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1 , lfor;,l:ol oc;icn l 9 cu1tura l 9 nnc~ 1x1th0Gonicity s tudies 

confirr.~od t ho cnus a l or r~c.nisra of tho s prin['.' bl:c. ck stem 

C:'.i sociso of lucerno (Ifodicw;o Ec:.t ivc. L.) j_)ros ont i n Now 

2, Of oi _:;b.ty si.::~ Now Zoal cnd lucorno sood linos scr oonod 

J urin:::; 1970 nnd 1971 9 oi ,=;ht;y thr oo wo r e i nfo ctoc. d 

lovo lG rnnc;i nG fro• one l:::lf t o f orty nino porcont ; 

i;iront;y throo of tho s ;,oc7. linos hncl c.n i nfec tion l ovol 

::;r co.t0r th:::n twenty i-ie rcont . 

3. In c.11 seed linos (both infGctocl o.ncl uninfected ) thcro 

wa s 2 ,:;rc:d:::t i on fron d-::r k t o :,x1lo c ol ourod. SG(.,d . I n 

infc ctocl linos t ho i nfe c t i on l ovol of tl:..o cbrk sood -wns 

jTC -:-. t or ( :> Jg 1) t hQ.n tln t cf t:~o 1,t:10 s ood . 

!f , Ovor oi ,:~;ht con ncmt hs ·Le. l ovol of sood i n f e c t i on clc.cr00.sc,.'_ 

c~t ~:.. r o..t o f c .. s t cr t~~e1n the nc~t ur 2l do cro~so i 11 cormin.~-· :.(~~1 

C2.l)C1 City 9 c.ftor tl1i s · t. 1ori ocl t~:.c infection l ovGl i•lc. s . l css 

th::n ten ~Jo rcont of tho oric ina l vulue . 

J , L-.1:r, r ovod • cist b l ct t or o.rnl ngct r 1,l 2.t0 tosts wore dove lo:~- " 

f ollm-rin1; n cri tico. l oxarninc.t i on of ostnblishod nothods 

f or dotoctin.,:-; funia. l :;xit hoc;ons associated with lucorno 

sood . 

6 . Sood- borno inoculur:i of !-r:iodicet;::inis induced both pro­

onorconco c.nd post-onergonco dnmpinc - off. llli.ilo tho 

1x1thoc on wns most pa thogenic to seodlirlGS nt 14 C9 

c t this t emper a ture n ot a ll do t o c tc.b l o sood-b orne 

i noculum cnusod dnmpine-off. 



SUMMARY continued 

7. In r.1ost instances pro- cmcr gcnco damping- off r e sulted 

fr oI:1. dostruction of tissues c oncornod with s 00dling 

olone:;,,ti on . 

8. Of ton scocl dr ossinc s ovnluntod boncmyl cmd thirar;i 

1.1r oviclccl r.10st offec tivo control of sood-borno inoculur.1 

cf ,!: , no_'-~i cnf-:,i ni s . Hn;over boforo t~1ose t hornpoutnnts can 

bo roc ommonckd f or ccnor :11 uso t ho ro i s a need of ::: urt!1or 

c lQsshouso and field tri als . 
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INTRODUCTION 

The area of lucerne (!,1edic~ sativa L.) in New Zealand 

has i ncreased rapidly in recent years as farmers have recognized 

the role it can pl ay in f armin& enterprises (Table I). There 

ar e several reasons to account for this increase ~ 

(i) A gross mar gi n analys i s of lucerne as a cash 

crop shous a return that i s equal to or greater 

than for comparable crops such as ba rley or 

peas (Tooker , 1970; Lamb, 1969; Anon., 1970 ). 

(ii) Lucerne has a greater versatility than other 

crops as it can be utilized i n several ways 

t o produce many final products (Fig . 1). 

(iii) Lucerne provides n more as 3ured feed supply 

than conventional r'Je grass/cl over pastures 

i n those areas subject to drought s and Hith 

light soils ( Oli ver 7 197 1). 

In part s of the South I s l an.d, the area of lucerne grown 

is small because of the difficulty 0:;::perienced in stand 

est ablishment ( Oliver, 1971). 'l'ho importance of even and 

rapid establi shment of lucerne cannot be underestimated, since 

a resulting vigorous stand with a minimum of weed infestation 

will give the greatest nett annual return . Several factors 

have been implicated as causing poor s tand establishment in 

luceme ~ 
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( i ) Nutrient status of the seedbed; a deficiency i n 

the essent i al mi neral nut r i ents or G soi l pH 

Table 1 . 

Year 

bol01v S. 2 2-ro likely to result in poor stand 

establishr,1ent (HcFarlane 7 1970 ). 

( i i ) Seedbed preparation? l ucorne seedlings requir e 

a f i r m1 fine , weed- fre e seedbed with adequate 

moisture for successful establ ishment 

(Bonner , 1970). 

(ii i) Effi ciency of nodulation with Rhizobi um 

neliloti Dnncenrd; non- nodulatod seedlings 

r apidly show ceneral yellowing and poor 

growt h (Close , Whitelaw 9 and Ta~;lor 9 1971) . 

The area of lucerne c rown in Hew Zealand 

utilized a s hay , silage or seed crops . 

! 
,\roa (acres ) ' Authority 

--·- -·-·-· --
1958- 59 144,516 N. Z. Yearbook, 1964 . 

1968- 69 2031010 Ibid . , 1970. 

1970- 71 300,000 '" .,. Meokl ah & Allen1 1971 • 

x estimate onl y . 
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( iv ) Disoase factor , several f ungal pathogens cause 

pre- emor genco and/or post- ener genco danpinc-off 

i n Now Zealand 9 i ncludi n6 species of 

Fusariurn 9 Polli cularia 9 qtLium 9 and ~homa 

(Cl ose , 1967) . The pnthogonic i noculu• i o 

derived from oit her soi l or seed . As r egards 

thi s l atter aspect 9 t we lve fungal pathogens 

of lucerne are lmm·m to be seed- borne 

(C ormack9 1945; Leach and Elliott 7 1951; 

Nob l e and Richar dson, 1966) , Seven of t hese 

are pr esent i n lJo1-1 Zealand (Dingley 9 1969) 9 

al though only Phor,1a modicagi ni s Mal br . et 

Roum. ( v,·,r . rnedi cagi n~ :J Boerema ) has been 

r ocor dod a::.1 being sood- borno in thi s count ry 

(Hat thews 9 1970 ) . 
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Figure 1 . The uses and respective products of lucerne . 

Lucerne ."i. field crop 
i 

Plant nattor utilized 

to produco a seed crop . 

Product i s seed . 

r 
Pl u.nt matto1° 

dehydrated. . 

Dehydrat ion by 

action of' sun . 

Product is hay . 

I l 
Plant m2tter stored Plant nat t e r 

for furt2er uso as utilized by 

stock food . gro.zinc; ani • al s . 

Products .:i.ro r.ieat 

woo l or milk. 

7 
Pl ant • attcr stored wet 9 and 

pr osorved by pr oduction of 

CO2 by saprop~-iytic ori3·anis• s . 

Product i s s ila4e. 

7 
Dehydration by artificia l 

means . 

Products are lucerne 

~ EE pellets. 
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In :)road outlino 7 tho pre sent study was concer ned uith 

ost r1blishing tho validity of tho hypothesis that poor stand 

ost atlishraont as experienced i 11 Now Zoul 2,nd • ay i n part be 

consoquerit on fungal pathogens CJ.ssociatod with sood e.t tho 

tise of sm,i ng , Thc:ct i s, such seocl- bor no i noculu• • ay 

i nduce pr o- orae rgonco and./ or post - e• orgenco dampi ng-of f , 

f actcg 

This hypothesis i s t eno.blo i n vim, of tho following 

( i) Overseas work has shmm the:.t sever a l fungal 

pathogens, i n p2rticular f ,• edicagi nis 9 a r e 

seed- bor ne in lucerne and r.10.y c2uso dampi ng-

of f ( Table II) , 

(ii) _!: . i;;odicD,[~i ni s i ::-, pr eval ent i n How Zealand 

lucer ne crops being saved for seed x . 

(iii) Pr elimi nary studi os i n thi s l aboratory 

earlier ostJ.blished that _f: . noci. i cagi nis was 

com• only associated with oGrtified line s of 

How Zealand pr oduced seed (Wenhal7l 9 1970) , 

More specifically t he study i nvolved 

(i) establishing by morphol ogical, cultural, 

and pathogenicity inve s tigettions that t he 

t ent ative identification of _!:,modicaginis 

on lucerno seed was correct 

x An account of the New Zeal and his tory of 

bl ackstom of lucerne and a descript i on of the disease i s 

presented in Appendix I. 



(ii) a crit ica l m:o..r:1i nat i on of rnthods for t he 

detect i on of !'.• :·c1od icagi n i _lC3, i n lucerno sood 

( iii) a s urvuy of tho hoal tll statu::1 of 

comrnorc i a lly avo.i lcblo No~1 Zeal and 

lucor no sued 

( iv) 2.n i nvest i ,:;c1t i on i nt o the s i {:;'n i f ic2.nce of 

seod- borno i n oculuu of ,I: . r:iodic3:E_i n i s on 

seedling o~orgonco 

( v) 2, s t udy of r:iothods of r oducinc; tho funga l 

i nocu l un 1 00,d assoc i c,t od Hi th cornner c i o.lly 

ava ilabl e Now Zo2. l nnd. l ucerno sood . 

6 



T8.bl e 2 . Fun3a l soud- bornc p2thocen,~ of luce r ne known 

to cause danpi ng- off . 

Bl :1el:putcl1 ( CC:-.USil l Or (;'3ni sn 

never identifi ed ) 

~?t r ;{tis c i no.roa Pers . 

u~: Fri o~ . 

Collototri cLur.i tri folii 

Bo.i n & Essar'J 

Fusari u!J Sp) . 

Phone:;. ,.1odico.r:;i n i s 

Stoophyliuw botry osur;i Wall r . 

Sclo r otini a trifoli orum 

Drayt on and Groves . 

I 
.:,uthori ty 

Loo.ch 2nu El liot t? 1951. 

Z,,!:opa.l ot Q. 1. 9 196G . 

1fobor? 1952 . 

Robert s c t ~l . 9 1959 . 

Luc.ch 9 C.!i . , 1960 . 

IIofor 2nd Crosi er, 1 :)62 . 

Comc:i.cl: 9 1945. 

1953 . 

Mead? 195.3 . 

Lcach 9 c.n. , 1960 . 

1Jehion 9 1955 . 

Lea ch ? C. J.I . 1 1960 . 

Cormack , 1946 . 
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CH.A.PI'ER I 

MqRPHOLOGICAL, CULTURAL, AND PATHOOENICITY STUDI:ES 



A. INTRODUCTION 

Morphological 9 cultural 9 and pathogonicity s tudies 

were undertaken t o confirm t hat the causal fungus isola t ed 

from soed 9 seodlings , and mature pl ants i n the currant 

i nvesti gation was i n fact ,I. modicaginis . 

Isolation Techniques 

Tho fungus was isolated to agar using two me thods ~ 

(1) High humidity method. Typical lesions with 

pycnidi a (Fig . 2) were 

subjected to high humidity for 36 hours 9 which had the effect 

of inducing pycnidiospores t o escape through t he ostiolo. 

Using a flame d needl e and with the a i d of a binocular 

microscope 9 tho r esultant spore mass ( spore blob 9 Fig.3) 

was transferred t o a drop of sterile distillod water to 

produce a spore suspension. Using a fl ar.1ed pl atinum l oop the 

spores were then str eaked over tho surface of potato-dextrose 

agar (PDA) or malt extract agar (MA) and incubated for throe 

days a t 24 C in the dark. If r equired, monosporous isolat es 

were obtained by removing whole colonies to plates of PDA 

or MA. 

(2) Tissue Plating Method . This technique utilized 

the ability of mycelium 

established within infected tissues to grow saprophytically 

on artificial media. 

8 
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Sr:,all pieces of ti ssue ( 2.pproxiL1at e l y 1m.rn2 ) wore cut 

fron tho mar3'i n of lesions and using o. sterile noodle tip 

woro trn.n3fo rro cl to o. s 1_Joci::.Uzec1_ nc;ar rJodiuD ( P . 7J) 

o.t the r o.to of :f:'ivo tissue pieces por 9cG ?otri dish . Afte r 

i n cuba ti on f,)I' fiv,3 clc.ys s.t ;~4 C i n tho cl:::.r k 7 coloni es 

or--:2no.t in3· fror, tho tissue p i c CL)C -;;o ro roaclil;'/ rocoGnizablo 

as f.'. . :-:icclica:.::; i n i :J . ?uro cul tu.res 110To obtnir,.c cl b;y 

transferring bloc1;::s of ac:i.r vli th :_,~,' coliu;;i onto p l a tes of 

o i thor PDli. or Hi,. . 



. / ·. 
, , 
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Fic urc 2 . Luce rne stcr.i n""IT"turc.ll;y infected with 

P. noclicn:-•inis. 



Figure 3. Pycnidiosporo r.iass e.:mding froi!l pycnidiura 

of ,!:.medicnginis (produced on MA following 

incubation for 12 days at 24 C 'in the dark) . 

11 



:s 0 MORPHOLOGICAL STUDIES 

Pycnidios_por o f0 aturos are of r;ia jor i wport ance in 

ident ifying spoci os bol on~i ng in t he Sphnoropsidales. With 

r egard t o ,!:.r;iedic2£_i ni s 7 several irorkors ho.vo reported 

considorn.blo variation i n tho s izo, shape 9 and septation of 

12 

pycnidi osporos 1 be thoy pr oduced on host materia l or artificia l 

medi a (Johnson and VQlleau, 1933 ; Toovoy et E:l.•, 1936 7 Schenck 

and Gerdooann1 1956; Ellingboe , 1959a , Rossnor 7 1968 ). This 

i s not surpri s ing since it i s woll estciblishod that field 

onviron::1ental conditions and tho nutritional s t atus of agar 

exert a considerable i nfl uonco on spor o morphol ogy (Huches , 

1953 ~ Luttrell, 19639 Si1-:rr!lons , 1966 ). 

Accordingly, i n the present study observations wer o 

mado on t he sho.pe 9 size, and septo..tion 0£' pycni di ospores 

produced both on host ti ssues and cultur3 r;iedi a . I n all 

cases cul turos were de r ived froJJ tho sar.10 fiol d collections 

used i n de termining spore ~or phol oGy on host tissues. 

Experimenta l Procedure . Naturally infected foliage and seed 

sampl es were subject ed t o c onditions 

of high humidity as pr eviously described (P. 8). 

Spor e blobs which formGd over the ostioles of pycnidia i·rere 

aseptically transferred to drops of sterile distilled water 

to form spore suspensions. This i noculum was used for 

determining the morphologica l f eatures of pycnidiospores 

on host tissue 1 nnd also to prepare monosporous PDA isolates 

for spore feature studies on agar. These latter isolates 

were incubated for 11 days at 24 C in the dark. 



Results ,.mcL Discussiono Tho r osul t s J.r o s umoari zed i n Tabla 

III. On hos t mat eri a l t ho rnoan 

pycnidiosporo l cnc;t h va:riod froi'J 4 . 2 t o ~j . ,S rnicrons (u) with 

a r nngo ovor all four icolatos of 2 .1 to 9 . 4u. On PDA the 

moan pycnidiosp,_)ro lonc;th va ried fron 4 . 4 t o 6 .0u 9 with a 

r ango of 3. 4 to 11. 6u. Thus it i ::.; app2,r cmt that both the 

13 

• oan and r ange of pycnidiospore lengths 1mro generally 

s i r:1ila r 9 when dori ved fror;i ei thor host natorial or PDA. For 

i ndividua l i soL1tos py cn idiospore l ength was appro:x:ir,1ate l y 

tho sano on both host rnnt oria l ,--.ncl PDA. That is 9 the is ol o.t o 

wi t h t ho lar(,'ost moan length on host mate ria l a l so had tho 

l ilrgost nocin l ongtl1 on PDA 9 c,nd v ice versa for tho shortest 

Tho pycni diosporo uidths woro not recor ded because 

of tl:io inaccur::.cios i nho r ont in ~.1casuring spores of very 

small sizo . Hmmvor it uas observed thc1t most wore two 

t o three uic r ons 1I i do 011 both host • at c ria l cmd PDA . 

Tho pycn i di ospor o di mens ions r ecorded in t he 

pr esent s tucly o.ro i n gene r ul agree r:1ent 11i t h those of other 

workers (Table IV). Howe ve r Toovoy et a l. (1936) found a 

Dean l ength of 9 . 5u on Dox 1 s agar a fter incubation for 182 

days a t 5 C. This r e sult doos not invalidate those 

recorded on PDA i n thi s investigation as Rossne r (1968) 

found that pycnidiospor e l ength increas e d as incubation 

t eoperature decr eased. Further Schenck and Gerdemann 

(1956) 9 and Ellingboe (1959a) recorded pycnidiospore 

l engths on PDA s i milar t o those on tho sane medium in the 

pre sent s tudy. 
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Py cnid i ospor o shapo variod cons i de rab ly ? ranging 

fron oval to cylindricnl with r0undod onds 9 t o s tra i ght or 

:Jlightly curved (Fig , 4) . Eost p:1cn i d:i. osporo s wore guttulntc . 

1U though no specific studi os on pycn i di osporo shG.pe wore 

c onductcd 9 tha typos illustrated i n drawings by J olmson and 

Va lleau (1 933 ) ? und. Toovey et nl. (1 936 ) uero a ll rogul c,rly 

ob surved . 

As regards septat i on 9 • ost isol a tes had. v ory fe w 

septG.to pycnidi o,Jpores? a findi ng- i n gene r a l agreor.10nt with 

p r evi ous reports (T2.bl o IV). However ono i solate 1-ms 

l ocat ed on host rn:: t eri a l with 2 l a r go pr oport i on of bicellod 

spor es (Fig , 5). Such i sol ates 2.:;_)poar t o be unco• rnon . 



Tnhlo III . 

Isol ate l 

codo 

OL230 

OL230 

01263 

01263 

P;ycnil::i.os:~oTc ·7 -;_racn2 :i_ 011s t]f fa:·--~:]j_1;2,.i--- -·1.Z't i S) -·- ._ _ ..... -

! 
I 

Substrect c 

Sooc. 

PDA 

Sood 

PDA 

• - - , ----__ - ---- i -····- - -- -. -- _-_ r-----.--. - - --------
_l'Jo . , Inc1i1J_,.;ion L ,cu ;:,.;ion I P;yc:-"i ,.: i os:::°J:~ r ~. lon:·:ti1. 

• oc.surcc~ tor.!~Y;r_:,_ turo ti::!C I ( r.1icrons) 

120 

11 0 

117 

120 

(c) ( _, .. "' V S ) 
\ ...L '..- ~u 

I V1·. ,.--,v, C' -;-1 I <::! J· ,1 i)~ ··;, r 
.J.1 ...,, C.l.l .i + ;.) o. ~Jo f _., l.J \ • (.J V o 

t 
---~---- -t- ··---------------·4--------··--- -+-- -

I 

- I 

24 

2t, 

11 

11 

·f . 16 = 0 . 05 

4 . 36 + 0 . 05 

0 . 33 

0 . 30 

- ---t------ --1--------;---------- ------+- ---------• • 

;, .,s . 0-~: I 0. 58 

.t,'.5 :': .o~ 0 . 29_ 

' 5. 81 + 0 . 07 1 o.S9 DSIR (n) I Stor.1 I 110 

DSIR (a) PDA 121 

01279 Sood 120 

OL279 PDA 120 

Koy ~ 

S.E. = Stnndard Error. 

Std . Dov.= Stnndnr d Dovint i on . 

24 11 

2,~ 11 

G. 03 + 0 .11 

5. 10 ~ 0, 07 

4 . 71 .._ o. 06 

1 . n 

0 . 71 

O. itO 

Vl 



Ta,blo IV. Previ ous ly r oc or c1.od pycn i ,_1. i t:S)cr 0 ,'. i ! 1uns i c,n:::: :,f f . r.,o·.7. i c~. :i n is. 

' 

Auth ority 

f 

No. 
SubtrQt o l • oc.surod ! t cr:-11 or c.t uro tii•o 

PycnL~i os :;)cr o P;ycni cl iosp or o . 
I 

Ln :ti: ( r1icrons) l•ridtli ( i.1i c r c-ns) i 

I 

r1 (""I to 001Ytnto 
i 

i Incubotion r nculxo t i oc 

, ( C ) 1 ( c'c ~.ys ) 
_____ .. _ - -- ·- - -- - - - -- . -- --- ·-· I 
I.i__,~n R.7.nr5e : l-I0an H:m :.:.,·o 1 s p0r os ! 

I 

I I I ' , - : ,-, 1 Mo.lbr. ct Roun . - j - ' - - - ! 3- l 
1 

- 1 1- c:c -

-~;::rl ~-~~ .. ~--1 __ ~~~t-_ .. --~-. _·-: ·· ..... : ~ . r-- 6.=1 2 L __ J. 2 ~5~ 3 ~ l.-.few . -
··p;;ck. 1912 -1 _-:__ __ +--- __ -____ _ _ ~ _ ___ __- 1--- _ 6-15 _ j - __ [ 2. 5-4 _ +----- _few_ 

- I - - - ~ 5-1 2 i - ' 1. 5- 2. 5 : fow J ohnson nnc. 

Toovey £!c. !!:!_., I hostl" - --r----_ . ··-= · - -6,4 ' - -4.6~1 0. °[2 .6. ·2.1~:i".5 i-- -
1. 1 5 . 0- 9 .4 , 2. 1 2 . 3- 3.1 I 

Vnllonu, 1933 

1936 host - l -
hos t - - 1.3 5 . o- 9 . 0 !2 . s 1.1-3. 1 I 

I 

Dox's 5 182 9 , 5 5 . 0- 17 • 8 I 3 • 0 1 • 8- 4. o , -

5. 0 3-5- 7-0l~2 I 1_.5-3.1 , -

e.[;ar 

Dox 1 s 

agar 

Paterson and 

r oom 31 

--_ --- r---------
- I 6- 15 I ::-+ 2.5- 4 L -

--~?} cho_::~_:J_4~ f J _ __ _J _ --------L------ ~---~·- _____ i __ -+--- ___ j 
Scl::onck and PDA I 100 I r ooo I 14 I 5. 12 l .,i . 5- 6 . 3 - j _ I 38 I 
Gorclor.imm? 1956 

Ellin[;b009 

1 S'59c 

hos t 

h ost 

100 

100 
I- - - -· -·- -+-----· - ·-·-

PDA 

--·•-- -----~- -- --L-- --- - -'~-- ---·- ---

--t, --· -
! 
I 

6 . 40 : 5, 5- 7 · 3 ! -

,:, ··1•/' I 5. 4- 10 . 0 L = -· t- --=---\,,.") . ~- l...- - - -- - - -- - ; 

5 tj. - 7 
---

0- 22 

0- 22 
•- - -• •-- M-~ 

0-1 00 

....... 
0\ 



Figuro 4 , Ifon- E;opt L,to pycnidioSJJoro s of' R-~odicc1ginis 

C.woducod on I,1A f ollowin3 i ncubo.t i on for 

12 clo.y,; at 24 C i n t~10 ctirk) . 

( c1ppr o~( • :.-c 1 500 ) 



Figure 5. Sopt at o pycniuios~oro3 of E . modicagi nis 

(producod on lesioned lucorno stom sub j octod 

to high hur:iidi ty (o.pprw:irntely 100%) for 

48 hours o.t room to• poraturo) . 

(appro::: . X 675 ) 
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c. Cultura l Studios 

A cul turc.l stud;y of tho fun0 u s t ont2.tivol y 

F' / 

i Jontifioc: ac ,!: . codi co.r;ini s uao conducted f ,Jr tuo r oo,s ons . 

Firstly 1 tho cul turo. l chnrc1ctorict ics of t hi s fungus -:ioro 

used t () a id its i dontificnti on , and socondl;y , it w;::,o 

110 00::::02.ry to asce rta i n t ho r.1ost suit ab l e !lG,:t:r- :-.,odiur'.l nnd 

condi t i.ono of i n cubat i on t o ensure u :ra;ii d growth r a to i n 

l ut o r oxpcrinont s . 

I. Tho Influence of Modi o. T;n)o on Gross Colony ChtJ. r a ctorist i cs 

Sixteen o,G::lr r:iedia wore 1Jrop2..r od ancl pourod i n to 

90 nm go.r:JJ":l :Jte rilizod plo.stic Petri dishes "· . These woro 

subsoquont l J inocul a ted witb a circul2r plug of i nocul um 

( 4 ,:ID d.iame tor) t .:ikon fror,1 tho ;;:c. r:3"i:'l of ,:m ~:cti voly g r owin_z 

cul turo nnd i n culJo.tod o.t 2/j. C for 11 , =1.;ys i n t ho dar k . Ea ch 

t r cc:tk:ont u::i.s roplic::i.tod s ix tL::os . This r::ctllod of 

inocul ution uas f ol l mw d in o,11 2;r-owtJ1. r r: t o s tudies . 

Obcorv::.t i ons wol'C no.de on tl10 fo l l owinc ch2r c1c tors : 

( i ) Col ony colour o.t t:10 periphe r;y 1 !':lodi a l , 

and con t r a positions . 

(ii) Col ony ohapo~ outline c i rcula r or 

i r r egula r. 

( i ii) Col ony de linea t i on; odbes ontiro or 

di ve r se . 

De t a il s of the medi a used and their prepar a tion 

nr o pr esent ed i n Appendix I I . 
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(iv) I1;ycoli::i.l donsi ty 9 spai~sc 9 ::1od ium9 or 

don'>o, 

1/hothcr the r.1ycoliun was rai sed noticeabl y 

c17Jovr) t,ho agar surfc..co 9 TJ.isod or f l a t . 

(vi) Rol.v.·i;ivo ni.rn1bo r, size, and dis·cribut i on 

of pycnicha. 

( v:'._:i) :i':Ic,2.n P:icn id:i. osporo l ength (4 r.1odin only) . 

( ,;i ii) Colony dianoto r . 

Tho re sults :J.ro sumI:12rized i n Tablo V? and ~.ndicate 

·cho T~ido di vors:i_ ty in tho observed chnr ci.ctors . In no 

~~ ",thoc;on or1 two dit'foront r.ioclia i dent ica l. 

Of' tho S:LAtcon 7.icdL1 o:;s:a!:linod 7 potato- carrot 9 

!1 :c. l t 0:2:trar:; c 9 L::.b . 1:-,ct ,1to---do:;: troso 9 Q:-:oid 1,ota to- doztrosc 9 

and V- 8 ju:..co :::.62rs proved tho IJos·i; sat i s:f ,, ctory for 

ci1 J.tu1·ing P , r:-.oclica.;-•·i_nis boco.uso oci,ch ull owod 

(i) 

( :i.i) 

( . . . ) 
lll, 

ro,pic1 gro-\·rth 

abundant pycnidiospore production 

( Pi g . 6a) 

ready identifi ca ti on based on tho 

d i stinctive colour of col onies (Fig . 6b ). 

Accor d i ngl y in a ll s ubsequent experiments throe 

of those modi a 9 mal t ext r act agar ( l-'!A ) 9 l ab, pot a to­

d.o:x: troso ag:2r ( FDA) , and Oxoid pot a to- dextrose agar 

( Ox:oid PDA) wore used . 
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The principle fo c turo:-:: of tho funGUS c"Jse rved in 

t hi3 • tudy a ro i n close a cc or dance to t ho des c r i ptions of 

R_ . ;1cclicagi n is g ivon by vnri ous wor ke r s (Jolmson and Vallouu 9 

1933 9 Toovo;y ot p.1. 9 1936~ Coroci.ck? 1945 9 Bdr.:unds c,rld Hanson, 

1960 9 Boeror:;c, 9 Dorcmbosch 9 nnd Loffring- 9 1965 ) . 

Noto . A feo.turc of _!'., • ocl i cn;~i ~i s on PD.A 1ms tho forr.1a tion 

of crysto.ls UlJ to 2 c ;:-1 1 ong i n tho 2.go.r aft or 

incubc..t i on f or 3 ueol:s at 24 C i n tho dci rk (Fie; . 7). 



Table V. Influence of media type on cultural characteristic s . of R•~edicar.;ini~. 

Type of Colony Rela tive Pycnidial 
agar Media Colon:v colour Colony deline- Mycelium no. size 
medium pH Fringe Medial Centre shape ation density pycnidia 

-
Potato- 6.o white olive dark R E medium/flat 1 B 
carrot green olive/ 

green 

Prune 5.0 white olive olive/ R E medium/flat 2 s 
green green 

Nutrient 7.5 white/ whi~e/ . white/ R E dense/raised 0 -
cream cream cream 

Water 6.o white white white I D sparse/flat 0 -
Malt 5.5 white olive/ dark R E dense/flat 1 B 
extract green olive 

green 

Lucerne 7.0 yellow/ yellow/ cream R E medium/fla t 1 s 2 
seed cream cream 

Czapek 6. 8 white olive/ grey R E dense/raised 2 s 
grey 

Lab 5.5 white dark brown R E dense/flat 2 B 
potato- olive/ 
dextrose green 

Difeo 6.o white mouse mouse R E dense/fla t 2 s 
potato- grey grey 
dextrose 

0xoid 6.o white olive/ brown R E medium/flat 1 B 
potato- green 
dextrose 

Nutrient 6.8 failed to grow - - - - -
gelatin 

V-8 4.5 white lig~J I E mediu n 1fJ n.t 2 s I juice brown j ___ 

-
Pycnidinl Pycnidiospor c 
distribution length.:: S, E, 

microns 

w -

w -

- -

- -
w 5,95;: . 14 

C 5,76.:: . 14 

C 5. o6 .:, . 09 

w 5,71.:: . 17 

w 

C -

- -

' I ' ,I -
I 

Colony 
diameter 

mm 

55.8 

50.9 

34. o 

37 .7 
59.9 

46 . 1 

.52 .3 

59 . 4 

44.o 

65.0 

-

48 .2 
-

rv 
rv 



Table V. cont. 

-- ---
Type of Colony Relative 
agar Medi a Colony colour Colony de line- Viyce l ium no. 
medium pH Fringe Medial Centre shape a tion density pycni.dia 

Tor:iato 6.o grey grey/ grey/ I E dense/ra ised 1 
juice - rad red 

Milk 6.o white/ white/ white/ R E dense/raised 0 
cream cream crea m 

Tryptone 7.5 trans- mouse mouse R E dense/fla t 0 
soya lucent grey grey 

Kligler 7.0 mouse mouse mouse R E •de nse/ra i se d 0 
iron grey grey grey 

Key : 

Colony shape : R = re gu l ar , I = irregu l ar , 

Colony delineation : E = entir e, D = diverse . 

Mycelial density: sparse/medium/dense , 

Mycelial height . raised/fla t. . 
Relative pycnidial numbers 0 = absent, 2 = abundant. 

Pycnidial size : B = large , S = s mall. 

Pycnidial distribution : C = present in centre a f colo ny onJ y , 

W = prese nt over whole of colony. 

Pycnidia l Pycnid:i.::.i. l 
size distribut i on 

s C 

- -

- -

- -

Pycnidiospore 
length .:t, S.E. 

mi crons 

-

-

-

-

Col ony 
diame t er 

mm 

33.9 

24 .1 

35.0 

26.4 

f\) 
f\) 
11) 



Fic uro 6a . Col ony chnrnctor i s tic s of f , oodicagini s 

(Incubat oc1 o!1 l;:ib . PDi~ fo r 11 dnys nt 

24 C i n clo.rl:: ) . 

Fi Guro 6b . Col ony char acteri stics of ~ . wodi cagini s 

( I ncub2tcd on l i:1.b . PD.!1. for 14 dclys 2t 

24 C i n d2r!: ) . 
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Figure 7. Cr;yctn l c fo r ced b;y f'. . r.iod. i c~·i :1i s on 1 2.b . PDA . 



I I . Growth Studi es --
I n studi os of sovor a l diverse fungo.l speci es 9 

Br2ncnto and Golding (1 953 ) oztabl i shed th2t colony diamot or 

on o..rtificial oodi a was ct r oliablo woo.sure of t ho affect of 

onvi ronmontal and nut riti onc.l f o..ct or s on growt h . Houover 9 

Ellingboe ( 1959b ) whEJn referri ng spocificnlly to 

~.oEJdicagi nis s t a t ed~ 

"Col ony di ar.:otor on PD.b. i n Petri pl at es i s 
not 2.l wa31s tho bos t rnoasur o of crowt h beonuse 
tho method fails to t2ko int o cons ider a tion 
the cor::pactnoss and f luff i ness of tho colony". 

Ellingboe contended tha t G s upe rior nonsuro of 

c rovrth rate Hae tho dry uoic;lit of oycol ium producod 9 EE1u fo r 

this reason conducted his crowt ll r2.to trii1ls i n liquid shal:o 

cul turos . It mus t bo not ed that Ellingboe "\!Cl.S prioarily 

concornod with con_i:-Jari uons of cro,•rth rate bet woon i sol ntos . 

I n t ho pr osont s tudy H appoar od justifinblo t o use 

colony di amete r as a rnoasuro of s rowth rato because t he 

comparisons were • ai nl y being nado bo t ,won troatr.1emts of ono 
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ioolat o 9 and not be t ,reon treat r;iont s of sovor a l isolates. The 

exception t o this was t he affect of temperature on g rowth r a to 9 

whoro sever al i solates wore cooparod . 

Two rneasureoonts of colony diamete r at right angle s 

to each othor wore made on oach Pe t r i pl o..te in all growth 

s tudies . 



(a ) L1fluonco 1Jf r:;odi a tYJJO __ on gr olrth. 

Th2so o.:,~po r ir.1ont G 11cro concluctod i n conjuncti on 

wit:~ t ho[;o on [;TOGS col ony cho.ro..ctor istics (P.1 9 ) . 

Tho r ocul ts arc o.xpr oc:;od i n Table V and i ndicnt o 

considor o.b l o vari .::it i on i n t ho rat e of (;r ovth , be i ng 0-ro2t es t 

on O::o i d PDJ:.. 2-nd l oast on nilk :J.f_;2,r . Subs t ;J.ntia l Gr owth o.l so 

occurred on Czapok, l nb . PDA, lucor no sood 9 malt extract, 

pot a t o-cnrrot 9 pruno,and V-3 juice 2 0nrs. 

Tho oxpl G.no.ti on f or tho v2ri at i on i n gr owth r at o 

c.::in poss i bl y bo uttributod to factor s such ns t ho acidity 1 

concontrat i on , and availability of certai n nutri ent s i n tho 

.:1car nodi n. As r ogctrcls tl:o 12.ttor f c,ctor, ctudi os by Moc1.d 

(1 961; 1962a; 1962b) i ndicate tha t sucrose , gluc ose, aspartic 

ncid 9 c lut i.1r:1ic ac i d, ur ea, and pot ass iun n i trat o a r c all 

nu cossar y for P. r.10dicn£1.ni_s t o sporula t o and show gr owth on 

artificial Qedi a . 

(b) Influence of t emper ature on growth . 

Tho ef fect of tonpo r u.ture on colony growth wa s 

s tudied using monosporous i sol ates on Ox: oid PDA in 90 mm 

Petri dishes. The plat es 11e r o inoculat ed by the method 

described earlier (P. 19 L and i ncubntod for 11 days 

in the dark at t empera tures r anging from 2 to 35 C. 

Two serie s of s tudio 3 with different objectives 

were conducted. Firstly, tho effect of temperature on 

tho growth r ate and gross morphology of one isolate was 

examined, and the second s tudy involved measurement of 

26 
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difforont i c::.l c ff,::icts of toope r aturo on tho grm·,th r o.to botweon 

throe iooL::tos. 

( 1) :B1ror· tho rosul ts prosontocl i::1 P:ig. 8 it i s 

ovi dont th&t grouth occurrocl 'between 2 2.nd 32 C: uith the 

oo.xirmm :1t 22 C (also Goo Fir; . 10 ). Thi 3 is i n accordnnco 

with previous reports (Potomon and riclcl10rs 7 1942~ Corr.10.cl: 9 

1945:; l1ond 1 1963) . 

At tomperaturo s up to 7 2nd above 32 C9 tho ;nargin 

of tho colo;'1ios wns divor Go 9 while fron 14.5 to 29 C tho 

murcins Hero ontiro . AJ.l colonies nt nll tompor2.. turos ho.cl 

r0c~ulc1r shc:po . P;ycnidin woro proclucocl in tho tooporc.:.turo 

r c:.ngo of fror:, 14 . 5 to 2') C7 but o. previous study by Corr12clc 

( 1945) ,mbr~·ostc tl:~,t col oni es c. t G. J.l t c,.1por2.turos will 

ovontu:.1.lly oporul::tc 1rith ti r.10 . Tllo p21cnidi;, wuro l nrgoct 

in cuJ.t.L:ros i ncubc1tod fror.1 18 to 21, C ,'.t:id were uost nur:o rous 

nt 29 C. 

Culturos incub.:,tod 2.t boti'rnon 7 to 24 C woro 

olive- green wi t h white mar g ins of vi:lrying extent . Those 

incuk,tod nt 2 C wo r e whit e 7 while those o.t 4 C were eroam­

whito with n white fringe. Cultures incub t ed a t 29 C were 

da.rk g r oy with a snnll white fringe while those a.t 32 C 

wor e white overall . Those colony colour observations closely 

natch those • ado by Peterson and Molchers (1 942). 



(2) Tho results of the study on tho vc.riabili ty 

bo t ,;oon i solu.tos 2ro pro sontocl i n Fig . 9. Tho considorablo 

v.J.ri c. ti on i n c.:aount of :_;rowth botwoon tho throe i sol c1t os a t 

nny ono tonpor2.turo uaG s i r.1i l o.r to that observed by Moad 

(1 963 ) in Q co~pu.rQbl o study . 
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Figure 8 
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Fiiuro 10 . Effe ct of te• l)Gro.turo on colony c;rm·rth 

C.:,Towth r:102.surod o,f tor L1cu1xltion f or 

11 dCl.?S on Ox:oid PDA in clnrk) , 
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( c) _Influence of pH on growth . 

Fungi vary in their response to thG pH va lue of the 

growth medium. So,.'.lo sp0cioo ar e sonsi tivG to c. d0viation of 

one pH unit c,rn.y fro!:l tho optirm.m 9 1·1hilo others can tolerate 

and exhibit growth over Q broad pH spoctruo. The value of 

lmowin::;- tho opt i our.1 pH and range over uhich n fun,3"us cxhibi ts 

growth i s that v..11 growth r nt o studios can be conducted at 

th0 optir.1Un pH . In addition sor,10 i1f,;'i1r nodia can b0 prejudged 

as unsuitable in view of th0ir pH values significcntly 

deviati ng fron the optimur;i . 

Experimental Procedure . Bufforod Ox:oid PD.A was modified fror;i 

its norm~l pH of 5.6 to values between I 

2 2.nd 8 by .::i,dclition of eithor 2N.HC1 or 1N.l'bOH, foll owing ·1 

the r.iothod usecl by Ihlno ( 1964 ). Details of tho 1:10dia and 

buffer are prosontod in J\.ppondix IV . Tho plates were 

inoculctod and replicated as described earlier (P . 19 ). 

Incubation was for 11 days nt 24 C in tho dark. 

The i nfluence of • odia pH on growth was detorr.iined 

by maki ng t wo measurement s of col ony diameter at right 

angles to ouch other on each Petri plate . 

Results and Discussion. The results are summarized 

gr aphically in Fig. 11. 

~ . medicaginis showed tolerance to a wide range of pH values 

with strong growth between pH 4 to a.t least pH8 . Maximum 

growth occurred at pH 5,4. 



A q_uos tionab l o rosul t wo.s obt a i ned 1-ri th unr:iodifi od 

Oxoid I'DA9 i n that growtl1 on thir; r:1odi m1 wo..s l oss t han that 

oosorvod in n pr evious o:;:po r i r:iont (P, 22 ) • Tho pH of 
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tho nodiun i n questi on wa.s onl y 4.5, uhorou.s t ho mrurnf ncturor ' s 

va lue i s 5. 6. The s l ow growth ·wns nttributod to t ho l ow pH 

of tho riodin . Subsequent s tudios with Oxoicl PDA confir• cd 

the o~nuf ncturor 1s figure . No cxpl o.nnt i on can bo offered on 

,-;hy this nnon:al y occurred . 

Thero nr e no previ ous r eports on t ho effect of 

• ocli o.. pH on gro,rth of ~ . r.1od icn15i nis . Howovor 9 par t i a l 

confirr.1ation of tho so r osul ts i s pr ovided by Moad ( 1962n) 9 

who observed th::rt pycnidinl producti on on agar EJecli n va ried 

little bo t woon pH3 and 8. 
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D. PATHOGENICITY STUDIES 

The final stop i n veri fy i n~; thc:t t he tontativo 

i dont ifico.t i on of tLo f un3us undor s tudy as 1:. oodicaginis 

involved clemonstrnting it s pc,.thoconici ty to lucorne . I n 

offoct 9 this r:1onnt c ooplotins tl1e r oquirononts of "Ko chs 1 

pos t ul atCJs ". Applied to fungi tl:oy :::1ro o.s follows 

(Ac;ri os 1 1969) g 

(i) The pathogen r;ms t bo found associato cl with 

t ho disease in nll the di sec,sed pl ants 

excrJi ned . 

(ii) Tho 92.tho{:s'on must bo isol c:.ted and grown 
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i n puro culture on nutrient oodi a 9 and its 

ch~racteristics described (non- obligat e 

parasites ) 9 or on n susceptibl e tost pl o.nt 

( o'blig-::~te po.msi t os ) rmcl its appoc r anco and 

effec t s r ecor ded . 

(iii) Tho pat hogon from puro culture r.mst bo 

inoculated on healthy pl ants of the same 

s pecies or variety on which the disease 

appears 9 and it must produce the same 

disease on the inoculated plants. 

(iv) Tho pathogen nust be isolated in pure 

culture aca.in and its characteristics 

mus t be oxactl;y lil:::o those observed in 

step two. 

Pathogenicity tests wore conducted using both 

seedl~ngs and mature plants. 
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E:qJori r:1onta l Procedure. ThG i nocul urn us ocl im :.:; fror:i r:icnosporous 

i sol a te s ori cinally de rived fro• 

lucorno r:.:ood ,1.nd cul tu.rod on e i thor 11A or PD/;. 

( 1) Socdlinp;s. Si nce 2 r:i.:. jor petrt of tl1i :::: s tudy was r.:.n 

i nvcGtig2.ti on i nto tlrn role of s ecd-l)orno 

inoculur:1 in Cc.'..us i ng dnrnpi ne;- off? it 1:w.s i r.1porn.tivo to do t ormino 

i f thi s fun0us was i n fa.ct p.:: t hogoi1ic on l ucor no socdlings 1 a s 

iJ noc;c\tivc r osul t would obvi Qtc the noocl for further s tudies 

i n thi s direction . 

Tho .:i.ppar :i.tus used i n those o~:pori nont s cons i s t ed of 

o. t est tube ( 1. 7 :;c 15 C!71 ) i nto 1-rhich was pl o.cod n fi l to r paper 

ct :::-i p (1. 5 x 14. 5 c• L folclod. cmch t:ut a c r oovo wns for• od on 

,1hich t1. so od could .:o rrii natc (Fie:; . 12). Five r;l of dis tilled 

wo. t or 1-roro u.dcled to provide r:io i sturc for ·both c;o r • i n:,t i on and 

subsequent socdl in(; c r owth1 rmd t o n.:i. i :1tai n hunidi t y within 

t!"o ch2.r.ibor noc.r to s2tur o.t i on . Tho tube w2s sen.l ed tri th 

cotton wool ~nd tho wholo unit sterilized pri or to pl a cooont 

of one seed on tho groove . 

Ton seeds froo of funts"a l po.thogens wore sown on 

tho "filter paper pl o.tforr,1s". When t ho r c sul tant s eedlings 

ha d shod t l1e testa from t ho cotyledons (2.pproximatoly five 

days) onch wns inoculated by pl a cing o. mycolium/agar block 

( cippraxirna toly 1 mm3) i n direct conta ct with the hypoc otyl. 

A simila r nuraber of s e edlings 1·ror o inocula ted with sterile 

agar to net as controls . 

. .. , 



Figure 12 o 11.pparat i;.s f or arlificio.l i.noculation of 

1ucernc seedlings with P. !-::,.:: rJica.g inis . 

- - - -4----

Cotton Wool Bung 

Blotter Paper Strip 

Distilled Water 
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'rho soocll i ngs wore o::;:nmi noc:. du.ily for evid0nce of 

i nf ecti on . 

( 2) Ik, tur0 Pl o.nts. :Sc.rlior r eports i ncli cnt od considor ablo 

vc.ri nti on i n t~10 naturo of tl10 

inoculun ~ppl iod to foli 2.~o of ~uturc pl ants ~ 

( o. ) Pycnid i os:;_:ioros sunpcnd.od in w2.tor (Spr ngue 9 

(b) .?ycnidios por os sus:pondocl in a nutri ent solution 

(B ,·1t":r0 r1· "' 11,:i T.;.-w, -P,,..O 1 C6? l r.....l u. c lt .1. .. 1...;_l.J.. ..... 9 / c_ I o 

(c ) /".;__ ;'.:r· cultur•;~J hor.1o[;'cnizoc.l in ,re,ter (Nond 1 

1964b ). 

L coL1p2.rc:ti ·ro stutly conducted. by Bant~:.rri 2nd Tionfro (1 962) 

sJ.10uc.Ll tho r,o t~ioC:. us i n.'5· pycc i cliosporos suspondod in a, 

nut rim1t so lut:;. m1 {;CJ.VO norc ox t onsivo 2.ncl Doro r o.pi d 

Cl.pj)c ,:r:J.nco of f olia r l oc i oni ng t llcro pycnidi ospor os sus:pondod 

in uat or. Accorcli n3lJT 9 i n tho :pr osont s tudy spore 

s uspons i rm~ 1m r c pro p::>. r od by flooding oi t ho r M.I\. or FDA 

culture s of l . r.1cdi c n.1ti n i s uith n 1% doxtroso i n s t erile 

distillocl ,,::.:t or soluti on . L s t ori lo dext r ose solution 

( 1%) providoc. controls. 

Th0 method of inoculation involved spraying n 

pycnidio• poro suspension onto f olia[;G of mature plants 

which ho.d been and subsoquentl;y wore kept i n c1 high 

hur'!idi ty chamber (FiG• 13) for n period 9 to a llow 

i nfection to t cko pl a ce . It was apparent from 

pr e limi nar y experimentation that standardization of tho 



fo l lowinc; factors v,as :1.ccossary in order tc onsur o 

i nfection~ 

( ~1 ) I noculur.1 co:1contr2t i on. Studi os showod tlnt 

2 p2,·cni di osporG conc0ntr2..tion of 2.t l ee.st 

50 9 000/r:il vTDS no cossc";ry to cnuso infection. 

li conccntro.t ion of at loo.st 1009 ooo/r:il ,-ms 

used i :1 subsequent i nvcsti c:~t i ons. 
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Ct)) Prctrcatrnnt 2.ppl iE::c.l.to foli::igo. Plcnts wore 

wai :1tni nod i n concli tions of humidity approaching 

so.tur nt ion for 24 hours pri or to i noculation . 

This ir::; in lino wit~.::. ,J. rocow0onclntion by 

Honfro o.nd Wilco:.~sor: (1S:63) who found 

i ncronsod i 11foctim1 on :ylants th::-:t wore so 

( c) .?ur.1i di_i;_.y , Tri:.1ls to clo tor;7ino tho Di n i • um 

period. of lli:::;h lmrni di ty necessary following 

i:1oculntion to c::l l ow substc..:.-1tial i nfect i on 

uorc c )nductod . Plants ;:L intninocl_ i n 

conditions of humidity nour s2turo.tion for 

48 h ours developed fow lesions cor.ipc.rod with 

those so troatod for 72 hours . A peri od of 

at loast 72 ~ours was used in subsequent 

oxpori ments. 
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( cl ) Post-ino(ml clt i on 0:wironoont . I nocu.12.t od plants 

uc:rc pl :.:-.cod u:1c1.or o. bor,c~1 to ovoicl direct 

sunlicl:..t . A s ioilc.r im::..c t ico was nd orlted by 

r• 0 , ,n-, cl • ( 1 a 115) V ..L .:..Jc....;. .·.'~. /<. !° It 

In sar1rnar ;y? tho r,,othocl uoed i n folia5e inocul a tions 

of nature plo.nts wets :_:s fol l ows ~ 

2L mt s ul, ich hetd boon :,.o ld i n conditions of hur;1idi ty 

nonr s, tur n.ti on f or 24 hours 'Jere a tomized t o tho 

poi:1t of l 1 tu10ff ui tl1 2. py cnicliospor o suspension 

( 100?000/r,,1 ) L, o. 1;~ c;.c::: trosc soluti on . Tho 

pL-1::t :,, 1rc r c t hon ::.·oturnod t o t !::o high hu'.!1i d i ty 

cl,:1.r.11.Jo r :for 72 llourr~ . All pl,:mt s uc r o kopt out of 

co,,t nct ui t::.. di r ect sunliGht for t ho durntion of 

-'cllc tri:::l. PL,nt s zpr::i;;r inoculo.t cd with a 1% 

c:,:.:~: t r oso sol ut i on s orvod o..s control s . 

L ioculat od pl i'.nts wo r o C::CD.Eli ncd da ily for ovidcmco 

of infecti on . 

Results .:_nei. Di scussion. ( 1) §o<?_dlings, Genc r nl browning of 

t h~ hypocoty l i n t ho region adjac~:mt 

to t:10 nycol iurn/ o.gar ":.J lock was obscirvod threo dnys after 

i nocula t i on? c:.ml withi n t on days seedlings hnd colln.psod c.t 

t hi s point (Fie; . 14). ~ . medicagi n i s was r eadily roisolo.t od 

fr or;i i nf e cted tissuos by t ,.10 r::cthod pr eviously described (P. 8). 

Tho pat hoc;onicity cf _!: . nodicagi nis on lucerne 

seedlings confirmod sin il~: r observations by Cormack ( 194 5) 

and :Moad (1 953 ). 
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( 2 ) ML1turc Pl ants . :B"ivo days aftor 

i noculati on nunorous r.1i nuto dark 

l os i ons could bo soon at tho odco or r!lidcll o of tho l onflots . 

Those enl a r ged 1~i th ti r:10, ovcr:.tunlly coalescing to form 

brown to blo.d: l es i ons renchinc thoir oa::~iour.1 size of 

3 x 2 nr.1 a fter 14 clays (Fi g . 15a and 15b) , Sor:,o les i ons 

w0re zoned . Sovcroly i nfected 102.flcts turned yellow 

(Fi g . 16) nncl ;.:cbsci sod . Again, R, modi cc:.g_in is was readily 

r e isolct t ud frora those lesions lJy the r:iotllod d0scribod 

1Jr cvious ly ( P . 8 ) ? so fulfi ll i ni;:; the roq_uirnmnts of "Kochs 1 

postulnt os " . 

So,,,o lcsionin0 occurrc:,rl on tho stipul os and 

pot iclos of inoculated pl ant s but those were not a s nunc rous 

as on t ho loa:flots . Sto:::-i l esions woro not 2.pparent unt il 

such tine t lLl t Dono sterns 112.d stecrtecl to di o 9 n.nd wore then 

onl3r cbcorvocl f ol lowi nc; subjection of the pl ant to an 

ndditiona l peri od of high hunidity for 72 hours . 

Tho cynptoos obse rved on r:nturo pl ~nt s c l ose l y 

mtchod thoso observed in tli.o fiold (Fi0 • 17 ) 9 and r opor t od 

i n previ ous studios (Johnson and Vc1l l onu? 1933 9 Toovoy 

c t al. 9 1936~ Po t orson o.nd Molchors, 1942 5 Corr.mck: 9 1945 ; 

Kornkanp and Hcr:iori ck 9 1953 ). 



Fie:;uro 13. I-1o t hoc1 used t o 1Jroviio c onditions of h i gh 

hunidi ty to l ucorDe pl 2.nt s . 
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f"iJuro 14 . S;y:·11:;to::-!G oxpro:3sod 'yy lucorno soocUings 

follm·rin,:_; artif:Lcic,l i~10culc.tion wj_th 2.c;,r,r/ 

,iycol iur.! bloc~c . 

A B C 

Rndiclc 

(inocul,tcrl inJcuL:tion. 

1,i tl2. ::::torilo 
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Fi 0·uro 15 . S;yr.ipto• s expr ossocl on lucerno l envos following 

nrti f icial i nocul ~tion with ~ - ~odicaginis. 

A, 

:g . 
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Figure 16. SyQptoos on lucorne loaves artificia lly 

inoculated with f. oodicaginis. 
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Figuro 17" S:yr.,pt or1s on lucorne l oo.vos (A) .::md stems (B) 

n.:1tu:;.~211y infoctGd with _!: . mcclico.ginis . 

' .11. 0 
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T!10 ovidc1::.cc o.ccunul o.tod. fro1-1 tl1c i-:1orpl1ologic2.l 9 

cul turz::l? Q!'.c'c pathoc;onici t;y studios ostnblis},od thd tho 

fw1c;u:J isol-:::.tod i'ror:-: lucorne u:is in fact f. iJOdi cnr;i n i s . 

'I'l10 correct ,:;onoric c::.·1-: specific opi thats of this 

funcus hc1vo boon t:10 subject of considc ratlo r:1i sundorstc_ndi n[; . 

Tllo followL1c bi:10r;iic:.ls or trinocic,ls have beon o.scribod 

(Ed,.mncls rmd Ifanson 9 1960y Jones, 191u): 

Sporoncma phn0iclioidos Dcsr.1.? (1847). 

I'hoE-.. :iodi cn::inis I't2.lbr. o t Rou:1 . 9 (1886) . ---~-__...___ --
Gl ooosporiu• noric:nu• s~cc., (18~2 ). 

Ascoch,Ytc. pis~ y~i.r. acc1icCL4 i n is s ~: Gc . ? ( 1920) . 

Phorn:t ,1odicc1r;inis Malbr. ot Rour.1 . ( vnr. 

modi c9:gi n i s Booreoa (1 965)) . 

'I1he explanation fo r such a, l a r go nulilber of -oi nomi.::ls 

havine been applied nay be c:. ttributcd to tho following: 



( i) Unrn-m.rGnocr: of i)l'CVi ous rnpo1'ts of t ho sane 

funcus , 

(ii) lktu::.'o of tlio ta:;.;:o,ior::-.i c critoric used~ i :: 

;:oclo rn t :::.zonor:ii c<J. l tllocry 1 n pl2.;ys i ol oi_:;· ico.l 

ciwro.ctor ,·rlwn use cl b :1 i tsc l f -::--:i.y not be us ocl 

i n species idonti~~icnti o:1 1 but i s of scmo 

va l ue ·when uoo(t c:.s 2., oonpl cnont to n sui t Gbl e 

;,1or ph ol ogic~:l chu.r,:w tor . I n nddi t i on 1 nll 

cri toria ur;od r.mst have 1;roven stci.bili ty . 

Chc.r n c to r s such u.s ;_::>ycn i di ospor o l enct h nnd 

t ho ~orc0ntngc of so ~t::::to pycn i d i ospor os ns 

us ed 1J3r 'l'oovuy ct p.l. ( r 736) i :::.nd Ed.nun.d o 

:.:r:d E--::nson ( 1960 ) 2.fs oviclo'.1.c o thc.t 

j;,sco_clwt..:-; wo1'c sl:own to bo unst r..blc by 

}-:;llin:,·boG ( 1 S'~59n) ::.,cd Hossner ( 1968) . 

A conp::irc.t i vc txono:::iic study of t l10 fun,?;i cnusinG 

b l o.ck:stcn of l ucernc 2.ncl r od c l o-.;·or 7 .:,,:1d t ho f ootrot p2t Loe:-on 

of pea m1s co~1ductoc. by Boore,:1n 9 Doronbosch 9 a.nd Loffring 

( 1965). Only charnctor s of knovm s t nbili t ;y wor e us ed . 

Evidence 1-1;:is pr ovide d tha t t he fung i i n fect inc; lucorno 9 red 

clove r, and peG. wo r e in f r:.ct tho s a no s pe cies? which could be 

divided on tho basis of phys i olog icc:. l critorin. i n t o two 

distinct va rie tie s . Ono of t hose oninly nttackod lucorne? 

c:.nd t o .:i. lesse r ext ent pc2. and r oL: clover, with t he 

opposite occurring for t he other variety. 
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In dotorminin,;- tho corre ct generic position of t he 

fungus they empl oyed. t Lo f ollowi nt; clmr actcrs g 

( 1 ) Structu.rc of tl:o })yen.i d. i n . 

( 2) l1IoJ.o of ,=: ri,:;i n of tho :;;:>ycni dios:o,or os . 

(3) I:k.turo of tho pyc:1i di ospor o scptuo (if prosont). 

f arri!- ccnorG Asc ocli;ytQ9 Diploc.ina, Pho• o.; &nd Pbyll ost icte 

it ,1a.r: ovidont tbt1t t ho fLm{;us uos n nombor of the fo r • -

Tho specific opi thot i;ms ll.o t or ni nod from tb.e 

ohlost vf'. lic. ::iinor.-:i ::: l in tho fo:rr:~ ·onus Pho,.-io. . ? ri or to t~lG 
~ ---· 

l:c:.d boor. placc:l j.i1 t}10 fom- :~·onus Pl:..oLm on threo occasions . 

Tho ol clost of thcso 7 l: -~~o:rb.:cru1:• f . ,:iol:i c.:..,,·i nun Wost. c:~ Ro.b . 9 

( 1862 ) m,s c ons i clcrod unsui kbl o bucc:us,J t ho fun~;·us w2.s too 

clissL,ilar to Jcb.c ty:;:>o fl]XJcics 7 _!: . horb2.r um "\°h.Js t . , (1 852 ) . 

i ;wc.l Li. since it was onl y 1Jc,1t i onoc~. in c onnecti on with c.n 

unpr oven pe rfect s t aGG, Ploos1, or2 ncclicngii:is , Fuckol ( 1869). Tho most 

r ocont na• o 9 ~ . modicnginis r.In l b r. nnd Roum. (1 886 ) wa.s 

nccoptoc ns c orrect bo ca uso it 2cc or dod full species rank 

while roforring unequivocally to tho fungus involved. 

Varie tal epithets wore adclod to r e cognize the 

two physiologic type s. 
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'l'l:.o full trinor:.i ::ls Gi 'rnn to thG two vnriet io s nro ~ 

but ,~ lso i nfects rod c l ovGr and 1::,oo. :.l t hou0h to a l essor 

cdcnt ) ~ 

Phoma rnhc2gi nis IIr-.lbro 2-nd Rour.1 . ( 18e6) ( v2ro 

_pi nodell c:c ( J onos ) Eloo1'ooc. ( 1965)) 9 ( pri n2rily n pat:lo,-_:;on o:1:' 

rod clover rmd poc1 ·but i:'. l so i nfect s lucomo a. l thow;h to a 

I n c 0;·1,·1on uso tl,c v2riot2.l opi tl-;.ot of the furn;us 

G·,rsc '1 n/"•~-) 
J. V , 0; ~ UC • 

LGf:i'.'ri:-ie, f01· the funi:;us on lucornc: 1r:.: s 2.ccoptcd i n tho 

p resent • tuCy boc~usc 

(i) tlill criteria usc f to do li• i t it hnd boon 

sho,;m to bo s t o.blo 

(ii) tllc funGUS fro• lL,co rno de s c r i bed by J3oor01,1a 9 

Doronbosch, cmd. LoffrinG appears t o b e 

idontic2.l with tha t i sol ,'ltod from lucor ne 

i n t he pr esent invost i g~tion . 



CH.A17TER II • 

:CVi.1RODUCTION. 

STJ.':i':CJ ()l:' l~EP..LfiI OF COl;J·CftCIALLY ,W1UL.AJ3LE LUCERNE SE:::;D . 

IIEI'EODS CF COI·:TnOLLIHG 3EEJ-BOPJTE INOCULUM OF 

P .1.~:urcA.Grrr s. 



IITTROIF~C'i'IG~·i 

.Jcl!iS hc.3 bco~ coni'ir~cc~ ir1 [1r:ny sulJsequon.t ropcrts 

0 11uri i1 '" ·, 90<,, 0 l-'·,-•. J-110••(" ··1 0. 70 '1 U_ . . _ ::_,? J / l _ l u, V l,, YI :J ') ;J . , o W!.'.o::-o tho l ovo l of 

proportion of 

tllir; v-.1:l'.'j •xc:i.rL u_;_1dc~ t,b todl;;1 J:oflocts 2. roo.l diffoJ:·Gnco j_n 

tho i nfoeti '.)11 J.ovol 1 })'.').:c c -;r,;_;_y Glso l,...J co?'.lscquont on tlw 

i . . f · Lovol 

' ! 

I 

! Author::'...ty 
l ..... ·--·---·--· . . - ·-·· 

Corr.:Qck, 1945 . 

P,Dodioarnis 
Lines Avorn,Go Highest 

j_nfoctod I ( J ) I r ecorded 
1 porconc 

( po: cont ) -~ -··r' -·-- -- - - ~ ( po rccnt) • 

50 .5 - 40 

74 I 11.5 33 

I 1960 . 
I 

35 

I Mntthous, '1970. j 88 --..-~----· ·---- .. - - ----· _ ..... _. _______ .,.---. 
- ____ I 

3 

25 
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StudiGs by Cormack (1 945 ) and Mo~d (1953~ 1964n) 

i ndicate that t:1e fungus persi sts 1:iainly as resting mycoliur:i i n 

tho t osta 9 but nay 2.l so to pror-:ont as n. contafilinnnt associatod 

with i nfoct od stom 9 l caf 9 or pod dobris remaining from 

throshing. I n no i nstances wero pycni diospor os dotectoc~ on 

the tosta . 

Tho offoct of _!: .9odica1::;-inis on a lucerne crop gr own 

for tho purpo::;o of zood production was investicated by 

Kernkamp and Hor:iorick (1 953) . The results indicated t hnt 

tho seod crop could bo virtually destroyed if heavy infection 

occurred during flowering . Considorod ovorall 9 the se0d crop 

was affectoJ i n sovoral waysg 

(1) Tho quantity of socd 9 as expressed by total 

bushel yield 9 was substantiall y reduced. 

Furt):~o r 9 n l arge proportion of the seed 

harvested was light and as sucb. wa.s likoly 

to bo scroonod out durins tho sood cleaning 

procoss 9 thus a l so r educing tho yield of 

"dressed so0d". 

( 2) Tho quality of tho sood was reduced ; 

(a ) those light seeds not dressed out were 

of l ow gorcination capacity and/or 

vigour ; 

(b) a larce proportion of seeds in all size 

classes were infected. Overall the 

infection level of tho light weight 

sood classes was greater than that of 

so0d in t he heavier i-rnight groups . 



Most soed i nfection 1-10.s the result of cypha.l 

:ponotrati on of tho pods nnd s ub s equent oskblislment i n the 

dovolopi ng soods. 

It hns boon ost v..blished by sever al 11 orkers that 

seod- b -::irnc i noculu!i1 of !'. ._nodic2.gi n i s can cnuso seedling 

du.npi ng- off (Tabla II) 9 but t he f i e l d s ig:1.ificance of this 

has n ot been dotorminod. 

In tho pr osont s tudy invost i ,;o. t i ons were conducted 

on t ho l eve l ~ si6nific 2..:1co 9 nnd possible cont rol of inoculurn 

of _!:.r,1odicnr;-i nis v..ssocinted 1·1i th New Zeal and luccrno seed . 
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CH.1\.PrER II O SE:CTI on B 0 

J. COi'TSIDER.:1.TIOlT OF IE.t1.Iii7H- SCREillTING t.IEI'HCDS. 

I NTRODUCTION. 

THE J,10IST BLOTTER TEST. 

TI::E AGAR PLATE TEST . 

SCRCENTITG OF LUC::]=>JJE SEED FOR l"l.JJ:JGAL PATHOGENS 

OTHER THAi1T P .EBDICAGilfIS. 



I , I HTROIUCTI OH, 

'Tho dcvolopDc.:nt of scoC::. 110:::l tb. tcst i n:; did not 

that tJ10 D(:COSSi t;y of be i ng 2.'JlC t o bot~: .i.~1onti fy L :.foctcd 

lines ::m~1 t o dctcrni !ie: t~1c lovcls of i nfocti o~1 was r CJ c ob-nizod 

well boforo thi s . ~Le f irst routine seed ~oalth toct i ng was 

zk:.r tod in t ho 1 '.)20 ' s , Tho t u sti ng ) r ococluro s used lmvo 

rnn i n l y ovol vod ·;•:i tL.i n ,;C!cll country to sui t it s pc.rticular 

rnq_uiror.:ont s 7 :;:'::te i l i tios 7 :::.nd l)O :i.' So,mol (No'o l o 7 1951). An 
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over i ,1cro:1sL1__; 1 rnrlcl_ tro..dc i n seeds, coupl ed wi t:r_ ::: r oq_uirouont 

lJy nnny ,~;ovorn::ont s f or so,Jd }100.l t~: CCl' t i fic2 t 0s on seed bo j_nc:, 

ir.ipcr toc~ :~;2.·✓-0 rise, to :1. r:.ocd to stanckrdize h<j::.l t h to sting 

;-:icthods . Si nce.: 1 ::;57 tl·"c cor.:ni ttoo en pLmt di sc.:csos of tb.o 

I ntor'.12.t i o,12.l Sood Tost i n,:..· ,:.ssoci ~t i on (I.S.T,A.) h.:is boon 

rospo;:,.si1Jlo for cnsur inc thc.t so~id. Lo.:tl th tes t i ng cothods ::.r-o 

stnnd:2rclizccJ. t:_1rouc)10L,t tb.o wor ld. 

Ifost soc,d ho.~tl th to st i n,:_; c0tl10d::: ,:.re bnsoc: on an 

ox2• i nut i on of scads or s oodlinss 2fter 2 peri od of 

i ncubat i on und& r c ont ro l l ed condi t i ons of t o• pc r nturo nnd 

lrnoi clity (Hoo r gnnr d ? 1965). To be .:i.ccopt2.b l o 7 n r out i ne 

ho .:i. l t h t 0st nust sat i sfy sever a l s t r i n£,"ent roquirerJonts . 

Tho s o hnvo boon do f i nod ns foll owe ( o.o TorJpo 9 1970 ) g 

( i) The pnthof;on nust bo r o coc,11izab l o ui t h 

octso nnd c ortn i nty . 

( i i ) Tho • c:Jt h od nus t provide re s ul t s thnt 

aro r oprod uciblG f or any one s ampl G 

and cornpar .::i,blo for d i f f e rent s ampl e s. 



(iii) El:copt i n cases of qunr::i.ntino inspection ? 

tho r esults shm.,.ld be i nforoativo for tliu 

possiblo l'iold porfori:12.nco of tho sood 9 

1-1hich r.ioans tl~c:.t tho :relationshi p b(3twoon 

L :.bor o.,tory t est rosul ts and fiold ckvulopsont 

should ho close . 

(iv) Tho octhod should to sir.1ple 5 c!102.p, 2nd 

q_uick . 

( v ) It s11ould bo f it fo r uz,-LC-C s t antl::i.rc:.i~ati m 

-with r ospoct to i ntorn,~t ionn l ur.w . 

f.'r or:: :1 c:t~cly of t: 2.c li tor-:::.turo i t v2.s _1ppo.ront tb::t 

lit t l e routine Go od 1~2lth scrocni nc of luccrno h~s boon 

c onc'.uctcd i:1 tho D.1c~lish sp<.Jo.lcinc 1.1 orlc:. HcmovorJ I.S ,T . 1L 

docs ro co,-_ir:,ond th1°00 :-1,:mt~:s f or clotoct inc ~ . :-;1oclic::::..'";inis 

(Anon. ? 1-v:c) , ..,,,uu 1,1 

brmm, fl2t, ,::.ncl i)Orc~o:itocl by hyphc.e; 

s lic~itly i ,ifoctod soocl f:'lay cmly 110.vo black 

l ines and dots 9 those "be i ng rooting hyphao 

and py cnidia. . 

(ii) 13l ottor Test:; socdo am germi nated on r.io i s t 

blotter s and mG1minod foll owi ng n ine day s 

incubat i on .:., t 18- 22 C unde r near ul t r a ­

v i ol ot (UV) l i ght arranged i n a 12 hour 

light/1 2 hour dark cyc lo . Evi dcmco of 

i nfec t i on i s pycnidia on seeds and 

seedlings and dark lo sioris on seedlings . 
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(iii ) !.,_;:::: r plG.te t os72.~ soods are subjected to a pro­

t T0ett t:,ont of 1% chlorine for ten ninutes 9 nnd 

th<.m s ot out on PDA or MA prior to incubation 

f or sovon d~ys ,, t 18-22 C pre f e rably ur,.dor 

110,u UV licllt i n a 12 hour li5ht/12 l1our dark 

e,yclo. Evidence of infection is indicated by 

-;rowt h of cho.ra.ctoristic dark olive- green 

col onies 9 :md by pycnidia on t ho t cstas. 

I :-:. 11c\ '. i t i on t 0 _!:'.. modica~, cloven other funGnl 

}Y:tLu~o:'12 cf l uc :::rno are r oport0d as being seed-borne (102.ch 

·,nC.:. :~:11 i o-t t , ·1 ~:51 ; Cor r.1nck 7 1945; iToblo and Richar d.son, 1966 ). 

'.fo c~J.ni q_uos 0.c D.:::ri bol i ~ t he.: li tor~turo f or dete ct ion of thes0 

2. r o !x1.s ic2.: l :,; :,1 odific C1.ti ons of tho t hreo o..bove methods. 

I n ;;ro lir.1in<:l ry scroenine trio.ls using t:he blotter 

,.:i.ml 2-:::::cr nothocls, it soon b oca:.10 appc:.rent that _!'.. • odicaginis 

w,:: , t 1:1c r·,v.:.:t c0r..• on Jxi.thogon present in Ne,-., Zcc..laYJ.d produced 

,,c,;tl . I n vi m, c.1' its prova loncc and nlloged importance when 

soocl-burno, ·:ho i~r osent stuc.y wa s orientntecl more specifically 

t owa rds s c:coor1i:1_,' for this pathogen . 

:!.c.po:riod comparative trials using the blotter a.nd 

ncQr filo t hods i nitiully gave very variable results. Thus as a 

pr o- roqui s ito t o l~rge scale screening of s0od it was first 

nu cessa r31 to ovaluntc and standardize both the blotter and 

a :::;nr ;.1c thods . Tho direct inspection method was abandoned as 

being unreliab l e; since flat brown seeds could be found in 

uninfected lines jua~ as frequently as in infected 

line s. 
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II. THE NOIS':i:' :BLOTTIB T§T 

This ::1otl:ocl i s based on tl~c capacity of p2. t ho6·onic 

fun[;i ~rnsociatod ;:ri th sood to i nduce s i c;c1s c,nd/ or synpt or1s on 

t~cc soocl o:.: soodl i nr:; host . Four onvirom,o:,tiJ. l v,:::.ri abl os r;ic,y 

potontiQlly i nfluonco the roliability of tj~s tost~ 

(2. ) Tho to,Jpo::.·c:t turo :::it which tho corr:iinator oporn.tos. 

(b) Tho lir;l1t roc;i r:io to whi ch tho soods .:.rn s ubjected. . 

( c ) T!1c ;~oi s turo lovc l of tl1c blotter pads . 

(d) Tho roLJ.t i vo lmr::i di ty lewd withi n tLc c;crni nntor. 

Stud i os 1Torc conductoJ. to doto1·r.1ino t~10 opt i ::mr:1 

cr::vi r onncnt:J.l conditions r cvonl in.c; LJCL'{ i~,mr,1 pcrconto.cG i nfo ctior, 

of Lworno i:·cod ·wi tl1 E,. r::0c~ icc.gi ,1is, 

( c::t) '.!'ornporaturc. TLo offoct o:f tor.:pcr;: turo on dicuaso 

c:cpTosci::m is co:T9lica t ott t~, tho fr,ct thc::t ;10 m·c do2lin0 with 

two lJ i ol O[;iCJ.l s:ysto,.1s; t:~o host .:::nc~ tl10 Jxtt:1ocon. Thus tho 

objective i s to dctcrni no t~:c oriti rmr_·: tc r.1po r 2turo withi n tho 

t or.1po raturG L,routh r o,ns·o o.f tho host ~1t :rlcich nmci ;;:ur.! syoptor.1 

dovo l opnont occurs . A[Jo.r studios rovoalod tlle opt i r.mo1 

tempor a turo for 0rowth on culture nod.i c:i., but t his f i gure r;iny 

not nocosso.rily bo opti • uw fo r a b l otter pa t hoGonicity t ost on 

a ccount of host variat i on i n s uscept i bility as i nfluenced by 

t orapo r aturo . In a f ie l d s tudy on t ho offG ct of tor;ipo r a turo on 

t ho deve l opmont and i ncidonco of spring b l ncksten of • a turo 

lucorno pl ants, Mond (1 963 ) found it uas most prevalent and 

dovo l opcd mos t ra::;:- i dly a t 12. 5 t o 14,5 C, with little disea.s o 

devel opment at 20 C9 which is near tho opt i r;iun ternpo r ature 

for growth of R. rnedic~ginis on artificial rnodi a . 
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_L,1 tho prosont study 9 J.G.ck of s ui to.blo oq_uip!nont 

p·e·,rontcd s. :_Jr ociso c:.of i ni tion of t~1is host influence. Hcmco 

it uc,s ;1ocor::;s2ry t0 .>.cc::::pt t h::: 18- 22 C t e• por cJ.t ure roc01r.nond2.t i ::m 

of LS . T.~~. 'l':~o pr evious st:...,cly on tho lovol of .!:•riod icaginj,_s 

in Heu ZcciL:md lucc r:10 sood -::n.s conducted at 20-21 C 

( ,'.., t+ '----r,· 1c,·7n \ .1.~<..:.v.: ._,_; \1J;, ./....," /o 

(b) ~i ,~l1t j~.::;;:;___ir~.. Tho lic;]:-..t roc i mo under which soods arc 

l;c rni nc.tcd ( i n 1x1.:rt iculnr t~10 noc:r UV wn.vo length) is knmm to 

inf:Luor.co tllo :1bHi ty of sono fungal species to s porulato 

t:.:crcin:}: slovi nc: J.mm ::-iy cc lial dovo l opr.icnt and s t i oul nt inG 

s ;;,:n-nl ,_ h o::_ (Li,~1onnr d 9 1966) . Since t ;.-10 :;::>roducti on of p;','cnichn 

o:.-, soocls and. sccc!.lin.:;s is i n pnrt LUJod in idontif;yin0 

~~ . L:cdic~1,;-L~:i.s; :-. tria l w<cs conducted t o determine whether t:to 

,:,ro:x,:,c0 of .:t stroc(; light source supplor;iontines nntur nl li3ht 

i !'tc:·c·.::::,J tl10 n~~iK)r of seeds nnd soodlin.gs ex~::.ibi tin,:; 

infection . ?vro hunC:'. rcd s oodG of o. line previously shmm to 

bo :::.. ;dcctcc' i.:ur•~ cvonly spa.cod on moist blotters and plncod 

unde r t w~, 4C F2.tt flu oroscont tubes. For co• p2.rison 200 seeds 

of t ho 8~11-;io line, uoro s inilnrly incubated but unde r nntural 

li,r):it . 

1/hilst t her e uore no significant differences in t!le 

po rcontn0o infoction 9 seedlings produced under artificial 

light uere l oss oti ol :it ocl and tho testas were more readily 

shed fro~1 tho cotyledons . This facili tatGd the recording of 

infocti mi lovols since cotylodona ry le s ions present were more 

easiJ.y observed. . Subscq_uont oxporinonts confirmed this 

i ndirect bonofi t of supplementary light. 



Accordin~l y , durinc r outino bl ott or t ost s two 

fluo:cor;ccnt ·t ubes (!.;.o wa tts ) ircro s usr;cndc-:1. £'..bovc t :10 

CoIJoi1l"[,(_,on ~;o rr.1in2.t or :J.nc1 sot t o r r ovido s u_ppl or:1ont o.,ry l i [:,'Jct 

fo r t:h.irt oon hours 1Jc tuo on 7 a . r. . ancl 8 p . 1"'.l . 

( c ) ~'3 l ottcr ?rid Mois ture Lovolo Studi os c onducted L 1 

Hollc,nd b~, do Tc• pe nn:1 Li ;.1onnr d ( 1 ]C,6) zlrnwod t b1.. t f or 

ccrtc~ i n s oocl- b orne fun._:;o. l 1x1.th oc;on s D. llL:;h :1oistu:ro l ovel i n 

t ho b lot t or could n:1 r kodly l ou c r t 1"0 i nfo ct i on r,c r ccnt u.3"0. 

This pLcno11ono;1 ~1.::-.s 1Er:,oc1 t ho 11uc t ll l ottor oi' f e ot 11 (":mE). 

Suo s oquont o::~pcrb,on ts (Lir.:or..z, :,,_•d, 1'.;)6 7) dor::oc.st rn. t e:d tlmt 
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oftoti l'ou,1d L l t ~1osc seeds t h ::1 t i nb i ~Jcc~ uector r:,;~ i d. l ~, at tho 

c or.mcncoi-.i,:mt of e;o rr.1i n2tion, s ue }::. as sr.,::i.11 sooJ.oc1 81)'.:! cio s . 

linicol cl lbour.1 . &, V:1ss . , ~mcl "U t c :..·nc.ricl linic::ila G1·. !: Sk . 

of fln.::~, 5, cii10'9f::. of l ot t uco, Al tornv.ric. c~ouci (Kub.n ) Gr. & 

Sk . ci.nc.l Stc;:ipt;1liu• :ro.di ~~ll.~.!:!! (Ho 9 :~ E.) lTc~r:; . 'J;,· c ctrrot , 

Fusn r i um spp , of wl,oat, llc lr.1L'1tl:csporiur:! spp . of barley 9 and 

f l10ma lil1r,:c1 r:t ( '.rodo o;;~ :r·r , ) Deso . of cnbbago (do Tempc 9 1968). 

Lir.ionnrd (1 967) found t hat tho bnctori 2l nntagoni s • that 

r osul tocl in tl1e W:BE was Gl i r:1i ~12.tod throut_;"h -1ddi tion of tho 

;1ntib a cterinl c:.ntibiotic t e rramycin 2t tho rato of 50 parts 

per • illion (ppm) to tho water sorving o.s b l otter moisture . 
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Because lucorno is 2.. " suo.11 scodod lo,iumo 11
9 trial s 

wore conducted to dotcrnino Hhotl:.cr tho WB:S vr::.s significant in 

th3 scrocmin~; of lucorno sood. . 

Ex:,1;crir10ntc.l Prococ~uro o Throe l i nss of socd were sub j ected t o 

n blotter tost i n dry 9 nodiuo 9 nnd 

wot conditions. A "dry blottor" 1·,2.s ono tho.t wes l1ol ding its 

own dry ,wight of ,mtor 1 n "modiuw blottor11 w::i.s holcline twice 

its own dry ·woi,:;ht of Hator 9 o.nd a "wot blottor11 wns holding 

throe timos its 01..-n cry we i ght of wo.ter o '11ho • oisturo of tho 

blotters w2.c clotcrsi nod. dci.il;y a.nu. adjusted as nocossary 

(Apj";onclix IV). 

'l\rn hundred soods woro ozo.L,inoc por- trontmont. 

I ncubation ~QS for a i cht tliys ~t 18- 22 C in • Coponhngcn 

.:J.rtificinl li~ht for 13 hcurt daily fr or., two fluorescent tubas. 

Rosul ts a nd Discussion . Tho rcsul ts pr osont(_;d in Table VII 

cloo.rl;y indic.-:itc the oxistonco of a 

WBE in l uccrnc sood . Accordincly, :i..11 subsoquont r.10ist 

b l otter t es t s wore conductou. on "dry blotters". 



ti iii ,, 

T2-bl0 VII o Tho i nfluonco of blotter r.1oisturo on tho 

o:~prcssion of S00d i l1foctiono 
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Fi gure 18 . Coponhagon go r • inator usod for routine 

moist blotter t osts . 
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( d ) Porcont.::r,·e Hur.iidi__1;Y Withi n t ho Ge r r.1i nr:toro rl'ho r o l nt ivo 

humidity within tl:::.o CopcmhG~)en con1innt ors wns continuously 

noni torod wi th i:: tlleruol:.ydr ocr .::cph 2.nd found to to c1hn.:.ys ne2.r 

s2tur at i ono Hi gh lrnnidi ty leve ls ,}.ro knoim to to conclucivo to 

r:mx:ir:mn os t:t1Jlisl1.r.1ont of infe c t i on induced by ;:il:-,nt pc-: tho3ens 

( ,, ' J. :J. rwoou.? 1956 ). 

Foll oHi nc c ornpl otion of tho studi os outli:1.od.? t:t.c 

v-10t bl ottur test 2.s usocl i n thi s i nver,t i cect ion ,ms sto.nd..:1.rdized 

:::i.s foll ows~ 

(i ) Dro llw1drcd soods of tl1c lino under t0st 2-ro 

set out on 1J lottors ( '<'i r , ..1. t) 0 37) . 

(ii) Suffi cic.:nt ,r~tor i "' ,., c:dclGcl to doub:;.c; tllc 

ori,::;innl :l:ry woi,_;l::.t cf tho b l otter. Tho 

r:. c.; i :::tu::.>::; l-.; 1101 i::; c>cck:ccl dc:j_l;y tb.oreo.ftor 

2~d adjusted ~cc creingly . 

(iii) Tlic tro.y of s occ:L:::.: is 1il c..cocl i n et refri {;c rator 

for fc;ur cl::i.ys 2.t 5 C. 

p r c.ctic,-:; in l ucornc seed corni nation :::itudi cs 9 

tl1c ob j ective bc i nc to r:i c.1xir:1i ze go rmim:.ti on 

porcont CJ.ge ). 

(iv ) Tho sood tr:J.y i s trnnsfc:;:rroJ to o. Copenhagen 

c-erDi nator (Fig . 18 ) ho l d nt 20 C ( ±. 2) . 

Hunidity within t he corr.iina t or is nni n t a i ne d 

a t close to sc1.tura tion. Tho seeds have 

na tural light supplemented by fluore scent 

light i ng for 13 hours a dny . 



( v) Followi nc: oi L~ht de,ys incubation withi n t ho 

[;'Orl"lino. t or ? soods and sooc1lings a r o oxani nod 

for tLo prosonco of 1c. L1odica,gj_nis (Fi g . 19 9 

25, 26, 27 9 28) and otlwr func;al pnthoc,;ons . 
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FiG'1..l.rc 19. PycnidiQ nnd hyphao of E•medicaginis on tostn 

of lucerne seed . 
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III. THE AGAJ.l. PLATE 'l'BST. 

'11liis toat utilizes tho sai_Jroph;ytic crm-Tth o.bili ty of 

seod-borno func::11 c,nd -b:'.:1.ctori r: l p:::tl:c5ons 1 nnd o.s such i s only 

npplicablo to tlwso tb.2.t c::::.n be cul turod on 2rtifici;::i. l r.10di2. 

Sood is placed on tl::.c surf~wo of an aG2r ; rowtl: we,~:ium in 

Petri dishos 9 and 3.f'tcr sovorc.l dci,ys incubntion t ho pr esence 

of p2.thoc;ens i s ovidoncod by rn.c r oscopic.::lly rocoGnizElble 

colcnios ,1hicb. l.12vo clovoloilOd fror~ inoculur.1 .::1r.rnociatod with 

tho soods . 

J.ccordinc to do To,:-;po ( 1963), no one sood 1102.l tll 

test satisfies ovory rc quiror:1ont in tlw detect i on of o. 

pc.rticulcr p.:-. tl10~-:;on . A frequently cri ticizod :ispoct of tho 

ac,:r plate test i s thnt r osul ts do not dist i n::_;uish botwcon 

p8.thoc;onic ,.mcl s~~::;ir,,pLyt ic strai ns ui thin ;:-, speci e:::; . I-Iowover 9 

in tho prosunt study soods on c..:,·c:.r wore obsorvod to i::·o r • i nato 

r api dl y, with pn t hoscnic spacios present atto.cki nc oithor tho 

r adiclo, lzypocotyl, cotyloclons, or tl:lc wtol c seccll i ng . 

I n considcrin;; tho objective of c. seod h2al th tGst 9 

one raust docido whether tho rosul t will reflect t ho actuc. l 

pathogenic value of the sood-borno i noculurJ9 or the proporti on 

of seed with pot entia lly pathogenic inoculuo. An individual 

sood must be conside red as nn ocosystom 9 cornprisin3 the host 

seod and its rnicrobiotn 9 of which part is tho saprophytic and 

pathogenic microflorao 

While in tho ory a fungal colony can develop froQ a 

sinc;lo mycolia l strand, this is ir:iprobc.ble unless tho 
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nnt2.c;onistic scGc1- borno s .-'.prophytic flora is supprossod, or 

tho aoou.nt of ;;mt~c.0{.3'Cnic in oculuc! is 3ufficiont ly ,trGat t o 

count erac t the antaeonist s . As a c ons oquenco f2.ctors such as 

soil to;-;ipornturc? moisturG, and nutrient stc.tus must e ffect 

the r e l ::itivo i r.:port cmco of tho pathoc;onic G.nd saprophyt ic 

inocula, thus r.mki nc; it difficult to fo r ocnst t l::.o offGct of 

patho~_;onic s oocl- bor no i noculu• on tho fiol cl :i_Jorforr.1ance of 

seed . For this r oason 9 G.11 ag:1r p l ate scroor:inc of lucorne 

so,:;c1 for ~ .r:iodic<.1(:;inis wns diroctocl t o find.inc tho proportion 

of scads with so;,10 inoculur;i pr o sent 7 vi1.ilo r.:::cognizing this 

would not n~cGssnrily g i ve ~n indic~tion of tho severity of 

i nfection i n i ndividu::i.l ooods . 

Considorc c.1 ovor2.ll, tl1c r cli2bili ty of tho C.Gar 

pl ate t ost • ay be i nfluonca1 by sovcr::i l fnctors~ 

( cl ) Incubntion t cr:r1)o r nturo . 

(b ) Incubat i on tiuo . 

( c) Sood ;.;-o:rmin2tion uit~i n t lc.o 2.Gur plate . 

( J ) 1~ctiv i ty of the so.pro:phyt ic r.~icrobinl 

seod-borno flora , 

In t his r aga. rd , sovoral f actors of potent i al 

importance wero consiclGrGd; 

( 1 ) "r.1odi a typo; 

(2) 

(3) 

(4) 

role of antibi otics as a medi a a dditive; 

cho~ical pretreatoGnt of seod; 

position of tho seed in or on the agar. 

Studios wore conductGd to dot ormino the significnncG 

of each of those f a ctors. 
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(c:. ) Incu:)o.tion To• perC1t,1ro. Since the health tostin;S" of 

lucorno s,.rncl uo.s diroctocl priEnrily to tl10 dotoction of 

.~.raodico._B'inis it wo.c i nportc.nt tll.::t tho ir.c1.1bation tomporo.turo 

bo sucL thut it f nv ourocl r .::-.pid. dovolop!:lont of tb.o po.thogon 

on ag.:ci· . TLc cul turn l studi os i rnlicatcc". tl:,:it :::;rowth rato 

at 18 and 24 C. Whilo it m1s t l1oorctically vrofo r abl o to 

hold the pli.1to:::; c1 t 21 C, lo.ck of a sui t<lble incubntor 

resulted in ~11 bo1n3 hold a t 24 C. 

(b) I ncubat i on Tir.10. "'.:ivon tlrnu[/1 rn.,ny roco;niznblo colonies 

of .!:•1:1oc~ica2nis l1ud dovclopod fro1:1 seed a fter fivo do.ys 

incubotion, full o:cprossion of the inoculuo present i-ms not 

a chiovoc'c until 11 da:,s . HoNover in order t o snfocu:::i.rd 2.,.:;ainst 

binsed r csul ts tllroue:;ll t~~o plc.tos boinr; over-run with species 

of i:Iucor ,:me: RhizoDus ( i1tich if :;:irosont could onsk 

E• ;-:iodicc.g i nis tlu·ou:::l1 011velopr.1ont of tl10 whole pl o..t o) 9 an 

intorir.1 count was r.icido ;:;t oi (;ht d2.ys. 

( c) Seed GerninatLm within t:10 A::;c:r PL:ito . 1,i11on 1 ucorne 

seeds are sot out on agar r.1ost BCrrnina t o within s overa l dnys. 

'I\10 factors associated with this wore notocl tha t i n some 

instances could affect tho rol i n1Jili ty of tho aGar plate 

test . Firstly? adjacent soodlincs so• etinos made contnct 9 

thereby allowing tho possi"oili ty of c r oss infection from 

diseased to hoo.l thy seedlings . Secondly 9 lucorne soods 

gcr~inato in an opi gonl • nnner9 resul t i nG in the testa being 

lifted clear of tho agar by rapid elongation of tho 
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hy p•Jcot;yl 9 t hc r ,:;by c;ivin3 riso to tl:w p os:J i bil ity tha t i nocul ur;1 

on tho innor surf:ice of t!10 tosta mc.y not 2.:c:w -::; s uff iciori.t tii::ie 

to g r ow onto tho E\;·o.r, 

Sovc:rn l wo:2kc r s lmvo ovorcor.10 tl1.oso :;_:; r obl e~;n thr ou::;h 

su:;:Jpr ossi n[::,· sood cor:::i nnt i on by th0 o.d.cliti on of sodiur.1 2 9 4 

di clll c,ropllcnoxy:7.cot ic a cid (2 7 4- D) to tho culture raocliu,_; 

(Hcigbor g ot_ n L 9 1950~ Kilpntriok and J ohnson 9 1956~ Ll oyd 9 

1959 5 ·,Iood 7 196G ) . ItG success as n • cthod dopencls 0~1 t he 

b.o.vins n:) :,J·.,rorso c,±'f oct on tho g rm-Tth of tho i)D..t }.10.rJ"Otl o ·- •-..) 
I n 

tho present stud;;; t l::.o poss i ble c:pplicz-,ti ori of this prin cipl :o 

IIouovor i t w.:::s first no u.:ssa.Ty to clG tc1·rnino to u~1C1.t oxterl t 

t 11~- •' c.;_' ·11' + 1· 01"' .,-"1.· ') ,1 - D· ,~Ul''' I'.-, c• q,-, ·1 --rr oT,• t 11 't.n'' / c,1· ' .-1,)r1 1· .01.· 1· od .L _ I..., '- ~ I.... v -J. I._.. '-) ·-t O ~.J_t) ,___,..._,,._,,._.,, '~·' \I ..!,__ l '-"- _ v1. 

cul turc1l c~:::..1\::ctor~:; of tl1c pc1tho(;cn 1 cJ.nd i ts c.ffoct cm sood 

ccrci m1t i on . 

( 1) Prolir.1i n::cr;; Stud. i os, 

Sx:pe rir:iont :i.l Prococluro, ,\. one pe rcent s t ock solution of tho 

sodiun snlt of 2,4- D wo.s pr 0par od 

and ncldoc1 t o PD.I\. i n qucmt i tics c ctlcula t od t o .::;ivo f ina l 

Tho 2 9 4- D/us-ar mixture ims t hen sterilized by 

aut oclnvins ~t 15 p .s.i, f or 20 rni nuto s 9 in acc ordanco with 

tho me thod used by Lloyd ( 1959 ). 

To observe t ho offoct of 2 9 4-D on 30:roi mi lion 9 

25 seeds pe r tront ment woro placed ont o c:.gar and incuba ted 



at 24 C fol' s i:;: days i n t ho c1ar k ( onl y 25 soods uorc usocl po r 

trontne:rc ns tho rosul t dosirocl hoi·o i-r.::.s oi ther a pos i t i v o or 

nGq1tivo of fo ct 5 that is a ll or not ono would ::;c r mi natc ) . 

Tho 0ffoct of 2 1 4- D on t l,o c rowth rat 8 of 

1:: . ~,10;:lic:l{;i n i s was ,_lotor::1i nod by i noc u.l :1t i n~~ p l ates using tho 

/ir,,r:1 cli sc r:io t hccl rfoscribocl pr ovi ous l y (P. 1; ) . I ncub,~ t i on wcs 

for si:~ or fourtoon cla;ys ;:i.t 24 C in tho ~:ork . 
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ObsorvZc:.t iono ucro r.1c,clc on :-;ross col ony ciw.ract,;rist i cs 7 

anr:l g r oi;rt!1 r ato was clctorr.,i no ~~ by t o.l:i nc; the a.vor ;:i.go of two 

di-:1:·,10tric col ony 1:100.suror.1on t s :~, t r i :_;tt 2.n-:;·l os to o ... :.ch other. 

Rosul ts. Sood c'.:o r ;-,1i no.ti on wo.s not ~)1::. sorvoC: on any .Jf tho 

:,l:it o8 t o which 2 , 4- D ~1:::d been adc1Ct'. . T::.0 soocls r:',_ j_d 

iubi1x1 we.tor 7.;ut t:10 r ::-(cliclo L::.il:::,d to ono r ... ·o fron tho tostn . 

'l'l:.o r ,)::: ul t s prcsonto ~1 i n F'i.z . 20 i ndic .:c t o tha t tl'.'.o 

:J.ddition of sufficient 2,!f- D to ?Di~ to ~ivc ,:. fina l c oncentrc:. t i on 

cf O. 0550 hu.cl l i ttlc offoct ore tho b r owth r:::t o of ~ . • odicn;;in~9 

but 1..:. t lovo l s above t h i s i t cau::.crl sovo r o r oto. r cli:lt i or1 . In a 

socond o:;::9ori• ont i n ·whi ch 2 9 4- D wo..s e:clclod to lJoth J:.IA and PD!. 

i:l. t t ho 0. 051b l e ve l , t ho r osul t s confi r • ecl thc:. t nt t h i s l ow 

concontr nt i on i t had li t tlo or no effect on Growth r u t o 

(Tab l e VIII) . Fur ther , tho Gross col ony characteris tics of 

f .• odi cagi n i s WGro lLDaffoctod by the p r esence of 2 9 4- D at t ho 

0. 05% l evel. 
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Tab l e VIII c Tho offoct of 0 .05% s odiu• 2, 4- D i n PDA 

I'lOl'.i LE:J 

II 

"! ' I' 
1 .l ll J ;.. 0 

! 1 

and J:.IA on c ol ony c1. i a notor of P . r.1odicngi n i s 

(incuba tion fo r 14 dny s nt 24 C i n tho d~rk). 

~ cone. 

·1' 1-'" , ,. l, 

n ono 

1 •) . 05 

Colony di nno t or 
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75 

i r::.ono 74 
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'---------

0 .05 j 

I - ----~--4---------

78 __ J 
( ') \ 

c.. I 

r0r.v:i noci to dmnons t ru.tc tl~c.; ,,ppJ. icc,t:i.on of tl10 :Jothoc: to 

:rout i ne nc;ci.r pl:..1_.t:_:, s croonin[;. 

a f i nnl cJncontrntion of o.05~, bef or e 

2.utoc l c:nini::; :.t 15 p . s . i . for 20 ;::j_m;.t cs . i'.l::i.lt near without 

ndJ.i ti vcs :;_,:::-ovi do.::: controls . Two hunclr ocl and. fif t y soods po r 

tre:u. t P.Jont wo r o d:rn.m f r o• f our i nfoctocl linos nnd p l o. cod on 

t he ac2r s urfa ce pri or t o i n cub2-ti on for 11 d2.ys c. t 24 C in 

tho clnr k . 
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Obcorv::i.tions wore .:-,,2.clo m1 the 1,orcont.:150 i nfo ction9 

c r oss colony chnn::.ctorist ic s of _!:. Lmcl i m::.r;inis, ::..nd tte number 

of scod;::; ,.~·orr:1inc":ted . 

Rosul ts ::nd Di;:3cussion, Tllo r CJsults prose Y1t cc'c in T:-.blo L\:, 

indicatu tl~:t tho cddition of 2, 4- D to 

Wt clid not c;ivo a consintont i ncror:so or docroo.,so in t lc.o 

infocticu po rcontago . 'I'h,, t i s, i n tLroo lines thoro w::is a 

clo croaso i.n the j_nfo cti on l c:vo l over tl:;.o controls uhorc c:.1s in 

tl10 fou.rtll lil1e 2.n i ncrc:so •.)CCL,rred , Howo-vor in nll lines 

tllo prosonco of tho c~1o i-Ji co.l Lmiforr::ly supprossoc1 C,'crui nat ion 9 

2nd olovc:.ti •.::n of tho sooc1 l)oforo ::i.c=-~r coloni zc1tion coul d occur . 

·I'his oxpori ,1011.t f e:.il uc. to ~,rovicle cviclonco to 

i nprovo tho ZlC~-:r p J. o.. to t ost . r;:'~ic r o,:sm fc:c- this wc.s tbG.t i n 

sooo inst:-.nco::; tJ10 ~1clcli tion of tho cl10niccl had an aclvorse 

effect in th2 t t~::.c [\TOSS colony c!iai~a ctoristics -; 1oro atypical. 

Such o.n offoct was not observed i n tb.of,o isol c,tos studic c.l in 

tto proliui m1ry o,xpori r.1onts , It wa s considered t h~,t tb.o 

l)oss i 1J l o benefit ,1risinc from the addition of 2 9 4- D 

( suppr essi on of sood (tormim.t i on) would be l oss than the 

diso.dvantnQ'e of the gross co l ony characteristics bc i nc s uch 

t hat r,1acros c opic i dent i fi cat i on of col oni es would bo unreliabl e . 

Acc ordin.3'l y 9 tho addition of 29 4- D to agar was not 

adoptec in s uosoquent agar p l a te screoninc tests . 
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Tablo IX. Tho offoct of incorpor a ting 0 .05~~ 2,4-D in MA 

on tho expressi on of sood infection 

( incuk1tion fo:..' 11 dnys at 24 C in tho dark). 

-- ---·---------·-------. 

( porcont ) 

Mo.lt Agar 0.05)'~ 2 7 4-L i n M..A 

OL259 36 28 

d259 20 12 

11129 32 . 4 40 . 2 
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I 
11356 12 10 __ j 

I I ·-------··•- ··-- --t------ ----··- ··· 
( d ) ~~9tj_·Ji t.,v of tho Sa:pr-_oph:rG ic 11icrolJ:L:::.l Sood-Eorno Y'l . ora. 

( 1) r£DO of mdia. 

'rl10 ·c;ypo of C.(,'QJ' r:::di.2. on ul,.i ch t ho coeds nro 

incubo.+.od ,:.,'.'.'..n r:12.:rkodly ". ,fbor; :;c, ~ ]10 oxpross ion of ,f: •.Q_odi£._aginis 

throuch fo.ctors such a s t 11n au·cri cnt Rt2.tus nnd pH 2,ffocting 

tho ::..·olo.tivo Growth of ·:~ho vc.,r; ous cor.1po!lm1ts of tl10 sood-borno 

flora. 

Tho I.S .T.A. rocm• onds that lucorno seeds be 

placod on oithor lab . PDA .Jr HA. 9 2nd incubntod for 8 days 

a·~ 24 C (Anon., 1966). F,,wovor prnlir.d.nary tosts using lab , 

PDA showed. this ned:i.um wa::i unsuitable for screening work 

bocnuso bacterial colonj_os dovolopod rapidly fron tho seed and 

masked thn presence of P . ood~.Ca13";h_nis . On MA bacterial colonies 

also devc)opod, but not to t he extent that ~-E!.£.~~2_§,ginis could 



not bo distinguished. Halt agar has a lower pH than does 

PDA and tho r educed bacterial growth on tho forGer nodiUD. 

is gonor~lly nttributod to this f actor. 

(2) Role of c.nt ibiotics in tho agar j?lato test. 
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Antibiotics havo boon extensively used to suppress 

bacte r ial c r owth in both tb.o r:10 i st blotter and agar pl a t e 

seod heal th t ests . Lioonard (1 968) r ocoonondod tho addition 

of terrm.1yr in to over coco tho bacterial antagoniso that 

gives rise to the wot blotter offoct, and de Toope (1 970) 

considorcd it profon::blo to add oi thor terranycin (25 ppr.1 ) 

or streptor:i;ycin (50 pp1.1 ) to agnr nedi a for the saoe purpose. 

I n tho present study an investigation was conducted into the 

possibility of addi ng penicillin and streptonycin sul phate 

anti bi otics to agar to suppress the bacterial flora 

asscciatod witb. lucorno sood . 

(a) Prolir.1inar,y studies . 

Boforo tho two anti bi otics wore oval unt od in agar 

plate tos ts on seed lines lmoim to be infected with 

_!:.nodicar.,;ini~, it was necessary to establish whether these 

wore offoctive in suppressing tho seed-borne bacterial flora, 

and al so if their presence in agar oedia affected the colony 

char acteristics and growth r ate of tho patho[sen. 

Eirporioontal Procedure. Sterile stock solutions of 

stroptor.iycin sulphate and 

penicillin wore prepared and added in combination to both 

Oxoid PDA and MA at r a t r>P ,-,::,lr.uJ::> t f::\n +,., give final 
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co1:1centrati ons of 50 and 100 ppr_: . In a ddit i on both we r e no.clod 

s u::x1.rn t c l y t o r,rn. i n q_u2cnt i ti cs sufficiont t o ,?,i vo r-. finnl 

conc-J~'lt rcit i on ,J f 50 ppr:: . 

'I1o o1x10 ::.-vc t > .. o c.-:: t::;nt t o -,rh i cl1 the i nc or :r:ior nti on of 

~ .. nti.!:; i ct i cs i n ac;i:l.r s up~,r cssud t ho s2.rropllytic see d- borne fl or a 

(:::ct }:. :\1,.,ci o.nd bGctoric:!. ) ; c.. snspl o of 250 seeds pe r troat nont 

wa s ~;J_::;.cecl on t he surfuco of t ho c.bov c nod.i il :md i n cubc.t cd 

fer 11 d2.ys a t 24 C i n t ~1c clc, r k . 

'Lio eff ect on t ~ic 1x.~t~10;-:-;01:1 1 s [;rowth r 2 t o of t~:o tw '.J 

1::nti biot i c::: ( ul-'.Cl1 i nc or 1,ori•.tuc1. i n I!!L. b ,Jt~,. sc:;_:2r 2. t o l :,' o.ml i n 

conbi 1·,2..t i on ,:t 50 )po ) 1:::.s •-:ctcr 1:Ji nod tl:rou:)1 i noeulo.t i nr; 

::_)l:·,tc.;s ·:J'! the -: :-::r.1 cli s e ,:,utl10c1 ( P . 19 ) • All .ril o.tos wo r e 

chl.,r~ictcri ,~t ics . 

Rosul t s .:nd Di s cussi on . Bct i : antib i ot i cs ov2 luat o'1 were 

p2 r t i ally eff ective i n suppr oss i nc 

tho c r ewt h of tLo soocl-l)orno lJo.cterinl flo r a 9 with strcpt o;-zycin 

caus i ng -:~r ec.t or s uppr ess i on . 1:i':.1on incor p::i r a t od i n combination 

at 5 0 and 100 ppn to bot h Ox: oi cl PDA and MA t ho affect wo. s 

c rontor t !1c1n oi ther nntib i ctic o.lono . Sinco tl10 ozt ont of 

bnctoria l cuppr ossion was not incroa sod by incorporatin6 t he • 

a t 100 ppr.1 9 in subsequent ox:i_)ori• onts t!10 c..ntibi otics we re 

a dded t o g i vo a concontrn.ti on of 50 ppr.1. l'il1ilo bacterial 

supprossi on wa s not noticonbly di fforont betwoon MA and 



0-Loid PDA 9 on tho lattor • odium tho saprophytic seod-borno 

funcnl fl or a gr ow • oro r ::-::pidly 9 so r.111kin5 the dotoction of tho 

pnthogon ooro difficult. 

Heither antibiotic had a.n offo ct on tho growth rato 

(Tablo X) or tho gross colony cl12.r2.ctoristics of the pathogen. 

Tab l e Xo Tho offoct of penicillin and strepto• ycin 

I 

sulphate when i ncorporntod in MA on colony 

0rowth of .f. rndicaginis ( incube.tion for 12 dnys 

a,t 24 C in tho do.rk). 

Antibiotic concentration (ppn) 

Str optor:i;ycin Penicillin 

50 

50 50 

Colony di::i.metor 

L1 [1 

65 

66 

66 

66 

(b) The uso of penicillin 2.nd stro,.i2,_touycin antibiotics in 

routine agar plate s croGning tests. 

Fro;;i tho results of tho preliminary studies it was 

pos s ible to theorize that the accuracy of the agar plate test 

would be inproved by incorporating both penicillin and 

streptor,zycin into the MA medium. This hypothesis was tested 

usinc four infe0ted seed lines. 
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B;:po rioontc.l Pr ocuduro . f L : t os of NA wi tb. strc_ptor.1ycin and 

peni cillin 1Jot~1 i ncorpor o.tucl c. t 50 p:pr.1 

uu r o pr ojx1.r oc. . ll::.l t o.,:;c. r Hi t lwut Gclcl i t i vos provided c ontrol s . 

Two hw1drod c.nd fifty :3ccdc po r t r ,>::t::1011t 1:or o dr c1wn fro• oc:.cll 

of four i nfe cted l i nes 2.nc: 1)l c~ccc: ::m t~w 2~;c.r s urfo.co . 

I ncub:tt i on u2.o fo r 11 c1:i~ys a t 2/r C i n t ho dnr k . 

rn)sorv~1t i ons 1;e r o ,.1cclc c~1 t ho foll owinc cho.r nctor s ~ 

( 1) Porccmt:l,go i nfect i on ;,ri th f •E:1cclic2t('i n i s . 

( 2) Gross co l ony clmrc: c tori st ics of ,!'.. ocdica,7,i n i s . 

( 3) R~ton t of the sood- b orne l)~~ctorio. l fl oro. . 

Rosul t s :ind Discus si on. Tho cddi t i on uf :;::ionicillin 2.ncl 

str;;ptor.1;/c i n to I--I.A led the 0ffect of 

i nc roc:.s i nc the porco,1t a0c i nfec tion i n t~'.l'OC of tho i'our lines 

stucli o'.l ('I1~lblc XI ) . Furtl.:or 1 i n el l sc,cJ lines tho :3oecl- 1JOr no 

b~c tori~l f l or2 u~s cffoct i voly ~u~~rossod 9 but not e li• i n2t cJ . 

I 
; 
! 
; 
I 

Tabl e XL '.i.1~1G effect of i ncorpo::.'.~ti n'."_; stroptor.iycin sulphat e 

.:1ncl pen icill i n ( one:~ c.1t 50 l)PLJ ) i n HA on the 

mi4r'Css i on of 3ood i nf e c t i on ( i ncubo.-t i on f or 11 

do.ya a t 24 C in t ho dc. r k ). 

Sood lino Leve l !:_. modicap:inis ( percent) 

Control r.~ o Ao Plus 

(HA only ) .Antibiotics 

0L38 8. 4 5.2 

01181 3°5 6.0 

01259 7.6 14.4 

0L272 4.4 10.2 

I 
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Tho ~tont to which t ho nddi t ion of antibiotics to 

agar allows a mor o accurato rovo l nti on of the pc rcontaeo seod 

i nfecti on with ,!:.rnodicaginis i s dopondont on tho nature and 

nusco:ptibility of the associated bacteri a l spociGs. Although 

considerabl e vari nt i on was notod in the bacteri a l l oad pr esent 

in i ndivi dual sood linos 1 i n 3.11 cases tho incorporation of 

penicillin and ntroptomyci n (each at 50 ppra) 0roatly facilitded 

identification of tho pElthogon . 

Accordingly, tho ncJ.dition to MA of penicillin and 

stroptooycin sulphate (oach at 50 ppr,1) was adopted for routine 

agar plnto screening of lucorno socd . 

( 3) CLcr.1icnl pretroatment of soec";.. 

I n agar pl a ting tests it is cus t omary to surface 

steril ize sood to i nacti vate or minimize tho associated 

saprophyti c fungal f l ora? thnt in some circumstances can 

prevont identification of a pathoson (Neorgaard 9 1970 ; do Tempo, 

1970 ). 

Tho most common method involves soaking seed in a 

sodium hypochlorite solution (1 % availab l e chlorine) for ten 

minutes, but for individual pathogens the type and strength of 

chemical or soaking time are variGd. A se cond but not widely 

used mothod involve s dry hea t treatment of seed at 100 C for 

one hour prior to placement on t he agar surface (Malone, 1962). 

Those techniques only have application where the pathogen is 

not present as either a seod contaminant or in the surf~ce 

tissues of t ho tosta. 



As rc:;-ards ~ . r.iodicap;i nis, studies by Moad (1953, 

1964n) and Corr:iack ( 1945 ) indicate it is found r;minly in tho 

inner nnd outer tissues of tho tosta. Thus it is reasonabl e 
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t o postulate that tho protrontr:iont r ocoD1f.1ondod by I.S.T.A. for 

l u8orno seed (i'mon. , 1966) woul d r educe the recorded infection 

porr:ontaGO • Compar.'.l.tivo tests wcr o conductod to establish if 

surface storilizo.,tion of lucorno seed would i mprove the agar 

pl ate tost for f . r::o_dicagi ni_~• 

!kpo:r.-imontnl Procoduro. ThG i nvestigation was conducted in 

two phases . In a pr elimina ry study, 

100 soods from a lino known to bo i nfected wo r0 irnncrs0d i n a 

1% chlorine solut i on at room tompor nturo f or ton mi nutes prior 

to i ncubation on MA for 13 days at 24 C in tho dark . The 

corrt:.ol sorj_os Hero not treated i n any way . Later, 250 soods 

por troat i:1ont wo11 0 s i r:1ilarl;y soc.kod for oi thc:r ono, throe, fi vo 9 

or ton minutes ( tuo lines), or ton r,1i nutos ( a further two lines ) 

bofor0 incu.bo.ti on on l'/l.A fo1.1 1 ·1 days c.t 24 C in tho dc. rk. Tho 

controls wore as nbovo . 

Observations we1.·e mc,do on tho level of infection 

and tho o.,'{tont of tho associated saprophytic flora. 

Results and Discussion . In four of tho five seed lines examined 

t ho infection percentage was reduced 

followin.:; surface sterilization treatment for ten minutes 

(Table XII). Vnriation in the extent of the reduction most 

probab1y rofloctod difforoncos in the depth to which 

pathogenic inoculum had penetrated the tissues of tho testa. 



Tho i nfect i on porcontnge of tho fifth lino showed a sl i &ht 

incroasc whi c~1 wets pr obab l y t ho rosul t of i nc onsistency i n 

tllo sc.r.:plinc toclmiq_uo 9 r a thor them e.:ny r oal d i fference 

81 

resul tine fro!71 tho troat nont . Surfcwo s t erilizat i on for l oss 

th2.n t on Iii nut os rsavc inconclusive rosult s . 

TLo oxtont t o which bactoriG. dovol opod wa s 

unaffected by tho troat r.1ont. Howovor t ho r o was sor:io r eduction 

i n tho sa:r;:ir ophytic funi_3'al fl or o. but this was of littlo 

s i cnificanco as sucl: fun::si di d not nppoar to nask: t ho pr esonco 

of tho p,:i.. thocon . 

Consi doring tho , ,b ove r esul ts 9 thoro was no appo.ront 

advantG.go fro• s urfc:. co storilizi n6 seed f or t on minutos or a 

l ossor pori od . According l y 9 tho t oclmiquo was not adopted for 

r outi ne a.gar pl ate s c rooninc tests. 
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Ti::bl o XII, Tho offoct of s urfnco s t orilizi nc lucorno soecl on 

t ho soocl i nfecti on l eve l ( rosultn r oc or docl follouinc 

i ncubo.tion on Wt n.t 24 C i n tho dci.rk ) • 

Soocl Nur.1be r seods Lon,:_;t ll of Lovol ,!'. . 1:1odicar~i n is_ 

lino pe r tront ment i ncub2.t i on ( porcont) 

( clc.ys ) I mme rsi on ti• o 

( minutes ) 
- ----------------------+---------------t 

0 3 5 10 

100 0 0L48 

c1259 250 

13 

11 

11 

29 . 6 22 . 4 24 .4 26.2 24 . 4 

d263 250 24 . 5 25 . 8 25 . 2 25 . 2 26 , 4 

::::,___+1~ __ :_:_,: ____ 1 ___ ;_: ___ l __ :_:_~_: __ : __ : ___ :_:_0_
1

~_: __ 

( 4 ) Po,.;i_t i oni n,; o:!' tho nooc'. ~:i tl:in tl10 , r::::r pl.:i,t o " 

It 1-;:::1s tlworizocl t~~:ct 0. r:1orc ilccuro.to nsscssr.1ont of 

tho infection lovol 1-1ould bu obtGinod if Growtl: of tho nerobic 

bnctori.:11 soocl- bor ne flora wc1s suppressed by c o• 1)l otel y buryi nc 

tho seeds under test i n ngnr . An n.clditionnl benefit of this 

troat • cnt irnul cl bo t o olimina.t o cross i nfecti on as t ho 12.ck of 

oxygen would nl so hinclo r soocl 0 e r rnino,ti on . 

To t os t tho nbovo hypoth0;_;i s nn cxperi r.1ent uc.s 

de signed in which tho infection l eve l of sood pl a ced both in 

or on c.n agnr nodiu~ wns c or.1pnr ed. 



E:IJ?Crimontal. Proc?~• Two Lunclrod and fifty soods po r 

tro,"1 tr.1cnt fro171 o. sood lino i nfoctod u i tl:. E• :-:ioclicar.;i n i s wo ro 

1)1.:ic cc:. on or unc'..o r tho surfa ce of the fol l owing uodi ng 

t ho darlc . 

(i) 

(ii) 

Unmodif i ed IvJA, 

Na l t o.0a:;.0 u i t h stroptor:zycin sul phat e and 

penicillin ant i b i otics c.cldod ( cnch at 

50 PIJEl )o 

All pl o.t os wore incubntoc1 for 11 dnys a t 21[ C i n 

Recor ds woro t ;_1lrnn of t:10 nur.1boi' of c ol onies of 
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R,r:icclic2,::;i nis tlc~l t tlovol o:;:,od 9 tho o::pross i on of otl,or sood- borne 

fl c r . (1Jnc tori i7. ,-:ncl funr.si ) 9 :::.ml t:10 o.;~font of s oGd ::;o rr;ii nc.t i on . 

Rosul ts ilncl Di scuos i on . TLo r osul ts (Ta7Jl o XIII) i ndic:ito 

t ho..t '!:; ur:rine:, soocl i n ngcir reduced 

tl1c ozprcs3i;_~::1 of tho :::ic:: thoGon . T~:.c reduction was gr e2.to r on 

unr.10difi otl I:'.!A 1 then EA with strcpt onyc i n and peni cillin a dded? 

thus s uc:;ost i n,7, tk1t c overi ng seed c omplotcl;y with W1Viodifiod 

MA fail ocl t o s uppr ess t he bactGric.l fl or:i . • 



Tnbl o XIII. Effect of sood ~ositi on i n t ho ngar ~l nto on 

oxpr ossion of f •r:1oc.:.icngi n i s (incubat i on f or 

11 do.ys cit 24 C i n t}:o cl2rk). 

·7 
TylJO l~odiUI'.l Positi on of sood Level R. noclicc.r~i nis 

with acar pl nt o (percent) 

J/L/';. On sur face 12. 8 

l'IA Buried 5. 3 

HA + On surface 10 

Antib i otics 

I'L\ + Buried 8. 8 

Ant i b i ot i cs 

Covori n;_: seed wj_t::i. ur;.r.:odif i cd ITA reduced both number 

c:nc.1 sizo of t~::.o k,ctorio..l c cl oni o,J or:icm:ctin.::; fro• sood . Furtl~or? 

tho i ncor por2-t i or: of tho cmt i bi otics nl r:iost oli r:1i nn t od t ho o:x:pross i on 

of 1)2.ctoria f r o::1 both buried D.J.1cl surfa ce plated socJ:J . Tho 

sapr ophyti c fw-eal fl or o. was not co:.1i)l otol y suppr ossod t hrouch 

c ove ring cood with MA~ as r;iycoliu• of Al torna ria spp . Q.Dd 

Ponicilliun spp . c r eu t o t ho ngar surface from s ome buried soods . 

Howovor t h i s was of li ttlo si[rni f icc..nc o as t hose do not nor mally 

maslc tho prosonce of ]: • modicnr;i nis i n routine a lsar plnto s creenin0 

tosts . 



Whilo nos t burio cl socds still o:;;:h i l) i t od so• o s i c;ns of 

g or;-:ii nnt i on v c: ry fow l".12.do cont a.ct 9 thus olini nnt i ng tl10 

possil)il i ty of cr oss i nfecti on . 

The pr o..ct j_co of conplctol y lJuryin.~ sood i n n(;.'.".r wo.,s 

not ndoptocl fo r routi rw 2ocd .10 ;_: l t~: s crocnin~-:: i;ork f or tho 

followinc reasons : 

( i) Tho ox pcri:.1ont c onc:uctod d i cl not clcnonst r o.to 

o.ny nc:tvnntn:. ·c i ~1 us i nc this • ot hocl for t l10 

clo t oction of f . codioe~i ni s . 

(H) Tl10 • ot ... 10d 1-1::1.s ti:-:.o oonsur.1inc.;, cost l ~· i n 

t or• s of t J.10 ::mount of Hl\. usocl 9 ::md 

di fficul tics ucrG o:Lpcri0nood i '.1 cnsurinc oc.oh 

sooJ ,-•rci.s cor.1plctcly covoroJ. i: ri th o.c;2r 1,hilo 

s till mC1.i nt,....., i n i n[;' even ::;occl L: i s tri but i on 

witJ:..in tho pl2. t o . 

Tho 2.i.~2.r p l at i nc ,.,othoc: ~s finc. lly 2.doptod for use i n 

routine socJ 11021 th t ests '.n:J n~J f olloi-1s~ 

(i) A r nndorn s~r.1plc of 250 soods fror.1 t ~1c lino 

undor t est ~ro sot out ovonl y spncod o.t tho 

r o. t o of 25 seods :por pl ,~t o on MA with 

ponicillin und s troptomycin sulpho. t o onch 

i ncorporated C'.t 50 ppr;i . 

(ii) Tho pl a t es nr o i n cubat ed a t 24 C i n dnrlmcss . 

(iii) Results nr o r ocordod twice; an interi m c ount 

i s r.1ado a t oi ght days and t:t-~o f i nal a t ol ovon 

days . Evidonco of soed transmiss i on of viable 
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i noculu• 1ms i ndic2tod l)y dovolopnont of dnrk 

;-roon/ olivo colonios ui t21 nur·:orous pycnidin 

(Fie; , 21). Tho presence of otLor funcn l 

1:ic.,thoc;ons wns c l so rocorclod . 



Ii'i ,::.;uro 21 . Dovo l opnont of fun::;-n l col oni es fron lucor no sood 

plo.coc. on tt.o surf2co of I-111. wi tl:! penicillin nncl 

stroj_)tor.iycin 3ulphato C'.clclo d (oo.cl1 o.t 50 ppr:1) . 

All pL1.t os Herc incu;J2.to d for 8 d~0.;ys e1.t 24 C in 

tho dark . 
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IV . scn.m:::tTIIJG OF LUCElliTE SEED FOR FUITGAL PATHOGEI:JS OTHER 

THAH F . lIBDICAGINI S . --~~ 
Hhilo t l:.c prir.'la.ry ob j octi vo of scrooni n~ luco rr10 sood 

m1s t o clo t orr.1in~, tlic l ovo l of .f•E:e..c.lico.,-;i n i s it w1s rocogai zccl 

t hi.t pc.t hoc_;onic i noculu,;i of ot~ie r soc~l- :Jorno func i c oul d a lso 

be pr esent . I:owovor tLo two r outine l:.02.l t h t e s t s u sod did not 

no coss.:lril;:1 o.llow tho 0:pr cssi on of t hose . 

Tho r;1o i ot blotte r t os t r olios 0n the ;::,_bili ty of 

p2.t hoc;onic inoculm1 nssocic.tcd wi tll sood t o i nduce seodline 

J i sc::wo . Sin co only sovon of t ho t, ;o l vo r o c or dod fw1[;2.J. 

sood- 'JOl0 no patl0.oc;onr-J of lucor no ,.1.ro reported. t o incluc o 

scodlinc collnpo ( T.:::olo II) i t i s p r o'.x.1.b l c t h.::-.t tho ot~~or 

five would not be r cndily do t oct od i ~ c. b l ot t er t est. I n 

additio!'l, fnctoro such .:::s t l~o dur2..t i on 9 tc:npor::::.turc, licht 

rc ._::;i iT10 9 c.nu l l ottor rno i s tu1·0 l eve l c1..urinc; i n cub.:::. ti on would. 

:.iCJV C c onsi c1orn1)l e i nfl uo:'lc o on t :10 ex pression of thoso 

p2th0Gons la.101-m to i nduce soodlinc diso2so . 

SiL1ilu.rly 9 i n t l10 C.Gar _::-,1 lc.tc t os t t ho expression 

of p,:t hoc;on s ot llo r t han _!: . nodi caGi nis uoulc1 be limi t od by 

tho riodi u typo 9 sood pr otron t r..ont 9 and t~10 length, t ompo r n turo 9 

and l i i:sht ro:;imo used durinc incuba tion . 

Tho incidonco of func;r l sood- borno patho0ons other 

than _f . r:ieclico.;:::ini s wa s recorded . Howovor 9 it was considered 

nece ssa ry to c onduct sopo.r nto t ests i n or der to detect 

Vorticilliun a l bo- n trum Ro inko & Borthold 9 s ince an 

incubati on pe riod of longer t hnn 48 hours is reported to 



bo conducive to tho antaconi s tic fW1c2l flora to mask its 

prosonco (N oblo 9 1970 ). A scrooni nc; • ot~1od rocommondod by 

Noble w2.s adoptodg 

Incu1x1to soods on moist darl:;: c oloured b l otte r s 

for 24 to 48 b.ours and o:rnnino for tho 

clmrnctoristic vorticill nto conidiophoro 

arrc1nc:;or:1ont . Confirr.1 iclontifico. tion by 

stro['.ki nt; out c onidi2. dire ctly onto a0nr . 

Twonty- two of those scod lines s croonod for 

_!: . mclicaginis uoro also s croonoc, for V. o.lbo- druri1 usinc tho 

above rnothod . 



CHAPI'ER II. 

SECTIOlJ C. 

STATE OF 1-IEALTH OF CCX1l~CIALLY AV;ULABL:C LUC:SRHE SEED. 
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Duri nc 1970 and 1971 s11r.1plos wcro o"btainod of 86 sood 

linos submi ttcc1 :Jy cor.1.ITlorcii.ll firr::s t o the Soo d Tostinc Sto.ticn, 

Do :pc.rtDcnt of Ar:;-ricul turc 9 Po,li;10J:•ston lforth9 for purity and 

.:;on 1in2.ti on tests . Usinc tosts ) r oviousl y doscri bod 5 tho 

s.:i.mplos uoro scr ooncd f or fungal pathoc;cns . 

n , .trococ,uro, Tho clocision w:wtllcr to uso tho r.1oist 

blotte r or 2-co,r pl ato test was 

c ovornocl by tho cl1:i:-onol o:e.;ico.l suquonco of thoir dovo l op• ont . 

TLo noist "blottor test uc.s GtC1.nckrdi2ocl f irst ancl 2.s c., 

consequonco nost seod scrcc.minr:; coricluctcd clurinc 1970 wns by 

this i.1otLocl 7 ulthcuc;l1 2. ;:-iodific cI ,,02.r p lGto t e st wc.s used on 

sor~,o 25 lino s -- Foll owin::, str.nc.c-. rdiz2.ti 0:1. of tho :,cc:r 1)lato 

tost o~:.rly i n 1 '.:; 71 9 it ,J,.,s 2.;)p2.,rc:,t tL.~ t t his tocbniquo uc.s 

si rn:plo1~ and l oss ti,10 c ons unin::.: t) :211 tl:;.o L1o i st b l otte r test. 

As a. consequen ce 011131 t l1e a,e;:,r pl c t c test wo.s u ooc.l for rout i ne 

scroe;nin:-; duri n:; 1971. 

Twonty- tuo soed lines , :oro C'. l so ;:;croonod for 

Vorticilliuc e1l bo-- ·::trun us i n,::; t ho L,cthod out l inocl by 

Noblo ( 1970) . 

Rosul ts nnd Discuss i on . Tho results arc su1-:inetrizod in Ta.bl o XIV 9 

while details of i ndividual linos aro 

pr osontod in Appondi:;: V. 

Dota.il s of tho agar plato tost usod for individua l 

linos aro rocordocl i n Appendix V. 
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Tho survey cloarly os t ablishod E•modicaginis as the 

funcal pathocsen oost pr oval ont i n soocl of Now Zea land origin, 

·be i ng pr esent in 2.11 but tilo of tho 86 linos tostod . I n 
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cicldi tion 9 Sto:Jph;yliun botrvosura and Fusnrium spp . wore obsorvod 

i n over 50% of tho sood li~os oxani nod . Tho h i gher i ncidonco 

of £ obotryosur:1 i n i ndividual linos scr oonod during 1971 was 

attributoc7. to tho typo of tost usocl 9 r a ther t han to an absolute 

i n cronso in tho porcontae;o infection. Tha t is, £• bot ryosuo ,ms 

noro roadily o:::[p:rossocl i n tho agar pl ate test than i n. tho noist 

bl otter t est . Howovor 9 1,cit ho6onicity tests (method P. 36 ) 

showed t llQt onl y o. small po rcont o.60 of tho £• bot r;yosum i sol ates 

f r om sood were p2.t hogenic to soodlinc;s . All isolatos of 

FusG.riuo spp . tostod woro shown to bo pG.t~1ogonic to seedlings . 

In acJ.di tion to tho a.bovo pnthot3"ens 9 Loptosphnerulinu. 

briosi 2.no. (Poll.) Gro.l:.ar.i o.nd Luttrell wo.s a l so dotocted i n two 

scod lines scroonod durinc 1971 . T~,o incidonco of thi s 

1Jo.thocon was loss th:::m ono percent in both linos. 

No correlat i on was observed botwoon t ho levo l of 

infection with _!'. . oodicngi ni s a,ncl t he clistrict fr o• which t ho 

sood sampl es orig i no.tod . 

V. a l bo- atrum w:is not observed in uny of tho 22 lines 

tested . 

Tho oxt ont and l evel of l ucorno seed i nfection by 

E•modicnginis de tected in the currant investigation was 

consi de r ebl y hi gher t han pr evious Now Zeal and and overseas 

r eports (Cormack9 1945; Monds, 1953; Leach 9 C.M-. 9 1960; 
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1-fottliom.'! 9 1970 ). Tl:i::i rooult r.12.y i n p::>.Tt bo consoqucnt on lli chor 

ouscor,t i bili ty (c;-onot i c o:c onvi :ron,.1ont2.ll~• i nduced) of tto D2-i n 

Nmr Zo:-,_l c'.:-:c:1 luccrnc cultivL,r ( 1·,;clirr.u ' ) t o ,!: . r:ioc1icn:;i n i o 9 or to 

i r:,provod !Jcthodc of scrocninc; lucorno rw ocl . 

Sin.co t~:.oro 1-ms consiuor ::i.1.J lo v 2-ric1 t i on ;1otwoon lines 

i n t~10 l ovol of tr:::tnsf.!issi on of _!:. rndicc'. ,· :ihi s it ::1ny ·lJo 

hypotl::.cr:- i zocl tL·:t tlli :::.: would h,vo r:;roc.t bo:::rinc; on tl1e O]~tont 

t o 11]:ic~:. socd- borno i nocul ur.: could bo uf sic,;nific2.nco i n 

c.,ffcctin_::: ofo.m;. oo t 2.1Jli ohrxmt. 

TnlJl o XIV , H:-'..nc,·0 i:"1 leve l of tr::msni 2:,ion of ,E'.. ,.1oclicn,:i nis 

i,1 scocl linos c~~:.tL'.ii nocl c~uri n(; 1: 70 c'.n;: 1971 , 

I &n_ ·_·c i :1fccti on no . '::rP Hnos 
I 

l (p::irccnt) 1570 ( , ,,. lines ) 1 ; 71 ( /;O lines ) 
i-

•;0 

' I 
0 •) l 1 C. 

0 . 5-5 24 5 

5 .1 - 10 6 10 

10 .1-20 5 13 

!> 20 . 1 9 11 



CHA.PTER II . 

SEC'.i'IOlJ D. 

r:i:HE :81!7ECT OF P .T.1EDICJ\.GIIJIS ON ,:;.s--

S:cJ1;DLING DEV"'.uLOPlIE!.fT 

I NTRODUCTIQJ 

GEIJ::::;RAL EiCPERHillJTAL PROCEDURES 

EFFEC'T' 01T Ei'iEll.GELTCB 

l''.'...."SCllfuTirn: I NVOLVED IJ'T SEEDLilJG ATI'ACK 



I . TIJTRODUCTIOlT 

H:i.vinG shown thc.t ;;,:1tl-::.ocenic inoculu• of 

£ •.Q£,~lic..'::5.inis ,L1 8 .::i.ssoci2tccl uitl1 tto r.:n.jority of l'kw Zoo.lend 

lucorno Co-)cl linos scroo!'leC:~ for i n f oction; studios wcro 
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underta.~ccn to dotormi no the s i .:;nificc.nco of this inoculur.1 in 

i nducinc; UL1li1]inc- off. Sucl: stud.ios -:mre justiffod i n view of 

work conducted botl:. in lfow Zenl2nc.1. (kt ch ,J.nd Greonwood 9 1964) 

c:nd ovcrso:J.S (Corr.:2ck 7 191',5~ Kon1ko.r11J c.nd Ho:-:1orick 7 1953; 

:r.Icad 9 1953) ir',plic,:::.tinc soc;d- bon 10 i nocululi1 of _!:.:'.lodicnp,inis 

uE o, cc.use of oath pro- onor,:;onco .:md post- o• orsonco d.::i.:xpinc- off . 

SiD.co C2.n2.:li~"l studios :__r:d s!_o~,1-, tl12.t tLc pathocon ex i sts 2.s 

ntr2,,ins ul1icl:. v2-isy consj_ckro.lJ l;;r in tilo ir p::tlloc;onic potonti2.li ty 

(Ifo o..cl 2.,1d Ccrno.ck 9 1961) 9 it u.::s a l so necessary t o ost c:;b list. 

1.r~10tlio r inoculur.1 2.ssoc i o.tod ~1itl.: IJcrn Zc c:. lnnc1 sood ,m.s 

suffici ently F:.tllo:;enic to effect ::otc:nd oGtc:bl i sh;:iont . 
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II. GENERAL EXPERDIEWTAL PROCEDURES 

Only those net ~ods 1.:cnvi n0 gcnorc,l c.pplication to 

thi :::: chc1ptor :i.ro di s cussed . Tlloso specific to po.rticulnr 

~~porioonts c..ro ~oscri bod in tho rolov~nt s ection. 

'l'llo i nfluence of _!:. r.10dicc..~-:inis on s0odlinG clovolopmont 

was dotormi nocl by co• parinc; tho rate of nnd tot.::cl soodling 

e• er0onco from infoctod nnd hoal thy sood . A standctrd procedure 

was dovo l opod to onsuro th~t 

( 1) c"ll scads wore smm ;..t tho sar:10 depth 

( 2 ) sood spnci ng was oven 

( 3) all soor!s c ol:lITloncocl c;orninc.tion sinul tnncously 

(4) soedlin0 o:-:ior:~;onco wc.s o., reflection of onl y 

so0d v i gour. 

Proliuin[lry ODo r ccnce tri~~ls Haro conducted i n o. 

:::;'lo.sshouso onvironr:1ont us i n1_; ~, l.::istic sood boxos ( 611 x 4" ): 2"). 

Vermiculit e (c rndo two agc;ror.;2.to sizo ) was used o.s t ho potti ng 

:nodiuril . Thi s provod particulnrl:i· sui tablo for tho following 

ronsons~ 

(1 ) Easo of handling . 

(2) Relatively inoxponsivo . 

(3) Aggregates worn not forr.10d 1 thus s implifying 

r oot examination a t tho conclusi on of a trial. 

(4 ) It provided a sterile environment. 

(5) Being inert, growth before emerbence refle cted 

only sood vigour1 rc..ther than the nutritional 

status of this potting medium. 



( 6) M~;y tro..;y-r__; coulcl bo r:1oi s t o:r1.od s i mul t anoousls 9 

thus ,:'..ll owi n:; those soocls capnblo of 

:::;orni rnt i ;;n tho o1)portuni ty of ~1 oi n,_: so . 

( 7) Since r.1o j_:;turc is Lold within t b.o IJ3.rticle s 

,.,nJ not between t)-~orJ? t ho Vormiculi to did not 

oc:.sily 1.Joco;::c 1;,2. tor :3:,tura t oc. . 

1rwonty fi 110 seeds uoro sown po r seed bo;r i n fi vo 

rows o:icL of f i vo sooL1S J ~..,_ t ct dep th of one: i ncl:. , C2.re 1-ro..s 

t 2.kon t o ensure t: .. ~: t t):.e Dcoc~ c:2:-::1,l e useQ 1-r2.s ro:;_)roson t2. ti vc 

of tho lino under study . 11~.o seo cl bo::;:cc ;;roro ,rr:tercJd 1Jj' 

stoo:;_>i n.::; i r: tr~;yr1 unt i l t: .c surf;::,cc be c nrne unifor:.,1~, noi ct . 

At s~,ccific it1torv2.l:.: countr;.; wore n2.c:.e of c;codline 

c;:1cr ::-;-J11.cc o..ncl t~w nud)or- of sccc°'.linc;s which subrJc c;_uont l :7 

c ollq,coc~ , 
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III. EPFECT on EMERGENCE 

(a) Tho S¾-mificanco of Sood-Borno Inoculum of 

.!'.:llsE-.2.aginlE. in Inducing DnmpinG-off 

96 

Varii],tion exis t s in t ho e;o rnination capacity of 

lucorno soocl linos freo of R.modicnginis. Accordingly 9 it wns 

not possible to assess tho signific.:mco of sood-borne inoculum 

in a.ny 0 110 l ine si mply by comparinc tho resultant stand 

establishment with that of uninfoctod sood lines. Thus with 

oach i nf octod lino it wo.s firs t nocossary t o determine its 

orno rconco 02.pcci ty whon free of i nocul ur:1 9 f or compo.rison with 

tho oworgonco of non- t r outed soocl of t ho Sl'..• e lino . This 

r equi r ed sone rno t hod of sood troc:t r;1ont which uould eliminnt o 

tl:.o pnthocon ui t hout inducinc s oodling ::1bnor E10.li ty. In t his 

r oc;o.rd 9 sovor a l wor ke r s ho.vo shm-m tllirma t o be hi0hly offoctivo 

uhon o.ppl ioc': ns c., clust or socik (Cor no.ok 9 1945 9 Mead , 1953; 

Lat ch o.nd Groonwood? 1964 7 Ms.udc ot a l .• 9 1969 ) 9 and t his wns 

l nt er confirnod in t ho pr esent s tudy (P.149). Furthor 9 Cormack 

(1 945) [u1d J acks (1 956) found no ovidcnco of phyt otoxicity whon 

thjro.;;i we,::; applied as n d 11 c-: t. 

Elcperiment~l Procedure. Samples of sL~ infected nnd throe 

uninfected seed lines wore treated 

with Thiram SOX by thorouehly shaking the seed with a slight 

excess of tho dust which was l ater removed by screening through 

a wire me sh soive. Tho extent to which the fungicide reduced 

t ho inoculum load was dc ·~o l"rn i Y1 0n hn .,..,, r, ~inri- 2nn AO(H18 from 

X Il'ffi 'Ph.iram 80 (80% W/W) 
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oc:cll sa,,1ple onto II.A pri or t o incubat i on for 11 dn;:>7s c:t 24 C 

T~io s i cni ficancc of ::iood- ~Jorr-.:.o i noc ulu,1 i n i nduc i n[s 

clD.r:fJ i nc- off wees clotor oi nocl by coo}.l:'ri n.:; tl,c onc! r Gonco of 

dusted 2nd ncm- dustocl see els oi' lines so,1n i n Ve rr:iiculi to . 

:Cr;icrc;oncc counts ",oro uw.1o r o,~ulL,rl ;r· unt i l 19 days afte r sowin.:; 

( cxcert line OL1 TS ,•;Lich u2.r.: rocerdcc.7. until 2 1 cbys a fter 

GGWin~; ) • 

Rosul ts o.ncl Dif.icussi on . T1i0 rcsul t ,; s ur:iDari zccJ. i n Tc:b l e ZV 

i nf octec~ linos 9 thir.-1:.1 ncoc'. trc:-:t t ;-_;ent :2.vc i r;1pr ovec1 or.1c r gonco 

ovo r t:.,.::t of tJ::.c c on~rol ,J . IIouovcr i n o.11 t!~oso lines not 

oncr c,·on c ,:.: in the r:ie: j ori t :.' o/ t Lc thir,,n c:usto LI i nfec t ed lines 

i s i ntcr1Jr c t cc1 c:.3 rJc i nc; conc::equcnt on i n::,,c tiv2ti on of 

pE,thogenic inocul u:.1 2.c::rnc i nt cc: ,1i th seed c.t t~10 tine of sowi ng . 

Tl c clocrco..sod er::c r Gonco i n t ho thiru,1 clustoc~ unin f e cted l i nes 

was 2.ssuoocl to be c:z:pr css i on of s l i cht :tLyt ot ox i ci t y l);y tho 

funCTi ci do . Thus it cnn bo theorized th2 t if the 

phyt otoxic i ty £2 .. c t or wns clin i nntocl 9 tho incronse i n 

0mcr c 0nce followi r15 r educti on i n tho l evel of R, nodicngi n i s 

woul d hnv u boon oven Groa tor . 



Table XV. The effect of funclc:i.dal seed trea trnunt on emergence of J ucerne seedlings. 

---.-----
Seed Treatment wevel s eed Noo Total no. seed- No. l ive pl ant::: Pre-emergence 

I 
-

line infection seed: l ings eme r ged after 19 clays clamp inc-off 

code (percent ) sm-m after 19 days (percent ) 

259 Non- t reated 137.0 200 147 +9 °5 
Thiram dusted 6.0 " 166 

d259 NoR-treated 37.6 350 183 183 +8.6 

Thiram dusted 8.o " 21 3 213 

263 Non- treated 22.0 300 174 158 +4. 7 
Thiram dusted 3.5 " 188 183 . 

38 Non-treated. ~o. o 200 175 +2.0 
Thiram dusted 0 II 179 

181 J\Toh -treated ~1.0 300 205 +2. 7 
Thi ram dusted 3.0 II 21 3 

272 Non- treated 12.5 300 236 - 3.0 

Thir am dusted 1.0 II 227 

173 Non- treated 0 300 206 -0.3 

Thiram dusted 0 " 205 

~66 jt'Ton- treated 0 300 268 -0. 7 

Thiram dusted 0 " 266 

175 Non-treated 0 200 146 -e.o 
Thirarn dusted 0 II 130 

x Damping- off losses calculated fro~ prc-c r~.ercence ficurcs o:1ly . 

-
Post-emergence 

dampinc-off 

(percent ) 

0 

0 

5.3 

1.7 

- --

'I1otal darnpina-

off losses 

(percent ) 

1t9. •5 
X 

:f-8.6 

t-1 o. 0 

X +2 . 0 

+2.7 X 

-3 .0 X 

- 0.3 X 

- 0. 7 
X 

-8 .o X 

'.) 
CX) 
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Undor tho circurasto.nccf.l of t hi s oxpo rimont pr e-

cr,1orr:.;m1co 9 r c..t hor t:1nn pcst- oncrt~ci:co clampi nc,;- off uc1s t ho 

:-:ios t L·:i::_)ortc,nt pho.so of tho cl i sonso. I n no one sood line di d 

c. s i ,._:_nifi ca.ut nuubo r of tho cmcr cocl Good.lings sul)soquontly 

collc1.1_xw . 

I n o.11 sootl lines nncl ysi s of vctrianc o applied to 

tho difforonco in cmcrzonco uotwoon tro·;_ t od nncl non- trea t ed 

soo,l di l1. rwt inc~i c:::.tu st:itistic:cl ci.:;nificc..ncc . Thus 

i 1~tor.)rot:.,ti on of t~::.c rosul t s cust "'Jo co:-.fi nccl to ;J. d. i scussi on 

In considcri•'i::;· t!ic rosul ts (Tc:-.L l c XV ) 9 ct t rcncl i s 

HJ. s0odlin(: 0,,cr,:;unco i:.1 ,:my O!"!C J.inc ,,~,8 ('.C)onclont on the 

c~~t...:nt tu v!LicL t:~c infection ~)e:rccmtc:,_,;o w:1s dccro2socl 

illustY,tud ·:retpllicD,ll ;y i r1 Fi r; , 22 . i1. ro c;r ossion lino lns 

l)oon fi ttod to t].o 2.v::-.iL:lblc ckt ,1 (clotL1ils 2ro :~:m::sontod i n 

A_,.:_,cccli.: : VI) 9 "'.Jut no st.::it i s ticc.l tests of s i Q1ificanco of tho 

roc ras s ion cooffi c i ont wore possi blo bccau3G it is unclonr 

wl'.Gtb.o r or not tho r elationshi p bo tucon tr..o two pc.r:i.r:1otors is 

linoc.r . Furthor 9 rocros3 i on d~t~ bnsou on porcont~go ch~nc os 

i s c on:Ji J.orocl u."lsuitc.bl o for mmlys i s i n that forr.1 (Soctrle 1 

1971). lfovorthc l oss tho rocross i on lino doos illustrr.to a 

tronc:1. 1 t hus nll owi ns t ho du<1.l effects of thirnn on seedling 

or.1o r :::;onco to be oxpr os socl on ono crnpll . That i ncr onsos 

i n or:iorGonco c1ro ri. ttributoc. t o ::i. reducti on i n the l ovol of 



_:f . cocl~co.r,i n i s o.ssocint od wi th tho soocl 9 while decree.sos i n 

unorco~1co ;:re 2, fun c t i on of func i c i c.o.l phytotoxici ty on tho 

uno:-.:o r cod ,Jood.l incs . 
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Sood sc1r;iplos of both troc.tr.1ontf:: fror.1 fi vo of the 

nine linos unclor study He r e subr,ii ttod t o "cho Government Seecl 

To s tinc Sti:tt i on 9 P::l uorston North 9 lJou Zonl nnd 9 f or {IO rminnt i on 

t ast e i n or der t o cscc rfo.in if t he c~:o..nr~od o~norconco :;_,a ttorn 

could °:)C c1o t octoC:. . The rosul ts uo r o inconclus i ve bocnuso thero 

np:"Jonr ocl to 1Jo no r ol Gtionshi p bo t ·ween t::w omerc;oncc.. nnd final 

c;orr::inc.tion f i ~;uros . F'urthor 9 tho ._;o r r.1i nat i on porcont 2.so f a ile d 

t o rovoal phy t oto::icity of thirn;_: t ou:·:rtls lucc rno ::wed . 

I n o.c1c1iti on to t ho studi os on 3.bsoluto omo r C5onco 9 

r e cords ·i1oro ~-:opt on tho r c. t c of socdlinG o;:1c r c;onco until 19 

dc.ys fron sowi n::_~ . T~1csc n.r o 11r N1ontod :,-r:.:.phi co.lly i n 

Fi e; , 23 :i.-i ~ c:.n~l indi c:it o th2t trends o:J;:wrvccl i:r i tl: t otc. l 

( absol ute) om,, r c·c;1cc m: rc :_;cnor o.1131 .::>rc:J.:mt f:roc when tl10 first 

counts uoro rnmk . T~;.2. t i s, if tl:i r;:-..;,, socC:l trc :-.t r.1ont r;nvo 

i ncre;:u:iecl o,,crconcc 1:; d2.yo [cfter ,rnwi ,1,_; t' .0,1 J. s i 1:1ilc.r r esult 

ua.s usuc:lly o;'Jsc rvod fror;i wllon t :1c f i:rst soecllinc;s ,J.ppoo.r od 9 

2..,1.d vico ve r sa . 

m1ilo t~10 obvi ous bonofi t i.,cc rui nc; fron control of 

t ho p::i.thocen i s e:~prossed as i ncroasocl or.iurcencc 9 further 

bonofi t i s prob,ibl y o.ssocie.t od ,:,;i tl!. t l::'..o i ncr 0aso in t~1e 

or:io r c0nco r nte. Ono rnny s pocula t o thcct cor;ipetiti on uith 

1-med species f or li[sht 9 nutrients ? c:c.11.d untor by those 

seedlin0s 0xhi bitinc more r apid Growth would GiVG the latte r 

c competitive nclvc:.nt age over slower g r owing soodling s 9 nnd 

as n c onsequ0nco a Grontor chance of dovo l oping into 

mature pl ants . 
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Tho rosul t :J ol)t,:t i nod i n tho :;;iro sont rc;tudy support 

tho conclusion of earlier .:orkor o tlmt soocl- borno i nocul urn of 

R , moclico.r~i Di_E, i s cu.pu.bl c of c.:msinc; ·both l1r o- m,1or c;onco and 

bocrin;:; i n • i ncl tlwt t;w r ooul t:-, fron tuo of t!~oso s tud i os 

nust be consi c.1crod with cnuti on , 

I11irstl;y 9 tho conclusion rc G.cllod by !1oCLd ( 1953) uas 

t~1c r usul t of stuJ.ics usin6 s urfc co sterilized seod 

cirtificiall:1 i Doculntc:' 1,ii t l: c. ,Jycnid ios:pore suspens i on . His 

01ao r ccmco r esults ::i.ro c1ifficul t t o ov2J.uc. t o sinco in tho fioJ.d 

s ituc ti on tho }~tho~on io l ocnt od -:''.orccnt r,wcoliu• in tho 

surfncc- bo:rno 

pycn.i di ospcros , A furthe r : ,oi Dt i s tl:.~'.t j_n lfond ' s s tudi os tho 

i noculur· l o'.l L~ i.r::s likul j to ;.::c 1.:: rc:.·kr tlinn tli:1.t of n'1tur o. lly 

i nfoctcd sood 9 tl:corob;y onla:.::.nc i n: .. · t'.:c do._~roc of dampi n,:·- off . 

It ,·JcU, f or thooo tuo r o:.,cons t hict i,1 the 1,r orJcnt ,Jtucly 9 

natur:111~1 infoctoc1 rn.t lior t h;_:n c.r t i f'j_ci21ly i nocula ted soocl 

w:i.s used in a ll or:io r ::;onco oxpori r:1onts . 

Tho or:1orc;·once c,::pori1:1onts conc;.uctod by Kornkamp 

nnd Homo r i ck ( 1953 ) woro dso unsoundly basod 9 s inco tho 

emergence of fivo infected sood lines wus coopnrod without 

t c.kini; into nccount (;'onetic differences in tho 5or mim:tion 

capnci ty of oach lino when freo of t he 1x1thoc on . In the 

present study thi s fn.ct'or hns previously boon o.clmowled[1'ed 

t o bo of considornb l o i oport c..nco (P. 96). 
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(b) Effo <?.!_ of Toopora turo on DQopins-off Induced by 

Soocl-Borno Inoculu• of P. r.ieclicc'..r; i n is. 

Results fr om tho pr evi ous se ction clc2.rly showed that 

c1 roclucti::m i n t ho l ovol of 1:. r.1od ic2.t;i n i s nsDoc i ntod with sood 

l od to .::. ck:croo.so i n t ho cloir oo of c1,:mpi i1:3"- off. Ho~,ovor 

s i nce L1 :211 i ns t ::mcos tho porcontc.c-o i ncro.:i.so in o• or::?;once 

(fol l o,·rinc seed tront raont ) l'lilG loss th.:i.n t~10 clo crc2.se in 

percent~~ infection of tho soccl lines, it was clear tha t e ll 

infe ctocl soods did not nc cos ::-Juril;y cx~Jross clnrnpinc- off . This 

2:,Jx,,rent f 2.iluro of nll tho inoculuo detcctnblc in routine 

sood l10 .::. l t L t ests t o induce ckr:ipi nc;- off can bo z1ttributod to 

either or lJot h of t ho follv.,int'.,; f 2ctor s~ 

( 1) A roc1son~.:bL: c2ssuL,pti on i s th2.t tlwre i s 

vnrintio:1 i n tllo inoculur-1 loo.cl .J.Gsoci a t cd 

with indivi dw:: l seeds . Thus ono can v i sualize 

tho s ituat i on uhore i n sono seeds tho inoculum 

l oad ( i noculu~ potonti2.l) .-rnuld be insufficient 

t o induce soodlinc coll2pso . 

(2) The onvironmontnl conditions provniling during 

tho tria l s wo r e such tha t t ho pathogen wa s 

limited in it s ability to ca use seedling 

disease . Studios conducted on environmenta l 

rolationshi pn usinc soedlings (Cormack, 1945) 

and mature plnnts (Rosomblit , 1950 > Roberts 9 

1957; Mead , 1963) hnve demonst rated the 

fungus was raost pathogenic under conditions 



of nearly continuous 1:1oisturo and at 

teoporaturos r nnginc; from 12 C t o 15 C. 
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In t ho pr esent st udy experi ments wore conducted t o 

dotormino tho offoct of tompo r aturo on t ho degr ee of damping­

off consequent on tho uso of seed i nfected with _!:. medicaginis. 

Ex:porimcnta l Procedure . Sampl es of thir2m dust ed nnd non-
' 

troatod sood (400 soeds/troat• ent) 

from one lino wor e sown i n Vermiculite (grade two) by tho 

r.1e t hod previ ously described (P,94 ) , Each series was then 

pl aced i n r ooms held 2.t tho following tor;ipor o.turos f or the 

durati on of tho o:rporimont: 6 C· 10 C, 14 C• 17 C• 20 C• 
~ 9 ~ ~ ' 

25 C. Tho so temperatur es wore solocted f oll o,·1ing a s tudy of 

t ho r elevant Now Zeal and litor a.turo which r eveal ed t he average 

soil t omporaturo at t wo i nches over tho year t o r ange fro m 

0. 5 C t o 21 C (Gabitos 1 1967 , 1968, 1970) . Additi onal 

figures of i mportance Hero t ho avor ago two inch soil 

temperatures for Soptombor, October, and November (tho three 

months in which most lucorno i s sov1Y1) of 6.2 C, 10.5 C, and 

13,3 C respectively. 

Tho temper ature of the six roor:1s was monitored using­

thermogr aphs and maximum/minimum thermometers. These showed 

the temperature of all rooms was ~olativoly steady with a 

maximum deviation of 0.5 C to 1 C from t he menn. 

All treatments were regularly steeped in trays of 

water to ensure that the moisture level of the potting 

medium was always close to its moisture holding capacity. 
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Tho off octivcnoss of the t~irar:i sood troatr:icnt wns 

ngnin determi ned by t l:o near plate test. Tho dus t ed sood had 

nn infoction l ovo l of 3. 576 uhuro2.s i n tho non- trontcd c ont rol 

tho pathocon w2s dotoctod in 22% of tho seeds . 

Ro:;ulo.r counts "\'JOre t c..kon of tho nunbor of or:io r gocl 

nncl l i vo seedlings . Eacl: experioo,1t wets t e rr.li nn.tod when 

only a frrn soec.Uincs uoro appoc1r i nc botwoen c ount s . 

I n this series of oxperi monts i t w:1s i r:i:;_:iortant 

tha t i nt orJr otJ.tion of rosul ts be on t ho bas i s of :111 

intoro.cti on betueon the tuo livi ns systcos i nvol vod 9 nn• e l y 

tho hcst sood nnd accoc i o. t od pnth~~enic i noculum of 

P . nedi ca,c:inis . Thus it was ossontio.l t hr,t tho r esponse of 

t~10 fun[:,U3 ul:,on (;'rmm on 2.,::;-2.r r.1odi a fi r st bo known . 

Accordi ncl ;y 9 as a pro l ir'.li nnry o::peri • ent tho effect of 

tor.~po r2.turo on c rowth of three r:ionosporous isol ates f r om tho 

sood lino under study uas dotorni nod. These result s a r o 

prosontod in tho fern of tm1port1turo/g rowth h i stogr ams i n 

Ficuro 9. 

Result s and Di s cus s ion. (1) De_f.r oe of pr e - omo r gonce damping- off 

The effe c t of s oil t e• pora ture on the 

dogr oe, of pr o- ome r ~onco dnmpi ni3"- off using t hirnm trea t ed s ood 

is illus tra t ed grnphico.l l y in Fig . 24 n-f. Since the response 

t o t oTipor a turo was not linee.r 1 i n terpr e t ati on wa s ma de with 

r ecar d to bot h living entities. 



Tu s t s of si&,nific.:::ncu on t l:.o date: a.t i ncl i vidunl 

)oi n t s i n ti ri10 d id not r ovocJ.l st o. tistice .. lly sisnificcmt 

difforoncos . Ronco discussi on of t~io rosul ts is nc2.i n 

ro,,; trictod to .J.n ovc.l unt i on of tho tronds rcprosonted by tho 

tuo curve s nt onch t or,1por::.turc . 
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At 6 C t ho ono r genco fror,1 botL dusted a.nd non- treated 

sood was ro l o.t ivc l y s l 01·1 Hi tl:. tho first seedlings 2,pponring 

2.~1~,ro:.cir.mto l ;:; 17 days 1J.ft c r souinG • Tho decreas ed cmo rgonco 

c onsequent on thirar:1 sooc::. tre:rtr.1ont c nn only l,o i ntorprotod 

o.s r c fl octin::; thirar,1 phyt otm::ici t y 9 s i nce li ttlo growth of tho 

i)a.thor;on on tho host ,rnul J bo o:~roctocl :::i,t this tcmpcr: .. , turo i n 

view cf i t o ::::; l oH br m, t h on :1:::;2.r no:li2. 2t 6 C. Thi s nssur:ios 

tllnt r;r owt~1 on 2.c.,·2. r oodi ::: ~,t o. ~):i.rt icul nr tGmporn.turc pr ov i des 

s cir.:o i ndic~:.~ i on 0f c r owth on t ~_() bost tis::mos 2.t tha.t 

toIT1pcrnturo . 

Tl10 c;rontost i ncrcnsc in onor genco c onsoquont on 

thirn~.1 sood trontoont occurred with those seedlings grown nt 

14 C. Thus nt this t o• po r a turo oitho.r tho ccusa.l fung us was 

• ost pat llogcnic or tho soodlings wo r e most susceptible to 

i nf ection . '11ho pathogen wc:s pr eviously reported to bo most 

pat hogenic t o both seedlings (Corr;iack 9 1945) and mature pl ants 

(Moc::.d 9 1963 ) nt a s i milar t ompcrnturo. It is r easonable t o 

nssur:10 tha t .!'. -nodieagi ni n would bo pa thogenic a t 14 C9 since 

nlthouc;h its growth on agar r.1odi a, at this tempe r a ture was 

appr oxi nato l y ha lf of that exhi bi ted a t 21 Cit is probable 

tha t its growth on host tissues (a t 14 C) would still be 



suffici ent to cause info ction . Moad (1962b , 1963) hns 

c.ttompt od t o oxplni n t ho hi gh dccr oo of i nfection at 14 C 

i n forms of incrcnsocl suscoptibility thr ough t ho difforont 

proportiorn; of' ca rbol':.ydr 3tos nncl o.r:ii no o..cicls fa.vourinc tho 

pnthocon 2.t tho oxponso of tho pl ant . 

109 

At 10 C and 17 C tho di fforenco i n omorc;onco between 

tho thi rc.u dusted and non- troatod sood w:J.s sr:mll. This i s 

i ntorpr ot oc1 as boinCT r:ianifostati on of a bal enco botweon 

phytotoxicity of t hira• and r eduction in tho l ovol of 

P . L1odicar;-i nis gi vi nes ri so to n. docroaso and i ncroaso 

rospoctivoly i n sood.linc ouo r gonco . Thus if t ho pllytotoxi city 

factor ,ms olirninatod , c. l nrGor i ncroaso in omor Gonco in tho 

thirnm dusted treatr:~nt over tho non- t r octod controls would be 

o::poctod • 

. a 20 C and 25 C thi rn• sood tro::i. tmont evontu2.lly 

gc.vo i ncronsod onorgenco but tl1i s c.dvnnt ago wci.s not evident 

unt il ton clnys after tho so oc.l was sovm . In interpr eting these 

r esults i t must be noted that the ve l ocity of emer gence was 

r elatively r api d, with groato r than 50% omor gcnce occurring 

within five days of sowing . Thus oven if ~ . medicaginis was 

hiehly pathogenic at those tompcraturos, it i s probcblo that 

it would not have sufficient tine to cause pro-omer~ence 

dampi ng- off of those seedlings that rapidly emerged . The 

concept of velocity of emerconce ha s previously boon used to 

explain why hi gh temperature crops are more subject to pr e­

omer gonco damping- off at low rather than at hi0h t emper atures, 

whereas l ow temper ature crops often suffer less infection than 
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Qt in-cori".1odinto or hi ch toupomturos (Lo.:ich 7 L.D. 1 1947). 

Tho figuro s illust r ntin3' clifforonces in omor,;onco 

pcttorns followinc thi:-m.1 sooi t::::-o,;.tr.v:mt Qt various t or:1pe r nt uros 

can .:::.ls o be considorod in t e rns of t ho time to 2chiovo 50% 

s oodJing o,;1orc;onco (Tc.LL D, 50) . ':L1hoso results o.ro presented 

:i_n '11ic.blo XVI. 



Tnblo XVI , The r el at i onshi p 1.Jotwoon soil t omporo.turo nnd 

tho tiL10 to 2..chiovo 50;; ccodlin0 omor r;onco 

fror.1 thirao d.usteJ and non-troatod sood . 

tompo:cc..turo 

(c) 

6 

10 

14 

1'7 

20 

25 

'l1imo to achiovo 50% 

c,mo r c;on ce (days) 

ThirQ~- clustod sood Non- troatod 

39 . 6 ~--0 

24,5 I 2e .o 
I 

I 
10 . 8 

5.3 5. 5 

4.9 

socd 
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Sccdlin6 r·hytoto~dci ty .:i.t 6 C uo.s cl oar l ;y oxpr ossod 

in thrit tl.10 T,A,E . 50 for thirrn.1 clustoc.l sood w2s 2 . 6 dc1;ys 

l onc;or them th2.t of tho non- tro.::. t cJ sood . At 14 C the 

T.A. E, 50 H Cl.S 2.8 days longor 1-1i tb. tho non- tronted soed . 

That is, tl.:.e r ocluction i n t ho level of _!'.. nodicagi ni s consoq_uent 

on sood treatment with t hirn.rn l ed to cm i ncreased r a to of 

omer eonco . At 17 C t ho thiram seed treatment sliGhtly 

de cronsod t he T.A.E. 50. Thus f or t he 6 C, 14 C, and 17 C 

series this mothod of considering t ho r esults was i n genoral 

agr oomont with tho omereence curves . However t ho difference s 

discornablo at 10 C, 20 C, nnd 25 C did not accurately 

r ofloct t ho r esults pr esont od i n tho r at e of emer gonco 

curves for these temperatures. Tho differences in the 



T.:LE. 50 i:!. t 20 C :md 25 C worn sranll or non- o:;~i s tent. This 

w2.s nttributo d to tho E1oro rnp::.d velocity of onorgonco at 

·choso toni)orc.tur os not 2.ll owint::; sufficient t i r.10 for c.ny 

diffo~concos to 1)o co.nj_fost. At 10 C the thirur.1 dusted scod 

or:ie;rcod 2.t '-' faG tor r a t o tl12n tho non- troc.tod cood . Somo 
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i ncroc:.so in or.1o r conco wo.s o~:poctotl c.t this tor:rporc1. turo b ut tho 

u~:tont oi t1.10 c.1iffo r onco 1r2::-: JTOC'..tor thc,n i n tl10 r o.to of 

o:-:torconco c ur 1roc . l'To oxpl 2.n,1tion can 1:io offered to account 

f or this rcsul L 

I '.'l tho ,"luthor:J oi,inion tho ,1bovo ~o t hod of prosonting 

d-;.-:; , i ;::; i::fcrio:,: to rato of orao r ;-cn-::;'.) curves bocnuno tho l a tter 

r.1thoJ al l ows one to considor results fro~ tho durat i on of 

t l10 c_,:r:purt mont, who:,:,0::1s t ho T ,J;,E, 50 only o~~prossos the 

situntion o.t one l)Oint in t i:Jo , ils ,_ conscquonco, i n lntor 

oriorGonco cxpori ::ionts i ntor;_: ..'.'ot::tion H-'.:..s lx.'..sed on rato of 

cnorgonco ~u1-rvcs . 

( 2- ) Do;~roo _9.t..R_ost- or:1or:~oncc._ dampi i1r;- off , 

Tho e ffect of onvironr;,ontal temperature on tho degree 

of post--onor conce dnmpinc:,-- off 7_s sur:rr:iarizcd in Tnblo XVII. 

T~o l osses for both tho thirRn seed treatQont and tho non­

tro.?.tod con"~rol woro aeain calculated fror:i tho difforonco 

botweon tho n umber of omorc Gd (l i ving o.nd. dead ) nnd tho 

nur1bor of l ivinc- soodlings a t any one p oint in time . Tho 

clogroo of post--onorgonco dnmpinG- off e.ttributablo to seecl­

borno i n oculum of tho pathogen W['..S tho difforonco between the 

los ses ca lculntod for tho non-trontod control nnd t he thiram 

seed troat1:1ent . 
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T:~o o:r.:t0nt of post- c:.10 r r;onco c~ar.~pi nc- off nt 25 C wc1s 

c:roc.tor tl:o.n o.t any other tcr.ipor::turo 9 ,-.i th r.1ost s00dling 

coll:::;_:;i:::o occurri:1.:; i n tho lnst oi c;ht c''c2.~1 s of tho oxpc ri2ent. 

Tllis ton,::s to sui,port tho oc.rlicl' contention th2t tho l ack of 

oarl;y cxp1°cssion of pr o- ci.1orr;onco cb• p inc;- cff nt 25 C (P.109) 

1m.s cons0C2_u-Jr1t on tho p:itlloc:;on not 112.vinc l1ad sufficient 

tir.10 to ::,tt:::ck tho unonorc;od soocllines•fl . Tl10.t i s 9 the docroo 

of :1ost-ornr3cnco dar.1pin3- off .::i,t 25 C roflocts tho abil ity of 

luca rno s00dlincs to out:;rov 1:. £!.OC~ic::.:' :i n is in tl10 ton do.ys 

irn::odio.tol;y followinc; c,:orni nu.t i on 9 tho flc"'.thocon only b;y then 

~:ivin~ he~ suffici ent ti~o to induce scodlin~ collnpso . 

Somo j_,ost- or,10:r,:;onco ,.lo.r.1Jin,_-;- off c.lso occurred o.t 

10 C, ,:l:ic!l wo.s o:rpcctc c1 s i nce so1-:-,c cr011t~1 uc:.s '.JXhib i ted by 

_!,nc c~ icnr"7in_i_'?. on ::c;2r ;-.,cu.i::: e:t this to• porn.turo . 

At 6 C no post- or:1ors:cncc L:.a:npi nt:;-off occurred . 

Ttic; ru::;ul t wns pr edictable lJoc,1.uso of tho i nability of tho 

p.::itl10con to c;:roir at this t onpo rD,turo. 

Post - ori1o r conco daraping- off di d not occur nt 17 C 

,:me'. 20 C, No explanat i on c c:m bo offorod for tho ::ippnrent 

lack of pathogonicity at those to• por2turos . 



Tabl e XVII. Post-omor gence damping- of f attributabl e t o 

.!: -• edicaginis i n re l ation t o onvironmonta l 

t oopor aturo. 
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Post-or.10 r genco 

Envi ronoental Ho . No . No . days dnmpi nG- off 

t ompo r Gturo Seecl soecUings livo nft or nt tributab l o 

(C) t rec.tf'.lent er.1ercod soocllinc;s sowin[; ,!: • r:1cdicaginis 

6 Thiro.m dustod 208 208 42 

ifon- t r eat od 218 218 0 

10 Thir.:in dus t ed 206 195 31 

l'Ton- t r oatecl 206 184 11 

14 Tlli rn;,1 dusted 242 ,_ 31 

Ifon- tront od 220 X X 

17 Thi r2.r.1 dusted 273 268 39 

Hon- t r ec. t ocl 276 274 - 3 

20 Thi rnm c~ustod 280 280 19 

Non- t r eat ecl 269 269 0 

25 'I1hirao dus t ed 283 276 19 

Non-treat ed 265 242 16 

X Post-omergenco damping-off c ould not bo calculated 

f or eithe r t ho thiram dusted or non-treat ed soed at 14 C because 

an insect attack on l a r go numbers of omer eod seedlings mado 

accurate r ecor ding i mpossible . 

t o 
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(c) Ovorcll Discussion . 

In a s i • il3r study in C2nado. usinc i nf ected lucorne 

soocl (dusted c1ncl non- tre2 toc1L CorL1:1c~::: (1945 ) observed that t~:o 

do(,TOO cf p r o- or,1or;;onco dL1nl)i i1(,'- off wv.s 0 ro:::. t c r 2.t 11 C and 

21 C t~~o.!1 2t 17 C~ n rosul t i n 5or10r2.l o.;Toor.1ont to those of tho 

1.Jrcsont stud_y . Ho-:•mvor Ccrc:.:c~ o.lso reported thc;.t post­

c;.1orconcc clm.1pinc - off clicl not occur 2bovo 17 C, which c onflicts 

Hi th tl:o r osul ts of thG pr esent s tucly . Tho clnta presented by 

Corr,,2.ck Lmst be viewed with cnution ::i..s no non ti on WCLS nado of 

tl,e clur ,.::tion of his oxporLnonts . Tl12t ic 9 Corr.:ack ' s oxporimonts 

r.,2.y l20.vc ·uoen tormi mitod before tho :;)['.tl".!.ocon li::\d sufficient tiDo 

t o induco soodlinc c ollapse . 

In com.: i dorinc t~co tot2.l do.ta o".Jtai nod fror;i those 

cxiJori r:10nts it is ,:cp:pc.ront thc.1t tho c~ec;roo of i)ro - omorrsonce end 

post- er;ier.'.~·ence do..• pi n0- off i·JC-:S r.in r kodl y i nfluenced by 

onvironr:1ontctl to• po rcturc . Thus it is rGo.sonnblo to o.ssur.ie 

tllnt tLo difforonc of; i n ouo r concc obse rved wi tL c or.11:1e rci.::tl seed 

line s followint3" seed trontr.1ent (P. 9~) Hould hnve boon ,;-r oator 

had tho o.::porimont s boon c oncluctocl c.t :i soil t emper a ture of 14 C. 

Altllouc,;h it was appnront thc. t t onporature coulcl 

raGrlrndly offoct tho do5r oo of both :pr e - omor gonco cmd post­

or:1or5onco dnmping- off 1 in no case di d. raore than half of those 

soods infected with g.modicaginis express tho disease. Because 

of tho lirni toc'c nnturo of tho so oxporimonts it was not possible 

to drm, tho conclusion tho.t only s ome of those infected seeds 

de tected in agar plate t ests hnd nn inoculum load 



117 

sufficient l y GTOcJ. t t o cause d:-:op i nc;- off. Th2t i s 1 tho 

poss i bil i t y ror:i2. ins thc. t ur1do r c ort2i n onviromaon t.'.11 condit i ons 

c:~11 t~!O i noculum dc t octo..lJ l c c ould c a u ::io oi thor pr o- 0L1o r &onco or 

r,ost - or:io r 0 ::mco d t'.mpi ng- off, 

It mus t bo expl a i ned tlk:t t ho ab ovo r o::ml t s 1m r o 

obt'--, i no('. f r or.1 c l c1sshouso stucli os us i nc en inor·t~ s t orilo 

:;:iott i r!C ::1odi ur.1 o.nci c'.o not noccss::1rily ::-::,:ipl y t o t ho fi o l c7. 

~J i tui'.tion. To c onfi ru thn t :J occJ.- ll orrw i n oculura of i • r:10 diccir;i nis 

doou s i c-;n i ficJ.ntl ;y a f fo ct st.:-:.rn: c;s t c:blishrnont i n tho field, 

r o1ui rcG, Gori cs of outdoor tri ~ls. 

A fur tL.cr· point to ::;;_, strosocrl i s tl:.,:.t tho pr esent 

ctutli o 3 !8vo ~ccn solel y concornc~ wi th t ho dogr oo of s oodlinJ 

l ess consoqLw:'lt on t!io uso of iLfc ct0cl. soccl. One r:i2.y c..::;sumo 

t~-: ,t r-;ood--bor:10 inoc ul urn of P , T.JOlt ic~ i n i s is ::il so of 

~ocond.:-: :ry L,.foct i oYl c;yc l or; r., ...... J !.'.ovc l oi~, I t f oll ows th2:.t 

i :--L:c t i vo.t i n:,_; soo c~- borno i nocul ur.1 n,.:;y boncfi t G. c rop by 

i opr ovi li,7; sto.nd cst2.bli sl-::.IJcnt) ,:.n:;. b;:i ,lckyinc the 

os t cbli.slmon-t of p:::-ir.inry i n f oct i ono, 
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IV. r:~CE.:'JTISiv'i IlWOLVED HT SEEDLIHG ATTACK. 

I n • oist b l ot t e r socd ho2lt~ tests usin~ i nfected 

sooc1 it uo..s c.ppar ont tha t t;1u rad.icl o~ hypocotyl 9 and cotyledons 

could l1ocono i n f e cted. . Furthor 9 i t wr:G obsorvod thnt such 

i nfecti ons occurred i n tho followi n::--_: ::ianncn 

(n) R-:c:. iclo , First pos i t i vo ovi c.1.oncc of c;o rr:1i nc: tion is t ho 

or.1o r con.co of t ~10 r:'-L~ iclo t i p , 1·1.t t~~i s onrly 

s t .:c~'O k.c r ~,d iclc Qrn~ t cst2 ( si to of sood i nfection) 2.r e in 

cl ose cont~ct, ~l l owinc the po~s i bility of cross infocti on to 

tho rnc'. i clo . Sucl:'. i nf0eticr1 is ;-::.ri f-.;r~t ~G a ,::;ono r ecl broi:minc,; 

of tlio r r.: c~iclo t i p (Fi ._,. . 25) 7 u i tL ~);i'Ci:1idi 1. sor;,otimos 

J.evclo)L1,, o,:, t::ic lesioned :,r-.:. i:'. , 'l'l~o ro..di clo ,:1;::y a lso be 

i nfectocl ;.)J' ;:: soconcl :Jctlloc1; ,,s .::;crr.1i n::t i oi1 ::_:lrococds ttc: tost2 

u2u~l l y ~o c o~os free of tl~ cotylc~ona end i s cast n~ i clc 7 but 

on sane occc:si or1s 1:1ciy r eno.i n ctt ,::c:.:::;( to tl1c scccUi nc 7 claspinc; 

t~.o r·~di cl(; . Cross i nfe ct i o,1 r:1,::;y n~;::! i n occur , i nducin:::; eonor ;:, l 

tL::t rc .::;i cn i n cliroct cont~,ct wi t ll t ho tcsta 

(Fie , 2G ). .L\:7i n 9 pycnidi n :.1,i;y C.::.ovo lop on tho l esioned tis s ues . 

Ho i thor of those r c.diclc syr,ptoos o.r o very common . 

(b ) !!Y..lJoc otyl. In some instances tLc t esto.. may clnsp tho 

hypoc otyl a fter bo cominc free of tho 

c otylodo:1s 9 .:i,llowing cross infec tion to occur . Tho rosultnnt 

le s i ons .1. ro usually dork broim or b l a ck (Fig . 27 & 31) and 

pycn i di o me.;y sori10tir.ios deve l op on tl10se i nfected nrens. 

Hypocotyl infection wns mor e common th::m r ndiclo infection. 
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(o) 9.-?_ty l odons. Lucorno sood o:xlii :Jit ,J opi ::;02-l 2:o rmin.:::.tion 1 

the t osto. boin~; c2rriocl nloft or1 tho 

e,,Jt:r l,~d ons . Thi s c.ll cws cr0Gs i nfecti on fror,1 tho taste. to 

oi thoT or both cot;ylcJ.ons 7 followccl by t:10 dovol0Jr.10nt of 

sovc,r ... J. 1.JL:cl: lesions whicL frociL!cmt l y coulosco (Fie; . 26). 

T] :'.is t;y;:;o of soocllin6 infor: tion u2s 0quo.l ly :is cor;rr:1011 o.s tllo 

:r: .dicL.J ,·,;·;cl c cty lodon i nfoctio!rn "W'.)Uld bu O:k;_)rossocl :.~s j_,ro-

r.:ic:coscci)j_c o=~~,r.1in~,t ion ::if G.Ovc l opi nc; 

socc:lin:_::., u·:c1 constructoc1 :.,-;; ;:iodifi c .::i.-t ion of tl:0 plGst ic 

",., r>C,(:.-'J.,n_·;--,-:,n_, (/")Ii"'\>" 4"' 11 --:7 •) II) U ... ,.,,,, l.11 "'I'0Vl. 0U"' c·,c r ,...0-,, Cr: ,.., ... . )C rl·r ·ontS 
- • - ~ \ • J_ "" ~ ;-:,<..;~ •· _:_, • .:., 1., . l..., d v '-'"'1 .d o 

On.c of tl".c lon~; 2.<'Cis ( 6") mllls u23 rc;plc.cod "by insortin·t o. 

sLoot of :~:ks~1 n t 45° fror, tho vorticnl (Fis . 29). A se c ond 

c;l.::tss :;) l.'."'.to rrc:.s bl2ckonod -.nd pl::;.cod ovo r tho first to ensure 

t h._:t tt.o soocll i n::;s c re1-r u:J t 01·1<1rcls tho lii:_;ht 7 cmd was roE1ovod 

only durin5 soodlinG oxn~inntio~ . 
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Fic ure 25. &,diclo bro,-minc consequent on contact botwoen 

cm infecte d t a ste c1.nd t he rndicle in tho onrly 

I 
J 



Fi curo 26: H~:lliclo losionin{S consequent on retent i on of the 

tor.:ta ( si to of scoJ infect i on ) by the rnclicle . 

( n ) 1:I'..:ol o sod.l i ne 

(t ) Clc~o-u) view of 

lo :,; i r.mo~~ r c,clicJ.o 

121/122 



Fi c:;uro 27 . Hypocotyl l es i oni ng "l'Iith i noculun provided 

1)Y ::m unsho cl taste. 

(a. ) wl::.o l o scoclling 

(b ) cloco- up viow cf los i onoQ hypocotyl wi th 

claspi n._:_ tosto.. . 

( ::::.) 
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(b) 



Figur o 31 . Cl oso- up viow of hypocotyl l esi on c or.nnonly 

observed i n moi st bl otter tests . 

Noto oloncntod nnturo of tho lesions . 
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Figure 28. Cotyledon lesions consequent on infection by 

r.iycolium growing from nn unshed testa. 
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Forty-five soods fror1 .:1 hi ,::;hl ;y i nfo ctocl lino l'lOro 

sow'.'l o.,p;_)r o::~ ir.;a,tely 0.5 inch :1pnrt in Vorr.riculito (c r nclo two) 

2. t re d.eptt. of one inch antl in phy::; ic '.:'. l cont::i.ct with tho 

r;-l nss wo.11, 1rl1c o.p}X! r o.tus we1.s r oc_:ulc.-..rly stocpod in trays 

of w:::i.-cor to ensure thnt tho Vcrmicnli to wo.s -::ihmys close to 

it s T.1ci sturo hol di n0· ca.~~x1.ci ty. Sooc'.s sJ.nd seedlings woro 

o::rn;ii nod. dc.ily usi n,J" 2. store osco~•ic lJinoc ul a. r oicroscopo . 

I sol oti on:::i fro 1:1 disoo.sccl_ tissues wcro by tho r:iothods 

~raviously dos cribod (P. 8 ). 

Rosul t s 2nd Discussion, Twont;y-fivo of the 40 soocllinc;s 

o:,::hi bi tocl szrraptor.1s c i mi l c.r to those 

tlcac ribod i~ tho • 0ist b l otter test. Throe typos of c.ttcck 

wore ::c;:cin obsorvcc~ z 

(o.. ) Cot_ylcd.ons . Pr o- or.:cr~onco ,~ ::'.r.'ipi nc_:- off r:iost froquontl~' 

rosul t od f:ror.1 i nfoct i on of t l10 cotylodons 9 

ui th i noculun: 1,rcniclod by r:-iy coliur ~ ._,T o1lir,.c; fro• a.n unshod 

tost :.1- (Fi e7 . 32 ). Howevor 9 i n ;:,ovo:-o.l i nsto.ncos scodl i nc 

cr..o r ::;anco occurred f oll owing SL1.C~, infection . 

(b ) IIJ;i_>ocotyl. The second nost frequently oncountornd 

nothocl of infection occurred when t ho t esk. 

boco.oo frco of tho cotyledons but remained clo.spinc the 

lzypocotyl. Symptor:i expression then followed in that region 

in i mnedia te contact with tho soed coQt (Fig . 30 a.nd 31). 

Hypocot;yl i nfection wa.s not observed to rcsul t in pre­

erncrconco dnmpin{3'-off. However it i s theorized tha.t this 

could occur if tho infection wa.s sufficiently severe so as 

to 1Jrovont nutrient flow within tho seedling. 

1 
'1 



( c) R2dicle . Both filethods of rncliclo infe ct i on observed i n 

tho moist bl otter test 2.ls o oc curred i n tho 

:::;rosont sfo.r.1y (Fi~;. 32) . Al thou1:;l1 pr o- omo r conco dnmpi ng- off 

usuc.lly rosul t oc1. tho ovor2ll incidonco of this typo of 

i nfect i on. llO. S low. 

In ::11 co.sos ,!:.modicn:-;inis wns r oadily isolntod to 

-)uro cul turc fro• tho infe: ctocl tisRuos . 

'.i.1hG obsorvnt i on t~_::it J rc- o;-.-iorccnco dar:1pinG- off 

frcquontly rosul tod fro~ cotylo~o~2r~ or r2dic lo infections 

i 3 i ntorj1rot cd D.s bo i nc et function of tlio pr c::::Gnco i n tb.1:1t 
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ro ,;icn ::;i.' ~.-1c::.0 i stcr.12.t ic ti::.;,;uo c oncornod wi t:.1 tLo _pror:iot i on of 

soc_1.lin-:; olo'.1(·;,,., tion . Wit:: i-,:-,.diclo er cot;ylo c7.0112.,r;y infoctions 

t~:.o ,:_\_J,truc t ion of ,.iu ristorac..,t ic ti:::suo in or t'.~ljc.cont to those 

roc i on:.: ~;jll i nv2.:ci:::.b l ~y cCtusc sccdliY:.c coll::.j_)So, ns 

o l c:-i_ ·::-,t i on c':.oponc1s on the continuoc:. 2ctivit;y of those cells. 

r:ost Ly1<icotyl infocti uno Horo obse rve:~ to '.Jo no::.r tho bo..so 

ct:1C t~ius p!_;ys icnll~' isolntod fr o,:, tlwsc tissues concerned 1-ri th 

root 2nd stcr.: ol on,:::;:.:.tion . .i\.;_; .::: consoc~uonco soodlincs so 

infoctccl_ continued to oloncnto o..s lone as tho p:i.thoe;on did 

not cnu.so co::iplotc bron.lcdmm of t~10 tissues in that roc ion. 

Howovor, i nfecti on nonr the hypocotyl tip would be oxpoctod to 

ca.use soo(ll i nc do-'.lth through Jostruction of tho api ca l 

noristo~o..t ic tissue . 

It is nppnront th:i.t pro- omorconco dnmping- off wns 

en.used by tho destruction of those moristonntic tissues 

concornod uith soodlinG ol onc:;-ation . further? i t is postulat ed 
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tl:z; t ;_:ny i nstanc e of ~os t - unc1°,~;onc o dc1:-,1pi n::;- off would r o s ul t 

frot1 i nfo c t i on of t:_o hypoc otyl 1;rcvon-ci nc nut rient fl ow or 

fror:, .ro2:.:011inc of those tissues c oncor nccl wi th p r ovi di ng 

r i ::_; i d i t;y, 

Tl~o rosul ts ~.,_m~ conclus i on;:; fro• thi s study c1.ro 

s 1• 1lur to t~oso ro c ordod in~ previous ovorsoc1s i nvost i c2ti on 

( '11 ~-, -l 1 7 )-3 ) . v .. 1.,l.. ? ;; • 
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Figure 30 • Infection of hypocoty1 :C~r P . :,~ecl·i ca1~ln. i s. 

A. Whole s e edling. 

B. Infec ted are& o.nly. 
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CHAPTER II. 

SECTION E. 

I HTRODUCTIO:::T 

MEI'HODS OF CONTROLLING SEED- BORNE 

DJOCULUI:I OF P . H=:DICAGil:IS 

USE OF SEED SIZE Ai'TD COLOUR TO SEPARATE n rFECTED .F'ROM HEALTHY S:CEDS 

AGEDJG THE SEED 

us~ OF THE...BAPEUTJJ.TTS 

DISCUSSIOH 



I, IiT'I1RODUCTIOJ:J, 

Thoor ot ica ll;y t '.1cro o.ro CL nunbor of ways in which 

c ontrol of t~8 scocl- borno p!:ie.so of tho spring b l a ck stem 

disonso 1:1Ll.y ·be offoctocl~ 

(o. ) Socc.1lin:;·s uoul d to clison::io fro c if sood wns sm-m whon 

t!1c soi l tcr:i:r.JorCcturo and Doisturo ,-,ore such th.::,t c rm.1th of 
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tho p:::.tlloc.;on 112.s i nhi b i toll . Thi s o.ssuiJOS t:12t such conditions 

woulc-: 0- ll oi:r soccl :'.'50 r ni n2.,t i on t o occur, Howovor if tho 

::x::t~::.o:::;e;n H:;J 011ly i n,1.ctiv2.tocl r c:.tl--..01' tl:o.n lysod thon conce ivably 

its _prc:wncc could l,::ttor cons ti tuto n source of pri m,1ry 

inocul c:.:-.1 . 

(:.:i) If it ir., c:ssuncd tl,.c.t tb.o only effect of sood- 1Jorrw inoculur:1 

of ! •E;'!_.OC.\ __ ~:,,~j.QiS i s to c:llJ.St) soodHn~· <..1-:.T,pinc;- off them ,:c sinplo 

co1·1trol ;-__ 1u.~:surc would i.nvol vc incrc, 2.sir::.,~ t110 sood soNi n::; :i::•.::;.to, 

Howovo:r· t:::__i;.; r.1ot~1cd cc,nnot :Jo rucor::r.101::__d.oc.l until t:rn v c. lidi ty of 

tl1c 2.'bove c::s::umrJt i on is dcnonst1-,1.tccL P.c::L--1cr ( 1971) l11s shown. 

tl1.:.~t t~i.c s01;inc r Gtc uscc: JJ ~.10st now Zoc:.1£mcl fc.rL1ors i s in 

czcoss of tho :cmount requircC. for s uccessful st.::ml ostu1Jl islmcmt . 

Tbus it i s :::J rcbo.blo tlw..t a l ini tod cmount of dampi nc;- off woul d 

have c. n i n i :,::il effect on t:10 rosul to.nt crop . 

( c) If tho so soeds r:1orc like l y to bo i nfo ctod with _!'. . rnodicaginis 

c ould be visually i dent ified on tho basis of sizo nnd/ or c olour~ 

t hen romovctl of s uch soods would provicle n pr a ctica l moans of 

s i gnificantly roduci nG t he percentcco i nfection leve l. 
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( d ) I f t~o lovol of sood i nf e c t i on i n ~ny ono lino docreasod 

wi t~ t i rno then a • onsuro cf c ontrol would be offoctod, p r ovided 

soocl v i alj i lity was not s i cni f i cc.ntl y i :npnirod by pr ol oncod 

storage . 

( o ) Di ::;oc:sc free so odlincs w,:mlcl cL::vol o1) i f tho sood s own wo.s 

previousl y t:::-ontoc: wi th a ftmc;i cido to i nnct i viJ.to sood- bor no 

i nocul u~.1 . 'l1his assu• os that such o. trontnont wou l d not 

ndvorr-Jo l y '.l:ffoct tb.o go r r;ii n::1t i on potcmtic.l of sood or pr event 

nodul c. tio,1 Hi tl1 Rl:.i zobi u• r.1ul iloti. ·-----
It wns con:::i i clo r od tL<1t tlw 1-::.tto::c t1iroc i"'.lotbods 

provided the ~ost practica l ~ossi bi lit ios for control . 

Acccrdiri,.:;1?, c.ctonsivo stuC.ios ,roro conducted on 02.ch . 



2 . US:S OF SEED SIZE ii.ND COLOUR TO SEPARATE INFECTED FROM 

HEALTHY SEEDS. 

It was r easoned t hnt if it was possib lo t o i dentify 

thoso seeds nor o like ly t o bo infoctetl on t ho basis of s ize 

nnd/ or col c,ur 9 then r omoval of suc h soecls would pr ovide a 

11r acticel ne,ms of s i o;nific2.ntl;y r oclucinc tho porcenfo.co 

infecti on l ovol. 

As r ocnrds s eod size 9 Corr.w.ck ( 1945) ro portec:1. t:hnt 
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n o r e l nti onshi :;_~ ex i sted. be tween s ize cmd tho l eve l of i nfoct i on . 

Tl.1c1t i s 9 h i ghly infected sG01,l os wore f ound in a ll size clc. sses 

of soed o:(:J.nined . Howeve r 9 Ko:rnka.np .::end Hone rick ( 1953) stntod 

th.::. t while sooe infoctod seeds could be found in a ll sizo 

c l::J.sses? wi thout exc o:;_)ti on tho l eve l of info ct i on wns c ons i der cb l y 

s r oato r in tho lieht ost cl2ss . Furtho r 9 thoy ostnblishod thnt 

i nfe c to2 seeds i n tho i ntcr• odi2to nnd ~envy clas s e s c ould only 

be i cl8ntified if subjoctccl t o a moist J l ottor te s t , 

Thi s conflict of opinion cnn bo attribut ed to tho 

nature of tl:o seod samples considor cc"!. in oacb. study . Ke rnkar.ip 

and Hemerick used "undressed" seed sampl es obta i ned from 

a.rtificia lly i nocluatod pl ants. That i s 9 each sa• p l e c o• prised 

seed from a ll classes 9 i ncludi ng those light we i ght and 

shrivelled soeds t ha t a r e ronoved in tho "dressing" pr ocess . 

Converso ly 9 it i s probable (but not stat od ) tha t 



Corna.ck e~:c-.• ined "dressed" s o eel linos from which both li0ht 

woi (-_-lit .:mc1 shrivelled s eeds hnd boon re::iovod 9 l onving c:c class 

of honvier soods. Tho ap)x~r ont conflict boh10on Carma.ck ,, 

2.nd Kornkc'..i:J}) nnc. !-Ior.1orick i s rosol voll ,1hon it is realizocl 

t!.12 t botl1 c onsidorod t~1nt i nfoctocl seods in tho lionvy class 

c oul d not JC i c~ontifiocl ·,h. tl1out conduct i n0 further tests. 

It is clear fr ora tho c.bovo studios thnt infe cted 

soods in cor.:i--:iorc i c. l sood linos 02.rmot lx: visuo..lly idontifiod 

on the b:ts i s ·')f sood s i ze . Accordi n_;l y, no furtl:er 

invostiu.:::.ti.:mr.::; en this r.1othod Hor e conducted , 

I n t:io li torc1tur o tho re is 1.'. l so dis2e,-reeuont ns to 

134 

wLothor ,,n G.ssocio.t i on ex i sts botwoon sood colour Ccncl infecti on . 

Aco or,.:. i :1c; tD t~10 LS,T. Ao l:cmlbool::: on seoc1- borno dison::ios 

(it.'1011 . 5 1966) 7 sovo:rc l y inf'c cto~1. scoc1s 2.rc brown, fl ::1t 5 2.ncl 

po r • oc.. tOL7
. b;y ~:~;~)h'.'.o, whi le tho so only s lic;l:.t l y infected .:ire 

ro c oc;ni zc..blo o;y t~10 pr osonco of bl -1cl: lines cE1.l~ dots ( res tin;:: 

Lyi,l:.:1.0) , Convers el y; Cor~J:icl:: (1945) found tbo.t tl1c pc.thoc<on 

couJ.d be i sol.:tocl o.o often fror."! soun(l r:1nturo s oocls 2. s fror2 

discoloured or r;roon soods. Th0 findir1c s of Kernkn• p nncl 

Henorick (1 S'53) woro i n ::::cr oomont with thoso of Cormack9 

:,,ir ovidod i t i s 2.ssumod th.:-.. t Corr:incl: used coomorcinl s eed line s 

fron which licht woi 5b.t nncl shri vollocl s oods hncl bean romovod . 

I n tho pro sent study it wns o1Jsorvod t hnt a ll soed 

linos pos sossocl n proport i on of palo and dnrk s eeds (Fie . 34) . 

As a consequence of this and tho c.ppnront disagreement i n tho 

above litor a turo 9 a study wns conducted to determine if n 

rolntionshi p exists botweon soocl colour and i nfect i on porccnt nse . 



& pori • onto. l Procedur e . Fro• co.ch of tliroG infected ::md ono 

uninfoctod seed line s nppr ox i • nte ly 

1000 of t ho cl2.r kest and n sir.1i br nuobor of tho lightest 

c oloured soo's were separa te d (Fi~ . 34) . To detect possib l e 

diffor ,:mcos in 2.ve r :.c;e sood woi cht 02.ch whol e snuplo wns 
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we i i_;'hod . Ea.ch g roup of seeds wo.s sub s equently divided into 

s::i.• plos of c1ppr oxi • ntoly 275 9 350~ e:.n:'. 375 se e ds to onnbl8 tho 

followin(~ tosts to be c onducte d : 

( n ) Tho i nfoction po rcentaco was cloto r:.1ined by pl a tinc 250 

seeds t o HA o..nd roc ordinr:-.: tho nu• bor of colonies jlr csont 

2.ftor i n cu7)o.t i on for 11 diJ.;ys nt 24 C i r, t llo d2.rk . 

(b) S2.ui)l oc of 1)ct l c 2nd d2 r l~ soocl fron tuo infected o.nd ono 

uninfoctoc1. lines woro su1mi ttocl tc, t ho Governmont Sood 

Tostine Sto.ti on 9 Po. l uo:rston North 9 to cloto rr:iine vi(;our 9 

oml dc2.d seeds . 

(c) Tho rnto of and tota l ornorGonco we r o doternined by s owine 

300 seeds of both cla sses from tho three lines t o Verr.iiculi to 

( e;rnde two) by t he met hod described previ ously ( P . 94 ) . 

Results and Discuscion. Tho results presented in Table XVIII 

indica t e tho.t within infected seed 

l i nes 9 da r k col oured seeds nr o moro likely to bo infected 

than pale seeds . That is 9 in each of tho throe infecte d 

lines t ho infection l evel of t ho pal e seed -..ms considora.bly 

loss than t hat of tho dnrk seed ( a.lso see Fig . 35 ). 



lifo r e lationship wno obsorvocl botween sood colour and 

tho avornc;o sooc: woi5ht (Tabl e XIX). That i s 1 f or two of tho 

linos cxCJ.r:iinocl tho weight of 1000 do. rk G8oc1s wCts sliehtly 

e;ro:i.tor tb:n t ~10 wo i 0ht of 1000 pc.l o s eeds 1 with an opposite 

trend f or t!:o other two lines. Thus whil0 it is unlikely that 
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2 rol1:.ti onshi :;, exi sts botwoon o.vor.:1,::;o soocl "l'Te i c;ht and i nfection 

porcontc.:-~'0 7 t:io possibility r ometins t l1nt i nfection of individunl 

soocls 1:10.;'/ l~c.ve 0.11 offoct on t lio woicht c:>f tho so so0ds. 

In :::11 line s tLo porccnto.0o cor• i nntion of t ho dar k 

sooc1 wc:.s l ouor tllan t ho.t of tho 1x1l o soce,1 (Tc.b l o XX). This 

cc:.nnot lJo intorprotou. '.18 be: i nc; t~io rosul t of tllo p.:t l e sood 

L::cvin'.; .:: lowo:;.' infection level boc2uso tho s.:mo trend wo.s 

o'..:;s0rvoc'.. i n tLo i nfected E.~m: u..rii~focto c: li;,108 . Tl10 proportion 

cf c1.m::~ s0e,c.: 2.:1c~ i.1.bnor r:12, l ;:;ooc.Uin;:;s -::ms cons iderably ::;r c:::.t or in 

tl:c :1 .. ,rk sooc.: clo.ss. Aco.i n th:i..s f i mlinc; cc.nnot ~Jc c orre l ated 

to porcontc.~c infect i on s inco t~o SCt• o trend occurred with ~11 

seoc~ lines . In 7-J::i t l: i nfected lines the c:o. r k seocl he.cl c reator 

vic;oc1r th,m tl.co po. l o s eod 1 ul1ilo t:..:.o oiJ:,osi to tronc.1 occurred 

i n tl:o uninfected lino . TLi s ;;iay be intor pr otod o.s bo i nc 

conse quent 0,1 tho prosenco of tho pntl:oeson in dar k seed 

i ncr easi n~; tho r a te of 2;erminntion. 

Tl10 rosul ts of t he emorzc,mce studies .J.r c sur:ir:inrized 

3r o.phicdly i n Fig . 33 n-c. Little cun lJe dravm frora t hese 

c r nphs ns t ho differences observed be tween dnrk and pnlo seeds 

wore not c onsequent on t ho rir esenco of the pnt h ogen, but rather 

on sor.io property inherent i n each seed class. 
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I n c.,n ovo r nll c ons i de r c..t i on of t hose r esul ts it is 

np1x1ront t ~mt a r ol o.t i onshi 1, oxi s t s l)otwocn sood i n f ecti on and 

sood col our 9 but s i nce dnr k soocs cnn c., l so be fo und i n a ll 

uni t1f octod seod linos i t i s clon r th ... :t s eed i nfection by 

.!'. · r.1oc1. icu.{;i n i s d.oo s not ne cessarily cause t ho da rk c ol ourCl.ti on , 

Tho.t is, clctrk col our oc', seeds r. r o r.1or o l i ke l y to llo i nfe c ted 

be ca use the so.• o f a c tor( s ) th::t l o.:J.d t o sor.10 seods be i n:3' o. 

b r o,n1 c ol our nr o a l so conducive to i nfe ct i on of tho pod ( or 

part t he r eof) and i ts us socint od soeds . 

T:.10 2.bovo r csul ts s uir:,ort t:!o content i on of tho 

I. S . T, j _. (,mon . 9 1966 ) tl::.c.t sovorol;y i nfo ctod soods o., r o br o1m 7 

but bocc;usc n :,_,ropor t i on of soocls in u.ni nfoctcd linos a r o 

s i ,.1il nrly coloured tho 2.uthor i s opposoc'. to thoir r ocorm:ioncbt i on 

t hnt socd c ol our bo usoc as n • ou.ns of i dcnt i fy i ns i nfected soed 

lino::; . Tl:o o;Jso r vc.t i on by Cor• J. ck ( 1945 ) th,,t tho l)r osonco of 

tho Jathocon i n tho tostn i s not ro l ctod to sood c ol our would 

appc::i. r to bo i nc or roct 7 a l t houes:.i t ho r e i s 2. possibilit y t~:~, t 

in so• o cul tiv2r s of lucorno t his effect may n ot be r.m.nifost. 

Finally, t ho s tJ.toment by Kornlrnmp c.md Homorick (1 953) t hat 

infoctod seeds of tho inte roodia.to a nd heavy weight classes 

ca n only be rocognizocl when ger ninnted on moist b lotters 

(thus implying t hct t se0 d infection wa s not rnlcttod t o seed 

colour)? nlso appea rs to be e rroneous. 

Because n small pro~ortion of pule s0eds are infected, 

tho practice of separa ting pale from da rk seed was rejected 

as a moans of controlling tho seedling phuso of tho spring 

black stem disease. 
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Tc1.h l .:; XVIII. Tllo r ol ntionshi 1, bct m:;on sood c ol our cmcl 

1)orccntnco infuct i oD. u i t h ,!'.. modic2.r;i n i s. 

h no Leve l ~ . ncdi cngi n i s ( r orcont) 

Pc1. lo s occ:. Dnrk: s ooc.1.. 

01 175 0 0 

01181 L 6 5. 6 

0125~ 12 . 8 38 . 4 

,___ 0_1_.2_6_3 _ ____ .!--___ 1_. 6-- --.J.....-- -~ 

I'·:.1) l c.. J~J..1,. _, T):-.c.- r c l2 t i e,nsLi::· 1)l.: t·;·ocn so od c ol our o.nd 

_..__._ .... ..-

r. .., '~ , lino ~; :; i ,~~;" t :_)e r 1000 scods U \..,'-..•. 

! C) 
I 

I i 1 ) .., 7 ,•. sci.: :~ D.::i.r k sooc. 
1--------- I 

..1.. , ..,_ ... , 

I c1·175 
,, r- ; r-• 2 . 324 ! ! t-o )~i' 

I ( 

01181 2 o2G 3 2 .1 94 t 
i I I 

01259 
! 

~. 3L,6 2.441 ' 
01263 

I 
2 . 660 2. 784 

I 
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TG.bl c XX . The r ol ntionshi p botuoon soocl col our and 

porcontnco gcr;::iinnt i on . 

·-
Sood Scccl ! Intcri D Final 

I 
Harcl Almornnl Dond 

lino clc1s 6 c;o rr;:in.::1.t i on gor;;ii n2.t i on sood c r owth seod 

C;;iorcontnc;o ( :;:iorccmtc.co (po r- (per- (por -

I i n 4 days) i n 7 cl:.:ys) I cent ) cont ) cont) 

01175 Pc.lo 75 86 10 2 2 

I I 
Dark 34 42 11 11 36 

I 

01259 P2.lo 63 76 22 2 0 I 
I 

Gtr 6 18 Dc..rk 71 5 

01263 P2..L 49 70 29 1 0 

Dc.rlc 57 67 13 15 5 

-- .. 
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Figure 34. Dark and p ale coloured lucerne seed . 

Figure 35 . Developme n t of~. med ic a ginis fr~ m dar k and 

p ale seed a fter incuba t ion on MA f er 11 days 

a t 2 4 C in the da r k . 

K~y: 

P = Pale c &l oured s eed. 

D = Dark c ol e ur-.d ~eed. 

149 
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3. AGEING THE SEED. 

A phono• onon obsorvocl wi th r.1c.ny fun[;nl sood- borno 

d i so2.sor-:i i 3 t hci t tho pc rcontnc;o of i n f octod soods do cro2.so s 

with tii.10 ( I':rcut 9 1921 ~ Cros i ar, 1939; Cor r.1c.ck9 1945; vbllon 

G.nd S0C1.rn:::n 7 1963). Concoi vCJ.b l y t h i s c ould bo used to r ocluce 

t ho l ovol of ~ . modic½lini s nsi:.rncidod with lucornu soed 9 

provided sood vi2bili t ;y U'.:'.S not s i .=_ni f ic::mtly 2.ffcctod . In 

2. study on C2nC1.clicm lucor ne sc,ocl Cor• c.ck (1 945) roporto cl tho.t 

t~10 l ovol of l >Eloclico.r;ini s w2s cons i dorn1Jly roducocl follm-ring 

storn.;_;o .:t rooi:1 to• l")or:,turo in enve l opes for throe ye::1.r s . 

Furtl:ur 7 1:.o noted t h,it no i nfecti on could bo clotoc to~1_ etfto r a 

s i raiL::r pcri o<1 in thoso sc:opl os t::.~t ini ti ::c lly h;:,d loss t h2.n 

fivo po rcont i nfcctod sooJs . 

In tho ::iroscnt Dtuc"i_y rm i nvost i c.::tt i on Uc1S conducted 

ovor t,ro yoo.rs to clotorQi no tLc extent of ch2.ncos i n t ho 

vinbilit;_,· of i noculu• of _!: . r.1oc~ic2.i;i ni s assocint oO. with 

com.1orc i a lly avo.iletbl o Nmv Zonl o.ncl lucorno sood. I n 2.cldi tion 9 

r e cor ds wor o ko11t of t l:.o sood. goroinntion capnci t y nnd vicour 

ovor tl1c saoo pori ocl . 

Ex:perimont nl Pr ocoduro . No s~ocific oxporimont s wer e c onducted 

t o ~ensure c~nnGe s in oithor infection 

percentnco or :::;e r mination with time. Instead , inforr.mtion was 

obta ined by colla ting dat ~ from studies conducted over 18 months 

on two seed lines used ext ensively i n previ ously described 

experiments. 



In o..11 cnsos infoction porcont2.co w:1.s dc tcroinod by 

1~L :cinc 250 seeds onto tJic surfa ce o:i:' MA nnd countinc tho 

nu~;1bor of c 01oni os pr oson t nftor i ncubc:t i on f or 11 days o:t 

2.1[ C i n t:w cl:irk . Tllo c;orr.1.i.n~·:t i on fo::t uros woro dotorr.iinod 

by su-:):1ittin~: sood to tho Govorm1ont Sood Tostinc; St .:.ct i on 7 

Po.l r.K~ rs ton l'T ort:..:.. Sood of botL lines T J.-, !:.! l ,(. .,,._.,; s t orod in scaled 

:;:,ol~1 tl1onc: ,J2..::_;::; :--:. t roor.1 tor:ipor2.turo in tlc.o dnrk . 

Ros ul ts ,rnJ. Discussion. Tlw rosul ts sur'.JT:ic.rizoc. in To.b l o XXI 

~onfi :cr.1 t~:c o;'_rlior findincs of 

Co1'i.:ct ck ( 1 ~;45) t 1'.C'.t scud rnfoctior::. is do croo.sod wi tl1 tiwo . 

T~10 -~)o rccnt ':".c;o r_:;c r ;;,i nc:.t i on ::--lso c.:.001'oc.sod so~.1cwhnt over tho 

18 ,1ontl:2 h1t 11,:ls still ,bcvo 651,; F~~on obsorv,J.t i ons co2.scd . 

SoGc: vi.:;ou.:r- ~-s occ:.surocl b::,.' t~;.c r2.to o:: ,~·o rr.1in::::. tion incroo.socl 

800LlC 0 

~~~10 >J:.Y:ctic:.11 s i , __ ;nific2.nc i1 of tho :1·oovo r osul ts is 

clifficul t crJ e:.sscss without conducti,11:; further studios, 

Howovo:r tl-::.o j_)r 0.ctico would E'._,_,poo. r to bo of li• i tod vo.luc for 

two r c.::,.sons ~ 

(1) Tho cost would bo excessive on nccount of tho stornco 

spa ce roquirod nnd tho aQount of cGpitnl lying idle , 

(2) Tot~l control would not bo offoctod. 
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Table XXI. Effect of duration of storage on percentage infection with f.medicaginis and seed germination. 

Seed Type June August September December January February March April May January 

Line Test '70 '70 '70 '70 '71 '71 '71 '71 '71 '72 .. 

01259 Germination 81 71 77 67 
(percent) 

Infection 45 31 35 22 29.6 14.4 3.2 
(percent) 

01263 Germination 95 68 65 
(percent) 

Infection 20 22 20.5 16.8 1.2 
(percent) 

\. 

,,.. 

. 

~ 

~ 
~ 



4. US:8 O:B1 Tlfa°'RAPEUTJ:J.1f'r8 

T1~o • othocl off ori nc; tlm best ) rospocto f or total 

or ndioc1tion of sood- borno i noculur:i of' R , r:11Jdi c2gi ni~ was 

c ons i c1.o r ccl to rJo by fungicida l soc,.: tro ci.tmont, since both 

Cor rn1ck (1 945) and Mencl (1 953) ro:i_Jorto c.l_ t b.2. t the pn t llogon WG S 

pro sont i n tl10 inne r and outer tissues of tho t osta. 
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A sorios of o:;:i)orir:1ents 1·1oro conductoc.1 t o dot ornino 

t he effect of vnri ous funcs·iciclos on t ho lovol of _!: . • odicasinis 

in lucor no s ood . Fc.ll ouing t b.i s 9 r.1o r o w:tcnsivo s tudios uore 

i ni tio. t ec: to further i nvostic;2to tl:.o yos s i blc cor1r.1e rcia l 

npplicett i on of the two • ost r,ro• i s i n::_; c l:e::Jica ls. 

(~1 ) Tho Effe ct of Ton Fun.:;iciu.o::: on tLo Lovol of 

rio:-::; t of those workors co:1cc r noc"!. with s t udi os on the 

sood- borno n2turo of R,r.1odic2..7,i ni s llcw o 2dvocntocl tho uso of 

fun c;iciclnl soccl troG.t• ent i n tho foru of dusts and/or soaks c..s 

a moans of orndiccti nc; t ho po.tho(;onic i noculum. The chomic2.ls 

ovo. luntod by pr evi ous workers and cor:iraonts on their offoctiveness 

a rc sul1'lLlarizocl i n Table XXII. It is np:;1c.rent t hn t ono fungicide 

( t hirmn) when applied as a dust provided satisfcwtory control in 

all but one study (SG. lunbka, 1962). As regards seed soaking 

treatments, Maude ~ .£1.· ( 1969) a chieved comple t e eradication 

of _!:.medica~inis by soaking seed in a 0 , 2% thiram solution at 

30 C for 24 hours. Preliminary experiments confirmed Wie.ude's 

finding s but the technique was considered impracticable a.s the 

soaking trentr.10nt impaired seed germination. 



_';_ ::,oclo rn ;.:ip_:.:roc1 cl: to cc.ntrol cf sooc.l- lJorno di sec..scs 

cons i 1oro~ ~ di• t i nct ~oss i bility i n vi cu of f i ndi ncs ~y 

'·"··,1· ··c -·1.·' ·---··l " ( 1 C17" ) l·lc_ . .i.L. · , ___ .._ l~ 1\.,./ v > U 

closcl~· i ·c l :::tcc~ func;us l&c,Jo~:-.~,t~ ::)i ci Lib , frx-1 pco., sccc.l. 

Fu:;.,tLcr, He r (1 972) fourcr.~ ;,crw,:z:J. to :Jo cffoctivc nc:· i ns t 

Vactorcr . i n po2 sa~Js . 

~r ovi:el co~trols . Tho r ~l ut i vo 0ffcctivoncss of ouch 

(r~ct:.:.ilc; i n T~JJ l c YJaII) ~Jri or t o i;1cu:) ~: ti on fer 11 ~lc.1ys ,'.l t 

Tho r osul t s o..r o ) ro ::;cntccl_ i n T21)lc XXIII :md cnn 

be su:-.mnrisoc1 ns follows~ 

(i) All troc..t ncnt s m:copt chl oronob i nduced 

c cons i dorabl o r eduction in tho lovol of 

E• modicar;i nis. 

(ii) Benomyl, thiran 9 dichloflunnic1 9 and 

lJF44 woro consistently t ho most offectivo 

fun&icidos . 

It was consido r od th2.t thiran and benor.1yl wore the 

nost suitable chonical s f or further s tudy . Thiran was 
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so l octocl n ot onl y bo ca uso it wns hi ,3'hl y offoctivc ago.inst 

!'.. wedic~ni s (bot ll i n t ho pr esent nnd p r oviou::i st udi os) 9 but nlso 

be cause thi s fungicide is knm·m t o pr ovide p rotect i on age.i nst n 

wi de r nnc,-o of soil-borne pnt hogons 9 i n clucli nc pythi :::. coous funci 

(Kon.noc1:y ~md 3ri nko r hoff 9 1959 ~ Kr outzor 9 1963 ), Bos i clo s pr ovinG 

t o :Jo t ho r.1ost e ffec tive fun ::;icido nc;~i nst !'.. r:1odic e...r;i n i s (and 

pr osur:12 .. "b l y h o.vin:; tho capacity to pr e; toct ,-:1.7linst non- pythi o.coous 

soil-borne func;c:l p:.:i tho:':;cns) 9 "Jcmo;:i;:,rl hets t bo nddi t i om:l pr o::,or ty 

of boi nr; sys t or.1ic i n o. wi de r::..n~o of i, l .::mts ( Cc.tlinG, 1969) . 

Concoi v :.-.,J l 3' thi s l atter f a ctor 2..ppl i cs t o l ucor ne 1 i n which case 

prol onc~od :,r otoct i on vrnul d 1)o 2.ffor cloci. c s t 2..~) li :::i~10d secdlinc;s . 

( b ) Furt~1or ~~1.x::ri r.1onts Rol .:c t i 11;·~ to t :::.o :?oss i 1)l c Co"1!"'i10rcinl 

Appl_icc.t i :::m cf Bonor.wl :J.ml Tl1i rnr:1 . 

( i) Lc ~1J~Iatory c:.ssos sr:1ont of t he c oncontrc,,t i on of 

1x:no• yl 1~og uir od fer· tot cll cont r ol. 

There 2r o no r epor t:::; i n t l~c l i t or o. t uro of 12.bor.:: t or y 

s t udi os on t ~1c offoctivonoss of ~]on OL\J'l C..~<'. i nst i sol at es of 

_!: . D?51ico.:--:i n i s fror;i l ucor no . Accordi n[;l y 9 thi s w:::.s invosti c nt ocl 

us i nc tho p oi son food b i onss ny • othod (Hors f a ll 9 1956; 

Torc;o son , 1967). 
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A s t ock solut ion of bcn or:iyl was prepared and incorpornt od 

i n t o r.1.A (he l J nt 50 C) in quantitie s sufficient t o g ive finnl 

bon omyl/l-1A concentra tions of 0.25 , 2.5, 5, 259 501 and 125 ppm 

( a ctive i nc r edi ont) 9 nnd poured i nto 9 cm Petri dishes x . 

A pr e limina ry study vms conductocl to investigate the 

f easibility of adding benor:iyl to MA before nutoclavin[s in order to 

simplify media pr epar a tion. Results arc suJTu~nrized in Appendix VII. 
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Table XXII . Previous report? of fun g icide applic -:l tion . to . .lucc rne seed.~-f.or con•rol of !:.med·i~ aginis 

Source 

Cormack, 
1945 

Cormack, 
1945 

Cormack , 
1945 

Cormack, 
1945 

Cormack, 
1945 

Trade name!C ommon name I Chemical name 

Ar asan Thiram 

New impro-jCer esan 
ved Ceresaill 
1% 

New 
Improved 
Ceresan 5% 

Semesan 

Spergon 

Ceresan 

Semes an 

C~or ani l 

Bi s(dimethylthiocarbnmoyl) 
di s ulphid e 

N-(Ethy l mercury)-p ­
toluenes ulphonan ilide 

N-( Ethyl mercury)-p­
toluenesulphon anilide 

Hydroxy mercuri chloropherol 

Tetrachloro- p-b enzoqu inone 

-';t• 

Rat e I Method I 
appl ic a tion,application I ,-

Comment on 
effec tiveness 
of treatment 

.,.. 

Saturation ! 
! 
I 

Saturation j 
I 

I 
! 

Saturation i 
I 

l 
I 

Satur Rtion · 

+.> 
Cl} 
;::s 

'D 

..s:: 
+.> 
•r1 (I) 
;,: (I) 

(I) 

'D 0 
(I) ><: 
(I) (I) 
(I) 

(I) 
(I) :> 
~ 0 
Cll E 

Very e ffective 
! 
I 

I Ve ry effec tive 

! 
II Very effec tive; 
reduced germination 

. ..::: 
Reasonably effective; 

I sli ght phytotoxicity 
Q) ' 
(I) 

t/2 Satur a tion i t12 µ; I R~ a sonably effective; 

,- ----------t------ -----r- -----t 
---+----- _. ,. _ .. ___ j _______ --L..§.1.ig_g_t :Q hyt O t ox i City 

- 0.25% of : ..s:: I Reasonably effective; Mead,1953 Arasan Thiram A.S. A. 
seed weight ! ~ !sli ght phytotoxicity 

is: / 

Mead,1953 

Mead,1953 

Mead, ~953 

Ceres an 

Semesan 

Spergon 
- ---- -· -----·----- -- --- -·-·-

Ceresan 

Semesan 

Spergon 

A.S.A. 

A.S.A. 

A.S.A. 

O. ,Jo/'/4 of 1! res i Reason ably effective; 
seed weight i ~ ! reduced germina tion 

j w I sli ghtly 

0 . 2 5% of i ] +> I Reasonably effective 
seed weight 1

1 
1 ~ 1 . t/2'0 I 

0.25% of Ii .. -
1
, J Re a sonably effective 

, I U s:: 
--- ---+-·- ·

1
seed weir:,-ht ~ ---" •r1 ------ I -· ,, __ _ ____ _ 

- - ----- -- --- - ___ ,;;i:,:_ , co E 

Welt zi. e nr.i I N • A • N. A. Mercurous chloride 
- o I 

0 .1% solut io~t/2 Lf\ ; Prevented nearly all 
1958 , - -+----·--------+----- ------

Saluns'ka,I Granosan N. A. N·. A. 
1962 

Saluns'ka,,N.I.U.I. 
1962 F. - I 

N.A. N . A. 

-------- - ------ ---t - ·- - - --r ---·
1
----! fun gal and be :::teri ..,1 

i 'd ~ +> !_g rowth __ _____ ________ _ 

N. A. 

N . A. 

I t' ~ ~ ~ Degree of control 
i ~ C/J ~ E uns ~tisfactory . 
: 'D +.> 

+.> (I) (1) +.> 
(I) (I) (I) s:: 

3 C/J H (I) 
+.> E 

: Degree of ~ontrol 
: uns a tisfac tory 

_.. 
~ co 

_,.. t-- ·-·•- --- --· -.-"' ---- _ j ___ --- - --- ----- . -~--·· ·--+"-,:: 



Table XX.II . cont. 

Source Trade name 
Material_ tested 

Common name Chemica l name 
Rate 
application 

Method 
application 

T 

Saluns 'ka, T],.iram Thiram_ A .S ._A. N. A. ;.., ~ 2 ~ 
1962 :., 0 ~, (.) 

Comment on effectiveness 
of treatment 

Degree of Control 
unsatisfactory. 

-;---:---:---:--t-::::---:----!----'.::::--:-----h;--;;~:--:-::-----:-:---:;-----;-------1--...,......-.-----t~ ~, .:.-:, .~ ~ Latch and Captan Captan N-Trichloromethylmercapto- N . A. -----+11--r-P;-a-r--rt-1•-,-a-rr-c_o_n...,tc-r-o-l..--b .... uc-:-t-,--,-...:.n_o .... t---~1 
Greenwood, 4-cyclohexene-1 :2 dicarboximide sufficiently so to justify 

further consideration. 1964 

Latch and I Dichlone 
Greenwood, 
1964 

Latch and 
Greenwood , 
1964 

Ferbam 

Latch and ! Phaltan 
Greenwood, 
1964 

Latch and 
Greenwood , 
1964 

Latch and 
Greenwood, 
1964 

Maude et al 
al . , 19b9-

Maude et 
al., 19b9 

Key: 

Rhizoctol 

Thiram 

Thiram 

N. A. 

A.S . A. 

= 

= 

Phygon 

Fermate 

Fol pet 

Rhizoctol 

Thiram 

Water 

Thiram 

2,3-Dichloro - 1 , 4 -naphoquinone 

Ferric dtmethyldithiocarb~mate 

N- (Trichloromethyl) thio 
phthal imide 

Methylarsenic sulphide+ 
Quinone-oxime-benzoyl­
hydrozone 

A. S. A. 

A.S . il. 

-

Informat ion no t av~ilah ]e 

As stated above 

N.A. 

N.A. 

N.A . 

N.A. 

N.A. 

o.z~ 
Solut i on 

..i:: 
+' 
·H 
~ 

'O 
(I) 

(!) 
U) 

(!) 

,!,.; +' 
m ~1 
..c ::l 
Cf) 'd 

H 
..c: 
..:tu 
(\J 

0 _'-,'. r--, 
rJ 
0 +' 

U) rj 

Partial control but not 
sufficiently so· to _ju~tify 
further consideration, · · 

Partial control but not 
sufficiently so to justify 
further consideration. 

Partial control but not 
sufficiently so to justify 
further considerat ion. 

Partial control; seedling 
infection reduced by grea t er 
than 50P; slight interaction 
with nodule inducing 
Rhizobia. 

Partial control; seedling 
infection reduced by greater 
than 50,t ; no interaction with 
nodule i nducing Rh izobia . 

Level i nfect ion reduced~ 
sli ght detrimental effect 
on germination . 

Infection elimi nated ; 
germinat ion unaffected but 
testa beco~es uucilaginous. 

_, 
+' 
.__o 
:i, 



Table XXIII. Effect of ten fungicides on the level of!• medicaginis associated with lucerne seed. 149 

Name of fungicide under test Rate Method Seed Level .P.medicaainis (percent) 
a::pplication application screening Seed line Seed. line Seed line Seed line Seed line 

method 0138 01259 d259 01263 d263 Trade name Connnon name Chemical name 
Non- Non- lN .. . on-- : Non- Non-

treated Treated treated. Tre.ated .t:r-eated Treated treated Treated treated Treated 
.•.. 

IAntracol Propinela N,N-propilen-1,2 bis Saturation A 
(zinc-dithiocarbamate) 

tBenlate Benomyl Methyl-N-benzimidazol- ~% of seed 13 
2-yl-N(butylcarbamoyl) iweight 
carbamate 

l:aenlate Benomyl · 11 b.5% of seed B 

tBenlate Benomyl II 
!weight 
1'/o of seed C 
weight 

Benlate Benomyl II Saturation A 
Ceresan Ceresan N-(Etbyl mercury)-p- Saturation A I 

toluenesulphonanilide 
Demosan Chloroneb 1,4 Dichloro-2,5- 1% of seed B 
65-W dimethaxybenzene weight 
Demosan Chloroneb II 0.5% of seed B 
65-W tweight 
Euparin Dichlofluanid N,Dichlorofluorometbyl• Saturation A · 

thio NN-dimethyl-Niphen-
._ ylsulphamide 

~1ethyl N.F.44 Methyl thiophanate Saturation A 
IT'opsin 
Rhizoctol- Rhizoctol Methylarsenic sulphide+ Saturation A 
combi 

lsclex 

n'hiram 80 

Thiram 80 
Topsin 

Quinone~oxime-benzoyl-
hydrazone 

Dichlozoline 3-(3,5-Dichlorophenyl)- Saturation A 
5,5- dimetbyl-2,4-axaz-
olidinedione 

Tkiram Bis ( dime~byl thiocarba.m-J:-' 1% of seed 13 
oyl) disulphide !Weight 

Thiram II Saturation ' A 
N.F-35 Ethyl thiophanate Saturation A 

+ Little effect on level of .f• medica.ginis.Treatment enhanced growth ot 
saprophytic fungal contaminants. 

x Treatment favoured growth of saprophytic .contaminants (mainly Penic­
illium BPP•), masking presence of .f••~ medicaginis. 

A Shake seed with fungicidal dust in glass container for 20 minutes, 
remove excess chemical through sieve. 

B Shake seed with fungicidal dust in glass container for 30 minutes. 
C Shake seed with fungicidal slurr;y (75 ml water/o. 11b fungicide) 

in glass container for 30 minutes. 

X 

y 

y 

y 

X 
X 

y 

y 

X 

z 

X 

z 

y 

X 
z 

seed seed ? seed seed •seed · seed seed seed · seed seed 
20 + 35 +. 

44.4 3.2 

( 

44.4 3.6 

.44.4 1.2 

20 0 35 4 
20 2 35 10 

44.4 40.4 

44.4 44.8 

20 0 35 7 

22 4 20.5 1.5 

20 2 35 X 

22 15 20.5 2.5 

; 37.6 8.o 29.2 

20 0 35 6 22 3.5 
22 11.5 20.5 10 

X Place 100 seeds on surface of MA. Incubate for 11 days at 24 C in dark. 
Y Place 250 seed.a on surface of MA with penicillin and streptomycin antibiotics 

incorporatea (each at 50 ppm). Incubate as described above. 
Z Place 100 seed.a on surface of MA. ,Incubate as described above. 

8.4 

( 



Mo.lt c1,01 r uithout o.dclitivos pr ovided control s. All p l ntos 

woro i nocul ::.toc-:. with circular ~,cc.r p lu5 s obtained from tho 

r.1<::r·-:;i n of c.n c,ctivcly ~rowin,::; ~.1onosporous isol c1to usinc o.. 

4 r:-in dio.~.1otor cork boror , Tho control cmd cCJ.ch trent r.1ont 

woro ro~.llic;:i.toc:. six t i r:,os . I ncuoc.ti on WCl.S for 11 days a t 

24 C i n tho dCJ.rk . 

150 

To dotc rr:ii no t:10 o:: t o,1t to uhich incorpor.:ition of 

bonor2~1l nffcctocl r::;rowth ::if the pc.thoc;on 7 t110 c1icmetric colony 

1:100.GL,rommts c. t ric:llt c.n::;l os uo::...·o nc.do on each pl nto . 

'.i.1~:o r osul ts suTJr.12.rizocl (;J..1 c.phicnlly in Ficurc 36 

i m:. i cnto t: 1;:-,_ t 1Jono!JJ1 wets hic-;hly offoctivo c.c;ninst 

c ouplotoly su:;_·y:_)rossod c.t 5 l))i".'l , This confirr:1od tho oo.rlioI' 

o:Jsorvc.t ions in sood dmitin:::: tr:i.2.ls uhich clou1onst r c.toc'.. 2lr.1ost 

cor:qlutc cont:rol of seoJ- oor no i:1.oculur., . 

( ii) Pl".r.:_toto_:{i_c~.t~: ~-<2-~~r.w l c,m: thi ror.1 to 

lucorno s9_2.d. and soodlin,,s . 

A tl1or:::.pout~.mt s~wim to ~~o offoctivo 2.c;o.inst a 

lX1rtic1.,;,lnr :x1..thocon !1ns potentia l prCJ.ctical Cl.i)plicnt i on only 

if it doos not incluco phyt otoxicity i n tho host species . 

Phytotoxici ty is usually rae.nifost tJJ.rouGh such po.rn• otors 

ns l ouorod GOrminntion 9 r educed vigour uncl Gr.iorconco, or .:i 

l o.r ear pro:portion of c..bnormnl soocllinGS. 
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BENOMYL CONCENTRATION (p.p.m. active ingredient) 

Effect of concentration of benomyl on radial growth of P. medicaginis 
(Growth measured after incubation for 11 days at 24°c in dark) 
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It was observed in previ ously describod experi r.1onts 

(P . 98) t l1c.t wl-:en thirc.• wc.s 2pplicd at sc.tur ::1ti on leve l s to 

tho tost;:i of w1infoctocl seed lines tho or,1orGonce from 

Vor• iculitc wets s J.i_;lltly l oss t han t hat of non- trea t ed so-.:d . 

I n sir:1ila r p:r.'oliraino,ry oxpe ri• onts usini:_; l,onooyl conflicting 

r osul ts wore obtci inoc1.. on t~:o possib l e 1;hytotm:ici ty of tl1is 

funs icido . Thi.J.t is~ wLon o.ppliod ~:t tho mto of 0 . 5 e ra• 

co• r:1e rcic1l 1,r oduct po r 100 s-r ans of coed totCl l or:iorc:;onco 

docreo.sod , but irhen np~Jliocl at one g rc.n of cor.rr.-iorcial product 

por 100 Gr2.ms of soccl cm incre['..se occurred (Appendix VIII), 

Tl::.c nbove r esults i ndicc1to th.' t under carte. i n 

circur.1::,tc..ncor__; thira~ Z! nd bonor.zyl r::o.y i mlucc s licht soodlinc 

phytotm~ici ty . :Before conductinc; L'.bor~t ory studios t o 

nssoss t l10 cf:foctivonoss of tl::.ir2:7 2nd 'Jm1ocyl i n c ontrolling 

scocl- bornc i noculur:-, i t wc..s ossenti.:.--. 1 t~1c:.t adverse effects 
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c onsequent on the use of t ho ollcff,ic ::cls bo rococ;nizod . 

Accordinc l y, tho followinc e:cporinents ·wore conducted t o 

clonrly defi ne symptoc exprossi on of phytoto:cicity as induced 

by bonomyl anc1. thiram. 

Elcpe rimentnl Procedure. During agar p l a t e screening tests 

it wns observocl t lio. t seed germinated 

rapidly on t he near medium 9 producing soodlinGs similar to 

those found in the field . It was considered that seed 

g0rmina tin:1 on MA with bonomyl and thiram incorporated at a 

ranGe of l evels ( as in poison food bionssay) would express 

evidence of phytotoxicity. 



153 

.Bonornyl was nddocl t o Yu-\ ( ho l d G.t 50 C) i n quanti tios 

sufficient t o t;i vo find concentrations of 0 . 25, 0.59 2 . 5 9 

5. 0 9 25 . o~ 50 . 0, and. 125. 0 :~pr.1 ( o.ctivo i nsrodi ont). Further, 

in order t 0 s u:pi)r oss bactori c. l c rowth s tropto• ycin sul phat e 

anc~ penicillin ant i bi ot ics woro nl so acldod 9 oach a t tho 

Ma lt ng2.r 1·:i t:.: onl y t ho two nntibiotics 

nddoc~ ]_)r ovidorl control s . Two hundred soods oach fror:i t hr oe 

uninfcctoc: lines wore pl ncoC: on the sur fo. co of t ho nntib i otic 

c.-.:;-2.r . Lino 01175 was tostcd r'.t o i :::;ht different concentrati ons 

of bononyl uhilo lines IL8c3 cmt: imst III "\'lOr o t e sted c.t four 

l cvo l so R0su.l t s wo r e rccor L:.ocl fol lm·ri ng incubat i on for 

oi c;Lt d.:i.ys .,t 24 C i n tho t:.J.:dc . 

Sir.1ilnr oxpc. ri r.1onts ~rnrc c onducted. using thirc.r:1 

i ncor:por :::.tod i n ant i b i ot ic W\ ::t 10 9 50, nncl 100 ppr:1 (nct ivo 

U::: l t uGO.r with only t::1c two J.ntibi otics adc.cd 

~,::;c. i n 1)r ovi:locl controls . T1rn sood lines ,Krc ox aEJi nod us i nc; 

125 soecl:: J.)O r tro.:i.tr.1ont . 

Observations woro r."JC.do on tho foll owing~ 

(i) Porcontago Gor• i nnt i on . 

(ii) Porcentngo of seedlings ,'l'itb. etiol n.tod 

hypoc otyls . 

(iii) Porcont aco of seedlings possessina root hairs . 

(iv) Average seedlinG l encth (50 • easurod) . 

X A pre l iminary experiment indica ted that the 

antibiotics did not effect any of tho chnractors under study. 



·-, -Table XXIV. · ~The offoct of · bonoqy1 · on :1.. ucorno socdlinc;· c~---~ r c'c cto r-istics . 

Concontrntion 

b onornyl in MA 
(ppn n .i.) 

0 

0.25 

0.5 
2.5 
5.0 

25.0 

50.0 
125.0 

---------------. i • I 

;Soo ,Uinr:;s wi tL ,~ t i ol- · Socc1li ncc: ,·ii t t v i s unl i Avcrn.co soodlinc; l onc:st h 
T I I 

Gor nin~tion 

{:;_,orcontago ) 
1
ct ocl by1Joc oty l (i,o r ccni; root h.2irG ( po rccni:k ( r,1rJ ) s;~d r -sood : Sood ; - - - - -------· --,· -- . -- --- - - . ,___ ·- - ·---. . 

Sood : Sood 
I . 

lino i lino lino lino l ino 

1 01175 j Aus t 

i III 
I 

76.5 

79 
74.5 
81 

83.5 

·85.5 
81 

82.5 

!97.5 
I 

I 
I 
I 

197-5 

I 
98.5 
96.5 

1188: 011 75 Aust 

III 

85. 5 : o. 5 

! 0 
i 

82 I 

83 
81 

0 

0 

0 

3.5 

17 

60 

0 

0 

87 .5 
93 . 5 

Sc e e.:. Scud Sood 

line lino lino 

I180 101175 · Aus t 
' I 

0 

0 

i 56 
66 

70 ,5 

75 
-69 .5 

80 

I 

79 
77 

'64 .5 

9 

, III 

97 

96 

8 

0 

Soocl 1 

l i no ' 

Sood ' 
I 
i 

lino 

Sco1..1 

line 

: 1188 i 011 75 ; Aust 
' 

III 

81 . 42 . 5 
! 

46 ,7 

I 

;75, 5 

38 

5 

I 

: 37 .8 46 . 5 

. 54 .3 

:49 .4 j 46 . 3 
i 

:50.8 · 43.9 

Seed 

lino 

IL88 

42 .1 

44 .8 

42 . 6 

42 .4 

...>. 

V1 
.t-,. 
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Rosults c1nd Dis cussion~ From tho r osults pr osont od in Table XIV 

it i ::, J.pl')nr ont that nt the g r eates t 

concentra tion ( 125 Pi)m ) bonc~.wl hi1d no effect on oi tho r 

go rr1inat i on :;_)e rcentc,0c or averni::;o seedling l engt h . However 

ovicloncc of :;_)hytota;cici ty was clonrly providocl by the other 

two cl::1rn.c t ors stucliod . At concontrci,ti ons nbovo 50 ppo bonor.yl 

inbi bitod t ho fcrnnt i on of r oot hairs 7 nnd Qlso caused a 

di s tinct e ti ol nti on of tho l:yi,ocot yl. It i s probabl e t~.:o.t both 

those i ndicat i ons of llliyt ot oxici ty 1-rnul c'. ~1rococle seedling 

c ollnpsc . 

Tl-:c hi.c orporat i on of' tLiro.r.1 i n r.T.A hc.c.1. no offoct on 

.~;·c rninc.tion rorcontc1::;0 1 th; pro)orti on of sccdlin,3s with 

ot i ol c t ccl h;ypocotyls 9 or tlio .kvel opr1.ent of r oot !1c..irs . 

Ifov1ovor :::tt tL0 ,3r cct cst c oncontrc·.t i on ( 100 :;:;1m) thi r2.r.1 caused. 

a clccrnuJo in tho o.v c ra.r;o soc:1lin~ l onr:;th ( Table XV) . It is 

:;_, r obablo tli::, t t Li s i ndication of ph;ytot o~~ ici ty Houl d nffoct t ho 

r o.. t c of 2.nd. totc. l cner genco of t:1irc10 dusted seed . 

Tabl e XXV. Tho effect of thir1m on avora,g·o soodlinc l ength. 

Concentration Avoro.,go socd.linG' lGng th 

thiran ( r:un) 

(p :9 :: . \ 
0. . l" / Seed line Seed line 

1i. B 

0 71. 7 68 .1 

100 60.4 62.8 



(iii) Effoct of bonom,yl c.ml thirr.u:-1 ul10n inc orJ?oro.tG d i n 

11 Co2..tod Sood" on t b.o l ovol of P . modicar;inis. 

Ro cont tochnol oc:ic2, l c.c1vG...'1co s h2.vo l od to t ho 
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<.:cvol oprx::nt of noT:f cott.ods of ffj_)pl :yin,; nodulo inducini.s 

Rhiz olJ i u:-.1 ~.1o lil oti i noculu• onto sooc. . Ono such t e chni que 

i nvolves c ":1.tinr_; tho so,yJ with lXJc:it llo.s od Rllizol) i o. inoculur.1 1 

f c.i ll cvoc1 b;;; a further c c2.tinc witl: o. co.lcito slurry . Tho uso 

of "cc.:cto,-1 sooc. " prosonts ,m u:rno l lont opi)ortunity f or 2cldin&: 

fun::i cic:'.os c i tllor to the outer 12.ycr cf tho cont or i n 

i •• udiatc c cntact with tbc tosto. un~or tho calcite co• t i nc . 

In tho pr osont :..:tuc'.y -::.n i nvost j_,:;c,t i on i10.s conducted 

to c~ctcrr.1i no tho dc,::,'roc o:i:' control consequent on 2-i)pl y i nc; 

bono;wl c.nC.. thirnn to seed botL SGj::7. rc.to l y <1nd in 

co1.1bin2 ti Oi1 • 

.P..!029:r-~_s9nt2l Prococlurc. Sued po l lct i nG :1nc1 fungicida l 

j_ncor pcr:1ti on of two hi ··:hly 

i nf octo~'. linos uuro cnrriod out by tl: o Fruitc r owor ' s Chor.1ico. l 

Cocpo.ny 7 11:::~)uo. 9 Nelson . Bononyl o.ncl. t h i r2c bot h sopar ntcly 

an" i n co:.1bi n2.t i on wor o o.pplicd t o scod as follows~ 

(i) 

(ii) 

Directl y to t ho tosta boforo coo.tine . 

Inc or porat ed i n thu cnlcito coQt. 

Coat oc1. sood without func icidos pr ovided controls. Th0 

func icidos 1v0ro oach nppliod nt t ho r a te of ono g r nr.i of 

c or.imoroi2.l product p0r 100 e-r m1s of sood . 

Tho infecti on po rcont ngo nnd ovidonco of 

phy t ot oxici ty woro do tor• inod lJy subjecting 200 soods from 



ea.ch tre~tr.10nt to o. raoist blotter tos t (P.64 ) • Tho 

i dontity of p2thogons cnus i nG soocllinc; infect ion wns 

cloterninod by tne tissue pl 2.tin(;' t e chnique (P. 8 ) • 

Results. Fro2 t ho r esults presented in T~bl e XXVI it i s 

o..ppar ont t hat o.11 fungicidnl treo. t mont s wc r o 

e ither t ot2lly or 2lmost t ot a lly offect i vo n0ninst sood­

borno inoculum of f . r:iocl icn,,·ini3 . Furthor1 nll treatraont s 

o i thor oro..dico.toJ or rcduccc:l t o ve:cy l ow l eve ls othe r 

funco.. l 1x:1tl:oc;ens pr esent i n thoso two lines . Tha t is 9 i n 

n o i nst2.ncc was inoculu::i of Fusv.riUD spp . detec ted~ and 

t l:o lovEJl of §_ . ":).ot1".J'. osur:1 wc..s loss t hc-.n 2.5% i n o.11 

f uncicicl.-:i. l seed treo.tr:,ont s (for controls soo Appendix V). 

Ho ovidonco of pt.ytotoxicity wns observed. in any 

lines ,ms u.naff octcd . 
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Tabl e XXVl. Tho offoct of incorpomtin:3' bonooyl etnd 

thirnm int o coated socc1 on t ho lovol of 

i nfecti on with f.madi ca~inis • 

..--

Cod.c S0 0cl line Trontnont 

I 
._ I 

I 

1 11-1 2) Control~ soo~l coo. t ee: onl y ; no 

func;i cicli.., l trcc.tnont . 

2 l 111 2'.? Bonl 2.t c .~:p1.;lio<1 2.s s lurry to t l:o 

I t c:s t 2. 9 2.'.1C". soocl t lie:n co::t to cl . 
I 

3 ! 111 29 Thir2rn- :1s l)Or t r oo.. t r.iont (2). 

4 11129 B-::nl 2t c :me'. tLir20 2.}.)plioc1 .J..G 

I s lurry tc, tllo t est£:'., o.nc.1 sood 

i 

I 
tl,on coc. t cc' .• 

I 5 111 29 Ap~,ly noruc, l see;:'. cc2tinr; 1mt I 
i 

ui tl: B::ml do i ncor :;:ior nt ud i nt o 

cont . 

6 11129 As f or (5) but usinu thirru;i . 

7 11129 Bonlato cmcl t hiri..:r.i i ncorporntocl 

in t ho normnl coa.tinc . 

8 11315 As f or ( 1 ) • 

9 11315 As for (2). 

10 11315 As for (3). 

11 11315 As for (4 ). 

12 11315 As f or (5). 

13 11315 As for ( 6). 

14 11315 As f or (7). 
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I 
I 

I 1ovol of 

infection 

(porcont 

f. r:iodica,·;i ni s) 

43 

0 

0 . 5 

0 

i 

0 

0 

0 

25.5 

0 

0. 5 

0 

0 

0.5 

0 



5. DISCUSSION. 

It wns prosm1Gd t l::.::t t any ooasurc o.d.opt od f or tho 

c ontrol of _-!:. r:.ol ica,~i nis Hould h1:..vo t o or:2dicnto (rnthor 

t han r o(~uco ) t!10 i nfecti on l ovo l 9 s i nce it is unclcnr t o 

wt.at oxto:1t s ooci infection cc.n pr ovide priL12.ry i nf e ction 

f ocii. For this ru ns on soocl trocct • ont wi th tl:era1)Gutants 

uns cons i do r e ~l_ ::.: r:ior o prnctico.l pr oposit i on thnn control 

bG.sod on seoJ c ol our or t he r o l ntivc l ongevi ty of t ho sood 

n.n.d ~--_;~~ t l1oc.;on . 

'.fhilc in t!1C: ~,r cs-:::r1t study s eed dr essing s of 

boncnyl ::-. ncl t l:iro.r.1 wcro S~(owri t o offc ctivcl~; c ontrol socd­

bor no i noculur., of R, 1.10,~icG.:dni s 9 §_ . bot r y osuo 9 ~:m~l Fus2.riuo 
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811P • 9 lJcfor e fi e l d 2.pj_)lic.::ti cn c ::-.n ~e r oc oIJr:icnJcd. c onsicle r o.t i on 

r:1Ust ;Jo ,;ivcn t o t!::o f oll owinc;~ 

(o. ) }~ffoctivoncss of 1:cno• yl o.nc'.. t h irc:o in 

controllin~; s oil- bor ne (ns oppos ed t o 

soocl- borno ) fune.;c.l :;?Gtl~ocens 0f lucorne 

so ocll i nr;s. 

(b ) Effect of bon omyl nnd tlrirn0 on n odul at i on . 

( c) Ec onomics of o.ppl;yi nc benow.yl and thirnm to seed. 

( n ) Effoctivoness of Bonomyl and Tl~iram i n Controlling 

S oil-Borne Funr;al P:i.thogons of Luce rne Seedlinrss , 

Whon considorinc1 control of tho s e ed- borne and 

soil-borne fun0a l compl ex of lucor ne it was obviously des irable 

t hat t ho f unc icide ( s ) applied to seed pr ovide e ffective 

c ontrol of a ll thoso pnthoe ons capnblo of i nducing damping­

off . Closo (1 967 9 1971) has i mp~icnt od soil-borne inoculum 
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of FusG.riur:i Si):;;:, . and r.101ilbc rs of the Pythia.co110 ns en.us ing 

rle.::1~1L1-:;- off in tho Cnntorbu:cy rot:ion 9 ::md shown tl:oso pnthoc;Gns 

ccm '.)o cont rcllod 7:y 8.ppl y i n;_; bononyl cmc~ chl orono1:> in 

c or:ib i n:::ti::m to 11 co2.tG (~ scod" (or.c~1 2.t tLo ro..tc of ono c r:m of 

c -::r,mcrcLtl j_)r ocluct :1o r 108 crr.r;-1s of soocl ). I n thG iJrosont 

stuc:y :)cn:::;,·!yl 1-;2,s shown t o r c;c:.uce socd.- ~)o r no i noculum of 

! . ;-:iodic2.,-,·i nis to vor-;; l ou levels, 1:~ercc.1s cl:.loronob h:::1d li ttl o 

or no effect on tlw infect i on l eve l. Thus it was c onside r ed 

t~·:c,.t tLir.::1 couhl :i:::., subGti tutocl for chl oronob s i nce it i s 

o ffccti-✓c .:::.e:::::L1.Gt tLo s2L:0 ~Tou1, of soil fun-;i t:io.t chl oroneb 

i ::o )Llr :::-,ortcLl t·J co:'ltrol, nc1:·1cl;y t~:-.c Pyt!1i ncoo.c ( Richnr dson 9 

1S'5/1r; L:mnc,t: crriC:l J3ri nkor~ioi'f 1 1959:; Kroutzcr 1 1963) . Tl:o 

·:: :.;11;:,:fi t :.0.ccrui n.:_; free usin:_; tl:.ir~:n i nsto.::.cl of chloronob i s 

1~ fu1°tLor poss i blo 1J,;ncfi t r osul t i ne fron tho uso of 

bc,1c;,r:iy l is tL,::t in viou of it s Ti.Jj_)Crtc~l syotc• ic ncti vi t y i n 

c. "!Tido r ,':'.n_~·e of ~l ants (C:i..t l in;, 1969 ) , ;,rotoction r:ia.y bo 

2.fforcloJ ost::1.bli sl1cL'.. so cc.1linc::i o.~~·o. i nst t ho post-cr:ior t;e nco phase 

cf Jc.r,,pi n:;- of f . Thus on tho be.si s of t Lc o.bovo masoning it 

wns postuL:teL:. tha.t i nc orpor ntinrJ ~Jonom;;l and t h iran into 

"coat od seed" 1rnuld more eff octivcly con trol both t he sood­

bornc., and soil-borne fun5.:1l po.thogons. 

(b) Effect of Bonomyl and Thirn• on Nodulation • 

An i • portant consi clern.ti on when using fune-icida l 

sood dressines on cl ove r or luccrne seed i s t hat t ho troatment 

r:iust not s uppr ess nodulntion by Rhizob ium r:ioliloti. J a cks 

(1 956) 9 Qnd Latch and Greenwood (1964) est ablished that thira~ 



applio~ us 2 ~ust directly t o t ho tosta di d not r educe 

T,~'-~' l or ( 1971 ) o;):Jo rvo(: t]:c'. t wl1Gn i ncorpor 2tc~1 i n c ombi nc.t i on 

witL ch1uronolJ i nt,) tho outer L,yor of "contod sood 11
9 

nc:c:ulct i on wcis not c1.cl_vorso l ~' 0.:ffoctod . Froc those studios 

:it 11:: '.::.:. r :::a.sono c1 t:1c;t incor porc.tinc; bcmom;y l 2nd thir,::.m into 

11 0 0,-..tcc~ soocl " Houl d lik:o-r:,iso not pr ovont noclulri,tion . 
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Tl:cc mo23ur cs C'.)iiliurl for control of e:.ny p l o.nt ;l i scaso 

co• t2 involve·! . IB~lc nnc c2n r~2lily 2sscss tho 2cliition2l 

e; c:;t::.: ,:lcJ incurrcc1, tL0 ·boncfi tc:: .=-:ccrui n0; fro• control of tl,o 

~is(~sc 2rc ~uc~ 8cr c difficult to ~ssoss , 

i ncurrc! is tl:c coed trci.1t~,1ont . CK1 ·'.~-~-o cradi t s i do r~ro 

couh: :Jc l owo r ocl 2s Gnch soocl woul cl he2vo o. s r oater chnncc 

of Jcvc l o:;;i i nG int o a IJ1:'..turo pl2.nt . Secondly 9 t ho pl ruit 

spaci nc would bo mor e uniform, a ll owing tho possibility of 

n,.x ir.iur.i pr oduction from tho whol e cror:i i nst oncl of e. pnrt 

t horocf . Fi nally 9 t ho cost a ssoc iated wi tl?, hand i noculnt in5 

SGccl wi th Rl1izobiur:1 r.io liloti i r:inodi a t ol y pri or to s owini5 

would bo olimi nat ocl . 



it i s ::ml y pcssiblo -'co :1ru)oso tl.:.r: t c.pplyi nc; bonor::1y1 ancl 

thire,:-.1 to J.ucc rno scoc: ;-.,t'.J bu 2. :;:iro.cticet l J)r opos i tio:1. 

Bo fo:c0 c those r.100.suro:::; co;_i_lcl 1Jo 2..clo:ptccl fo r f i c lc.1.. uso a 

sorie:~ cf f oll ow up stuf,i cr.:' .:: :r;:; :r;Jq_uirocl t o d:; tor::ii no 

( . \ l/ wl:cothcr suol.: troatr:1ont woul-:l e1.c.lvorsol y 

o.,ffoct noduL:ttion 

( ii) 1·,:1ot~:c r 1Jcnon;yl is c.tc~s orpto:..l by t l:o 

sco::U i nj'S 

(iii) by a :::;cr~LOS of fj_o l cl tri n ls 11l1otllor 

t::o boncfj t CtCCI'ni n_-; fron c ont:-::,o l cf 

fu~ ~ l ~lor2 justifies tho ~ssocietcd 

162 
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S?R.IlTG DLACX S'l'lJ:I OF LUC~illT.,.J o 

( ..., - \ 
.r!Cl.oj 

t~i~~2 Jrovon~o~ nodulntian IImlovcr; tho funsicidnl no-tion 

of tbj_r-::r.1 2c2.inst !' •E-20.i:::-.c~;.:i_n~~ wc.s not considoroc.:. suffic~_cntly 

In ,m ;__,rticlo on-ti tlod 1Diso0sos of Lucorno i n Nou 

Zonl2ndn, Clnso ( 1967 ) com:-Jontod on sprinc 1Jl nck stem .:i.s 

follows~ 



"T:'::.oro iG :i no0,l f er furt'1o r work t e, o l uc i ck t c it s 
i~JJ.~or t2.ncc 7 0.11(.·~ tc ,2i.. .. tcrr-1 i nc t~.lO usoful 11oss of socc1 
tro.,tr.~cnt::.. f or t:.,o c ontrol '.) f the soo,l - borne ph:::.so 
~f this di s on s o ,_m;,1 otL(_,r :::e:cc1- l)ornc :r:tllocons ." 

Bl , ir ( 1 Sl71 ) in a. survo;s/ c;i' 160 S:,ut~-- I::.;L:n,:. l uccrno cro1) S 

1-.11:il c t~1:::rc :'.ro no IJcu Zo.:::l.::ncl 

rc::,ort:-~ c f t~:cc s _:_, riw• '.) L ~ck Gto :~ c'. i nc.::..sc ccntri but i nc to 

r,ub;.it':nt~_::.l l osso s in hcrbec ;c ;_yiclcls? ovorsoo.s ropcrt s 

covoro i :tfcst ~--. tion co.11 result in t-:it ,; l CTo:l loss , 

,.., l 
1:.l,I/Ur:;_ 

cy,,:·,1;0~-1-_t'.)L,. ;~- of S)rin_; b l :cl:: -_,tc,:, 81 lucorno . Tw0 sucl1 

( 1) T -1('VOY ot 2.l. 1 ( 19 36) , 
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l on;? vv.ry i n, __ ; i n col our frou C:.c.r k: broim to bl.:1ck with 

:-, licht br own c ontra , Pycni clio. uoro usually pr o sent 

in t ho ol cl losion::::i , Tho lesi ons partly or wholly 

c;i rclloc.l t b:: stoo9 socot i !'.10S fomi nG " canke rs " 

t l:croon 9 G.nd f r oquontly cnusocl wil t i ne and 

clo:!th of t ho shoot s , 

On t ho po tiol os , El oncnt cd bla ckish l e s i ons 

s i nila r to t hos o on t ho stoms; necrotic zonos a t 

t ho bas o ca used t ho l onvos t o boc ooo pr o• a turol y 

yellow and to wi t ho r . 
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On t he lonf' l ;::r.:i nv.o . Los i ons of vnrinb l o s i zo 9 

r ,')u.nd or irr o[;ul ~, r i n s1.~npo , oi tllc r on the oc:.co or i n 

t Lc ni clcl l c cf t Lc 101:1.flc t s 9 cl2. rk b r own to b l .::. cl: i n 

cdc•ur , ,)c c c.s i cn.::lly z::moC:'., scr-1ot i • os be c ooi nc pc::. l or 

i :", t \ .c cent r e wi t !~ ::c:-:o -'.ln:l s ,:)r.,o ti rnes s urroundo c: by c. 

ye ll owi sh ~n L ; , T~ao _,;y cn i cli :. l,o r o o'.) scuro ::md were 

( 2 ) Kcrn]'~~, ,Ll c::n,~ Ecrn r i clc , (1 953 ), 

" I n t l:c c-:rl ~1 ,J t .1.,_:c::: ,,f i n f e cti on sonll b l nck 

·:<:f·_:,l i ~.-c i :::n , S-t;:.~.l lc::-ic,1s ,,: sl c. r god nncl c oa. l os cocl 

L,~1vos ;,2(;. :'.r o_ppoi~, ~- o'"~un c Jco ·.,nd fl or .::i. l pnrt s wo r e 

i nf octc:'. 1 ;,ncl :t'L :u c r s f rutu,mtly 1-:.::td f nllon ." 
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COHPOSITIW MTD F8.EPARli.TICF OF CUL'YL.TRE MEDIA. 

Al: :~udi ~ wore sterilized by 2utoclavin~ at 15 p . s . i. 

fo1· 20 ~.1inut uc L.1r,1cdi 2.tel7 :1.ftcr ~,:re~x:i.ra ti on . 

~cnr 12c 

cQrrot 20c 

Ttc.., 1lotL1tc- '7.nll cc.rrct were c ooked. centl;y for one 

(1; ) 

Jrune infusion 36c 

2:~;-,' of tl:i s r.i:i.J.:turo wor e susponclocl in 1 00Or.il distilled 

water 2.:1cl boiloc.1 t o cliss olve tho r.1ocl_iu•• 

(c) nutrient Ar,ar 

Ol~oi cl nutrient Q{;~r 28c 

water (distilled) 1000• 1 

Boil tho solution to dissolve a ll tho nutrient agar. 
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( cl ) "\L t c1' lir:nr 

w:::tor ( cl i st illoc~ ) 1000• 1 

Tll~l ,;r:;eci' 1ms diss ::; lvccl i n ::-_ot u:.::.tor ::iofcrc 2.ut ocl2vinc; . 

:Jc1l t c::t r c:ct ( O.,:oi cl ) 20c 

wc t cr ( d i st i lled) 1000• 1 

T~ic ,:r ·_,tcr wc. s nc.:.~1.od sl owly to the Q,,2'ar/on l t oxtrc.ct 

luccrn,:-, a0oc~ 100c; 

12c 

T,r,·.•.+ ,, r ( ,, •~t•1,~ 1) , u ~ •.cl,;:, l .l_,;(.L 1000d 

'11~.c sc:cc~ WC;S ro ·.'.uc0,~ tc _:,01rc:.or in c. W,:::orin,::; b l cnclo r 

c,nc ~.' cilc.£ d t:_ 800ul vff•.-tcr for 2C) ~.-:inutca . Tho pr eparati on 

t::.cn. r:s fo:c ( ~: ) . 

C:J g_z_npok :Jo:z A,:-,ar 

Cz2,pck Dox 2.c:1r ( Oxoicl) 4 5. 4c 

wate r ( distilled ) 100ml 

Socl-: :1Gnr i n wo. t or f or 15 ni nutos, s hake woll 9 2-nd 

8.utocl 2.vo . 



( 11 ) k.b Pok .. to-Doxtrosc i,. 0c1.r 

potatoes ( voo l o~) 200c 

dextrose 1 Oc; 

w.::tor ( distillucl ) 1 000nl 

uoll QS <__;-~:l' o 

( i) Difeo F'ot::-.to- Do::droso A:}lr 

(Difeo) 42c 

v~t , r (~i· ~~ i'lloc1 ) vJ ~ ~ \.,; ~:. 1...i Li ...,_ ~ 1 000r.11 

( j) Q: -::, i c', Pot ::::to- Dcxtrc;:;;:; .iV :~ r ----

u2.tcr ( c: i c;t illocl ) 1000nl 

P:rc::_)c:.'.rrt t i 011 .--,n ·f'~r, ( · ·) 
1.. .... ~ .J.. · . .) : . .) 0 

(k) lTut:ciont C-oL;t i n 

nutri ent :_;o l ,:tin (Difeo.) 12 . Sc 

1mtor ( di stillod ) 1 O0nl 

i'ra rr:i solution to 50 C9 t _1cn Elutocl::wo . 

(1) V-8 Juice Agnr 

V- 8 juice (cou~orci~l) 

wntor (distilled) 

Propnrntion as for (c). 

100ml 

8.6g 

428ml 
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t o~_1c;t o juice -'-:;.:::.r ( 01: oic.1) 52c 

1~tcr (distilled ) , 000r:,l 

P.rc}J:'.r2.t i on c.u for (c) . 

( n) Mill~ .-., ;<"-r 

;-,•c, :wt c:dra ct 

llCp t on c 2. 5c 

nill: 

7. 5c; 

v ~tcr (Jistillotl ) 100021 

P1·c·,~ r ,+ i· c1" ~0 f'~ r' (c) ..1.. \.,, -... iJ .l ,_ ., 1,...J l ) O 

-u-~tu:r ( cli st :i.lLd) 1 000nl 

So.':tk 2.:-:::: r i n , r:ctcT :for 10 r:inuto~, , :::;I-.:::k o well? :::..ncl 

(:;:> ) Kli1.;l o r - Iron Ago..r 

kli(;'lor-iron ( 0:;:oid) 27 . 5c 

w2.tor ( J i still c d ) 500• 1 

Proparcti on ns f or (c). 
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11.PPEHDI.X III. 

COE.POSITIOIT OF' h~A.tl. I:EDI.'t USED TO DETERMINE 

'I'HE EP1FEC'r OF pH OF GROWTH Pi.ATE. 

The t:1ruo ccn:.:.>oncnt ::: of ta10 r:ioc1.ia woru 2.utocl2.v~cl 

,J ujx-.r ::toly :-i. t 15 ) • ,::J . i. for 20 r.inut00 c:nc1. then r.,iJ:ocl to:.:,·ot~·rnr 

~-,~-.on -[;~_(. tonpcr:-:i.turo hrc~~ dro:.-1,oc: to !,5 C. It wns ostL:'Jli.s~_od 

tb:.t i f t:·:c t l:-:.roc cor.1~,on0,1ts m .. :cc r.1L~ocl :.:rior to ctorilizat i on 

v-::luos uoro L:otc:cnincc_ uoit-,,_:; ::: B'"c~m1.:m c;lnss oloctroclc lJH 

~ctor . 

( n ) Cor.:-;_.io::;it i o:.-: of bu:'.'fo r . (~ i:ilno? 1964). 

2. 6c citric 2ciJ 

1COnl clistillocl W'.tor 

1 OOrl of Q:o i c~ ?DA W(::ru usod i n cc.ch trontoont. 

----------, 
Trc::ctr.1ont i Buffer ol. 21T HC1 drops HJ lfaOH drops I pH 

1 5 30 - 2 . 1 

2 5 20 - 2 .5 

3 5 10 - 2 . 8 

I 5 - - 3 . 25 'T 

5 5 - 20 3 . 8 

6 5 - 60 6. 6 

7 - - - 4 .5 

8 5 - 28 4 . 85 

9 5 - 40 5.85 

10 5 - 34 5.4 

11 5 - 71 8.o 
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APPEtTDIX I V o 

IT:C!II OD USED TO CJ~LCUL:;.T:::s DJ:.,01''.i::sn t-~OISTURE LEVEL. 

T.':!.o ::oisturo of tllc '~lottors 1,:::.::; ck torr.1ino cl by 

~12c0;~nt of throe a• nll 3tri~3 of blottins pnpor onto the 

"" 1'0l• t '-' (T:'l· ,. 37 ) ,._,_ _ .,, ·- \ .i. • ..l O 0 TLo stri :,s wcro r or:-;ov oll clnily .,ncl 

\:C i -;:.J.,::cl c ollectively. Prcl i n i nc~ry c.:-:)ori nonts llncl shm-m tl:,_2.t 

:i1otto::.' :::: 7 2-ftc,:r c'.n e,quili:)r~:i:;io:1. :;_;cri ocl cf sovoro.l 1:ouro . 

tl:.0 c:. r2,' ·. :ul-:~::t of t~:o b l ot tc r:J 7 t~_c r.:c i sturo l ov ol of' tho 

CL)eri~1ont ) 2c 

Dr::; -:;ci ,'.,ht blottc)r ( C:.ctcrr::i ncci. k foro 

:: t:crt of c::.::jx;ri;;,ont ) 40c 

1-lct 1,o i c;l:t b l ot-to r ... ~~9 · . .-oi_;l1t b l otter •• wot wci i.:.;:~-i; stri iJ 
Dry wcic;ht stri p 

- 40 .,_ 3. 5 
2 

Woic!lt "dry" l> l ottor • Dry i;oight blotter + 

sn.nG weight i n wate r 

- Boe 

i. o . Add 10G (1 0r.il) wa t er to b lotter 
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2i __ .iJ.H, J"( • Sood l c.y out on ::,oist 'c l cttc r . Ifot o tb.ro o 

uso:::. to C:.o t urr:1in_, t::o ::i.oisturo leve l . 

l ' . I '. I · , 7 
-- - - I i_ I_'._! • i 

I· I · I : 
• 1. s 

• • I • I l 

,- ,-. -;- -1 ~ 
f __J - ' 

, 1· • I • 
1. I -: .1 

s 
3 

• I • r 

' . .. . 
L l'--_1_!__ _:__ 
._ ~ I J ~' 

' ,. I .: 1 1 7 ' 8 r> • • .. ..... 

-u·_ ~ _J~ 
• • I · I •, l 



APPENDIX V, 

SEED TRANSMISSION OF FUNGAL PATHOGENS 

IlT COI:W.lERCIJ..L LUCERNE SEED 

172 a 

.,.,----.--,---------,.--------,.1-----..,..._-----------------
s ' I I 1 1 p d' . . I 

1 ooc. i I OVG _, • G 1cag1n1s , 
! lino Dnt o t os t oc1l Cultivnr l Ori5in Moi s t ,Ac;o.r , 

j Blotter 
1 
Pldo I 

( percent) j (porcont) 

Othe r 
pathoc;ons 
( fune:i.1) 
( porcont) 

, 91Y,7 
·91348 
.915H 
. 91561 
I 

:91589 
:91602 
: 01 37 
01 38 

.01 40 
01 41 
OL 48 

1 01 49 
i 01 50 
· OL 51 
· 01 52 
: 01 53 
: OL 54 

24 . 3. 70 
24. 3. 70 
14 .8. 70 
20 . 4. 70 

17 ° 7. 70 
12 .3. 70 
12.7 . 70 

5 , '/ , 70 
c; . 7. 70 
2,7 . 7c 

i Wa i rnu 
I 
' II 

II 

' Hunter 
: Ri ver 
: U2.ir1:w 

II 

II 

It 

II 

11 

11 

i i 

I 

:BlonLoio 

I 
II 

T~f-, • 1j..--. . i.~L .. '--t o 
!Austr • 

i 
Blonhoi• 
Oc1naru 

11 

II 

II 

I II 

1Blonh oi m 
1 Chch 
i1cost on 

II 

I 0.::1..00.ru 
jBlcnhoi D 

3. 5 
0. 5 
3 
3 

6 
2 
4. 5 

21 
2 
0 

18. 5 
4. 5 
2. 5 

11.5 
7 
0. 5 

22.5 

~ . bQtry o SU~i ( 1 • 5 ), 
@_. botr;yosun (1.5)! 
IS. bot:r_,/o~ (0,5)i 
:Fus2.rlli;;1 a pj_) , ( 1 )i 
i i 
i - I 
~ . botryosur., (0 . 5); 

I 
I 01 55 I 

11 

II 

I II 

23 
2) . 5 

I ' 

I 
!Ch ch 2 

2 

:Fuec.riun S:i)~) . (1 . 5,) 
:S. botry csur'.1. ( 1) 
r - I 

• 

I 01 56 
: 01 59 
i 011 67 
· 01163 
I 01171 
! 01172 
; 01173 
; 01175 
i 01177 
, 01178 
1011 80 

20.5 . 70 
29 . 6. 70 
26 . 6. 70 
20 . 4. 70 
15. 7. 70 
20. 3. 70 
1 9 . :; • 70 
1901; . 70 
20 • .:; . 70 
13 . 7. 70 
10.8 . 70 
20 .7. 70 
22 . 7. 70 
24 .7.70 
26 . 7. 70 
29.7 . 70 

It 

II 

II 

II 

II 

II 

II 

II 

II 

11 

II 

II 

II 

II 

11 

II 

II 

II 

II 

II 

II 

II 

1Tin:tru 
\Pnl m Nth 
1Blcnhoi r:i 
li1.r.1borly 
'1 A' burton 

4 
5 
8. 5 
0. 5 
2 
1.5 
3 

( 1 ) '1 ~. bot ry osur:i 

' i ·1 

011 81 
: 01230 
I 

101232 
' 01253 

; i 01258 
01259 

. 01260 
01263 

I 

:01266 
,01269 
l 01272 
101275 
.01279 
;01HTW 
·Aust I 
! 

3. 8 . 70 
3.8 . 70 
5. 8.70 
7.8 . 70 

25. 9.70 
25 . 9. 70 
25.9 . 70 

I 25 . 9. 10 
121.8 . 70 

I 25.9.70 
I 25. 9. 70 
I 
I 25. 9.70 

25. 9.70 
21.8 .70 
22. 8 . 70 
25 . 9.70 

I 1. 2. 11 
I 22. 12. 70 
I 
I 

Aus t 
Aust 

II i 22 . 12. 70 
III '. 22. 12. 70 

jChanti-
1 cloor 
Wnirau 
Chanti­
l cloor 

IWairau 
II 

II 

II 

11 

II 

IHuntor 
1 River 
I II 
I 
I II 

II 

!Ch ch 

I.I n ' c;ill 
Chch 
Oa no.ru 
Timo.ru 

1A
1 burt on 

IBlonhoi n 
I II 

I 
IChch 

11 

I II 

jBlonhoim 
I II 

I 11 

11 

II 

Austr. 

I II 

i II 

! 

5 
47 .5 

49 

22 
46 .5 

1.5 
0 

1.5 
1.5 

S . botr;yosm1 (0. 5) 
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; I : 
1 

Sood Level P.medicaginis 
lino Dato tostod Cultivar Origin l Moist _.Agar Other 

I Blotter Plate pathogens 
! (percent) (percent) (fungal) 
; (perc0nt) 

t. I I 

IL 52 18 .6.71 Wairau \" "' - I 21.5 15. 5+ : §.. botzyosur;-i (:,. 60) 0 

: · L. briosio.na (0.25} , _ 
IL 65 II II Blenhoin 3. 2+ : S. bot zyosum (t;O ) 

1 II 66 II II II 14 
1 - ( 31 ) + I S. botzyosum 

l IL 67 II Chanticl0o r - 8 + . ~- botryosun ( " 1 ) 0. 

I IL 86 12.7.71 W2.irau Chch 5 . 2+ §.. b otryosur.1 (6 s1 o,1 ) 
I IL 88 II II Blenheim 3.1+ §.. ~~ ( 2) 9 
I Fusarium spp.(0 . 4) ! 

i IL 92 fl fl Chch 10 + 1 §_. botryoswu (60 . 4) 

! IL 93 II II II 21.6+ 1§..bot zyosum (40 . 8) 
I !Fusarium sp~o(1 . 6) 
I IL 94 ti II II 18.0+ I§.. bot~yosum ( 4: . 0) 

, Fusarium spr,(2 . 0) 
IL 97 !I II 0amaru 40.4+ ; s.botzyosum (.+7 . 2) 

' Fusarium s;~. (2.0) 
IL 99 " II Chch I 2,4+ ,~. botryosu~ (73 . G) i 

! 1Fus~rium s~r. (0,4 ) 
111 03 ti fl II ' 11. 2+ :§.. bot~yosum (32 . 0) : 

! J; 1 br!o•ian1'; ( 0. 5) , Fusarium sp1,, ( 1, 2) , 
1111 4 13.7.71 II Blenheim 14 . 0+ : S. bot:szosum ( ) ,' r ) 

..)-, • li_ 

1111 8 II II II 10. 0+ :~. botryosun (33,2) 
111 23 II II Oamaru 26 . 4+ '§_. botryos:m (36 .0): 

I Fus ~ . s .,. c·, 1~ \ Drlum P~ • c • -) , 

111 26 II II Blonhoir:i ' 3. c+ 1S. bot ryosUL1 (5.~, i ): : 'F . I \ ' ( l usarium S ~) • \ L. ~. 
111 27 II II 11 23.6+ ·"b t ( ''L) 

1~. o zyosuo .:;. 1, 0: 

l 
i Fusa.riun 2:Y:,. ( 0 ., ,.:; ) , 

1 I11 29 II II Chch 43 .0 48 . 0+ ; S. bot_!XCSULi ( 22· • l,) : 
I I Fusari u;-si;). ( 2. o) : I I I I 1113s II II Blenheim 15. 2+ . ( \ :§_. botryosum 5:,.oJ 
i 111 45 II II Chch I 8.9+ j§.. botryosuo p2) , 
11260 22 . 8 . 71 II Blenhei m I 8. o+ 

1
§.. botryosun , G1 .€) 

11263 II II II I 7.6+ S. botryosum (63 . •5 ) ~ 
! 1- -Fusarium sr,::-. (0 .81 

1L268 II II II I 7.6+ S. bot 7yosu• (76.8 ~; 
'Fusariurn sp~J, ~ 0 o 8 , 

IL282 23.8.71 11 " 16.8+ 1§.• botzyosum (46 ) 
11305 II 11 II 16.8+ S. botzyosun i 30 l IL307 II " " 11. 2+ •'g. '6o=Eryosum 71.2~ 
11308 II " " 0 + ~- oo'tzyosum 51. 6 
1131 0 " II II 2.8+ §_. botzyosurn (74.4) 
11312 21 . 8.71 II II 5.2+ §_. botzyosur.1 (27 .6) 
11313 11 " " 32.4+ §.. botryosu!i! (-io ) 
1131 4 II " ti 18~3+ §_. botzyosum (48 ) 
IL315 II 11 Chch 26.0 32.8+ §_. botzyosum (45 .2) 
11316 20.8.71 " 11 

! 
16.8+ §_. botzycsum (43.2 ) 

-11317 " II - 34°4+ §_. botE;Y:OSUm (45.6) 
11324 II 11 Chch 12~0 ... §_. botzyosurn (45.6) 
11342 II " Blenheim 7.6+ §_.botzyosur.1 (31.6) 
11344 ti ti " 24.0+ .§.• botryosUI:1 ( 64 .8); 

Fusariurn spp.( .4 ) 
11347 21.8 .71 ti II 11.2+ S • botE;Y:OSUIIl p3.6 , 
11354 22 . 8 .71 II II 20.8+ £. '6otzyosum 42) 
IL356 ti II ti 37.2-t §_. botzyosurn ( 29. 6) 

1 



Koy~ 

Chcb = Cl:ristchurch 

x Soecls i ncubator} on IvlA for 11 clnys n t 

24C i n tho J.ark . 

+ Seeds i ncuba t e(~ on f 'L!'i with strept omycin 

sulvhat o nntl penicillin nntibiotics 

i ncori>or ntocl ( each 2t 50 1):;:)r:1 ) for 11 clnys 

at 24 C i n t ho d2rk . 
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AP f:8!'T:DI.X VI : 

CLLCULA'I'ION OF LD✓:8!\I: REGRESSION LrnE FROM DATA 

PcEPRE3:EtJTilJG :D:;::;CIGAS:C I H INFECTION PERCENT.AGE OF 

LMEDICAGINIS am THE RESULTIUG I NCREASE OR DECREASE 

X 

31. 0 

2'.; , 8 

18.5 

20 .0 

8.o 

11. 5 

0 

0 

() 

Su:r;ir., 11 G. (, 

i{ "":': l 

G, s . 2787 , 5~ 

c.·11 . 1568.16 

121 9. 38 

L 'i SEEDLilJG IJ.1ERGE1J:JCE. 

,, 
C. .. 

~ !.. y ::;1 

'.)61 . o 19. 5 604 . 5 

888 .04 18. 6 55 /~ . 2e 

3L~2 • 25 14. 7 271 . 95 

,~00.D 12.0 2/rO oO 

6L\ , 0 12. 7 1()1 . 6 

132. 25 7. 0 80 .5 

0 c; . 7 0 

0 ) , 3 0 

0 2 . 0 0 

2"(J7 . 51+ 105 . 5 1852.83 

1481 .17 

1236 . 69 

244.48 

Su• Cross Products .. r..--'"' n ""\ 
10'.)c'. • U.) 

C.T. 1396 . 6 

460. 23 

'";/- y 

+ 1.0 

+ 0.5 

+ o.; 

- 2 . 2 

+ 2 o) 

- 4 .o 

+ 3. 0 

+ 2. 6 

- -:- . 7 

:J . O 

Cooff. of ro.:;rossi on • covari nnco xy 
VJ. r . X 

- 460 . 23 
1219. 38 

- o. 3774 

(y- y)2 2 
y 

1. 00 380 . 25 

0. 25 345 .96 

0. 81 216 .09 

.l', . 84 144.0 

8. 41 161 • 29 

16.00 49 .0 

9.00 94.09 

6.76 86 . 49 

22.19 4. 0 

69 .26 1481 . n 

175 
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i . e . equat i on of r c6r os s i on line 

y o. 377x + 6. 74 

Code . x ~ Dccr onso in i nf ect i on percontngc 

y = Incrouso or dccronso i n ~orcont~co o• or gcnco + 10 
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APPEHDIX VI I . 

'l'HE HE.AT STABI LI TY OF BEi'TLATE 

Wl:i l o conductin,::; 1,oi son food bi onssnys wi th bononyl it 

wets r on s onod t l~n t tho oo cl i n ~,ru:;:io.rc.tion would bo s i r£!plifiod i f 

t ho fW115i c i do 1-1c:is i ncor 1)or a tod i nto t he ngar bofor o sterilizati on 

( autocl11vinG o.t 121 , 5 C for 20 i.1i nutos ). Il.e cGnt work on tho 

hc2.t st2bi li ty of bonomyl i ndi cdoJ t h:1t i ts funt;icicln l ncti on 

wns not io~1niro(l by addi nc it t o n storilo l i qui d r.1ediuD. pri or 

t o autoclnvinc L, t 120 C fo r 10 mi nutes (Rochc cous t o 9 1971 ) . 

A. c m;:.::_Jc. r c. t i vo ,1:x:1,o r i r.1cnt w::i.s c onducted tc dctoroi nc i f 

tho i ncorjxm2tion of bonomyl t o HA bo f oro cJ.utoc l nving r educed i ts 

officc.cy c.cainst ~ . modi cngi ni s . 

THc trc ;~:toonts were uscc.l 5 i n tho first tho func icido 

wo.s mki.ocl to ,:iol t en MA i n qunnt i tics suffi ci ent to g i ve 

concontrc.t i ons of 1, 2. 5, ancl 5 :):JrJ ( c:. ctivo i n2,-rocl i ont ) onl y 

whon i t hc:c.l cooled t o appr oxinntc ly 50 C. For the second tho 

bonomyl c oncontrc.1.t i ons wore tho sc:,:,c but it was ncldod t o tho 

mouium pr i or to be i ng s t erilized by c. ut ocl nving nt 121 . 5 C f or 

20 mi nute s . Tho control s f or bot h treat ment s w-as MA without 

nddi tivos . Tho p l a t es wor e i noculnt od nnc1 i ncubat ed a s clo scribod 

pr evi ous l y (? .1 9 ). 

Fron t ho r osul t s :i)r osont ocl i n Fie; . 38 nnd 39 9 it is 

nppar ont thct nt 1 ppm somo i nactiva tion of ben omyl occurre d 

during aut oclnvine . 1-i.s n consequence 9 tho pr actice of adding 

bon ooyl t o MA befor e ste rilizati on wns not adopt ed . 
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Figure 38 

60 

40 

20 
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1 2 

Benomyl added to MA prior to 

sterilization by autoclaving 

Benomyl added to molten sterile MA 

at approximately 5o0 c 

3 4 

BENOMYL CONCENTRATION (p.p.m. active ingredient) 

Effect of incorporating benomyl into MA prior to autoclaving for 20 minutes 

5 

at 121.5°c on growth of P. medicaginis (incubation for 11 days at 24°C in the dark) 



Figure 39. 

Koy: 

179 

The relative heat stability of benornyl when 

incorporated in MA (colony growth measured 

following incubation for 11 days at 24 C in the dark} 

A. Bcnom;yl incor por at ed pri or t o sterilization by 

autoclaving (121,5 C a t 15 p.s,i, f or 20 minutes ) 

B, Bcnomyl incorporated a t approxinately 50 C 

following autoclaving. 
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A:?J:'Ei.JDIX VIII. 

I EvillTIGATI OFS I NTO PHYTOTOXICITY OF BENOMYL 

HHE1T APPLIEil ,1.S ;J. DUST TO THE TES'rA OF LUCE.RNID SEED. 

un i nfc ctcC, Ek:od line ( 011 75 ) o. t tJ.~o r 2. t os cf O. 5 cmr1 1 e r r:• 

of con,,c rci2.1 L·, roduct _()C r -100 :;r n~.1s c) f scocl? by :.,lmki nc both 

tl::.c sooc1 ,7.,K~ tl .. c fun:-:; i ci ,L.J i n ~ :·:l -'23::.: conto. i ncr fo r 30 mi nute s . 

T!To0 l:unC. r cc1 cnc1. f ifty sccc7,.s fron 211 thr Gc troc:tnonts 

1:cr0 s :/:,1 t::... 1/cr;::;iculi t c ( To.c1.c 2) ::-::: clcscri'.Jocl :;_Jr cvi ous l y 

( D c, r:; ) 
..l " .,I .,.I 0 

(i) :'"t tho lc,:cr r 1to of func icidnl ::>.p1,licc,t i on 

soculinc; :J,1c r·_:cncu u::s ~1o cr0c'.sccl eve r thc.t of 

tho control . 

(ii) At t Lo lli :::;llc r r nt o of func icic: c or:i0 r 6 onco was 

i ncron.socl ever thc1t of tho control . 

Intor pr ot nti on of t hose results is di fficult. Howov or ? 

tho 1,Os s i bili ty r o• a ins t hc. t tl:o l owo r od omor5enco obse rved in 

ono soocl troo.tr:iont c oul d bo consequent upon phytotoxici ty of 

bono• yl t owo.rds the s oecllinc;s . 
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120 
O benomyl dusted seed (rate 1.0o/o) 

A non-treated seed 

60 

• benomyl dusted seed (rate 0.5%) . 
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_., 

DA VS AFTER SOWi NG co _., 

Rate of seedling emergence (line OL 175) 
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