
• 

The Response of Jarrah Porest Native Legumes to 

Phytophthora cinnamomi Rands and Fertili:r;ation 

S .R. Shea and R.J ~ Kitt .. . I -
'-.. 

Research Officers W.A. Forests Dep2rtment 

1 _., ' 1 
-. . "'I'' ,r, 'j V 

AbstPact 
-,, ',~ "I . ...,/ 

1. Introduction 

On freely· d!'ained jarra.h ( Eucalyptus m:1r~in8 t :J. Sm) 

forest sites the r,ePiods du:r·tnc wh ich soil teti:9eraLure 

2,'K1 moi stl, re con-:'.~. ti.au, are s u i ·r abl'3 fc,1' P .cinn2:n orni Rands 

( t "' A ,... •:, ,, '·' "' ] ·" -~·o r1t l !._, \..., \-• ,..J,. ~:1~ . c:J.~ •--- of Jarrah Dieback, Podger 1968) acti v ity 

cr:n. be ::."'eel.need or eJ.i rnin~,ted hy the :r:;ro,11.otion of 8 dense 

C ctl~OijY ( Sh-::' 8. -1375).. It_; 2. 8 unlil:'3 J..y t h at any si lv j CG1tur al 

treatment to tr·.e ovP!'stor•y nou l j rr-0IT1ot e a e;_::ir,opy dense 

e:rrnu&;h to si gnificantly rec..u ce site suf:~ceptitil.i t y bu t 

the comy_) osi tion and dern,,i ty of the shrub and unc'lerstory 

layers of the f01, c st ca.n. be m8.:r:ipulated 1)y char..e;ing the 

intens ity and frequency of fire, 

Uno.er a moderate intensity control hur•ninc re,::;ime, 

n e.ti ve J.e gu.rnj nous s ~e ci es occur oDly as a scat terea under-
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story component in the forest (Fig . 1) but follo wing 

inten se fire these species become dominant (Fig 0 2). 

For example, fol1 ov:,ing the Dwellingup wildfire of 1 961 

large are a s ( a1_:,proxima tely 25 ,ooo he ctai-'es) regenerated 

with specie s of le g1me s - :predominantly Acacia pulche lla 

(R.Br.), A. strigo~ (Linko) and Bossiaea ac,uifoli a (Benth.) 

- forming a dense and continuous cano:9;:.,-. Apparently in 

ma ny fore st areas ther·e is 2 l :3_rge st ore of le gurne seed 

in the s oil wh ich vrill germina tc foll c·wing h igh intensi t:-l 

fi r e. McCormick (1971) has demonst r ate d tha t low intensity 

burnins ;v:l.11 cause legu me-dominHtl:ld areas to revert t o a 

:pr ote ace ous-dominated shrub and unders tory. 

The effect of legumes on spread e.nd intensification 

of' j a r rah dieb s_ck, is to a degree dependent on their rela-

tJve susceptibility to P 2 cinnamomi. If they are highly 

susceptible to the fungus then the reduction in P.cinnamomi 

activity b~r the creation of a less f'avour9.ble s oil ::phyc i. c al 

envir·orunent may be com?ensated for b y the :pri ovi Bion of a 

lar-ge, susceptible food base. '.I'hus it is nece s sm,y to 

evaluate their 1,e1at i ve susceptiiJili ty. 
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Lange (1959) has reported nodulation of jarrah 

forest legumes but there has been no attempt to quantify 

their capacity to fix nitrogen. Sig,-1ificant changes in 

the nutrient status of the soil and its microbiological 

character could result f'rom a change to a legume-dominated 

understory, hence their capacity to fix nitrogen was 

assessed in this trial. 

2 # Me thod 

'l'he effect of P. c inn2JTiorr:~ and fertilization on six 

Ea. ti ve -speci,:;s (Aepulchella , B2 e.r3uifolia, A2 ext ensa. (Lindl.), 

Mir-bel:ia dili tata (R.Br.), A, strigosa and A,myrtif'olia 

(Willd ~)) and the ca:ps.ci ty of' these species to fix ni tr·o

gen was determined in a f'actorial pot triaJ.: The seed Vias 

.., 
pretre ated by pl2.cing it in boiling water and soaking for 

24 hours and .germina ted on blotting paper contained in 

:petri dishes. Four pregerminated seeds were sown in 15 cm 

pots containing P , cinnamomi-free laterite soil. Each 

treatment combination was replicated rour times. The pots 

were regularly watered to maintain soil moisture levels at 

approximately f'ield capacityo 

I·.,. ,, ·.,.. 
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(a) Fertilization 

Six months af'ter so•,Ning half' the pots vrere fertilized 

with Superphosphate , Potassium :phosphate, and trace 

elements at the following rates -

= 125 kg/hectare 

Trace elements = 

(B, ' Co, Cn, Fe, Mn, Mo, Zn, Mg) 
2.21 kg/hectare per 

element 

Nine months after so\ving the pots were refertili zed 

at the s ame rateo 

( b ) Inoculation 

Inoculations were carried out in half the pots L~ days 

after the initial fertilization. Each pot was inoculated 

with 1 O ml of sterile water containing 1800 chlamydos:pores. 

Soil taken from four cores in each :pot was mixed with the 

solution of chlamydospores and then paclrnd into the holes. 

Inoculation was repeated one month l2i.ter using Po cinnamomi 

ini'ested wheat grain. 5 ml of' infested grain were placed 

in each of four ccred holes in each pot. 

(c) Assessments 
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(i) The experiment was terminated 12 months after 

sowing and six months after the initial inoculation. 

Health and total height of' individual seedlings and 

total shoot dry matter production was recorded in all 

pots. 

(ii) Total nod;1le f'resh weight was determined in 

uninocul ated potse 

( · · ' "\ c• 1 f 111 ; .:.i a111 :9 es o -

the con~rol s e c tion 

nodules were taken from each uot in 
~/,e,,"1( 

.(:, • , _.... ,i I r'1 ., 
OJ.. the experiment and tnr::;J.r li,2 , o 2 .. I )--

~ acti vi t 2 w,:J..s d etermine d 1,y the a.cet y len.e reduc t j_ cm 

t<:,chni q_ue., (Dilworth 1966; Schoolll1orn and Burns 1966). 

(iv) P . cinnamomi a ssessment 

Four cores of soil were t aken f'or each of the 

0 
inoculated pits and stored in moist, cool conditions prior 

to determination of' the quantity of P , cin..'1a111omi propagules 

per gram of' soil by the imunofluorescent technique ( N!alaj-

zcu...~ et al 1975)0 

The root system and soil fraction of' each pot 

wer·e separated. The soil was baited for the presence of 

P,cinnamomi using the lupin baiting technique.(Chee and 

Newhook 1974). Pots not yielding P 1 cinnamomi were further 



6 

tested f'or the :presence of' Po cinnamomi using the cotyledon 

baiting technique (Marks and Kassaby 1972). Twenty five 

fins ( . 1 mm), ten medium (o1 - 1 mm) and ten lc~ge 

( 1 mm) roots each approximately 2 to 4 cm in length 

1,veI'e randomlJr selectea. from the root mass in each pot, 

surf ace sterilized 33{; "Liri~ey1t and ple.:\J.ted on P 10vP agRr 

(Ocano and Tsao 1966 ). 

3 . Results Resnlts are summarized in Figc 3. 

Durin g t h e establisrunent phase and :prior to inocula-

ti on significant mortality occui-•red in nots soV'ln with 

B.aquifolia and Modilitata and these species were excluded 

from the statistical analysi3o Qne death o:f one A.strigosa 

plant in a f'ertilized , inoculated treatment and four :ferti-

lized, inoculated M.dilitata plants ¥--Bre the only mortali-

ties recorded after inoculationo 

An analysis of' variance of' average height anc. shoot 

dry matte1"' production was carried out . Inoculation had no 

signi:ficant ef'fect on height growth but fertiliza t ion was 

, ... ;, . 

~ r;. I .; .. ~': 
I 
I 
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highly si gnif'icant., The height of all of the 4 sre ci es 

analysed was si gnificantly i n creased (p.01 level) by 

~ertilizatione Fertili z ation significantly inc r eased shoot 

weight in all specieso Inoculation hc.1d no signif'iccJ.nt 

ef:fect on the shoot wei ght of A. :pule hell a and A 0 2 tri r:; osa 

(9.01) but increased the shoot weight of A.extens a (p.01) 

an,'l t,_ ffiyrt1· f0 1 ..; ,. ( -n o r ) c.: .... ...,.!. .,. - "4 -!.....L.. ~ - \. .l:· • . :) 0 

(b) Recovery of Pocinnamomi 

( . \ 
J. / Ro ot so '.C1.e f1-mgus ws.s not recovered :from the 

recovered from the fine a_nd medium roots of fertilized 

A.myrtif'oli s. and Aostrigosa. No Aostrigosa roots in the un-

fertilized pots yielded P 2 cinnamomi and only one fine root 

in one pot of unfertilized A.m~Ttifolia gave a positive 

recovery. Although there were incomplete numbers of seed-

lings in B.aguifolia and M.dilitata pots samples of roots 

of these species we:r•e talce11 0 Of eight pots containing 

B.ag_uifolia fine roots from only one unfertilized pot yield

ed th e fun[;,'1.lS. Fine and medium roots from t wo ( uni'ertili-
9 

zed) out of five pots of' Madilj_tata sampled consist,d.ntly 

·.•. · .. 
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yielded P 1 cinnamomi. 

'-· ... .; -. , . 
;·.~'" . .-J~.r·· 
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(il.. ;' S ·1 ....2L• Soil f'rom. seven of .the inoculated eight 

A.strigosa pots and six of the inoculated eight A.myrti

f'olia pots yielded P 1 cinnamomi from either baited lupin 

roots or E,sieberiana (F. Muell.) cotyledons. Fertiliza-

tion had no effect on recovery rates. The fungus was re

covered by baiting from only one (unfertilized) of the 

inoculated, eight A.extensa pots and no A.pulchella pots 

yielded P,cinna~omi. The fungus was recovered from two 

out of' eight B.aquif'olia pots and two out of f'our Modili

tata pots. It was impossible to reliably detect P,cinna

!!!£!!!! propagu.les using the . imunofluorescent technique. 

Some thick-walled chla.mydoeporea · wer.e_ .detected but counts 

within and between treatments wel'e variable. 

{1H) ~i'.:a~tivity and nodul,e fresh -weight, 

. ··Jt Jf-rttj ~ t' 11,~;;/ ( 
.An analysis of variance of nodule activity andjweight was 

. - ti~ u,ia). f . . 

carried out. The ~)*activity of fertilized and 

unf'ertilized A.myrtif'olia, A.extensa, A.pulchella and 

- A.strigosa :r.od;Qle- and. nodule weights are shown in Fig., 3~ 

I : 
I -! , 

. i . 
i 
I 
' 

I • 



9 

sampled :from unfertilized ulants was 17.5 and 48.9 and 

f'rom fertilized plants was 6.7 and 107.4 

f'~esb 1:@ight respectivelyo 

Fertilization ha.d no signi:ficant effect on the 
/t~-iJMMt' 

Itz(C2H2 ) ~i~g activity of A.pulchella, A.strigosa and 
,1 ·v-h i}UIJ/,( 

A.myrtifolia nodules, but depressed the ~(~12 ) f'txing 

activj_ty of' .A.extensa (:p.05) nodules. 

Fertilization signif'ic antly incr eased the nodule 

f'resh weight of A.pulchella (p.05), A.extensa (p.0·1) anc. 

A.myrtif'olia (p.01), but had no signif'ica.:r:t ef'f'ect on 

A.strigosa nodule weight. 

Discussion 

B.aquif'olia and M.dilitata seedlings appear relatively 

resistant to P,cinnamomi but t""'ur~her testing is required 

because of the occurrence of' pre-inoculation mortalities. 

The ability of the remaining species tested to survive and 

grow in the presence of P 1 cinnamomi in soil physical envi

ro:nmental conditions which were highly favourable f'or 

fungal activity in comparison to the environ.mental condi-

tions occurring on upland jarrah forest sites indicates 

that they would survive on these sites in the presence of 

.. · ...... 

.. 
\.•1· 

~ 
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the fungus. The small and medium ( 1 mm) roots of some 

species were inf'ected b:l P 1 cinnamomi but the larger roots 

were not invaded. Thus the beneficial eff'ect of dense 

legu_me stands of the species tested on the soil physical 

environment would not be compensated for b:/ an increase in 

the suscept:tble f'o od b e.se for the fungus. In fact, as the 

burnin.z regime necessa.ry to promote n ative legumes is un-

f'avoura.ble f'or the highly suscer,ti ble :groteaceous s pecies, 

t hePe would be far less susceptible host tiss1_1_e on legume-

dominated sites. 

The marked reduction in P,cinnamomi pormlatior: levels 

in pots planted with A.pulchella and A.extensa is si gnifi-

cant. The relatively high recovery rates from A.myrtifolia 

and A.strigosa pots conf'irms tha\ the inoculation was viable. 

There were thick-walled chlamydosriores pre sent in some 

A.pulchella and A.extensa pots but it was impossible to 

quantif'y them and the results from baiting indicate that 

these proragules wer•e dormant. The mechanism b~l which 

f'ungal popula tion levels vi.:ere red1.1ced is unknown. Broad-

bent and Baker ( 197L~) attribute the P 1 cinnamomi sup:pre ssive 

crwracteristics of' some soils to the presence of a micro-
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biolozical factor. In these suppresslve soils exchangeable 

calci un: and magnesium, nitrogen and. organic ma.tter levels 

were hi ghe r in compRrison to the conducive soils. It is 

possible th at A.pulchella and A.extensa created soil 

env:i.ron.rnental conditior..s which favoured micro-organisms 

antagonistic to P,cinnamomi. 'l'he control m~chanis:m may be 

as sociated wit}1 the s,::,ecif'ic Rhizobium-Le g,1.ine relationsr.j_ p. 

Drapeau et al ( 1973) hsve demonstrated inhibiticn of 

Phytonhthora. c a.ctorurn (Lebert and Cohn) Schroet by three 

Rhiz ob iu~ strains . 

The re is some circumstantial evidence l eg-..1..11e-domin£;ted 

sites have a less f'a.voura"ble soil microbiologic3.l environ-

ment for P.cinnamomi activity than non-le gume sites~ Soil 

organic matter levels on legume-dominated soils i s higher 

than on adjacent non-legume sites (Hatch and Shea - unpub-

lished data) and legumes are f'reguently a dominant component 

on tlle P, cinnamomi resistant soils which are found on the 

incised river valleys within the Jarrah Forest. 

The widespread snd dense regeneration of lee;ume s pe cies, 

in are c::, s where previously t he ir occu::-rence was sp2rse, 

•, . _ .... 
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following the Dw~llingu:p wildfire indicates that these 

species ::i.re an imr)ort an t, if often l a tent com11onent of the 
rli~Wf!~e. 

forest ve get ation. The mean :tr2«;2:r2 ) fixi!'l:g e.ctivity of 

A.pulcb ella, the most widespread of' the na tive legumes 
c_µf 

(6389 n.mole2f'gm fre3h wt/min.) compares reasonably with 

n. "~ .wt/41 ( 
the N2 (c2H2).i(rixi-ng activity o:f a number of' l egume s record-

ed by Hardy et al (1971). It is impossible to extrR 0olate 

t1 :e ds.t-2, from t h j_s tri c.l to tr'. e field sit1:,::::.tio:1, but the 

c e:;;;acit~' of' at l c,rnt one n utive l egume to fix nitrogen at 

a relatively hi gh rate gives weight to the hy::octhesi ::.i that 

bef'ore :fire ,!,a.s controlled in the f'ore st :-,eri odic hist. 

intensi t~l fires caused the regeneration of dense lecnme 

st?t,d s whi -~b c ontributed significant amo1.mts of nitrogen 

to the ecos:,rstem. It is diff'icult to ex:plain the relatively 

· high dry matter production of' virgin Jarrah in an ecosystem 

from which Nitrogen must be continually wi thdr own as a con

sequence of' frequent controlled or wil'.'.l.f'ire (Ovin::::;ton 1968; 

Vines et al 1971 ) , 1.'li thout the presence of' a mechs.ni sm :f'or 

signif'icsnt inputs of' nitrogen. 

Fertili7ed A.myrtif alia and A.strigosa were more sus-

ce ptible to P,cinnamomi but this could. be attributed to the 

r
---~ .,-_~l .,,. 

! 

! 
· I 
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larger root mass in the fertilized potse Fertilization 

h.,.:ld no eff'ect on P.ci~omi survival in the soilo The 

response o:f these 1egu.mes to fertilizer application was 

not unex_riected because of' the :poor nutrient status of the 

l aterite soils. Although fertilization significantly 

jl{ iAt,~ v-"-a--5 t-' 

d.euressed the N,5 (C 9 Hr, )' f'j_xing activity of one species this 
~ ~ ::'_ 

ei'fect is likely to be more than compensated by the increa.se 

in no -::li1 le fresh wei s ht in response to fe :rtil i :-~ation. '.!.'hus 

t he~;~:{;;~ e:E'f'ec t s of' le::gu.mes could be increase d by 

f'ertil: zs.t ion. 

A major cons traint on the development of' c'- technique 

to c ontrol P,cinnamomi in the forests of s.w. of Viestern 

Aust!•alia is the wia.es:pread occurrence of the disease in a 

forest which has a relatively low value -per unit area. 

' 
Over a -period of years low cost control burning techniQ.ue s 

have been developed in the Jarrah Forest (Peet 1967) and 

currently the f'orest is burr.t on a 5 tc 7 yem· cycle .• 

Current research suggests that it may be possible to re1:sen-

er ate l e gnme seed which is dormant in the s oil by a modifi-

cation of' the existing burning regime without a major 

increase in the current est1mated cost of 40 cents :per 
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hectare (Peet pers. comm.). 

Controlled f'ield inocula tion trials, currently in 

nrogress, are t he only methods b y which the e f fect of 

dense legume stands on the spread and i ntensif'ication of 

Jar rah di eback can be deter-mined conclu sively . Current 

evidence suggest s , however, that the promotion of dense 

legume st a. nds will at least reduce P 2 cinnB.m omi u.ctivit~,r 

b y c reating a less favourable s oil physi cal ao d mic .ro-

biologic a l environment and reducing t he de:n2,i ty of hi 2hly 

s u sce:pti ble host tis sue. It is not unli k e l;y t h £1.t t he pro-

motion of' dense legu.me stands will also im:p::.,ove t h e general 

h e alth status of the forest by causir.g s i gnificant addit.Lons 

o-f: nitrogen to the ecosystem. 
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Shrub and under•s t or~r domin r1 t ed ·by proteaceous 

species, Prior to a modera te intensity fire the 

:predominant understory s:pecies was A.pulcl1ella. 
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Pig, 2 

A0 pulchella under story originatin[j a:f.'ter intense 

f'ire. 
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