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1. The ympto~ of fltemphylium leaf' spot of lucerne 1.n 

the Uanawatu are doacribed . 

2. Th~ morphological :features of th imperfect and 
perfect states of the pathogen on the hoot conformed 
closely to those recorded ov reeao :for n~em;ql)zlium 
boteyoaum ~allr. on luoerne. Conidia were eub­
epherical to ovoid or oblong, light brown, eohinul.nte, 
17. 6 x 29. iu, muriform, e nd with a imjor coMtr1ct1on 
at th m dian tran ver e eptum. The globoee, black 

p eudothecia contained several large (:30. 2 x 181t. . 6u), 
cylindr1ea1 to clava.te aeoi, with an obtuse apex 
tapering to a woll nor claw-like ba e . cooporee 
were ellipsoid to olavate, yellow- brown, 16. 3 x 37.2u, 
mur1rorm, and With slight constriction~ at all 7 
tranever e epta . 

3. The cardinal temp ratures for vegetative gro.vth on 
~ at 1 0 days were h, 21t and 3600. Of 9 mdia 

tested gre3teet growth at 2h0C occurred on 2 v-8 
juice agar. Oro e colony charaotcrietio changed 
'11th temperatut-e and media . 

1 . mut1mum con1d1al production oocurr d on PDAL and 20% 
v .. 8 juice a r cultur a o ed to eont1nuoun NUV 
light tor, 12 day at 23- 2700. 

5. Oreate t r uctlon or protopeeudothecia oceurrecl 
toll ing expoou:r of actively 1ng colonies to 
NOV radiation for a minimum of 5 day t 23•27«:. 
Protopeeudoth eia D'8t~ed when uoh culture were 
inoubo. t at 8-1200 for a rurth -r 6 e • 



6. Oe tube produo d from con1d1a tr ked on PDAr, 

lides and incubated at 21 °c re f'ir t v1dent 
within 2 hoUJ'a, m rg1ng initially f'rom the lateral 
oelle and later from the t rminal c 11 of the 
muriform conidia. 'l1thin ,, hours 9~ of the coni<lia 
had germinat , each producing b twe n ,, and 1 O germ• 

tube • 

7. Conidium onto eny and mor holoBY or matur conid1a of 
an isolat initially 1d nti:fied a ntgmph.yliwo 
v ( TTallr. ) ntrrmo and a typionl 1 olute of 
~ . ~"'-&o~w..:a:~ ere compared; both 1 olat iere con­
si~ red identical and typical of' th latter peci a. 

8. Incubation t emtur of 1 olate gro non 2~ V 
juice a r a ho n to oo 1derably aff ot mo:rpholo 
of maturo con1d1a. 

1. The ymptoma of r. to haerulino p er pot of luo rne 
and red clov r 1n th ~ana atu ar de crib d. 

2. Isolates :f~om natural 1nf'ection on lue rne and rd 
clover were mot readily obtained h n infected ti ue 

3. 

• 

pleoe r nte ah d for - 6 hours, plated to 
ntibiotic DAL and 1noub ted at 2'ioc. 

I olat from 1th r ho t could not be ditt r nt1at d 

on t he ba 1s of athog nioity 1nce in r 1 rooal 
tt 1d ntic l y to " r UQ 4 e 

not p vio ly b 

r-eeord clov r in N Zealand . 

V1 bl inoculum a oci t d w1 th t wo of 1 O lueern 
d•11ne or n d. at lev 1 of o.t ~ an 1 • • 

ollo ins S=~-, .. ~a~t1on of · e d of th two lin in 

n 

Co nheg n rminator, roto udoth c1 of th patho en 
er loc t don ungerm.inat ed nd 1nf oted s dlin • 



5~ i-oto eudothee1a re not located in field 
infects.ana, b t t hey er re dily prod d in 20J' 
V juioe r Ol' l>DAL culture incu t d at 21 oo 
1n the dark tor 1 o day • rotops udoth cie. mntul'ed 
only after x o UP to 11 t for 5·7 day • turot1on 
a o t intense und r eye 1c fluore ant light (12 

hour 11 ht/1 2 hour da~k) and le t und r natu l./ 
diUPnal light. 

6. Ger tub t>roduo d from a oo por t :r lly jocted 
from 1 oern a r i olat onto PDAy., lid ni 

1ncubnt d at oc r !"1 t evid nt within 1 hour, 
rg ng from 1th r th lateral or terminal o 11 of 

t h mu 1fo aAeosnores . Af'ter 3 hour all a cosnoree 
had ,erm1nnted , e oh producing b tw n 3 and 7 g rm­
tube • 

7. ThJ morphological ~oatureA of the erf'~et stat of 
1 oln on art1f1c1a lly inoculated exci ed lucnrne 
leaves nnr on a>ar were eAAert1ally s1m1lor, and 
conformed with ove eae deeoriptionn of the nathocren 
on luoerne. On ho~t t1R~ue ~seud~th c1a were blaok, 
globo , rumpent t71th ver 1 large (1,0.1 x 78.7u), 
aocate, thick al led b1tun1cnt a 01. co pore 

were oblong , ellip o1d or elavat , hyal n , 1,, . 2 x 

35. 3u, phr gmo porous or muri form, and surrounded by 

a thin gelat1nou heath. 

8. Lucerne and. red clove?" 1 olate on agar could not be 
aeoorat~d on tho basi~ or gro colony characteristics 
or dimension of p eudothec1a , a ci ana a connore . 

9. The maj ority of a co nor a f rom luoerne isolates rere 
tranever ely 11-s ptate; tho e of red clover 11101.atea 

1ere predominantly 3-septat • However, th1a distinction 
in itself wae con 1der d 1nsufr1cient to warrant 
recognition o~ the two eric or i olate as 
peoies. 

parate 



1 o. tr• t publi h d 
{Poll . ) riority over r • .:u..~Mliil~ 

Graham Luttr 11 nd 1 pN> o 

binomial for th 0 01 p thog nic to luc rne and 
red clover. 
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I t?rRODtJCTIOJ! 

0ve r r ecent year - t ~""l area o~ lucerne Cti~:t.gagg 
aa~ 1 va L. ) grown in New z a land has rapidly 1r.ereased 
( Table 1) a o f a rm rn a nd eorm1 reial firn1e ha ve reali ed 
t he many anc varied virtues of' thi crop 1n f'arming 

enterprise • 

TATIL 1. APeas or lueerne n in New Zealand used :for 
hay, !lase and meed production. 

xaz: (acres) &ilbatitz 

1 

195 59 1 rt lt 516 N.z. Y ar ook, 1963 
1963 1 t , 860 N• z. Year ook, 1969 
196 9 202, no N.z. Year Book, 1971 
1970-71 300,000 Meeklah & Allen. 1971 

Lynch (1967) eet1mntec that if the pt-e ent trend 

cont1n a looern area of at lea t 300, 000 acres could be 
expected by 1977. Hcr,,cver, thi a:ren wa attained by 1970, 
and t he increased rate of' expane1on can b accounted f'or in 
several \'lays: 

1 . e to 1t a ronomio feature lue rne 1 Primarily 
rown 1n free mining eoil ubjeot to an unreliable s mier 

rainfall, o ensuring a continu d :reed upply oYe:r th1e p r1od. 
2. Lueorne ha a grater vettSatility tan most crop 

ithin a ~arming nt rpri 1n that it can b utili ed in 
several w y J for example, h9.7 and 1lage, g~ zinst e d 
production, and mor recently tor lucern al or pellets, 
and prot in lttraot1on. 

3. A ro r in naly 1 o:r 1 c rne a a ca h O?'Ol> 

1 icate r turn o par bl with, orb tter than, ueh 
oth r opular crop a h t OP ( Lamb, 1969J Tooker, 
1 970J Anon, 1 9701 ,ul&Jo. 1 972) . 

0 U 

CU ing 
nimis to en ure th 

pl teated 1 

be tr at a 
yield and 

te t ro 

c h o~op, factor 
l1ty m t be 



1 • Agronomic. In a urv of f'armer practice in rela-
tion to lucern • Bl air (1965) found tho average duration of 
stands was nine yoors and t hat deterioration wa mainly due 
to grass and weed invaeton. Thi o can be encouraged by a soil 
pH diver gont from t he optimum of 6.2, tnettieient 1nooulat1on 
o~ eed with Rhi§ppiWQ ~411~Q:t1 Dangear d• un at1sfactor,­
eeed- bed conditions and poor crop management . 

2 . ' 1 case. Thi s factor appeare to operate 1n varying 
degrees i n the decline of older tanda (Cloe, 1967). 
Diseases can a:r:reot lucerne at nll stage of' evelopment and 
eo 1nrluence e tabl!ohmant, herbage yields , s ed quantity end 
quality, ana t he longav t y of stands . 

~ v ral oil and e d- borne fun 1 can eau e 
oe t-em r nc 1 1 eedli~ , ueb a 

med1gag1nla 4a l br. and . oum. , T ~~·•;;:,i1:~'-twlll. {Frank) 

Donlt, and peoies of' ....-.-..-...ii/a and .:...i..~~ 1967) • 
Foliage di eases primarily cauee a reduction 1.n herbage 

quality and premature leaf :fall, eepee1ally when in!'ections 
are sever , t hereby reduc ing the pot .ntial yield of a crop. 
In a tudy in .a nada to deter ne the eff'eot of' leaf an~ tom 
diaea ee on yield, defoliat ion, protein and carotene content, 
Willi, ntutev11le and ~oren en (1 969) found tha ~lot 

pray d with manoozeb ( Dit n M-hS) yiel d ·a up to 27% more 
hay t an unspray d plots, increa ed earot ne content up to 
f15% and dee sed stem defoliation up to 27 ., A lmilar 
increa in yield (up to · ) due to l at' d1. o control 
ra also de. onst ted 'b7 · 11oox on a Biel nb rg (1 972). 
nee nt o with lucern (Loper and H n on, i 9 J Loper, 
Han on nd G 1967) and 1th h1te cloves- ( ong and 

Latch, 1 971) 1ndicat d that n ccumulation of 0oum trol 
a · more likely to occur in plant int oted w1t h foliar 

pathogen, 1th o ibl 
11vee~ock. All t •. - e z, 

d tl"i nt l et:f' et of fo l r 

nd herbage ual1t;. 

ttect hen f ed to 
" to ha 1 t he pot• nt1 l 
tho ens on both h rba Yi ld 

D1nglq (1 969) r or 1gh1; foliar di a of l UOWM 

z lan (T ble 2), or · ioh commcn 1 · f pot 

----- 411w.tA:aw,..,..ia (Llb,} e c,,-) 11d st · lium leaf 

.~~~,~~-,;. ~t..a~lill (Pr•) · b.) a•e the mo t prevalem 
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The latter disease is world wide in distribution on 
lucerne (Benedict, 195l.q Nelson, 1955; Focke, 1966; Perisic 
and Stojanovic, 1967) and t h e imperfect stage is invariably 
referred to as Sterqph.ylium botryosum Wallroth. In the course 
of preliminary studies an isolat e considered by the author to 
be~- bot:cyosum was tentatively i dentified by Laundon 
(pers. conm.) as ~temph.ylium vesicarium (Wallr.) Simmons . 
This i nformation stimulated studies on t he Stemphylium disease 
in New Zealand, and mycological studies of the causal organism. 
TABLE 2. A list of f oliage pathogens recorded on lucerne 

in New Zealand. 

Pathogen 

Colletotrighum trifolii ain & Essary 
Leptosnhaeria p;r,atensis Sacc. & riar 
Perono trifoliorum de Bary 
Pho medicaginis Malbr. & Roum. 
i:.-:::~~~r.11#; herbarum (Fr.) Rab . 

u 

Jonesii Nannf. 
medicaginis (Lib.) Sacc. 

§triatus Schroet. 

Authority 

Dingley, 1 965 

Smith, 1 955 
Cunningham, 1922b 
Cunningham, 1956 
Brien & Dingley, 195 
Cunningham, 1922b 
Cunningham, 1922b 
Cunningham, 1 922b 

In reviewing t he diseases of lucerne in New Zealam, 
Close (1972) included a previously unreported disease first 
located at Putar;qru in 1 969 and subsequently found at Murupara, 
Hastings and in Mid-Canterbury. The causal organism he cited 
as Leptoephaerulina trifolii (Rost.) Petr., and commented 
that it is also common on white clover. What is apparently 

· the same pathogen was located by the author in late 1 971 in 
an ight acre lucerne stand in the Mana atu. Thi disea e, 
commonly known overseas as pepper spot, is one of the major 
diseases of lucerne in the humid, temperate areas of the 
United states (Mart inez and Hanson, 1963). Graham and 
Luttrell (1961) in their study of Lsmtosphaerulina species 
on forage plants considered that two distinct peoies existed 
on the Leguminosae, namely~- br1oe1ijna (Poll .) Graham and 
Luttrell and 1• trif'o111, both of which were pathogenic to 
M·ed1c§go and Tr1fol1um species. Subsequently Booth and 
Pirozynski (1967a) listed 1• br1oeiazm as a synonym of lt• trifolii 



w1th the reoult1ng co~1on amongst plant patholo i t 
as to the correct epithet to appl y to the pathogen on 
luoerne. This raises t he que tion as to whether in faot 
the diseases ao p~eeent on lucerne and olover peciee in 
,ew Zealand are ca. ed by t he one morpholo teal p c1es. 
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CH 

Neersa rd (1 1.5) in sumr.nr1 1ng knowl dge on the 
pathogen1c1ty of n aorm,nv botrxwnim "lallr. stated that 

it had been reported from nearly very art of the world 
on hundr of lant pee1e . H further conrncnted that 
"ti.• .:QG~~~ io a pronounc d ubiquitous facultative po.ra 1 te 
whioh mo often in encountered on ead or greatly w akened 
plant lent nt J less fr _uently it may bed o tr ted 
a the direct on e of morbid ph nomena". mhe ciee has 
been recorded a a prinnry :pithogen on a divers rang of 
hot (Tabl 3), and report 1nd1c t the ex1 t nee of .both 
hot e1f1o and non-hot p cif1o tra1 ( mith , 19t0J 

Neergo.ord, 1 <J, 5; otem, Cohen nd ohl, 1 966 J Clo , 1 967) . 
The fir t record of 9temph3'11um let pot of 

~a . by O ntner (191 8) 1n ny. He cited .....,..,... .... ~.&lQw 

esroinaeform C v. a th caus 1 organism but su uent 
taxonomic tu ies by •11lt hire (1938) · n rl f'mith (191to) 

hav h n the corr ct b1nom1 1 of th pnthog n to be 
~9I.Alm?J:W~W ~~w..al:ill.M::.:• a fun characterised by 

sarotna form, ecl1nulate con1d1a. The rfect tate of thi 
peci 1 Pleo -oo herbarum ( • ) b • 

. temphyltum. leaf ot of luc rn ia f'1r t record d in 
l ~eal nd by r1en and Din q (1959). The di ea e 1 
~ arded by Clo o (1967) a b 1ng co . n and generally of' 
minor 1 ortano, but wh n ev re, 1 capable of causing 
co 1dereble run.a by ind in pr ture defoliation. 
o t1on 1n the awatu lndic t d the d1 to b 

1 th bl of 

0 

lon r than t 

In the • • •• 
overw1nt d to 

oo por tunot1ontng jor ouree of 
1noculum. In th r ent t the ct 
not locat 1n the f'1el4, althOUSh ln th · 

eudoth oi de'V' I 4 on eta 1 v 
con1d11 up ion. Clo~ (1967) oo 

lew Z 1 n th tho .n l O 000 OJ'l 

r 
t 
14 

p tutt le · nd oth r ho t , 1noculum 1 

t ro ut th y r. 

ld 
or cut • 

1th 

17 

tory 
1 ocu t 

th t inc 
nge of' 

1 bl 

· 1th 

in 
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Thi estion of al tornote ho t being a ouroe of rimaI7 
tnoculum pr uppo es that the pathog n on lucerne 1 not 
host pec1f'1o . 

TABLE 3. A partial 11st of hosts on Which .fl• botr;,rosum ha 

een record d as a prirmry pathogen. 

A e d•born 
u.s.A. Nelon (1955) 
naturally-infect 

d yi ld 

-· 
n th1 country• 

lon) 

• 

) 

Aut ority 

Cunningham, 1922a 
Dingley, 1 969 

Petzer, 1958 
Dingley, 1969 

P dh1 and nny r, 19 

ell , Forb , "' ebb 
and dw rd on, 1 956 ; 
Tate, 1968 

Dingley, 1 960; otem , 
Coh n an . i 'ahl, 1 966 
Smith, 
1955; 
1959: 

m1th, 

1 o; y lson, 
r1en an'l ingle 

1966 

of th di e lo ex1 t. In the 
ntly 1 olated th tho 

tho 
-born 

t 

1 

t th di 

roi 1 nd enham 
lev l or inf' ction of 

11 

' tlv uni Ol't t 



8 

In New Zealand• apart from a review by Close ( 1967) 
wherein he describes ymptorna anc~ oonmente on some a pecte 
of the disease cycle no detailed study of' the disease or the 
causal organism has been reported. In the present study 
specific topics investigated were the pathogcnicity of 
E• potrYgsym to lucerne, symptomatology, factors affecting 
inoculum production and eetabl1ehment of infection, and the 
mycological feature of the pathogen on t:m host and on agar. 

In the course of the study it wa£1 found that isola tes 
from field infected pl.ante varied considerably 1n conidial 
characters . The majority broadly conformed to D.• botcyoq3,un , 
but one cultural isolate in the opinion of Laundon (per • 
comm. ) wa more typical o~ ,a. vesigartum. euggest1 ng that 
both epeoies may be pre ent ns pathogen of luoerne in 
New Zealand. However, eince thl particular i olate was 
incubated at 8o0 it vtae poaeible the low temperature had 
influenced the morphology of the con1dia in a rmMer imil.er 
to that reported by Loach and Aragaki (1970). 

Accordingly, a com arieon was made of the effect of 
temperature on con1d1al morphology of a typical~• ,ltgtrxosum 
isolate and the atypical isolate. Further, einoe .a. lw,Srlosum 
and ,a. ves.\sru:t;wu d1ff'er in the ehape of juven11 con1dla 
and 1n the morphology of mature conidia ( 1mrnona, 1969) • these 
features of the two iaolateG were al o studied. 
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()()P 0,... rcux 
• 

specific organ1om can b cited a the o u e of 
a previou ly defined d1sea e cona tion the conn ot1on betw en 
th two ".l'lU.S t be estobl1 hed, thel'Oby guaranteeing t a t the 
organism 1 t c pathogen and not an a . oc1ated saprophyte. 
Thi. r quirement io t by adherin to the , le of natho-
g nicity, f'1r t nunc1ated by obe t Yoch 1n 1882. rie:fly 
,tat d thee e nr : 

1. th conntant a eoo1at1on of the organ1 m with the 
di ease must b d .. onetrat <!, 

2. the or ni m must be 1~ola ted an gro n in pure 
cultur , 

3. the 1 olnte organi m wh n used to 1noculat 
healt ho t planta must produce symptoms typical 
of' t ie c1iaca. c, 

" • th o n m r ,-1 olated from th inoculated lElJlta 
mu t b 1 P.ntioal in all choract rs to th or1 1nal 
culture. 

In the res r.t tudy, the . ules o:f Pat .hogcn1c1ty w re 
completed as ~ollOWu • 

• 
1 e ual reproduction w ind c d by ubj ctin inf cted 

1 af'lete to high humidity in etr1 di. he lined ,. 1th mo1 t­

ened f'11ter aper. U ing t r11 no dlo eeker, Ain 1 
oonidia e a ptioally tran ferr d to media in either p tr1 
di h or t t tub , an at 21 oC. 

The atho en a al o r r by th 
ti ue plating thod. Infect d ti pprox1mat ly 

2 uar ) t n f r d to a mu 11n ur.f o - t ri-
11 d by tmmc~r-a 1 I 7 dil ution of' oo, .... u,"'"""1 l Janola 
(a rox1 bl ohlortne) for 30 to 90 con , 
r1ns d in 

t rred to 
nt1b1ot1e 
nd t to o n 

oonoent tion of' 50 p 
h p t r1 d1 h, n 1ncu 

wt r. nd a t1eally t n -
( D) lat to 1oh the two 

cry talline b nzyl nioilltn) 
d b n tnoorporat dt 

en ti ue pl c 
t d t CC. 

oh ta 
l at d to 
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On the ba 1 of oon1d1al and conidiophore morpholoa t 
isolates were identified as S\~11:wn l?Qt&YQ§YW \7allr. 

stnm'RlllA;l,Jam }2gt t.YQfBMP i s also known to have a aeed-bot-ne 
pha {Nelson, 1955; Leach, 1 960; Noble all(1 ioherdeon, 1 968). 
!t:Jolates were prepa:r from 1n!'eeted lucerne eed f'ollo .ving 
the method of' r>eroival (1972), which involved plating o:r eed 
to antibiotic ma lt agar. 

C • .L\B'fIFICIM, I rocyLATI Om) 

~ bQti:,vqsum is known to exist in the r1 ld as 
both pathogenic and non•pathogenic strains (Dingley, 1969; 
ercival and w nham, 1972). Thi fact required that 1eo tes 

from bot~ le ion d leaflet and eed be te ted for pathogen-
1c1ty b £ore etock cultur a were repared. 

Inoeulat1ooo ere oondtiet d by epr-ay1ng h~l thy pott d 
plante (var. Wa1rau) wi t h a oonidial u pension {37.000-
65, 000 con1d1a/ml} pr par .,. f':rom DA cultures incubated at 
25-27oc for 1 O days un"'er oontinuoua near-ultraviolet light 

{ ruv). ? ollowing 1nocul.at1on th pl ants were placed in a high 

humidity cabinet ( 90-100% R. H. ) f'or 72 hours at 200c, after 
which they w re transfeM'ed to a gla shouse bench. 

Control were provided by pl ants atomised wt th di tilled 

wat r only, but othe~ 1 e given identioal . treatment . 
~ ymptoms re f'irst appar nt with1n i8 hou of inocul-

ation a dark pin-head sized necrotic spots whioh radually 
inor a ed in ize, became 1rregula r in shape and tan 1n 
colour,. nd often dev lo · d a. darker margin. Thie latt r 
l ion type a cha cter1atic of' tho locally 1n 
the t1eld and typical of ov r a wher th 
o u l or ni m ia oons1d red to b !!ls:ml~:US m 
( Smith, 1 CJ OJ Nel on, 1955) • 

d crt bed tho , th cau 1 
organi w · 1 olat cl to gar. The colon! ere 

oro coplc 13.y similar to th or1g1nal t o te , d on 
mto · oo ie emun1nat1on er found lo be nx,r, ologiOQlly 
tdent1d 1 
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By fulfillin~ the requirements of Koch ' s Postulate as 
deecr1b d above, 1t was established that Ata,mb,ylium botrYQffl& 
was the cauoal organism of a :foliage leaf spot dieease pre­
valent on lucerne in the Manawatu, and further, thnt th 
pathogen was ansoo1ated with New Zealand produced lueerne 
eeed.. 
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A. 

1 • n~ ,ODUr:TION 
~poc i fic d1 ns , are u lly id r t1f1ed on the baA1 

of ympto exure sed by 1n1'ected pl ant • Pov, ver, in field 

nract ice t hi n can be extr mel y d1f''f1e lt, pa tic l arly when 
ev ral patho ens caM1 ng 1milar ymptorru a r e co-exi tent , 

and wo r e environmental var1abl 1m'luence the type of 
ymptom 1nduo d. Thi 1tuation 1 w 11 illustrated by t he 
ork of enfro and Y rnka (1 963) ho compared ympto 

on lucernn te., oou ed by six f'ung1 . They f'oun t ha t only 
el1g t d1ff rence 0cc rr and with o much ov rla ping 
a to prevent ready 1dent1fioat1on of t h ec1f1o di ea e. 

Th a thor exper1 nc d s1m1lar d1ff1cult1e in tudying 
t h f o11ag d1aea of l uc rne pr nt in the iana atu. 
eside -temphyl i um leaf e ot ( nt bot ) and 

pe r npo t ( L to tr1f gl1i), black 
m7d icae;inis) and co~r.mon leaf 1lPot (Peeu opeziza < d c ) 

re locat a i n local crop , ond a r t1c larly in 
tn ee of y tom exp~e ion acourat d iagno 1 a only 
o nibl follo 1n 1 ol a t1on of t he cu 1 fungi to agar. 

Accordingly d tailc f ield nd glo house t udies re de 
of th y tom tology ot both , t mphylium lenf pot ond pepper 
pot . , follo in account relnt to t h formor di 8 • 

di e w W1d r d and mo t ever 
r].y er, and in in t he ut • 

er on 1 V ( F1 re 1) and 
occa 1onally on p • re -enti lly 1 lar to 
tho (T bl t ) • On le ti t vi no 

, circul r, pot with 
r in hie " r loc t d o l) r 

rf C • It w t t h t th cold 
not b d i tter nti t d from ot of' th co lex. 



FIGURE 1. 
Symptoms on lucerne leaves naturally infected with 

S. bot ryosum. 

FIGURE 2 • 
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Lucerne leaves naturally inf'ected with 2• botryosurn showing 

atypical symptoms (lert) and typical symptoms (right). 
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TABLE h. A summary of oversea deeer1ptions of' ymptoma 

caused by~• t>.gta;osum on -lucern (Tehon and 
Daniela , 1 925J Smith, 19 10J Benedict, 1 95h ; 
Nelson, 1 9 55) • 

1 • Par\a 1orm2t=.4 

• 

L f , stem, petiole, peduncle, flower 
and pod. 

umerous; initially unetat , 1- 2 nm 
diameter, 1th tan- colour d eentr 
and r ddish- brown margin. Become 
l ar r, 1rr gul.ar n ha , t h 
redd.1 h-bro n mar 1n b coming less 
d i tinct and ,11th numerous , minute 
black pseudotheo1a mndoml.y located 
ov r t he greyish- tan oentr ; th 
total lesion surrounded by a . traw­
colourc d halo. 

Under t conditions nlarg pidl.y 

and coal oe to involve most or leafJ 
become blackened due to 1ntene prod• 

uetion of con1dia; 1 vos shrivel 
and boe1s . 

mall, bl ok and 11n r; und r et 
oond1t1ons will el.o te nd ooal c 
to 1 1 nd 111 t .nd t i ole. 

"II 

d 

Fro 
-·-"·-nt 

onJ o b om 
d hriv lle4 



How ver, further developm nt produc d th c ract ri tic 
mature field ympto , no ly, larg (1-2 mm in di t r), 
1r~egular le iono, 1th tan centre nn1 di t1net r dd1 h-
bro m margins , in turn urroumed by a 
and located on both leaflet urfaoe . 

tre - colour halo, 
Theao latter ympto 

were so charocterietic as to enable ready 1dent1f1cat1on 
of' the di a • 

A furt er lesion type wa occa tonally ob erved d1:f':fer1ng 

from the ty ical n1tuation in not h v1ng t :- e oharacteri tic 
reddish- brown rmrg1n (Fi ure 2) . noth le ion t yp r 
found ran omly locat on tho e , 1 aflete and the caua l 
organi r1hen 1 olst d from ch lo ion ty roved to 
morphologically id nt ical. Furth r, hen l oerne plant 

r 1noeulat 1th 1 o t or each :run u 1m1lar ympto 
d volop d nd with qual ev rity 

Although an ove r rt ( 1 on, 1955) indicated tat 
protop udotheoia • na p eudothec1 rec nly round 
within the tan c t of mature l 1ono and on 1ni'ected 
leaf d br1, th ere not locat durin t 1 tudy. 
H~1ever, in the laboratory rotopseudothecia er readily 
produc d on nrt1:f'ic1ally 1nooulatod leav ( ha ter IV 1), 

but only in on xp rim nt did they matur , to produce aoc1 
nd a oo por that conf'o d to t he r:fect t te, 

J.A~~~ Aa.lo,l/l,l;I~~ ( •r.) b . 
Pet1ol ymptome r ly ob rved and only ppear d 

a 11, black• 
th tho n 1 a ociat d With z land 

d-lin (Percival nd e 1972), flo . l inf ct1one 
mu t 1 o occur 1n th1 countx-7. Ho v r, in th t 
tu4y t on th r l'Od ti truotur of t 

• r not o erv • 

udMheotum s. well ev lo d • co ts-o tic 
oocarp tn htoh 

on tu.rity thes 
or i- unw 11 4 1 
(L tt 11, 1965)• 

ct co or 
lop bttun1c ·t 

in 1 :r 

d1tt l' nt! t d. 

t none 
( udo h 1 ) 



Symptom dev lopm nt wa ob erved in co~unction 1th 
tucliee conducted to fulf'il the requ1remente of Koch• 
oetule.tee (Chapter II) . 

nymptoms f'iret anpeared on leav within 1 8 houre of' 
inoculation a mall , black, circular necrotic areas, 
ourrounded by a yellow halo, and randomly looat don the 
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up er leaf rf'ace . ny 1 O days af't r 1noc\llat1on l eA 1ons 
w re numerouo and ranged in ize from pin-point u~ to 1 . 5nm 
in diameter ( Figure 3), but with the majority r rnaining 
mall (up to ½ nm diameter) . Theee le ,1ona ere cir l nr 

to irregular 1n hap , black to brown in colour, Al i ghtly 
unk n, 1th a di stinct margin and w r oft n nurro nded 

by a y llo halo . Le ion initially ob orv don the up r 
leaf surfac ~ r a now also vie 1 ble on the lo er urf ce. 

Only a f pote dev lop d into the ty ical, rretur 
symptom tyn a obR rved 1n th field and r ported over-

a , and t heee ere mor often located at t ho leaf let 
mar in. In neml , tho gl anehouee Ay tome vere ~1m1la r 
to t he initiol tagee of f'ield 1nt'ection , and only 
occa tonally dev loped b yond t h1 stage into t h rmture 
1 ion t ype . A 1th field infecti ons, l ione 1 aflet 
tail d to produo protopeeudothecia when subjected to 
condit ion of 1gb humidity • 

. ympto on petiole e 1m1lar to t ho f'ouro in the 
fi ld wer ooca tonally ob rved • 

• 
1 . 

ncount u1r nt 
ot Koch' tulote wa the r luctance of to 

rulate r dil.y on oultur 1 medi • efor 
inoculation t 1 could b cond ot d ther a ne d foit 

an inve t1 t1on into th taotor that ould n ur dy 

and lnten po:rul t ion on ag r d1 • A urvey of th 
literatu r v 1 d that r strict d con1d1al produotlon on 
gr 1 comnon fe ture of , c1e • and th 

V l t hni U hav b n d to o roo th1 robl 



FIGURE 3. 
Symptoms on lucerne leaves artificially inoculated 

with .§.. bot ryosurn. 

17 
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f'evero.1 enviitonmental factor are kno n to influence 
the inton ity of' co.n1d1al production of f'ung1 on culture 
rnedin, including substrate, incubation temperature, duration 
of incubation and light ( illy and '?.arnett, 1951) . The e 
f'actore wer investigated as foll~t'h 

In all exper , nts th plates were centrally inoculated 
with an agar plug (l nm diameter} taken from.a ten day old 
monoeporous isolate 1ng on lab. PDA at 21,oe. 

The intensity o:f porulation wae determin d usinr. the 
methorl described by Ta n (1963) and Tate (1968). Thi 
involved :floo ing the plate with a known volume o~ di till d 
water, dinlodging t he eon1d1a, pasoing the uapenoion of 
conidia and t?W'eeltal fragment thro oh ese~loth and then 
aec rta1n1ng the conidiol oonoentNtion using a Neubauer 

ha mocyt omet r. 

( a) ;;tr,gt Qf' syl?.§tm\~ 
Th inten ity of porulat1 on wae dete ,11ned following 

growth on the following mod1a: 

t.ab. potato-dextrose a~,ar 
Maknur potato-dextrose agar 

PDAy_ 
?DAM 
V, V juic agar 

Cornmeal r 
Oat 1 gar 
!~alt a ar 
Prune agar 
ater ~ 

Luc rn deooot1on 

'?hem 

CM.A 

OYA 

MA 

PrA 

'A 

LDA 

red a 1nd1c t d 1n p ndix. I . 
d for t n . y in tM dark oe. The plate 

There w · r ttir 

The r u.l . 
replioat of oh tr at nt . 
(T bl 5) he t t 1th th 

some porulstlon oeous-red on all m a, 
c l ~i,- the t ttsf cto17. Row Vdt the oN eono nt t.­
lon on th - 1 :tt r two ........ ~ •a t ut:tlet nt tor 01-ltlo 1 
gla houa requ1~1 fu:Pther tudi to 
S.rnps-ove or product ton. -b• PDA w -· d tn - u · u cnt 
WOl"k du to th .r .... u: ............. J' . llabilit7 it eo ttt\l nta 
and ot . 11 tton.. 



TA 'B 5. F.f'f'ect of' -ub trate on t e intensity of 
conidial ~reduction. 

Medium 
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V- 8 13 10 15 12. 7 

PDAyJ 9 8 8 a.3 
0~ 3 5 -L .o 
JDA 5 ' 3 3. 7 
OMA 2 2 3 2.3 

2 3 1 2. 0 
l"'A 0 2 1 1 . 0 

1 0 1 0. 7 
0 0 0 0 

(b} ... ·R~~~...;::;..-::.;~~u..:. 

The ini'luonco o:r tompcraturo on BPOrulat1on Y n 

determined by incubating plates of PDAt :ror tori a.aye in tho 
dark at the following temp tureo: 

t , 6, 1 2, 1 6, 20, . • 28, 32 nd 36 .:t 1 °c 
Thero w re throe re lieate pr treat t . 

The result (~able 6) show t hat oporulation ~no most 
1ntens f ollo 1ng inou t1on t ~,oc. t 12, 16 and 200c 
no ulat1on lat u data eo tant l vel of an roximat ly 

8- x 1 c:J4 conid.ia/mJ., 1th a d l d rcaee bel 12°0 
and above 2400. orulntion did not occur at it er oc 
or 36°c Th t r orulntion t oO y b rtly 

ttr1butable to the re fr of thi - or. 
h no - xpo o... the o t ur to irregular, hort 

peri of t • 1 11 t. a 'Wll1 of co e t t light 

ha beneficial tteet on orulat!on. 



TAm.E 6. ~ffeot o:r temperature on tho 1nt n 1 ty 

of eonidial production. 

Temperature Conidia/ml (x1 <P ) 
(OC) Replicate 

1 2 3 

1 0 0 0 

8 3 , 3 
12 7 10 8 
16 9 6 6 
20 8 8 9 
2ft 16 15 18 
28 5 7 7 
32 3 5 5 
36 0 0 0 

(c) 

Avera 

0 

3. 3 
a.3 
7. 0 
a.3 

1 6.3 

6. 3 
It • 3 
0 

Twenty- one inoculated ?DAL 1ere 1ncubat Q in 
the de.?'k at 2't-Oo.. At two day interva1!!3 three plate re 
r moved ana t ho int tty o~ porul tion d t rmin d. 

Tho oeult (Table 7) how tat bot oen th fourth 

20 

and t ltth day t h a d 1 increa e 1n po lotion 

Yith pronounced int ificntion ov r the noxt to day . 
It would e m that t h • e re ult a rel ted to colony 
size.. el v dnyo w req ir d for coloni to eomul tely 
oov r the r eurf c , nd ino con1d1a production lag 
behind v tativ th, porulnt1on lev l 1n ch 
lat tt 1 d until ft r thi ti J that 1 ~ 

on th ork · n r ring 
bulk 8U10DJ'..3 Of on1 1 W'e'l'•A u te t oc 

fOt' 12 day • 



T \ LE 7. Effoot of duration of' inoubat ion on the 
into · ity of' con dial 'P oduotion. 

Day after Av 
inoculation colony 

diam tr 
1 2 ' -\V r- (an) 

2 0 0 0 0 27.0 

3 2 ' 2.7 37.5 
6 2 3 3. 0 ,,a.o 
8 5 5 I .7 57 . 2 

10 6 5 6 5. 7 72 . 0 
12 6 6 7 6. 3 82.5 
11 11 10 11 1 .7 85. 0 

(d) 

In r cent y ar considerabl re earoh ha •. been conduct 
on the 1gn1~1cance of 11 . tin inducing por production 
on cultur media (Lcaoh, 1961, 1962 J Carlile, 1965). 

x-aham ( 1 957) nd I. aoh ( 1 962) t'ouno that When they xpoeed 

.il&SWllr.wi.1WJi.W .aa..-:i..:~..- o ham to diffu e 11 ht and oont1nuo 
ne r-ultr viol t radiation, ~•~nctiv J.y, it r 11y fo d 
con1d1a cl roti 1 bod1 on common la oratoey medi , 

but 1ould not do o in arkne • llannon antl .eb r (1955) 
r ort that porulat1on of • A.DX...~liMM::.t Hannon and ,..,eber 
co ld b t ated by no l or artif1o1 1 daylight . Di ner 
( 1955) ooncl d from hi r nt · 1th • ~Ul:o&.rs ' eb r 
t v l of' 11 ht that t 
eonidf. l i"o 

Th ion w t 
tot 

(i) Tot l d ne o 1 th plnt 

( 11) 

(111) 

tal cylin r . 

0 

11 t 
tub 

cyol ) nuor e nt 11 t 
80 v tt cool Wbl fl o 

bo th l • 

rovtd 
held 

rovid 
0 nt tub 

d 

in 

by 
m 

I 



(iv) Natural diurnal period of diffuse 11ght provided 
by plao1ne t he plat e on a laboratory bench out of 
direct aun11ght. 

There were four r plioates per treatment. 
The renults ore sum.rrarised 1n Table a. The fact that 

porulat1on in all treatments exposed to a light s ource 

22 

wa3 aign1f1cantly higher t han in total darknee clearly 
demonstrated t he beneficial e~feot of light on eporulation. 
Oreateet eporulat1on occurred und.er NUV light an ,1 least 
under natural d iurnal light . The f'1nd1nga were 1n accord 

with those of Diener (1 955} working 1th Ji• ggla,.n,, and 

Leach (1962, 1963, 1968} orking 1th • ~Qtapsqp. 
It must be note that although tho oulture medium 

and eouroe of' inooulum were identical f'or all treatments, 
comparisons bet en treatments were not strictly valid 

1nc t h pl.a tee of aoh aer>1e wer not ubj ected to t 
same incubation temperature. now v r, t he f'act of 
sporulation in the NtN tr atment boing eubetantially grea t er 
than f rom tn, other treatments would suggest t at t 11 s light 
source wa of con i derable s i gni f icance. Accordingly, a 
further ex r nt conducted to determine the effect 
on inten ity of conidial production err differ nt expoeur 
duration to NUV lis,it. 

Inoculated PDAL pl a t were initially incubated in 

the dark at 22•2! oc for f'1v day • l ates were then 
expo ed to NOV 11 ( t 22- 2ttoC) 1th four lat being 

retUPned to t he dark 111 the 2a-21toc tnoub to after each 
of' the foll ins expo UX' pe 1od t 

o, 1, 6, 12, , 72, 120 nd 168 hour • 
At t he oompl tion of th t tr t nt rlod (168 hOUP 

• 1 d. ) th oonidlal conoentratton tor 11 ti" tment 
a determtn a. 



TA :r. 8. ~ffeot of' light oondittons on th 

intensity of con1d1al roouct1on. 

Conidla/ml (x1 c:P) ., 
tight treatment 

1 Average 

Darkne e 10 5 

Cont inuou.':l 78 62 68 65 
Cyclic fluorescent 27 30 32 33 
nt ural/d 1 urnal 1 0 21 35 19 

The r lts (Table 9) cl nrl3' ow the po itive N'eot 
of time of xpo ur to 11 t 1n timulating con1d1al 
production 1n cultur 1noubat d t 22- oe. In cont1nuo 
dar nesa only t ril oultur el"'e roduced. Contrery to 
th findings of I,e ch (1967, 1 968) there wa no f rther 
inarea e in sporulation foll 1 return of the plat to 
the dark aft r e:~;x~ure to rv light for 12 hou • 

TABLE 9. !i:f'fect o:r dif'f'erent expo ur duratioM to NUV 

light on inten 1ty of con1dial production. 

Expo ur timo 
(h ) 

1 

0 0 

1 0 

6 1 
12 0 

1 
72 1 

120 5 
168 8 

In vi of the 
foll 1ng prc,o ure 
of COnidia l 

Conidia/ ml (rt ) 

2 3 l Av rage 

0 0 0 0 

1 0 0 0. 25 
0 0 1 0.5 
0 1 1 0.5 
2 1 1 1.25 
2 ' 2 2.0 

6 5 6 5.5 
7 7.75 

ult r m t ov e er th 
r n 'be dot tor o t 1n1 

23 



2. 

latee of PDAt or V•8 juice agar (when available) were 
oentrnlly inoculated and e,tposed to a continuous NUV 
light ource fo 12 daye at 23•27°0. Th con1d1a were 

hat-Veated a prev ouely d or1bed and the eon1dial 
eoncentr-dtion dotel'mined. Frequently cone ntrations 
o'f 150,000 conidia/ml re:r obtained and oceasionally 
up to 200,000 oon1d1a/ml. Higher eoncentmtions were 
obtained by centrifugation followed by a ha mooytometer 
estimation of oonidial numbore and the n oimple dilution 
to th concentration re uired. 

11m1nary pathogen1o1ty 
considerable variation in the ext nt to which beo 
infected. It wa coneid rd t hat th1 as du to variation 
1n euoh nvironmentel variables ao t e inoculum med1 um and 
epore concent t1on d, tho temperature prevail1n during 
the establishment or infection, and the length of time plants 
were ubjeet to a t\ll"at d environment follOli in inoculation • 
. ,,cperiment w re conducted to detennine the be t combination 
of thee factors requlr d to produce oonsistent am typical 
foliage 1 ion1ng. Tho raiments et"e conducted using 
either excised leave in the l boratory (Y rwood, 19-, ) • or 
potted plants in the gla eho e. In both xper1mente the 
variety waa w imu. 

In the f"ormer method, hole leaves of th e age were 
Nmoved from luc ern plant • Thee we t out in high 
hu.,-rnid1ty pet:r1 dish - . (T to, 1968) and epray lnoculat d to 
the point of ouri-ac at t1on with conidiol p 
Control er p ovid d by on lie te of 1 v t 
ld ntio41l.y to th 1nooulftt~d 1e_v_s (_eve __ l replieat }, 
but inoc 1.at d only w1 th the tnoouJ:um di Th contl'Ol 

was ntt l to r v t ny 1ncor:rect tnt l'J)ret tton of 
symptoq o by concli t to not :r lat to the experiment 
(:tor xampl • high t rature ) • The ,-a ult er record 
t or b tore l tlct bec:t 1on 00 XTed 1n the conti-ol , 
ually afteit da t 20-. oc. 
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Inoculated pott d plant re 1n1t1ally placed in a 
high humidity cabinet under the required environmental 
ool'ld1tione and t hen transferred to a glas house bench where 
the t empemt\lt'e (1 8- 2200) wa thot'mOstatically eontl"olled. 

(a) ;tnogulum ma.tmi 
The value of" ac1.d1ng nutrients or othor substances to 

the inoculum sunpenoion to increase the amount of inf'eot 1on 
is well known { tartin z und H neon, 1963 ; R nfro and 

Wilcox on, 1 963).. '1uch nutrients are conside~d to inol'ea e 
the 1nooulum potential of' the pathogen ( nttart and 
Wilooxaon, 1 961,) . tw add 1ng a t ieke preader ( unepac ified) 
to hta inoculum uop no1011t nediet (195') obtained typical 

eymptoma of tomph111um leaf pot on luc rne. 
In the present tudy th effect on t e establishment 

of inf ct1on of dding nutrient nd tickers to the 1noculum 
wa d tetmined. The nutrients anr, stiekero uned were ae 
f'ollov1st 

1% dextrose 
1% lacto e 
1% gelatin ( Difeo) 

0. 5% gelotin (Difeo) 
1% gar { Davi ) 
di tilled ater 
The inoculum u ension wa~ obtain d by f' looding two 

plate cultures p r treatment with the inooulum mod:turn and 
then harve ting th con1die, After a3u ting th oon1d1al 
eonoentmtton of oh tN tment to p rox tel7 90,00 
110,000 corddia/ml, o pot er tr atment er inoculated. 
At the t o-r inoculation the l t w r 8-1 O cm high and 

el t w ks old. The tnooulat d nt ~ h ld in a high 
humid1ti, eabinet t 2000 for 72 bottm, nd th n tmn f rr 

b . ,Ch, ContN>l plants ir 

only, but othe le glv 
1noonla ted with 

1d nt 1cal condtt to a 

oh tr- etm nt en -o hi b 
d the 4,t rm1n by 

recor41ns tbe rmmbe• of l4sto pN:>4UO a;JF1n,,...;an.a d 8 

·· 1e int · tty ting) ¥ n e lnoou.1 t ion. 
Th t • o-.r 1 ion prcttuc d 1 O recorded• 



The results (Table 1 OJ I-'1 e ) show that all the 

treatment, when compared w1th distilled nter, gave an 
inoreased numbe,1" of infections, with 1% gelut1n and 1% 
lactose the most effective. 

In all treatments the rrnj ority of lesions we1 .. e not 
typ ical of those f oun2. in th field, being mor typical of 

peppe2- spot caused by 1£• tr1t'o111. That i o, le 1ons were 

e rnall, black , slightly sunken, occas ionally surrounded 
by a yellow ha lo nn<, more rarely \ti.th a light-coloured 
c ntre. 

Al tho~ the add! t1on of 1% gelatin provided the 

greatest increa e in infection, use of thi additive had 
th di t1nct dinadvantage of' blocking the atom1 er and 
causing le ~leto to dhere together. Acoordingly, in 
subsequent exneriment 1% l cto e was used. 

< b) J:rsocHJnwn gongentmli &en 
The e:ffoot on ieease intensity and ympton expression 

wa determined by using the f'ollow1n.g inoculum concentrations ; 
1 90. 000 con1 ia/ml 
i 55, 000 " 
100,000 ft 

.58, 000 ft 

32,000 It 

13,000 ft 

The inoeulum ooneentrat1on were obtained by aerial 
dilution of n con1d1al p n 1on harv t from ten plate 
cul tu e f'looded w1 th 1 }ti laetoee olut1o o pote of 

young planta ( p _ ~ t ly 1 2 em igh) per tr t ment er 
atom.is to th p int of 1t11n-r-ntt 1th ach :re p ctiv 
con1d 1 pen ion, hold in t high hum!<'Uty c binet ~01' 

72 hour t 200c, ad n t 
bemh. Control lant w r, inoculated 
onl3• The ett ot c0r1 tr t nt a a s sev n day 

eP inooula 1o 



TABLE 10 

Inocul:am 
t 

11' 

o .. tin 

I"' 

ffect 1nocu1 

Inoeulum 
concentftl_tton 
( conidln/ml) 

116,.000 

95.000 

105 •. 000 

,12.000 

113, 000 

1a on d1sea 1ntens1 ty and symptom expression. 

2 

3 

2 

1 

1 

. .,ymptom expresei on 

nerg1n and yellovr halo; 
typical. 

ions on leaflets and petioles; on l eaflets p1n-no1nt 
to 1 mm d1a; maj ority black, irregular, alip.htly eunke 
1th indefinite margin an:l little local chloron ia; typical 

lesions abundant. tlany leaflets chlorotic, due to lesion 
coalesconce. On petioles lesions smal l, light-coloured, 
elongate .. 

ions on leaflets and petioles; on leafl ets wi de vari­
ation 1n oize (p1n-po1nt to 1-1.5 n:m d1a), irregular, 
black u1th indefinite nnrgin and little loea l chlorosie; 
larger lesions more typical .. 

Lesions only on leaflets; pin-point to 1 mm dis ; majority 
large, irregular, w1 t h tan centi-e and dnr k, de:f'1n1 te margin. 

Lesions only on leaflets; p 1n-uo1nt to 1 11171 d ia.; rojor1ty 
small• irregular, blnckt with a definite mar~in; lll~er 
lesions more typical. 

Cont inued over ••• ,. N ......, 



TABLE 1 O. ( contd) 

Inoculum 
dl 

onti-ol 
( a lot ,-11ed 

ter) -
D1eeaee • 
intensity 

• 0 
1 

0 

2 a 
3 C: 

Sy~tom expross1on 

Symptomo not produced. 

~ 



• : ..... 
, • . l 

A C 

D E ' F 

FIGURE 4. 
Comparison of leaf symptoms after inoculation with 

S. botryosum using different inoculum media . 
A. 1% gelatin 

B. O. 5% gelatin 
c. 1 % dextrose 

D. 1 % lactose 

E. 1% agar 
F. distilled water 

29 



The r,eeult . (Table 11 J Fig'llr 5) she thnt a ~erate 

1nfec~ion was obtain d using Oon141al eoncentrations of 
58,000 oonidis/ml and abov • However, in each 1n tano 
y niptom expre o1on was not t ypical of t he disease ln that 

le ion~ were devoid of the eharacteri tic tan e ntre and 
x-eddi h-brown rmrgin. The heavi t coneentrati on 
(190, 000 eon1dia/ml) resulted in some lesion coale cence 
and chloroeie or lea~lets not nornmlly found in the field, 
whet-ea the conidial concentration of 58,000, 100,000, 
and 1 55,000 oonidiWml produced degrees of' foliage lesioning 

commonly present under natural situations. Accordingly, in 
ubsequent inoculations a oonidial concentration betwe n 

60, 000 nd 1 50,. 000 eonidin/ml wa ed. 
The control plant remained h althy throughout the 

expert nt. 

( c) T;m;cmt»r.1 
Temper-ature has a considerable f'feet on mo t pha e 

of' the d1 eas oycle, especially the establishment of 
int'eeti on am t he incubation period. The present xperiment 
wae conducted to d tennire th optimum t e-nperature for the 
completion of t he die se cycle up until fir t evidence of 
inf'eet1 on. 

Exct ed leave re ubj oted to an environm nt of 
approximately 1 O relativ humid 'lty by plse1ng 1n petri 
di h s 11 d w1 th moistened filter aper. The l ave were 
s lnoeulut d with por uap nsion (60,000 conidie/ml) 
and t h p tr! dishe incubat d at a ran Of con t t temp-
erat ( 15, 20, 25 an .JOoC} i'or 72 ho'Ul'$ Th r wer 
four r licat s er temperatur • At 2ht 8 72: ho 

ofteP 1nooulat1on th n numb r of le tons p r t tm t 
r ord ,. '1'h1 ve an f. 1 tton or d1 e lntenet tr 

for ch t · p rature t eh point in ttmo. 



11. ltftect of inoculum concentration 01i disense intensity and symptom e.xpress1on. 

190,000 

, 
1 - 3 

000 

32. 2 

1 ) .• 000 

0 0 

Table 1 0 

. .,ymptom expression 

L 
C 

of 

atyp1cnl; are large ( up to ½ nm d1a . ), black, rana om.ly 
rred over the len:rlets; some lesion ooaleecence nnd chloros1a 
:flete. 

iono atypical; are p1n-po1nt , blac k, with s definite r.er. 
little ehloroniR; some lesion coalescence. 

ypical lea! ono, majority atypical; srmll ( ¼ mm dia. ), black 
lightly sunken with little chloron1s. 

o1ons,. roo.jority ntyt,1cal; small (¼ 
unkcn with little chloroais. 

d 1a •) , black 
and 

~~u1onn atypical ; very ama.11, dark- brown, with a de:f1n1t 
and olightly sunken; no ehlorosto. 

~1.x leaveo with lesions; atypical; verw smnll, blaoY• wt 
1nde:f1n1tc marein; no chloros1s. 

Lesions not produced. 

:rg1n 

an 

'!f 



B 

D E F 

FIGURE 5. 
Comparison of leaf symptoms and disease intensity after 

inoculation with 2• ~r~OSJ:!ill using six conidial 

concentrations. 

A. 190,000 conidia/ml 

B. 155,000 II 

c. 1 oo, 000 II 

D. 58,000 II 

E. 32,000 It 

F. 13,000 II 

32 



The l' sults (Table 1 2) ohor, that t 72 hour f'rom 
the time or inoculation the gr t t numb r of 1 i on 

ere produc at 25oC, and least at 150c. At 20, 25 and 
3ooe lesion.q 1er v1 ible within 21i hours , 1ndloat1 the 

p1d1ty at mich the di ea e cyel up until ymptom 
l 

33 

xpree ion can 
withi n 48 hour . 

co . 1 t d. At 1 5oC this sta e wa r n ed 
The control leav a r ma1ned healthy 

t hroughout tho experiment. 
These results re 1m11ar to tho e of l on (1 955} 

and McDonald (1958) , but d1ff r from t ho of nf'ro and 

K rnkamp (1 963) who found • ~.MwiJ~lolllW on luoern to be 

mo t thogenic t 3000. 
In u qu nt 1noculnt1 o t tu 1 thi n t he 

i noculat ion c bin t er i nt ind b teen 20 and 25oc. 

TABLE 1 2 . Effect or t mperntur on d1 e int naity 
21,, 8 ond 72 hour after 1noc lat ion. 

Temp ratur M n number of le ions/ t r t ment 
(OC) 

24 h 8 hours 72 hou 

15 0 2.0 . 5 

20 1 . 5 15 . 2 21 . 2 

2; 2.7 1 8. 0 22 .7 

30 1 .. 5 1 2 . 0 20 . 0 

oontt,01 0 0 0 



(d) 

ollow1n inoculntion plante munt be h ld un r conditions 
oi' i gh humidity :ror a eri uf:ficient to en ure ore 

rm1nat1on, host p netrotion nnd th at bli hment of 
infection. The follo11n xperiment s aim t det rmin1ns 
th length of tim t ha t both exei e leav an pott a 
plant need b held ~er high umidity conditions fo llowing 
inoculation to produce mod rate in:feotion 1 vels . 

( 1) 

oi d 1 a e in petri d1 h re p y inooul t d 
with a ore p naion (60, 000 conidia/ml) and ex oo 
to 1 ~ R. H. for o, 2J, • 36, 8, 60, 72 and 96 hour t 

oo. After ch expo ur r1od th plat lid re 
r mov d to re uo t he relat1v humidity aroun th l v • 
Th filt r pa r liner re t mo1 t ned to revent 

ehydration nd t he f feot1vene of t he tr t ment 
ured after 96 hours by recording t h e numb r of l ionn 

per leaf. 
The results ( abl 13) how t t om i nf otion occur 

without th provision o~ high humidity condition • Ho ev r, 
for moderate 1nt ity of l ion! to ult , nt lat 
36 hour re uir d. 

The control 1 ave ere h althy at t e tilll!) of 
a es nt . 

TA 1 }. Etfec" of 1 h dity d 

1noculotion on di 

h dtty 
tion 

( ho\ll'II) 

tion oll in 
tt, . 

-

nt 
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(11) fot .~iant u:tb9.A 
ll; i ght week old l ant.a were inoculated 1th a spore 

aun,;,en ion in 1% laeto (90,000 oon1d ia/ml) to the point 

o:f" run-off and -then laced in a high humid1t7 cabin t. 
At o, 2h, 36, '18, 60• 72 nd 96 hourn two pot WeN, r moved 
to a glasshouse bench. Di a e inten ity arii aymptom 
expression of all treatments was record d 96 hour rrom the 
tim or inoculat ion; t hat 1 , after removal of t he last 
tr atment from t h high humidity cabinet. 1'wo pot 
inocula ted 1th 1f~ lactose and maintained under h1gh humidity 

:f"or the long t urat1on rved a control • 
Th re ult ( Table 1 ) re e ent1ally · 1m1lar to 

tho e of t h - r viou ex r1 nt and h t hat to obtain 
moderate di ease int Mity plue th e- r s -ion of typical 

ymptomB, 24 hours high humidity duration 1 . requ.1r d . 

N lson ( 1 955) f ound that at 22- 2700, 12 to 21 hour high 

humidity was needed for maximum 1n:f'ect1on. However, in th 
pr ent tudy as lesion w e till emall in size, 36 hours 
was eon i dered t o be the minimum to give oonei tent symptom 
exprea ion. 

Th control plant re healthy at the time of a e ~nt. 

As s re ult of th above exp i-iment the following 

procedur a a dopt d for in lat r inoo ·lation tud1e ; 

Conidial s pen ions of pproxi tely 60-, 000 - 150,000 

aon1d1a/ml in a 1~ l cto nutrient dtum ere atomi ed 
on to toliag to th point of run-off. The potted 
pl nt e t n held in l11flh humidity cabinet tort 
at l 36 hours t 2 2500, nd th n tra f r to 

gla hous be chw 
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TABLE 1' • f f ect o~ high humidity duration foll ing 
1nocul~t1on on di 
expr sion. 

High humidity Die e 
duration inten ity 
(hours) 

0 1 

2 

3 

e 2 

60 3 

72 

96 

ontrol 0 

e T ble 10. 

1ntcns1 ty an ymptom 

Symptom xpre ion 

j ori t :r eympt 
11. 

p O<hJC 

typical, but 

ymptomn f'rom mall , black pot 
!call ton typ, 1.e. t 

1~edd1 h- 'hro n rgin• and 
a 11 h lo. 

to ~imilar in ng to 
d at 36 hour • 

0 0 

, ympto 1m1lar 1n ra e to t o 
ob ~rved t 36 hour . 

ny ~rom blae, moder te 
1ze 1 ions, 1th an 1 inite 

mar in and chlo otic h lo to 
typical 1 nion t , ; ev re 
leafl t defol t 1on and ehlor-
o 1 • 

1m1lar 1n rang to 
t 72 hour. 

not prod o • 
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of th causal fungun wer tudied 
both on the host and on a r to d termine \"Thether th at o n 
a pr ent in the Manowatu eo~ormed rith over ea descr1 tiona. 
Although the St hyliuzn l f spot di ea of lucerne \Va first 
report d fift five y re go (Oentn r, 1918) an.~~ ha sine 
been r cord d in many- part of th orld ( Nel on, 1955; Briell 
and Dingley, 19591 ock , 1966J P i-1e1c an<1 Stojanovte, 1967), 
th only account of the oolo of' the thog n 1 that by 

th (19h.0). I olst from looerne hav not pr vtoualy been 
tudied 1n z lan 

ohamet r1 ad by both n 1 rf'ect 
:..;:;..illl,/;l,llu.w..-..-:1 ,_.,,,.-..:.w·"'..,,,1:11-,•,lll,W- W llr.) nnd perfect tat 

.) Rab. ) • . ereas a xual roprod ot1on 
wa rea 11.y produced in the f1 ld, pseudoth :la re not en-
countered. Hoo ever, ture xusl frui tin bod1 s ei-e :form d 
on excised l fl t in the labo tol'Y enabli then the tudy 
or the rpholo of p eudoth 1a, asc1 ni aseospore • 

(a) 

Abundant production of conidtophor and 
con1d1a occurr ithin 2•.3 y h n int cted lesfl t 

re ubj · ted to con41tto of hi h 1ty in tr1 
di h lined 1th 1 t n 4 flltel' 11 
p rd by t n M"tng conld1ophor 
d • mun 1n f l u14 on a 
f d T rph lo of the oon1d1o ho 
eonidt wer micro op1cal 17 d te l d 

e 1ng n 

( ii) 

exci 4 l le 
o ld (1958). 

m1c 

od on utoclaved 

tnvol d 
in th . thod of 

inocru ti 1 fl t 
1th con1 1 l a,,i~,,•u~11•1on nd tnou ti 

t OC, I' hich th etri di h l' 



placed out ide th" laboratory on . w 11 faoing ea t. The 

leave were examined at'ter a furthei- 7 and 17 day tor the 
pr sence of p-seudothec1a. The experiment aa rep t d eve 1 
times between April and August when a1t- t$'llporaturee and 
daylengtn wero low. 

At 7 day protopseudotheoia were in evidence. aJld by 

17 da,'s nmture :fruiting bodies were formed+ Slide wei-e 

p epared of pseudothecia, n ct and a oo~pores and t heir 
morphology determined under the high power (x 400) of' n 
oompOUl'ld microscope. 

(b) 

The morpholosv nd oonid1a 

of th fungus aPe s • t-1 d and eo re with o e r etOl"d d 
oversea in Tabl 15. 

Th morpholo ea1 t tui-e a de cribed corre pond 
elo ely 1th those ,eox-4 oversea for th p ci s in 
g neral ( ooth and ?1roqnsk1, 196;1,; . Sir!mone, 1967), and 
for the p eie on luc n ( Smith, 19'tO). Th.at in, the 
conidto hore were brown, upright, w1 th a darkett. a,vollen 

p1oal porogenous cell 1ch was lightly rough ned at 
1t apex, and wez-e 1•9 eptat and 5' u long. The light 
bro n, 1f"orm eon11 (Ft ve 6) er var1ou ly 
subsph$r1c l to ovoid or oblon, eohinulate, nd 1th a 

· major aonstriot:f..on t th medl n t v rs pt Th 1J' 

aveftl dtmen io 1th le h/br dth 
mt 10 Of 1 ,6?. 

(1969) d r-1 d th d n t:to f 

the tn ter1n1 ot • .IQj~r.w&MIJI 

con1d1al d ............. ~10 ( 2, s 33u). 
the i, ns of i. · 
t t 41 t um. 

Vef!7 Clo lf 1th t UPt!fflt'!Jll fXl 0 

in the pre nt tuBy n6 h lp t.v eontt . tt.o.n of th 

1d ntity Of th CB l Ott nl s ~MIMl--_...,Ml,lil .Ui.lWJllJA{.fl 



15. 

ut 

(11} 
LBill'Cl, 

I) 
5 u 

mt'l"""~ological feat o'f c onid 1ophor nd oon1 o:f' ~ . -oat t1sou 

.....-
mith (1911-0) 

-3.5 - 5. 5u 

Booth and P1f0£Ynak1 
(1 967b) 

o - nu 
- t::u 

20 - 72u 
- 6u 

Continued over •••• 

(f 969) 

-

~ 



15. (cont4) 
I _, ________________________________________ ,._. 

:ctUI" nthoi- Smith {19t0) 

Ort>hOlo 

(11} D1mens1 ona1 

) U VO,t:IIIU- I ,,,, _ 3 - 3).4U 12'.i - ltOu 

.t 0.Tl U 13~ .:t o. ltu 
b) Breadth- I ., .• 1 - ~ .2u 11J. - 23u 

17.6 .,:t o.3u 19 + o. 2u -
t1o 11. 67 1 . 63 

ooth and P1rozynsk1 
(1 967b) 

verae 
:l at 1-3 

ei>t 

I -
I 2s.5u 

-
' 

19. 5u 

1 . b.6 

S1nmona ( 1 969) 

Oblong or broadly 
QVpid to subdolii~ 
diluto to deep oliv 
brO\'Jn, ec71inulate ; 
slightly to eonspi~­
uously constricted 
ttt 1- 3(-4) eor.ml 
or nearl y complet 

er1eo of longi tur1-

inal sept~ . 

24 - 33u 

28. Ju 

15 - 2ftU 

19.5u 
1 . 50 

0 



/ 

• 

~ ... , 

. tli-~. 
~r,,i a 

... -..:_ •:.-

~~ i l• 

, 

(x 400) 

(x 900) 

FIGURE 6. 
Conidia of~- botryosurn produced on a naturally inf'ected 
leaf subjected to high humidity conditions for three days. 
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Within 21 day after 1nooulat ion pseudo­
th oie. had been produced over the surface of the exet ed 

autoclaved leaflet • Five to twen"ty aeci er p eudotheoium 
in all stages o~ matUl"tltion ere observed.. 

The morphological feature of the perfect state of the 
fungus ar sumrrm r1 . ed and compar d \"11th those r corded 
ovemea 1n Table 16. 

The black, globoee peeudothecia were erumpent in the 

ho t ti sue and oontained s ,veral b1tun1c.ate, narrowly 
cylindrical to clavnte asc1 . Th e :i c1 ere obt e at 
their apex. t pering to a oll n or -cla -11k - ba e and 
\Yith ver dlmens1ona ot ;so,2 x 184. 6u ( Figure 7). 
Th y 11 . - brown, m~~'!.fo:rns n co pore wer llip oid to 
cl vat 1n shape 1th slight constr1ct1o.ns t all 7 trans-
verse ta. Their avera e dimensions ere 16 • .:, x ,1. 2u 
with a 1 ngth/bresdth ratio of 2. 28. 

Allowing for var1ab1lity in environmental cond1t1ona 
and between 1 olates of the pathogen, this d scr1pt1on of 
peeudothecia, a ci o.nd aocosporee conforms olosely to 
that de cr1bed by Smith (1 ~o) and .ooth and P1roeynaki 

( 1 967b) :r or '?}.§Q@pgm ~~.-,. 

2. 
1nvo1 vin th ob r t ion of" the 

cro COp1e micro copic f turea of t nwunu, 1 ts 
l)hy 1olo l , ehavioUl' 1th i- , t to t nd 

41, nd th production of th p rtect 
r~i d out. Th eultUI' 1 characte~ ttc etu41 d r$ 

gro colol\Y' t tur uoh a re th J'at 
( ere oo 1c t · tur ) d the eonidtophor • 
eon.1d1a, eudotb 1 , a oi. and co o - (mt.oro cop!o 
fe tur ) • In the h1' iolo.g!.c 1 t 1 the , f ct of 

t e _ · tur a 1 on s eolon;v fe tur and trf!tr'lt'ttf.b 

wer al o lned• 



16. Comparloon of t ho morphological f'eatui-es of the perfect state of ll• botn;oaum from im"eot 
host tissue. 

1 Structure uthor 

randomly 
APlll'lm&nt U'l 

nm.1th ( 1 ~.10) 

Globooe, black, somet1m 
possess a slender neck. 

Booth and P1rozynek1 
(1 967b) 

Globoee or somewhat fln t 
tened, scattered, 1mnera 
ed to erumpent in host 
tissue. 

( 11} Diameter 185. 0 - 1.t 21 . Ou - 100 - 500u 

( t) florpholo 

I 
I 1~! Lengt.h-mnge I 

b) Breadth- range I -mean 

ti 
al 
OJ' C 
8 

125.0 - 229.0u 
18h.6 .j' 1.36u 
22. ti • 38. 6u 
30.2 .;! o.tiu 

.. «longnte, cyl1ndr1oal and I n1tunicate, oyl1ndr1ca1 
typically 8-spored. to clavate, with 8 lITe 

ularly distichoua asco­
porea. 

183 - 267u 
239 .! o.2u 
27 - 37u , .. .t o.,u 

90 - 250u -
20 - 50u -

Continued over •••• 

vi 



1'. 16. (contd) 

Pt,t'lffl:l1 Struetui-

(1) 

(11) JJ 4Ulc.tltl10flS J 

a) t 

b) 

o) t1 

Author 

29. 6 .,. hh. 2u 
37.2 ,z o. hu 
11.6 - 1 9. 11u 
16 .. :, + o. ,u -
.28 

" 

nrntth (19't0) 

Rounded at both enuu, 
yellow to brown., muri ... 

orm. 7 oroso sopt 
and 3-5 1ong1tud1nnl 
septa. 

32 - b8u 
39 ~ O.liu 
11t - 21u 
17 + o. 2u -
2. 30 

Booth and P1rozynsk1 
(1967b) 

Ell1pao1cl to elavat~,. 
light to dark yell 
brown,. 7-soptato, 
lightly constrict 

o.t the 3 prima17 trans­
verse aepta, finally 
muri:rorm. 

26 - 50u -
1 0 - 20u -



FIGURE 7. 
Mature asci of P. herbarum produced on artificially 

inoculated lucerne leaf lets. (x ~00) • 
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The origin of' the 1aolatee util1 ed 1n this section of 
the study were ae follows & 

IagJ,a;te 
1 
2 

3 

aam<t 
IJucerne leaves 
Lucerne leaves 
Lucerne seed 
( var. Va 1ro u) 

(a) Ma,lerwio an4 Metao.41 
( 1) caumi Qlu1ems1er1st191 

LmmJ. &li 
Ka1range. 
n. s . r . R.,Palmereton North 
Christchurch 

In t he follc,.7ing inveatigntion 1 ola tes 2 a nd 3 
er gr~n on PUAt st 21 oc, 1th eaoh 1 olate replicated 

on t hre pla tea. The colony d1 ter was mea ured .on t 
:rourtht seventh and t nth day by taking the v Mg of 
two asur , nts at r1ght angl to ch oth r . The 
macroscopic f nt urea of' t ho ioola te ere al o observed 
at t h e tim • 

To obtain su:f'ficient production of con11a ten day 
old cultures 1ere placed under NUV light ~or four days . 
The production of eudotheoia wa induced by transf'err ing 
some cult ure to nn soc incuba tor. Leach (1 971) r ported 
tha t protopeeudothecia readily matur d at t his temperature . 

In the micro cop1c st udi s mall port ions of the 
colonies w :re mounted 1n Rh a • mounting fluid on gla 

lide and obsePV d und r a compound mioro cop • Using 
an ey 1eoe m1crom ter th dimeneion or conidta re 
d term1ned on the fourteenth day, a . . pa udothec1a, a 01 

and a co pol'e on th · 1xth e k follaning t nsfer to 
tn aoo 1neu tor. 

(11) 
The ction of th 

di Ya or4.1ng 1t 
ratur and 

h after 
:tour, N'en 1 cubatlon an4 it ro eolorw 
cha ot rl tic • 

•• 
on th gro 

colon,' chf.lractet- tice and th on P L Of o 1 olnt ·• 
( 1 olat 1 an 2) a m1.n 4. oh 1 olote· •a rep11• 
eated on f()ui- plate · t oh of t - foll 1ng nin t · • 

t . •• 
, e, 12, , 6, 20, 24, 2a, ,a a.na 36 .t 1 oe. 



h.7 

The effect of me 1a on the gro ~ colony 
charsc:rtcr1 tios arr.· l'hd1al growth at 21.,oc of two i olute ­

( iaolstee 1 and 2) was examir.ed. Each isolate was repli­
cated on three plat n t'or each of the t'oll ow1nc media: 
Laboratoey potato- dextrose agar (PDArJ, Maknur notato­
dextrose agar (PD.t'\'\i! ), oatmeal agar (OMA), cornmeal agar 
( CMA), mnlt agar (HA), p:z•un e agar (PrA), v- 8 juice agar 

t -1- 8) • wat r ugar ( ':J\), anc1 1 cerne deeoetion aga r ( !.DA). 

'I'he e \Vere nrepur d no deocri bed 1n Appendix I . The pH 

of a molten a-npl o:r enah medium ( at ' 5oC) wae also 

ueto:rmined .. 
(b) 

a. 
The essent1nl macro cop1c features or the 

~un on DAt ai'ter four, eeven anc ten dayn incubation 
at 2 oC are eurmiar1ee in Table 17, anc: its gross co lony 
eharaeter1st1c1:1 on Y juice agar after t n days incuba tion 
at 2 1oC i n illustra t ed in Pi :re 8. The average gro,th 
rate of each 1Golr4 te 1 illu..~trated -graph1oal l y 1n Fi gure 9. 

After ten days incubat i on at 2' oc on D. , oolonie 
were 50 rrm 1n di meter, and were c1r ula.r, :rlat, devoid of 

aerial myo l urn and ha c.1 a n entire tmr in. View d f'rom 

above t h oolon1ee.w re olive-sreen st t e centre an 
surrounded y a 3-1 , wide white margin. In the old r 
c ntr 1 rea of' colonies abundant eon1dia and a few bl ck 

p?'otop eudotheoia vt l'e in evidence. 
The ON> oopic fe tur on cul t\1%' di of • .-....;ww~~ 

flaom luoe ne hav not be n pr ~iou ly record d, but thy 
ntially e With de eri tiona giv n :ror the 1 

htom other ho ts ( etz r, 1958 a ot Ooh and Wahl• 1966) • 

• 

oon1di•, p eudoth o1a, a ci 
in Tabl 18 an 1ll~tMt 

of oon1d1o-phor , 
nd aaoo POl' are 

in i ur 1 0 • 1 2 .. 



TABLE 17. Th 
te 

croaoopic colOl\f chnreotor1at1es of' s .., boteyosum on PDA1, after fou.r, seven nnd 

Colol\Y colour 
Aerial taveel1 

Ge. 

• upO roduction 

8 

1 • Ot,lon.v eb 
2. Colon.v colov 

J. Ae71al 
• S~ore body production 

coloux-
• Aerial rvcelium 

-Pe body pr-odtlctlon 

Clrcul.or. flat wit h ent itte margin. 
Cent re ana middl e olive-green, margin white, some eli~ht sectoring.; 
l>sent. 

From oentre/m1ddle moderate conidia production. no pt'Oto-peeudotheoia. 

Circular, fiat •1th entire margin 
Centre and middle olive-green. small margin (,-Lt nm) White, sector1ng 

l'lre prominent. 
Aboent. 

om centre/middle greater con1d1a production than at fourth day. 
Protopeeudothee1a beinp- formed. few in number, bla c k, enrbonaeeouv• 
oattered a round colony centre. 

Circular. f'lot With entir e margin. 
on nth day. 

As on seventh day. 
Abundant c oni din production f'rom oentre/r.t1d<ll e, g1v1 n;g bleek tinge to 
eolon,-. A few protopsoudotheoia scattered randomly over centre/ml ddl 
colonv. 

Ofl 
Q) 



FIGURE 8. 

Colony of~. botryosurn (isolate 3) after ten days growth 
on V-8 juice agar at 240c in the dark. 

Note the intensity of protopseudothecia production. 
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• • Isolate 2 

60 0---0 Isolate 3 

50 

E 
E 

40 ... 
(I) .., 
(I) 

E 
~ 

=i5 
> 30 C: 
0 
0 
(.) 

20 

10 

0 2 4 6 8 10 

Time (days) 

FIGURE 9. Growth rate of .§.:__ botryosum (isolates 2 and 3) on PDAL at 24 C. 



2. 

.. Q. ·r 

u_,,,_,..~ lo 

(b') Colour 
(o} 

(b) 

(e) 

(4) 

(e) 
(~) 

'010 

ttftTn:;nt1 on 

1on 0£ th 

leal cell 

ulptur, 

roscop1c otructurcs produced b • NWlH:XWUH!l on culture media. 

neacr1nt 10n 

nch1,ng. erect, 0-5 septate. with swollen ar,icnl cell which S.s 
ligbt]Jr roughened toward the apex; nom..,----times nodulose due to apical 
roliforat1on. 

n, darker tO\Yo rde apex. 

2. 6 - ~ .2u 
5.9 - 7.6u Av. G. 6u 

,orne on apex of mvollon apical cell; production stimulat 
lif!!ht 

tonally at other transverse • , 

to dork oli ve- bl'fflVn; when 1mrmture tmnslucent yell0\7• brown to 
·brown. 
transverse anc1 1-3 complete or 1noompleto series of long1tud­
e-ota. 

Diet1ncllJ roughened or inul.at...,. 

.s - h.1 . 7u 
1 8.3 - 35. 311 
1.bO 

Av. 33. 72 .:t o. 52u 
Av. 2lt . 05 + o. ti.1 u -

Continued over •••• 

';f 



Am .. E 1 8. ( contd) 

13· 

• 

• 

{b) 
{c} 

{d) 

(a) 

(b) 

-
(a) 

(b) 
(c) 

(4) 

Di 

Di .eter: 

Colour 
sentatton 

nooc r1n1i20 

Variable; induced by e,cpoaure to 
incubation at soc :for ,, -6 weeks . 

11Pl'lt for 7 days followed by 

Inmn'ftA d, becoming erumpent a turo. 
Globose, block, oet1olate<1 \Vith a 
mature. 

.ort apical beak being -produced a 

2't6. 0 - 389. 0u 
-.18 .! 5. 56u 

rrowly cylindrical to clo.vate, b1tlm1cate9 with obtuee anioal end 
nd tapering to a evrollcn or claw-like baae. Contain 8 a~cospore: 

arranged randomly in one oblique series. 

11io.o - 2,a. 0u 
21 . 2 - 35. 2u 

Av . 1 88 . 2', + 2. 96u 
Av. 28 . 08 + O. h.1 u -

,111pso1d to clavote with ends obtusely rounded; alight con,;tr1ct1on 
t all transvcJ'fle septa, cub-apical quorter tmua lly more swollen. 

tnit tally pale yellow, deepening to tmnolucont yellow- brown. 

7 transverse septa,1 comolete longitudinal septu:n an,1 incomolete eeri 
cross 1 -'t or the transverse septa. 

28. 2 - 38. 9u 
12.7 - 17.6u 
2. 29 

v . ,,-, .1 ,, + 0. 38u 
v. 11t. 90 I o.1 5u 

\Jl 
I\) 



FIGURE 1 O. 

Conidia produced bys. botryosum (isolate 2) arter ten 

days incubation on PDAL at 24°c in the dark. (x400) 
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FIGURE 11. 

Ascus containing eight ascospores from a f• herbarum colony 

on V-S juice agar after six weeks incubation at soc in the 

dark. (x500) 

FIGURE 12. 

54 

Mature ascospores from a P. herbarum colony on V-8 juice agar 

after six weeks incubation at soc in the dark. (x900) 



These observatio are e . ntially the same as those 
described overseas for the fungus on lueerne ( Smitht 1 S,tOJ 
Graham and Zeiders, 1960), and on other host n eeie 
( Groves and Skolko, 1 J Padh1 and ~nyder, 1 95b. J Graham 
and Zeiders, 19601 Rotem .d. Al, 1966). That is , the 
oonidtophor s were ereot , 0-S septate, brown, each with a 
swollen apical sporogenous cell bearing a single conidium 
which wa subephericsl to oblong, olive to br n, eohin­
ulate, murtform anc1 eonstr1cted at the med ian transv ree 
sept Th . black, globcse p eudothec1a contain d 
bitunloate asei which were nar-ro 11' cylindric 1 to clavate. 

aoh ,1th eight aaooepoi-es awanged in on oblique eer1 - • 
n mature t ho aecospor er ll1peo1d to clavnte, 

yellow-brown. muriform, 1th even tran verse ept • 
It ahould be noted ths t 4 pending on th isolates 

Ul'lder study o morphological feature of fungi, in part-
1cula r spore dimensions, may vary under the one e . t or 
environm r tal contl itione. Ful"th r. nore dimensions of 

I -

any one isolate may vnry ,11th change in environmental 
conditions (Willia , 1959; Leach an Ara k1, 1970}. 
Thun it must be recognised that the morphological :features 
a d cribed above relate to isolates 2 nd 3, and under 
th eult\ll'el con 1tion a define in the xp r1ment. 

(11) 

55 

ot i• 
s ra hle 

The 

is 111 
tempe · tur on radial gro.1th 
in F is,ae 13 and shown 

in Ft 
The 06 tnal tnrmilArlfl for V g t1V' gro 1th 011 

PI>At t ten aay e .3600, th e c lo ely 
reeing 1th the temnt,m r i-ted by oth _r inv tt-
tor · orking t th • .....,AIA-..r .. •"'.,.:r..1,11~ffl. (P ah:t nd 1',Vder, 19 J 

Gmha · 1957J ot iJ,, 1966), - fcux- day · 

ineu'batlon t t SN)\7-th had oocu d at 28oCti but 'b.v the 
tenth 48iY th t'lial growth at both 20 and oO bad XC · tied 
t t , 2aoo. It _ ultl be noted that the e r ultti only 
r f r to th . v r ge l'l'N'\ttt\h of wo 1 olnt , and that 
!.nd!vlclual 1 · elate dltteraed. l1Shtl.F tHm th. • 
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0 0 
\ 

... , D m m 

c .. )( ) 
,_ m fii] m ---.::.. ' 

-

1; 0 ..... 

fI:] m ,' m ... _ 
FIGURE 13. 

Effect of temperature on the growth of E..• botryosum (isolate 2) 
on PDAL after ten days incubation in the dark. 

FIGURE 14. 
Effect of media type on the growth and gross colony character­

istics of~- botryosum (isolate 2) after ten days at 240c 
in the dark. 
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FIGURE 15. Effect of temperature on radial growth of ~ botryosum on PDAL after 
four, seven and ten days incubation. 
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Gro colony cha aot ri t ice changed with temperature, 
1th colon! e beine generally dark r b lo 200c, and 

complet ly hit ot h and 36oC. Aerial rl\YC 11um t1a spn e 

between 28 and 36°c, and nb ent at all 0th rt mperntur • 
er pre ent 1 t was white and fluffy anc conf'in d to the 

colony centre. ?:rot0"0Seudothee1a i ro produced in the 
culture only betv, .on 16 an ° , wh r a~ conid ial prod-

uction occurrc between 8 ann 32oc, wtth the rmx i pro-
duct ion at 211 oc. 

Ther re alno chang e in the mo-rpholory of' co i dia 
at t he d11'fe ent temper a ture • In general, t ere as 
greater 1 ntution and chin lation with an increa 1n 
tompc tur, but opore 1~e r , ined oor tant. 1m1lar 

ro chan s 1n t e morpholotw of eon1d1a a ocint c1 W1 th 
di!"fe:rent t mpc tures ti.av beon r r.>ort d by I.each and 
A gaki ( 1970) !"or !l• , Hannon a ··: b r . 

The ct of me 1a type on t he >ror,s 
colony charaoter1et1c-o 1o 11lu . trated 1n T' i gur 1 '' ond 
eumna.riaee in Table 1 9. 

ro th wa , de on all med. in except t> A,t a 1?A, . 
h re 1t ,as veey e • ~urf'ace topog phy onu colour 

of colon1e wcr e~ ent1 lly t h me or all nine mcd i • 
In gener l the cultur w re circular, f lat a nd w 

:from above light ol1v to d r br{')Yln in colour. On 'P rA 

an<l PDA eultur ere light ol1ve to hit , h1l - on A 
they w re comp hit . Aerial rrwc lium wa lac 1ng 
on 11 m di t , h re it nrod c d a~ 

th 

oor or 
to V '1'/ 

ontd1a re ob 
urf o t With 

uctton of roto 
LD , in 

• 
contd l roduct ton o 1th r 
on all th oth r df.a mod t 

On tho med h I' 

over th tot 1 colon, 
th nt · ., Th ro -

ocoUl"red only on D , 
o"t int n • 

'A Md 
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TABLE 19. Effect of mGd.1a type on th~ gross colony c}i..arncteristics of Jl• bQin®vm incubated at 
oC for ten days . 

l 
O'.AA LDA v-a CMA PrA MA PDAr,f PDAx, I ?In 

. . 

6. 30 5 .. Mt 6. 22 5. 50 5.75 5 .. 70 6. ,,1 5.so 6 . 90 

C C C C C C C C Ir 
Ft Ft Ft Ft Ft Ft Ft 
z z NZ z NZ z I-

L 01 w L 13r w fl w w 
'1 On D 'Ar nr VI D Br w D Gn 

01 Gn D Pr Br L 01 D nr L 01 D Gn 

0 0 0 0 0 1 0 0 0 - - - - - C-M - - -- - - - - Ct - - -- - - - - r; - - -
2 2-3 4 2 1 2 1 .3 

I 
0 

Oen Gen Gen Gen 0- M Gen C- M -l Bl Bl Rl Dl Dl Bl Bl -
0 1-2 0 0 2 0 2 0 0 - C-f.f/I - - C/I - C/I - -- Bl - - Bl - Bl - -

~uantit v O - absent Cglgm;:: ! , - 1 1[Jlt I,;2Siili t &2'1: 
1 - sparse D - dark 
2 - moderate 01 - olive Oen - gen, 

NZ .. no ZOt.laMon 3 - dense C',n - green I- immere ed z • zonott,on li. - veey dense 'Br - bro,,vn \.n 

1 -: W!A6° Mornholo,:rvt '°' 
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OMA LOA V-8 CMA PrA MA PDAM PD,-~,_ WA 

FIGURE 16. Effect of media type on radial growth of ~ botryosum after four, 
seven and ten days incubation at 24 C. 
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3 . ~ D 1 

Evidence to coru:lm that the isolates causing 
stemphylium leaf' spot 111 the Manawatu 1ore in fact Pleo RPZ!I 
.,,..,..:i.a,,;:;::.i.v requir•ed thu t the pe~ect otar:e be produced on 
culture media . In preliminary cultural tudiea protopseud.o­
theeia were sparingly produced by isolates incubated 1n the 

dark at 2l~oc, but in no instance did they rmture. The follow­
ing 0Jtpe1•1ments were conducted to determine mean of inducing 
firstly, abun:lant production of protopseudothecia• and 
secondly, their mo.tu ation. 

( a ) Prgf&usrtJ2n Qf. nis~gpaeustatllcAim 2n o.sai: 
Tho method found by L a.oh ( 1 971 ) to af:f ect i vel3t 

stimulate production o pN>top eudotheoia was investigated. 

Forty-eight PDAL plates were 1noculat d , hal:f with 

isolate 2 and half with 1 elate 3• They w re incubated 
initially in "'he rlark at 22- 2hoc for five days and then 

expoeed to a continuous ?TUV l ight source at 22- 21,oc for 
the ~ollowing durations• 
o, 1, 6, 12, 21..t. 11 72, 1 20 anc 166 hour • 

After each exposut•e duration ir-1x plnt wei-e 1•eturned to 
the dark incubator ( 22- 21,oc) . The number af' protopaeudo­

the.cia produoedt expressed as nn intensity roting• was 
determ.ined at the completion of the la t treatment 
(1 68 hours · 7 aye) . 

Tho re ults (Table 20) show that for both 1solat eat 
leaet 12 hour expo ure to NOV lignt wae required to induce 
production of t,od ate number of protopseudothecia, nd 

tr.at production wao mor.e intense as the duration of tr t • 
ment increa ca. noweve1"', there a diff rence in th c1 ·sre 
of re onae by the t o 1 olates to the NUV t atment . \!'/1th 
1 olat 2 1: prot 1Jdoth~c1a P produe · d in th 
absence of ff.JV ra4tat1on, her t 3 r uired t 
least n hour of' tr tment tor · 1 · r numb&.. to 'b 

produc a. Furth r , c l'ed 1th 1 olate 2, p. duct ion 
of pN>t op euc:loth • 1 t•olat 3 w • 1Y i-

1nt ns af-t er 1: Ga hour8 t t ment • 



TAm.E 20. F!N'eot of e . o ure duration to NUV light on the 

intensity of :p:roto eeudothec1a developnient . 

Isolate 

2 

.3 

Expooure duration to 

0 1 6 12 
~ 

1'-' 1 1 2 
0 1 1 2 

o = no p:rotopoeudotheo1a 
1 fefl protopeeudothecia 

~iUV light (houro) 

72 120 

2 3 J 
2 3 

2 = rood.crate number of protop eudoth cl 
3 c largo number of protop udothecia 

= very large number of rotop oudotheoia , 

(Average of three r plteatee) 

(b) M&tw:Q~1QD Qt n1:otgpsW4gth1SU,11 9D li2'&r 

168 

J , ... 

Two r-:?ethods have been reported. that lnduoe the 
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maturation of protor,aeudothecia or ?lggsnom ~ ..... Wil,,,1'1. on 
culture media . l'eing an isolate frorn tomntoes Pot . Cohen 
and Wahl (1966) found that oultures containing protopseudo­
thecia maintained f'or two weeks at 1 o, 1 5 or 2000 produced. 
aeooeporee vlhen expoo ed for an addit:J.onal tivo weoka to 
25, 20 and 25oC, respectively. Simmons (1969) also round 
that maturation or • Jli..'".J:ii'Wo.'11ut 1. olat e occurr d at 50c 
\71th1n pexa1ode o:r tinl3 ranging f'rom 2-12 montha. Thie 

wozsk wa . in off ot oonfinned by Leaeh (1 971 } Who found 
that protopseudotl'leeia matur d h n ubjeoted to long 

unint rrupt d periode at low temp · tures ( e. S• 21 day 
at 5-1000). 

The rela.t1v e'f"t . tlveb 
a investigated. 

(1) 

of the bove two thod 

o Pl>Ax, juic 
w tnooulat , li' Wl th 1 ol t 1 and the tt in r Wl th 

1 olat · 2 o 4 for ix to cont1nuo rov lS.Sht 
(1 x OW 'Phillip ~ml · held O cm sbov th . plate ) 
t 22•2 oe. 



They- w r th.en ubjoot to t he foll~ing tomperot re 
treat ntss 

Half t he pl at s (16 plat ) were given 
a tempernture mo 1f1cation ( t o eek 
at 2000 follo.~ed. by t"o w ekA at 250c) 
a nd t o otho1~ half no tempei ture 
modif1ontion (f our woe eat 200c). 

The e:ff ct of bi""\"1eelcl.y t mpe ture alterot1ooo on 
protopeeudot cia mntU1'at1on wa asses ed 30 day 

after th nlat s ere ubjected to th 1r r peetive temp­
erature regimeta. 

t t h t of a oe , nt all trent nt hD.d fa iled 
to 1nduc t ~ production of eudoth 1 . A eharacter1otic 
in of rotop eudoth c1a maturation 1n culture i n t at 

they become erurm,ent and ~orm n hort a ical bea ; neither 
o~ these two feature w r e ob orved. Te rotop ou othecia 
remained i mneraed anc only contain ~ a muaoue- g:ranulnr 
material . No sir:n of different iation of th protop eudo­
t hec 1 1 cont nts into u c i or nra9hy e rimordia wan 
ob l'V • 

Eence t he re ult how that bi e l!.ly t r:ip rature 
alt rations r totally in ff ct1ve in induo 1 

rotop udoth cia maturation. Th e r ult ar in 
a ment i th t Los or Go le,- ( 1 971 ) 1ho f'ound that 

1m1lal' b eekly t emp raturo alt ration , either u ard 
or d a , f' ilod to induo proto tu tion 
of on iaol t of - • 

( U.) 

lf 
inocul tedt 

1th 1 o t 3. nd 
o 2- 21 oc to induc 

thecia f'o t1on. r :rs.v days thi t 
lat ch of 1 ol t 2 n 3 w r t 

ato ld t 8, 12, 16 d ooo, re pect1v 
l tr all ltv r a tn d f'or t . p 

udothec • 
The l' ult {Ta'bl 21) h that t 

udoth 1 onq occur.r d in 1 ol te 3. 
t '£ vour turotion of roto eudothec II re 
P b 1 prod d t 8 nd 1200 t n t 16°0. 



?seudotheeia ere not produced in t he 2000 er! s . 

TA LE 21 • Effect of' constant t perature on maturation 
of rotopseudothecia. 

Presence of pseudothecia in 
Ternyera t. ure 
( oc 

b8 day old eolonien 

8 
1 2 
16 
20 

Isolate 2 Isolate .3 
O ts 2 

0 3 
0 1 

0 0 

~ O - no ps eudot hee 1 
1 a v ry f - paeudothecia with asc1 
2 mod rate number p eudotheo1a 1th aaoi 
3 c moot pseudothecia with a 01 

(Averag or 3 replia tea) 

on t he bae1e of the abov~ oxperiments t he f o llowing 
proCadure wn adopted to 1n<luc the development and 

Act.iv ly :rowing colon1 s ere initially ex o 4 to 
NOV mdiation f or a minimum of r 1ve day at 23-2700 
to timulate th f ornntion of protopeeudothecia. 
The colonies e:r then eubjeoted to long uninterl'\lpt d 
p rio t lo t . i-at.ur s (8-1 200 for- ix wee ) 
to l uc t hetx- matumtton. I t be note · that 
not all 1 · olat ot • .,.....,.___.ii,¥ from luc me will 

0 eUdoth o osur to tho abov 
t t .t_. 

pet'!. b tw l'l po a.1 e:r a1 and t · 
tt para ittc ~ · tton hip t. a mo t wlnel'able p s 
1n th lit oyol.e ot a f' 1 thogen, 1th tl on 
being on of t he mo t 1"1 ioal · t -ge ov ~ thl :rtod. 
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In the pre ent stud.y the rapidity and pattern of germ­
ination of conidia was examined on agar at 2l oc,ana photo­
graphically recorded using a growth chamber 1milar to that 
deseri bed by Harvey and I":enham ( 1 971 ) • A sterilised ooveral1p 
ooated with a thin layer of PDAt was inoculated by streaking 

with a contdial suspension. Th inoculated ooverslip wa 
then inverted over the plastic growth chamber anu the edges 
sealed with paraffin wax. Moist air wan pumped through th 
chamber to ra.a1litate spore sorminat1 on and prevent d.ahydratio.n 
o:r the thin layer of -PDA. Germ1nat ion patt rns of' one er mor 
conidia were periodically ob rvea and phot 1crograph1cally 

r corded under the high power (x h.00) of' a compound micro­
scope. con1d1a were considered to have germinated !Then the 
1 ngth of a ge tube as eq 1 to the bt'eadth of the ooni-
di 

Genenlly 5-1 ~ of the con1d1a had ge:rm1nat after 
two hours, and by the f'OUJ'th hour over 90J' of' the a ores had 

well developed ger~-tubee . 
Th pattern of germination ia ho n in Pigure 17. In 

all cases there was an initial alight expan ion of' th 
cont tum, p:resumably due to ab orption Of wet r f rom the 
eubstrst • Germ-tubes were 1n evidence within t o hour , 
u ually origin.at ing initially f'rom the lat · ·l cell of' 

the muriform eonidium, and followed oon after by em rgence 
from tho t i-minal cells. Within four hour,c; of ti.Pt 

evideno of germination 1n41v1duol oon1dia ha prodoo d 
botw n h. nd iO serm-tub a. once .rge4 r tub 
elon t d rapidly, beco tng ~ptnte 1 thin 1 2-1 houra 
and bran.oh d tth:ln 13-18 ho • 

• 

Du.1-tn cult~ et lo of t. olat fl'Om t1 la ell a ed 
pl nt ono 1 olste ( 1 olat 3) e ob ned tc pl'Odw 
eonltl tch 1n e,t tion and l - h/br · 4th Ntt.o (~ tio) 
• OMldeJII not to 
w • :to· to ~ o,.F, undon, 

t tion, Levin, ho co ide the 1 ol te to mo 
ot J1 ~~...,~ (Wallr.) Slrnrncma (La'Utl(lon, JH!JN• 00 

fl,RJt'IOGl'tl10 

typl 1 
·. ). 



• 

FIGURE 17. 

Pattern of ~onidi 

at 2400 (x400). 

0 

3.!. 
2 

ermination of.§.. botr;lodwn on PDAL 

(Left to right, top to bottom; 
o, 2, 2½, 3, 3½, 4 hours). 
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A further culture ra for-warcted to Dr E. G. immonn, Nat iclt, 
Ma. •• u.s. A., who in reply cormnented thst it m.1.gnt be 
li• vmd,£U1thJm and intimated that he would later adviae m 
of his conclusion.¢, Thus there was the eur·geetion that 
li• yaa\c@t.1WD may be eoexi tent with Ii• 12~=:oe,um as a 
pathogen of lucerne in the Manawatu. However, con1d1a 
produced on i.nf'eeted lea~lets subsequently collected from 
several local crops wer in all ineto.noe . typical of 

§.• bot Cf s>Jiumt 
§S Ml"Qh.VJ,iym Xi@ isAX:lPW wa reot ed by s inrnons ( 1 969) 

and differs :from ,a. ~~WQlw.ov 1n the shape of juvenile 
con1dia,and in the morphology ot' both mntUl'e conidi.a and 
1rmnature and mature aeeospore- ( ?able 22) • To determine 
wh~ther isolate 3 was 1n fact 0

• veq2,eariwn th w..orpholos:, 
of' juvenile and mature oonidia were comp ed w1 th thoae 
of' 1 olate 2. the latter belng considered t;v-oieal of 

!l• l29tt.Y2Pwn- Comparisons of the morphology o:f' asoospores 
were not oneiblc because 1aolate 3 only produced p eudo­
theoia. 

1 • CO? G1" 

According to Simnons ( 1969) , juvenile conidia of 
of 1n1t1nt1on, 

her a tho e 0 1" ll• b98i:z;qsym are usually ph :r1cal 
( Figure 18) • Compari on of the t o i ola te in thi r gard 

was J!Qd bJ following eon1d1 ontogell7 on a r using an 
appa tue d scribed by Harvey nd w nham (1 971) . 

An a r block from PDAt lnte s t n te:rred to a 
tertl eov•P lip and lnoculat 1th oontdla and muoelial 

f r nd cove 11p met . Th 
cove llp a invert d ov r th p . tUPe of the growth 
oh mb r 114 s 1 - in lao lth i- fttn wax. 

To date ( ept r 1973) a f\tl'th r oonmunie ti.on from 
D:P 1mmO on tbts t l' h s m,t be NJO· 1 v c1. 



• compor-1son of juvenile eontd1urn cha?e, mature eon1d1uin. and 1f1'111:l ture and mntur 
om,oro morphology of a. boti,:g§lmJ and .e_. vesiev1um ( r.1mmons , 1 969). 

~- ..,• X YSl¼lt6.t • -• W;t 

1le conillium o 11her1cal almost from t 1me o:r 
1n1t1at1on. 

Oblo~M• 

O~e-constrleted at median 
transverse septum; 23 x 33u; 

tio 1.0 - 1.5 

oblong, obtusely 
nde, constricted 

re of 1n1t ial 
ipta by t 

l nepta 

broadly rounded 
base, 1 complet 
ltudinal aep 
lete serieo. 

Constricted at 3 tn'.ij or trane­
verse septa; 18 x 'l5u; L/ 

t1o 2.5 - 3.0 

Imnatur-e ell1pao1dal, upper 
halt' narrowly tapered, const­
rictod at 1n1t1al 3 transv 
epto by time longitudinal 
opt.a produced. 

·~aturo hnve obtusely oointed 
apex., broadly rounded base. 
1nc,omplcte series longitud­
innl aepta o!' di:ffel'ent 
lerurths. 

m 
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FIGURE 18. 

Comparison of juvenile conidia from a culture of§. botryosurn 

(upper) and .§. ves ica ri urn ( low er) , aft er Simmons (1 96 9) • 



i en eporul t ion a 
slip (after 2-3 day 

ob e:rved to occur clo to the cover­
at 21 oc), a hotographio sequ noe of 

a uitable con1d1ophore and conidium ~a b gun. }:0\7ever, 
diN'iculty- wa oxp r1 need in obtaining a complete 
se<auenc due to a oombinat1on of factors a oh ao look of 

porulation, water oonden at1on on the covers11p, ana dense 
v g tative gro~th obscuring con1 1 1 velonroont . 
Acco dingl~ a ori ~ of photomiarocra . h r taken of 

everal dev loping con! 1a elected to depict stagea in 
conid1um d v lonment . As the nnturnt1on procea war, 
:rollow d v :ral tim for both i olate the photo ra e 
repre ent a typical onto netie equenoe. 

The r ult ( i::-1 r 19 and 20) sh that con1c11um 
ontogeny in the t ·o 1 olat e · r o entially imilnr, 
and th ref'ore 1'a11 d to rovtd upport f'or the oont nt1 on 
that 1 olate 3 wa !l• - 1 In both r1 juvenil 
con1d1a ere erical almoRt from th time of initiation 
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(~1 rs 19b anc 20b), and henc ~ero typical oft• .b.-r.-..iw,wa--­
•-;ith time several tran v r e s pta \7ere produc d by both 

isolateo , 1th only the~ dian ept um con t r 1cted, a 
:f'urther feature conn i dered to bo c:ha oter t1o of' 
.B.• ~-=--~_._., 1 olate ( r11nmons , 1969). 

2 . fJ)P?H r , 
(1969) th con1d1u o:f' !1 . -According to n 1fl'l110 

from agar culture are oo tr1cted at one or re commonly 
thr of the jor t pta and hav on L/B tio 
ran ing f om 2.5 • 3. 0, hr con1d1 
are constrict t tho median t ve 
L/ t1o 1 from 1.0 - 1. 5. 

To d t mine Wh ther the bov t t d d1tt r nee in 
the of t r · ooni a p 11 d to 1 o 2 3, 

ch 8 n on V- 8 juio r t oe in th dark :tor t n 
da oh time both lid 

t l o 
Th r 

Amrmnrt d in 

typ1c l of 

r th d red. 

t t 1 o 
21 and 

3 1 
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b C 

d e 

F I GURE 19. 

Conidium ontogeny of isolate 2 on PDAL at 240c. 

a b C 

I 

d e f 

FIGURE 20. 
Conidium ontogeny o~ isolate 3 on PDAt at 24°c. 
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FIGURE 21. 

Comparison of conidia of isolate 2 (upper) and isolate 3 

(lower) after incubation on V-8 juice agar at 240c for ten 

days in the dark. (x400) 
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T nr.F: 23. r,o--n ri on of r.nture oon1d1a dim n ions and / B 
ratio of iaolates 2 and 3, n. !}ot r.i:S2flM'D und 

.2• vgo tcij,t,!i!m• 

or ,7can length ~.'ean breadth / e. ratio Autho!'ity 
(u) ( u) 

2 33 . 7 21t . 1 1 . , 0 Author 

3 25 . 9 15. 0 1.73 Author 

33 . 0 23 . 0 1 . 50 B1mmon 
( 1 969) 

.Y.fJll- 's.o 1 a. o 2. 50 Airrrnons 
a ( 1969} 

From t 1 photogranh it 1a clear that the majority o'f' 
coni dia o'f' each 1 olnte had a . 1ngl median con triction. 
AA regurd~ th I,/ B r atio tho 1 olatea w re i m1lar (1 .1io 
1 olate 2; 1. 73 , ol nt 3), am. mos t annroximo ~d t at 

recorded by n1mmono (1 969) fo r li• botrxo~wn (1.50). 
The~e :reoult , an{ th t di~R on th . ontog ny of 

coni u i a of t he two 1 olate fail to support the cont ntion 

that i Ro l a te 3 wan E• Ve, 1cgr1vm. 

3. wr-l<:CT or :r;-:•rr,:c • .yr • 01Lno1,oox 
Since t h c ltur of i olate 3 xamin d by Tnundon ad 

been 1ncub tod at a0 c f or four eeks it a no~ ibl that 

this low t , erature h.ac1 influ need th morphology of' the 

conid1a to th extent t t thy re mbl tho of 

.:..• ~~::i:.1a,,1~&:.:- That 1 , it a ostu t d t t the 

mo holo of~• 
imilarly r ort 

ineub ted y 1 lu no 
from 1 o rne in a nner 

and 
'leber by r.. 1 

inve tl t d o. 

llc t 

inooula t 1th 

lat of v-8 juic 
1th r 1 ol t 2 

agar we c ntrally 
r 3 an inoub te at th 

follo ing t mper tur * 
s, 1 2, 16, 20, 2'•, 28 and 3200. 

our w e t r lid w r i,re red fro 
nd th hology of t he con1d1 eo rd. h 

of oon1d1a er 1 ... o r corded for eaeh eri , 

exoe tion of th 12 nd 320c cultur • 

11 oolon1 
t lone 

1th the 



• Comparison of' con1d1a d imensions of' 1eolatea 2 and 3 grown on V-8 juice agar at t'1ve 

temneraturee for four weeks. 

Temper.- Isolate 2 It3olate 3 
at\Jllle 
(oe) Lensth (u) Breadth (u} I,/B Length (u) Breadth ( u) 

Range ?dean Range Mean ratio Range '~enn 'Pange ltean 

8 36.2-1.tS,. 9 110. 0 33. 3 26. 1, 1.51 28. 2-lti . 6 37. 6 19.a-30 . 6 22 . 5 

16 31.5-1t1, .• o 37. 2 21 .7-30. 0 25 .1 1.'18 30. Pt-1,o.9 35 . ,1 1 8 . 2 - 28. 1 21 . 8 

20 :,o. o-t,1i.o 39.7 21.s- 32.9 25. 6 1.55 28. 6- 39. 7 35. 8 17.a-25.9 21 . 3 

2b 25.9-'t0. 0 32.5 16.0-25.0 20.3 1.60 25 . 2- 38. 6 30. h 1 6 . 2-2'• .,, 19. 3 
-

28 23.-t-36.1 31.h 16.3-21.6 19.6 1.60 23. 9-35 . 2 28.6 1 '• . a-20 . 7 1 8.2 

L/B 
ratio 

1.67 

1 . 62 

1.68 

1 .58 

1 . 57 

....t 
Vl 



Th dimen ion of conidia are urmnr1eed in Table 2'• . 
As r ga 1 olnte 2, at lo~ temp raturee (8 ana 120c) 

con1d1a ver nore aoptate, larger, 1 pir:mented and 1 a 
echinulat • As inou tion temneraturee tncrea ed con1d1a 
1ere 1ncr aninely le s eptat , Rmaller, stronf.!lY p1;?,m nted 
and ~or echinulate. Coni uia of L olate 3 also .. owed a 
A1:'1ilar tr nd 1n morphology ~1th increa inn t r, eratur , 

but w.re muller at all tempo 1tures than oonid ia of 
isolate 2 . 

Hence at soc the con1d1a of 1 olat 3 were longer and 
mores tat tan t ~,oc, and imilar in many r n cts to 

eonidia oft• ~v•·.:....:.wi..,,,~·• That 1, con1d1a at 
8°c cold ea 1ly be mi identified a li• v , wh rea 
at a h1 . er temp ratur (2', or 280C) thy typical 

or E • .:a.a:_.."",.."' •"';.:.;"',lill"L.,m• 

r e ult~ of the nbove experiment erv to hasiz th 
danger a Poeiatea 1th identifyin - ap oi Ron t he ba 1a of 
tudy or one 1Rolate. ~inoe environmental factors can 

significantly inf'luonce uch morphological faotQ ae pore 
dimensiona, colo ·r nnd tntion ( rgaard, 1 ° ,5; ,:·1111ame, 

1959 ; Lach and ~ragaki, 1970) it follow that any account 
of the morphology of a fun must be acoompaniod by a 
preci tat t of the nvtronmental condition und r 

h1ch the organism a grcmn. Further, in any taxonomic 
st dy 1t 1 1mperat1v that th variability or opecifio 
mornhological charact rs bet t d by gro th in controlled 
nviro ents or by xten tv am ling of field coll ct1on . 



STUDIES ON r,EPTOSPHAE tJI.INA 

PEPPER SPOT OF LUCERNE 



The genus r .t.a~~~a) inoludee 
everal speei a associated with leaf diseases Of fora 

plants, the most conm.o-n of which ar pepper pot of 

lucerne caused ey .L• Rrt.;at&\Wa~ and pepper spot of cloveNJ 
cau.eed by .It.• lr\to,1ai. The two di sea ar so called 
on ceount oi' the numerous, mall brot n to black ·unken 

leaions ob erv-ed on leave and , tiole of host plants. 
The di.e es are 1dely d1atl'ibute4 t hi-ouahout th orld 
( Rurope, orth Ar.Erica, Au ts-al.1 , n T :I. an), 

i, 1al ly in humid, tenperat ar d Luttr>ell , 
1 961 ; ooth and P lroeyn kia 1967 ) • 

In N z land p ppe r poi of loo rne a f'htst 

roeorded from 'Put r-uru in 1969, and ubs u ntly 
f'ound at Muruparo, Hastin and in r, i d t rbury 
{Close, 1972). eeording to Cloe (1 972) th causal 
organism in eac.i 1 tanoe aa L• t:rltslU. • 

On clovero pepper pot was first reeoried in N 
~ land on hite cloves- (Trt.t211WD ,%~·~~~ L.) 'bJ' Brien 
and Dingle,- (1 955), and lat l" on utteo ted olov r 

11 

• .\il,,llll;'".~J'li,,lj---.~'-'L .) by D1n f (1969). The causal organism 
tn each ea e :1a oited by Dingl,ey (1969) 

1rU:2+ii ( ll• JcU,g;l,1J.) • During t he pr ent t~ the 
o l or ni m l o 1 o t from r 
<l• .,....,..._.._ L.)., thlo 1 n ho t ~ o · OJI the 

t 

• 

to 
Q 



They ee ttat d the two patho n on the bas1 of 
pathogen1o1ty, cultural ehnracterietic , n ooepc- e 

eptat1on, ana (imensions o~ p eudotheoia, a c1 nd 
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a cospore • However, ooth o.nd ? irozyn ki (1967a) oonei er 
that only one a oies is th oaueal agent of pepper po t 
on lucerne an0 clove , namely, 1• !rtfo111. 
tha t al thou~ on hort material L• tr1fglU1 e 

They comment d 

1b1 t wide 

vo.rint ion in pore size, isolate :from the !,e noeae 
grown on standardised potato-dext ro e agar under oontroll d 
condition produce asooepor e which are uni~orm in both 

1ze a septation. Thus currently th re exits two opposing 
choole of thought a to whet her pepper epot of lucern and 

clov r is caused by th one morpholo ioal s _cc1 e. 
To clarify the situation th pathogenicity, culturol 

cha acteri tic, a co pore septation, and dimensions of 
p eudothec1a, asci an aeoo pore of 1 olate fro loo rne 
ana red olover crops in the Manawatu were compared. 
~relimina:ry re~ lt indicat that the two aerie of 
ioolate rr re morphologically very irnilar. Accordingly. 

f'or reanon of convcnicnc , the tentative conclunion was 
drawn that only one species of' Leptoephaerulina wan involved, 
viz. 1• tr1fol11. Throughout the re ent ~tudy t 1r- binomial 
has been applied to all 1aolatee, irre ective or t he host 
souroe. 

In th coure of er ening N 7. land produced lmerne 
seed-line, Percival (per. oonm.) noted t h d v lopment or 

from plated on agar. lthou 

~::a.-lllM~ ep • and .#.aAli~_...~ •~~ L. 
(var. by • tr&fol11 1 11 ted a eed• born 
d1oea nd ichard on, 1968), evideno not b en 
provid d hich d o trate unequ1voc bly that eedling 
inf ct ion art e from of e d. carrying viable 
inocul H no, b id tated t zonomic co id• 
ratio , t he qu tion of d- bom 

dieea of luc rne wa lo tnv t d. 
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As with !l• ,::i;.111.~w,,,:-~•-~~•~m~ the Rul s of tho enicity ere 
oomplet by fi isolating t c organ! m to p re oultUl'e, 
then art1f1o ally inoculating h althy hoet plants to produce 

yr:roto t ypical oi' t he is a e, and finally r isolatin the 

or n1 m f'rom the inoculated plant and co·11)Qr1ng it '71th 
the original cult ur • 

A. 
eter1 d only by n a 01 rou 

tat and f'a1 prod eudotheo1a on inf eted 
1 flet • the only ctical t hod of ieolatin the thog 
to agar ae by t tt sue pl ttng thod.. Initial 1 olatio 

r d by urf'ac - t 111 ing infected t 1 ue n1ec 
contained in e muslin ba by immer ton in 1: 7 dilution of 

oornrne 1al Janola f'o:r three minut ,and t en a ept1oally 
transf'errin t he t1o ue pleo to DAL or V-8 j 1ce agar 
plates. How v r, 1n t e 1 ola ion oont 1nnnt wer oft 
p ent and t e r ult obta1 d were 1 1 t nt. Th1 

as oo ide 4 to tn pnrt co ent on t h thod of 

t r111 1.ng t h- t1 u pi • 
OrKE!?'e Oe 1 

olut1on to urtao 

if't t 
oth 0. 1~ --•-,·­

wt r tor 
In h 

artin 

I' 

t time. Th 

lor14 
tt 
1 

ither G ham 

(1967) 
l o 

in ta 

u 
pieo 0~ t by 

h P d., With tr t t 
00 t t t 1e 

ti 1ot1c o th p t 



Infected t 1 aue piece • w re loo ely · rap ed 1n mual 1n 

bag and aubjeot to the ~ollow1ng tr atment; 
1. Inrnereion in a 1 t7 dilution of commercial Janela 

(approximately 1.:5% avail ble ohlor1no) for 0.5, 1. 0, 1. 5 , 
2, 3 and i minute , The bag were oonatantly agitat d to 
remove trapped o.1r bubbles and ensure separation of all 
tlonue p1eces, and on removal \'1er rinsed in aterile 
distilled water. 
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2. ~ hing in running tap at r for 1, 2, '1 and 6 hours. 
The ater was nllowe to flow at a rate eo as to provide 

eon tant agitation of th bags. 
For each t t t t he~ - ere 60 tis u piece. 
At the compl t1on of each trea nt th tissue piece 

were a opt1ca ly tran f rred to ix sar plates at the rate 
of ten ti u pi c per pl.ate. All plate w re o:f 'PDAt, but 
to t hre of t h the antibiotics pen1c1111n and strept0ll\VC1n 
ulphate had been incoi-porated, eooh at a oone ntrntion of 

50 ppm, All plates were then incubated in the dark at 21100 
for six days. 

A a oontrol, 1.n:feot d tiss ue pieces w re plated directly 
to PDAL pl te , wt th and 1th out ant1biot1ce added, 

The ults are pre nted in Table 25, and disou ed a 
follow I 

1. ADt11>,~1, mg<&t»m ,xemua non•aDtU>t;s1c meA&m 
In all treatment except o (treot ts 8 and 22). 

where nt1b1ot1cs tncorpomt d into PDAt otetti l 
oontam1nat1on a non• 1 tent. The b ttts ere mo t 
apparent in th eri N tis ue piece h d b . n t I""" 

wa h d. th eontro1 · rie · h ed .1 t iv 17 ht lev l 
of bacter1 l oont inatton With oni,, 11 ht uot1on 111 
colony n\'l.mb n ia plat oonta1n.ln ntlb1otlc medt 
cont , nd · ect t Lnoo o tlon of ant1b1ot:lo in 
a~ did not prev nt th of pro hFtlc tunsi• 

a. 
u rlor to th 

J no UPfaC te~111 tlon rn thod. 



-. 'li"'M"-~ of surface-eterilieation treatment and addition of antib1ot1co to PD 
of L. trUg11i fpom infected l ucerne lcnflcts . 

Number of colonies on the 3 replicates 
Treatment Duration Ant1b1otio 

1,. ~J:11.:S2:Lii Other f~l Bacterial Total 

1 : 7 ct11ut ion 
1.ranola 0. 5 min. - 16 5 2 23 
eolution • 13 6 0 1 9 

1.0 mtn. • 8 2 2 12 
... 8 2 0 ., 0 

1.5 min. - 2 1 0 3 
.... 1 3 0 1i 

2. 0 min. - 2 1 3 6 

+ 5 3 1 9 

3. 0 mln. - 2 3 0 5 
+ 0 2 0 2 

lt . O min - 1 2 3 6 

+ 2 6 0 8 

on isolation 

Treatment 
c ode 

1 

2 

J 
l,t. 

5 
6 

7 
8 

9 
10 

11 

12 

Cont i nued over •••• 

0:, .... 



' 
T • (ccntd). 

Treatmant I Duration I Ant1btot1o I 

1ash I 1 hr I - I 
+ I 

- I 

• I 

:: •= = I 
• I 

I 
- I Control I - + I 

N'UJltber of colonies on the 3 repl1cau 

• i&:it21li Other fungal I Bacterial I Total 

20 8 I 2 I 30 
23 7 
~ 7 
23 I 7 
,~ 

I 
rr 

23 : ; 
22 
1 -3 
1 

Tt-eatment 
eode 

I 1] 

0) 
I\) 
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In th at r1es con id r ble numbe of L• ~t1fol11 
coloni d voloped,wh r a in th Janola eerie colony 
nur.ib rs were ~ atly reduced, ee oially at the long r treat­
nent time • Moot eat1at'ootoi,r re ult ero obtaino here 
ti aue pieoe wore wate ehed for 2, '• or 6 hours and 
plated to antibiotic agnr. 

3. 

In all treatment fungal oontam1nat1on re , 1n d at 
u relativ ly h1 h level,wher as bacterial contam1 t1on a 

up res d in all treatment except one ( treatment 8). 1 o 
ther as a uppr ion ln the n mb r of colonies of the 
pathos n hich develop d. a tho oakin ., dur tion 1ner a d 
b yond one minuto, h ea f ngal cont mi t numb r 
r mained tatic. Thia latt r re ult ~ould n get that the 
pathog n ~ 0 0re uperficiolly locat d than the fungal 
sup ro-phyt e • 

(b) m 

At all soaking dur·e. tioru, t ted, r,1oderate funcal 
contamination 7o eeent. Further, some bacterial 
contamination wa pre nt in all treat nt xce t two 
(treatm nt 5 and 9). hi 1nd1ca ed the 1neffect1veno a or 
the Janola oak treat nt in 11m1nati a rophytic fun 
and bnet rint and nl o e ha 1 ed th n ed for incl us 1on of 
antibiotic in th medium. 

1 • 

hin duration te t d baet ~1 l conta 
inant were tot 
pathogen colon_v 
remain d t 

lly uppre d 1thout any dver e eff ct on 

er 1 contaml nt 
v n ft r 

6 hour at•-..... 7 4'!,a 

(b) 

tho en, nd 
fungal nd bact rt ontaminant colonle to th t ju 
d ocri d bov wa cord d. Only in tr· 

( 1n•ol 1 1 hour · at•--... h) re cterl 



From th bov r ult 1t an oonclud d that urf' o 
treating 1.ni' et d ti sue piece by wa bing in ?'Uruling t p 
wat r for , -6 hours• p tin to antibiotic PDAL ,and t h 
tnoubating t 21. oc wa th mo t ati factory method :tor 
iaolatin the pathogen from in:feoted luoerne ~oliage. Thi 
method wa :f"ollc,; ed in ub eq ent 1 olation ork. 

U 1ng the abov 1 olat1on m thod ltur re obtain d 
that cro cop1call.y and microscopically '1 r typio 1 of 

~~~~llA,,ll;a,a,..,. t;cit:0411 ( OEt.) P tr. 
of the pathog n ..,..,. .. ~ al o obta ine om inf 

lucern oll i th thod of Peroi l (1 972), 1ch 
1nvo1v d th pl ting o~ ed to ant1b1ot1c lt a r • 

• 
re read1 proeluced on PD L or V- 8 

j uic agar ooloniee 1ncu t d f'or 1 o daye t 23-2700 'll.Mer 
12 hours p r day of' :fluor cent 11 t. H lthy pott d 

ted 

plant (var. Wairau) r 1noculat d by 1nv ?-ting porulating 
culture over t he plant. for 21. hour in a high hum1d1 ty 

cabinet (90-1 oo;;; . • n .) at 200c. The plant r held f'or 
her I 8 hour und r high humidity, nd t hen trans:fcr d 

to gla o ch. 
Controls ere provided by plant not inoculated but 

othe 1 1ven 1 entical tr t m t . 
y t re ti t Nmt within , 8 ho 

1 ion t 
1n th fl 1d d 
th o 

1963J Boo h 

" .. 
ohlorot 

l th 

n 

hich 
'lb y 

tt r 
ob rv d loc l 

cript1 
1th r • ...,--..i_.~ 

, 1961 I 
1, 1967 ). 



c. 

Th causal organism was readily re-1 olate to a . r 
uein t hem t hod r ,v1ou ly de cribed. Th colonie w re 
macroscopically i milar to t he original culture , and on 
m1aroscop1e examination wer r ound to be morphologically 
identical. 
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y f'ul:rillinr; th r uiremente of Koch' ryoet l a t B it 

was e ta bl1 hed t h t n r,epfcgaphaerulim sp. a the causal 
organism or a len:f spot of' luoern not previously r orte 
from the .tan.a ntu. 



A. sn,rxm,1At0MQX 

1 • rmoDUC!IQI 

QHA?IJ£B -Yll 
'£HE pISIJ&E 

Diseases rei'erred to as Leptosphaerulina l af' spot, 
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or pepper spot, have been reported on various legumes through­
out the world since t he latter part of the nineteenth 
century ( Graham and Luttrell , 1961) • From a study of the 
literature there a p ar to be fe differences in the 

ymptom...r.:; ot the die a e a d er1bed on lueerne nd clovers. 
In d1ecu 1ng clover dis aee, Dickson (1956) d scr1b d 
symptoms caused by P trifot&.i ( = • $&:itol1i) on 
lucerne and clover that differ d only 1n the f'inal colour 
and size of th le ions. ~imilarly, Graham and Luttrell 
(1961) Who eon i dered the two pathogens on lucerne and 
clover to e d1at1net, gave descriptions o~ the ymptoms 
that again only ui:N'ered in lesion colour. 

One of the criteria used by Graham and Luttrell (1961) 
to justify a paration oi' the t o pathogens was based on the 

re ults of cro s-inoculat1on t st • They found that 
~• bt,1gs1AM and la• )d.tgl&i di:ff rd in everity of 
infection and oymptoma they produced on . and 
'Xr&tglia apeo1 e, an e>n such other l sume as -i{;lJ.lotu; 
.Qla Med. and . ,w.1a1,.-..,;..-i= L. 

In th r oent study th fteld and gla -houe symptoms 
of pep 
an OM 

1 ·01.at 

r pot on lue rn nd II d clover · IP exo ned, 
-1nooulat1on t 1 of luo ·rne and r olov r 

.-.iwa,,1· -• ( luoeMt ) , • ....,.~-• ( r d olover) 

and l• ,Wl1/i,~~ 

d termtn · Wh th 

(f1 14 ) er conducted to 
thos niolty to 

upporting v1d c for 

~ cognition of the two p eie ., 

eaus 4 b7 • \J:J,1£~1• on loo m 
erope 1A th f nswattt atte co 1th thoe 
overs as ln Tabl ·· 26, 

~ clover 
repol-t, 4 



T 26. Comparison of s C ed by L• y++f4xe:t• 

and ov • 

tt>:Yee (Author) 

tucorn clover 

on lucerne and clover crops in the 'f.o.nawatu 

riv (G m ~· Luttrell, 1961 ) 

,ucerne 

pet1olet.1. 
re 

ourd 
nm d i.a.,, 

CJov 

On lenves and petioles. 
Les 1 ons numerous, 
circular,. srrnll, blac 
and sunken; under 
favourable oond1tio. 
pots develo!> U1' to 

3 rrm d1o . 

0> 

""" 



(a) 

T 1e diseane in the ,,ianav1atu still appenre to be 
re trict d 1n di trtbution. Of several crops examined only 
in one w the di enoo observed, beina present n a traoe 
1n:feet1on, It ,a mont prevalent dur1n~ early spr Il--8 , ar.ii 
to a le scr extent in the autumn. 
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Symptoms obs rv-ed on 1 aves (Fi~ re 22) were e entially 
oimilar to those re o:rted over- eae (Table 26). Lee1on \Vere 

numorous, c1rculor, blao!.• elightly eunk n, }~ mn in 
diameter• ocoonionally 11th 'brov. n centr o and dark margins , 
arxl of't n ·11th a surrounding ohlorotie ar • Th le ion 
were randomly locat d pr om1nantl.y on the u r 1 nflet 

ur:raoe . It .10.e th1 lesion tyr,e t hat wa 1ff'1c lt to 
1et1ngui h from tho e en ed by oth r f'oliage pat .o en of 

lucerne present in th Manawotu. 
L 1ono on pct ole were not found. 
Accordinr, to Clone (1972), in severe in~ect1on there is 

a y lloN1~h-brown burnt appearance of the leaf mar 1~~ with 
Aoroo lea~ ~ed~ing. 

Alt ou1'.11 t1e ryrocJuction of peeudotheciu on le oned 
tin u, ic; regarded oversea ue n common feature of' the dis a e 
(:AcDoneld, 1958 ; t.:ll!ot and r111cox on, 1 96' ) , in no 

1 tanc w re thy o ,erv d 1n local cro • Ho ev r, by 

inoculatin exo1e d leavee 1th a cosporo ln the laboratoey 
protopseudothecia ~er eadil.y produc d Which rmtur d to 
~ roduoe o1 and eo~ oree typic 1 of L• ..:...i~~• 

( Chn ter VIII A) . 
{b) 

ing r tur o:r t e disea e was th fact 
that• although pr ad nd sevo e in several r&d olov r 
p ture in th Hana\'/atu, 1t had not been r ort d on thl 

peoie in ~i rior to tho pre nt stu<l3'. 

nymptonn --·- o erv don leav (Figure 23) and 
occ ionally on petiole ~ nd re e eentially 1m1lar to 
those r port d ovore s {Table 26). On leave the f1r t 
videnc wa num r ,o , blac ., , ptn-po1nt pots, oooa tonally 

ITOunded by ohlorot 1c l' • 



( a ) _r .. ~.._ 
The disease in the . nawatu still appears to be 

restrieted 1n distribution. Of soveral cropa examined only 
in ona was the di ease observed, being pre ent n a tmoe 
infect ion. It wa most prevalent during early spring, and 
to a le eor extent in the autumn. 
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symptoms observe on 1 aves ( Figure 22) were ee entia:117 
aimilar to tho ... e ported ov r ae (Table 26). Le ions w re 
nume:roUEJ, c1roular, blnek, el1ghtly sunken,¼ 1 mn in 
diameter, ocoao1onn11Y t11th brown eentres and dark margtns, 
aoo orten with a urroundins chlorotie area. The le io 
w re ra.."ldomly loeat d pr ominantly on the u r 1 af'let 

ur~aee, It w s th1 lesion type that wn · d1ff1oult to 
~1etingui h from those ca ed by oth r folia patho na of 

lucerne present in the Manawatu. 
Le 1ono on petiole wer not found.. 
According to Cloce (1972), in severe inf'ect1ons there 1s 

a yellow1ah-brm1n burnt appearance of the leaf margim with 
some leaf shedding. 

Alt oush the production of peeudotheeia on le 1oned 
ti sues i a regarde oversea as a common :featu:r of the d 1 se 
( Donald, 1958, Rlliot and Wilcox on, 196' ), in no 
1Mtanc w :re th y observed in loeal crofHh Ho ov r1 'b1' 
inoou.lat1ng exc1e 4 leavM 1th a cospore ln the laboratory 
p?"otopseudothee1 , were readily produced Which natured to 
roduee c1 and eospor e typic l of • ..,..,~ .. 

( Cha t ~it VIII A) + 

(b) 
As 

that• althctu 
pa turee in tb 

tng f tur oft 
id p 4 and ·eve in 

M· w tu, it had not 'b en 

th t ct 

~eoie tn 
,ympto 

z. 1 rtor to th pP· ent tu.ct,. 

occ torially on 
tho 

vi4· no we n 
· u19eunded by 

on le ve {Ft ure 23) and 
tiole ~ nd r e entially 1m1_ r to 

( bl 26), Ott le v th 1P 
f"(J , b · alt, pin- tnt pots, oco t onalb' 

Ohlorotlc l' • 
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FIGURE 22. 

Symptoms on lucerne leaves naturally infected with 1• trifolii. 

FIGURE 23. 

Symptoms on red clover leaves naturally infected with 

1• t rifolii. 



-----
he o spots were randomly lee t d nd ev r d.ominantly 

on t he upper leaflet rf'aae. Pepper spot, th name 
commonly appltod to th1 disen e aptly de crib the aympt 
as xpreee d at th1 atage. \'.11th time the le ions bo<m 
circular, sunken, blaak to dark- br in, 1

• mm in diameter• 
with a urround1ng ohlorotic halo. When infections re 
eov re, l e 1ono had enlarged nnd coal see causing leav s 
to wither arx1 turn yellowish-brown. Again, n 1ther 
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rotopseudothecia nor pseudothec1a were obs rved in rm ture 
lesions or on hont debri • 

Smll, blaOkt longat d le ions r al o ob rved on 
p tiolee. 

In each instance · ymptom development .. ;ae observ 1n 
conjunction with tudie conducted to f lf1l t rcq ir ment 
of Koch• s Poet ulat a. 

(a) LuaeE.Ot 
nymptoms fir t o.p ared on leave "11 thin ,e hours 

of inoculation o. . numerou , black, minute, ciroula r, necrotic 
pot hich were randomly locat d, mainly on the upper 

leaflet urfac • At tht t ge ther a no evtdono of 
petiole aymptoms. On the tenth day following inooulatlon 
l ion mnged from 1n o1nt up to ¼ mm in diameter. ere 
circular to i rr gu r in hape, sli htly sunken• blac , 
coca 1onally 1th bro n e ntr nd dork. mar ins, a ~ten 

( 1 21 ) • On the lo r 
n 

p r nt· corr ponding to nt on 
lo th 

co t1 an to 1th r 

of inoculation 
hnd d V lo don petlo • 

roto ct we net fo on n::, le ion 
t1 u , v n 20 tter ino latton. 

Although a.v•~- inf tions Wel'e obt . 1n on 
1flo1 lly tno , th 1 pto • 

tn s 1, oba ot rtat1c of th · o rv lo · 11' in th 
t i 14. 



FIGURE 24. 
Symptoms on lucerne leaves artificially inoculated with a 

1• trifolii isolate from lucerne . 

FIGURE 25. 

Symptoms on red clover leaves artificially inoculated with 

a 1• trifolii isolate from red clover. 
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( b) 
Sympto first ap ear d on lenves 1 thin 21 _, 8 

our oi' inoculation n n\l!mroue, black, pin . olnt spot 
whio wero randomly locnt d, mainly on the u. pe leaflet 
surfae . At t 1n stage the le 1one were very similar to tho e 
o erved on lucerno at a 1m1lar tiIM 1nt rva.l following 
ino lat1on. On the tenth day 1 ions ranged from pin-
point up to 1 mm in diameter, ere o:t re lnr, unkeni; w1 th 
tan centres and dark• brown margins , and surrounded by a 
ehlorotic halo (Fi , re 25). L ion initially obs rved 
on the uppor leaf'let urf'aee w re no 1 al o vi 1bl on th 
lower urface. ~'here 1nf otion a ev ra le ions had 
ooalosced eau ing a y 11 1 -bro n burnt appea no of 
leaflets . 

A relatively few 1 ion developed on petiol hich 
in a pearanoe wer 1m1lar to those found 1n the f'iel • 

Protopeoudothooia in or around le ions were not 
observed. 

8ymptoms X!)l'ef".lsed y art1f1c1ally 1nocu , ted plants 

di ered from t o e of na tura.lly infected plnnt only in 

t nt th le ion were nernlly larger • 

• 
One of' tl crit ria ed bf Graham and I,ut t 11 ( 1 961 ) 

for tho e parntion of .L• 
d1~ference in p thogen1o1ty 
cro -1noculat1 on tudiea. 

n L· tr1roi1i wa 
vid need by reo1prooal 

hey ob erved that • ~a.,::g~~ 

u uall.y occurr d only on ~:;:;.&l;W!l'-l• PP• in the f1 ld, but 
from n~tif1o1ol 1noculnt1o 
1nf cttone on ot 
ha oni, b n 
but t 1r tnoo 
ot nt1 1 hoot 

t1on etud1 

i 

it wa :round to oa e 1d 

• 

oontm t, 

:ti ld on • ·-...a~ir.a.1111~ 

how lt had th 
S V 

on 

t 
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Ora and Luttr ll ( 1961 ) al o f'ound that ero -

infection occurred 1th • ~--~~ and - • tx:U:olii on 
• m1t1va and . • ___ , but when 1 olatee 11 re return d 

to the original hot the dio a e a or sev • 
tn the p escnt tudy inoculation ere carried out to 

determine whether, 1n fact , isolateo f'rom looerne and red 
clover could ba difforent1at on the basis o~ sym:pto tology 

and l!• .aa..r..&.11~• 

Six pott d plant of each hoot cie t ere inoculat 
t hree th isolate fro lucerne and t e 1nder ·1th 
i olate fron1 r d 0V' r, by inv rtin porulat 1ng 

culture over tho plant for 24 hour 1n n high humi ity 
cabin t ( ~ . H. ) t 2000. The plant r held for a 
:rurth r l 8 hours un r h1 humidity, and th n transferr 

to a glas ho 
of' 1n1"'ect1 on 

The re 
26- 28. 

(a} 

e b nch. Th typ of ymptom and overiv 
produc d were recorded 1 O days af'ter inoculation. 
lts a~e photographically reoorded in Figureo 

( . 
L iom ca ed by the luo rne 1 olnt ere 

typical o~ too prev1oualy obt 1n d 1n artificial 1nocul­
ationai t hat 1 , cil'Cul r to irregular in shape, large. 
black or 1th tnn centx- and dat-k morgina, rx1 1n turn 
urrounded by a lorotio re . I ions produced by tl 

d alov 1 olat er imilar, b 1 01 ular in s p , 
111 mo tly bl.a but occ 10 lly bx-ot n, but 1nv r bly 

lack th ohlorot1 1' • 
Th :rity of' inf tion ~o uo by all 1 clnt 

wn ve'r.7 1. lt van d no more betw 
1 o t r n hot Ole t tit did 
1 O t from tho a 1 • 

Th 0 u nd utt 11 (1961) t t 
th di or1 1no.l hoe en 

ere ON> •1noou ted tc 
ted n 1tr no 

an o o e ln t i 
tudy e 



Key to Figures 26-28 : 

Lucerne 

Red clover 

. •·:·· 

.·z. • ··•· ·.,·. . . . ;;.::\-

FIGURE 26. 

Isolate 

000 
000 

: . ' 

. . ... ·. 

Comparison of symptoms on lucerne leaves artificially 
inoculated with Leptosphaerulina isolates from lucerne 
and red clover. 
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FIGURE 27. 

~l.·~.--i . . 
,._.,· ·~ . . ",,_ 

' 

. 

-~, ... , ,, ' . 

~ -~ . . ; . .. ,.., _,., .... 

Comparison of symptoms on red clover leaves artificially 

inoculated with Leptosphaerulina isolates from lucerne 

and red clover. 

FIGURE 28. 

Comparison of symptoms on pea leaves artificially 

inoculated with Leptosphaerulina isolates from lucerne 

and red clover. 
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(b) 

On thi hoot the lucernc i ool nt . roduced circular, 
pi n- point, bl ack soot - with little or no chloro is, whereas 
the red clover 1 olate produced circular to irregul.arly­
sha.ped, l ar e spots, with tan oentrea and da rk m~rgins, 
and with a chlorotic area ~ound each l eeion. 

The clover 4solates caused a more ever infection than 
the luoerne 1aolnte , confirming t e findings of Graham and 
Luttrell (1 961) that the diaes i e more sever on the 
original ho t. TTcrvever , t his contrast with t h r ulta 
produced by the t 10 ups of 1oolate on lueerne~ where 
little difrereno in neverity was noted, 

(c) F d (g,. V ) 

Circular, pin oint, black lesions , t hat d veloped 
no urround1ng ohlorotic area were pro uc d by the luoex•n 
isolates, her as circular, s mall, dnrk~brown l e 1one. 
that aleo tJ. velo d no ohlorotio halo were produced by t he 
~ed clover 1 olat • 

The clov r ioolat cause a more severe inf'ection t han 
the lucerne 1 0L1te , but t he dii':f'arence rm not a great 
a that i ndtcat d by Graham and Luttrell (1 961)t ,ho r ound 
thnt • trifolii, caused Bev re infection on • _..._t.._.., 
lant on which • .w..AJia~WM. produo only light di oa e. 

In oonelu 1on, mall di :f'!' ronee in eeverity of' ir..f'ection 
and symptom type, rt1cula rly le ion size ant the presence 
of a chlorotio halo ere observ d, but these re not 
d i tlnotiv or ub t antial enough to allow epnrot1on of the 
t o _ cie t a claimed by Gr m and tutti- 11 ( 1 961) • . uch 
d1tt r&nce • th t did exi t a th re ult of ho t r ite 
interaotion an r not an attribute of th tho 1t lf. 
If the a.mo fungus 1 inoculated onto d1 f r nt hot p ct a 
th n uch diff reno oan occur v n though th e patho e 
re morpholo 1c lly id t1oal .. 

Th traditional oonoe t t hat tun i b lon 1 to th · 
could be eparated by th 1r di tinot1v 

p thog n1c1ty on d1tter nth t gene ore ot 1 no 
ot que t ionabl in ern taxonorrry. 



Th1A practice leads to numeroUG ' eeies 1 being erected• 
e parated only on a host bas1 aro correlated with minor 
morphologi~al differ ne s~ ~nthogenicity should only b~ 
ueed to di~ferentiate categories below the pec1ea level 
{fQSi gpe,gialt:m) and not as a or1ter1on for th 
separation oi' species, as proposed by Graham and :r.uttx- 11 
(1961) . peciea se aration hould be bae d only on 
morphologic criteria , with due regard to genetically am 
environm ntally induced variation. 

B. 
Cla1 been de that pepper s pot is s ed•borne 

1n both ~~:Willi.w. opp, {Mi le , 1 925J Graham and rA ttrell, 
1 961 ; ooth and iroeynski, 1 967a: Noble and Richard ont 
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1 968) and Ttifgli,J!D sp • ( Hopkins, 19231 Kilpatrick, 1 958), 
but the vid no pro•tded 1 not oonvineing. 

By plating eeede of' t4e.SU9AS2 pol.vm9rpha, ! .. .. (bur clover) 
w1 th what h ret'erred to as 0 sclol"Ot ia.- like bod1 '' 
(= protop eUdothecia?). Miles (1 925) isolated eolonie 
which 1n growth cha:ract r1 tics and pathogen1c1ty were 
i dentical 1th isolates of rsel3'19J?lea mtaMtag.inie 
( = .L• tfi!'Ql.1,J.) from f1eld 1nf eot d plants . On the ba 1a 

of t heee r ·ults he e nteds 
"It 1 probable t hat they (inf cted e ede ) may serve 
ae oapa le and prol1f'1c ag nt in tho pr ad o'.f 

th1 disease in the field from one locality to 
o.noth r". 

It hould be not that 11 prov1d no v1deno to 
;pport hi ·ugg tton that tnf' cted plant could art -

of such a. 
In cl tm1 that • trlteii& 1 e - .-born 1n lue rne 

both G h m and Luttr· 11 (1961) and Booth n4 ir-o .. vna 
(196l ) cit th 1~ authority hwt not bf' C rr ( t 957) 

r po~tn .-~l:WWia tiz:&tQlU ( 1'• l'er&fai&.f.) on luoern a 

n -tn. 



The r levant section of Carr• note reads: 
"The ap~rent genet io dlt'ferenee between infected and 
un1nfecte fnm111e 1 ~urther ubstantiatcd by the 
following ob ervation. The ~amilieo in trial on the 
~1 ld. wer the progeny of a diallel e:roeA in which 
one parent ~as deriv d from a cros tween a plnnt 
of the Canadian vari ty Rhizoma and one of' the 
Aberystwyth bre s. 205. Only those familie 
derived from thi pnrt1oular parent were affected. 
The hizo ~aterial ,a imported ae eed. Horever, 
these obaervat1one augg t t hat resi t no and 
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uscept1b1lity are under fairly triet g netio control". 
It 1 clear from the above quotation t hat Carr rmke 

no direct claim of • tr1tRl1~ being seed-borne in lucorne. 
Further, one mu.et conclude that th 1nforrrat1on provided 
by Oat-r doe not just11'y the claim by Graham and uttrell 
(1961) an Booth and P1rozynsk1 (1967a) that the pathogen 

1 aeed-borne in this hot specie • 
In their 11st of e d-born di en es, Nobl and 

r 1chardson (1 968) otated that evidenc coneern1n the seed­
born nature of the organism wae incomplete. The only 
evidence rested on 1los ob ervat1on of 0 selerot1a" on seed 
of bur clover, and a nlreadS' noted above, he provid d no 
vid ne to hO\"I that ee dling 1nfeot1on could ari e from 

use of such eed. 
In the cour of oreoning 38 Zealand oduc d 

lucerne s ed- linea for funs 
• enham ( 1 972) :found t o to 

, Perotval nd 
inteot with • trif.RlJ:& at 

t pt de to d mo t le 1 of o.t - • 
Ylh th r when o 

1ntect1on. 

How v s-, no 

d•bo:rn 1£• could in uc s d11 ~ui:i~.a. 

In tudy on ph i-ult.na lea:r t of elev r, Ho 1 

t 

( 1923) f(>un l oio o£ di · on the lyic d co roll • 
1 nU'icant it 1n41c ted th t 

e d infection •OC0\11' d thus coount or th en 1 
1 r1but1on of th tho n 
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He fu:rther eorrmented thats 
0 0f a large number of conrnereial sam ·lee of' White clover 
o ed examined., rcy-oel1 um was f'ound 1n praot ieally every 
instance 1n some of' the ser, d. coat • No uocesst'ul 
isolation cultures were obtained from these seed to 
es tablish the identity of the fungus tal thou h very 
short periods of di infection were used. It wa.s 
finally concluded t hat the samples were old and the 
nwoelium was dead" • 
Henoe1 ae Hop,.1na failed to obta.1n viable culturoe of 

the pathogen :rrom seed he was unable to demonstrat that 
the disease was seed- borno. 

In a survey of t he kind and relative pr valeno,, of 
f'ung1 isolated fl:"Om seodtl of' Trif'olium rei:)e , Kilpatrick 
(1958) 1eolated 1• Sritolii from seeds obtained from 
naturally infected plant• No evidence ,a provided or the 
establishment o~ infection in plant arising from use of 

t his seed .. 
From the above review 1 t 1 appa:rent thnt t e que t1on 

of whether pepper spot is a seed-borne dieea e o~ lucerne 
and clover · has not been r solved. For evidenc to be 

eonelum1ve that a disease i eed• borne in a specified host 
crop, the following two atop of tudy r.runt be completed: 

1. The resence of v1abl inooulum a soe1ated with 
the seed must be demo • · trated. 

2. seedling infection must result from sowing uob 

ae d. 
The po 1bil1ty of pe per pot being a eed-borne 

di ea e or lucarn in N z · laJ'ld ae 1nv stigate4, a follo e. 

QJlt en 
et • .,.~!!loO,lll;•c' tng th 
ercival nd Wenhtim (1972) • 

of 1 O of' th line 
Pe ~,·,,,,., ,...,, .. ,.w ... ,,.,.. 

:r plat · 
th pPe enc 
orib d by 
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Only fom- colonies of Ji• .11:t:t:PW developed f'rom the 
total of' 21 500 aeede plated, three f'rom one seed-lin • and 
a single colony from a second e d-line (Fi gure 29). 
f<"ollowing the preparation of pure cultttrefl o:f each, the 
production of n0ooapores was induced by subjecting the 
isolates to oycl1c fluorescent 11 ht (Chapt ,r VII c) . 
To det rmin the pathogenicity or each isolate the roliage 
of healthy potted lucome plante in the gla house was then 
1nooula ed, by inverting the oporulating culture over the 
plant • In aoh case t;rp1oal eymptoms of the tl1seaae 
subeeQ. ntly devel ped.. 

Thua viabl inooulum of~• ttLfo1&1 wa found to b 
as ooiat d 1th N 11 Zea land -produced luo r,ne ed•lines, 

as hown by Percival and ''!enh m (1 972), and further its 
pathog n1c1ty ,. as tabli hed. 

2. B,ID"'DL:U:!l Pll:WlON .DOM f'\J;BD .CA .IlXIN~ Yl,\Bla tt1QCULYM 
Two exper1monte were conduct d to provide evidence that 

e P- lin , 1n:f' ction oould re ult :from use of' luce ne seed 

carrying viabl inoculum or L• tt1fQ&U• 
(a) c n n n T 

rn a o~ nhagen g rm1nator 250 eed of the 
heavier infected line were plao d on fl\.O iet blott r de 

(25 d /pad) nd incubated ot 1 5-1 900 under nat'Ul' 1 

light cond1 tio • El v n day later eed and seedlings 

er examined microscopically f'or the pre enc or 
proto eudoth a of the tho en. 

roto 
c lon1 
inooul 

• 

n th1 t t d in infected 1th ... J;1.1'ol 4j 

rv d (T ble 271 Figure 30 and 31). T re enc 
~ bl o proto eudoth e and 
eed te ta Jtd tiypocot 1. nuoh 
t f rr d to P L l t$ ~od ed 

,-1i!Ao-....a:wa:;;4· • Thi d o t e that vtabl 
au,~-vwiated with e 4 could 1 · r1 e to edling 
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I 

I 

FIGURE 29. 
Colonies or L. trirolii (arrowed) growing rrom seeds plated 

on antibiotic malt agar. 



FIGURE 30. 
Ungerminated seed from Copenhagen germinator with 

protopseudothecia of 1• trifolii on the testa. 

FIGURE 31. 
Dead lucerne seedling from Copenhagen germinator with 

protopseudothecia and mycelium of 1• trifolii on the 

testa and hypocotyl. 



(b) ... G.maa""""~...,_~.i11o 
In the glasshouse 500 eede of the arn eed­

line., re oin evenly in v r miculite in pla tic tray • 
. endling were xnmined after t hree r eka for dieoa e 
ymptom co ed by the pathogen. 

Thiri xperiment wan unauoce ful 1n that eedling 

1nf'ect1ons ore not ob erv d {Table 27) due to th lmv 
inf' ct1on lev l of t he s ed-11ne. 

TAnt i. 27. Number of luoern seed and ee ing :found 

in:fect d with~- trifgl11 in the Cop nhag n 
and la sho t ts. 

Cop nhagen Ola houee 
Test Te t 

No. 8 de in test 250 500 
No. eeedlin 197 '26 
no. inf' cted eede 2 -
{o. infected seedling 4 -

In conclusion, eeedl1ng inf ct1on can re ult from 
ea infect with 1• t~ • but as the l vel of ed 

inf cti on 1 l0t1 the et on eodl 1ng eat bli hment of 
so ¥ing such s ed would be mini 1. 

Ho ver, a t he se d in rat 1 very high only 

n xtremely lo l v l of ed infection 1 r uir d to 
prov1d num roua pr1 ey inf otion foo11 1th1n fl cro • 
Furth r, ue to t e olo e p 1m1ty of edl1 nd th 
f ut tha th t hog n 1 di nat d a1r-bo~n 

co or • i, i d oondar.y pr d and the t abl1 nt 
ot num ro ond ry inf tiona could 411.y occur. 
Obviou ly th n the pr enc of' only a f inf ct 4-
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ltn 1thtn ero , a in 1s i tanc , uff1o1 t 
to 1n1t1 t an p1de c outb und r favour bl conditto • 
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c. 

Although 1nten e production of protop eudotheei · 

readily occurr don PDAt or V•8 juice agar plate hen 
inoubat at ?J oc, it 1as only on eXposure to light 

source that a rolatively fer, mtured to form aec1 arxl 
asoo pore • Hence, b fore inoculatlon st d1o and 
morpholoiY1cal studies of' t e pathogen on agar could be 

conduct d t here wa need for an investigation into tho e 
factor that would e ure ready and intense aporulation. 
~ v ral nvironmental factor ar kn n to stimulate 
maturation of protopseudotheo1n 1nclud1n eub trat • 
incubation tempo turo nd light ( raham and Luttr 11, 
19611 art1n z a nd Hanson, 196.:H I., ach~ 1972). Of th e, 
light a investigated in the prceent tudy. 

Graham and Luttrell (1961) r ort that th~ joriQP 
of th 1r isolate of Ii• Rtios19n1 nd 1• l~it9lii produced 
aeco por e only When exposed to a continuous f'luor scent 
light ourc , O'f their 11 1nolate of' 1• .:w..~~IMW.• cnly 
two, both of w ieh , re prolific porulators, pro uced 
o oo pore in total daroltne e, A eingl isolate of 

• triro111 roduc d a v ey f -r, aaooepor 1n the absence 
of 11 · t . T ese eoo pore dev lo <1 only 1n otor of 

ono colony or this 1solnte. !artinez and an on ( 1 963) 
observed that an 1 olate or • ,....~~~ fo d proto.p ud-
otheoi 1n both darknec and light , but that cyel1e 
flUON) oent light nee ry for a oo pore formation. 
Th f'f" ct o:r 11 . t ~uality on a co · por to tion a 
1nv tigated by Tho and Halpln (19 ) tor .L• lrJtoli& 

nd • .,.~ .... ..-.. Alp h an,'"'"'d at oo 
nd grey 11 t nd 

en 
that 

th (1971) 

of • .M~iaUI.Mlili all fo d 

in darkn 

11 t} ---··· 
pt one, only. 

l than 
tured h n x 

onm. 

pot-t 

hort 

ed to 



I aoh (1 972) f'ound that protot,eeudothecia of 1.• ttitQlii 
may develop in culture tn darkness, but were usually re 
abundant in eoloni expo ed to light . Further, ho found 
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that pseudothooia f'orrmtion in a cultUPal mutant was 
stimulated onl,y by UV ~1avelengthe lesn than 370nm and that 
longer wavelengths, including visible light , were ineffective. 

Although the f'indtn of' Thomae snd Ha l p in (19611.) 
contmd1ot t . e ult of Leath (1971) and Leach (1972) • 

the gene:val trend is that protopeeudotheoia formation can 
oecui- in either da1•kn es or light, but that fluorescent 
or more e ecificaily mr light 1s neceeaa17 f'or their 
maturation. 

In the pre ent experiment 1noeulat d V-8 juice -agar 
plate we:re 1nit1all.y in-eubated in the dal"k at 22•2' oc 

:for 1l day,s to llow abundant production of ps-otopseudothec1a. 
The plate ere then expo ed for seven days to the f'o11081ng 
light treatments1 

( 1) Total dar kness , provided. by eneloe1ng th plates 1n 
a metal cylinder. 

( 11) Cont inuous nea ltrav1olet light provided by a 
Phillips O watt black light blue tube held hO cm 

above t he plates. 
(111) Cyclic (12 hour cycle) fluoresoent light ~rovid d 

by hillip 80 "'att cool white fluora cent tube 
held .1.0 cm above the platen. 

( iv) atural iurnal period of' di:ff e light provid d 

by- plae1n the plate on a laboratoey b neh out or 
dtr ot sunl1 t. 

Th ~ er f O\ll' rep11cnt a per ti-eatment, nd the 

int 1ty o~ porulation r cord d t the co 1 tton 
of he 11 t tr . t nt , Thi o rried out by 

inv rt 1ne oh p . t ov Jt a gla - l ide .tor one hour and 
then count in&• under t tcroacop -, th numb r or 

oe j t q 

ar All 
t O t re u1r d l 1ght 

tor pol'Ulatlon. Thia benef1-ei l effect ot 11 t 
el ri, monstN G4 tw the t ct that aeo os-e ,p-i-o uotioa 
t.n 11 t t nt e~rmed to 11gb ouro • a 1 ttl _ ntly 
high r th in total Pkn • 
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Oreate t porulntton oaourr d under fluor e nt light and 
lea t under natural/diurnal light. It thue ap ar d that 

wider rn of avelength a regu1red fore orulat1on than 
that :provided by NUV light. Thoo, t .is may be hy the 
f'luoreeoent 11 t ve a high r inte ity of enoruletion, 
These firx11ngo are 1n n eement 11th t1ose of' Graham and 
Luttrell ( 1 961), Martinez an Hanson ( 1963) and 
Sundh 1m and 1'.'ilcoxeon ( 1965) , but 1n contrn t with tho e 
of' Leath {1 971) anu L ac (1972) who both concluded that 
porulat1on n timulat d by NUV light. 

TA I.E 28. Rff'ect o f' light condi t1ona on the intenei ty of 

oospore production of • tr1ro111. 

Light tr tment 

Avera e 

1 2 3 4 

Darkne 0 0 0 0 .o 
Cont1nuo NUV 33 34 15 15 21 . 2 

Cyclic fluoreeoent 37 20 55 ,... 36.5 
Nat 1/dturnal 7 8 3 6 6.o 

On the bas! of t abov experiment th foll 1ng 
proo dur wa adopt d to indue t he v lo ment and 
maturation of prcto e oth cia of • trltoJ.il on a rt 

Colon! on V•8 juic r ( h n a tlable) or PD :r, 
w re 1n1 t1ally inou d t 21. 0 o 1n the ttk :for t 

to 11 roto , doth ct fo tio~ They r 
then e o 4 to e~cl1c fluor cent light o re 
( 1 2 ho\U" eyol ) ro 5-7 d to ind th 11' nat 

tion. 
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S1nc the pr sent 1nvest1got1on con titute the fir t 
study of th p pper . ot di ea e on looerne in Te Zee.land 
it as de med necea ary to determin whether isolate of 
the causal organism 1n thir, country oonf'orm d i th t 
several overseas de cr1pt1ons of the pathogen on ho t tir,1. ue 
(Hiller, 1 925 ; ·•11ea, 1925; ,raham and Luttrell , 19fr1 ; 
ooth and Pirozyn ki• 1967a), and on c lture media (~11 , 

1925 ; ra m an Luttrell, 1961; ~ art in z an HanRon, 1963) . 
origin of th isolate studied wer a follow : 

nglltgo LggAlit:t 
1 Lucerne 1 ave n.~. r. • !.1ncoln 
2 Lucerne leave Kairanga 

3 Lucerne ed (var. C ri tchuroh 
1'airau) 

ed clov r l V 8 Kairanga 

R2 e clover leav s n. s. r. • Palm raton 
.. orth 

3 ed clover leave :'ar:-a y Un1ver ity 

A. OOT 

of 1 o t 2 an 3 on 
luoerne induo d on autoclaved, exo1 d l ave in p tr1 
di he, follo.-11ng th method of cDonald (1958). Thi 
involved inoculation of' th l v e by 1nv rti orulating 
cultuPee over the p tri 1 h e for 21 -houre, th n t n -
ferring the d1 he to an 1nou tor (21 oc). Four d y later 

th trt di placed out 1 e th labo to17 on 
ll f c t • Th 1 ve re ex min :ft r a f rt I' 

four, vent en day tor the pr enc of udoth c1a. 
Th xp d V ral ttm . b tw en April nd 

t nd dayl n h w re lo • 

t four d prot udoth eta of both 1 o t 
in v1d nc , ven day th j ori ty of roto• 

doth c1a or 1 ol te 3 had . turd, j cting a co o 
onto the p tr1 di h 11d. 
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By eventeen ays isolate 2 had nl o formed eudothecia. 
Slides rere prepared of pseudot h oia, asci and a cosporee 
and their morphology det . rm1ned under the high power ( x 1t 00) 

of a compound microecope. 
In Table 29 the mo~hological feature of the pert' ct 

tat .. are ummar1oed an f compared with thoAe r corded oversea · • 
The black , globo e pseudoth cia wee er umnent in the 

ho t tin u and contained several bituni-cat , accate a ci. 
The c1 ( , 1gure 32) were thick-.valled nt the ap x an<"1 had 
averag dimensions of ,,0.1 x 78, 7u. Th typically hyaline 
asoo pores were irre larly clu t red in the a c , re 
oblon , ellip oid or clavate in hap , hrogrr~oporou or 
murifo , and surl'Ounded by at .1n g latino h nth. The ir 
ave dimenAions 'I re 1 . 2 x 35. 3u 1th a 1 ngth/br t h 

ratio or 2. 5 • 
Allowin for enetic na environm ntally induoed 

variability betwe n 1 olatea th a ov de er1nt1on of 
nseudothecia, asci ana asco nore oonforms clo ely to that 
of' ,.Uller (1925) , Graham and I,uttrell (1 961 ) ano ~ooth and 

n1rozynnki ( 1 967a) for Leptgephaer liD9 t r1fol1i• 

B. fl 0 

G ham and Luttrell (1 961 ) claimed that L• 
and L• tt1fg,tt may b e arat don th~ ba 1~ of uch 
cultural criteria a groe colony oharacte i t1o (1nclu 1n 
gro t h t ). dimensions of eudotheoia, a oi nd a oo nore, 
and a co r eptation. To confirm th 1r eonelu io , th 
nwoolog1o 1 f ot luo rn and rd clover 1 olat 
co r d med , a i'ollc · : 

( ) 

Pn a red clov r 
ro non 2 V r were comp rd, the c1f1o 

fea t tud1ed bei t he • colour and mh t of 
eolon1 , and th mor holog.y ( inclu 1 di n ion ) of 

udoth Ci nd 

(b) 

an 41 type on th 

ro t h te and r-o coloey oharact ri tic of t o lucer 
1 ol t d termined. Thr e 1 ol te each m luc rn 

nd red clover re -tmi rly eo ar d on five m i n at 2f oe. 



T. 29. Comparlaon of the rphological features of .L• trifol11 from infected lucerne tissue. 

Fungal Structure 

( 11) 

( 1) o!'Pholo 

{ 11) 

- : 

b) Breadth 

AuthoP 

, bloc-., 
ort neck 

t1olnte; 
P...-umnent in 

105. 0 - 186.0u 

1. tuntcnt,:;, 
ecnte~ apex 

th1Ck-\7alled• 
· contain 8 asco-

1 rr-egul­
arly clustered. 

68.t, - 92. 6u 
78.,7 + o.au -
32 .• 6 • · 1t5. a 
1,0.1 + O.hu -

ill er ( 1 925) 

Oloboae to pyr1-
form, black carb­
onaeeoue i,1 th 

hort, thick neck 
and ostiolate; 
arise subepider­
mally, arum.pent 
When nature. 

110 - 1'10u 

Broadly clavate, 
truncate, smooth 
at apex, rounding 
and na rr~ ing to 
ped1cellate base, 
thick-walled. 

70 - 85u -
30 - 38u -

Graham and Luttrell 
(1961) 

upherical, pale 
brcmn, membranous, 
1th short necks 

and ostiolate; 
erumpent at apex ... 

83 - 1 52u 

Bitunicate, saccate, 
embedded 1n and 
separated by eentr­
um parenchy 
tiseue. 

53 - 98u 

31 - ,,au 

~ooth and n1rozynski 
(1967a) 

Globoee, pa.le brown, 
me,nbranous~ oat lolate; 
i mnersed in leaf 
tissue, erumpent at 
apex. 

100 - 200u 

~1tun1cate, saccate, 
thick-walled, er 
bedded in and 
separated by thin­
walled, hyalin1 
pa renehyma. 

50 - 90u 

10 - 60u -
Continued over •••• 

-0 
\0 



9., (contd) 

( 11) 

b) dth 

e) 

.Author 

oid 

·aline; 

27. 2 • 1t.1 . au 
35.-3 .l o. 3u 

. 
12. 6 - 11.su 
11, . 2 + o. 2u -

2. 50 

11lcr ( 1925) 

'lliptieal to 
fus1f'orm; 
becoming smoky­
brown when 
mature ; 3-', x 
1 - 3 septate. 

30-• 11.0u -
11 - 1hu -

-

Graham and T,uttrell 
(1961) 

Oblong, e l 11pAo1d, 
or short cylindri­
cal; hyaline but 
of'ten becoming 
brown ; 3- 5 x 0-2 
septate; surround­
ed by a t h in 

latinous sheath . 

26 - h6u 
32. 2 - 39. 7u 

11 - 18u 
1,t. 3 - 16 . 2u 

2 . 27 - 2. ,,5 

ooth and ~1rozynak1 
(1967a) 

Oval, clavate, or 
llipso1d; hya11ne, 

when mature of'ten 
become ~lightly 
coloured; 3-'• x 
0- 2 Aentate. 

25 - Sou 

1 O - 20u 

-

... ... 
0 
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FIGURE 32. 
Asci and ascospores of 1• trifolii produced on artificially 
infected lucerne leaves (x 400) . 

FIGURE 33. 
Sporulation of a 1• trifolii isolate from lucerne on V-8 

juice agar after ten days incu·tetion in the dark at 24°c 
and six days under cyclic fluorescent light. 



1. M6TEPIAI/" AtID a .. :m;gps 
(a) cultural character1s3c1gp 

All ieolatee f'rom lueerne and red clover were 
grown on 2 v-a juice agar at 2 °c, 11th each isolate 
replicated on three plates. Theoolony diameter were 
mca ured on the fourth , seventh, tenth and f'ou~ nth day 
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by taking the average of t10 measurement~ at r1 ht angle to 
each other. The . croAcon1c f'eaturee of the iAolatee iere 
also recorded on the seventh and fourt enth day . 

On completion of the above rowth rat study the 
production of' p eudothec1a by each i olate wae 1nduc d by 
olacing the culture~ (all of' hich had produced rotop udo­
th o1a) under a cyclic fluore oent light eourc (12 hour 
light/12 hour dark) at 20-2hOC t'or etx day (Fi :, r 33) • 
The e.. ent ial role of l 1ght 1n 1nduc ing rmt urati on of 
protop eudoth cia had earlier been eetabl h 1n thi tudy, 
ancl also re . orted by Graham and Luttrell (1 961) • ·: artinez e.m 
Hsnnon (1963) and Pandy and Wilcox on (1 970) . 

To observe paeudoth cia end a ci, 11de mount were 
or pnred by tran ferring p udotheoia to a dron of' n ear·' s 
mounting fluid on a glaa slid an aqua hing undor a 
oov r 11 . lide mounts of' rootur a co pore wer obtain d 
~ inv rt n a norulating cultur ove a e slide for 
1-2 hour on the -ixth dny following traoof r of' cultu:res 
to the fluore c nt light. ing an eye ieoo microm ter 
the dimen ion of p eu oth cin, a ,oi and a coopore ~real o 
dete ined. 

(b) 

r te of luc rn 
ach 1 o t 

ri tic and gro h 

DAt er d t~rmin d. 
on four t t ach oft 

following nin tems)ertitur : 
t , 8 , 12, 16, 20, , 28, 32 

(11) f 

rt ot l'UCern 
d ter n • 

Th gro colony cha ct rt t o and 
1 olat 1 n 3 incu ted t 21 oc r• 
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aoh isolat waa replicated on three p l ate for each of' the 

following nine media: Lnborator.v potato-dextro e agar ( PDAy) t 
Maknur pot ato- dextros agar (PDA\J), oatmeal agar (OMA) , 
cornmeal gar ( Ct.A), malt agar ( MA}, prun agar (Pr A). 
V-8 juice agnr (V-8), water agar (-YA), and luo rne d ooction 
agar (T,DA). 

{ 111) 

on ttve mqglra 
The gro fl colony characteri tics and growth 

rate of the thr c lucern and t ;1r e r d clover 1eolotee 

incubnted at 2J 0 c we1'e compar-ed on the following ined1a : 

I,aboratory notnto-dextro e agar (PDAL) , V juio agar (V ) , 

cornmeal a r ( C tA)t lucerne deeoction agar ( I.DA) and rater 
agar ( '.'A). ach 19olate a replicated on thr e plates f'or 
each medium. 

In each of the above three erimente growth te 
were recored after four, even, ten ro f ou rt en dayo 
1r~ubat1on; gross colony feature wer recorded only on the 
fourteenth day. 11 media \":ere prepared a de crib d 1n 
A_pendix I . 

Th e eentia.1 macro eopic feature of the 
thre 1 rne and t red clover 1 olate on 2 v-8 ju1c 
agur ft r v and fourt n days incubation at oa ar 

d nd co rd in T ble 30. Th gro colorw 
t 2 art r fourt n day no~ tion 
'!/1, ond th V ge th t 

of th 

ill 
es-n t hr e d elov r 1 o 

.ph c lly in 1gur .35 • 
co 1o coloey cha t 

and r clover 1 ol t w r comp d aft 

only minor diff r 1n ev1 no , 
of top udoth 1 roduo.tion. 

re 

th loo .ne 
1ncu tion 

he 1nte 1ty 



T 30. riaon of the tmcroocopic colony charocteristies -of lueerne and red clover 1oolato 
juice agar after seven and fourteen daye at 2't°C. 

S_avan~ 

1 • Colon:, shape 

2 . Colony coloUP 

3. Aerial celium 

• Protopae~dothecta 
roduct1on 

2. Colony colour 

3. Aerial IJ\V'Celium ,, ·• Proto~seudothecia 

Circular, flat with entire to 
undulate margin. 
Centre dark-brown to black due 
to brown mycelium and develop­
ing black protopseuaothec1a; 

rgin(h- 5 nm wide) white. 
ree. wh1 te and aria 1ng 

from whole of colony. 
Inteme production at 
centre, with gradation to 
ttbin h nm of margin; are 

black and submerged. 

on seventh day. 

I As on seventh day. 

I AE1 on seventh day. 
As on seventh day. 

I 

~~a clover taolateg 

Circular, f'lat with entire r.ergtn. 

Centre black due to develoring 
protopaeudothecia; margin {3- 5 mm 

1de) white. Mycel1um sl1F.91tly 
brawn. 
~parse, white ana arising from 
hole of colony. 

ncattered over whole of' colony, 
except to within 6-7 nrn of margin; 
are black, subme-rged end sparser 
than 1n the lucerne i~olates. 

Ac on seventh dey . 

Bxcept at very mar gin, n\VCelium 
is olive-brown; othel'\1ise same as 
on seventh day. 
As on e even th day. 
As on seventh day. 

.... .. 
.{:: 



FIGURE ,34 . 

Colony of L. trifolii (isolate 2) after fourteen days 

growth on V-8 juice agar at 2uoc in the dark. 

115 



116 

~<\ 1 "It -
\ \ \ 

\ \ \ 

\ \ \ 
\ \ u 

'd' 
\ \ \ N N ,, .... 

n:J 

\ ... ,, 
\ 

~ 
n:J ,, (1) 

\ 
u 

\ ::, 

\ \ 

\ 0 
00 

C\\ I 
> 

\\ \ 
C: 
0 

\\ \ 
... 
(1) 
> ,, 0 

\ 
u ,, " (1) 

\ 
... ,, CX) 

" C: 

\ \ "' 
n:J 

\ > (1) 

~\ \ 
n:J C: 
~ ... 

(1) 

(1) 
u 

' E -= 
\ \ \ ~ E 

0 

\\ \ -0 ... .... ,, \ ~ .... 
n:J ,, \ 0 -~ 

\: 
\ \ ·-0 
\ 

.... 
·.:: .... 

\ _j 

N ("') \ .... 
0 

N ("') 0::: er::: er::: \ (1) 

Q) 2 ~ V V \ 
.... 

2 n:J - - - ... 
0 0 ..Q 0 ..Q 0 
0 0 0 0 0 0 .s:; .... 
.!:! .!:! ~ 

.,, 
~ .!:! ~ 

0 

] I I • ~ <I N ... 
I I 

t!) 

I I I 
I t!i ~ . • It) 

M 

w 
a: 
::> 
t!) 

0 U::: 

0 0 0 0 0 0 0 
I'-.. ,0 II") ~ ("') N -

{WW) Jaiawe!P Auo108 



117 

Othe 11 e colonies of both grou of i -olatee w re o1roular, 
flat , with an entire margin and with o.parae, whit aerial 
mycelium ari i ng from th total colo~ surface. Vte· d from 
above the ooloniee were ark-brown to blnek at t h 0 ntre 
with a white rnnrg1n. In t he older central area of' th 
eoloniee, intense production of black protops udoth oia wa 
evid nt . Th is deeoript1on of the macroeoonic features of 
both e erie of isolate in culture es ent1ally agree with 
the de cr1 t1on c iven oversea by Mart inez and Han on (1 96 3) 
for .L• ___ .._._. 

The average growth rat of each group of' isolates was 
very 1m1lar (lucerne S,t . , mn; rd olov r S'i . 8 mm) . Further, 
the variation in gro h rate bet een each gro p of 1 olat r 

a just a great a within each group. Henc the finding 
of Graham nd Tut tr 11 (1 961} that 1• gr1oa1affi 1 olate 
(from l ucerne) were fat r gro ing than L• tr1to*11 (f'ttom 
rd clover) wa not eub8tant1ated. That 1, separat ion of 
t he two oecie on t ho ba is of' this character wa not 
nos 1ble. 

< 11) ·.'l tgrqs02n1c; t:gaturgs 
On aga r the roorphology of peeudotheoia am 

aec1 o:f the luoerne and r d clover isolate. 1er ea ntia lly 

1m1lar. co ore 
morpholog1 cally e i 

of' t he two aerie w re likew1 e 

entiat on the ba 1 
lar, except t hat they could be differ­

of the d gree of eptat1on. 
P eudoth eia wer black; globo e, erumpent an had a 

w 11- fined apical b ak. Th y contain d sev ral aocate, 
bitunieato asc1 wh1eh had t h1oken d apio 1 w 11 p netrat d 
by por • nd eaoh 1th e1 ta co por ar d in an 
ir gular nnor ( Fi'"'",._,..n 36 nd 37) • M tur aaco pore e 
oblong, llip old or hort cylindrical, with obtu ely round 

nd , ph gmo porous or mur1form, . r ly 1th 2 but u ually 
1th 3- 5 t nsver e eptn and 3 longitudinal ept • tn,1call.1 

hyal1ne but of t n b com1n bro n, and urround d by a thin 
elatinous sheath (Fi re }. 

ooording to 
in cul tur prod 
t n • 
ty ioally h gmo 

raham and Luttr 11 ( 1961), 1'• \£1fol11 
larg r udoth cia• a 01 and co 
1th a co r of the to r being 

ot-oue an predominantq With 3-t ve 
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FIGURE 36. 
Asci containing ei ght ascospores of a 1• trifolii isolate from 

l uc erne on V-8 juice agar after five days incubation in the dark 

at 21i. 0 c and seven days under cyclic fluorescent light (x ltOO). 

FIGURE 37. 
Asci containing eight ascospores of a 1• trifolii isolate from 

red clover on V-8 juice agar after five days incubation in the 
dark at 24oc and seven days under cyclic fluorescent light (x 500). 
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FIGURE 38. 
Mature ascospores of a 1• trifolii isolate from lucerne on 

V-8 juice agar after five days incubation in the dark at 

2uoc and seven days under cyclic fluorescent light (x 900) . 
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septa, herea esco pores of L• br1oe1ana tended to be 
murif orm and with ,,-transverse septa. Ho\'JeV , Boot h and 

'P irozynski (1 967a) tated t ha t i f 1sola t from infected 
ho ts in the I,egum1noeac were rown und r eto.ndard i d 
controll d condit1onA, t he aeco oore pro oed woul d be 
unirorm 1n both o1ze and ptation. Thee authors nrov1ded 
no ev i dence ton nport t his rediot1on. 

Collectively th~ lucorne and red clover 1 olat cou ld 
11kew1 e not be eparated on the ba 1 of pseudothec1a, a~c1 
and aacoepore dimensions n1nce, ae hoYn in Tabl 31, the 
degr e o~ variation between each grou of 1 olnte was jut 
ae ta within each group. A po 1ble ce tion wa 
1 ol te R1 vh1ch pro uc d larger pseudothec!a and aeoo pore 
than a ny of the lucern 1 o t , but 1m1lar e1z a oi, and 

h nee ouln p r hap juetify being in nt1f1 d a • trifgfo1\• 
Thu t he claim by Graham an !, ttr 11 (1 961) t t lucer•ne 
and red olovcr 1 olnt could be differentiated by t he iz 
o~ p eudothecin, a ei ana a co pore wan not conf'irmed in 
th1 tudy. 

stated above, th degree and typ~ of a ooR ore 
eptation a another major crit rion by which the two specie 

have b n e rated by Graham and . ttr 11 (1 961). Dur ing 
thi tudy r ation of th two rou or 1 olate only on 
the d gree of aecoepo ptntion a found o 1bl. 
A co por o~ the re clover 1 o te r typically 3-tra -
v r ely ptate 1th a low p roenta e being ' - ptnte, wher 
the lueerne 1 olat had a high pore ntag of t ate 1th 

oorr on ingl.y lo r r;,erc tage of 3-s ptat o cos 
Thi 1 ph1cally in Pi r 39. lthough the rang 
in ept r d clove 1 o te wa narro r 1t 
t111 ov r pp d con id r bly with the rang :ro nd · 1th1n the 

lucern 1 (F1,.,,,.,...,n O nd l 1 ) • rth r • th e nt 
of 1fo po n all 1 ol te 
and oul e an 1y uno t b 1 criterion on h1oh 
to pa t th t o1 a. 

Henoe th by 01'8 m and Luttr 11 (1 961) clai 1n 

• nd • have t ically 3 and 

re otiv ly, ub tant1at 4, 
th nta of muriform a co 0 could be 
u to rat cie s not roven. 



T •: 31. Comparison Cir dimensions of psaudothecia, n~c1. and ascospores 01' lucerne and red clover 

nlat es grown on V-8 juice agar. . 

Pseudothecia Asc 1 Ascoeporee 

Isolat e Dtomet er (u) Length (u) nreadt h (u) Length (u) Preadth (u) 

Range Mean Range :'.!ean Range Mean Range Mean 'Range 1.1ean 

1 176 . 0 266. 66 72. 5 1 C1t . 53 29. 5 ,, ,, . ,1 7 20. 0 32 . 60 10. 2 12 . 32 

- 356. 0 _,!5. 96 -135. 2 _±2 .1 3 - 60. 2 _..., . 02 _, , 3. 8 !9. ,,2 -1 ,, . o .,!0. 1 'i 
2 167.0 191 . ati 83.3 1 09.52 35. 6 ,,6 . 53 33. 0 37. 73 13. 7 16.1 1t 

- 227.0 ~ . 9~ -127. 7 ..,, .,,7 - - 59. 2 +0.71 - _,,,. . 7 +a.a,, - -1 8. 5 _+0. 18 

3 
1 811 . o 228. 51.t. 88. 6 100. 58 .35. 3 1,1 . 68 }11 . 0 38. 65 13. 2 15 . 86 

- 291 . 0 !)• 57 -11 5. 9 ' .,:t~. 81 -1,7.7 .:!:P•'' 6 _,, 3 .. 8 ~ -8? -, 9. 3 +0. 38 -
R1 2M1 . 0 3011. 36 8h . 6 103. 98 ,, 2 . li 52. 80 39.7 ,, 5. 9'1 16.1 21 . 52 

-1fo5. o '!S'• 76 -1 22. 5 +t . '12 - - 67. 9 40. 76 - - 50. 9 .. f) . 81 - 25 . 8 +0.17 -
R2 153. 0 1 8'1 . 66 87. 5 98. 83 37. 6 ,, 5 . 61 32.7 35. ,,1 1,, . o 1 5.t, 5 

- 230. 0 +2. 50 M112. 8 ..0. 97 - 56 . 5 - . - +o. 59 
'"!'> ' 

- 39. 0 !,0. 1 ... -1 7 .,t ,!-0. 13 

R3 ·U,o. o 189. 811. 81, .2 101 . 90 35. 3 1t3.,,a 33. 6 38.81 1 5.,, 16.78 
- 286. 0 it, . fi1 -1 22 .1 -+1 .30 - r:p. .,, ..0. 58 _,t 5. 9 +0. 3,, -1 9. 3 +0. 12 - - -

...... 
~ 
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FIGURE 39. Percentage of 2, 3, 4 and 5 transversely septate ascospores of Leptosphaerulina 
isolated from lucerne (A) and red clover (B). 
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FIGURE 40. 
Range in ascopsore septation of a L. trifolii isolate from 

lucerne on V-8 juice agar after five days incubation in the dark 
at 240c and seven days under cyclic fluorescent light (x 900). 



FIGURE 41 . 
Range in ascospore septation of a 1• trifolii isolate from 

red clover on V-8 juice agar after five days incubation in 
the dark at 24°c and seven day s under cyclic fluorescent 

1 i gh t ( X 9 00) • 

124 
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In g neml ,the result did not directly support the 

contention or ooth and Pirozynski (1 967a) J although the 
ascospores produced. by all isolates under tandard ieed, 
controlled condi tl ons v1ere similar in s ize and septation, 
they still .expressed cons iderable variation. However, as 
only three i®olatee from each host were examined general 
trends aA provided by sampling large populations would not 
be d tected. 

In conclusion, results of' the present study mainly did 
not upport the clai of Graham and :r.uttrell ( 1 961) 1n that 
1 olatea from luoerne and red clov r could not b eparated 
on the baei o f th size of their p udothecia, a o1 and 
a eo pore , or type of' a co pore a eptat ion. That 1 , th 

pres nt findings d1d not rovidc evidence to upport th 
contention t hat the two diseases und r _tudy are caused by 

d i t1not moi-phologioal of the g nus , • 
(b) ·1 

The gross colony eharacteri tics of lueerne 
isolate 1 a.ncl 3 chan e with te emture, with colonie 
havi n a black centr and hit margin between 16 and 32°0, 
and being eompl tely rhite at a and 120c. Whitet fluffy aerial 
.11\YCeliUi.-n was paNJely produced o nt lly on e.11 colonies 

1ncu t d bet 'I en 8 and 280C, but as absent at all other 

tempo ture • n1aok protopseudoth in ere produc d 1n 
cultur between 8 nd .:52oc, with the . ·t intense roduat ion 
bet~ en 16 and 2aoe. At these latter te!Jll)erature nrotop eudo­
th oia w r e produced t the colony o ntr , nd e~ 1nit1 ly 

sub rged. becoming erump nt with time. 

Th fi'ect ot t pe ture on d1 l gr h ot • 
from 1 oern 1 111 trat d in 1 r f 2, tu'id hown g phically 
in 1 r J. 

'l'h cardi l t e ture tor v et tive gPOwth of both 

1 olate on ?DAL aft r fourteen y , 2 nd :,6°c, 
th elo ly · gr ing 1th th tempe tUN repot"t -4 by 

pttev10 wox-k (Miles; 1925J Ora m and r .. utttt 11, 1961 J 
.uttne~ nd nscn, 1 963) Oro h t all ttm gre t t 
t 0o, but n •ls' a tat 2eoe, peoially by th 

t · th d 1• 



FIGURE 42. 
Effect of temperature on the growth of 1· trifolii from 

lucerne (isolate 1) on PDAL after fourteen days incubation 

in the dark. 
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Temperature (C) 

FIGURE 43. Effect of temperature on radial growth of L. trifolii from lucerne on PDAL 

after four, seven, ten and fourteen days incubation. 



128 

It should be noted that these results refer to the average 
growth of two isolates. and that other i ndividual isolates 
would d i f'f r slightly from the above. 

(11) Tbe ef(gqt of media 
The eff ect of' media type on gro colony 

characteristics is ill uotrat cl in Fi gure h11. and eumrnarieed 
1n Table 32. 

Growth of both isolate wae den eon LDAt v-a, Pr A, MA 
and PDAi., but very sparse on WA. urface topography arn 
colour of colon1e w r e sent1ally t he same on all media . 
In general, the eolonie were circular to el i ghtly irregular, 
flat , and i en viewed om above 11 t olive- green to black 

in colour at t he centre, with a th1 te margin. On v- 8 and 
PDAt the colony cent er black, mile on WA they were 

complet ly white. Ae~ial 1TtY'Oel1um wae lacking on all media 
xcept LDA, v-a, MA and PDAL, here 1t was pareel.y produced 

at t he colony centre. 
On LDA, v-8, MA and DAt production of black prot6 seudo­

t hec1a was very int nse, whereas on all other media only parse 
to moderate production occurred. Protopeeudothecia were 
produc d at the coloey centre, and w re either ubmerged or 

M1mpent • . rotopseudoth cia production on OMA 1e 1llm1trated 

in F i r 1 5. 
Th ffect of media type on radial g rowt ie illu trat d 

graphically in Pigure 46. After fourt n dayo incubation at 
21 °c growth w great t on OMA, but nearly a great on 
IJ>A. v-a and Pi-AJ 1 t a l a t on WA. It ould b noted 
that the hi to a recor the ave s owth of t o t olat , 

nd th t ome variation b tw 1 olnt exi t. 

( 111) AlC.._,.il!MWl~Y....:lla.-;:~~~la'-~:::-.;:~~.....ell.lliiloilil4o~I¥ 

e ch. 

colony oha • ct r1 tloe ot each 1 olat 
1 t 7t and th lr ro th rat gra hically tllu trated in 

re lt8 and 9, 
On PDAt the luoerne t. olate had a f'a t groWth rat , 

producing circular colon! 1th en undulate margin, Whe~ 
t he red el.o?er 1 ol te had a lo gro h rate, pectialll 
1 ol t , an leo fo · eel o 1rou1 · r colon1ea, but wt th n 
entir mrgln. 
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FIGURE 44. 
Effect of media type on the growth and gross colony character­

istics of 1· trifolii from lucerne (isolate 1) after fourteen 

days incubation at 24°c in the dark. 
(1-0MA, 2-LDA, 3-v-8, 4-CMA, 5-PrA, 6-MA, 7-PDAM, 8-PDAL, 9-WA) • 
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Protopseudothecia production of a 1• trifolii isolate from 

lucerne on CMA after fourteen days incubation at 24°c in the 

dark. 



TABLE 32. Effect of media t ype on t he gross colony charocter ist1ce of' 1• tr1fol11 f rom lueern 
incubated at 21lOC for fourteen day.-,. 

OMA IJ>A. v-s CMA PrA MA PUAM PD4r, I Vf/A 

6.30 5. ,,,, 6 . 22 5. 50 5.75 5.70 6 . 1t1 5. ao I 6. 90 

C ISl Ir Sl Ir C C C Ir Tr I Ir 
Ft Ft Ft Ft Ft Ft Ft Ft 
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FIGURE 46. Effect of media type on radial growth of ~ trifolii from lucerne after 
four, seven, ten and fourteen days incubation at 24 C. 



FIGURE 47. 
Comparison of growth and gross colony characteristics of 

Lentosphaerulina isolates from lucerne and red clover on 

five media after fourteen days incubation at 2li°C in the 

dark . 
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FIGURE 48. Effect of media type on radial growth of Leptosphaerulina isolates from 
lucerne after four, seven, ten and fourteen days incubation at 24 C. 
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0th rwi e colony oolour, the densit y , location and morphology 
of a rial tl'(V'C 11u~, and inten ity and location of p~oto- . 
peeudotheoia r v ry imilar fot' a ll 1 olat s ( r-1 e h7A). 

On 2 V-0 juice agai- the average radial rowth f or 
both groups of 1. olnt a ~ae v ry 1m1lor, ,vi th again few 
differences being observed in colony colour, a rial myc liurn 
and protopseudothecial features . The jor differences , 
however, wer 1n colony morphology ( ae de crib above for 
PDAy,), and t ut the red clover 1 olate developed proto-
P eudothecia in cone ntric circl e , wheres in colonie of 
the lucerne 1 olat they \Vere randomly located ( Fi re I 7~). 

1'cth groupn o f 1sola tee on . A h d a Aimil.a radial 
rovth: the coloni produc d wer light oliv - r en in 

colour and 1th a white margin, they lacked a rial myo 11um. 
and d v lop d mod rat numbers of black rotop eudoth c1 

in ooncentr1e rings. Again 1m11ar d1ff'erenoes a above 
re f'o nd in colony morphology (Figure t 7C). 

Th , averag radia l growth, colony colour, aerial myo lium 
and rotopeoudothecial foatur on J,l'I/\ were emientially the 

a ~ for a ll i olntes; t he colony morr.,holo~ differed, a 
bef'ore, in the ha c of the colony ma r gin (F 1 , re I ) • 

Finally, on 'A colonies of each group o~ i olate 
re ined mall in 1z (luoerne 13.t mm; Ped clove 1 9. 6 rl"..m) , 

nd d imilar colony chnract ristic • Coloni r circular, 
flat, and 1th an undulate mor in, compl tely 1hit, l acked 
aerial n\VC 11um, and d velo d f or no protop euaotheoia 
( Fi re 1 7E). 

In oonclu ion, the abov phy 1olo cal otu 1 did not 
provide r ult hich war nt d d v1 ti on from th rli r 
concl ion, th· t in the mat p per spot of luoern nd 
red olov 1' 1 c d l\Y' the one p ci , nam 1Y , • td,!'04&&• 

c. 
tudy th m idity nd att rn of 

a co por g rmination a ex mined on gar at 21 oe, and 
hotog hie lly :r orded in a th ch mber 1 lar to 

that de crib d by Harv y nd enh m (1971). At et- 1nv rttng 
a orulnting culture of th uru:rua over D L plat tor 1 •2 
hour a llo in tur l ej ction of n co or onto th 
agar u.rf' c • re of g r a tmn ferred to terile 
cove 11. 
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The coverelip wae th n inverted over the growth chamb r, and 
the edges sealed with pa raff' in wax. A moist air flow was 
maintained through th ohamber to prevent deeAication of the 
ogar an d asoosoore ·• Germination patterns of' one or more 
ascoeporea were er1odioally observed and photomicrographioally 
recorded under the high powe:r (x ,ioo) of a compound microscope. 
Asco pores were considered to have ger ooted when the length 
of a ger m-tube waa equal to the breadth of' the ascoe pore. 

Generally, 5- 20% or the aacospores had germinated after 
1 k hours . and by 2½ hours approximately BO!b of th~ s pores had 
well developed ge tubes . ny the third hour 1 O germination 
was attained at th1~ temperature (21 °c) . A similar result was 
reported by Martinez and Hanson (1963) who found the optimum 
tem erature for germination ffas 2 oc, wit h ~1~ of a coeno e 
germinating in three houre at thi temp rature. 

The pattern of gel"nlination 1 Ahown 1n Figur 50. In 
all ca e there was an 1n1tial expansion of the a oo pore 
( up to 4u in length and 2u 1n breadth) , presumably due to 
absorption of water from the ubstrate . Germ-tubes were 
in evidence within one hour originating from either the 
tel'minal or lateral c Jlls of the aecoapore.. Within 3 houre 
of firet evidence of germination individual a coepor s ha 
produced betw en 3 and 7 e tubes. Once emerged, germ-tubes 
elongated v ry rapidly (within 4 hours the gr tube len th 
wa even time-a gr-eater than 1te breadth), b co ng se tate 
within 6 hour and branched Within 10-12 hou • 



1 39 

FIGURE 50. 
Pattern of ascospore germination of 1• trifolii from lucerne 
on PDAL at 24°c (x 400). 
(Left to right, top to bottom; O, 1½, 2, 2½, 3 hours). 



APPENDI3 I 
co W0SITI0 A p ifARATION QF CYL'"URR f' $})IA, 

The media w r r pared aA d cr1bed bel~. They iere 
etored in 250 ml Erlenmeyer ~laake, after being autoclaved 
at 15 o.s.1. for 20 mi.rrutes. 

A. PQtB!o- Dex,rose Amt (lab PDA) 
agar ( Davi ) 
potatoes (sliced and pe led) 
d xtrose 
di tilled water 

12 g 
200 g 
10 g 

1000 ml 

The liced potatoe w re oooked for approximately 
one hour 1n 500 ml of distilled ater and the filtrate 
r tained after tra1n1n through a clean oh e ecloth. The 
agar and dextrooo were melted in 500 ml of distilled at r, 
th notato filtrate added, na th hole then autoclaved. 

B. oxoid PDA 
potato- dextro e agar ( Oxo1d) 
distilled ~"later 

10 
1000 ml 

Th prepar d dry medium 1 added to the distilled water , 
and th n autoclav d e 

c. 
potato-d xtrose agar (Maknur) 
di till d t r 

36 g 
1 000 ml 

Tho pre ar d dry dium 1 add d to the di till d vat r, 
and th autoalavod. 

De 

15 g 
1.5 g 
200 
800 ml 

800 ml o~ di till Wat , th 
juice d d , nd the holo then autoc v d. 

a r ( Davi ) 
cornmeal (cru hed) 
d1 till d atei-

15 g 
60 S 

1000 ml. 



The cornmeal wa cooked 1n 500 ml of d i tilled water · 
for one hour at 600c and then r1ltered through clean 
ohee e-eloth, The :filtrate wa t hen added. to the agar 
melted in 500 ml of distilled water, and the whole autoclaved. 

F • Qa.~;ueAl -'\sat 
agar ( Davi ) 15 g 
oatmeal 20 g 
d i s tilled water 1000 ml 

The method of preparation 1 the same ae for cornmeal 
aga:r above. 

agar ( Davi ) 
malt extract (Oxoid) 
di tilled ater 

15 g 
20 g 

1000 ml 

The malt extract wae warmed for a few minut in 500 ml 

of d1et1ll ·d water, then added to th agar melt d in th 
r emaining 500 ml of water, and t he whole autocl ved. 

H. Pr»ne Aar 
p:r-une agar 2h g 
di till d Wat r 1000 ml 

The prune agar uae gently heated in t he di tilled at r 
to completely d i Aolve the medium, and then autoclaved. 

I. n'.itiOX: AA£ 
agar (Davi ) 12 g 
distill d wat r 1 000 ml 

Th gar a added to t di till d at r, <'f th 
autoclaved. 

lucePlle l v 
a r (Davt ) 
4exti-oe 
di · tilled w t ·r 

30 
20 g 
20 

1000 ml 

The 1 v ere oonminut in ar1ng Bl nder with a 
mall volwoo of ater, and ooo ed tn 500c atett th for 

two hours. After tilt ring, th filtrate · odd d to the 
dextro e and · Jt di olv cl in ater, th tot l b 1ng de 
u» to 1000 ml, Th hol 1 th n utoclaved. 
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