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ABSTRACT 

Metho d s  to monitor i nvasion  of r ed  clover roots  by soi lborne fungi, and 

assess effects on clover growth and pers is tence, were developed  and tested using 

soi l  f rom a p lant  breeder's  red clover  evaluation block at DSIR G rass lands 

Divis ion ,  Palm erston North, which was known to contain seve ral fungal speci e s  

p athogenic  to  red  clover .  A quantitative method employing t i s sue maceration  and  

p l at ing was u sed  to determine the  i nterna l  microflora of  r ed  clover  roots from the 

evaluation b lock.  Effects of e nvironmental factors ,  and of application of 

fungicid e  drenches to the soi l ,  on root  invasion under  contro l l ed  e nvironment  and 

f ie ld  condit ions were also stud ied  us ing the root  macerat ion method .  Fungi 

i so la ted  from roots of red clover  from the evaluation block were tested for the i r  

effects on  establ i shment,  growth, and pers is tence of  red clover  in the glasshouse 

and in  f ie ld  microplots .  Light microscopy and tran smiss ion e lectron microscopy 

were  used to study invasion of red  clover  roots  by Trichocladium bas ico la, and the 

effects of the fungicides  benomy l  and p rochloraz on  this fungus i n  vitro and i n  

VIVO. 

The root  maceration  method d etected a s imi lar  range of fungi to that 

found by p lat ing 1 - 2 mm long segments ,  but yie lded  more colonies  and showed 

less  variat ion .  Using standardi sed  amounts  of  t issue and b l e nd ing  t imes  (2  g and 

60  o r  120 sec . )  d ifferences i n  fungal populations i n  roots  subjected to  different  

t reatments were  readi ly detected .  

Vertici l l ium dahl iae ,  Trichocladium basicola, and Cylindrocladium 

scoparium were the major  components  of the root-invading mycoflora of r ed  

c lov e r  in the evaluation b lock, which consisted of 40 fungal species .  Other  major  

i nvaders were  Fusarium solani ,  F .  oxysporum, Cylindrocarpon destructans, and  

G liocladium roseum, which are the fungi most  commonly i solated from roots of 

red c lover and other forage legumes worldwide .  

Fungal i nvasion of red clover roots was affected by p lant  age ,  so i l  

t emperature and  moisture. Genera l ly, numbers  of fungal colonies  i so la ted  

p rogressive ly increased from the  seed ling  s tage onwards  and  more co lon ies  were  
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i so lated from roots of plants  grown at 20 and 25oc than at 1 0  and lYC, and from 

60 and 80% WHC than at 40% WHC. 

Prochloraz was the most  suitable of  1 1  fungic ides  tes ted for use as a so i l  

drench t o  study effects of  root- invading fungi on red clover  growth i n  the fie ld .  

I t  showed a broad spectrum of antifungal activ ity, control led the  major  root

i nvading fungi e ncountered in  the exper imental soi l ,  was not  toxic to Rhizobium 

tr ifol i i ,  and was least retardant  t o  red clover growth.  

The numbers of fungal colonies recovered per gram of roots was 60 - 80% 

l ower  from plants from f ie ld p lots receiving a s ingle application of prochloraz 

drench at 3 .46 g/m2 than from p lants from untreated plots .  Y ie lds  from treated 

plots harvested 4 t imes ove r  a p er iod of 45 weeks were 28 - 95 % higher than those 

from untreated plots .  

The m ajor  root - invadingfungi i solated from red clover  p lants grown in  the 

p lant  breeder 's  evaluat ion  block, �· scoparium, T.  basicola, F .  solani ,  and F .  

oxysporum, reduced surv ival of red clover  plants in  f ie ld plots  and microplots by 

20 -75 %,  and dry matter y ie ld  by 20 -60%, over  a per iods  of 62 and 76 weeks .  V. 

dahl iae ,  .C.. destructans, and .G. roseum, also reduced plant  growth i n  f ie ld plots  

but  to  a lesser  extent .  Seedl ing  e stabli shment ,  and n itrogen fixation and 

n odulation,  were affected adverse ly by some fungal i so lates .  

T .  basicola was found to penet rate roots of red clover  d irectly and colon i se  

t i s sue  by means  of "beaded  hyphae"  ( in t racellular hyphae which were  constr icted 

a t  their septa) then "straight hyphae" (unconstricted hyphae growing paral le l  to 

the root  axi s ) . The fungus i s  hemibiotrophic .  Invaded host cel ls  in  the epidermis  

and cortex of  the root  are  apparently unaffected at f i r s t  then  degenerate and d ie .  

Papi l lae a re  often  found at s i t e s  of p e netration through ce l l  walls  bu t  these rarely 

obst ruct fungal development .  Pre-treatment of seed l ings with benomyl  or  

proch loraz reduced fungal pene trat ion and growth wi th in  t i ssues .  Changes in  

fungal  ultrastructure result ing f rom benomyl  treatment  were an i ncreased 

frequency of lomasome p roduction and occasionally a d i sorgani sation of cel l  

contents .  Changes result ing f rom prochloraz treatment  included thickening and 

fragmentation  of  ce l l  wal l s ,  and  necros is  of  hyphal cell s .  
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