F I D  res u l t s  were com­

pared w i th t ho se  of  GC-MS , c l o s er comparat i ve res u l t s were o b t a i ned i n  

s p i te of  th ere be i ng f a l se  pos i t i ve s  for T-2  toxi n a nd DON ( r ang i ng 

between 1 2 - 2 7% )  w i t h  GC-F I D .  The  m a i n d i s ad v a n tage of  G C - F I D  was the  

co-chromatog r aphy of  i n terfer i ng s ub s t ances . A l so GC- F I D  h as b een 

found to b e  l e s s  s e n s i t i ve t h an GC - E C D , at l ev e l s r ang i ng b etween 2 . 5  

fo l d for T - 2  tox i n and DAS and 5 0  f o l d for  DON ( Kami mu r a  � �. , 

1 981 ) .  B ecau se  of  the  i nterference  prob l em some samp l e s and  i so l ates  

s howed a n  app aren t l y  h i gh amount  of  tox i n ,  b u t  when t h e  GC-MS  tech­

n i q ue  was  u s ed , act u a l  amount s  were  found  to  be a few  parts  per 

b i l l i on .  F a l s e  pos i t i ve s  w i t h  e i t her  GC - F I D  or GC - E C D  are common l y  

found and h ave  been reported by s e vera l  a u th ors ( Scott e t  �. , 1 981 ; 

Sco t t ,  1 984 ; G i l bert � �. , 1 984 etc . ) .  E ven the GC- E C D  techn i q u e ,  

wh i c h i s  s u per i or t o  GC-F I D , w a s  found  t o  g i ve 1 5% f a l s e  p os i t i ve s  by 

G i l bert et �.  ( 1 984 ) .  S cott  et �. ( 1 98 1 ) found  t h a t  two  o ut  of  s i x  

s amp l es pos i t i ve for  DAS by G C  were fa l s e pos i t i ve s  when  tested  by 
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GC -MS . Aga i n  Scott ( 1 984 ) r eported fa l se  pos i t i ve s  for DAS , NEO and  

N I V  by GC  a nd he  recommended the  u s e  of GC-MS  ( S I M )  for  conf i rmatory 

purpo ses . 

GC i s  u sed for the  d etect i on of F u s ar i um mycotox i n s  after 

d er i v at i z i ng these  tox i n s  w i t h  s u i t ab l e  d er i v a t i ve reage n t s . U s i ng an 

i nter n a l  s t and ard as we l l a s  a mycotox i n reference s t andard  i mprove s  

t h e  spec i f i c i ty ,  wh i l e u s i ng d i fferent der i v a t i ve reagents  and 

emp l oy i ng c ap i l l ary co l umns i mprove both  t h e  sens i t i v i ty and 

spec i f i c i ty of th i s  techn i q u e  ( G i l bert , 1 984 ) . E ven the l ength  of 

c o l umn or th e age of  i t  affects  the  sen s i t i v i ty s i gn i f i c ant l y .  

S z a t hmary � �. ( 1 980 ) found t h a t  by u s i ng a 2 0  m c a p i l l ary co l umn 

t h e  res o l u t i on c apac i ty was cons i der a b l y  i mproved compared to  a 1 0  m 

c o l umn . S i mi l ar l y  i t  was found i n  th e present  s t udy th a t  a 50  m 

c o l umn was  better th an  a 1 2  m co l umn . The  m a i n prob l em w i th t he  above 

comments  ( i . e .  d i fferent  c ap i l l ary co l umn s and der i v a t i ve s  etc . ) i s  

t he  expen se  of the  chem i c a l  m ater i a l s .  

I nv e s t i gators h av e  reported v ar i ab l e  r e s u l t s regard i ng detect i on 

l i m i t s  and recovery percen t ages  when u s i ng G C .  O sborne and W i l l i s 

( 1 984 ) , u s i ng GC-ECD  reported t h a t  the l i mi t o f  detect i on of  DON , DAS 

and T-2 tox i n were 0 . 2 ,  0 . 1  and 0 . 2 5 mg/ k g  re spect i ve l y  and t he  

recover i e s were 80 , 40  a nd 48% respect i ve l y . K am imura  et �. ( 1 981 ) 

repor ted 0 . 002 mg/ k g  for  DON and 0 . 08 mg/kg for  DAS and T - 2  t ox i n w i th 

GC- E C D .  B y  u s i ng GC - F I D ,  t hese  a u thors  obt a i ned  detect i on l i mi ts o f  

0 . 1 mg/ k g  for DON and 0 . 2  mg/ kg  for T - 2  tox i n a n d  DAS . T he  recovery 

r ates  for both GC  tec h n i q u e s  were 9 3 ,  1 03 and  83% for DON , DAS and T-2  

toxi n respect i ve l y . T h e  detect i on l i mi t of  these  three  t ox i n s  i n .  the 

present  s t udy, u s i ng  c a p i l l ary co l umn GC-F I D  s howed a n  i mprovement  

compared t o  Kam i mur a ' s  res u l t s  ( GC wi th F I D ) . The detect i on l i mi t s  

were e s t i mated at  abo u t  0 . 08 mg/ k g  for DON and  0 . 1  mg/ k g  f o r  DAS and  

T-2  tox i n a l though  s ome s amp l es s h owed a l ower l i mi t ( 0 . 009 mg/ k g  

DON ) . Apparent l y  u s i ng a c ap i l l ary co l umn c a u s e s  s uc h  an  i mprovement  

( Sz a thmary et �. , 1 980 ) . 

Obv i ou s l y , mos t  i nv e s t i gators  depend for  t h e i r  c a l c u l a t i on of t he  

detect i on l i mi t on a n  a na l ys i s  e i ther of  p u re mycotox i n  s t and ards  or  

s p i ked  s amp l e s .  B u t  a ny a n a l ys i s  o f  a n a t ura l l y  contami n ated s amp l e  

c o u l d g i ve a d i fferent  re s u l t because  of t he  i n terfer i ng s u b s t ances  



prese n t .  E ven though  K am i mura  � �. ( 1 98 1 ) reported very l ow detec­

t i on l i m i t s  for  DON  a nd N I V  ( 2  ppb ) i n  s p i ked  s amp l e s ,  when  th e i r  

method was  app l i ed t o  n at u r a l l y  contami n ated g r a i n ,  they expres sed l ow 

l ev e l s a s  " a  t r ace  - u nk n own amount " . G i l bert  ( 1 984 ) was of  th e 

op i n i on t h at background i n terferenc e ,  par t i c u l ar l y  i n  cerea l s ,  mak e s  

for  u ncert a i n t i es  i n  d e tect i on be l ow a 5 0  ppb  l eve l even u s i ng the  GC ­

E C D . 

The  GC  method i s  c a p ab l e  of  g i v i ng q u a n t i t at i ve res u l t s ,  b u t  

a n a l ys i s  by GC w i t h o u t  mas s spectrometry cou l d l e ad to  t he  

m i s i den t i f i c at i on of  t ox i n s when an  i n terfer i ng s u b stance  h a s  the  s ame 

reten t i on t i me as t he  t o x i n s . The i den t i f i c a t i on ,  quan t i tat i on and  

conf i rmat i on by t he  u s u a l  peak  enh ancement  t ec h n i ques  wou l d  not  b e  

v a l i d  i n  t h i s  l atter s i t u at i on .  M i roc h a  � �. ( 1 976 a )  detected two 

l i p i d  components  ( 1 - g l yceryl -mono- o l eate and 1 - g l ycery l mono l i no l e a t e )  

produced by both f u s ar i a a n d  t h e  p l ants , wh i c h when der i v a t i zed w i th  

TMS h ave the  s ame r e ten t i on t i me a s  T-2  TMS  on  a 3%  OV - 1  co l u mn .  

M i roc h a  and h i s  co l l e agues  avo i ded th i s  i n terference e i ther  by u s i ng 

d i fferen t der i v at i ve s  s u c h  as t he  t r i fuoracetyl  der i v a t i ve s  or by 

s ubj ect i ng the  s amp l e  to TLC  pr i or to a n a l ys i s  by GC . 
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I n  the  present s t udy v ar i at i on of the  G C  re sponse for  mycotox i n 

s t andards  and t he  i n terna l  s t andard was  n o t i ced from t i me to  t i me .  

S u c h  v ar i at i on co u l d  b e  d u e  to degrad a t i on o f  t h e  c ap i l l ary co l umn by 

t h e  der i v a t i s i ng reag e n t s  ( G i l bert  � �. , 1 985 ) or f l u c t u at i on i n  

d etector performance ( R omer � �. , 1 97 8 ) . R omer and h i s  co -worker s  

n o t i ced t he  detector  res ponse v ar i ed from d ay to  d ay s o  th ey 

recommended t he  app l i c at i on of i n terna l  s t and ards da i l y .  T he se  

a u thors  obt a i ned 0 . 1 mg/ k g  for T - 2  tox i n and  0 . 025  mg/ k g  for  DAS a s  

t he  l owes t  de tect i on l i m i t s  by u s i ng G C - E C D  w i th  HFB I der i v a t i ve .  

There are i nn umera b l e  v ar i at i ons  wh i ch c an b e  faced du r i ng 

s c reen i ng procedures  for n atura l l y  contam i n ated  cerea l  g ra i n s .  S ome 

of these  v ar i ab l es are e a sy to  contro l  wh i l e oth ers  are n o t .  I n  t h e  

present  s t udy ,  the  d i f ference between the  G C  sys tems h as been observed  

t o  affect  the  chromatog r ap h i c  separat i on of  the  mycotox i n  der i vat i ve s . 

Ga s  c hromatogr ams o f  mycotox i n  s t andards  o b t a i ned from a Pye g a s  

c h romatogr aph i c  system s howed a l arge n umber o f  un i dent i f i ed by-



product  peaks  ( F i gure  3 - 1 5 )  wh i l e  F i g ure  3 - 1 7 o bt a i ned  from an  

Hewl e t t - P ac kard G C  system d i d  not  s how s uc h  by- produc t s . The  h i gh 

l ev e l  of  by- prod u c t s  may be due  to  t he  pre sence of  degrad at i on 

prod uct s  s uch  a s  ex cess  of  t h e  TMS der i v a t i ve  i n  t he  f i r s t  c o l umn 

( o l d )  wh i l e the s econd co l umn was  newl y a pp l i ed .  Th i s  f i nd i ng was 

s i mi l ar to t h at of  K i entz and Verwej ( 1 986 ) who not i ced t h ree un i de n ­

t i f i ed by-product  p e ak s  i n  ad d i t i on to TFA- DAS der i v a t i ve p e ak s  when  

u s i ng GC on  a Pye GCV  wh i l e no by- product  peak s were n o t i ced when  

us i ng a P ack ard  Becker  GC  system.  The a uthors  attr i buted  th a t  a s  

be i ng due  to d i fferences  i n  t he  system a s  we l l as be i ng c au s ed by 

exces s  of der i v at i s i ng reage n t .  

I f  a po s i t i ve res u l t for mycotox i n s  i s  o b t a i ned by e i ther TLC or  

GC a good conf i rmatory test  s hou l d  be performed before t h e  s amp l e  i s  

j ud ged to  conta i n  t h e se  mycotox i n s ( Romer et  �. , 1 978 ) . Most  a uthors  

agree that  the  be s t  conf i rmatory te st  i s  t he  mas s  spectrometr i c  method 

( Scot t ,  1 982 ; G i l bert  ! �. ,  1 984 ) . U s i ng t h e  GC-MS i n  the present  

s tudy a l l owed prec i se i dent i f i c at i on s  of  DON , DAS , T-2  tox i n and  ZEA  

by fr agmentat i on of t he i r TMS - der i va t i ve s . These  mycotox i n s are 

un l i ke l y  to  be masked by i n terfer i ng s ub s t ances wi th  i de n t i c a l  

reten t i on t i mes  a s  h appened w i th GC-F I D .  T h e  mas s  s pectrum was  

foc u s ed on  s e l ected  c h aracter i s t i c  fr agme n t at i ons  of t he  mycotox i n s .  

Th i s  tec h n i q ue ( S I M )  i s  very u sefu l  for t he  detect i on of sma l l amount s  

of mycotox i n s .  I t  a l l ows conf i rma t i on of  s u spected po s i t i ves  w i t hout  

resor t i ng to  f u l l - s c a l e mass  s pectrometry ,  a techn i q ue  t h at req u i res  

more materi a l . S e n s i t i v i ty of t he  i n s t r ument  i s  a l s o  i mproved i n  the 

S IM  mode . C h aytor a nd Saxby ( 1 982 ) po i n t out  that  GC-MS i s  extreme l y  

sens i t i ve a s  the  i n s t r umen t  mon i tor s  on l y  a few i on s  a t  a t i me .  
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I n  the  pre se n t  s tudy f i ve  s e l ected i on s  were c ho sen  to g i ve 

max i mum s pec i f i c i ty .  Other i nv e s t i gators  ( e . g .  Scott  � �. , 1 98 1 ; 

Cohen  and L apo i n t e ,  1 982 ) h ave  u s ed j u s t  a s i ng l e  i on for conf i rmat i on 

b u t  R o sen and Rosen  ( 1 984 ) a nd others  reg ard  s i ng l e  i on mon i tor i ng a s  

n o t  be i ng a tru l y  conf i rmatory method . A m i n i mum of  th ree s e l ected 

i on s  i s  h i gh l y  recommended for q u ant i ta t i on and conf i rmat i on of 

F u s a r i um mycotox i n s  ( M i roc h a  et �. , 1 9 74 ; R o sen and R o s en , 1 984 ) , 

a l t hough  two h ave  not  uncommon l y  b een u s ed ( V e sonder et �. , 1 98 1 ) .  

M i roc h a  et �. ( 1 974 ) d etected a s  l ow as 1 0  ng/g  ZEA i n  s amp l e s ,  u s i ng 

three  s e l ected i on s  a nd Ro sen and Rosen  ( 1 984 ) obt a i ned 20-40 ng/g  



sens i t i v i ty for TMS der i v a t i ves  of T-2  t ox i n ,  HT-2  tox i n ,  DAS and  lEA  

by  u s i ng GC-MS  w i th t h ree s e l ected i on s .  

I n  th i s  s t udy ,  a p p ly i ng f i ve s e l ected i on s  a s s i s ted conf i rmat i on 

of t h e  tox i n s ' i den t i ty ,  and a l so gave  h i gh s e n s i t i v i ty .  The  l i m i t of  

detect i on ac h i eved wa s  norma l l y  around 1 0  nglg  for  each  tr i c hothecene ,  

a l t h ough  2 ma i z e  s amp l es ( T 1 a nd T2 ) were o b s erved to  be  contam i n a ted 

wi th  T-2 tox i n  at l eve l s  of  5 and 7 nglg  res pect i ve l y .  B u t  w i th lEA  

the  sens i t i v i ty wa s  l ower by  a f actor  o f  t e n  because  of der i v a t i ve 

deter i orat i on .  

Further  ad v a nt age s  o f  t he  tec h n i q u e  u s ed were t he  u s e  o f  a c a p i l ­

l ary co l umn and a mas s spect rometer wi th q u ad ropo l e ,  wh i c h a s s i s ted i n  

i nc reas i ng sens i t i v i ty .  However ,  as  R omer � �. ( 1 9 78 )  comment , s ome 

d i s ad v antages  a l s o  ex i s t . The  type of mas s  spectrometer c an affect 

the sen s i t i v i ty l ev e l  and wh enever a n a l yse s  are c arr i ed out at  l ow 

l ev e l s ( i . e . p p b ) i n  comp l ex matr i ce s  s u c h  a s  n atur a l l y  contam i n ated 

gr a i n s  or food , v a r i ous  i n terference s  may occ u r .  Th i s  prob l em was  

noted i n  the present s t udy severa l  t i me s . For examp l e ,  an  u n k n own 

component h av i ng a s i m i l ar Mi l as the f i ve S I  of lEA b u t  at a r e ten­

t i on t i me of about  20 . 2 , was  found i n  s amp l es AN - 1  and T� ( F i g u re  3 -

23 ) .  There may a l s o  be v a r i at i ons  i n  q u a n t i tat i on c a u sed by i n s t a­

b i l i ty of i n s trumenta l  e l ect ron i c s ( Ro sen  and Rosen , 1 984 ) . B u t  

perh aps  t h e  ma i n  pro b l em of  th i s  techn i qu e  i s  th at  i t  i s  not  free l y  

av a i l ab l e  bec a u s e  o f  cost  ( G i l bert e t  �. , 1 984 ) . 

2 50  

T he  re s u l t s  of  the  present  work are  presented i n  T ab l e  3 - 4 1  a s  

percentage freq uenc i es of occurrence a s  we l l  a s  the l eve l s  of  

c o n t ami n a t i on for  t he  th ree tr i c hothecenes  and l EA .  The  �rev a l ence  of 

DON , T-2 tox i n and lEA were l ower th an  t h at reported by th e GC method 

b u t  DAS was detected by GC-MS a t  l ev e l s h i gher  th an  by GC . B u t  i n  

genera l  t he  GC-MS  res u l t s  were c l o ser to  t h e  GC  res u l t s  t h a n  to  t he  

T L C  resu l t s ,  w i t h  t h e  except i on of lEA  ( Ta b l e 3 -43  a nd F i g ure  3 - 24 ) . 

A l though  q u an t i t at i on of  these  mycotox i n s by t h e  three  d i f ferent  

method s i nd i c ated over a l l agreement ,  p art i cu l a r l y  for DON  and  DAS , 

d i s crepanc i es d i d  e x i s t . E ven  though  prec a u t i o n s  are t aken  d u r i ng t he  

a n a l yt i c a l  procedu r e ,  errors a re  s t i l l  u n avo i d ab l e .  The  c o l l abor a t i ve 

s t udy reported by Shotwe l l et �. ( 1 97 6 )  s howed th at  errors  w i th i n  



each  l a boratory were 64% wh i l e  error s between c o l l aborat i ng 

l aborator i e s were 36% .  

Ep p l ey e t �. ( 1 984 ) c l a i med  compar i b i l i ty between t h e  G C - E CD  a nd 

TLC method s for detect i ng DON i n  wheat s amp l es contam i n ated  a t  l ev e l s 

of over 0 . 5  mg/ k g .  However ,  wh en th e i r  res u l t s  are an a l ysed , t here 

are obv i ou s  d i fferences i n  the  q u an t i t at i on l ev e l s of  t h e  two method s 

( Ta b l e  4 - 1 ) .  

Tab l e  4 - 1 : C ompar i s on of TLC and  G C - E C D  method s for detect i ng DON , a s  

r eported by Epp l ey � �. ( 1 984 ) . 

W h e at DON  ( j.Ig/g) 
s amp l e  by TLC by GC - E C D  D i f ference  

1 0 . 5  1 . 7 - 1 . 2  

2 4 . 0  3 . 5  0 . 5  

3 8 . 5 4 . 6  3 . 9  

4 0 0 . 2  -0 . 2  

5 1 . 4 1 . 4 0 

6 3 . 0  1 . 0 2 . 0  

I n  t h i s  study ZEA-TMS wa s  de tected and conf i rmed by GC-MS b u t  

cou l d n o t  b e  s a t i sf actor i l y  q u an t i t ated by e i ther t he  GC  or GC-MS  

method s ,  d u e  to the  i n s t ab i l i ty o f  ZEA-TMS der i vat i v e s  ( R osen  and  

Rosen , 1 984 ) .  Th i s  prob l em i s  apparen t l y  not re s t r i c ted to  TMS 

eth ers . K i entz  and Verwej ( 1 986 ) not i ced h i gh l y  i rreproduc i b l e  

resu l t s  for  ZEA  o n  a GC system when  u s i ng d i fferent d e r i v at i z at i on 

reage nt s .  

Prev a l ence  o f  Mycotox i n s  i n  Ma i ze 

2 5 1  

Th i s  i s  t he  f i r st  report a bout  t he  n a t u r a l  occu rrence  of  F u s ar i um 

tox i n s  i n  s amp l es of ma i ze i n  New Zea l and . F actor s affect i ng t he  

product i on of  F u s ar i um toxi n s  i nc l ude t he  ex i stence o f  tox i ge n i c  

s tra i n s ,  a s u i t ab l e  s ub strate ( i . e .  ma i z e ) a nd a favo ur a b l e  c l i mate . 

Re su l t s  from th i s  l i mi ted s urvey are s ummar i s ed i n  T ab l e  3 - 4 5  as 

frequency of  occurrence ( percentage ) a s  we l l a s  by a s em i q u ant i t a t i on 



of  t he  l eve l  of  F u s ar i um tox i n  contami n at i ng the s amp l es .  T he  over a l l 

frequency of c o n t am i nat i on wi th one or more F u s ar i um tox i n s  was  about  

85% of  th e s amp l es exami ned ( exc l ud i ng t h e  pou l t ry feed s amp l e s ) .  

A l t hough  th i s  i s  a h i g h l y  s i gn i f i cant  freq uency,  i t  i s  not  s u r pr i s i ng ,  

i n  compar i son  w i th  t he  resu l t s of other i nv e s t i g a tors ( B l a ney � �. , 

1 984 ; Yo s h i z aw a ,  1 984 ) . However ,  t h e  present  contami n at i on was  wi th  

l ow l eve l s  o f  i nd i v i du a l  tox i n s  and  i s  probab l y  not  s i gn i f i c a nt l y  

i mportant  ( ex cept  ZEA i n  some s amp l es )  i f  the  comb i ned effec t s  

( ad d i t i ve o r  synerg i s t i c )  of  more t h a n  o n e  F u s ar i um tox i n a r e  i gn ored . 

L ow l eve l s  of  mycotox i n  i n  an i ma l  and h uman food ch a i n s  are  common l y  

found  and i t  i s  s t i l l  a matter of debate  whether s u c h  an  oc currence 

con s t i tutes  a rea l  l o ng - term h az ard t o  human and an ima l  he a l th ( Sm i th 

et  �. , 1 984 ) . 

2 5 2  

T h e  predomi nant  occurrence o f  Z E A  i n  t h e  present  s t udy i s  i n  

agreement  wi th  mo st  of  t he  res u l t s  from other  parts  of  t he  wor l d .  Z EA  

was  found  to b e  t he  most  freq uent  F u s ar i um mycotox i n  i n  ma i z e a nd feed 

s amp l e s  i n  t h e  U . S . A .  ( M i roc h a  et �. , 1 9 76b ; P i er ,  1 981 ; Bennett  � 

�. , 1 985 ) ,  i n  C a n ada , part i c u l a r l y  from ma i ze i n  Southern  O n t ar i o  

( S utton  et �. , 1 980 ) a nd i n  Au s tra l i a  ( B l a ney et �. , 1 984 ) . I n  New 

Z e a l and , a s urvey of wh eat  gra i n  ( no work h a s  been done on  ma i z e 

s amp l e s )  s h owed 1 00% of the s amp l e s e xami n ed were contami n a ted wi th 

Z EA  ( Agn ew et  �. , 1 986 ) . 

The fr eq u en t l y  reported occurrence  of  ZEA ,  a s  found i n  t he  

pre sent  study ,  i s  prob ab l y  due  to two ma i n  factor s ,  n ame l y  the  common 

i nc i dence of  F us ar i um spp  th at are c apab l e  of re l eas i ng Z EA  ( e . g .  F .  

gr ami nearum and F .  c u l morum)  and t h e  s i mp l i c i ty of the  detect i on of 

Z E A ,  p ar t i cu l ar l y  by TLC . I n  the New Z e a l and ma i z e  exami ned , t he  

frequency of  occ urrence wa s  75% at l ev e l s rang i ng between 0 . 1  and  1 6  

ppm .  The freq uency o f  occurrence i n  Au s tra l i an ma i z e reported by 

B l aney � �. ( 1 984 ) was  85%,  at  l eve l s r a ng i ng between 0 . 2 5 and 2 . 0  

p pm .  

The  on l y  o t her report  about  t he  n at u r a l  occurrence of  ZEA  i n  New 

Z e a l and i n  ad d i t i on to  t hat  of Agnew and  h i s  co l l eagues  i s  th a t  of  d i  

Menna  et � .  ( 1 985 ) , who de tected ZEA  i n  pas ture l eave s .  T h ey 

exami ned 6 1  s amp l es ,  1 6% of wh i ch were cont ami n ated w i th Z EA  a t  l ev e l s 

r ang i ng between  0 . 2  to 2 . 6  ppm .  



A l t ho ug h  t he  l ev e l  of  lEA  contami n at i on i n  t h e  present  s t udy was  

gener a l l y  l ow ,  rang i ng between 0 . 1  to  2 . 9  p pm,  one s amp l e  ( J 2H ) s h owed 

a h i g h l ev e l  of  contami n at i on of 1 6 . 0  ppm by t he  TLC  method . An a l ys i s  

by GC-MS  gave  on l y  0 . 08 p pm i n  t h i s  s amp l e  and 3 . 0  ppm by GC- F I D .  The 

1 6 . 0  ppm de tected by TLC  co u l d  be due to  t he  lEA  b e i ng m i xed w i th an  

i nterfer i ng s ub stance h av i ng s i mi l ar c h aracter i s t i c s to  l EA  on  TLC ,  

b u t  wh en f a s t  V i o l et B was  emp l oyed for conf i rmat i on ,  the  res u l t d i d  

agree w i th t h e  prev i ou s  o ne .  

I n  the  present  s t udy T-2  t ox i n attract s s p ec i a l atten t i on beca u se  

of  i t s u n u s u a l l y  h i g h frequency of  oc c urrence ( 6 5%) i n  t h e  ma i ze 

s amp l es .  Th i s  tox i n i s  c ap ab l e  of c a u s i ng severe  systemi c d i s ea se  

i n  both  h umans  a nd  a n i ma l s ,  e i ther a l one  o r  i n  comb i n at i on wi th  other 

t r i c hothecenes . Fortun ate l y  t he  l ev e l  of  con t ami nat i on by T-2  tox i n  

was  very l ow « 0 . 2  ppm )  and  prob a b l y  no r i s k  t o  an i ma l  and h uman 

h ea l t h i s  to  be expected . 

There are on l y  s por ad i c  report s  abou t the n at u r a l  oc c u rrence of  

T-2  t ox i n wor l d -wi de , or i g i n a t i ng  from the  U . S . A . , C a n ad a ,  F r ance and  

I t a l y  ( Ueno , 1 983 ) . A l t h o ug h  the  tox i n was  repo rted a t  l ow 

frequenc i e s ( except from I t a l y ) , mos t  occurrence s  were assoc i ated w i th 

outbreak s o f  mycotox i coses  e i ther  i n  h uman s or an i ma l s ( Hs u  � �. , 

1 9 7 2 ; Greenway and P u l s ,  1 9 7 6 ;  Joff , 1 97 8 ) . The  re s u l t s  of the I t a l i an 

s urvey s h owed th at T-2  t ox i n  c an be the most common of the  

tr i c hothecenes  ( compared to  DAS  and  N I V ) ,  part i c u l ar l y  i n  i mported 

gra i n s  ( C i r i l l i ,  1 983 ) . The  I t a l i an i nv e s t i g a tors  reported t h at T-2  

tox i n  occurred at  h i g h freq ue ncy i n  i mported b ar l ey from Au s t r a l i a  

( 3 2% ) wh i l e i mported ma i ze from Argent i n a and C a n ad a  were a l s o  

s i gn i f i cant l y  contami n ated a t  l eve l s of  2 2% and  1 5% of s amp l e s 

respect i ve l y .  Domest i c  ma i ze was  contami n ated a t  the  3 %  l ev e l . 

2 5 3  

T h e  poor sen s i t i v i ty of  T - 2  tox i n for mos t  c hemi c a l  a s s ay methods  

( Scot t ,  1 982 ) cou l d be  t he  ma i n  reason  th at  s amp l es n atura l l y  

c o n t am i n ated w i th smal l amo u n t s  of t he  tox i n  r ema i n  u ndetected . For  

examp l e ,  H i n t i k k a  ( 1 983 ) f a i l ed to f i nd any  tr i c hothecenes  i n  F i nn i s h 

gr a i n by t he  TLC techn i q u e  b u t  by u s i ng GC , sma l l amounts  ( 1 0-50  ppb ) 

of T-2  tox i n were detected . 



The freq uency of  oc currence of  DON i n  the  New Z e a l and  ma i ze 

s amp l e s was  a l s o  s i gn i f i cant l y  h i g h ( 50% ) , w i th con t am i n at i on l eve l s 

r ang i ng between 0 . 02 to  0 . 3  ppm. DON h a s  been i so l ated from ma i ze  and 

mi xed feed more frequent l y  th an  other tr i chothecenes  i n  overseas  

s t ud i es and reports h ave s hown th at  DON  common l y  oc c u r s  i n  cerea l  

gr a i n s  i n  t he  U . S . A .  ( Vesonder et  �. , 1 9 78 ) , C anad a ( Scot t ,  1 984 ) , 

U . K .  ( G i l bert , 1 984 ) and J apan ( Yo s h i z awa ,  1 984 ) . I n  C a n ad a , DON was  

second i n  i mportance  to  ZEA ( Andrews e t  �. , 1 981 ) and Scott ( 1 984 ) 

found DON c o n t am i nat i ng wheat  gr a i n  a t  l eve l s  of  0 . 1 3  to  0 . 74 ppm .  I n  

the U . K .  1 6% of home- grown wh eat  s amp l e s were con tam i n ated  a t  l eve l s 

of 0 . 2  to  0 . 4  ppm ( G i l bert , 1 984 ) . Recen t l y ,  Tanak a � �. ( 1 986 ) 

reported 6 5% o f  U . K .  wheat  s amp l e s were DON - po s i t i ve ,  b u t  at  l ow 

l ev e l s ( 0 . 03 1  p pm) . The h i g hest  l eve l of DON h a s  been reported from 

pre- h arve s t  ma i z e i n  t h e  U . S . A . , 2 4  o u t  of 5 2  s amp l e s  b e i ng contam i ­

n ated wi th  DON a t  0 . 5 to 1 0  ppm ( Ve s onder  et �. , 1 978 ) . 

2 54  

T he  freq ue ncy of  oc currence of  DAS ( 2 5% of s amp l e s )  w a s  t he  

l owe st  among s t  t he  F u s ar i um mycotox i n s  detect ed i n  t he  present  s t udy ,  

b u t  such  a res u l t was not unexpect ed . There i s  on l y  sc arce 

i nformat i on av a i l ab l e  i n  the l i terature about the  freq uency of  

occurrence of  t h i s  tox i n .  M i roc h a  ( 1 983 ) s t ated th at DAS w a s  fo und 

i nfrequ en t l y  i n  n ature . I n  I t a l i an gr a i n s and feed st uff DAS was  found  

l es s  freq uen t l y than  oth er F us ar i um tox i n s ( C i r i l l i ,  1 98 3 ) and none  

was  found a s  a n at ura l  contami n ant  of e i th er C an ad i an gr a i n s ( Ne i s h � 

�. , 1 982 ) or  U . K .  gr a i n s ( Os borne and W i l l i s ,  1 984 ) .  However , DAS i s  

con s i dered t o  be t h e  most  tox i c among the t r i c hoth ecenes  ( M i roc h a ,  

1 983 ) . 

Al l t h e  s amp l e s were s creened for MON by the  TLC method ( Sect i on 

2 . 2 . 6 . 1 ) ,  and  a n umber appeared pos i t i ve for MON a s  a s s e s s ed by t he  

appearance of  dark ab sorpt i on s pot s  o(  b and s under 2 54 nm UV l i g ht  

wh i c h h ad a n  i den t i c a l  Rf v a l u e  t o  t he  MON s t and ard . B u t  s p r ayi ng t he  

TLC  wi th 2 , 4 - DNPH  d i d  not  g i ve a b r i c k -red co l o ur a s  d e s c r i bed by 

Kam imura  et �. ( 1 98 1 ) ,  and T L C  of t he  DNPH  der i v a t i v e s  ( Sect i on 

2 . 2 . 6 . 5 ) s howed no d e tect ab l e  MON ( de tect i on l i mi t � 0 . 1 ppm)  i n  any 

s amp l e  tested  ( Tab l e 3-42 ) .  On l y  two p apers seem to  h ave  been 

pub l i shed on the s u bj ect of  n at u r a l  contam i n at i on by th i s  t ox i n .  

Th i e l  et �. ( 1 982 ) was  the f i r s t  to de tect MaN .i n  . .  two ma i ze s amp l e s 

( l eve l s  of 1 6  and  2 5  ppm ) from South  Afr i c a .  Th i e l  et a l . 



( 1 986 ) aga i n  reported t he  detect i on of MON a s  we l l a s  f u s ar i n  C from 

one  ma i z e s amp l e from t h e  U . S . A .  

T he  major i ty o f  s amp l e s were con t am i n ated w i th a s i ng l e  myco­

tox i n ,  b u t  some were  contami n ated wi th t h ree or four  d i fferent  

mycotox i n s . Th ree s amp l es ( J 2 ,  T4 and T 1 ) were contami n ated s i mu l ­

t aneous l y  wi th four F u s ar i um tox i n s .  Few i nv e s t i gators h av e  detected 

s o  many mycotox i n s s i mu l t aneou s l y . 

Jemma l i et �. ( 1 9 78 ) from France .  

tox i n and  ZEA  i n  ma i ze s amp l e s .  

One of  t h e  few reports  i s  th a t  o f  

These  a u t h or s  found N I V ,  DON , T - 2  

I n  the  present  s t udy seven  of t he  s amp l es were contam i n ated w i t h  

t h ree F u s ar i um tox i n s ,  p art i c u l a r l y  DON , Z EA  and  T-2  tox i n .  M i roc h a  

� �. ( 1 97 9 )  a l s o reported t h e  above three  mycotox i n s from corn s t a l k 

s amp l e s ,  wh i l e DON , DAS and ZEA were d e tected  from m i xed  feed by 

M i roc h a  et �. ( 1 9 76b ) . C i r i l l i  ( 1 983 ) reported three F u s ar i um tox i n s  

( DAS , T - 2  tox i n  and Z E A )  from I t a l i an gr a i n a n d  foodstuff s amp l e s .  

2 5 5  

Under l aboratory cond i t i on s , u p  t o  t e n  t ox i n s  h ave  been  found to  

be  prod u ced by  a s i ng l e  F u s ar i um str a i n  ( M i roc h a ,  1 984 ) and t he  

n atura l  occurrence of  more  th an one  tox i n i n  c ere a l  g r a i n s , s u c h  a s  

ma i ze , i s  probab l y  n o t  uncommon . T he  f a i l u r e  o f  most i nv e s t i gators  to  

detect severa l  mycotox i n s  cou l d be bec ause  mos t  h ave s creened t h e i r  

s amp l e s for s i ng l e  mycotox i n s or h ave used  method s wh i ch e i ther were 

not  s en s i t i ve enough to  detect smal l amo u n t s  of  mycotox i n s ( e . g .  

t r i c hothecene s )  or were not  s u i t ab l e  for detect i ng a l l of the  myco­

tox i n s  wh i ch cou l d be  present . For  examp l e ,  i n  U . K  cerea l s ,  on l y  o ne  

F u s ar i um tox i n ( DON ) was detected , at  l ow freque nc i es « 1 6% of s am­

p l e s ) ,  du r i ng seve r a l  s urveys ( Os borne  and W i l l i s ,  1 984 ) . B ut  more 

recent l y when Tanak a et �. ( 1 986 ) emp l oyed more th an one  tec h n i q u e  

w i t h  an  i mproved method , t h ree tox i n s  ( DON , N I V  and Z E A )  were s i mu l ­

t aneous l y  detected , a t  freq uenc i es of  5 5 ,  6 5  a nd 1 3% respect i ve l y .  

Mycotox i n  Prod uct i on b y  F u s ar i um I s o l ates  i n  �u l t u re 

As men t i oned e ar l i er t here are th ree factor s ,  t he  fun g a l  s t r a i n ,  

t he  s u b str ate ( med i um )  a nd t he  c u l t u r a l  cond i t i on s ,  wh i ch c an 

i nf l uence  tox i n  prod u c t i on by s t r a i n s  o f  F u s ar i um i n  c u l t u r e .  I t  h a s  

proved d i ff i cu l t  t o  f i nd a s i ng l e  s u bstrate  and  s i ng l e  temperat ure 
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s u i tab l e  for t ox i n product i on by a l l s pec i es o f  F us ar i um ( Greenh a l g h  

� � .  , 1 984 ; Botta  1 i c a  � � .  , 1 984 ) . Howeve r ,  the  s ub s t r ates and  

cond i t i on s  u s ed for  t e s t i ng the  F u s ar i um i so l ates  obt a i ned i n  t h e  

present  i nv e s t i ga t i on 

other  i nv e s t i g ator s .  

r andoml y w i thout  any 

pos i t i ve .  

were c hosen  on  t h e  g e ner a l  recommend at i ons  of  

The F u s ar i um i so l ates  t o  be tes ted were  c ho sen  

prev i o us  k n owl edge a s  to  whether  any were 

The myco l og i c a l  d ata  descr i bed i n  Sect i on 3 . 1 . 5 . 2  note  t h at 1 5  

d i f ferent F u s ar i um s p p  were found i n  s amp l e s of  ma i ze ,  h u s k , l i t ter  

and  s o i l ,  b ut  not a l l these  spec i es are tox i co l og i c a l l y  i mportan t .  

The stud i e s o f  other  i nv e s t i gators  h ave  s hown t h a t  most  o f  t h e  tox i ­

gen i c  f u s ar i a  be l o ng to  f i ve ma i n  sect i on s ,  n ame l y  L i seo l a ,  

Sporotr i c h i e l l a ,  D i s co l o r ,  G i bbo s um and  Ro seum ( P a l t i , 1 9 78 ; S amue l s ,  

1 984 ) .  The  myco l og i c a l  s u rveys wh i c h h ave  i nv e s t i gated t h e  i nc i dence  

of  var i ous  f u s ar i a  i n  s amp l es o f  gr a i n s and  pas ture g r a s s  i n  New  

Zea l and ( Hampton , 1 980 ;  F owl e r ,  1 985 ; d i  Men n a  et  �. , 1 985 ) , a s  we l l  

as  the  re s u l t s  of  the  present s t udy ,  s how th at  s pec i es be l o ng i ng to  

the Sporotr i c h i e l l a  s ect i on are r are i n  th i s  co untry .  I t  i s  the  

op i n i on of  Ves onder and Hess e l t i ne ( 1 98 1 ) t h at th i s  i s  true  of  a l l 

temperate reg i on s . 

Spec i e s be l ong i ng to the  sect i on s  L i s eo l a and D i sco l o r  are  con ­

s i dered t h e  mo s t  s er i ous  contam i n an t s  of  New  Zea l and ma i ze .  Two 

spec i e s ,  F .  gr ami near um and F .  c u l mor um ( s ect i on D i sco l or ) , were found  

to be the  predomi n a n t  spec i es both  i n  freq ue ncy of  oc c u rrence and  

l ev e l  of c o n t am i n at i on of the  s amp l e s exam i ned ( Sect i on 3 . 1 . 5 . 2 ) . The  

tox i ge n i c i ty of  these  s pec i es has  been  s t ud i ed extens i ve l y  i n  v ar i ou s  

parts  of t h e  wor l d ,  e s pec i a l l y  w i th regard  t o  the oes t roge n i c  and  

emet i c  effect s o b served i n  swi ne and  s ome other  a n i ma l s ( P a l t i , 1 9 7 8 ) , 

and th e i r  tox i n -prod uc i ng a b i l i ty i n  cu l ture  h as a l s o  been  wi de l y  

s t ud i ed ( M i l l er  � �. ,  1 983 ; N a i k  e t  �. , 1 978 ; S u t ton , 1 982 ) . 

I s o l ates b e l o ng i ng to t h e  s pec i es F .  gr am i near um h ave been found  to  be  

good  ZEA and DON prod u cers ( P a l t i , 1 9 7 8 ;  Ne i s h and Cohen , 1 98 1 ; Ne i s h 

� �. , 1 982 ) . N e i s h  and Cohen  ( 1 98 1 ) found  th at a l l n i ne F .  gram i -

nearum i s o l a te s  exami ned produced both  Z EA  and  DON , at l eve l s r ang i ng 

from O .  1 to  6 . 8  ppm for DON and  from 0 . 4 t o  90 . 6  ppm for Z E A .  

However ,  i n  t he  present  s t udy,  a l l i so l ates  ( 1 1 )  of  F .  gr ami nearum 

ex ami ned were ZEA  p roducers , wh i l e on l y  45% of these  i s o l ates  were 



both Z EA a nd DON producers . S ome of t h e s e  i s o l ates  were a l s o  found 

ab l e  t o  produc e T-2  tox i n a nd DAS . T h ree i so l a te s  were found 

prod u c i ng T -2  t ox i n ,  DAS , DON and  Z EA s i mu l t aneou s l y . 

The  a b i l i ty of  F .  gr ami nearum to  produce  T -2  t ox i n a nd DAS i s  not  

we l l  k n own and no  exp l anat i on can  be s ugges ted for the  f i nd i ngs  

reported h ere o t h er t h an th at  i t  m i ght  be  due  to  confu s i on c a u sed by 

the c l a s s i f i c a t i on system u s ed by d i f feren t i nv e s i g ators . For 

examp l e ,  F .  ros eum ( o f t he  Snyder and Han sen system) i s  a c o l l ect i ve 

name of  many spec i es i nc l ud i ng F .  grami ne arum and F .  c u l morum and h as 

been reported t o  produce  both DAS and  T -2  t ox i n ( P ath re  � �. , 1 9 76 ; 

P i er ,  1 981 ; A l l en � �. ,  1 982 ) .  On l y  recen t l y  h a s  d i rect ev i dence 

been  pre sented t h a t  i so l a tes  of  F .  grami near um prod u c e  DAS and T-2  

tox i n ( R a b i e et  �. , 1 986 ; C h at terj ee � �. , 1 986 ) . 

2 5 7  

T h e  ab i l i ty of  about  4 5% o f  F .  gr ami nearum i so l a t e s  t o  prod uce  T-

2 t ox i n ,  even  t h o ug h  i n  sma l l amou nts , i s  a mos t  i nteres t i ng f i nd i ng 

of t h e  present  s t udy and i s  t h e  f i r s t  repor t  of  t h i s  p roperty i n  

Au s tr a l a s i a .  F .  gr ami nearum s t r a i n s produc i ng T-2  t ox i n h ave  

prev i o u s l y  been  i s o l a ted i n  E u rope ( Bo t ta l i c a e t  �. , 1 984 ) , i n  North  

Amer i c a ( Sc o t t  � �. , 1 980 ) , i n  As i a  ( Tseng , 1 983 ) a nd recen t l y i n  

Afr i c a ( R a b i e et �. , 1 986 ) . R ab i e  et  �. con s i dered  t h at the  

geogr a ph i c a l  d i s t r i but i on of  t ox i gen i c  s t r a i n s  of  t h e  f u n g u s  c o u l d be  

an i mpor t a n t  factor ,  i n  ad d i t i on t o  t h e  k i nd of  an a l yt i c a l  techn i q ue ( s )  

u s ed . 

T h e  i nf l u ence of  t he  geograp h i c a l  factor i n  t he  d i s t r i but i on of 

tox i ge n i c  s tra i n s was s t ud i ed by Joffe and Yagen ( 1 9 7 7 ) . These  

auth or s  con c l uded  t h at a cert a i n tox i gen i c  F u s ar i um s tr a i n  may be more 

prev a l e n t  i n  a spec i f i c  geog r aph i c a l  are a .  They a l s o found t h a t  

stra i n s of  t h e  Sporotr i ch i e l l a  sect i on from t h e  Orenburg  d i s t r i ct o f  

t h e  U . S . S . R .  produced a muc h h i g her  l ev e l  o f  T -2  t ox i n u n d e r  i den t i c a l  

cond i t i ons  i n  c u l t ure th an  d i d  s i mi l ar i s o l ates  from other areas . 

H e s se l t i ne ( 1 97 7 )  s t ated th a t  because  s ome f u s ar i a  c an grow over  a 

wi de r ange of t emper atures , a c er t a i n  F u s ar i um s t ra i n may be found to  

prod u c e  sever a l  d i fferent tox i n s , eac h a t  a d i fferent  t i me depend i ng 

on t h e  s u b s trate  and t emperature . Th i s  co u l d exp l a i n  why s ome s tr a i n s 

of F .  grami ne arum h ave been  found  to  be  T-2  tox i n  producers  i n  New 

Zea l and  b u t  are r are l y  reported i n  other c o u n tr i e s . 
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E ven s o ,  t he  T-2  tox i n i n  t he  pre se n t  s t udy ,  e i ther  from F .  

g r ami nearum i s o l a te s  or from other i s o l a te s , was � prod uced  a t  a l ow 

l eve l . Sever a l  f actors c o u l d contr i bute  t o  th i s  f i nd i ng ,  s uc h  a s  the  

t ox i ge n i c i ty of  t he  s tr a i n s ,  the  i nc u b a t i on t emperature u s ed , t he  

s ens i t i v i ty o f  th e a n a l yt i c a l  method etc . Regard i ng t he  i nc u b at i on 

t emperature , B u rme i s ter ( 1 9 7 1 ) ,  Bott a l i co et a l . ( 1 984 ) a nd  S cott  � 

�. ( 1 980 ) found  t h at the  opt i mum temperature  for the produc t i on of  T -2  

t ox i n  was  compar at i ve l y  l ow ( 8  to 1 40C )  w i th the  y i e l d be i ng much 

l ower or neg l i g i b l e  at  temperatures  of 2 50C and above . B o t a l l i co et 

�. ( 1 984 ) o bt a i n ed on l y  20 ppm of T-2 t ox i n a t  2 70C wh i l e  muc h more 

( 46 7  ppm )  was o bt a i ned after i nc ubat i on at 1 20C .  Conver se l y , R ab i e  � 

a l . ( 1 986 ) found th at a l l 1 1  F .  ac um i n a t um stra i n s prod uced  T - 2  tox i n 

a t  2 50C wi th two i s o l ates  produc i ng a very l arge amount  ( abo u t  2 600 

ppm) . Thus  th e l ow product i on of T - 2  tox i n i n  t he  present  s t udy co u l d 

be  part i a l l y  d u e  t o  the  i nc u b at i on t emperature ,  a l though  o t her factors  

m i ght  a l so  be  i nv o l v ed . 

F .  s u bgl u t i n an s  ( L i seo l a sect i on )  w a s  another F u s ar i um s pp 

s t ud i ed exten s i ve l y  i n  the  present  s t udy bec a u s e  th i s  s pec i e s was  

c ommon l y found  i n  ma i ze and  h a s  a l s o  been  found  to be  a c ommon MON 

producer ( Mara s as et  �. , 1 986 ) . About  4 7%  of  the exami ned i so l ates  

were found to  prod u ce  MON  i n  amount s  r a ng i ng between 0 . 4  to  6 4  ppm.  

A l t hough  the  l ev e l  o f  MON produced i n  c u l t u re  was  h i gh ,  t h i s  t ox i n was  

not  found a s  a n at ura l  contami nant  i n  t he  s amp l es exami ned . But  i n  

v i ew of the  h i g h t ox i c i ty and the  mas s i ve amount  of MON wh i ch c an be  

prod uced by t h e s e  f u s ar i a i t  appe ar s very i mportant  to avo i d  exposure  

t o  th i s  h az ard  ( Kr i ek � �. , 1 9 7 7 ) .  

S i ng l e  i sol ates of f i ve other F u s ar i um s p p  i n  ad d i t i on t o  the seven of 

1 5  F .  s ubg l u t i n a n s  s t r a i n s tested were found  to be  MON - prod ucers  under  

l abor atory cond i t i ons  ( Tab l e  3 - 5 2 ) . A l l t hese  spec i es h ave  been 

reported prev i ou s l y  by other workers  as MON-producers  ( Th i e l et  �. , 

1 982 ) . I n  t h e  c as e  of F .  oxys porum wh i ch h a s  a l s o  been reported a s  a 

MON -producer , one  i so l a te ( SN20 ) wa s  found  t o  prod uce  t he  h i g hest  

amount  of MON ( 64 p pm)  i n  t he  present  s t udy .  

The  confu s i on i n  t he  c l a s s i f i c at i on o f  F .  s ubgl u t i n a n s  a n d  F .  

mon i l i forme ( d i s c u s sed e ar l i er )  h a s  r e s u l t ed i n  m i sj ud gement  of the  

tox i gen i c  a b i l i ty of  these  two t ax a .  However , appare n t l y a l l 



i nv e s t i gators  agree t h at F .  s u b g l u t i n an s  i s  the s pec i e s mos t  often  

s hown to be c apab l e  o f  produc i ng MON  ( Ma r a s a s  � �. , 1 97 9c ; Kr i ek et 

�. , 1 9 7 9 ;  Rab i e � �. , 1 978 ) . Maras a s  no ted t h at on l y  22% o f  t ox i c 

s tra i n s of  F .  mon i l i forme produced MON , compared to 81 % of  s t r a i n s of  

F .  s ub g l u t i n ans . 

A l arge amou n t  of  MON c an be  prod u c ed on  ma i ze s ubstrate  under  

l abor atory cond i t i on s . Steyn et �. ( 1 9 7 8 )  obt a i ned y i e l d s of  between 

2 and 1 6 , 000 ppm on  a u toc l aved ma i ze from F .  s ubgl u t i n ans  i s o l a te s .  

R ab i e � �. ( 1 982 ) reported 3 3 , 700 ppm o f  MaN o n  ma i ze from an  

i so l ate  of  F .  mon i l i forme . R ab i e  and h i s  c o l l eagues  a l s o  found  l arge 

amount s  of MaN ( u p to  645 ppm) i n  a ma i ze f i e l d  after i noc u l a t i on of 

the ma i ze ears w i th  a number o f  F u s ar i um i s o l ates  k nown to prod uce  

MON . 
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I n  th i s  s t udy t h e  amounts  of  MaN detected a s  be i ng prod uced  by 

New Zea l and i s o l a te s  were l ow when compared w i th the  res u l t s  from 

other i nve s t i g a tors . Th i s  cou l d be becau se  e i ther t h e  New Ze a l a nd 

i s o l ates  are we ak MaN - p rodu cers  or bec a u s e  a s i gn i f i c an t  amount  o f  MON 

was l o st  d u r i ng  t h e  c l ean - u p s teps . S h epherd and G i l bert  ( 1 986 ) 

c l a i med th at  ex ten s i ve l o s s es  of  the  t ox i n c o u l d occur  d ur i ng t he  

severa l  evapor at i on s teps  of the  c l e an - up proces s i ng .  Howeve r ,  

accord i ng to Kami mur a et �. ( 1 981 ) ,  t h e  recovery of MaN from s p i ked  

mai z e  at 2 ppm was  7 6% .  Amounts  of  MON  from t he  two po s i t i ve contro l s 

( NRRL  6022 and  NRRL  1 3088 ) u s ed i n  t h i s  s tudy were reasonab l y  h i g h ;  

they produced amo u n t s  greater t h an 500 ppm . Thus  Shepherd  and  

G i l bert ' s  s pecu l at i on cou l d be i n app l i c ab l e .  

On l y  two i so l a t e s  of F .  c u l mor um were s c reened for the i r  tox i n ­

prod uc i ng a b i l i ty ,  and both were found  t o  p roduce Z EA .  One  a l s o  

produced T - 2  t ox i n .  Th i s  s pec i es i s  we l l known t o  N ew  Ze a l and 

i nv e s t i gators a s  a ZEA producer ( Ga l l ag he r ,  1 985 ; L auren , 1 986 ) .  

Because  of t h e  h i gh c o s t  of  t he  an a l ys i s  and the  t i me i nv o l ved  i n  

the  work , on l y o ne  or  two i s o l ates  from t h e  rema i nder o f  t he  f u s ar i a 

i s o l ated were t e s t ed for tox i n produc t i on .  These  spec i es ( e . g .  F .  

ave n aceum ,  F .  eq u i s e t i  etc . )  occu rred e i ther  at a l ow freq uency o r  at  

a l ow l ev e l  of  con t ami n at i on ( Sect i on 3 . 1 . 5 . 2 ) . However , s ome of 

t hese  spec i es g ave  i n teres t i ng res u l t s ; for examp l e ,  the h i g he s t  



amount  o f  MON was  produced by an  i so l ate  of F .  oxysporum and one  

i s o l ate  of F .  s ambuc i n um was  found  to  prod uce  four mycotox i n s .  I n  

ad d i t i on t o  the  F .  s ambuc i n um s t r a i n ,  four  tox i n s  were  a l so  prod u ced 

by th ree F .  grami ne arum i s o l a te s . I t  s eems t h at two or  t h ree tox i n s 

are n o t  uncommon l y  reported by other  i nv e s t i gators  ( Bo t t a l i co et  �. , 

1 984 ; Greenh a l g h et  �. , 1 983 ) , b u t  i t  i s  qu i te r are  t o  record four  

mycotox i n s produced s i mu l t aneou s l y . 

S i gn i f i c ance  of N at ura l  Mycotox i n Contami n at i on 

T he  genera l  s i gn i f i cance o f  mycotox i n s to a n i ma l  h e a l t h  h a s  been 

rev i ewed i n  Sect i on 1 . 4 . 3 ,  b u t  s ome further c omments  are now approp­

r i ate i n  v i ew of the res u l t s  reported i n  t h i s  t hes i s .  

T he  l eve l  o f  F u s ar i um tox i n s wh i c h were found to  be  n atur a l l y  

con t am i n a t i ng ma i ze s amp l es e x ami ned i n  t h e  present  s t udy apparen t l y  

are n o t  s i gn i f i c a n t l y i mport a n t  a s  i nd i v i du a l  tox i n s ,  s i nc e ,  except 

for Z E A ,  t hey were found at  l ow l ev e l s .  B u t  before g i v i ng any j ud ge­

ment about  th e s afety of commod i t i es ,  t h ree presen t l y  unreso l ved 

po i n t s  s ho u l d be  con s i dered . The  f i r st  i s  t h a t  the act u a l  amount  of 

any one  mycotox i n  requ i l"ed to c au s e  symptoms o f  mycotox i co s i s  i n  f arm 

an i ma l s i s  u ncert a i n  ( P ath re and M i roc h a ,  1 979 ) . The  second  po i n t i s  

the po s s i b i l i ty of  the  ex i stence  of u n k n own F u s ar i um tox i n s  i n  

add i t i on to  the presen t l y  k n own tox i n s . And th i rd l y ,  t h e  comb i ned 

effect of  more th an  one tox i n e i ther  i n  ad d i t i ve or synerg i s t i c  form,  

part i c u l a r l y  t ho se  structur a l l y- c l o se  t r i chothecenes ( e . g .  T-2 tox i n 

and DAS ) ,  i s  s t i l l  not  c l ear l y  k n own ( P ath re and M i roc h a ,  1 97 9 ) . 

Gener a l  factors  s u c h  a s  s p ec i e s ,  s ex , age , gene r a l  h ea l t h  etc . 

c an affect the  s u scept i b i l i ty of  an i ma l s to  any part i cu l ar tox i n .  For 

i ns t an c e ,  g i l t s  and s ows are  h i g h l y  s u s cept i b l e  to  ZEA c ompared to  

other  an i ma l s .  Oes trogen i sm c an be  prod uced i n  g i l t s fed  r at i ons  

cont a i n i ng o n l y  1 to  5 ppm ZEA  ( P i er ,  1 98 1 ) .  Some authors  on l y  accept 

a n i l v a l u e  for ZEA i n  gr a i n fed to sw i ne  ( Sherwood and  P eberdy, 

1 974 ) . 

R e s u l t s from the  presen t s t udy a s  we l l as  other s t ud i es carr i ed 

out  by New Zea l a nd i nv e s t i gators  ( Ga l l ag h er , 1 985 ; d i  Menna  et  �. , 

1 985 ; Agn ew et �. , 1 986 ) d emons trate th at ZEA cou l d be th e most  

260 



2 6 1  

i mport ant F u s ar i um tox i n i n  th i s  country, b o t h  i n  i ts frequency of  

occu rrence a n d  l eve l of  co n t ami n at i on .  The  l ev e l  of l EA  de tected i n  

t he  present  s t udy i s  o f  more concern  to the  p i g i nd u stry th a n  to  t h e  

pou l t ry i nd u s try. Ch i c k e n s  i n  ge ner a l  are more r e s i s t a nt  to  F u s ar i um 

tox i n s ,  p art i cu l ar l y  l EA .  However , c a u t i on s h ou l d s t i l l  be exerc i sed  

a s  most often  feed cont a i n i ng lEA w i l l  i nc l ude  other tox i n s prod uced  

by F u s ar i um s p p  s uc h  a s  T - 2  tox i n ,  DON , DAS  ( Bryden ,  1 986 ) .  

Wh i l e th ere h ave  been  few reports of  n at u r a l  o u tbreak s of  

t r i c hothecene  tox i coses  i n  pou l t ry ,  those  reports  made  men t i on  

e spec i a l l y of  T-2  tox i n a s  t he  maj or c a u se  ( Bryden , 1 986 ) . There i s  

s t i l l  no c l e ar under s t and i ng regard i ng a to l e r ance  l eve l of  T-2  tox i n 

i n  c h i c ken  r at i on s .  Some s t ud i e s h ave found  th at feed i ng pure T - 2  

tox i n  t o  pou l t ry at a l ev e l  of  4 ppm co u l d c a u se o r a l  necro s i s ,  n e u r a l  

effec t s ,  h epat i c  h aematoma and red uced we i g ht  g a i n , wh i l e feed i ng 8 

p pm c a u s ed coag u l o p athy .  Feed i ng l ay i ng h e n s  20 ppm of  T -2  tox i n 

decreased egg  product i on and s h e l l q u a l i ty ( Bryden , 1 986 ) . I n  

contr ast , C i r i l l i  ( 1 98 3 )  found  t h a t  a sma l l amount  of  T-2  tox i n ( 0 . 04 -

0 . 03 ppm ) i n  ma i ze c au s ed s er i ous  symptoms s uc h  a s  hepat i c  necros i s ,  

nephros i s  and death i n  bro i l er c h i cken s .  

tox i c i ty cou l d pos s i b l y  be exp l a i ned 

mycotox i n s i n  add i t i on to T - 2  toxi n .  

Suc h apparent  d i f ferences i n  

by t h e  presence of  other  

Mycotox i co l o g i s t s  are  part i cu l ar l y  consc i ou s  of the  t ox i c i n ter­

act i on of  two or more s u b s t ances ( Ka ng s ad a l amp a i  � �. , 1 981 ) b u t  

l i t t l e i s  k n own abou t t h e  synerge s t i c  o r  t he  ad d i t i ve effect of  d i f­

feren t F u s ar i um tox i n s .  Other mycotoxi n s  ( p a r t i cu l ar l y  af l atox i n ,  

oc hratox i n and  c i tr i n i n )  h ave  been s t ud i ed more extens i ve l y  ( Ve se l a e t  

�. , 1 983 ; Huff and Doerr , 1 981 ) .  I t  i s  worth not i ng t h at  F u s ar i um 

mycotox i n s ,  p art i c u l a r l y  th e t r i chothecene group , are s t i l l  not  f u l l y  

exp l ored , because  of a l ack  of  methodo l ogy and  u n av a i l ab i l i ty of  

s t andard s .  Dur i ng t he  l as t  dec ade the  n umber  o f  k n own t r i chothecenes  

has  s tead i l y i ncreased from 34 ( M i roc h a  � �. , 1 9 7 6b )  t o  7 5  ( G i l bert ,  

1 984 ) . 
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CONC L US I ON 

The  f i nd i ng s  reported i n  t h i s  t h es i s  emphas i s e t h e  h i g h freq uency 

of oc c u rrence of  s evera l  s i gn i f i c a n t  F u s ar i um spec i e s  and of s evera l  

F u s a r i um mycotox i n s i n  ma i ze i n  New Zea l and . Th at t h e s e  mycotox i n s  

h ad been f ormed i n  apparen t l y  h e a l thy  ma i ze g r a i n i n  the  reason ab l y  

mi l d  cond i t i ons  of 1 984 i s  o f  p ar t i cu l ar conc ern . I n  l es s  c l ement  

cond i t i on s ,  p art i cu l ar l y , perhap s , wh en h arves t i ng h as to  be de l ayed , 

i t  i s  l i ke l y  th at more Fus ar i um growth wou l d occur  a nd h i g her concen­

trat i o n s  of mycotox i n s be prod u c ed . 

S i m i l ar rese arch to  th e present  work was commenced by t he  

Mi n i s t ry of  Agr i cu l t ure a nd  F i s h e r i es at  the  R u ak u r a  Agr i cu l t u r a l  

Research  C e n tre a t  t he  beg i nn i ng o f  1 984 ( L a uren , per s . comm . ) .  Th at  

project  i nvo l ves  a ser i es of t r i a l s to  exami ne th e i nc i dence and  

b u i l d - u p  of  F u s ar i um s pp on p a s t u re  l e aves i n  d i fferent d i s tr i ct s , the  

k i nd s  of  F us ar i um s pp present  a nd t he  a b i l i ty of  t h e s e  spec i es to  

prod u ce  k n own mycotox i n s .  I t  h a s  a l s o  i nv es t i gated the  re l at i on s h i p  

between Z EA  do s i ng and the  reprod uct i ve performance of  ewes . Some 

pub l i s h ed res u l t s  of th i s  work h av e  been commented on  i n  t h i s  the s i s .  

The proj ect con t i nues  and i t  i s  i n tended th at i t  wi l l  b e  exp anded to  

i nc l ude  cerea l  gr a i n s  and  o t her feed s tuffs . The  res u l t s  of  the  

present  i nv e st i g a t i o n s  l end c on s i derab l e s upport to  these  p ropos a l s .  

I t  i s  i mportant  th at feed p roducers  a nd f armer s ,  p i g farmer s i n  

part i cu l ar ,  are made aware o f  t h e  potent i a l economi c l o s s es wh i c h may 

occur  i f  t h e i r  feed b ecomes c o n t am i nated w i th  mycotox i n s .  The rou t i ne  

detect i on a nd mon i tor i ng of funga l prob l ems i n  feed and  feed stuffs i s  

the  f i r s t  s tep i n  prevent i ng outbreak s  of mycotox i cose s .  Furthermore , 

there i s  a need for research  on  t h e  tox i c i nteract i on s  between myco­

tox i n s  a nd a need  for i ncreased awarene s s  t h at mi xed mycotox i coses  may 

oc cur  i n  t h e  p i g  and pou l t ry i nd u s tr i es ( and even probab l y  i n  humans )  

i n  t h i s  co u ntry.  

However ,  as has been n o ted i n  th i s  th es i s , i t  i s  d i ff i c u l t to 

a s s e s s  th e s i gn i f i c ance o f  mycotox i n s t o  human a nd a n i ma l  h e a l t h  

bec a u s e  data  on th e i r  i nc i de nc e  i n  n ature  i s  l ack i ng .  Th u s ,  further 

l arge - s c a l e s u rveys of  ma i z e and a l s o of other  cere a l  gr a i n s s uc h  as 

wh eat  a nd b ar l ey are s trong l y  recommended . I t  wou l d b e  preferab l e  to 
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c arry o u t  reg u l ar tests  i n  t h e  f i e l d  a n d  at h arvest  t i me of  th e th ree 

c ommon c erea l  g ra i n s , wh eat , ma i ze and b ar l ey ,  when these  g r a i n s  are 

grown under  wet we ather cond i t i ons , part i cu l ar l y  when  t h i s  res u l t s  i n  

a d e l ay i n  h arvest i ng .  I n  s u c h  future  i nve s t i g at i ons  oth er F u s ar i um 

t ox i n s ,  part i cu l a r l y  N I V ,  c o u l d be ad ded to t h o s e  a l ready s t ud i ed .  

N I V  c o u l d be  spec i a l l y  i mportant  and h a s  recent l y  been found i n  New 

Z e a l a nd wheat  ( Agn ew et �. , 1 986 ) . 

I t  mu s t  b e  po i nted o u t  th at th ere s eems t o  be l i tt l e  r i s k  of  

fresh  contami n at i on of ma i ze w i th F u s ar i um mycotox i n s  d u r i ng storage  

p er i od s ,  at l e ast  when  modern  s torage  systems , p art i cu l ar l y  those  of 

l arge - s c a l e operat i on s ,  a r e  emp l oyed . An except i on co u l d be  c o n t ami ­

n at i on w i th mon i l i formi n ,  a s  d i scu s sed i n  C h apter  4 .  These  comments  

a pp l y  t o  the  F u s ar i um mycotox i n s on l y ;  they may not  be  true  for  tox i n s  

prod uc ed by other spec i e s wh i ch h ave  n o t  been reported o n  i n  th i s  

project . I t  c an be  noted th at  one s pec i e s wh i ch c an be  of  concer n  on  

ma i ze oversea s , As pergi l l us f l avus , was  present  o n l y i n  s amp l e s from 

S i l o  C .  Th e ma i ze i n  th i s  s i l o  h ad b een  s tored for  1 2  mon th s w i thout  

aerat i on .  Severa l  s amp l e s from th i s  s i l o  were a s s ayed for a f l atox i n 

by a TLC  method ( Hu s s e i n ,  1 984 ) b u t  no tox i n  was  detected . However , 

1 4% o f  th e A .  f l av us  i s o l ates  tes ted for af l atox i n product i on i n  

c u l t u re  were found to be c a p ab l e  of produc i ng a f l atox i n B 1 . I t  i s  

l i k e l y  th at  a f l atox i n i s  r are l y found u nder  a c l i mate wh i ch s upport s 

t h e  growth of  fung i s uc h  a s  F us ar i um s p p  ( Andrews et �. , 1 98 1 ) .  

Z e ara l enone  i s  apparen t l y  th e most  worryi ng  tox i n ,  p art i c u l a r l y  

f o r  p i g  farmers , and was  fo u nd t o  be  very c ommon  i n  ma i ze .  Th u s  where 

t h ere are a ny s eason a l  c a ses  of  d i sea se  c h arac t er i sed by precoc i ou s  

s ex u a l  deve l o pment ,  p art i cu l a r l y  i n  g i l t s , w i t h  r amefact i on of  the  

v u l v a  a nd e n l argement  of  t h e  mammary g l and s as  the  mo st  obv i ou s  s i gn s ,  

a nd i f  oth er c a u s a t i ve age n t s  are not  i nc r i m i n ated , ZEA  tox i cos i s  

c o u l d b e  i nv o l ved . Th i s  wou l d be t r ue even i f  t h e  g r a i n u s ed was  not  

o bv i ou s l y  mou l dy. Many a u th ors h ave  emp h as i s ed th at  mou l d i ne s s  of  

gr a i n i s  not  a l ways nec e s s ary for  mycotox i n  to  be  presen t . I ndeed , 

O sborne  ( 1 982 ) was  a l s o  of the o p i n i on th a t  when feed s upports 

obv i ou s ,  v i gorou s l y- growi ng moul d ,  t hen i t  i s  u n l i ke l y  t o  be  con t ami ­

n ated wi th mycotox i n .  T h e  d angerous  food s a re t hose  where act i ve 

mou l d growth h a s  ceased and seco nd ary b i osynth e s i s  may h ave t aken  

ov er . 



Bes i de s  

conce i v ab l y  

s t a l k e tc . ) .  

b e i ng formed i n  t h e  kerne l s ,  F u s ar i um mycotox i ns 

c o n t am i nate other p arts  of t he  ma i ze p l a n t  ( hu s k , 

There are o n l y a few reports  about  th e n at ur a l  
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co u l d 

s t em ,  

oc cur-

renc e of F u s a r i um tox i n s i n  these  parts  a s  most research  has  concen­

trated o n  t he  kerne l s .  M i roc h a  � �. ( 1 9 7 9 ) , after  f i nd i ng t h at  

th ree i mportant  F u s ar i um tox i n s  ( ZEA ,  DON  and T-2  tox i n )  contam i n ated 

ma i z e  s t a l k s  n atura l l y ,  conc l uded t h a t  s uc h  c o n t am i n at i on may 

contr i bu te  to mycotox i co s e s  o f  farm an i ma l s 

by g r az i ng an i ma l s or fed to  t h em a s  s i l age . 

come from M i  1 1  er et a 1 .  ( 1 983 ) , after t h ey 

when t he  s t a l k s  are e aten 

S i m i l ar warn i ng s  h av e  

detected three F u s ar i um 

tox i n s  ( DON , 1 5-ADON and ZEA ) i n  the h u s k  a nd s t a l k of  ma i ze  p l a nts  

and  from Bott a l i co et a l . ( 1 984 ) who found  ZEA ,  DON and  zeara l eno l to  

be  prod u c ed i n  crops  i nfected w i th foot a nd s t a l k rot . Th e above 

reports i nc rea se  th e concern about  th e poss  i b i  1 i ty of c o n t ami nat i on of 

v ar i ou s  p arts  o f  t he  ma i ze p l a n t  u nder New Ze a l and cond i t i on s  and t he  

f i nd i ng s  of t h e  present  i nv e s t i ga t i on th at  s ever a l  poten t i a l l y  t ox i -

gen i c  F u s ar i um s pec i e s c a n  b e  i so l ated from h u s k s  etc . s uggest  t hat  

furth er s t udy of  th i s  po s s i b i l i ty s hou l d b e  undertak e n .  

Wh en cerea l  crops h av e  b ecome i nfected wi th F u s ar i um s p p  and 

F us ar i um tox i n contami n at i on c a n  be  expected , forec a s t i ng sys t ems 

b a sed on e p i d em i o l o g i ca l  f actors  and meteoro l og i c a l  i n forma t i on may 

become feas i b l e  and a l l ow warn i ng s  to  be i s s ued to  growers to  h arvest  

prompt l y ,  aerate  and dry d amp gr a i n  and h ave  s amp l e s o f  s u s pect gr a i n 

and , i f  a ppropr i ate ,  other p l a n t  part s , exami ned for mou l d and t ox i n 

contam i n at i on .  Th e work reported i n  t h i s  t hes i s  h as est ab l i s hed 

s u i t ab l e  tech n i q u e s  a nd l a i d  a found a t i on for s uc h  s t ud i e s .  



265  

APPEND IX  A 

F u s a r i um s pp and other  genera  depo s i ted at P l ant  D i seases  D i v i s i on ,  

D . S . l . R . , Auck l a nd . 

i )  F u s ar i um spp  

F .  equ i se t i  ( Corda ) S a c c o  

F .  p o a e  ( Peck ) W r .  

F .  sub g l u t i nans ( W r .  R e i nk )  

N e l s o n ,  Toussoun , M a rasas 

F.  solani ( Ma r t . ) Appel 

a nd Wol l enw . 

F .  moni l i fo rme Shel do n  

F .  l a t e r i t i um Nees 

F .  c r ookwe l l ense Burge s s ,  

N e l s o n ,  Toussoun 

F. e q u i s e t i  ( Co rda ) S a c c o  

F .  sambuc i num F uckel 

F.  me r i smoide s  Corda 

F.  a v e naceum ( F r . ) S a c c o  

F .  s t i l bo i des Wol lenw.  

F.  oxy sporum Schlecht . 

F .  sambuc i num F uckel 

F.  acuminat um E l l .  a nd E v .  

F .  culmo rum ( W . G .  Smi th ) 

Sac c o  

F .  g r aminea rum Schwabe 

PDO No . 

( C u l t u re co l lect i o n )  

8850 

8 8 5 1  

8852 

8853 

8 8 54 

8 8 5 5  

8856 

8857 

8858 

8 8 5 9  

8 8 6 0  

8993 

8994 

8995 

8996 

8 997 

8998 

POD N o .  

( h e rbarium)  

4 7 550 

4 7 549 

4 7 5 5 1  

4 7 5 5 2  

4 7 5 5 3  

4 7 554 

4 7555 

4 7 5 5 6  

4 7 5 57 

4 7 5 5 8  

4 7559 

4 7 560 

4 7 5 6 1  

4 7562 

4 7 5 6 3  

4 75 64 

4 7 565 

Source o f  

i so l a  t e  

M a i z e  
" 

" 

" 

" 

" 

L i t te r  

Ma ize 

L i t t e r  

Soi l  

M a i z e  
" 

" 

L i t te r  
" 

S o i l  

M a i z e  
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i i ) O t h er ge nera 

Gen u s  P DD  No . Source of  i so l a te  

F u s i coc cum 4 7 589 M a i z e  

As coc hyt a 4 7582 L i t ter 

Sepend o n i um 4 7590 S o  i 1 
Phoma 4 7 584 L i t ter 

Scopu l a r i ops i s  4 7581 " 

G i oc l ad i um 4 7593 S o i l 

Vert i c i l l i um 4 7 583 " 

Preu s s i a  4 7 592 " 

Arth r i  n i  um 4 7587 L i t ter  

Con i ot hyr i um 4 7591  S o i l 

Pyth i um  4 7588 " 

Acremo n i um 4 7 5 7 9  L i t ter  

Chryso s por i um 47586 " 

Scopu l a r i op s i s  4 7 580 Ma i z e 

A l t er n ar i a 4 756 7  L i t ter  

Mucor ? S o i l 

Tr i c hoderma 47569  L i t t er 

Acremo n i e l l a  4 7 5 7 1  Ma i z e 

C h aetomi um 4 7 5 7 5  L i t t er 

Sch i z o phy l l um 4 7 5 7 7  M a i z e 

N i g ro s por a 4 7 568 L i tter  

R h i z o p u s  ? M a i z e 

E p i coc cum 47 574  L i t t er 

C l ad o s por i um 47 566 " 

Beauv a r i a 4 7 5 7 2  M a i z e 

Myrot h ec i um 4 7 5 7 6  L i t ter 

P aec i l omyces 4 7 5 7 3  S o  i 1 
Pe n i c i l l i um 4 7 5 70 M a i ze 
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APP E N D I X  B 

F us ar i um s pp depos i ted i n  Amer i c a n  Type C u l t u re C o l l ect i on ( ATCC ) .  

F u s ar i um s pp 

F .  s ub g l u t i n a n s  ( Wr .  Re i nk/  

( Ne l son , 

F .  s ub g l u t i n a n s  ( To u s s oun , 

( Marasas 

F .  p o ae ( Peck ) Wr .  

F .  p oae  ( Peck ) Wr . 

F .  g r ami nearum Schwabe 

F .  g r ami nearum Schwabe 

F .  s t i l bo i des  Wo l l enw .  

F .  c rookwe l l en s e  ( Burge s s ,  

F .  c rook we l l en s e  ( Ne l son 

( Tou ssoun  

F .  s ambuc i n um F ucke l 

F .  mon i l i forme S he l don 

F .  mer i smo i de s  C orda 

F .  a venaceum ( Fr . ) S acc . 

F .  e q u i s e t i  ( C orda ) Sacc o 

F .  l ater i t i um Nees  

F .  s o l a n i  ( Ma rt . ) Appe l 

F .  acumi  n atum E l l .  and Ev . 

F .  c u l morum ( W . G .  Smi th ) 

S ac c o  

F .  o xysporum S c h l echt  

F .  s t i  l bo i des  Wo l l enw .  

Loc a l  code 

MU1 0 1 8  

MU 1 020  

MU1 024 

MU 1 026  

MU 1 02 7  

MU 1 028  

MU 1 029 ( SN 1 2 ) * 

MU 1 03 1  

MU 1 032  

MU1 002 ( SN32 ) 

MU1 003 ( SN4 ) 

MU1 004 ( SN36 ) 

MU1 005 ( SN 7 ) 

MU 1 006 ( SN34 ) 

MU1 008 

MU 1 009 

MU 1 0 1 0  

MU1 0 1 4 ( SN35 ) 

MU 1 0 1 5 ( SN 3 3 )  

MU1 030 

* I so l ates  tes ted for tox i n  product i on 

C ode  n o .  

a t  ATCC  

60887 

60888 

60882 

60883 

60880 

6088 1 

60885 

60878 

60879  

60280 

60278 

6031 8 

602 7 3  

602 7 6  

602 7 7  

60299  

602 7 2 

602 7 5  

602 79  

60886 

Source of 

i s o l ate 

H u s k  

Ma i z e  
" 

" 

" 

" 

S o i  1 
H u s k  

" 

L i tter 

Ma i z e 

S o i l 

M a i z e 

H u s k  

S o i l 
" 

L i tter 

Ma i z e 
" 

So i l 
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