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Summary 
Medicago poIymorpha tv. Serena, M. tfUlI

Calula tv. Cyprus, and M. mun:x tv. Zodiac 
were compared with TnloUum subtemlneum 
cv. Woogenellup Cor their reaction to Fusar
ium avt:naceum. F. axyspomm, Phoma mtdi
caginis, Phytophthora clandeslina. Pyllrium 
irregularc and Rhizoclonia soIani, fungi com
monly associated with rotted roots of sub
terranean clover in Western Australia. R. 
solan; and P. irregularc were highly patho
genic on all three medic cullivars, F QVI!!

naceum was modera tely pathogenic, F. at

ysporum and P. mtdiCQginis weakly patho
genic, while P. clandeslina only slightly af. 
fected M. trunca/u/a tv. Cyprus. Results 
suggest tbat subterranean clover root pa
thogens could cause sign incant losses, from 
damping-otr and root rot or surviving 
plants, on medics sown In areas where the 
incidence of these root fungi is high. 

Introduction 
Annual medic (Medicago spp., in particular 
M. polymotpha L.) is an important pasture 
legume in Western Australia where a rapid 
extension in the area of annual medics is 
underway, with an estimated 410,000 ha 
sown during the past four years. Although 
initially intended for low rainfall areas, med
ics are now being grown in higher rainfall 
southern regions ( > 350 mm annual rainfall) 
and with longer pasture phases of ~3 years 
between crops. The current release of the 
new M. murex cultivar Zodiac will see medic 
being grown in still wetter areas (> 450 mm 
annual rainfall) and soils of lower pH, down 
to pH 5.4 in water (Gillespie 1988). 

In Western Australia root rot of medic has 
so far been observed infrequently. However, 
in north western Victoria root rot is common 
and may be an important factor in the de
cline of medic pastures in this region (Bretag 
t985). As medics are now being grown in 
some of the higher rainfall areas in the lower 
south west of Western Australia, that in the 
past have more traditionally been sown to 
subterranean clover (Trifolium sublermneum 
L.), it is possible that similar root rot disor
ders to those frequently observed in subter
ranean clover (Barbelli <I al. 1986) will be 
observed on medic. 

This paper reports the results of screening 
three Medicago species against Fusarium 
avenaceum (Fr.) Sacc., F. axyspon.m 
Schlecht., Phoma m edicag;nis Malbr. & 
Roum, Phytophthora clandestina Taylor, 
Pascoe and Greenhalgh, Pythium irregulare 
Buisman, and Rh;zoclon;a solan; KUhn, 

fungi commonly associated with root rots of 
subterranean clover in Western Australia, to 
determine if these fungi could pose a poten
tial threat to annual medics sown in areas 
where the incidence of these root fungi is 
high. 

Materials Bnd Methods 
Isolates of F. avenaceum, F. axyspomm, P. 
medicagillis, P. ;rregulare and R. 501011; were 
obtained from the roots of rot-affected sub
terranean clover seedlings sampled in 1982 
from Augusta and Albany in the south-west 
of Western Australia. The isolate of P. clan
dest;no was obtained from roots of rot
affected subterranean clover seedl ings 
samp1cd in 1984 from Esperance on the 
south coast of Western Australia. Fungal 
isolates from subterranean clover rat her 
than from medic were used because as yet 
there is no clearly defined root rot of medics 
in Western Australia, possibly because most 
plantings are very recent. The inoculum lev
els used for each test fungus were, except for 
P. clalldesl;no, those determined in previous 
studies on subterranean clover (Wong el al. 
1984), viz. F avenaceum 0.5% w/ w (weight 
of inoculum/ weight of air dried soi l), F. ox
ysporum 0.5%, P. medicagin;s 2.0%, P. ;r
regulan! 0.5% and R. solani 0.2%. The inocu
lum 1t.'Vel for P. clandest;na was 0.125% . The 
F. avellaceum, F. axysporum and P. m edicag
;n;s isolates were revived from dried cul
tu res, the R. solan; isolate had been stored 
on potato dextrose agar slopes under sterile 
liquid parafin at 4°C and the P. clandest;na 
and P. irregulare isolates had been stored as 
colonized millet seeds in sterile distilled wa
ter at 4°c' Inoculum was prepared by grow
ing the test fungus on moist ste rile millet 
(Pan;cum mi!iaceum L.) seeds for two weeks 
(three weeks for P. clandest;lIa). Inoculum 
was then mixed with pasteuro.ed pOlling mix 
(sand:peat, 75:25 v/ v mix, treated with aer
ated steam for 90 minutes at 60°C). The con
trol treatment contained no fungal inocu
lum. 

Plastic pots (10 em diameter) were sown 
with 20 seeds of M. polymorploa L. cv. Ser
ena, M. truncalula Goertn. cv. Cyprus, M. 
murex Willd. cv. Zodiac, or T. subtermneum 
cv. Woogenellup. Seeds were then covered 
with 0.5 to I em of treatment soil. There 
were five replications. Pots were placed in a 
phytotron growth room with 12/ 12 h day/ 
night at 17/ 11oC under a light intensity of 
150 W m·l . Pots were watered as required 
with deionized water. 

Four weeks after sowing surviving seed-
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lings were counted, removed, washed and 
scored for root rot severity on tap and lateral 
roots using methods previously described 
(Barbelli 1984) viz . 1, nil • root completely 
healthy; 2, slight root rot· less than 10% of 
root tissue affected by root rot ; 3, moderate 
root rot - between 10 and 70% of root tissue 
affected; 4, severe root rot - between 70 and 
100% of root tissue affected. The average 
percentage tap and lateral root disease indi
ces, based on the above disease ratings, were 
then calculated using the method described 
by McKinney (1923). Plant top and root dry 
weights were also recorded. 

From each treatment, ten rot-affected 
root pieces were randomly selected from the 
five replicate pots, rinsed three times in ster
ile distilled water, blolled dry, and plated 
onto water agar plus aureomycin (is ~g/L) 
for the F. avenaceum, F. axysporum, P. med;
cagillis or R. so/ani treatments or plated 
onto 3P medium (ECkert and Tsao 1962) for 
the P. in-egulare treatment. For the P. clan
destina treatment, the rinsed root pieces 
were noated in sterile distilled water within 
petri dishes maintained at 1~C, and exam
ined at 24,48 and 72 h for the presence of P. 
clandest;na sporangia. 

Results 
No plants of any species survived in the pres
ence of R. solani and very few plants sur
vived in the presence of P. irregulart (fable 
1). There were smaller reductions in seed
ling survival in Serena from F. avellaceum 
and P. m edicag;lI;s, in Cyprus from F. ave
naceum, and in Woogenellup from all other 
treatments. 

The most severe tap root rot in all species 
was caused by P. irregulare with less severe 
tap root rot caused by F. avenaceum . F. ~
yspon.m caused still less severe tap root rot. 
P. clandestina only caused significant tap 
root rot in Woogenellup. Cyprus was the 
most susceptible species to P. in-egulare with 
the other three species being less suscep
tible. Zodiac, Cyprus and Woogenellup were 
more susceptible to F. avellaceum than Ser
ena. 

The most severe lateral root rot in all spe
cies was caused by P. ;rregulare with less se
vere lateral root rot caused by F. avenaceum . 
F. oxysporum and P. claIJdeslina only caused 
significant lateral root rot in Woogenllup. 
Cyprus was more susceptible to P. ;n-egulare 
than Zodiac and Serena but showed similar 
susceptibility to Woogenellup. Zodiac, Ser
ena and Cyprus were less susceptible to F. 
avenaceum than Woogenellup. 

The greatest reductions in plant top dry 
weight in all species were caused by P. in-egu
lore. There were less severe reduct'ions in 
plant weight caused by P. medicaginis in the 
three medic species, by F. avenaceum in 
Cyprus, by P. clandeslina in Woogenellup 
and by F. oxyspon.m in Zodiac. 

All fungi used in this study were readily 
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Table 1. EfTects of six subterranean clover fungal root pathogens on seedling 
survival, tap and lateral root disease and on per plant top dry weight for three 
medic and one subterranean clover cultivars in pots of steam sterilized soil mix 

Host 

Medicago murex 
01. Zodiac 

Medicago polymorpha 
01 . Serena 

Medicago IfUJlCafu/a 

CY. Cyprus 

T nfolium sublerraneum 

01. Woogcncllup 

L.S.D. P , 0.05 
Significance (host) 

Significance (inoculum) 

Inoculum 

Nil 
F. ovenoceum 
F. Ql()'sponiln 

P. medicaginis 
P. clandeslina 
P. irregulare 
R. solani 

Nil 
F. avelloceum 

F. oxysporum 
P. medicaginis 
P. clalldestina 
P. im!gulare 
R. sO/all; 

Nil 
F. ovenaceum 
F axysfJOIUm 
P. medicag;n;s 
P. c1olldestino 
P. irregulare 
R. solan; 

Nil 
F. aVt!nQceum 

F. oxysporum 
P. medicagillis 
P. clandestina 
P. irregulare 
R. so/an; 

Significance (host x inoculum) 

Z No plants survived for assessment. 

No. 
surviving 
plants 
(max = 20) 

18.2 
16.2 
18.0 
17.4 
17.2 
0.8 
0 

13.2 
11.0 
13.0 
11.0 
14.0 
1.2 
0 

17.0 
13.6 
17.8 
17.4 
17.4 
1.0 
0 

8.4 
5.6 
4.8 
6.0 
6.0 
0.8 
o 

2.09 
P < 
0.001 
P < 
0.001 
P < 
0.001 

Tap
root 
rot 
disease 
index 

o 
423 
12.7 
6.8 
o 
85.6 
_z 

o 
31.1 
11.6 
8.0 
o 
793 

o 
49.5 
8.2 
5.8 
1.5 
100 

o 
48.7 
14.2 
9.4 
28.8 
84.6 

10.83 
P < 
0.001 
P < 
0.001 
P < 
0.001 

Lateral-
root 
rot 
disease 
index 

0 
17.6 
7.0 
4.3 
0 
77.3 

0 
143 
5.6 
5.6 
0 
74.9 

0 
17.2 
6.7 
3.1 
0.8 
88.5 

0 
443 
19.8 
8.5 
14.8 
83.7 

8.63 
P < 
0.001 
p < 
0.001 
P < 
0.001 

Top 
drywt 
per 
plant 
(mg) 

30.6 
26.2 
23.1 
20.2 
28.7 
5.1 

34.2 
34.5 
29.7 
21.2 
33.4 
6.1 

44.4 
31.3 
41.4 
31.5 
40.5 
3.2 

41.6 
47.0 
41.9 
38.3 
303 
10.0 

7.45 
P< 
0.001 
P < 
0.001 
P< 
0.001 

recovered from rolled roots in their respec
tive treatments. Except for the occasional re
covery of F. ruySporuffl . no pathogens were 
recovered from the nil treatments. 

and R. solalli recovered from medic seed 
were pathogenic in inoculated sterile sand 
on M. tnmcotulo, M. rugoso Desr., and M. lit
tomlis Loisel. In this study F. ruysporum was 
less pathogenic than F. ovenoceum but did 
cause significant tap root rot in M. murex 01. 
Zodiac and M. po/ymorphn cv. Serena. 

Discussion 
The results of this investigation show that R. 
so /ani and P. irreglilare were generally more 
pathogenic to the species tested while F. ave
naceum was less pathogenic. Bretag (1985) 
demonstrated that F. allenaceum, P. ;,regu
lore, and R. solan; were amongst the most 
pathogenic of aU fungi he fou nd associated 
with medic root rot in north-west Victoria. 
Mebalds (1987) showed that F. avenaceum 

P. m edicagillis did not cause Significant 
root rot of either tap or lateral roots but did 
cause significant reductions in plant size of 
all th ree medic species. However, Mebalds 
(1987) showed that P. medicnginis recovered 
from medic seed was pathogenic in inocu
lated steri le sand on M. truncotula, M. rugosa 
and M. IiI/ora/is . 

P. clandest;no caused slight root disease 
only on M. lruncalula 01. Cyprus. This con
trasts with the results of Clarke and Green
halgh (1986) who showed that P. elalldestilla 
could readily attack M. tnmcalula cv. Borung 
in particular, and, to a lesser extent M. 
rogosa cv. Paraponto and M. scutellata L. 
Miller, while M. littoralis cv. Harbinger was 
not attacked. However this may be a renee
tion of the greater amount of inoculum (2% 
w/w) they used compared to this study 
(0.125%). 

There were some differences between the 
medic species in their response [0 the patho
gens, for example, M. troncalula 01. Cyprus 
was more susceptible to rotting of tap and 
lateral roots by P. ifreglilare than the other 
two medics while M. polymorpha 01. Serena 
was less susceptible to rOlling of tap roots by 
F. avellaceum than the other two medics. 
This agrees wit h both Andrew (1963) and 
Bretag and Kollmorgen (1986) who have 
shown that medic cultivars vary in their sus
ceptibi lity to rool rot. 

The susceptibility of the three Medicago 
species to subterranean clover root patho
gens under pasteurized soil conditions is 
cause fo r concern, despite the fact that pa
thogenicity tests in pasteurized soil may not 
reflect the virulence of pathogens in the 
fie ld. The subterranean clover root patho
gens used in this study are widespread in 
some of the areas suitable for medic cultiva
tion. In light of the fact that root rot is re
sponsible for substantial losses in annual 
subterranean clover p roduction in the south
west region of Western Australia (Barbetri 
1984, Barbetti and MacNish 1978, Barbelli el 
al. 1986, MacNish <I al . 1976) it is likely that 
subterranean clover root pathogens wilJ 
cause significant losses, both from damping
off and root rot of surviving plants, on med
ics sown in areas where the incidence of 
these root fungi is high. The recent ly 
released M. murex cultivar Zodiac may be 
particularly at risk as it is recommended for 
an area in which there is a particularly high 
incidence of the fungi tested in this study. 
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