Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



A STUDY OF SEED-BORNVE ASPECTS OF THE

SFRING BLACK STHEI DISEASE OF LUCERNE

A Thesis prescnted in pertial fulfilment

of the requirericnts for the Degroe

of

llaster = of dgricultural Science

Mosscy University

Neil Scclcy Percivol

April 1972



1,

2»

SUIIARY

Horghological, cultural, and patliogenicity studics
confirmed the causal orponisn of the spring black stem

discasc of lucernc (Mcdicazo sativa L.) prescnt in Now

Zoaland to be Phoma medicazinis Malbr. ¢t Roum..

f cizhty six New Zealand lucernce sced lines screcned
during 1970 and 1971, cighty threo werc infeeted ot
levels ronging from one holf to forty nine porcont:

twenty threc of the sced lines kad an infection level

greator than twenty percent.

In 211 seccd lines (both infected and uninfected) therc
was 2 Jradation fron dork to pale coloured sced. In
infcetod lines the infcetion level of the dark sced was

Fracthen (b_331) than that of the pzle sccd.

Over cighitcon months tic lovel of sced infeoction dceroasc:

ot 2 rate fagter than the natursl decrease in germinz’ion
capacity; after this joriod tlie infection level was. loss

than ton porcent of the original valuc.

Iiproved moist blctter and agar plate tests werc develon
following; a criticzl examination of cstablished methods
for detecting fungal pathogens associated with lucerne

socd.

Sced=borne inoculun cf P.mcdicasinis induced both pro-
cnersence and post-cmergence damping-off. While the
pathoson was most pathogenic to secdlings at 14 C,

at this tenmporature not all detecectable seed-borne

inoculum causcd damping-off.



SUMMARY continued
In nost instances pro-cmergencce damping-off resulted
from destruction of tissucs concerned with scedling

clongpation.

Of tun sced dressings cvaluated benomyl and thiram
nprovided most effective control of seed-berne inoculun
cf Pemcdicaginis. Hewever before these therapcutants can

bo recommended for general usce there is a need of Jurither

glasshouse and field trials.



ACKITOWLEDCERENTS

Grateful acknowledzenent is made to Dr. H.T. Wenham

for his assistance throushcut the course of the study and in

sreparation of the manuscript.

also like te thanks

Dr., K.8. Milne and Dr. R.C. Closc for their helpful

discussions and interest.

Dr. M.J. Hill, Mr. D, Scott, and staff of the
Gevornnient Sced Testing Stotion, Palmerston Norti,
for their cooperation in providing sced samples and

rocords; and alsc for conducting sermination tests,

Mr. R.W.8. Leitcl, Mrs. M.K. Becott and Mrs.

M.l McCormish of tlie Masscy University Central
Photosraphic Unit for the preparction of photographs
and illustrations.

T

he Library staff for their assistance in obtaining

osublications.

oot

Mre Lo Smith and Mr. He Hcilson for technieal

assistance.,
Mr. B. Wickhanm for advicc on statistical analysis.
Miss J. Fowke for typing of the manuscript.

The Fruitgrowers' Chemical Company, Mapua, Nelson,
for offecting fungicidal incorporation and pellcting

of sced.

My wife for her constant cncouragement and willing

help throughout the study.



This projoct was supported financially by:
Flctcher Holdings Ltd.
1970 Farmers Union Scholarship.
1970 New Zcaland Wecd and Pest Control Society dAward.

1971 Now Zecaland Wood and Pest Control Socicty Award.



INTRODUCTTION

CHAPTER I:

HAPTER II.

TABLE OF CONTENTS

MORPHOLCGICAL CULTURAL AND PATHOGENICITY

STUDIES
Ao THNTRODUCTION
B, MORPHOLOGICLL STUDIES
C. CULTURAL STUDIES
(1) Gross Colony Charnctoristics
(2) Growth Studics
(a) Influcnce of media tyre
on growth
(b) Influcnce of temperature
on growth
(¢) Influecnce of media pH
on gsrowth
D. PATHOGENTICITY STUDIES
(1) Scedlings
(2) Maturc plants
B, CONCLUSIONS

A.
B.

P.MEDICAGINIS AS i SEED-BORNE PATHOGEL

INTRODUCTION
A CONSIDERATICH OF HEALTH SCREENING
METHODS
Tl TNTRODUCTICN
II. THE MOIST BLOTTER TEST
(a) Tomperature
(b) Light Regime
(e) Blotter Pad Moisture Level
(d) Porcentage Humidity Within
The Germinator

26

32
35

46

52

55
53
58
59
60

64



IIT,

I‘IO

CONTENTS continued

THE AGAR PLATE TEST

(2) Incubation Tomperaturc

(b) Incubation Time

(¢) Sccd Germination Within The
Arer Pleto

(a) Activity Of The Saprophytic

Micrchial Sced-Bornce Floro

(1) Type of modia

(2) Role of zntibiotics in
tlie arar plate test

(2) C:hemical pretroatment of
scad

(4) Pesitioning of the sced

witkin the nger plate

SURETNING COF LUCERNE SEED FOR
TULGLL PLTHOGENS OTHER THAN

P.IMDICACIIITS

STATE OF HZALTH OF COMMERCIALLY

AVATLABLE ZUCLRIE SEED
THE SFFECT CT J,.1TDIC.GINTS QO SEEDLIHG

DEVELOPMENT

I.
IT.

IiT.

IV‘

TITRODUCTION
GINERAL WXZTRIMENTAL FROCEDURES
EFFECT Of 2ERGENC

(2) The Simificance of Scod-

Borne Inceculum of P SGcdicorinig

in Inducing Damping-Off

(

¢’

) The Bffect of Temperature on
Dorping-0ff Induced by Secd-
Borne Inoculum cf
PMcdicaginis

(¢) Overall Discussion

MECIHANISH IVOLVED IN SEEDLING
ATTACK

67
69

69

69

oA
A o

i



APPERDIX

AFPENDIX

APPENDIX

APFIIDIN

L

ITT

Iv

CONTENTS continued

METHODS OF CONTROLLING SEED-BORNE
TIOCULUM OF P.!MUEDICAGIIIS

I. THTRODUCTICH

Tl USE OF UIED 8IZE AND COLCUR TO
SEPARATE INFLICTED FROM HEALTHY
SEEDS

ITL. AGEING THE SEED

IV. USsE OF THERATTUTANTS

(n) Effoct Of Ten Fungicides On
The Lovel Of PuMedicoginis In
T

UL B

(b) Further Brperiments Rolating Te
The Possible Commercial
Application Of Benonyl idnd

Mg -
des L LD

(1) Labeoratory assesesrent of tho

sareonte o aetive insredisnt

of lLweneonmyl reguired feor wowal

ceoatrol
(7) Puptotucicity of benonyl and
tidran to luecrne sced ond

sasdlings

(3) Bffuet of honemyl and thiran

-

whon incorporzted in Meeotod
sood" on the level of

Pazedicozinis
V. DISCUSCION

THE NEW ZEALAND HISTORY,AND SYMTOUIATCLOCY
OF SPRING BLACK STEM OF LUCERNE
COMPOSITION [AITD PREPARATION OF CULTURE
MEDIA

COMPOSITION OF AGAR MEDIL USED TO DETERMING
THE EFFECT OF il ON GROVWTH RATE

ITETHOD USED TO CALCULATE BLOTTER MCISTURE
LEVIL

131

133
142
145

145

gILETS;

170

171



APPENDIX V

APPHIDIX VI

APPENDIA VIT

AFPENDTA VIII

BIBLICGRAPIY

CONTENTS continucd

SEED TRANSMISSICH OF FUNGAL PATHOGENS IN
COMERCIAL LUCERIE SIEED

C.LLCULATION COF LINEAR REGRESSION LINE FROM
DATA REFRESENTING DECREASE IV INFECTION
PERCENTLGE OF P.ITIDICAGINTIS AND THE RESULTING
TIICREASE OR DECREASE I SEEDLING IMERGENCE

THE HEAT STABILITY OF BENLATE

TITVESTIGATIONS IHTC PHYTOTOXICITY OF
BENOMYL VEE APPLIED AS A DUST TO THE TESTA
OF LUCERNE SIED

1722



IT.

IIT,

IVH

-‘Jl

VI,

VII.

VIIT.

T
Liva

XTI,

XIT.

XIIT.

£IV.

aVe

LIST OF TABLLS

Page
Thoe arce of lucerne grown in New Zealaond utilized
as hay, silege,cr sced crols. 2
Tunsal sced-borne patiicgens of luccrne known to
cause doenzing-off. T
Pyeniliospore dimensions of l.nedicaninis, 15
Proviously rccoxded pycunidiospere diisensions of
';il’lis‘ 1 6

Influonce of nodia tyse on culiurcl characteristics

of P.ncdicnginis. 22
Provious reports of the level of P.medicazinis
assceinted with lucerme geod. e
The irfluence of blotter noisturz on the expression

of socd infection, 62
T offoet of €.05% 2,4-D in PDA and MA on

colony diaicter of P 1inis,. 72
The cffoet of incorpernting C.05% 2,4~D in MA on

the expressisn of sced infcetion. T4
The offeet of pehicillin and stroptomycin sulphkato
when incorperated in MA on coleny growth of
FPenicdicaginis. 7
he effcet of incorporating streptomycin sulphate and
penicillin (cach 2t 50 p p m ) in MA on the expression

of secd infeetion. 78
Tho offcet of surfacc sterilizing lucerne sced on the

sccd infecticn level. 82
Bffcct of scod position in tho ager plate on cxpression
of P.ncdicaginis. B4
Range in level of transmission of Pe.medicaginis in

sced lines cxamined during 1970 and 1971. 92

Thie effect of fungicidal scod trcatment on cmergence

of lucernc scedlings. 98



£VI.

XViI.

AVITL,

AXT.,

ZXIT.

IAIII.

£XIV.

TABLES continued

The relationship between soil temperaturc and the
time to achieve 50% secdling cnergence from thiroam

dusted ond non-trezted seccod.

Post-cmerronce damping-off attributable to
P.medicazinis in reclation to cnvironmental .

tenperoturc,

The rclationshiy botweon sced colour and percentag

infeection with P.mcedicazinis.

The relaticnship between sced colour and average

secd weight.

The relationship between seed colour and percentoge

‘ormination,

The effoct of duration of storage on pereentase

infection with P.nedicoginis ond seed gernination.

Provioug rcports of fungieide applicotion to

luccrne sced for control of P.medicagzinis.

Effcct of ton fungicides on the level of

P.medicezinis associated with lucernc sccd.

The cffect of benomyl on luccrne scedling

ckaracteristics.
The effcet of thiram on average scedling length.

The cffect of incorporating bonomyl and thiram into
conted seced on the level of infeetion with

2- ne dica_-".‘-‘ini Se

11

115

138

138

138a

144

148

149

154

155

158



110

~
(A ]

LIST OF FIGURES

The uscs and respective preducts of lucernc.,
Lucerne stem naturally infected with P.medicaginis.

Pycnidiospore mass coxuding from pycnidium of
P.pedicaiinis.

Non-septate pyenidicspores of P.modicaginis.

Soptate pycnidiospores of P.melicegsinis.

Cclony characteristics of P.mcdicaginis.

Crystals formed by P.medicaginis on lab. PDA.

Effcet of incubation tonperature om growth of
Penecdicasiinis en Oroid PDA aftor 11 days in the dark.
Tcmyor&turc/growth histosrome of three isolatcs of

«acdicazinis.

jr

Effceet cof temperature on cclony growth,

Growth zf Pe.mcdicazinis on Oxeid FDA adjusted tc differc

i values,

1

18
23
24

29

nt

Apporntus for artificial inceulation of lucerne scodlings

with P.medicnsinis.

T
A

lcthsd used to provide conditions of high humidity teo
lucerne plants.

Symptons expresscd by lucerne sccdlings following
artificial inoculation mg:r/mycolium blocke

Symptons cxprossed on luccrnc lcaves following
artificial inoculation with P.medicaginis.

Symptoms on lucernc lecaves artificially inoculated
witl: P.medicaginis.

Symptoms on lucernc leaves (A) ond stems (B) naturally
infocted with P.medicaginis.

Coponhagen gorminator used for routine noist blotter

tosts.

37

43

44



FIGURES continued

19. Pyenidiz and hyphac of P.medicaginis on festa of

lucerne socd. 66

20. The offoet of vorious concentrotions of sodium 2,4-D
in PDL or colony growth of P.ucdicoginis, Ta

214 Dovulepnent of fungal cclonics from lucerne sccd placod

onn the surfocc of MA witl: penicillin and streptomycin

sulphotc addods 87
22, Grant illustriting thie cffeet of thiran sced treotmont
on seedling cnerzoncc. 101

23 Rate of seclling cmorsence (lines OL259, 4259, OL263,

CL38, OL151, OL272, OL173; CL266; OL175). 104
fo Rate of scodling cmorsence 6 C, 90 C, 14 C, 17 C, 20 C,

25 ). 113

25, Hedicle lumicning cozmscqueont on contact Letweon an
infected testa ond the radiele in tho carly stages of
~vrinaticn. 120

26, Ralielc lesicning conscquent on rotention of tlic testa

(zite of seod infoction) by the radicles 1?1/‘"

27 Eyzocotyl lesioning with inoculun provided by an

unshed testa. 123/124

28, JSotyleden lesions conscguent on infection by myccliun

srowing from an unshed testa. 126

29, Desirm cf glass-faced plastic secd-boxes used to enable

closc cbservation of symptoms on discased scedlings. 127
30. infection of hypocotyl by P.medicaginis. 13Ca

31.  Closc-up viecw of hypocotyl lcsion commonly obscrved in

noist blotter teste. Note clonzated naturc of the

losions., 125
32, Infection of radicle by P.medicaginis. 1370

33, Rate of scedling omersence (pale and derk sced of
scod lincs OL175, OL25¢ and OL263). 139



D

FIGURES continued

Pale and dark coloured lucerne scod.
Development of P.medicaginis from nale and dark sced.

Iffect of concentration of Senomyl on radial growth of

P.nedicominiss

Seel layout on neist hlettor.

The offcet of incerporatin benomyl into MA prior to
nutoclaving for 20 minutes ot 121.5 C on growth of
P.oodicaginis.

The relative hoat stability of bonomyl when incorporazicd

Rate of soedling omorgence (line OL175).

140

140

-
A

—
=]
[

176

Y
—1
O

—
co
-k



INTRODUCTION 1

The area of lucerne (Medicgﬁg sativa L.) in New Zealand
has increased rapidly in recent years as farmers have recognized
the role it can play in farming enterprises (Table I). There

are several reasons to account for this increase:

(i) A gross margin analysis of lucerne as a cash
crop shows a return that is equal to or greater
than for comparable crops such as barley or
peas (Tocker, 19703 Lamb, 19695 Anon., 1970).

(ii) Lucerne has a greater versatility than other
crops as it can be utilized in several ways
to produce many final products (Fig. 1).

(iii) Lucerne provides a more agsured feed supply
than conventional rye grass/clovcr pastures
in those areas subject to droughts and with

light soils (Oliver, 1971).

In parts of the South Island, the area of lucerne grown
is small becausc of the difficulty eczperienced in stand
establishment (Oliver; 1971). The importance of even and
rapid establishment 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 stand establishment in

lucerne:



(1) Nutrient status of the ceedbed; a deficiency in
the cossential mineral nutrients or a soil pH
below 5.2 are likely to result in poor stand
establishment (McFarlane, 1970).

(ii) Scedbed preparation; lucerne seedlings require
a firm, fine, wecd-frce secdbed with adeguate
moisture for successful establishment
(Bonner, 1970).

(1ii) BEfficiency of nodulation with Rhizobium
neliloti Dangeards; non-nodulated seedlings
rapidly show gencral yellowing and poor

growth (Close, Whitelaw, and Taylor, 1971).

Table 1. The area of lucerne grown in Hew Zealand

utilized as hay, silage or sced crops.

|
Year Arca (acres) § Authority
1958-56 144,516 N.Z. Yearbook, 1964.
196869 203,010 Tbid., 1970,
1970-71 300,000 x Meeklah & Allen, 1971.

x ostimate only.



(iv)

3
Discase factor; several fungal pathogens cause
Pre—eneTrgence and/or post-erergence damping-off
in New Zealand, including species of

Fusarium, Pellicularia, Pythium, and Phoma

(Close, 1967). The pathogenic inoculun is
derived from cither scil or seed. As regards
thiz latter aspect, twelve fungal pathogens
of lucerne are knowa to be seecd-borne
(Cormuck, 1945; Leach and Elliott, 19513
Noble and Richardson, 1966). Seven of these
are present in New Zealand (Dingley, 1969),

although only Phoma medicaginis Malbr. et

Roum. (vor. nedicaginis Bocrema) has been
recorded as heing sced-borne in this country

(Matthews, 1970).



Mgure 1. The uscs and respective products of lucerne.

Lucerne » L field crop

r

Plant matter utilized
to producz @ sced crop.

Product is sced.

I

[ S ——

Plant matter stored Plant metter
for further usc as utilized by
stock food. grazing animals.

Products are neat

wool or milk.

l

Plant matter

dchydrated.

Plant mattcr stored wet, and
preserved by production of
C02 by saprophytic organisms.

Product is silage.

Dehydration by
action of sun.

Product is hay.

l

Dehydration by artificial
means.
Products are lucerne

meal or pellcts.




>
In broad outline, the present study was concerned with
ecstablishing the validity of the hypothesis that poor stand
cstabtlishment as cxperienced in Mew Zealand may in part be
consequent on fungal pathogens associatcd with seced at the
time of sowing. That is, such seed-borne inoculum may

induce pre-cucrzence and/or post—energence damping-off.

This hypothesis is tenable in vicw of the following

y

fact

(¢

(1) Overseas work has showm thet several fungal
pathogens, in particular P.ucdiceginis, are
seed-borme in lucerne and may causc danmping-
off (Table II).

(ii) P.medicazinis is provalent in Now Zealand
lucerne crops being saved for sced X.

(iii) Preliminary studies in this laboratory
carlier cstablished that P.medicaginis was
commonly associated with certified lines of

How Zealand produced seed (Wenham, 1970).
More specifically the study involved

(i) cstablishing by morphological, cultural,
and pathogenicity investigations that the
tentative identification of P.medicaginis

on lucerne sced was correct

%  An account of the New Zcaland history of
blackstem of lucerne and a description of the disease is

presented in Appendix I.



(ii) a critical ciamination of methods for the
detection of P.pedicaminis in lucerne sced

(iii) a survey of the health status of
commercially available Neow Zealand
lucernc sced

(iv) an investigation into the significance of
seed-borne inoculum of P.medicaginis on
seedling cnergence

(v) a study of methods of reducing the fungal
inoculunm load associated with commercially

available lew Zealand lucermc sced.



Table 2. Fungzal secd-bornc pathogens of luccrne knowm

-

to cause danmping-off.

Causal Orranisnm

Authority

Blaclzpatch (ccusal organism
never identificd)

Botrytis cincrca Pers,

ex Frico.

Collototrichun trifolii

Bain & Essary

Fusarium Sphe.

Phoma nedicaginis

Stemphylium botryosum Wallr.

Sclerotinia trifoliorum

Drayton and Groves.

Leach and Blliott, 1951,

Zi.ﬂ:opdl -C_'E ;Ll_]..-.t 9 1 966 e

Weber, 1952,

Cormack,; 1945.
Xernkamp and Hemerick,
1253.

Mead, 1953.

Leach, Ceils;, 1960.
Helson, 1955.
Leach, C.l., 1960,

Cormack, 1946,




CHAPTER I

MORPHOLOGICAL, CULTURAL, AND PATHOGENICITY STUDIES




A TNTRODUCTION

Morphological, cultural, and pathogenicity studies
were undertaken to confirm that the causal fungus isclated
from sced, secdlings, and mature plants in the current

investigation was in fact P.medicaginis.

Isolation Techniques

The fungus was isolated to agar using two methods:

(1) High humidity method. Typical lesions with

pycnidia (Fig.2) were
subjected to high humidity for 36 hours, which had the eoffect
of inducing pycnidiospores to escape through the ostiole.
Using a flamed needle and with the aid of a binocular
microscope, the resultant sporc mass (spore blob, Fig.})
was transferred to a drop of sterile distilled water to
produce a spore suspension., Using a flamed platinum loop the
spores werc then streaked over the surface of potato-dextrose
agar (PDA) or malt cxtract agar (MA) and incubated for three
days at 24 C in the dark. If required, monosporous isolates
werc 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.
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Sriall pieces of tissuc (approximately 1mm2) were cut

fronm the margin of lesions and using o sterile needle tip

e ) L
were transforred to a specialized ager mediun (P. 75)

at the rate of five tissue pileces per Scn Potri dish. After

3

incubation for five days at 24 C in the dark, colonies

ermanating from the ftissue piccos were readily recognizable

as P.nedicaginis. Purc cultures were obtained by

o

transferring blocks of

e}

agar with :yeeliunm onto plates of

A
‘ye

3 A
C17t

pa—

her PDA on



Luccrne ston naturally infectcd with

dicasinis.




Figure 3. Pycnidiosporc mass aruding from pycnidium

of P.medicaginis (produced on MA following

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




B. MORPHOLOGICAL STUDIES

Pycnidiosporce features are of major importance in
identifying species belongzing in the Sphaocropsidales. With
regard to P.medicaginis, scveral workers have reported

et

considerable variation in the size, shape, and septation of

12

pycnidiospores, bec they produced on host material or artificial

media (Johnson and Valleau, 1933; Toovey et al., 1936; Schenck

and Gerdcmann, 19563 Ellingboe, 1959a; R¥ssner, 1968). This

is not surprising since it is well established that field
environnental conditions and the nutritional status of agar
exert a considersble influence on spore morphology (Hughes,

19535 Luttrell, 1963; Simmons, 1966).

Accordingly, in the prescnt study observations were
made on the shape, sizc, and scpbtation of pycnidiospores
produced both on host tissues and culture media. In all
cases culturcs werc derived from the same fiecld collections

used in determining spore morphology on host tissues.

Ixperimental Procedure. Naturally infected foliage and seed

samples were subjected to conditions
of high humidity as previously described (P. 8).
Spore blobs which formed over the ostioles of pycnidia were
aseptically transferred to drops of sterile distilled water
to form spore suspensions. This inoculum was used for
determining the morphological features of pycnidiospores
on host tissue, and alsc to preparc monosporous PDA isolates
for spore feature studies on agar. Thesc latter isolates

were incubated for 11 days at 24 C in the dark.
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Results and Discussion. Tho results are summarized in Table

III. On host material the necan
pycnidiospore length variced from 4.2 to 548 microns(u) with
a range over all four igolates of 2.1 to 9.4u. On PDA the
nean pyenidiospore length varied fronm 4.4 to 6.0u, with a
range of 3.4 to 11.6u. Thus it is apparcent that both the
rmcan and range of pycnidiospore lengths werce generally
gimilar, when derived from either host material or PDA. For
individual isclates pycnidiospore length was apprarimately
the same on both host material snd PDA. That is, the isolatoe
with the largest mean length on host material also had the
largest mean length on PDA, and vice versa for the shortest

pycnidiosnores.

The pyenidiospore widths were not recorded because
of tho inaccuracics inherent in ncasuring spores of very
small sizc. However it was cobserved that most were two

to threc nmicrens wide on both host matcrial and PDA.

The pycnidiospore dimensions recorded in the
present study are in general agreement with those of other
workers (Table IV). However Toovey et al. (1936) found 2
nean length of 9.5u on Dox's agar after incubation for 182
days at 5 Cs This result docs not invalidate those
recorded on PDA in this investigation as RSssner (1968)
found that pycnidiospore length increased as incubation
temperature decreased. PFurther Schenck and Gerdemann
(1956), and Ellingboe (1959a) recorded pycnidiospore
lengths on PDA similar to those on the same medium in the

present study.
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Pycnidiosporce shape varied considerably, ranging
from oval to cylindrical with rounded cnds, to straight or
alightly curved (Fig. 4). lost pyenidiospores were guttulate.
Although no specific studies on pycnidiosporce shape were
conducted, the types illustrated in drawings by Johnson and
Valleau (1933), and Toovey et al. (1936) were all regularly
obscrved.

As regards scptation, most isolates had very few
septate pycnidiospores, a finding in general agreenent with
provious reports (Table IV). However one isolate was
located on host moterial with a large preportion of bicelled

spores (Fig. 5). Such isolates appcar to be uncormon.



DPablc III. . Pycnidiospore dimensions of Fe.roddsaminls.
! N Ineubation neulntior Pyenidiosomore lonsth
C Nc newbation | Trcutntion | g T

Isolato No. Iner b

1 o tennorature tinc (microns)
code Subgtrate measurcd torperature | tim

(¢) ! (1&*5} Moan + Selle ! Std.Dove.
i s ey e ifen

CL230 Seed 120 - - 1,18 + 0.05 0«33
QL230 PDA 110 24 11 4. 36 # 0.05 0.30

OL263 Scod 117 = i 4.78

] &
[
2
s
(@]
\J
C

OL263 PDA 120 24 11 4.45

I+
o
>
L
o
]
D

DSIR (a) Sten 110 = = 5.81 ! 5

JDO‘/

1+
o
®
g

DSIR (a) PDA 121 24 11 6.03 4+ 0.11 (I 5

OL279 Sccd 120 < - 5.10 + 0.07 0.71

0L279 PDA 120 24 11 4.71 + 0.06 0440

Keyz
S.E. = Standard Error.

Std., Dove. = Standard Deviation.




Table IV. Proviously rccordcod pyenilicsrore dimensiong of P.ueflien~inis.
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Figure 4. Non-septate pyenidiocspores of L.medicaginis

( sroduced on MA following incubation for




Figurc 5. Septate pycnidiospores of Fomedicaginis
(produced on lesioned lucerne stem subjectod
to high hunidity (approzimately 100%) for
48 hours at room tomperaturc).
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Qe Cultural Studies

A cultural study of the fungus tentatively
identificd ae P.medicaminis was conducted for two recasons.
Pirstly, the cultural characteristics of this fungus were
used to aid itg identification, and sccondly, it was
nocessary to ascertain the nost suitable ager medium and
conditions of incubation to ensure a rapid growth rate in

later cxporimonts.

I. The Influcncc of Hedia Typc on Gross Colony Characteristics

Sixteen agar media were preparcd and pourcd into

e

90 mn gamma sterilized plastic Petri dishes ™. These were
subsequently inoecunlated with a eircular plug of incculum

(4 mm diamector) taken from the margin of an sctively growing
culture and incubated at 24 C for 11 days in the dark. Iach

treatnent was replicated six ftimes. his method of

incculation was followed in all growtlh rote studies.

Obscrvations were made on the following characterss:
(i) Colony colour at the periphery, nedial,
and centre positions.
(ii) Colony shape; outline circular or
irregular,
(iii) Colony delincation; edges entire or

diverse.

“ Details of the media used and their preparation

arc presented in Appendix TII.
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(iv) liycelial densitys sparse, medium, or

(v) hether the mycclium waes raised noticeably
above the agar surfoee; raised or flat,
\vi) Ielative number, size, and distribution
of pyecnidia.
(vii) Mcen pyenidiospore length (4 media only).
(viii) Colony diameter.
The results are summerized in Table V, and indicate
the wide diversity in the observed characters. In no
inutance werc the

ro8s colony characteristice of the

mathogen on twe ditffeorent nedia identical.

Of the sixtoen media coxamined, potato-carrot,
m2lt extracs,; lab. potato-~dextrose, Oxoid potato-dextrose,
and V-8 juicc agars proved the most satisfactory for

culturing F.redicarinis because cach allowed

(i) rapid growth

(ii)  abundant pycnidiospore production
(Fig. 6a)

(iii) ready identification based on the

distinctive colour of colonies (Fig. 6b).

Accordingly in all subsequent experiments three
of these media, malt extract agar (MA), lab. potato-
dextrose agar (PDA), and Oxoid potato-dextrose agar

(Oxoid PDA) werc used.
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The prineciple features of the fungus chserved in
this otudy arc in closc accordancce to the doscriptions of

P.rcdicaginis given by various workers (Jolmson and Vallcau,

19333 Toovey ot al., 1936; Cormack, 19453 Ddmunds and Hanson,

19605 Boerema, Dorcnbosch, and Leffring, 1965)

lote. A featurc of E.gpdicaﬁinis on PDA was the formation

of crystals up to 2 em long in the agar aficr

al

incubation for 3 wecks at 24 C in the dark (Pigs T)s



Table V,

Influence of media type on cultural

characteristics of P.medicaginis,

Type of Colony Relative|Pycnidial|Pycnidial Pycnidiospore Colony
agar Media Colony colour Colony| deline-| Mycelium no. size distribution|length + S.E, diameter
medium pH Fringe | Medial |Centre | shaps | ation density pycnidia microns mm
Potato- 6.0 |white | olive [dark R E medium/flat 1 B W - 55.8
carrot green |olive/
green
Prune 5.0 |white | olive |olive/ R E medium/flat 2 s W = 50.9
green |green
Nutrient| 7.5 |[white/| white/ |white/ R E dense/raised 0 ~ - 2 34,0
cream | cream [cream
Water 6.0 |white | white |white I D sparse/flat 0 - = - 37,7
Malt 5.5 |white | olive/ |dark R dense/flat 1 B W 5.95 + .14 59.9
extract green |[olive
green
Lucerne 7.0 |yellow/| yellow/|cream R E medium/flat 1 S C 5.76 + .14 46,1
seed cream | cream
Czapek 6.8 |white | olive/ |grey R E dense/raised 2 S c 5.06 + .09 523
grey
Lab 5.5 |white | dark brown R E dense/flat 2 B W 5.71 % 172 59.4
potato- olive/
dextrose green
Difco 6.0 [white | mouse |mouse R E dense/flat 2 S W Lh,o0
potato- grey grey
dextrose
Oxoid 6.0 |white |olive/ |[brown R E medium/flat 1 B o - 65.0
potato- green
dextrose
Nutrient| 6.8 |[failed to grow - - - - - = - "
gelatin
V-8 L,5 |white |light [grey" 1 E medium/f)at 2 5 | W g 48,2
juice brown |

2<




Table V., cont,
Type of Colony Relative Pycnidiospore | Colony
agar Media Colony colour Colony | deline-| Mycelium no., Pycnidial |Pycnidial length + S,E, | diameter
medium pH Fringe| Medial | Centre shape ation density pycnidia |size distribution microns mm
Tomato 6.0 grey grey/ | grey/ I E dense/raised 1 5 G - 33.9
juice - red red E : ‘
Milk 6.0 |white/| white/ | white/ R E  |dense/raised 0 & - - 2k.1
cream | cream | cream

Tryptone 745 trans-| mouse | mouse R B dense/flat 0 = = - 35.0
soya lucent | grey grey
Kligler 7.0 mouse | mouse | mouse R E dense/raised 0 a & - 26,4
iron grey grey grey
Key:

Colony shape R = regular, I = irregular,

Colony delineation : E = entire, D = diverse,

Mycelial density: sparse/medium/dense,

Mycelial height raised/flat.

Relative pycnidial numbers : O = absent, 2 = abundant,

Pycnidial size : B = large, S = small.

Pycnidial distribution: C = present in centre of colony only,

W = present over whole of colony.
n

ez



w
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II. Growth Studies

In studics of soveral diverse fungal species,
Brancato and Golding (1953) cstablished thet colony diameter
on artificial media was a reliable measure of the effect of
environmental and nutritional factors on growth. However,
Ellingboc (1959b) when referring specifically to
P.medicaginis stateds

"Colony diancter on PDA in Petri plates is

not always the best measurc of growbth becausc

the method fails to take into consideration
the compactness and fluffiness of the colony".

Ellingboc contended that a superior mecasure of
growth ratec was the dry weiglit of mycclium produced, and for
this rcason conducted his growth ratc trials in liquid shale
culturcss It must be noted that Ellingboe was primarily

concerned with comparisons of growth rate betwecen isolates.

In the present study it appeared justifiable to use
colony diameter as a measure of growth rate because the
comparisons wcre mainly being madce between treatments of one
ipolatec, and not between treatments of several isolates. The
ocxception to this was the cffect of tcmperature on growth rate,

where several isolates were comparcd.

Two measurencnts of colony diameter at right angles
to cach other were madc on cach Petri plate in all growth

studies.
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(a) Influence of media type on growth.

These cuperinents were conducted in conjunction

witl: those on gross colony characteristies (P.T? ),

The results arc cxpressed in Table V and indieate
congsidcrable variation in the rate of growth, being greatest
on Oroid PDL and least on milk zgar. Substantial growth also
occurred on Czapek, lab. PDA, lucernc seced, malt oxtract,

notato~carrot, prunec,and V-0 juice egars.

The cxplanation for the variation in growth rate
can pessibly be attributed to factors such as the acidity,
concentration, and availability of ceortain nutricnts in the
agar ncdia. As regords the latter factor, studies by Mead
(15613 1962a; 1962b) indicate that sucrose, glucose, aspartic
acid, glutamic acid, urca, and potassium nitrate are all
nceessary for P.nedicaginis to sporulate and show growth on

artificial nedia.

(b) Influence of temperaturc on growth.

The effecct of temperature on colony growth was
studied using monosporous isolates on Cxoid PDA in 90 mm
Petri dishes. The plates were inoculated by the method
described carlier (P. 19), and incubated for 11 days

in the dark at temperaturces ranging from 2 to 35 C.

Two scries of studies with different objectives
werc conducted. Firstly, the offect of temperature on
the growth rate and gross morphology of one isolate was

examined, and the seccond study invelved measurcment of
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differentinl cffocts of temperature on the growth rote between

throce isolates.

(1) Fror the rosults prosented in Fig. 8 it is
evident that growth occcurrcd betweon 2 and 32 C, with the
mezimunm at 22 C (also sce Fig. 10). This is in accordance

with provious reports (Poterson and lclehers, 1942; Cormacls,

19453 Hoad, 1963).

At tomperatures up to 7 and above 32 C, the margin
of the colonics was diverse, while from 14.5 to 29 C the
marzins wore entirc. All colonics at all temperatures had
recsular shape. Pyenidia were produced in the temperazurc
ronge of from 14.5 te 29 €, but o previous stuvdy by Cormack
(1945) suggests that colonies at all temperaturcs will
eventually sporulnte with tinc. The pyenidin were largect
in eultures incubated fron 18 to 24 C aad were nost numerous

at 29 C.

Cultures incubated at between 7 1o 24 C were
olive-grcen with whitc margins of varying cxtent. Those
incubated at 2 C were white, while those at 4 C were cream-
white with a white fringe. Culturcs incubated at 29 C were
dark grey with a small white fringe while those at 32 C
were white overall. These colony colour observations closcly

natch those made by Peterson and Molchers (1942).
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(2) The resulte of the study on the variability
between isolates are presented in Fig. 9. The considerable
variation in crnount of zrowth between the threce isolates at
any onc temperoture was similar to that observed by Mead

(1963) in a comparable study.
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(¢) Influence of pH on growth.

Fungi vary in their responsc to the pH valuc of the
growth medium. Some species arc sensitive to a deviation of
one pH unit away from the optimunm, while others can tolorate
and cxhibit growth over o broad pH spectrum. The value of
knowinz the optimum pH and range over which a funzus exhibits
growth is that all growth rate studies can be conducted at
the optimun pH. In addition some agar media can be prejudged
as unsuitable in view of their pH valuecs significantly

deviating from the optimum.

Experimental Procecdure. Buffered Qzoid PDA was modified fronm

its norm2l pH of 5.6 to values between
2 and 8 by addition of either 2NW,iIC1 or 10,HaOH; following
the mcthod used by Milne (1964). Details of thc media and
buffer are presented in Appendix IV. The plates were
inoculatod and replicated as described carlier (P. 19 Je

Incubation was for 11 days at 24 C in the dark.

The influence of media pH on growth was determined
by making two measurcments of colony diameter at right

angles to cach other on cach Petri plate.

Results and Discussion. The results arc summarized

graphically in Fig. 11.
P.medicaginis showed tolerance to a wide range of pH values
with strong growth between pH 4 to at least pH8. Maximum

growth occurred at pH 5.4.
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A cucstionable result was obtained with unmodified
Qcoid FDA, in that growth on this medium was less than that
observed in a provious cxzperiment (P, 22 ). The pH of
the medium in question was only 4.5, whereas the manufacturer's
valuc is 5.6. The slow growth was atiributed to the low pH
of the media. Subsequent studics with Qroid PDA confirmed
the manufacturcr's figure. No cxplanation can be offered on

why this anomaly occurred.

Therc are no previous rcports on the effect of
nmedia pH on growth of P.medicaginis. However; partial
confirnmation of thesc results is provided by Mead (1962a),
who observed that pycnidial production on agar media varied

little between pH3 and 8.
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D. PATHOGENICITY STUDIES

The final step in verifyinzy thot the tentative
identification of the fungus under study as P.medicaginis
involved demonstrating its pathogonicity to lucerne. In

cffecet, this meant completinz the rocquirencnts of "Kochs!

=

postulates". Applied to fungi they are as follows

(Agrios, 1969):
rd

(1) The pathogen rnust be found asscciated with
the disease in all the discased plants
cxanmined.

(ii) The pathogen must be isolated and growm
in pure culturc on nuirient nediay; and its
characteristics described (nOﬂ-obligato
parasites), or on a susceptible host plant
(obligzte porasites) and its appearance and
effects recorded,

(iii) The pathogen from pure culturc must be
inoculated on healthy plants of the samc
species or variety on which the disease
appears, and it must produce the same
discascec on the inoculated plants.

(iv) The pathogen must be isolated in pure
culture again and its characteristics
must be exactly like those observed in

step two.

Pathogenicity tests were conducted using both

seedlings and mature plants.
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Erperinental Procedure. The incculum used was £rom menosporous

isolates originally derived from

lucernc zeed and cultured on either A or PDA.

(1) Secdlings. Sinec a major part of thisc study was an
investigaticn into the role of seed-borne

incculun in causing damping-off, it was imperative to determine

if this funzus was in fact pathogenic on lucernc sccdlings, as

a negative result would obviate the necd for further studies

in thic direction.

The apparatus used in thesc ciperiments consisted of
a teet tube (1.7 = 15 cm) into which was placed a filtor paper
strip (1.5 = 14.5 en), folded such that 2 groove was formed on
which n socd could sorminate (Fige 12)e Iive nl of distilled
water were addod to provide nmoisturc for both germination and

subscquent sccdling growth, and to maintain humidity within

the chember near to saturation. The tube was sealed with
cotton wool and the whole unit sterilized prior to placement

of one seed on the groove.

Ten seceds free of fungal pathogens werc sown on
the "filter paper platforms". When the resultant seedlings
had shed the testa from the cotyledons (approximately five
days) cach was inoculated by placing a mwcelium/agar block
(approximatoly 1mm3) in dircct contact with the hypocotyl.
A similor number of secedlings were inoculated with sterile

agar to act as controls.
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spparatus for artificial inoculaticn of
lucerne ceedlings

S with P.medicacinis.,

Cotten lool Bung

Distilled Water
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The seodlings werce ezamined daily for evidence of

infection.

(2) Moturc Plants. Sarlicr roports indicated considerablc

veriation in the nature of the

inoculum aprlicd to foliage of maturc plants:

(a) Pycnidiosporss suspended in water (Sprague,
1929; Toovey vl al., 19363 Cornack, 1945; Ellingboe, 1959a).

(b) Pycnidiospores suspended in a nutrient solution
(Bantarri and Ronfro, 1662).

(¢) 4oor cultures homogenizod in water (Mead,

1964b).

A conparative study conducted by Bantorri and Renfro (1962)
showsd the netihod using pyenidiospores suspended in a
nutrient zolutien gave moxrc axtonsive and morc rapid
appearance of foliar lesioning thon pycnidiospores suspended
in water. JdAccordingly, in the proesent study spore
suspensions were prepared by flooding citlicr MA or PDA
culturcs of F.ucdicagpinis with a 1% dextrose in sterile

distilled wcter solution. 4 sterile dextrose solution

(1) provided coutrols.

The method of inoculation involved spraying a
pycnidiospore suspension onto foliage of mature plants
which had beecn and subsequently were kept in a high
huridity chaember (Fig. 13) for a period, to allow
infection to take place. It was apparent from

prcliminary cxperimentation that standardization of the



following factors was nccessary in order to ensure

infection:

(a¢) Inoculun concentration. Studics showed that

o pyenidiosporc concentration of at least
50,000/l was nocessary to cause infection.
A concentration of at least 100,000/ml was
used in subsoguent investigztions.

(b) Pretreatnont applied to foliage. Plants were

maintained in conditions of humidity approaching
gaturation for 24 hours prior to inoculation.
This is in linc witl: 2 rccommondation by

Renfro and Wilcozson (1563) who found

increascd infection on rlants thoet were so
pretreatod.

(c) Hupidity. Trials to determine the minimum
period of high humidity nccessary following
inoculation to zllow substantial infection
were conducted. Flants mmintained in
conditions of humidity ncar saturation for
48 hours developed fow lcsions compared with
these so treated for 72 hours. A period of
at least 72 hours was uscd in subsequent

cXperimentse.
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{d) Post-inoculation ciuvironment. Inoculated plants

werce ploced under 2 bench to avoid dircct
sunlight. A siniler practice was adopted by

Cormack (1945).
In summary, the nethod used in foliage inoculations
of maturc plants was oz follows:
Plants which had beon Lcld in conditions of humidity

ncar saturation for 24 hours were atomized to the

s}
j.l‘

oint of munoff with & pyecnidiospore suspension
(108,000/121) in a 1% dartrose solution. The
plants were thon roturned te fthe high humidity
chamber foxr 72 lwours. All plants wereo kept out of
contact with direet sunlight for the duration of
the trizl. Plants spray inoculoted with a 1%

("]

aaxtrose solution served az controls,

Tnoculated plonts were cxamined daily for evidence

of infeetion,.

Rosults ond Discussion. (1) Scedlings. Gencral browning of

tho hypocotyl in the region adjacent
to the mycelium/agar block was obscrved threc days after
inoculation, znd within ten days seedlings had collapsed at
this point (Fig. 14). P.medicaginis was readily reisolated

froa infocted tissues by tlhe method previously described (P, 8).
The pathogenicity of P.medicaginis on lucerne

scedlings confirmed sinilor obscrvations by Cormack (1945)

and Mcad (1953).
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(2) Moturc Plants. Five days after

inoculation numcrous minute dark
lesions could be scon at the edze or middle of the leaflets.
Thesc cnlarged with time,; covontually coaleseing to form
brown to black lcsicns reaching their maxinum size of
3z 2 mm after 14 days (Pig. 15a and 15b). Sore lesions
were zoned. ©Severely infected lecaflets turned yellow
(Fig. 16) and cbscised. {Again, P.medicaginis was readily
reisolated from these lesions by the method described
previously (P. 8 ), so fulfilling the roquirements of "Kochs!

postulates",

Some lesioning occurrecd on the stipules and
peticles of inoculatcd plants but these werce not as nunmerous

as on the lcaflets. Stenm lesion

2

jore not apparent until
such timc that some stems had storted to die, and were then

only cbserved following subjoction of the plant to an

additional poriod of high hunidity for 72 hours.

The gymptonms obscrved on mature plants closcly
matched those observed in the ficld (Fig. 17), and reported
in previous studics (Johnson and Valleau, 19333 Toovey
et al., 19365 Peterson and Meclchors, 1942; Cormack, 19453

Kernkamp and Hcrmerick, 1953).



Moure 13, HMethod used to provide conditions of high

hunidity to luccrae plants.
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Figurc 16. Symptoms on lucerne leaves artificially

inoculated with P.medicaginis.




Figure 17.

ilo

Symptors on lucerne leaves (A) and stems (B)

= |

naturally infocted with P.medicaginis.
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E. CONCLUSTOIS

e ovidence accunulated from the morphological,
cultural, and pathogenicity studics established that the
fungus isoloted from lucerne was in fact P.nediecaginis.

The correct generic ond specific cpithets of this
fungus have Dbeen thic subject of considerable misunderstonding.
The following binomizls or trinonials have beecn ascribed

(Zdrunds ond Honson, 1960; Joncs, 1918):

Svoronema phacidioides Dosm., (1847).

Phona herbarum f.pedicaginun ¥eosts cx Reb., (1852).

Phonz medicazinis Fuckel, (1869).

Ascochyta mediceinis Fuckel, (1869/1870).

Phyllosticta nodicazinis (Fuckel) Sacc., (1884).

Thopa medicacinis Malbre. ¢t Roun., (1886).

Glocosporiun noricaun Secc., (1822).

Diplodina modicarinis Oule, (1903).

Accoci yta imperfocta Fock, (1912).

Ascochyta pisi var. mcdicaginis Sace., (1920).

Phoma nedicgiinis Malbr. ot Roun. (var.

modicaginis Boeroma (1965)).

The explanation for such a large number of binomials

having becn applied may be attributed to the following:



(1) Unawarcness of previous reperts of the same

fungus.
(ii) Hature of tho taxonomic criteria used; in
uodern toreoncnical tlicexry; a physiological

character when usced by itself oy not be used
in spgeios identification, but is of scme
value when uscd as 2 comrlerment to a suitable
morphological character. In addition, all
criteria used must khave proven stability.
Characters such as pycnidiospore length and
the pereontage of septate pycnidiospores as
used by Toovey et al. (1536), 2nd Ednunds

and Hanson (1960) ag evidence that

Fomcdicadnis wae a member of the genus

I

Ascochytc werc shown to be unsteble by

Dllingboe (195%a) and Lossner (1968).

A comparative toxonomic study of tlie funsi causing
blackster: of lucerne and red clover, and the footrot patlicsen
of pea was conducted by Boerema, Dorenbosch, and Leffring
(1955)« Only characters of lmown stability were uscd.
Evidence was provided that the fungi infecting luccrne, red
clover, and pea werc in fact the same species, which could be
divided on the basis of physiological criteria intc two
distinct varieties. One of these mainly attacked luccrne,
and to a lesser extent poo and rel clover, with the

opposite occurring for the other varicty.
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In determining the correct generic position of the

fungus they cmployed tho fellowing characters:

(1) Structurc of the pyenidia.
(2) Modc of crigin of the pyenidiospores.

2

(3) MNature of the pycuidiosporc scptum (if present).

Following cormparison witlk the tyrpe specics of the

form-sencrn Ascouchyta, Diplodina, Phoma, and Phyllosticta

it was ovident that the fungus wos 2 member of the form~

Henus rhchd.
oo

The specific epithet wes determined from the

oldest velid binonizl in the form-— cnus Phoia. Prior to the

atudy by Bocrema, Dorenbesch, and Leffring (1965) the fungus

4
bad been placcd in the form~-cnus Phona on threc cccasions,

hoe oldest of these, P.iorbarum f.oedicaginum West. cx Rab.,

2

(1862) was considered unsuitable bocauso the fungus was too

dissinilar to the type spocics, P.herbarum West., (1852).

Fi

The next oldest name, P.medicoinis Fuckel, (1869) was

a

invalid sinece it was only mentiocnod in conncetion with an

unproven perfect stage, FPleoospera ncdicaginis, Fuckel (1869). The most

rccent name, P.medicaginis Malbr. and Roum. (1886) was
accepted as correct because it accorded full species rank

while roferring unequivocally to the fungus involved.

Varietal cpithets were added to recoguize the

two physiologic types.
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Tho full trincizizls given to the two varietics are:

Phoma medicaminis Melbr. and Roum. (1886) (var.

negicaginis Bocroma (1965)}9 (primarily a pathogcen of luccine
but ciso infeets red clover and pea zlthough to a lesscr

cxtent )

Phoma nedicaginis l21br. and Roun. (1886) (var,.

ninodella (Jones) Boereme (1965)), (primarily a pathogen of
red clover and pea but «lso infects lucerne although to a

lessor cxbont).

In common use the vorictal cepithet of the funsus

inarily pathogenic to lucemc is omitied (Chung and

Wilcozson, 19713 Focke; 1967; Diclason, Lezck, and

Tle none proodosced by Boerena, Dorenbosch, and
Lofiring foxr the funpus on lucernc was ceoecepted in the

present otuty becausc

(i) the criteria uscl te delinit it had boen
skhom to be stable

(3i) the fungus fronm lucernc described by Boscrema,
Dorenbosch, andéd Leffrinz appears to be
identical with that isolated from lucerne

in the present investigation.
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Studies by Cormack (1945) and Moad (1953, 1964a)
indicate that the fungus persists mainly as resting myceliunm in
the tosta, but may alsc te present as a contaminant associated
with infeccted stem, lcaf, or pod debris remairing from
threshing. In no instances were pycnidiospores detected on

thc testa.

The effeet of P.medicaginis on a luecerne crop grown
for the purpose of sccod production was investigated by
Kernkamp and Hemerick (1953). The results indicated that

the sced crop could be virtually destroyed if heavy infoction

occurred during flowering. Considered overall, the seed crop

was affected in sevecral ways:

(1) The quantity of sced, as expressed by total
bushel yield, was substantially reduced.
Further, o larze proportion of the sced
harvested was light and as such was likely
to be screcened out during the sced cleaning
precess, thus also reducing the yield of
"dressed sced".

(2) The quality of the sced was reduced;

(a) those light seeds not drossed out were
of low germination capacity and/or
vigours

(b) a large proportion of seeds in all size
classes were infected. Overall the
infection level of the light weight
sced classes was greater than that of

sced irn the heavier weight groups.



Most sced infection was the result of hyphal
penctration of the pods and subsequent cstaeblishment in the

developing sceds.

It has been esteblished by several workers that
secd-borne inoculum of P.nedicaginis can cause scedling
danping—off (Table II), but the ficld significance of this

has not been deteormined.

In the prescent study investizations werc conducted
on the level, significonce, and possible control of incculun

of P.nedicaginis associated with New Zealand lucernc seed.
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CHAPTER II. SECTION B.

f. CONSIDERATION OF HEALTH-SCREENING METHCDS.

INTRODUCTICH
THE MOIST BLOTTER TEST.
12 AGAIR PLATE TEST.
SCREENTHG OF LUCIZRNE SEED FOR TUNCAL PATHOGENS

OTHER THAN P.MEDICAGINIS.



T TTTROLUCTION .

The developrnent of seced health testing did not

cornonce until 1517 (Weexrsaard, 19%5), althouch it is probable
that the necessity of being able to bhotlh identify infcocted
lincs cnd to determine the levels of infection was rocognized
wcll hefore this. The first routine sced licalth testing was
started in the 1920'z3. The tosting oroccdurcs used have
mainly cvolved within caclh country to suit its porticular
requirencnts, facilities, and personnel (Weble, 1951). 4An
ever liercasiiy; world trade in seceds; coupled witk 2 requirement
by nany overnrients for scod licaltl: coertificates on sced being
inperted zgave risc to 2 nocd to standardize health testing
methods. Since 1857 the committec en plant discases of the
International Secd Testing association (I.5.T.As) has beon

responsible for cnsuring that scoed health testing methods zre

standardized throuzhout the world.

lost sced healtlh testing methods are based on an
cxanination of sceds or sccdlings after 2 period of
incubation under contrelled conditions of temperaturc and
hunidity (Heergaard, 1965). Te be acceptable, a routine
health test nmust satisfy several stringent requiremcnts.

Thesc have boon dofined as follows (de Tempo, 1970):

(1) The pathogen nust be reccoghizablc with
casc and cortainty.

(ii) The nethod rust provide results that
arc reproducible for any one sample

and comparable for different samples.



(1ii)

(iv)

(v)

T'rom

little routine

conducted in the

o gtudy o

Ixecpt in cascs of quarantine inspection,

the results should be informative for the
possible field performance of the secd,
which means tlhet the relaticnship between
lzboratory tecat results and field development
should be closc.

The method should Le simple; cheap, and
quick.

It should beo fit for cmnct standardization

with respeet teo intermational usec.

f the literature it was apparont that

eod lealth screcning of lucerre bhos been

o B - + - Fl
Eazlish speaking

vorld. However, L.S8.T.A.

docs recommend three nonths for detecting Penedicoginis

(Anon., 1266):

(1)

Dircct Inspection; severcly infeeted seed is

brown, flat, and permoated by hyphaes
slipltly infected sced may only have black
lines and dots; these being resting hyphae
and pycnidia.

Blotter Test; sccds are germinated on noist

blotters and camined following nine days
incubation ot 18-22 C under near ultra-
violet (UV) light arranged in a 12 hour
1light/12 hour dark cycle. BEvidence of
infection is pycnidia on seeds and

scodlings and dark lesions on seedlings.
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(iii) Zgzar plate tosts sceds are subjected to a pre-

$reatment of 1% chlorine for ten minutes, and
then set out on PDA or MA prior to incubation
for seven days at 18-22 C preferably under
near UV light in a 12 hour light/12 hour dark
cyclo. Evidence of infection is indicated by
srowth of characteristic dark olive-green

colonies, and by pycnidia on the testas.

Ta=

Irn addition te P.medicaminis, cleven other fungal
natheens of lucsrne are roported as being secd-borne (Loach
and Z1liett,; 12515 Cormack, 1945: Uoble and Richardson, 1966).
Teclinigues Joucribed in the literature for detection of these

ars basically modifications of the three obove methods,

In preliminary screcening trials using the blotter
ond ager nethods,; it scon becane apparent that P.medicaginis
wat the mest curmon pathogen present in New Zealand produced
seede  In vicow of its prevalence and alloged importance when
sced-borne, the presont study was orientated more specifically

towards scroenii for this pathogen.

Hepeated comparative trials using the blotter and
agar nothods initially gave vory variable results. Thus as a
pre-requisite to large scale screening of sced it was first
nccessary to ovaluatc and standardize both the bletter and
azar ncthods. The direct inspection mothod was abandoned as
being unreliable, sinece flat brown secds could be found in
uninfectod lines just as frequently as in infected

lincs.
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IT. THE NOIST BLOTTER TLST

This mothod is based on the capacity of pathogenic
fungl ossociated with sced to induce sirus and/or synptoms on
the seed oo scedling host. Tour cnvironnontal variables moy

potontially influcnce the roliability of this test:

(2) The tomperature at which the germinator operates.
(b) The lisht rogime to which the sceds arc subjccted.
(¢) Tmc ioisturc level of the blotter pads.

(d) The relative lwmidity level within the germinator.

Studies were conducted to determince the optinum
cnvironnental conditions rovealing moaxinum pereentage infecvion

of lucerne sced with P.rnediceginis.

(a) [DTemperaturc. The effcet of tompercturc on discase
cxpresgion is complicated by the fact that we arc dealing with
two biclogical systons; the hest and thic patliogon. Thus the
objective is to decternine the eptinue tenperaturce within the
tenperature grouth range of the host ot vireh naximun sympton
dovelopment occurs. dAgor studies revealed the optimun
temperature for growth on culture media, but this figure may
not nceessarily be optimum for a blotter pathogenicity test on
account of host variation in susceptibility as influenced by
temperaturc. In a field study on the cffeet of temperaturc on
the development and incidenco cf spring blacksten of mature
lucerne plants, Mcad (1963) found it was most prevalent and
developcd most rapidly at 12.5 to 14.5 €, with little discase
development at 20 C; which is near the optinum temperature

for growth of FP.medicaginis on artificial media.
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In the present study, lack of suitable equipment
rreventcd a vrecise deofinition of this host influence. Hence
it was ucecssery to tccopt the 18-22 C temperature rccommendation
of ILeSeTeke The previous study on the level of P.medicaginis
in Now Zcaland lueorce sccd was conducted af 20-21 C

(Tattlows, 1970).

(b) ILight Hogime. The light rogime under which secds arc

cermineted (in particular the near UV wave length) is lmowm to
influence the ability of some fungal specices to sporulate
tlhiroush slowing deown mycelial development and stimulating
spornlation (Limonard, 1966). Since the production of prenidia
o scods and scedlings is in part used in identifying

Jenpdica dinis, o trial wns conducted to determine whether the
nrosencye of o slrong light source supplementing natural light
increooed the nusmoer of sceds and seedlings exhibiting
infoction. Two hundrced seeds of a line previously showm to

be fifected wore cvenly spaced on moist blotters and placoed
under two 40 vatt fluorcscont tubes. For comparison 200 seeds

£ the same linc were similarly incubated but under natural

Whilst thore woere no significant differences in the
percentazge infection; scedlings produced under artificial
light were less cticlated and the testas were more readily
shed fron tho cotyledons. This facilitated the recording of
infection lovels since cotyledonary lesions present were more
casily observed. Subsequent experiments confirmed this

indirect benefit of supplementary light.
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Accordingly, during routine blotter tests two
fluorcncont +tubcs (40 watts) were suspendcd above the
Copenhizon gernminetor and set to provide supplementary light

for thirtoon liours botween 7 a.m. and 8 p.n.

(¢) Blotter Pad Moisturc Lovel. Studies conducted in

Holland by de Tempe and Linonard (1366) showed that for
cortein sccd-borne funsal pathogens o high noisture 1lovel in
the blotter could markedly lower the infection pecrecentazes.
This phenomenon was named the "wet Llotter eifect" (WBE).
Subscquent axporimonts (Limonard, 1567) demongstrated tliat
the VBZ was causcd by antagonism to tiwe pathogen fron the
associzted soced~boxme saprophytic hacteriv, and was nore
ofton Tound in thosc sceds that imbibed woter rapidly at the

conmoncenont of gorminetion, such as small sccded specics.

Mee STRTY s ! aes Ao ooy Dwin e
Thie VED wasg obscrved 170 B nerea, Ascochyte
¥ b 7
S

-1

linicole Naoun. & Vass., and Aldcomicria linicgola Gr. & Sk.
4 ———

et . A\
of flax, B.cincron of lettuce, Altermaric docuci (in) Gr. &

— —————

Sk. and Stomphyliunm radicinum (M., & B.) Neory. of carrot,

Altcrnoria braqg;cjgo]n(Sth.) Wilts. of cobbape, but not for

Fusarium spip. of wlhicat, Holmintlicsporium spp. of barley, and

Phoma linzam (Tode o Fr.) Desm. of cabbage (dc Tempe, 1968).

Linmonard (10 7) found that the bactericl antagonism that
resulted in the WBE was eliminated through addition of the
antibacterial antibiotic terramycin at the rate of 50 parts

per million (ppm) to the water serving as blotter moisture.



61

Because lucerne is a "small secded logume", trials

were conducted to doetecrmine whether the WBE was significant in

he screoening of lucerne sced.

Fxperinental Procedurc. Threc lines of sced were subjected to

a blotter test in dry, medium, and

wet conditions. A "dry blotter! wes onc that was holding its

own dry weight of water, a "medium blotter" was holding twice

its own dry weight of water, ond a "wet blotter" was holding

three times its own dry weight of water. The moisturc of tho

blotters was determined daily and adjusted as necessary

(Lppendixz IV).

Two hundred sceds were camined per treatment.

et

Incubation was for cisht days at 16-22 C in a Copenhagen
& J I g

gorninator (Fig. 18) witk natural light supplomentod by

He

artificial 1lizht for 13 hours daily from two fluorcscent

tubes.

Results and Discussion. The results prosented in Table VII

clearly indicate the cxistence of a

WBE in lucecrnc sced. Accordingly, all subsoguent moist

blotter tests werc conducted on "dry blotters".
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Table VII. The influcncce of blotter moisture on the

cxpression of sced infection.
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i Seed line ; Lovel of P.mcdicaginis (porcent)
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Pigure 18. Copenhagen zerminator used for routine

moist blotter tests.
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(d) Percentege Humidity Within the Gerninator. The rolative

humidity within the Copenlhiz cn germinators was continuously
monitored with a thermohydrogreph end found to Le always ncar
saturation. High humidity levels ore lmown to be conducive to

nuinum ostablishment of infection induced by plant pathozens
(Yarwood, 1956).

Following complction of the studics outlined, the
vet blottur tost as used in this investigotion was standardized

az Tollows:

o

(i) Tiro hundred scods of the line under test are

sct out on blottors (Pige 37).

(ii) Sufficient wotor ig added to double tlhe
original dry wei it of the blotter. The
meigture lovel is cliceked doily thoeroafter
and adjusted cecordinglys

(iii) The tray of sccds is placed in a refrigerator
for four days at 5 C. This is stondard
proactice in lucorne seed pernination studics,
the objective being to maximize germination
porccntaga).

(iv) The secd tray is transferrcd to a Copenhagen
gerninator (Fig. 18) held at 20 C ( + 2).
Hunidity within the germinator is maintained
2t closc to saturation. The sceds have
natural light supplomented by fluorescent

lighting for 13 hours a day.



(v)
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Following cight days incubation within the
germinator, scods and secdlings arc examined
for the prescnce of P.medicaginis (Fig. 19,

25, 26, 27, 28) and other fungal pathogens.



Fizure 19.

Pycnidie and hyphac of P.medicaginis on testa

of luccrne scede.

66
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ITI. THE AGAR PLATE TEST.

This test ubtilizes the sapronhytic growth ability of
scad-borne funoal and bacterinl pathegens, and as such is only
applicablo to those that can be culturcd on artificial nedia.
Seced is placed on tho surface of an agar srowth medium in
Petri dishes, and after scveral days incubation the prescnce
of pathogens is evidenced by macroscopically recognizable
coleonices which heve deovelcoped from inoculunm associated with
the scods.

According to de Toumpe (1963), no one sccd healtlh

tost satisfies every roguiremont in the detection of 2

ot

particular pathozen. A froquently criticized aspeet of the
agar platc test is that rosulis do not distinyuish botweeon
pathogonic and saprophiytic strains within o specics. However,

im bk e

in the prosunt study seoeds on apar werc obsorved to zerminate

rapidly, with pathogcnic spocics prescent attacking either the

radicleo, hypocotyl, cotyladons, or the whols seedling.

In considering tho objective of a secd hoalth test,
onc must dccide whother the result will reflect the actual
pathogenic value of the sced-borne inoculum, or the proportion
of seced with potentially pathogenic inoculum. An individual
sced must be considered as an ccosystem, comprising the host
secd and its microbiota, of which part is the saprophytic and

pathogenic microflora.

While in theory a fungal colony can develop from a

single mycclial strand, this is improbzble unless the
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antagonistic sced-borne saprophytic flora is suppressoed, or
the amount of pathogenic inoculum is sufficiently great to
counteract the antagonists. As a coascquence foctors such as
soil tomperaturc, moisture, and nutrient status must affect
the relative importance of the pathogenic and saprophytic
inocula, thus making it difficult to forcecast the eoffect of
pathogenic sced-borne incculum on the field performance of
sced. For this reason, 2ll agar plate screening of lucerne
secd for P.medicaginis was dirccted to finding the proportion
of secds with some inoculum prescat, while rocognizins this
would not nccessarily sive on indication of the scverity of

infcetion in individual sccds.

Considercd overall, thc rcliebility of the agar

plate test nay be influenccd by soveral factorss

(2) Incubation tenperaturc.

(b) Incubation tinc.

(¢) Sced germination within the agar platc.

(1) Activity of the saprophytic microbial
sced~borne flora,
In this regard, several factors of potential
importance werc considered;
(1) #wcdia types
(2) rolc of antibiotics as a media additiveg
(3) chemical pretreatment of scedg

(4) position of the seed in or on the agar.

Studics were conducted to determine the significance

of cach of these factors.



(2) Incubvation Temperaturc. Since the health testing of

lucerne scecd was dirccted primarily to the detection of
P.pnedicaginis it was importont that the incubation temperazture
be such that it fovourcd roapid dovelopnont of the pathogen

on agzar. The cultural studics indicated that growth ratc

of P.nedicamginis was greatest at 21 C; with a small dcerease
at 18 and 24 C. While it was theoretically preferable to
hold the plates at 21 C, lack of 2 suitable incubator

resulted in all being held at 24 C.

(b) Incubation Time. Dven though many recognizable colonies

of P.nodicazinis had devcloped from sced after five days
incubation, full czpressicn of the inoculum prescnt was not
achioved until 11 days. However in order to safoguard azainst
biased results through tho plates being over-run with specics
of lucor and Rhizopue {which if prescnt could nask

P.nedicoginis throush envelopment of the whole plate), an

4

interin count was made ot cight doys.

(¢) Secod Germination within thc Asar Plate. MWhon lucerne

sceds arce sct out on ogar most germinatc within several days.
Two factors associated with this werc noted that in some
instances could affect the reliability of the agar plate
test. Firstly, adjacent sceedlings sonctimes made contact,
thercby allowing the possibility of cross infection from
discased to healthy secdlings. Sccondly, lucerne sceds
germinate in an cpigeal manner, resulting in the testa being

lifted clecar of the agar by rapid elongation of the
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hypocotyl, thercby givinz risc to the poszibility that inoculun
on the inncr surface of the testa may notv lLiavz sufficient time

to grow onto the azar.

Soveral workers leve overcone these problesis throush
suppressing sced gormination by the addition of sodium 2,4
dichlorophcnoxyacctic acid (2,4-D) to the culturc medium
(Hagborsg ct al., 1950; Kilpatrick and Johnson, 19565 Lloyd,
1959; Wood, 1966). Itc success as a method depends on the
chemical suppressing: germinatien while at the sanc time
having no adverse affect on the growth of the watliogen. In

the prescnt study the possible cpplication of this principle

4 £

to the aszor plate test for F.medicozinis was cxanmined.
Howover it wos first necussary to determine to what sxtent
the addition of 2,4-D suppressed growth and/or nodified
cultural ekaracters of the pathozen, and its effeet on scod

goertination.

(1) Proliminary Studiocs.

ixperinental Procedurc. & onc percent stock sclution of the

sodiun salt of 2,4-D wag preparcd
y

and added to PDA in guantitices calculated to sive final

2,4=-D/agar concentrations of 0.05%, 0.1%, 0+2%,0ond 0.4%.
The 2,4~D/agar mixturc was thon sterilized by

autoclaving at 15 pes.i. for 20 minutes, in accordance with

the method used by Lloyd (1959).

To obscrve the effect of 2,4-D on gecrmination,

25 sceds per treatment were placed onto ngar and incubated
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at 24 C for six days in the dark (only 25 sceds werc uscd per
troatneat as the result desired herc was eitlhier a positive or
negative offect; that is all or not one would gcrminatc).

The effect of 2,4-D on thc growth rate of

Femediciginis was Jletermined by inoculating plates using the
4rn dise mothed deseribed proviously (P.15 ). Incubation was

for six or fourtecen days at 24 C in the Zark.

Observations were made on 7#ross colony characteristics,
and growth ratc was determined by taldngs the average of twoe

dianetric ecolony mecasurenents ot right angles to cach other.

Results. BSeed zermination was not sbserved on any of the
zlates to which 2,4-D had been added. The secds did
oz 2

imbiba water but the radicle fiiled to emerso Trom the testas

The reoults prescented in Fig. 20 indicate that the
addition of sufficient 2,4-D to PDiL to give nn f£inal concentroction
¢f 0.05%p had littlc effect on the growth rote of P.medicayinis,
but et levels above thie it causcd severce roteardation. In a
scecond oxperiment in which 2,4-D was added to both MA and PDA
at the 0.05% lovel, the results confirmed that at this low
concentration it had little or no offcet on growth rate
(Table VIII). PFurther, the gross colony characteristics of
P.nedicaginis were unaffected by the presence of 2,4-D at the

0.05% lovel.
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Figure 20

COLONY DIAMETER (mm)

0 v Y ¥
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2, 4—D CONCENTRATION IN MEDIA (percent)

The effect of various concentrations of sodium 2, 4—D in PDA on colony growth of
P. medicaginis (results recorded following incubation for six days at 24°C in the dark)
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Table VIII. The cffect of 0.05% sodiun 2,4~D in PDA

and MA on colony diamotor of P.meodicaginis

— - B

(incubation for 14 days at 24 C in the dark).

Medinm 2,4~-D conc. Colony diancter

) (porcont) (zim)
! P Bty nono 76
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Tho rolc of 2,4-D in thg aunx vlate tost.

Having showm tlat incorgernting 2,4-D ot low
cenguntraviony in ager nedia suppresdged scud gormination ond
tlint growth of ithe patiogen was woit adverscly affeeted, it

47

renmaincd to domenstrate the application of tho method to

routine agar plats screening.

Zxperinent.l Procedurc. 2,4-D was incorporated in MA to give

a Tinal concentration of 0.05%, before
autoclaving at 15 pe.s.i. for 20 minutes. Malt agar without
additives provided contrels. Two hundred and fifty sceds per
trcatment were dravn from four infceeted lines and placed on

ho agar surfacce prior to incubation for 11 days a2t 24 C in

the daxrk.
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hoorvations were made on tlhie percentage infeetion,

gross colony characteristics of Pe.pedieaginis, and fthe number

of sceds jerminateds

Results and Discussion. The rosults presented in Table IXN,

indicate tliat the addition of 2,4-D to
MA did not give 2 consistent incroase cor decrease in the
infection percentage. That is, in tlhrge lines there was a
acecrcase in the infection lewvel over tho controls whercas in
tho fourtlh linc an incrense osccurred. However in all lines
the proscnce of the clicmicel uniformly suppresscd germination,
thereby preventing botlh tho possibility zf cross contanmination

and clevaticn of the sced before agar cclonization could occur.

s

This cxporimont failed to provide covidence to
support the contention that fthe addition of 2,4-D would
inmprove thoe agor plate test. The rongon for this was that in
some instances the addition of the cliemical had an adverse
cffecct in that the gross colony characteristics wore atypical.
Such an cffoct was not observed in those isolates studied in
the preliminary cxperinents. It was congidercd that tho
poseible benefit arising from the addition of 2,4~-D
(suppression of seed sermination) would be less than the
disadvantage cf the gross colony characteristics being such

that macroscopic identification of colonics would be unreliable.

Accordingly, the addition of 2,4-D to azar was not

adopted in subscquent agar plate screening tests.
q o
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Table IX. The cffecet of incorporating 0.05% 2,4-D in MA

on the cxpression of secd infection

(incubation for 11 days at 24 C in the dark).

' T .
; (percent)
Sced line Malt Agar 0.05% 2,4-D in MA
| f

0L259 } 36 28

d259 ' 20 12
i 11129 2.4 i 40.2
i TL356 i 12 10
R R

(&) Activity of the Saprophyiic Microbial Sced-Borne Tlora.

(1) Ty;c of media.

Mo type of eger radia cn which thoe seeds arc

incubated ¢an merkedly Lifluernce the cxpression of P.medicaginis

ot

through factors such as the nutriont status and pH affecting
the melative growth of “he varicus componcnts of the sced-borne

flora.

The I.8.T.A. rccommends tlhat lucernc seeds be
placed on cither lab. PDA or MA, and incubated for 8 days
at 24 C (Anon., 1966). FHowevor proliminary tests using lab.
PDA showcd this medium was unsuitable for screcning work
because bacterial colonics developed rapidly from the seed and
masked thn presehco of P.medicaginis. On MA bacterial colonies

also developed, but not to the cxtent that P.medicaginis could
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not be distinguished. Malt agar has a lower pH than does
PDA and the reduced bacterial growth on the former nediun

is gonerally attributed to this factor.

(2) Role of cntibiotics in the agar plate test.

Antibiotics have been extensively uscd to suppress
bacterial growth in both the moist blotter and agar plate
secd hoalth tosts. Linonard (1968) rccormended the addition
of terranycin to overcome the bacterial antagonisn that
gives risc to the wet blotter offcct, and de Tempe (1970)
considercd it preferzble to add cither terramycin (25 ppn)
or streptormyein (50 ppua) to agar media for the same purpose.
In the prescnt study an investigation was conducted into the
possibility of adding penicillin and streptonycin sulphate
antibioties to agar to suppress the bacterial flora
assceiated with lucernc sced.

(2) Prelininary studics.

Before the two antibiotics were cvaluated in agar
plate tests on secced lines known to be infected with
P.nedicazinis, it was nccessary to cstablish whether these
were offective in supprossing the seed-borne bacterial flora,
and also if their prescnce in agar nedia affected the colony

characteristics and growth ratc of the pathogen.

Experinental Procedurc. Sterile stock solutions of

streptomycin sulphate and
penicillin were prepared and added in combination to both

Oxoid PDA and MA at rates raleulated +n give final



concentrations of 50 and 100 ppo.

cparatel

y to MA in quantitics sufficic

concaontration -f 50 ppr.

In addition both

76
were added

nt to give a final

To obscrve the cxtont to which the incorporaticn of

antikictics in agar suppreosscd the sapr

(voth fungi and bacteria), a
wag unlzced on the surface of the above

fer 11 deys at 24 C in the dsrk.

The offcct on the pothogen's

A

e

entibioticas (when incorporate

cortbinetion at 50 ppn) was

platos by the 4 Dn dise nethod (Pe19 ).

-
i

ineubatod for 12 doys at 24 in tho

de Yoy - R )
G0 VeI e

wos Ooternined by taidns

rioasurcmonye ot right angles to cach of
addition, obsecrvations werc nade

charactcristics.

5 and Discussions. Both antibioti

in M4 both

CLes

o the (ross

ophytic sced-borne flora
250 sceds per treatnent

nedia ond incubatcd

growth rate of the tws

separetely and in

ictermined through inoculating

All plates were

rke Thoe srowth rate

of two Jiametric colony

Yaia e o =
Her' ¢l oeelh platc. In

cs ovaluated wore

rartially effective in suppressing

the grewth of tle sced-borne bactcrial

causing greater suppression.

flora, with strcptomyein

Woaen incerporated in combination

at 50 and 100 ppn to both Cxoid PDA and MA the offect was

greater than either antibictic alonc.

Since the cxtent of

bacterial supprossion was not increascd by incorporating then

at 100 ppn, in subscquent cxzperimonts the antibiotics were

addcd to give a concentration of 50 ppn.

Wile bacterial

suppression was not noticeably different between MA and
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Oxoid PDA, on the latter medium the saprophytic secd-borne
fungal flora grew more rapidly, so making the detcction of the

pathogen more difficult.

licither antibictic had an c¢ffect on the growth rate

(Table X) or the gross colony characteristics of the pathogen.

Table & The effect of penicillin and streptomycin
sulphate when incorporated in MA on colony
growth of P.nediceginis (incubation for 12 days

at 24 C in the dark).

r_ Antibictic concentration (ppm) i Colony diameter
Streptomyein Penicillin I mn
_ R
56 - é 66
. 50 i 66
50 50 | 66
L {

(b) The usc of ponicillin and stropteryecin antihiotics in

routine agar platec scrcening tests.

From the results of the preliminary studies it was
possible to theorize that the accuracy of the agar plate test
would be improved by incorporating both penicillin and
streptonycin into the MA modium. This hypothesis was tested

using four infected sced lines.



78

Brporinentcl Procedurc. Flates of HMA with streptonmycin and

poenicillin Both incorporated at 50 ppn
wore proparcd. Melt asor without additives provided controls.
Two hundred and fifty sceds por treatnent werce drown from cach
of four infccted 1inosla.d placcd on the ager surfacce.

Incubation was for 11 days at 24 € in the dark.

n

Cheervations were made on the following characters:

(1) Peorcontage infoction with P.modicazinis .

(2) Gross colony characteristics of Po.nmcdicaginis.
—-—hu—u--—-n

(3) RE:itont of the seod-borne bactoriel florn.

Results and Discussion. The addition of penieillin and

stroaptonyein to HA Lad the ¢ffect of
incrcasing the perceatage infection in three of the {four lines
studicd (Tablc XI). Furthor, in 21l =ced lincs the seed-borno

bootericl fleora was cffoetively suppressed, but not eliminated.

Table XI. Thoe cffeect of incorporating streptomyein sulphatc
and poenicillin (caclk at 50 ppm) in MA on the
cxprossion of scod infection (incubation for 11

days at 24 C in the dark).

Scod line Lovel Po.mcdicaginis (percent)

Control S.A. Plus

(114 only) Antibiotics

01,38 8.4 5.2
OL181 3.5 6.0
0L259 7.6 1444
oL272 44 10.2
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The cxtont to which the addition of antibiotics to
agar allows a more accuratc revelation of the percentage secd
infection with P.medicaginis is dependent on the nature and
susceptibility of the associated bacterial species. Although
considerable variation was noted in the bacterial load present
in individual sced lines, in 2ll cases the incorporation of
ponicillin and streptomycin (cach at 50 ppm) greatly facilitated

identification of the pathogen.

Accordingly, the addition to MA of penicillin and
streptonycin sulphate (cach at 50 ppm) was adopted for routine

agar platc screening of luccrne sced.

(3) Clcmical protrcatment of scod.

In ager plating tests it is customary to surface
sterilize sced to inactivate or minimize the associated
saprophytic fungal flora, that in some circumstances can
prevent identification of a pathogen (Neergaard, 19703 de Tempe,

1970).

The most common mcthod involves soaking sced in a
sodium hypochlorite solution (1% available chlorine) for ten
minutes, but for individual pathogens the type and strength of
chemical or soaking time are varied. A second but not widely
used method involves dry heat treatment of seed at 100 C for
onc hour prior to placement on the agar surface (Malone, 1962).
These techniques only have application where the pathogen is
not present as cither a secd contaminant or in the surface

tissues of the testa.
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As regards P.medicaginis, studies by Mcad (1953,

1964a) and Cormack (1945) indicate it is found mainly in the
imner and outcr tissucs of the testa. Thus it is rcasonable

to postulatce that the pretreatmont recommended by I.S.T.A. for
lucerne secd (Anon,, 1966) would reduce the rocorded infection
percentage. Comparative tests werc conducted to establish if
surface sterilizoation of lucorne secd would improve the agar

plate test for P.medicaginis.

Experimental Procedure. The investigation was conducted in

two rhases. In a preliminary study,
100 sceds from a linec knowm to be infected were immersed in a
1% chlorinc solution at room temperature for ten minutes prior
to incubation on MA for 13 days at 24 C in the dark. The
control scries were not treated in any way. Later, 250 sceds
per treatment were similarly soaked for cither one, three, five,
or ten minutes (two lincs), or ton minutes (a further two lines)
before incuvbation on MA for 11 days at 24 C in the dark. The

controls wore as abovee.

Observations were nade on the level of infection

and the extent of the associated saprophytic flora.

Results and Discussion. In four of the five seed lines examined

the infection percentage was reduced
following surface sterilization treatment for ten minutes
(Table XII). Variation in the extent of the reduction most
probably reflected differences in the depth to which

pathogenic inoculum had penctrated the tissues of the testa.
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Tho infection percentage of the fifth line showed a slight
incrcasc which was probably the result of inconsistency in
thie sampling tecimique, ratlicr than any real differcnce
resulting from the trecatnent. Surface sterilization for less

then ton minutes gave inconclusive results.

The extont to which bacteria developed was
unaffected by the treatment. However thore was some reduction
in the saprophytic fungal flora but this was of little
significance as such fungi did not appcar to mask the presence

of the pathogen.

Considering the czbove results, there was no apparcnt
advantage from surface sterilizing sced for ten minutes or a
lesser period. Accordingly, the technique was not adopted for

routine agar platc screening tests.



Table XII.

A ~
the sco

62

The coffect of surface sterilizing lucernc secd on

infecction level (results recorded following

incubation on MA 2t 24 C in the dark).

Sced Hurmber sceds Length of Level P.medicazinis
line per treatment incubation (percent)
(days) Tmmersion time
(minutos)
0 1 3 5 10
OL48 100 13 18 - - - 0
d259 250 11 20,6 22:4 24.4 26.2 2444
4253 250 11 24,5 25,8 25.2 26.2 26.4
ILYT 250 11 40,0 - - = T8
1125 250 11 45.6 - - - 30.8
(4) Pomitioning of the geed zdthin the azer plate.
It was theorized that o morc accuratc asscssment of
thio infection level would be obtained if growth of the acrobic

bactorial sced-borne flora was suppressed by completely burying

the sceds under te

st in agar.

An additional benefit of this

treatment would be to eliminate cross infection as the lacle of

axygen would also

hinder secd pormination.

To test the above Lypothesis an cxperiment was

designed in which the infection level of secd placed both in

or on an agar ncdium was compared.
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Bgperinmental, Procedurc. Two Lhundred and fifty secds per

43,

treatnent from o sced line infected with P.medicaginis wore

placed on or under the surface of the following medias

(1) Unnmodificd MA,
(ii) Malt agar with streptomycin sulphate and
penicillin antibiotics addod (cach at

50 ppm) e
A1l plates were incubated for 11 days at 24 C in
the dark.
Rocords were talken of the numbex of colonies of

Pomodicaginis that developed, the cuzpression of otlicr sced-borne

flors (bacterio and fungi), =ond the cxtent of sced germinction.

Results and Discussion. Tho rosults (Table XIII) indicate

that Lurying

ving seed in agar reduced
the expressisn of the pathogea. The reduction was greater on
vnmodificd MA; than Mi with streptomyein and penicillin added,

thus suggesting that covering sccd completely with unmodified

MA failed to suppress thce bactericl flora.



Table XIII. Effeet of sced position in the agar plate on
cxpression of P.medicaginis (incdbation for

11 days at 24 C in the dark).

Tyue lMedium Pogition of sced Level Puonedicoginis
with agar plate (pereent)

MA On surfacc 12.8

MA Buricd He3

MA 4 On surfacec 10
Antibiotics

A 4 Buricd 8.8
Antibiotics

!

Covorin:: sced with unnodificd IIA reducced both number
and size of tlie bacterial ceolonics emanating from sced. Further,
the incorporation of the antibiotics almost climinated the cxpression
of bactoeria from both buricd and surface plated secds. The
saprophytic fungal flora was not completely suppressed through
covering scccd with MA, as mycclium of Alfornaria spp. and
Penicilliun spp. grew to the agar surfacc from some buricd sceds.
However this was of little significance as thesc do not normally
mask thec presence of P.medicaginis in routine agar plate screening

tosts.



germination

possibility

g5

While most buricd sceds still cxhibited some signs of

very few made contact, thus eliminating thwo

of cross infcction.

The practice of completely buryins sced in agar was

not adopted for routine mced healtl screeoning work for the

following rcasons:

routing

(1)

Tho cxpcrinment conducted did not demonstrate
any advantase in using this nethod for the
detection of P.medicaszinis.

The method was timc consuming, costly in

torms of the anmount of MA uscd, and
difficultics wore expericneced in ensuring cackh
sced mae conplcetely covercd with ager while
s1ill meintaining cven sced distribution
within the platc.

-

The agar plating zmethod as finclly a2doptod for use in

gocd hoalth tests wag as follows:

A random sample of 250 sccds fron the line
under test are sct cut cvenly spaced at the
rate of 25 seeds per plate on MA with
penicillin and streptomycin sulphatce cach
incorporated at 5C ppm.

The plates are incubated at 24 C in darkness.
Results arc rocorded twice; an intecrim count
is madec at cight days and the final at cleven

days. Evidence of sced transmission of viable
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inoculun was indicated by development of dark
grocn/olive coleonies with nurerocus pyenidia
(Fig. 21). The prescncc of other fungal

pathozens was also roceraed.



Fijure 2

L]
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IV, SCREWTING OF LUCERIL SEED FOR FUNGAL PATHOGENS OTHER

THAIT P.ILCDICAGINIS.

While the primary objective ef secrocning lucerne sccd
wag to determinc the lovel of P.medicaginis it was rccognizced
that pathogenic inoculun of otlicr sccd-borne fungi could alsoc

be present. ILowever the two routince lhezlth tosts used did not

necessarily allow the crpression of thosc.

The moist Llottcer test relics on the ability of
pathogenie inoculum asscciated with sced to induce scedling
discance. Bince only sceven of the twelve recerded fungal
sced=-borne patheseng of lucernc are reported to induce

scedling collape (Table II) it is probable thet tho othoer

]

five would not be roadily detected din o blotter test. In

o]

addition, factors such as tlie durction, tempercturc, light
rezime, and tlotter moisture level during incubation would
Lave considerable influcncce on the cxpression of those

A3 e

pobthogens lmcym to induce scedling discasc.

Similarly, in the cgar plate test the expression

7 3 (<]

of pathogens other than P.nedicaginis would bLe limited by

the media type; seced pretrecatuent, and thie length, temperature,

and light rejime used during incubation.

The incidence of fungal sced-borne pathogens other
than P.medicazinis was rccorded. However, it was considered
necessary to conduct separatc tests in order to detect

Verticillium albo-atrum Reinke & Berthold, since an

incubation poriod of longer than 48 hours is reported to
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be conducive to the antagonistic fungal flora to mask its
prescnce (Hoblc, 19?0). A screocning method rccommended by

Noble waso adontods

Incubate scecds on moist dark coloured blotters
for 24 to 48 hours and cxamine for the
characteristic verticillate conidiophore
arrangement. Confirm identification by

streaking out conidia dircetly onto agar.

Twenty-two of thosc seed lines screcncd for
Punedicaginis wore alsc screencd for V. albo-atrum using the

above mothod,



CHAPTER II.

SECTICT C.

STATE OF HEALTH OF COMIERCIALLY AVAITABLET LUCZRME SHED.
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During 1970 and 1971 samples were obtained of 86 sced
lines submittcd by commeorcial firme to the Sced Testing Station
! L 2
Departriont of Agriculturce, Palmerston orth, for purity and
rormination tests. Using tests previously doscribed; the

sanmplos were screcaed for fungal pathogeons.

Eiperinental FProcedurc. The decision wiwtlicr to use the moist

blottor or agar platc test was
governcd by the chroncloesical scquence of their developrient.
The noist blotter test wod standardized first and as a
consoguenice nmoot sced screoening conducted during 1270 was Dby
this methiod, although & nodifiecd agar plato test was used on
sora 25 lines =. Following stendordizetion of the ager plate
test carly in 1971, it was apparent tint this technique was
simpler and less time consuming then the noist blotter test.
As 2 conscquonce only the agzar plato tost was used for roubtino

screcning durin;: 1971.

Twenty-twe seed lines werce zlso cerecncd for

Vorticillium albo-atrunm using tho nmothod outlincd by

Noblc (1970).

Results and Discussion. The resulte arc summarized in Table XIV,

while details of individuwal lines arc

presented in Appendixz V.,

* Dectails of the agar platc test used for individual

lines are rccorded in Appendix V.



91
The survey clearly established P.medicaginis as the
fungal pathogen most prevalent in seed of Wew Zealand origin,
being present in all but two of the 86 lines tested. In

addition, Stomphylium botryosum and Fusarium spp. were observed

in over 50% of the scod lines oxaminods The higher incidenco
of S.botryosun in individual lines screened during 1971 was
attributed to the type of test used, rathor than to an absolute
increcase in the percentaze infeetion. That is, §,botgzosum was
more roadily oxpressed in the agar plate test than in the moist
blotter tost. However, pathogenicity tests (method P. 36 )
showed that only a small percentage of the S.botryosum isolates
from seed were pothogenic to scedlings. All isclates of

Fusariun spp. tested were shown to be pathogenic to secdlings.

In addition to the above pathogens, leptosphaerulina

bricsicna (Poll.) CGrahan and Luttrell was also detected in two
sced lines screcned during 1971. The incidence of this

pathogen was less than one percent in both lines.

No corrclation was obscrved between the level of
infection with Pemcdicaginis and the district from which the

sced samples originated.

V.albo-atrum was not cbserved in any of the 22 lines

tested.

The extent and level of lucernc secd infection by
P.medicaginis detected in the current investigation was
considerably higher than previous New Zcaland and overseas

reports (Cormack, 19453 Meads, 19533 Leach, C.M., 1960;
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HMatthows, 1970). This result nay in part be conscquent on higher
susceptibility (genctic or cavironmentally induced) of the main
Now Zealend lucerne cultivar ('"Wairau') o Penedicasinio, or to

improved methods of scrocning lucerne secd.

Since there was considerable variation botwecn lines
in the level of transmission of Pe.medicogihis it may be
hypothezized tliat this would have greot beoring on the oxtont
to which sced-bornc inceculws: could be of sizmificance in

affceting stand cztablishment.

Tablc XIV. Ronge in level of transmission of Pe.medicaginis

in geed lincs cxamined during 1270 and 1971.
- e o
1
{ Bane irnfection Ho., of lincs !
]
(porcont) 1970 (46 lines) 1271 (40 1ines)

0 2 | 1

045-5 4 ’ 5

o

e

5.1=10 6 10

o

> 2041

0

1




CHAPTER II.

SECTION D.

THE ZrTECT OF PLMEDICAGINIS ON

SETDLING DEVELOPMELT

THTRODUCTICT
GEITRAL EXPERINENTAL PROCLDURES
EFFECT O EMERGEHCE

IECHATISIT IITVOLVED IN SEEDLING ATTACK



I. INTRODUCTION

Hoving shown that patiocgeonic inoculum of
P.nedicaginis was associated with the majority of New Zealand
lucerne scod linces screcned for infection; studics were
undertalten to determine the simificence of this inoculum in
inducing damping-off, OSucl: studies were Jjustificd in view of
work conducted botk in New Zealand (Latch and Greenwood, 1964)
and overseas (Cormack, 1845 Kornkamp and Hemorick, 19533
Moad, 1953) implicating sccd~borne inoculum of P.medicaginis

as o couse of Loth pre-cnergence and post—cmergence danping-off.

Since Canadion studies hnd slowm thet the pathogen cxists cos

strains whieh vary considerably in their pothogenic potentiality
(Mead and Cormack, 1961), it was also nccossary to estcblish
P

whetlhicr inoculun associated with New Zocland sced was

o

sufficicently pathesenic to cffect stond egtablishmont.
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IT. GENERAL EXPERIMENTAL PROCEDURES

Only those nmethods having general application to
thiz chaptor are discusscd. Thoso specific to particular

czperiments ore deoscribed in the relevant section,

Tho influcnecc of P.pedicoginis on secdling development
was determined by comparing the ratec of and total scedling
emcrgence from infected and healthy sceds A standard procedure

was developed to cnsure that

(1) all secds were sown ot the samc depth

(2) sced spacing was cven

(3) all sceds commenced gernination simultancously
(4) scedling cnorgence wag 2 reflection of only

sced vigour.

Prelinminary emergeonce tricls were conducted in a
zlasshouse onvironment using —lastic sced boxes (6" x 4" x 2").
Vermiculitc (grade two agsrogate size) was used as the potting
medium. This proved particularly suitable for the following

rcasons:

(1) Bese of handling.

(2) Relatively inexpensive.

(3) Agzrogates were not formed, thus simplifying
root examination at the conclusion of a trial.

(4) It provided a sterile cnvironment.

(5) Being inert, growth before cmergence reflected
only seed vigour, rather than the nutritional

status of this potting medium.
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(6) Many treye could be moistened simultencously,
thus allowing thosc sceds capable of
gerninatisn bthio opportunity of doing; sc.

(7) Since mointurc is liold within the particles
and not between them; the Vermiculite did not

casily become woter saturated.

Twenty Tive secds were scown per sced box in five
rows cack of five scods; ot a depth of onc inch. Care was
talken to onsurc it the sced sample used was representative

of the line under study. Tle sced boxes werce wmbered i

O

steeping in troys until +lc surface became wniforrly moist.

At specific iantervals counts were made of scedling

cneraonec and the number of scedlings which subsgoguently
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ITI. EFFECT ON EMERGENCE

(2) The Sigmificance of Sced-Borne Inoculum of

P.Medicaginis in Inducing Demping—off

Variation oxists in the gormination capacity of
lucernc sced lines frec of P.medicaginis. Accordingly, it was
not possible to assess the significance of sced-borne inoculun
in any one line simply by comparing the resultant stand
establishment with that of uninfected seed lines. Thus with
cach infected line it was first necessary to determine its
cmergence capacity vwhen free of inoculurn, for comparison with
the cmergence of non~-trcated sced of tho same line. This
requircd some method of sced treatment which would eliminate
tho pathogen without inducing scedling abnormality. In this
regard, scveral workers have shown thiram to be highly effective
whon appliecd as a dust or scak (Cormack, 19453 Mead, 19533
Latch and Groenwood, 1964; Maude ct al., 1969), and this was
later confirmed in the preseut study (P.149). Further, Cormack
(1945) and Jacks (1956) found no ovidence of phytotoxicity when

thiran was applied as a dv=t.

Experimentzl Proccdure. Samples of six infected and three

uninfected seed lines werc treated
with Thiram 80% by thoroughly shoking the seed with a slight
excess of the dust which was later removed by screening through
a wire mesh seive. The extont to which the fungicide reduced

the inoculum load was dciormined hw mlamine 200 seads from

X TWD Thiranm 80 (80% W/W)



cach sample onte HA prior to incubation for 11 days ot 24 €

in the doxk.

The significance of socod-bornc inoculun in inducing
demping=-off was determined by compering thc cmerzonce of
dusted and non-dusted sceds ol lines sowm in Vermiculitc.
Emorgence counts were nade reyrularly until 19 days after sowinz
(czeept line OLAT5 which was recerded until 21 days after

sowing).

Rcsults ond Discussion. The results summarized in Table AV

indicate that in five of the six
infected lines, thiranm sced treatient ove improved emergence
over tlat of the controls. However in all tl:osc lines not
infeetod witl Pemcdicaginis and clso ia ene infected line,
thiran sccd trestment gave deercascd criersence. Sinee ithe
socd wag sowm in o sicrile and inert mediuns the improved
energenes in the majority of the thirem dusted infected lincs
is intoerpretcd as being consequent on inactivation of
pathogenic inoculum asscciated with sced at the tine of sowing.
The decreased ecmergence in the thiram dusted uninfected lines
waeg assuned to be ezprossion of slight plytotoxieity by the
fungicide. Thus it can be theorized that if the
phytotoxicity foctor was climinated, the increasc in

emergence following reduction in the level of P.medicaginis

would have been even greater.



Table XV. The effect of fungicida

seed treatment on emergence of lucerne seedlings.

Seed | Treatment Level seed| Noo| Total no. seed-{ No. live planty Pre-emergence | Post-emergence | Total damping-

line | _ infection | seeds lings emerged after 19 days damping-off damping-cff off losses

code (percent) |som| after 19 days (percent) (percent) (percent)

259 | Non-treated [37.0 200 | 147 +9.5 P

Thiram dusted 6.0 " 166

3259 | Non-treated [37.6 350 | 183 183 +8.6 4+8.6
Thiranm dusted | 8.0 " 213 213 0

263 | Non-treated p2.0 300 | 174 158 b4 5. +10.0
Thiram dusted | 3.5 " 188 183 .

38 | Non-treated P0.0 200 | 175 #2.0 ¥2.0"
Thiram dusted | O LY 179

181 | won~treated [11.0 300 | 205 #2457 eV
Thiram dusted | 3.0 = 213

272 | Non-treated (2.5 300 | 236 =340 E Noam
Thiram dusted | 1.0 L 221

173 | Non-treated |O 300 | 206 I R
Thiram dusted { O \t 205

066 | Non-treated |O 300 | 268 B it *
Thiram dusted | O L 266

175 | Non-treated |O 200 | 146 -8,0 =Bl
Thiram dusted |0 " 130

& Damping-off losses calculated from pre-ecmergence figures only.
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Under the circumstances of this axperiment pre-
¢nergence, rather than post-onergence damping-off was the
moat importont phose of the discase. In no onc sced line did
o significant nuwiber of the cnorged zeedlings subscquently

collansc.

In 211 sced lincgs anslysis of variance aopplied to
the difference in emergence between trestod and non-treated
sced did not indicatc statistical significance. Thus
interpretation of thc results must be confined to a discussion
of trends coscrved.

In considerias the rosults (Table XV), a trend is

T L
S o Yo B B Y

apparent in thot the mogmitude of tho inerease or dccrease

\

in scedling omersence ia any onc linc wae dependent on the

U

cixbent to whielh the infeetion nerconioge was decreascd
felloiring thiren secd breatment. This velatiorship is
illustreted -raphically in Fig. 22. 4 rogression line has
beon fitted to tie avoilable dato (&ctuils arc presented in
Avvendiz UI), but no statistical tests of significance of the
rogrescion cocfficient were possible because it is unclear
whkethor or not the relationship botween the two paramcters is

-

linecr. Further, regression datz based on perecentage changes
is considercd uasuitable for analysis in that form (Searle,
1971). HNovortheless the rezrossion line does illustrate a
trend, thus allowing the dunl effects of thiran on secdling

cniergence to be expressed on one graph. That is, incroascs

in cmergence arc attributed to a reduction in the level of
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P.ncdicoginis associated with the seed, while decreascs in

unererged sccedlings.
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Sced samples of beth treatments fronm five of the
ninc linecs under study were submittod to the Government Seed
Testing Station, Pulnerston North, Hew Zealand, for germination
tests in order to ascortain if the chansged cmergenee pattern
could be detecteds The resulte were inconclusive becausc therc

apnearcd to be no relationship boetween the cmergence and final

wrnination percentage failed

A= o}

germination fisures. Further, the

to reveal phytotoxicity of thiran towards luccrne sced.

In addition to the studice on absolute emergence,
rocords werc ept on the ratc of scedling cnergonce until 19
days from sowing. These arc presented zraphicelly in
Fig. 23 a~i, =ad indicate that tronds obaerved witi totcl
(abeolute) cmergence wore jenerally present from when the first
counts werc made. That ig, if thiram scod treciment gave
increased erergence 12 days aftor sowing then a similar result
was usutlly obscrved from when tice Tirst seedlings nppoared,

and vice vorsa.

While tlc obvious bencfit accruing from control of
tlhic pathogen is cxipressed as increased cmergoncce, furtlor
benefit is probably associatced with the increasc in the
cnergence rate. Onc may speculate that competition with
weed species for light, nutrients, and water by those
secdlings exhibiting morc rapid growth would give the lattor
o compotitive advantaze over slower growing seedlings, and
as n consequence a greater chance of developing into

mature plants.
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The results obtained in the present study support
the conclusion of eaorlier workers that sced=borne inoculum of
Pomedicaginis is capable of causing both pre-omorgence and
post-cricrgonce damsiag-off (Cormack, 1945, EKornkonp and
Hemorick, 1¢53; Moud, 19533 Latch ond Greenwood, 1964), whilc
bearing in mind that tlic results fron two of tlesc studies

nust be considered with coution.

Firstly, tho conclusion rcachod by Mead (1953) was
the result of studics using surfoce sterilized seed
artificially inoculatcd with a pycnidiospore suspension. His
cuergence results are difficult to eveluzte since in the field
gituation the pathogen is located as dormont mycelium in the
tissucs of the teosta, ratiwr then us surfacc-borne
pycnidiosperes. A further neoint is thet in Mead's studies the
inoculur load was likely te te greater than that of naturally
infected sced; theroby conlincing the degrec of dampins—off.

It was for these two reasons that in the prescnt study,
naturally infcoted raethor thon crtificially inoculated sced

was usced in all cmergence oxporimonts.

The cnergence ciperiments conducted by Kernkamp
and Hemerick (1953) were clso unsoundly based, sincc tho
emergence of five infected sced lines was compared without
teking into account genetic differences in the germination
capacity of ocach linc when free of the pathogen. In the
present study this factor has previously becen acknowledged

to be of considercble importance (P. 96).
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(b) Effcct of Temporature on Dompins~off Induced by

Sced-Bome Inoculun of P.medicozinis.

Roesults from the provicus scetion clcarly showed that
a rcduction in the level of P.pnedicaginis ascociated with sced
led to o decrease in the degree of damping-off. Howover

since in =211 instances the percentage inercase in emcrzence
(following secd troatment) was less than the docrease in
pereentage infection of the scod lines, it was clcar thet =211
infected sceds did not nccessarily oxpress damping-off. This
apparent faeilure of all the inoculur: dectectable in routine

secd henltl tests to inducc danmping-off can be attributed to

cither or both of the following factors:

(1) 4 rcasonablc nssumption is that there is
variation in the inoculun load associatod
with individual sccds. Thus onc can visualizo
the situation where in some sceds the inoculum
load (inoculur: potontizl) would be insufficicnt
to induce scodling collaopsc.

(2) The onvironmental conditions prevailing during
the trials worc such that the pathogen was
limited in its ability to causc secdling
discase. ©Studics conducted on cnvironmental
relationships using scedlings (Cormack, 1945)
and maturc plants (Rosemblit, 1950; Roberts,
19573 Mead, 1963) have demonstrated the

fungus was most pathogenic under conditions
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of nearly continuous nmoisturc and at

tenperatures ranging from 12 C to 15 C.

In the present study experiments wore conducted to
determine the cffect of temperaturc on the degree of damping-

off consequent on the use of sced infected with P.medicaginis.

Bxperimental Proccdurc. Samples of thirom dusted and non-

treated sced (400 soeds/treatment)
from one line wore sown in Vermiculite (grade two) by the
method previously described (P94 ), Each series was then
placed in roome held at the following temperatures for the
duration of the cxperiment:s 6 C5 10 C; 14 C; 17 C; 20 C;
25 C. These tempcratures were sclected following a study of
the relevant NHew Zealand literature which rcvealed the average
soil temperaturc at twe inches over the year to range from
0.5 C to 21 C (Gabitos, 1967, 1968, 1970). Additional
figurcs of importance werc the average two inch soil
temperatures for September, October, and November (the three
months in which most lucernc is sown) of 6.2 C, 10.5 C, and

13.3 C respectively.

The temperature of the six rooms was monitored using
thermographs and maximum/minimum therrmometers. These showed
the temperaturc of all rooms was relatively steady with a

maximum deviation of 0.5 C to 1 C from the mean.

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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The cffecetiveness of the thiram seed treatment was

again determined by the agar plate test. The dusted seed had
an infeetion lovel of 3.5% whercas in the non-treated control

the patliogen was detected in 22% of tho secods.

Resulor counts wors taken of the number of cmerged
and live scedlings. Eack experiment was terminated whken
only a fou scedlings werc aprpoaring between counts.

In this scrics of cxperiments it was important
that interpreotation of results be on the basis of an
intcraction betwecn the two living systems involved; nanely
the host sced and essociated pathogenic incculum of
P.modicazinis. Thus it was essential that the response of
the fungus when grown on agzar nedia first be known.
Accordingly, as a preliminary cuzperiment the effect of
tenperature on growtl: of thrce monosporous isolates from the
secd line under study was determined. These reosults arc
prescnted in the form of tompcraturo/growth histograms in

Ficure 9.

Results and Discussion. (1) Dosrec of pre-emergence damping-off

The cffect of soil temperature on the
degrece of pre-cmergence damping-off using thiram trecated sced
is illustrated graphically in Fig. 24 a-f. Since the responsc
to temperaturc was not lincar, interprctation was made with

regard to both living cntities.
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Teats of significance on the data at individual
peints in tine did not roveal statistically significant
differcnces. Henee discussion of tlic results is agein
rostricted to an cvaluation of the tronds represented by the

two curves at cach temperaziurc.

At 6 C the cnorgence from botl dusted and non-trcated
scod was relatively slow with the first scedlings appearing
epprainately 17 days after sowing. The decrcased cmergeonce
conscquent on thiram sced treatment can only be intorpreted
as reflceting thiram phytotaicity, since little growth of the
patlosen on the host would be cxpected at this tomperature in
view of its slow growth on asar nedia at 6 C. This assuncs
hat growth on zzar mediz ot o particular temperaturc provides

some indication of growth on tio host tissues at that

temperature.

The greatest increasc in cmergence consequent on
thiran sced treatment occurrcd with those scedlings grown at
14 C, Thus at this temperature cither the causal fungus was
most pathogenic or the seedlings werc most susceptible to
infection. The pathogen wos previously reported to be most
pathogenic to both scedlings (Cormack, 1945) and mature plants
(Mead, 1963) at a similar temperaturc. It is reasonable to
assunc that P.medieaginis would be pathogenic at 14 C, since
although its growth on agar media at this temperature was
approxinmately half of that cxhibited at 21 C it is probable

that its growth on host tissucs (at 14 C) would still be
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sufficiont to causc infection. Mecad (1962b, 1963) has
attompted to cxplain tlhe high desrec of infection at 14 C

in terms of increascd susceptibility through the different

pathosen ot the expense of the plant.

At 10 C and 17 C the difference in cmergence between
the thiren dusted and non-trcated sccd was small. This is
interproted as being manifestation of a bhalance Letwecn
phytotoxicity of thiram and rcduction in the level of
P.medicaginis giving risc to a decrease and increasec
respectively in seedling cnergence. Thus if the phytotoxicity
factor was climinated, 2 larger incrcase in cmergence in the
thiram dusted trecatnent over the non-treated controls would be

oxpected.

4t 20 C and 25 C thiran sced treatment eventually
gave incrcased cmergence but this advantage was not evident
until ten days after the sced was sown. In interpreting these
rosults it must be noted that the velocity of emergence was
relatively rapid, with greater than 50% energence occurring
within five days of sowing. Thus cven if P.medicaginis was
highly pathogenic at thesc temperatures, it is probeble that
it would not have sufficient time to cause pre-cnergence
damping-off of thosc scedlings that rapidly emerged. The
concept of velocity of cmergence has previously been uscd to
explain why high temperaturc crops are more subject to pre-
cmergence damping-off at low rather than at high temperatures,

whereas low temperature crops often suffer less infection than
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at intermediate or high touperaturcs (Loach, LeDe, 1947).

The figures illustrating diffcerences in cmexrionce

patterne following thiram sced trectnont at various temperatures

can also bo considercd in terms of tho time to achieve 50%

scedling cmergence (T.A.B. 50). These results ore presented

in Table XVIL.
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Table AVI. The rclationship between soil tomperaturc and
the time to achicve 50% secdling cmergence

from thiranm dusted and non-trcated sced.

ru-— Time to ackicve 50%
. Soil temperature gncraonce (days)
E () Thiran-dusted sced — Non-treated sced
|
: 39.6 37.0
10 2%.5 28.0
14 14.6 17.4
17 96 - 10.8
20 5.3 55
25 49 149

Sccdling phytotoxicity at 6 C was clcarly cxpressecd
in that the T.A.E. 50 for thiram dusted sced was 2.6 days
longer than that of the non-trcoted secd. At 14 C the
T.A.E. 50 wvas 2.8 days longer with tho non-treated sced.

That is, the rcduction in the level of P.medicaginis consequent
on sced treatment with thiram led ﬁo an increased rate of
cnorgence. At 17 C the thiram sced trecatment slightly
decrcased the T.A.E. 50, Thus for the 6 C, 14 C, and 17 C
series this method of considering the results was in genecral
agrecment with the cmergence curves. However the differcnces
discornable at 10 C, 20 C, and 25 C did not accurately

refloct the results presented in the rate of emergence

curves for these temperatures. The differences in the
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T.4.Bs 50 2t 20 C and 25 C were small or non-cxistent. This
was attributed to the more rapid velocity of cmergence at
those temperatures not allowing sufficient tine for any
difforcnces to bo manifest, At 10 C the thiram dusted seed
cmorged ot o fastor rate thern the non~troated sced. Seome
inerease in cmorponce was cipected ot this temperature but the
oxtont of the diffcorence wars greater than in the rate of

cricroence curves. Ho oxplanation can be offercd to account

for this recsult.

In the authors opinion the above method of presenting
dat iz dinferiow to xate of cmergense curves becausoe the latter
rathod allows onc to consider rosults from ithe duration of
the experiment, whereas the T.4.B. 50 only cxpresses the
situation at one point in dime. 4As 2 conscquence, in later
emergence cxporiments interpretation was hased on rate of

CIICLEENCE LUIVES.

The cffect of cnvironmental temperaturc on the degree
of post-cnergence damping-off is summarized in Tablce ZVII.
The losses for both the thiram sced treatment and the non-
treated conbrol were again calculated from the difference
between the number of emerged (living and dead) and the
number of living sccdlings at any one point in time. The
degree of post-cmergence damping-off attributable to sced-
bornce inoculum of the pathogen was the differcnce between the
losses calculated for the non-trcated control and the thiram

sced treatment.
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Tie extent of post-cnergence damping-off at 25 C was
groater than at any other tempornture, with nost seedling
collanse cccurriny in tho last eight deys of the cxperiment.
This tends to sunport the carlicr contention that the lack of
carly cxpression of pre-—cmersonce demping-coff at 25 C (P.109)
was consoqueat on the pathogen not having had sufficiont
tine to cttock the uwnermerged scedlings. That is, the dogroe
of post-cnorsenco damping-off at 25 C reflects the ability of

lucerme secdlings to outgrow P.medicariinis in the ton days

immediately following germination, the pathogen only by then

L R

having kad sufficient time to induce scedling collapsc.
Some post-cmorsence damping-off also occurred at
10 C, which was expeceoted since somc growth was axhibited by

Poncdicaginis on 2gar media at this itenporature.

At 6 C no post=cnergence damping-off occurred.
This result was predictable because of the inability of the

pathogen to grow at this tenperaturc,

Post-cnergence damping-off did not occur at 17 C
and 20 C. No explanation can be offcred for the apparent

lack of pathogenicity at thesc temperatures.
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Post-cmergence damping-off attributable to

Pe.ncdicaginis in rclation to environmental

temperaturc.
Post-cnergence
Environmental Ho. No. Wo.days damping=-off
temperaturc Sced scedlings  live after attributable to
(c) troatment cmerged scedlings  sowing P.medicaginis
6 Thiram dusted 208 208 42
Nen-treated 218 218 0
10 Thiram dusted 206 195 31
Non-trcated 206 184 11
14 Thiram dusted 242 = 31
Hon-trocated 220 x E
17 Thiran dusted 273 268 39
Hon-treated 276 274 -3
20 Thiram dusted 280 280 19
Neon~treated 269 269 0
25 Thiram dusted 283 276 19
Non~trcated 265 242 16

%  Post-cmergence damping-off could not be calculated

for cither the thiram dusted or non-trcatoed seced at 14 C because

an inscect attack on large numbers of cmorged secdlings made

accurate recording impossible.
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(¢) Overzll Discussions

In 2 sinilor study in Conada using infocted lucerne
sced (dustod and non~trcoted), Cormack (1945) obscrved that the
denree of pre-cmergence damping-off was greater a2t 11 C and
21 C than a2t 17 C; a recesult in zenoral agrecment to those of the
vresent study. However Cormick also reported that post-
cnergencs damping—off did not cecocur above 17 C, which conflicts
with the results of the present study. The data presented by
Cormacl nust be viewed with caution a8 no mention was made of
the durction of his cxperiments. That is, Cormack's cxperiments
moy have been terminated before the pathogen had sufficient timoe

to inducce scedling collapsc.

In considoring the total data obtained from these
ciperinments it is apporent that the degrec of pre-emerpgence and
post-cmoerience damping-off was marledly influenced by
cnvironmental temperaturc. Thus it is recasonable to assune
that tlie difforences in energence obscrved witlh commercial seed

lincs following sced treatnent (P. 95) would have been greater

had the cxperiments been conducted at 2 soil temperature of 14 C.

Although it was avoarent thot temperature could
marlcedly effeet the degrece of both pre-~cmergence and post-
cmergence damping-off, in no casc did nmore than half of those
sceds infected with P.mcdicaginis cxpress the discasc. Becausc
of the limited nature of thesce cxporiments it was not possible
to draw the conclusion that only some of those infected seeds

detccted in agar plate teosts had an inoculum load
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sufficicntly great to causc damping-off. That is, the
pessibility remoins that undor cortain environmental conditions
all the inoculum detcetable ceuld causc cithoer pre-emorsgeonce or

nost-crmergence domping-off.

It must be explaincd that the above results wore
obtained from glasshousec studies using an inert; sterile
potting medium and do not necessarily 2pply to the field
gitvation. To confirm that sced-borne inoculum of P.medicasinis

doog significantly affeet stond cstoblishment in the field,
requires 2 sorics of outdeoor trizls.

L furthcr point to Lu stressed is thot the prescnt
studics lizve boun solely conecrned with the dogree of scodling

loss conscquent on the use of infoected secd. One may assume

that sced~borng inoculum of P.z

ilcaginis is also of
significonies in providing prdisiry infoction foeiil from which
secondary infection cycles mny dovelop. It follows tha
insetivating sced-borne incculum may bencefit a crop by

improving stond costeblishoent, and by delaying the

establisliment of primary infections.
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IV. ICCILANISH INVOLVED IN SEEDLLNG ATTACK.

In noist blotter sccd health tests using infeeted
sced it was opparent that the radicle, hypocotyl, and cotyledons
could become infected. Further, it was obscrved that such

-

infections occurrcd in the following mannor:

(a) Radiclc. First positive evidenco of gormination is the
cmergeace of the rodicle tip. L4t this carly

stase the rodicle and teste (sito of sced infection) arc in

closc contret, cllowing the possibility of cross infection to

el

the radicle. ©Such infeetion is nonifest as a general browming

=

of the rodicle tip (Fiz. 25), with pycnidia sometimes

developing o the lesioned arca. The radicle may =2lso be
infeeted by 2 sccond ncthold: os gorminction proceeds the teste
uocually bocones frec of the cotyledons ead is cast aside, but
on somc occasions may remain eottoclied te the seedling, clasping
thie radicle. Cross infeetion mey agoin cceur; inducing gencrel
brovmin: of thot rogicn ir dircet contoct with the testa

(Fig. 26). Agein, pyecnidia mey develop on the lesioned tissucs.

Noither of these radicle synmptoms arc very cormon.

(b) Hypocotyl. In some instances tle testa may clasp the
hypocotyl aftor becoming frec of the
cotyledons; allowing cross infection to occur. The resultant
lesions arc usually dark brown or black (Fig. 27 & 31) and
pyenidia mey sometimes develop on thesc infected areas.

Hypocotyl infection was morc cormon than radicle infection.



(c¢) Cotylcdons. ILucornc scod oxhibits copigeal zermination,
the testo beiny cerricd aloft on the
cobyledonss This allews cross infection from the testa to
eitlhwr or both cotyledons, folleocwed by the developrent of
several black lesions which frooucntly coalesce (Fig. 28).
This type of scodling infectiocn was cqually as common as the

hypocotyl infoction.

These obsorvotions sugested that in field sowings,
rodicle and cetyledon infections would be akpressod as pro-—

gniergence domping-off, wlicrens lyvocotyl infeetions would

b i o

Iilkely $o induse pPost-cnorcence Canping-off. The following

susriment uns conducted to dotormince ubkoether this was the

CoTU,
Eoerinentcl Preesdurce an apporatus which would allow

secctling s wns construeted Ly medification of thoe plastic
socd-bogos (5" ¥ 4" x 2") used in previous cmeroence ciperinents,
Onc of the long axis (6") walls was roplaced by inserting a
sloot of slass at 459 fron the vertical (Fig. 29). A second
glass plote was blackened ond ploaced over the first to ensure
that the scedlings grew up towards the light, and was removed

only during scedling cxamination.
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Cotyledon lesions consequont on infection by

nmycelium growing from an unshed testa.
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Torty—-five seeds from o highly infeeted linc were
sown approximately 0.5 inch apart in Vormiculite (grade two)
at 2 depth of one inckh and in physiecal contact with the
glass wall, The epparatus was regularly stecped in trays
of water to ensure that the Vermiculite was always close to
its neisture holding capnaeity. Sceds and secdlings werc

cxamined doily using a2 stercoscopic binocular microscopes.

Izolationg from diseascd tissucs were by the methods

sreviously deseribed (P. 8 ).

Results end Discussion. Twenty-five of the 40 scedlings

cxrhibited symptoms similor to those
described in the noist blottoxr ftest. Three types of attock

were oocin obscerved:

(a) Cotylcdons. Pre-cncrzonce domping-off nost froquently
resulted fron infoction of the cotyledons,

with inoculurm providced by myceliur: Srowing from an unshed

testa (Fig. 32). However, in scveral instances sccdling

cnmergonce occurred following such infection.

(b) Hyopocotyl. The sccond most frequently cncountered
nothod of infcetion occurred when the testa
beeane free of the cotyledons but remained clasping the
hypocotyl. Symptom cxpression then followed in that region
in immediatc contact with the seed coat (Fig. 30 and 31).
Hypocotyl infection was not observed to result in pre-~
cmergence damping-off. However it is theorized that this
could occur if the infection was sufficiently scovere so as

to prevent nutricnt flow within the scedling.
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(¢) BRadicle. Both methods of radicle infoction obsecrved in
the moist blotter test clso cccurred in the
presont study (Fig. 32). Althousk pre-cmergence damping-off
usually resulted the overcll incidonce of this type of

infeceticon was low.

In 211 cases P.modicasinis was readily isolated to
pure culturc from the infeetoed tissucs,

1 5

1lic observation tlat pre-emerocence danping-off
frequently rosulted from cotylecdonary or radiele infeoctions
is inteorpreted as being a funetion of tlhic prosence in thoat
rejicn of meristenatic tissuc concerned with the promotion of
socdling clongntions, Witk radicle or cotyledonary infections
he destruction of wmeristemetic tissuc in or cdjecent to thosc
rogiong will inveriably cause Scedling collapgse, as

clen:otion deponds on the continued zcetivity of thaso cells.
Yozt lyrocotyl infeections wore obsorved to Lo near tho base
ané thus physically isolated from those tissues concerned with
root and sten clongction. 4 o consoquence scedlings so
infected continued to elongate as long as the pathogen did

not causc complote brealtdown of the tissucs in that region.
Howover, infection near the hypocotyl tip would be oxpected to
causc sccdling death through destruction of the apical

neristenatic tissuc.

It is apparcnt that pro-cmergence damping-off was
caused by tho destruction of those meristematic tissucs

concerned with scodling clongation. TFurther, it is postulated
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theat any instance of post~cmersence damping-off would rosult
from infection of tic hypocotyl proventing nutrient flow or
fron woalioning of those tissues concerncd with providing
rigidity.

Th¢ results ond conelusions from this study aro
similer to those rccorded in = previous overseas investigetion

(1fead, 1353).
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Figure 30 , Infection of hypocotyl Ly P.redicapinis,

A+ Whole seedling.
B. Infected areza only.
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Fj_r'ure 32 Tant o) *
g o« Infection of radicle bty P.madiczginls,
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I. ILITRODUCTION.

[

Theoretically there arce o number of ways in which
control of the sced-borne phase of the spring black stem

discase may he offccted:

(a) Scecdlings would be disease frec if sced was sown when

the so0il tomperature and moisturc wore such thet gprowth of

the pathogen wes inhibitod. This assumes thot such conditions
woulé cllow sced gormination to occur. However if the

pathozen wis enly inactivated ratlier than lysed then conecivably

its presonece could later constitute o source of primary

inoculun.

(b) If it is zssumed that tho only cifoct of seed-borne insculum
of Pemecicorinis is to causce scedling domping-off then 2 sinple

control neosurc would involve incrceesin; the sced sowing rate.
Howevor thip mothod cennot ho recommonded until the validity of
the above assumption is denonstrated. Palmer (1971) has showm
thet the sowing rats used by most Wew Zealand farmoers is in
cxzeess of the amount required for successiul stand establishment.
Thus it iz prcbable that a linited amount of damping-coff would

have 2 minimal effect on the resultant cron.

(c) If thosc =zceds morce likely to be infected with E.modicaginis
could be visually identified on the basis of size and/or colour,
then removal of such seeds would provide a practiczl means of

sigmificantly reducing the percentage infection level.
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(d) If tho level of sced infcetion in any one line decreased
with time then a measurce of control would be c¢ffected, provided
sced viability was not significantly impaired by prolonged

storaga.

(¢) Diseasc frec scedlings would develop if the sced sown wes
proviously treated with a fungicide to inactivate seced-borno
inoculun, This assumes that such a ftreatment would not

adversecly affcet the gormination potential of seed or prevent

nodulation with Rhizobium ncliloti.

It wac considered that the latter threc methods
provided thic nost proctical possibilities for control.

Accordingly, citonsive studice woere conducted on each.
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2. USE OF SEED SIZE AND COLOUR TO SEPARATE INFECTED FROM

HBALTHY SEEDS.

It was recasoned that if it was possible to identify
those seeds more likely to be infected on the basis of size
and/or colour, then removal of such sceds would provide a
practical ncans of significantly reducing the percentage

infoeetion leovel.

As rogards sced size, Cormack (1945) reported that
no relaticnshiy cxisted botween size and the lovel of infecticn.
That is, highly infected samples were found in all size classes
of sced oxamined. However, Kernkanp and Hemerick (1953) stated
that whilo some infected sceds could be found in all size
classes, without cxception the lovel of infection was considerably
greater in the lisghtest class. Further, they estcoblished that
infectel sccds in the intermediate and heovy classcs could only

be identified if subjected to a moist blotter test.

This conflict of opinion can be attributed to the
naturc of the scod samples considered in cach study. Xernkamp
and Hemerick used "undressed" sccd samples obtained from
artificially inocluated plants. That is, cach sample compriscd
sced from all classes, including thosc light weight and
shrivelled sccds that arc rcemoved in the "dressing" process.

Conversely, it is probable (but not stated) that
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Cormack ciomined "dressed" scod lines from whiclh both light
weisht and shrivelled sceds had boon removed, leaving a2 class
of heavier sceds. The apnarent conflict between Cormack,
and Kormlionmp and Hemerick is resolved when it is realized
that botli considered that infected sceds in the licavy class

could nct be identificd without conducting further tests.

It is clear from the cbove studies that infected
scods in cormercial scod lines camnot e visually identified
n the basis »of sced sizc. Accordingly, no further

investigotions cn this method wore conducted.

In the literaturc there is also disagrcoment as to
wicther an association cxists between sced celour ond infection.
According to the I.S.T.A. handboolk on scod-borne discascs
(Anon.; 1966), sovercly infectod sceds arc brown, flat, and
perncated by lyohac, while thosc only slishtly infected axe
recognizable by the presonce of black lincs and dots (rosting
hyphac). Converscly, Cormack (1945) found that the pathogen
could be isoloted ag often fron sound maturce soods as from
discolourcd or green sceds., The findings of Kermkanmp and
Hemericlk {1953) wore in asrocmont with those of Cormack,
provided it is ossumed that Cormack used commercial seed lincs

from which light weight and shrivelled sceds had becn removed.

In the present study it was observed that all sced
lines possessed a proportion of pale and dark sceds (Fig. 34).
As a conscquence of this and the apparcnt disagrecment in the
above literaturc, a study was conductod to determine if a

relationship cxists between sced colour and infection percentage.
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BErperimental Procedure. From cach of threc infected and one

uninfected sced lines approximately
1000 of the dorkest and a similar number of the lightost
coloured sccds were separated (Fig. 34). To deteet possible
differcnces in avercge sced weisht ceclh whole sanple was
weished. Fach group of secds was subscquently divided into
sanples of approximately 275, 350, and 375 sceds to enable the

following tests to be conducteds:

(a) The infoction percentage was determined by plating 250
scads to HA and reccording the nunber of colonies prosent

after incubation for 11 days at 24 C in the derk.

() Samples of palo and dark scod fron twe infected and one
uninfeetod lincs werc submitted tc the Government Sced
Testing Station, Palmerston Nortlh, to determince vigour,

percentoge germination, and the proportion of hard, abnormal,

and dead sccds.

(¢) Tho rate of and total cmergence were determined by sowing
300 seeds of both classes from the threc lines to Vermiculite

(grade two) by the method described previously (P.94% ).

Results and Discussion. The results presented in Table XVIII

indicate that within infected sced
lines, dark colourcd sccds arc more likely to be infocted
than palc scods. That is, in each of the three infectod
lines the infection level of the pale seced was considorably

less than that of tho dark secd (also see Fig. 35).
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Mo rclationship was obscrved between sced colour and
the average scod weight (Table XIX). That is, for two of the
lincs cxaominced the weight of 1000 dark seeds was slightly
greater then the weight of 1000 pale sccds, with an opposite
trend for the other two lines. Thus while it is unlikely that
a releotionship cxists betwoen averase seced weight and infection
percentosc, the possibility remains that infection of individual
sceds nmay lLave an cffeect on the weisht of those sceds.

In 211 lines the peorcentaze germination of the dark
sced was lower than that of thie pale sced (Teble XX). This
connot be intorpreted as being thie result of the pale secd
Laving a lower infoction lovel Dbecause the same trend was
otzerved in tle infeeted end uwninfected lianes. The proportion
cf dead sced and abnormel scedlings was considerably srcater in
the doxrk sced class. dgoin this finding connot be corrclated
to percentose infeetion sinee tho same trend occurred with all

areator

v

sced lines. In both infected lines thie dark sced had
vigour then tlhe pale seed, while tlhe oprosite trond occurroed
in the uninfected line. This may be interpreted as being

conscquent on the prosence of the pathogen in dark sced

increasing the rate of germination.

The results of the omeorgence studies are summarized
graphically in Fig. 33 c-c. Little can be drawn from these
graphs as the differences cobscrved between dark and pale sceds
wore not conscquent on the prosence of the pathogen, but rather

on somec property inherent in cach secd class.
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In an overall considerction of these results it is
apparcnt that a relationship cxists betwecn scod infeetion and
sccd colour, but since derk secds can also be found in all
uninfected sccd lincs it is clear thot sced infection by
P.medicaninis does not ncccssarily causc the dark colouration,
That is, dark colourcd sceds cre more likely to be infected
booause the same factor(s) that load to some seeds being a
browvn colour orce also conducive to infection of the pod (or

part thorcof) and its associated sceds.

=1

The ebove results supnort tlhe contention of the
I.8.T.4e (Anon., 1966) thet scvercly infected seeds are browm,
but becausc a propertion of sceds in uninfeeted lincs are
similarly colourcd the cuthor is opposed to their reccommendation
thet sced colour be usecd as o means of identifying infocted sced
lincs. The obscrvation by Cormack (1945) that the proscnce of
the pathogon in the testa is not reloated to sced colour would
appear to be incorrect, although there is 2 possibility that
in some cultivars of luccrne this offcet may not bc manifost.
Finally, the statement by Kernkamp and Hemerick (1953) that
infectod sceds of the intermediate and heavy weight classes
can only be recognized when germinated on moist blotters
(thus implying that seed infection was not related to seed

colour), also appears to be crroncous.

Because a small proportion of pale sceds are infected,
the practice of separating pale from dark seed was rejocted
as a mecans of controlling the scedling phase of the spring

black stem discasc.
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Tablc XVIII. Tho relationship betwcen seed colour and

pcreentage infection with P.medicaginis.

| Scol lino E Lovel Peomodicaginis (perccnt)

E | Palo scel Darle sced
oL 75 0 | 0
OL18 1.6 Be6

| onesy 12.8 8ed |

| OL263 : 1.5 32

Tablc Alx. The relationshiss Betiicen scod colour and

e e S == I~
AVOITRZC SCOf. WE1 10,

R G ' v
Scol ling ! Wit per 1000 scods
LW
Paly socd Dark sced
] - |
CL175 2iB37 2.324

- ——

OL121 2,263 | 2.194

OL25% 20346 2.441

OL253 2.56C 2.784

[ ——— e — . e 1 S . —
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Tahle AX. The relationship between sced colour and

percontage gormination.

Sced | Sced | Interin | Final { Hard Abnormall Decad
linc | class| _ermination) germination] sced growth sccd
(percentage! (percentage| (por- (per- (por-
in 4 days) | in 7 duys) cnt) cent) cent)
OL175 | Pale 75 86 10 2 2
| i
Dark 34 42 11 11 36
OL259 | Palc 53 16 22 2 0
Daxle 7 71 6 18 5
|
0L263 | Pals 49 70 29 1 0
Dark 57 67 13 15 5
1
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Figure 34, Dark and pale coloured lucerne seed., 140

Figure 35, Development of P, medicaginis fram dark and
pale seed after incubation on MA fer 11 days

at 24 C in the dark.

P =

Pale celeured seed,

o
I

Dark celeured seed.
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3., AGEING THE SIED.

& phononenon observed with nony fungal sccd-borne
discascs is that the porcentase of infeeted sceds docreases
with tine (Zrout, 19213 Crosier; 1939; Cormeck, 19453 Wallen
and Scaran, 1963). Concoivably this could be used to reduce

e level of P.medicazinis asscciated with lucorne sced,
provided sced viability waos not siznificantly zffected. In

2 study on Canadian lucerne sccd Cormack (1945) roported that
the level of P.modicaginis was considerably reduced following
storagje 2% room tenperature in cnvelopes for threc years.
Furthoer, Iic noted thoet no infection could be dotected after a
similor period in those samples thot initinlly had less then

five percent infcetoed secds.

In the prescnt study an iavestigation was conducted
over two yeoars to determine the cxicnt of changes in the
viability of inoculum of P.nedicaiinis associated with
cormerecially available New Zealand lucerne sced. In addition,
rocords were kept of the secd germination capacity and vigour

over the same period.

Experimental Procedurc. No specific cxperiments were conducted

to measure changes in cither infection
percentage or germination with time. Instead, information was
obtained by collating data from studies conducted over 18 months
on two sced lines used extensively in previously described

experiments.



In 211 cascs infoction percentoge wes determined by
placing 250 secds onto the surface of MA and counting the
number of colonics prescent after incubation for 11 days at
24 C in the dark, The germinotion foatures wore dotermined
by subnitting sced to the Governmont Scod Tosting Station,
Palumocraton HWorth. ©Seccd of botl lines was stored in scalod

polytlione begs ot roon temperature in thoe dark,

Results and Discussion. The resulte summarized in Table XXI

confirrn the ecrlior findings of
Cornuck (1345‘ thet scod infection is decreased with time.
The poreentage sermination nlso docreoased somcwhat over tlie
tut was still =bove &

18 nmonthe L vicn obesorvations ccosed.

Sced vigonr us mezsured by the rote of sorminotion increased
over thxe durnticn of the cuverizonts. This is interpreted zas

il ] ol

beins conzoquent on ftle doath of mauy wealt and less viable

Mo preetieal sinificanca of the abeve resulis is
difficult o coscss without conducting: further studies.
However the practice would arpear to Le of limited valuc for
tWwo reasons:

(1) The cost would bc excessive on account of the storage
space required and the anount of capital lying idle.

(2) Total control would not bo effected.



Table XXI. Effect of duration of storage on percentage infection with P.medicaginis and seed germination.

Seed Type June | August | September | December | January | February | March | April| May | January
Line Test 170 170 170 7)) 7 21 "1 71 S 172
0L259 | Germination| 81 71 77 67
(percent)
Infection L 31 35 22 | 29.6 | 14,4 | 3.2
(percent) ,
0L263 Germination 95 68 65
(percent)
Infection 20 22 20.5 | 16.8 1.2
(percent)

L



4. USE OF THERAPEUT/ANTS

Tio method offering thoe best srospects for total
eradication of sced-bornc inoculum of FP.medicaginis was
considercd to be by fungicidal sccd troatmont, since both
Cormack (1945) and Mcad (1953) reported that the pathogen was

present in the inner and outer $issucs of the testa.

A series of cIperiments werc conducted to determine
the cffcet of various fungicides on the level of P.medicaginis
in lucernc socd. Following this, more cztonsive studics were

b ] 1

initiatel to further investizote the noseible commercial

application of the two most promising; chomicals,

(2) The DBffcet of Ten Funzicides on the Lovel of

P.nedicozinis in Seed.

liost of those worliers concerncd with studios on the
secd~borne nature of P.medicasinis have advocated the use of
fungicidal sced trecatment in the form of dusts and/or soaks o8
a means of cradicating the pathogenic inoculum. The chemicels
ovaluated by previous workers and cormonts on their effectiveness
are summarized in Table XXII. It is apparent that one fungicide
(thiram) when applied as a dust provided satisfactory control in
all but one study (Salunska, 1962). As rogerds seed soaking
treatments, Maude et al. (1969) achicved complete eradication
of P.medicaginis by soaking seed in a 0.2% thiram solution at
30 C for 24 hours. Preliminary experiments confirmed Meude's
findings but the technique was considered impracticable as the

soaking treatment impaired sccd germination.
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A modern appreach to econtrol of sced-borne discoses
is Ly incoeotivoting incculum with systomic fungicides. As
rogerds scel-~borne inoculun of F.ncCicarrinis,this wa
orod 2 distinct posvibility in view of findings Dy
Mowle and Tylo (197C) that bonomyl completely cradicoted the
closcly rclaved fungus Ascochy®a pici Lib. fron pea sced.

Pustlior, Her (1972) found henomyl to e cffective ageinst

eatabliclicd infections of Phopa Zeodicasinis vor., pinodellao

 oooz) Docrema and liycosnhacrells pincdes (Berk. ond Blox.)

Vestorsr, in pea seccds.

In the present study roorescentative samplos drawn
fros five infected seed lines wore dusted with ton funsicides.
The ¥ate and metlod of apnlieation of caek fungieide is
doseribel in Table XXIIT: Ton=trecatod sced fron coeh line
arovided coatrols. Thao relative wffoctivencss of coehk
troabziont wen doternined By placins sced onto agor media
(dotboils dn Toblo ZRAIII) prior %o inecubstion for 11 days ab

24 € in the Jdazk.

The results are sresentced in Table XXIIT and can

be summarized as follows:

(1) All trcatments cxzeeopt chloroneb induced
a considcrable rcduction in the lovel of
P.medicaginis.

(i1) Benomyl, thiram, dichlofluanid, and
NF44 werc consistontly the most coffective
fungicides.

It was considered that thirem and benomyl were the

nost suitablc chemicals for further study. Thiran was
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sclected not only because it was highly cffective against
P.nedicaninis (both in the prescnt and previous studies), but also
because this funzicide is known to provide protection azeinst a
wide range of soil-borne pathogens, including pythizcecus fungi
(Konnedy and Brinkerhoff; 1959; Zrcutzer, 1963). Besides proving
to be the mest effective fungicide against P.medicaginis (and
presumably having the capacity to protect against non-pythiacoous
soil-bormc funzal pathogens), benomyl has the additional property
of beins systemic in a wide ronge of plants (Catling, 1969).
Conceivably this latter factor epplies to luccrne, in which case

-
)

prolonged protociion would Be afforded cstoblished seedlings.

(b) Further Experiments Relatin:: to the Possible Commercial

Applicotion of Benonyl and Thiram.

(1) Luboratory asscssment of the concentration of

benomyl reguired for total control.

Thore 2re no reports in the literaturce of loboratory
studics on thc cffectivencss of enomyl ogainst isolates of
P.modicamginis from lucerne. 4Accordingly, this was investigated
using tho poison food bioassay mothod (Horsfall, 1956¢

Torgeson, 1967).

A stock solution of benomyl was prepared and incorporatoed
into Mi (held at 50 C) in quantities sufficient to give final
benomyl/{ﬁ concentrations of 0.25, 2.5, 5, 25, 50,and 125 ppm

(active ingredicnt), and pourcd into 9 cm Petri dishes X,

% A preliminary study was conducted to investigate the
foasibility of adding benomyl to MA before autoclaving in order to

simplify media precparation. Results arc summarized in Appendix VII.



Table XXII.

Previous reports of fungicide application to lucerne:seed.for condrol of P.medieaginis

—

|
IMethod

gri

Rate Comment on
Source Trade name|Common name | Chemical name application |application | effectiveness
i = of treatment
Cormack, | Arasan Thiram Bis(dimethylthiocarbamoyl) Saturation E . Very effective
1945 disulphide % f
Cormack, New impro-|Ceresan N-(Ethylmercury)-p- Saturation I E | Very effective
1945 ved Ceresar| toluenesulphonanilide ! i
1% -~ :
I oH 0 !
Cormack, New Ceresan N-(Bthylmercury)-p- Saturation | = | Very effective;
1945 Improved toluenesulphonanilide - | reduced germination
Ceresan 5% ; g9
Cormack, Semesan Semesan Hydroxy mercuri chloropherol Saturation | o % Reasonably effective;
1945 ; E b= | slight phytotoxicity
| L !
Cormack, Spergon Chloranil Tetrachloro-p~-benzoguinone Saturation ! V™ Reasonably effective;
1945 o o - SN I slight phytotoxicity
Mead,1953 | Arasan Thiram A.S.A. 0.25% of | & Reasonably effective;
seed weight! . slight phytotoxicity
Mead,1953 | Ceresan Ceresan A.S.A. 0.99% of | o ) Reasonably effective;
seed weight! § ' reduced germination
[ = 1 slightly
Mead,1953 | Semesan Semesan A.S.A. 0.25% of : %'ﬁ EReasonably effective
seed weight & 2 |
Mead, 4953 | Spergon Spergon A.S.A. 0.25% of E! 21 iReasonably effective
e .._.,-I_.._..._I.._,- i el s o ey A R A B P 4 e Ve L L T ‘-_—F_sefd_“we_]:g_}}__t ._ § _E s I T L S TPy, |
Welltzieny | N.A. N.A. Mercurous chloride 0.1% solutioqw‘“ ! Prevented nearly all
1958 e e i -‘““*“j;““-*|—““_ifungal and bzsterinal
| Y, lgrowth ]
Saluns'ka,| Granosan {N.A. N+ A. N.A. ! ok oo ' Degree of control
1962 | 8 6 i unsatisfactory.
o P
Saluns'ka,|N.I.U.I. N.A. N.A. N.A. o 5% |Degree of eontrol
1962 F.-I . = 5o . unsatisfactory |
i, “ = S = A foan I e < s i S W S



Table XXII. cont.
Material tested 1 Rate Method Comment on effectiveness
Source Trade name| Common name | Chemical name application | application of treatment
T 1S
Saluns'ka, | Thiram Thiram A.S.A, N.A, L Degree of ¢ontrol
1962 rg 0 & g unsatisfactory.
Latch and | Captan Captan N-Trichloromethylmercapto- Ny, ' Partial control But Hot
Greenwood , b-cyclohexene-1:2 dicarboximide sufficiently so to justify
1964 further consideration,
Latch and |Dichlone Phygon 2,3—Dichloro—1,h-naphOQuinone N.A, Partial control but not
Greenwood, sufficiently so to justify
1964 further consideration,
Latch and Ferbam Fermate Ferric dimethyldithiocarpamate N.A, Partial control but not
Greenwood, sufficiently so to justify
1964 further consideration.
Latch and Phaltan Folpet N- (Trichloromethyl) thio Partial control but not
Greenwood, ’ phthalimide N.A. . sufficiently so to justify
1964 further consideration.
Latch and |[Rhizoctol | Rhizoctol Methylarsenic sulphide + N.A, IS Partial control; seedling
Greenwood, Quinone-oxime-benzoyl- g infection reduced by greater
1964 hydrozone = than 5055 slight interaction
. ® with nodule inducing
B Rhizobia,
Latch and |Thiram Thiram A.S.A, N,4, i Partial control; seedling
Greenwood, 25 infection reduced by greater
1964 “ than 50%; no interaction with
nodule inducing Rhizobia.
Maude et al - Water - - > Level infection reduced;
al., 1969 - slight detrimental effect
RJ? on germination,
A
Maude et Thiram Thiram A.S.A 0.2% e Infection eliminated;
al., 1969 Solution ol germination unaffected but
testa becomes mucilaginous.
Key:
N.A, = Information not available 5
0
A,S5.A, = As stated above »




Table XXIII, Effect of ten fungicides on the level of P. medicaginis associated yith lucerne Seed. 143
[Name of fungicide under test Rate Method Seed Level P.medicaginis (percent)
application |application |sereening [Seed line Seed line Seed line Seed line Seed line
method OL38 OL259 d259 OL263 d263
Trade name |Common name Chemical name
Non- Non- Non- Non- Non-
treated |Treated |[treated |Treated {treated | Treated |treated | Treated|treated | Treated
% seed seed |seed seed seed seed seed seed seed seed
Antracol Propineb N,N-propilen-1,2 bis Baturation X 20 + 35 <+
(zinc-dithiocarbamate) :
Benlate Benomyl Methyl-N-benzimidazol- [1% of seed B ; 4 44.4 3 5
2-yl-N(butylcarbamoyl) |fweight ’ .
carbamate
Benlate Benomyl N D.5% of seed B Y 44.4 | 3.6
weight ’
Benlate Benomyl " 1% of seed c Y 4444 1.2
weight
Benlate Benomyl " Baturation A b ¢ 20 0 35 4
Ceresan Ceresan N-(Ethyl mercury)-p- Saturation A % 20 2 35 10
toluenesulphonanilide
Demosan Chloroneb 1,4 Dichloro-2,5- 1% of seed B T 44.4 |40.4
65-W dimethoxybenzene weight
Domosan Chloroneb " 0.5% of seed B Y
i  edght 44.4 |44.8
buparin Dichlofluanid |N,Dichlorofluoromethyl~ Paturation A X 20 0 35 1
thio NN-dimethyl-Niphen-
lylsulphamide
Methyl N.F.44 Methyl thiophanate Saturation A 2 ) 4 20.5 1.5
Topsin
Rhizoctol- |Rhizoctol Methylarsenic sulphides [aturation A X 20 P 35 ‘x
combi Quinone-oxime-benzoyl-
hydrazone
Sclex Dichlozoline  |3-(3,5-Dichlorophenyl)- [Baturation A 7 00 15 20.5 2,5
: 595~ dimethyl-2,4-oxaz- ; ’
oli%inedione y
Thiram 80 |Thiram Bis(dimethylthiocarbam<+ [1% of seed B
oyl) disulphide eight - :31+6 — e Sk
Thiram 80 |Thiram N aturation A
Topsin N.F.35 Ethyl thiophanate aturation A g 0 0 gg 1?.5 23.5 13'5
Keys + Little effect on level of P. medicaginis.Treatment enhanced growth of X Place 100 seeds on surface of MA. Incubate for 11 days at 24 C in dark.

saprophytic fungal contaminants.

x Treatment favoured growth of saprophytic.contaminants (mainly Penic=

i1lium spp.), masking presence of P. medicaginis.

A Shake seed with fungicidal dust in glass container for 20 minutess
remove excess chemical through sieve.

B Shake seed with fungicidal dust in glass container for 30 minutes.

C Shake seed with fungicidal slurry (75 ml water/0. 11b fungicide)
id glass container for 30 minutes.

Y Place 250 seeds on surface of MA with penicillin and streptomycin antibiotics
incorporated (each at 50 ppm). Incubate as described above.
Z Place 100 seeds on surface of MA. Incubate as described above.
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Malt agur without additives provided controls., All plates
were inoculzted with circular ager plugs obtained from the
nerain of an actively growing nonosporous isoclate using a
4 mm dianeter cork borcer. Tho contrel and cach treatment
werc replicated six times. Tncubation was for 11 days at

24 C in the dark.

To debtormine the extont to which incorporation of
benonyl affccted growth of the pathogon, two dicmetric colony
measurcnents at richt anzles werc nadc on cach plates

e results summarized graphically in Figurc 36
indicate thot benomyl was highly effective azainst

Pencdicarinis to the oxtont that growth was alrost

-4
ot

completely supvpressed ot 5 nom. This confirmed the earlier

1

obscrvations in sccd dustingz trizls vhicl: demonsitroted a2lmost

complute contiel of sceld-borne inoculurn.

(ii) Phytotoxicity of Lenomyl and thiran to

lucerne sced az}g.*_gg_‘o_g..;l.in: e

A theropeutant shiowm to be cffeetive against a
particular pathogen has potential practical application only
if it does not induce phytotaricity in the host species.
Phytotoxicity is usually menifost through such parametcrs
as lowerod gormination, reduced vigour and cmorgenco, or a

larser propertion of cbnormal scedlings.
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Figure 36
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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 obscrved in proeviously described cxperinents
(P. 98 ) thot whon thirem was applied at saturation levels to
the testa of uninfected seced lines tho omergence from
Vermiculitc was slizghtly less than that of non-troated secd.
In similar preliminary cxperiments using benomyl conflicting
results were cbtained on tlhe possible phytotaricity of this
fungicide., That is, whlen applied ot the rate of 0.5 gram
commercial product per 100 grams of secd total cmergence
decreased, but when applicd at one gram of commercial product
per 100 gr&ﬁs of seccd an increase cceurred (Appendix VIII).

N

The above results indicate thot under certein
circunstences thiran end benonyl may induce slight scedling
plhiytotexicity. Before conductings laboratory studies to
assess the coffectiveness of thiram and benomyl in controlliang
scod-bornc inoculum it was essonticl that adversc coffects
conscquent cn the usc of the chemicals be recognized.
Accordingly, the follewing cxperiments were conducted to

clearly define sympton ecxpression of phytotozicity as induced

by benonmyl and thiram.

Experimental Procedure. During agar plate serecning tests

it was observed that seed germinated
rapidly on the agar medium; producing secdlings similar to
those found in the ficld. It was considered that seed
germinating on MA with benomyl and thiram incorporated at a
range of lovels (as in poison food bioassay) would express

evidence of phytotoxicity.
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Benomyl was added to MA (hold ot 50 C) in guantities
sufficicnt to give final concentrations of 0.25, 0.5, 2.5,
5.0, 25.0, 50.0,2nd 125.0 ppn (aetive ingredient). Further,
in orxder to supnress bacterial growth stroptomycin sulphate
and ponicillin antibioties were also added, cach at the
ratc of 50 ppm <. Malt agar with only the twe antibiotics
added provided controls. Two hundrod sceds cach from threc
uninfeeted lincs werc placed on the surface of the antibiotic
agar. Lince CL175 was tested at cight different concentraticns
sf benoryl while lines IL&G wad Aust III werc tested at four
levels. Results werce recorded following incubation for

cight days at 24 € in the dark.

Similar experincnts werce conducted using thiran
incorporated in antibiotic MA 2t 10,50, and 100 ppm (active
ingrediont). Mzlt agar with only the two antibiotics added
oapain provided controls. Two sced lines were cxamined using

125 scedr per treatnent.
Chscrvations werc made on the following:

(i) Percentage pornmination.

(i1) Percentaze of scedlings with etiolated
hypocotyls.

(iii) Percentage of seodlings possessing root hairs.

(iv) Average scedling length (50 measurcd).

X A preliminary experiment indicated that the

antibiotics did not offcct any of tho cheracters under study.



- Table XXIV.: ‘The offcet of benomyl on lucornc scedling

choracteristics.
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benomyl in MA
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,IL3D [OL1T75  hust

TLL

0 I -
line linc

. IL88 | OL175 ; Aust

I1T
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19
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;97-5
|
|
%97-5

98.5
965
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-
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L 0.51 ©
| o |
. o !
I o
] O : O
' a5 |
17 1 87.5
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'.50

0

0

-
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70,5
15
'69.5
1 19
i
'64.5

9

v 97

(a5 il o0}

|
i

i
]
]

81  42.5 ! 46.7

|

!

:75.5 137.8 | 46.5

38 49.4

{4643
5 :50.8 |43.9

42.1

44.8

42.6
42.4
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Regults and Discussion. From the rcsults prescnted in Table XIV

it is apparcnt that at the greatest
concontration (125 ppm) bononyl had no offcct on cither
permination percentage or average scedling length. However
cvidence of phytotaricity was clearly provided by the other
two characters studicd. At concentrations above 50 ppm benoryl
inhibited the fermation of root hairs, and also caused a
distinet etiolation of the Lhypocotyl. It is probable that hoth
these indications cof phytotaxicity would preccde scedling

collapsc.

The incorporation of thiram in MHA hcd no effeet on
sormination porcontasze; the proportion of scedlings with
ctiolated Lypocotyls, or the Jeveloprent of root hairs.

However at the groatest concontrztion (100 npn) thiren caused
a dcereuse in tho average scedling length (Table XV). It is
probable thiat this dindication of phytotoricity would affoct the

rate of and total cmergence of thiram dusted sccd,

Table XXV. The c¢ffect of thiran on average sccedling lengthe.

Concentration Averoge sccedling length
thiram (rm)
(pra ads) Seed line| Seed line
A B
0 T17 68.1
100 60.4 62,8
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(iii) DBifcct of benomyl and thiram when incorporated in

"Coated Sced" on the level of P.medicaginis.

Rocent technological advances hove led to the

doevelopment of new mothods of applying nodulc inducing

Rhizobiun neliloti incculum onto secd. One such technique

invelves coating the secd with poat based Rhizebia inoculum,
followed by a further ceeting with a caleite slurry. The use

an
oI

coated secd" s an creellent opportunity for adding
funrieides cithicr to the ocutor laycr of the ccat or in

micdiate centact with the testa under the caleitfe coating.
In the present study an investiszotion was conducted
to detormine thie desrec of ceontrol conscquent on applying
benonyl and thiram to geod beth sspzretely and in

combination.

Beporinental Procedurc. Sceed pelleting 2nd fungicida

incorporation of two hishly
infoectod lincs werce carriced outb by the Fruitzrower's Chomical
Company, Mopua, Nelson. Benomyl and thiram both separately

and in combinztion wcre applied to sced as follows:
(i) Dircctly to tho testa before coating.
(i1) Incorporated in the calcite coate

Coated sced without fungicides providod controls. The
Tungicidcs werce cach applicd at the ratec of one gram of

commercizl product per 100 grams of sced.

The infection percentage and evidence of

phytotoxicity were determined by subjocting 200 sceds from
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cach trocatment to o moist blotter test (P.64 ). The
idontity of pathogens causing scedling infoction was

dotormined by the tissuc plating tochnique (P. 8 ).

Rosults. From the results presented in Teble XXVI it is
apparcnt that 2ll fungicidal treatments were
cither totally or z2lmoet totally cffective against sced-
borne inoculum of P.medicaginis. Further, all trecatments
either cradicated or reduccd to very low levels other
funpol pathogens present in these two lines. That is, in
no instencc was inoculum of Fusariun spp. detocted; and
thoe lovel of S.botrycsum was less thon 2.5% in all
fungicidal sced treatments (for controls sce Appendix V).
o cvidence of phytotazicity was observed in any
funzicidal treatmont, and tle germination percentage in both

lince was unaffoctod.



Table XAVI. The offect of incorporating benomyl and
ny

thiram into coatcd secd on the level of

infeetion with P.mediceginis.
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Codc| Beod line Trecatmont Level of
infection
(percont
E.modicaqinis)
1 IL129 Controly scod coatcd eonly; no
funsicidel trceatment. 43
2 IL2c Benlate applicd as slurry to the
testa, and sced tlicn cozted. 6]
3 I1129 Thiran-as per treatment (2). 0.5
4 IL12¢ Benleote and thiram applicd as
slurry tc the testo, and sced
then coatcds 6
5 IL12% Apply nornel sccd coating but
with Beonlzte incorporated into
coat. 0
é IL129 is for (5) but using thiran. 0
7 I1129 Benlate and thiran incorporated
in the normal coating. 0
8 | IL315 4s for (1). 2545
9 IL315 As for (2). 0
10 | IL315 As for (3). 0.5
11 IL315 As for (4). 0
12 IL315 As for (5). 0
13 | IL315 As for (6). 0.5
14 IL315 4s for (7). 0
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5 DISCUSSION.

It was presuncd that any measurc adopted for the
control of P.nedicaginis would have to oradicate (rather
than reducc) the infection level, since it is unclear to
whkat exteat sccd infoction can provide primory infection
foeiis For this roason sccd treatment with thorapeutants
was considerced 2 morc practical proposition than control
based on sced colour or the relative longevity of the sced

and pathogon.

While in the prescnt study sced dressings of
benomyl cnd thiram were shown to effeetively control scod-

borne inoculum of P.nolicaginis, S.botryosun, and Fuserium

8DDe, bofore ficld appliecaticn con be reecommondod consideration

must e siven to the following:

(z) BEffcctivencss of honomyl and thiram in
contrelling seil-borne (hs opposcd to
sced~borne) fungal pathogons of luccrne
scedlings.

(b) Effoct of benomyl and thiram on nodulaticn.

(¢) ZEconomics of applying benomyl and thiram to sccd.

(a) Bffcctivencss of Benomyl and Thiram in Controlling

Scil-Bornc Funsel Pathozens of Lucerne Seedlings.

Whon considering control of thce sced-borne and
soil-borne fungal compleix of lucerne it was obviously desirable
that the fungicide(s) applied to seed provide offective
control of all thosc pathogeons capable of inducing damping-

off. Close (1967, 1971) has implicated soil-borne inoculum
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of Fusariun spp. and membors of the Pythiaccac as causing

.

damning=eoff in the Canterbury reosicn, and shown those pathogens

. |

con be contrelled by applying bononmyl and chlorohebd in
corbination to "contod sced" (cach ot the xate of one gram of
commoreial product per 100 grams of sccd). In the prosent
study henormyl was shown to reducce sced-borne inoculum of
P.mediceninis to vory low lcvels, vhercas chloroncb had little
ar ne offeect on the infection level. Thus it was considered
thot thirnm could be substituted for chiloroneh since it is
cffcetive aoniast tho same “roup of soil funsi that chloronch
iz purperted o control, namely the Fythiacoas (Richardson,

o

1954; Konncldy and Brinkorhoff, 1959s Krcutzer, 1963). jele

bonefit aceruins fres using thiranm insteod of chloroneb is
that totel vrndication of P.mcdicasginis would be more probable.

4 further possible boenefit rosulting fronm the usc of

beneomyl is that in vicw of its reported sysicmie activity in

13, 1969), protection may be

3

& wide renre of plants (Catli
afforded edgtablislicd scodlincs against the post-cnorgence phase
cf dampins-off. Thus on the basis of tlic above reasoning it
was postuleted that incorporating benomyl and thiram into

"coated sccd" would more effectively control both the sced-

borne and soil-bornc fungal pathogens.

(b) Effcct of Benomyl and Thiran on Nodulation ,

An inportant consideration whon using fungicidel
sccd dressings on clover or luccrnc sced is that the treatment

must not suppress nodulation by Rhizobium meliloti. Jacks

(1956), and Latch and Greenwood (1964) cstablishod that thiram



applicd as & dust dirccily to the testa did not reduce
nodulation. As regards benomyl, Close, Whitclaw, and
Taylor (1971) ohserved that when incorporated in combination
it chiloronceh into the outer layer of "coated seed',
ncdulaticn was not adversely nifeccted. From thesc studics

-

it wag reasconed thot incorporating benomyl and thiram into

"eoatoed seod" would likewisc not prevent nodulation.

(c) Ieunomicz of Applyins; Benonyl and Thiram to Sced,

&

The messurcs applied for control of any plant discas

ars Jjustificd only if €lic increasce in moactary roturn
consoguent on contrel of that discase ie greater then tho
custr involvedl. Wkile enc ecan roadily aescss the additional
costy so lncurrods thio boneliits aceruing from contrel of the

disuase are maeh mers difficull to msscss.

48 rogerds the ceoancemies of inecorporating: Lonomyl
and tliraw intoe "coated sued", tho only ndditional cost
incurred is the sved trcatment. On tlo credit side are
three possible edvantages. Iirstly, the seed sowing rate
could e lowered as sach sccd would love a greater chance
of developing into a mature plant. Sccondly, the plant
spacing would be more uniform, allowing the possibility of
nexinmun production from the wholc crop instead of a part

thereef. Finally, the cost associated with hand inoculating

seced with Rhizobium meliloti immediatoely prior to sowing

would bo climinated.
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Tt nust be uophasised that in the present study
it is only pessible to nropose that applying benomyl and
thirm to luecerne seccd may be 2 practicel proposition.
Baforc theso neasures could be cdopted for ficld use a

sorics of follow up studics axc roguircd to dotormine

(i) vhothcr sucll treatment would adversely
affoet nodulation
(i1) whother benonmyl is adserpted by the
scodlings
(iii) by a sorics of ficld trials whethor
ko bonefit aecrniny from control of
thc scod-borne aond soil-bhorme pathogenic
fungal flora justifics the cssociated

cost of soud trootnent.



APPENDTX I

THE NIV ZBALAND HISTORY, ‘D SYMPTCHATOLOGY OF

C STI OF LUCLRIG

oo e e T

Hobensive studics Lowo not been éruducted in New
Zualand on spring black ston of luwecrhnes Tho discasc wng firstd
rooordcd in Hlis cemntry by Cunrdnghen (1956). However on
gaFlioy Fonoet 2lgc by CurminTion (1922) en yollow lesf biotel

of lueccrnc couscd by Pyrcnopgzise potiea7inis Fel.; syn.

ascochybn medicoyinis Fel-; syns Plyliosticie

fr = N y T T o B i L 5 . P B Sy - S
(Fel., Szee., could well wofor to the sauo Giscasy, a8 tho

e - - oy = - - 2 -~ A e M Aoy ey 2y
lat%cr pathaser was eodérded by Jang (1916) 28 heing pynonynous
_E.J".-u J? Pl s 0 l- ‘LL..‘._..FD a

aurvey of z=pprolinatcely ong hall ¢f tho 1Inccrne

-

sood lines cortificd in Now Zooland during 1963 Hotthews (1570)
" . 1 ) 1 ks % 4 . = g o ] & Q8. = # 3 - o
cateblinivd Lot P.aocdicominds wos prosont 1n 88 of tho Tires

O, ;: A LR, e W
Vi dovels an 19 2hk: DHeod tos

rons ond aedulation
] »~\~ --‘-.\ SO Ty ol G '-‘_‘<"./'-
1.63 Sen 't i f.L ¥ o el |.J‘} B kv o LirSl v s Tu 4 TOONW GJ\- SIAPES S
Toond s wirile scoveral fomgicides 3i wificantly zoduecd the

amount of iaoceculun asgocictad with luceme secod, all oxocopd

thiran provented nodulation. However: the fungicidal action

of thiron egeinst P.nedicasminisg was net considered sufficicntly

satisifoctory to warrant ite roecouncndation as a routine sced

In an article entitled "Discascs of Luccrne in Few
Zoaland®, Closo (1967) commcnted on spring black stem as

follows:

{E5)
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nma..

Tore is a noud for further work to elucidate its
importance, end te determine tlie usefulnoss of seed
troatoonte for thie contrsl of the seod-borne pha:o
of this discasce and otlor aced-bornc pathogens."

1 tlic courge of tlhic Zroseunvy study spriny black
gben ag olsorved in 21l luccriie creops iaspected by the author,
Blnir (1971) in a survey i 160 Szuth Island luccrnc crops
concluled that this discasc wos "ubiguitous; trace in 2ll areas,
and —rogont in all crops.” Wiile there ore no How Zealand

rcnorts of the spring black ston discasc contributing to

substanticl losses in hLierbaje yiclds, overscas reperts

(TceVo; ot 21., 1536; Jolmgon anl Vallezu, 1:13) indicate thot
soverc infestoticon can result in totcl erop loss.
L)

coeveral authors hove doguctely described thie
syrptonetoloe g of spriny block sten of luccrno. Two such

Jeserinticng oro rocorded Bolopw:

(1) Toovey ot 8les (1‘;_}6)
"On the Stoms. Sunlern lusiong of irremular
shapo, ofton =t the baso of the stipulos, -2% in.
lon;, varying in colour from dark brown to black with
= light brown centre. Pycenidia werc usually prescnt
in the old lesions. Tho lcsions partly or wholly
sirdled the stem, sonetines forming “cankors"
croon, and frequeontly causcd wilting and
death of tho shoots.
On the potioles. Elongated blackish lesions
gimilar to thosc on thc stems; nocrotic zones at

the basc caused the leaves to become prematurcly

ycllow and to wither.
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On the leaf leminoe. Lesions of variable size,
round or irresulnr in sbope,; cither on the edge or in
the middle of the leaflets, dark brown to black in
czlour, occasicnally zoned; scuetimes beconing paler
in the contre with age and sonctimes surrounded by
yellowish hale. The pyenidiz were obscure and werc

net always prescent in thic lcaf lesions. Leoves

boarins many spots ropidly turned yellow and withored.!

(2) Kernkamp ond licmorick, (1953).

"In the enxly Stages of infootion small black
lezicns anpeered on tie loaves and stons. Az they
urresscd, thezu o the leaves ceused profuse
efoliseion. Ton lesiong ¢alorged and coaloscod
durins thc scason wntil the entire stem becano
surrounteC by 2 blaeck shoot! of fungus nycclium,
2l (Mscascd host tissuc. A4t this stage, all the
loaves Lod dropped, jelunclos wad floral parts were

infectcd; and flowers froquontly hod fallen."
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APPENDIX IT

COMPOSITICON AND PREPARATICI OF CULIURE MEDIA.

411 noedic were sterilized by autoeclaving at 15 pes.is

for 20 ninutes imncdiately after preparation.

(2) Potovo-carrot dror

azar 127
carrot 20z

notate 204

uater (Qistilled) 1000ml

The potate and carrot were ceocked sently for one

bour in 500l woter; mnd $he filtrotc rotaincd after stroining

toe minturs thoroush: elecseeloth. The aser was added slewly to

i il sbizred wnidl 21l weg digselveds dny eddibional woter
Pequired Wi Lo Sl

prune infusion 36z

bacto=n ox 152

247 of this mixturc were zusponded in 1000ml distilled

water and boiled to dissolve the nedium,

(¢) Hutricnt Arar

xoid nutrient azer 28z

water (distilled) 1000n1

Boil the solution to dissolve all the nutriont agar.
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(¢) Wuter doar

& L 32
oy mary i
norar 1 ey

mtor (distilled) 1000ml
The oger woas dissclved in kot water before autoeclavingsg.

(¢) Melt Ditroet Ao

nalt citroct (onid) 207
o 25g
wator (distillod) 1000m1

Thc woter was adlded slowly to tho agar/malt extract

mizturs and slhalen boforos autoclaviag.

(£) Lucemic Sced A=ar

luccrne sced 100z
aER 128

weteor (distilisd) 1000m1

The sced was rolueoel to gowder in a Wooring blonder
and Doiled witi: Bo0al weter for 20 minutes, The preparation

then ns for (a)s.

(¢) Czapel Dox Agar

Czapok Dox agor (Oxcid) 45.4:
wator (Qistilled) 100ml

Soak agar in water for 15 minutes, shake well, and

autoclave.



168

(1) Lob Poteto~Dextrosc icar

omar 1 2::
potatoos (pecled) 2004
dcxtbroese 10

woter (distilled) 1000ml

Preporation as for (a), cicept add dextrose as

vell as egor

(i) Difco Fotato-Dextrose Agar

poteto-doxtrose ager (Difeo) 42g

water (Qistilled) 1000m1
Properction as for (¢).

(3) Oeoid Pototo-Doxtrose Aror

poteto=-dextraese ascy 3G

weter (Gistillud) 10001
Preparation as €or ().

(k) Hutricnt Celctin

nutricnt golatin (Difco.) 12.83

water (distilled) 100mnl
Warn solution to 50 C, then autoclave.

(1) V-8 Juice Amar

V-8 juice (cormercial) 100ml
agar 8.63

water (distilled) 428ml

Preparation as for (c).



(n) Tomsto Juico drex

"""" o juice afer (Ozeid) 52

L £ LR

weter (distilled) 1000m1
Preparation as for (c).
(n) Mil: aor
yeast cxtract Tahz
peptongc 245

nillc Bl

Tryytenc=-coy 408
wator (Bistilled) 1000ml
Soak ascr in water for 10 minutez, shoke well, and

autocloves

(p) Xislor-Iron Arar

Kiglor-iron (QGeoid) 27.5%

4

wotor (distilled) 500m1

Preparation as for (0).
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APPENDIX III.

COMPOSITICH OF LGAR JTDIA USED TO DETERMINE

THE IFFECT OF »H G GROWTH RATE.

1.

he throe componcnte of the media were autoclaved
geporately at 15 pegeads for 20 minutes and then mized together
waon 16 tonperature hod drosped to 45 €. It was csteblislied

that if the threc componcnts

f']

were miwed prior to siterilization
those media with a z below 3.2 foiled to selidify. All pH

valucs were letormined using o Beclman glass clectrode pH

(a) Composition of buffer. (iilnc, 1964).

3.8 wodium dilydrosen phosphate

(b) Compogition of cgar modia,

100l of Qroid PDA wore used in cach troatment.

e

Treatmont (  Buffer nl. 2 HC1 drops | 110 NaOH drops pH

1 5 30 - 241

(28]
wn

20 - 2.5

20 3.8

C, I I O N
i

- 60 6.6
[ - e - 4e5
- 28 4.85
= 40 5.85

34 5.4
11

—_—
o

o o n 1
I

- T 8.0
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:IETICD USED TO CLLCULATE DI
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MOISTURE LEVEL.

The noisturce of the lotter

olocerent threc sonll striss of

oL

blotter sheotsy (Fin. 37). The stri;

woishcd eolleetively.

the meisture level of the sirips wa

T [ N P o ] ARETE :
vlottorz, after an

Fron knoyledae of the dry and

Ea

= AR, .
i

dry ueicht of rhiel

blaotturs wod onleculetod.

Sample exleoulation

Dry welgkt strip

Sperinont )

blotting paper onto

s tho samc as that

uct wei

L a3

dotornined by
4%,

[ehsTes

3 were removed daily and

Prolininary ciporinents head shown that

r,f t'l-

cguilibrodion poriod cf several lLours.

cht of the strips, and

noisture lovel of the

(dstormined before start of

'1'11‘)?) s

Wet woioht strip (Jutormincd
Dry woisht blottor (detormined bofore

cxgorimont)

Wet woicht

blotter = dry woizht Dlotter =

wot weight strip

Dry woight strip

= 40 2 3.5
2

= 703

Woight "d

ry" blottor = Dry woight blotter +

same weight in water

- 80{,’

iso. Add 105 (10ml) wator to blottor
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SEED TRANSMISSION OF FUNGAL PATHOGENS
Ii] COMMERCIAL LUCERNE SEED
Seed | ! % | Lovel P.medicaginis i
i line | Date tested Cultivar: Origin | Moist iAgar . Other ,
l l l | Blottor {Plate | pathogons l

| (percent) ;(percent) (fungal)
] | 1 ‘ | (percent)
9L347 | 244370 | Wairau :Blgnhcim ! 3.5 \ 's betryosu (1. 5ﬂ
oL2346 | 04,43.70 . i " i 045 | l§.L0trvosun (1.5)
oL514 | 14.8.70 Loom Wainoto L3 | S.botryosun (0. 5)
'9L561 | 20.4.70 ' Hunter i ! 3 i FUS““luJ app. (1)
! ! i River | | , !
(9L589 | 17.7.70  !Vairau \Blenhein 6 | 1 - |
' 9L602 i 12.6.70 i & | Oamaru 2 ] S.botryosun: (0.5)
1OL 37 1 12.7.70 .o | " 4.5 i 5 -
OL3B | 5070 ; ™ | e 21 | o3z | » )
OL 40 } 9770 P | n 2 It _ i
OL 41 | 2.7.70 | ® e 0 | OF | = |
OL 48 | 20.5.70 P 'Blenhein 18,5 | 167 ; &
0L 49 | 29.5.70 s i Cheh 4¢5 i ox : .
iOL 50 ! 26.6.70 {i W ‘Leeston 2.5 S i 2 1
‘0L 51 | 2044470 L Lo 11.5 L oE - ‘
OL 52 | 15.7.70 ! Y | Oamaru T i - |
0L 53 | 20.3.70 tom |Blonhoin 045 ? ] - f
0L 54 | 19.4.70 ) | 22,5 | ”
'OL 55 : 19.4.70 b | » 23 : | =
0L 56 | 20.4.70 | Lo 28.5 | Fuenriun s;j.(i.i)
{OL 59 13,7470 poon | Chelt 2 i S.botrycsun (1)
joL167 | 10.8.70 ¢ " | Timaru b 2 : I - |
OL163 | 20.7.70 P iPalm Nth | 4 I ES S.botrycsun (1) |
OL1TA 22,770 | ® {Blenhein | 5 | ] ~ |
§OL1?9 | 24.7.70 P |arberly 8.5 i o - |
OL173 | 26.7.70 p o iﬁ'burton 0.5 ; - '
[OL1T5 | 25.7.70 J | 2 L oox = |
i OL17T i 3.8.70 4 \Chek 1.5 | - |
OL178 ! 3.8.70 " |In'~ill 3 l | -
0L180 | 5.8.70 " Chech 5 \ -
OL181 | 1+8.70 n Oararu 475 | | - |
LOL230 25.9.70 L Timaru | 15% =
| OL232 1 25.9470 | o |A*burton | 23 -

'0L253 | 25.9.70 1 . iBlenhein | 9% -
'0L258 | 25.9.70 " | @ P 145 |
0L259 | 21.8.70  [Chenti-  (Chch 49 45% @,bot osun (0.5)
; l ! cleor 1 1
OL260 | 25.9.70 {Wairau | - ,
0L263 | 25.9.70 Chanti-~ E n 20X . !
: clcer , ' . ;
' OL266 25.9.70 !Wairau /Blenhein ; i - ;
OL269 | 25.9.70 L l " | X -
0L272 21.8.70 " " 22 24% -
0L275 22.8.70 i " 46.5 355 ' - t
OL279 ! 25.9.70 " " 28X - |
. OLHTW 1.2.71 " - 1.5 1% - = l
jAust I | 22,12,70  [Hunter Austr. 0  OX - |
f ! i River 1 _t
Aust IT | 22.12.70 | " oo 1.5 | OF - i
|hust IIT | 22.12.70 | " " [ 1.5 | o% % [

.\
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'

& wm S

wa

.
Sced ? Level P.meq;cqg;nls '
ling Date tested Cultivar Origin @' Moist Agar i Other
i Blotter Plate | pathogens
(porcent) |[(percent) ! (fungal)
! (percent)
i 1]
IL 52 18.6.71 Wairau t - ! 21.5 15.5¢  S.botryosun (=60):
‘ L.briosiana (0.25
IL 65 n " Blenhein | 3.2+ | S.botryosun E4o)
TI. 66 " n " } 14 + |§.bot§:zosun 31)
IL 67 " Chanticleor - : 8 + !S.botryosum (81)
| IL 86 12 7 Wairau Chch | 5.2+ | S.botrycsun (64.4)
| IL 88 B L Blenheim | 3.1+ | S.botryosun (2)s
' 5 | Fusarium sppe.(0.4)
IL 92 ¢ ; Chch , 10 + ' S.botryosum (60.4)
IL 93 " " " | 21.64 jg.botgxosum (40.8)
| ' Fusariun sp;,(ﬁ.G)
IL 94 " i u . 18,0+ |§ botgzosur (4¢£.0)
[Fusarluw sp ,(2.0)
t TL 97 " " Oamaru 4044+ ‘.S.botggosun (47:2)
| . Fusarium £pp.(2.0)
iIL 99 " n Chch ! 244+ |S.botryosun (73.6)
| | Fusarium spp.(0.4)
IL103 W L L i 11.2+ fg.bot;xosum (32.0)
: Lebrjosjana (0.5) Fusarium spp,(1.2).
IL114 T " Blenhecim 14.0+ | S.botryo botryosum (34.0)
IL118 " " " ; 10.0+ 'S.botryosun (33.2)
11123 " . Oamaru | 2644+ 'S.botryosum (36.0):
1 | Fusarium spp. (2.0},
| IL126 L " Blenhcin | 3.¢+ (S.botzyosun (54.4);
I | iFusarium spoef 0.4,
IL127 4 H " ! 23.6+ S.bot osun {5406
! ,Fhsariux epDs{Dad )
11129 " " Cheh | 43.0 | 48.0+ S.botryosur (20.4)
i 'Fusarium s5. (2.0).
11138 i i Blenheim 15.2¢ S, botgxouum (54.0)
| IL145 " " Chch ! 8.9+ |5.] osun (L2)
11260 o%.8,T1 " Blonhoinm 8.0+ ‘s botryosun {(G1.€)
11263 L " " i 7.6+ S botryosum (63.6)
; ‘Fusarium srr. (0.8
IL268 il " " 1 T«6+ |S.botryosum (?608;
sarium spu.{0.8
11282 23.8.71 " " 16.g+ S.botryosum (:’;6%
1130 " " " 16.8+ |S.botryosun (30)
IL30?{ " " " 11.24 D.bo% ::o*s‘un‘" g%uz;
11308 " " n 0O + [S.bo Hosum 5146
IL310 " " " 2.8+ |S.botryosum (74.4)
IL312 21.8.T1 " " 5424 §.b0t3_:xosun (27.6)
IL313 " " " 32.4+ |S.botryosum (40)
IL314 " " " 1843+ [S.botryosum (48)
IL315 " " Cheh 26.0 32.8+ |S.botryosum (45.2)
IL316 20.8.71 " " 16.8+ [S.botrycsum (43.2)
IL317 " " - 34.4+ [S.botryosum (45.6)
IL324 " " Chech 12,0+ [S.botryosum (45.6)
1L342 " n Blenheim 7.6+ |S.botryosun (31.6)
IL344 " " " 24.0+ |[S.botryosum (64.8)
5 sarium spp.(,d)\
IL347 21.8.71 u " 11.2+« [S.bot um (53.6)
IL354 22.8.71 " " 20.8+ _’S_'E'ﬁﬂ—‘ Tyosum 8%)
IL356 " g L 37.2+ [S.botryosum (29.6)
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Christchurch

Seeds incubatod on MA for 11 days at

24C in the dark.

Sceds incubatced on MA with streptemycin
sulphate and penicillin antibictics
incorporated (cach at 50 pym) for 11 days

at 24 C in the dark.
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APPENDIX VI:

CL1LCULATION OF LINEAR REGRESSION LINE FROM DATA

REPRECINTING DOCRTASE IN INFECTICH PERCENTAGE OF

o MEDICAGINIS ..ND THE RESULTING INCREASE OR DECREASE

17 STEDLING HMERGENCE.

x & ¥ zy 3=y (-9)°  5°

3.0 961.0  19.5 6045 + 1.0  1.00  380.25

20.8 388.04 18.6 554428 4 0.5 0.25 345.96

18,5  342.25 147  271.95 + 0.5 0.8 216.09

20,0  400.0 12,0  260.0 - 2.2 4.84 14440

8.0 4.0 12,7 1016  + 2.5 841 161,29

11,5 132,25 7.0  B0.5 =4.0 16,00 49.0

0 0 9.7 0 +3.0  5.00 94.09

0 0 343 0 +2.6 6.6 86.49

0 0 2.0 0 = 4.7 2249 4.0

Sumz 118,06 2787.54 105.5 1852.83 0.0  69.26  1481.17

Rowu

88,2787 54 140117
C.T. 1568.16 1236469
1219.38 244,448

-

Sur: Cross Products 1852.03

C.T, 1396.6

460.23

Cocff. of rcgression e  covariance Xy
var. x

= _460.23
1219.38

= 0.3774
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i.c. cquation of regression linc
¥y o= 0.377x + 6.74

Codee X = Dcercase in infection percentage

¥ = Incrcase or decrcasc in percentogze cmergence + 10
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3

APPENDIX VII.

THE HEAT STABILITY OF BENLATE

While conducting poison food bioassays with benomyl it
was reasoncd that the media preparation would be simplified if
the funziecide was incorporated inte the agar beforc sterilization
(autoclaving at 121.5 C for 20 minutes). DRocent work on the
heat stability of benomyl indicated that its fungicidal action
was not impaired by adding it to a sterile liquid medium prior

to autoclaving at 120 C for 10 minutes (Rochceouste, 1971).

A comparative cxperinent was conducted to determine if
the incorporation of benomyl to MA Lefore autoclaving reduced its
I ul D

cfficacy against Pemcedicaginis.

Twe trcotments worc uscdy in the first the fungicide
was addcd to molten MA in quantitics sufficient to give
concentrations of 1, 2.5, and 5 ppnm (active ingredicnt) only
when it had cooled to eppreximately 50 Co For the socond the
benemyl conccentrations werc the saric but it was added to the
mcdium prior to being sterilized by autoclaving at 121.5 C for
20 minutcs. e controls for both troatments was MA without
additives. The plates worce inoculated and incubated as described

previously (P.19).

Fron the results prescntod in Fig. 38 and 39, it is
apparent that 2t 1 ppm some inactivation of benomyl occurred
during autoclaving. As a consequence, the practice of adding

benomyl to MA before sterilization was not adonted.



COLONY DIAMETER (mm)
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Figure 38
® Benomyl added to MA prior to

sterilization by autoclaving

60 = A Benomyl added to molten sterile MA
at approximately 50°C

40 =

20 <

0 e Y v v

0 1 2 3 4 8

BENOMYL CONCENTRATION (p.p.m. active ingredient)

Effect of incorporating benomyl into MA prior to autoclaving for 20 minutes
at 121.5°C on growth of P. medicaginis (incubation for 11 days at 24°C in the dark)
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Figure 39, The relative heoat stability of benomyl when

incorporated in MA (colony growth measured

following incubation for 11 days at 24 C in tho dark)

Koy:

A, Benomyl incorporated prior to sterilization by
autoclaving (121.5 C at 15 p.s.i. for 20 minutes)

B, Benomyl incorporated at approximately 50 C

following autoclaving,
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APPIIDIZ VIII.

INVESTIGATICNS INTO PHYTOTOXICITY OF BENOIMYL

WHE APPLIED AS UST TO THE TESTA OF LUCERNE SEED.

snonyl wes applicd as a2 dust to the testa of an
uninfoeted sced line (OL175) at the rates of 0.5 and 1 zren
of comuicrcial product per 100 srans of scod, by shaking botl:
the sood and the funpiecide in o plass contoiner for 30 minutes.

Jon-dustel Lub sliaken scad provided controls.

Thres hundred and fifty sceds from 211 three treatments
o 8o to Vormiculite (-radc 2) a5 descrided proviously
(P, 95 )¢ Rccords wore made on the mumbor of sccdlings ocmerged

lays aftoer sowing.

The rosults are pregented in Pige 40 2nd can Bbo

summarizedl ~s follows:

(1) At the lower rato of funsicidal application
cecdling oncrriones vas decreasced over thet of
the control.

(ii) At the higlicr rate of fungicide cmergence was

increased cver that of the contrel.

Interprotation of thesc results is difficult. However,
the possibility rcemains thot the lowercd cmergence obscrved in
onc sccd treatment could be conscquent upon phytotoxicity of

benomyl towards the scedlings.



NUMBER OF SEEDLINGS EMERGED

Figure 40

240 =

180 =

120<ﬂ

© benomyl dusted seed (rate 1.0%)

A non-treated seed

60 <
& benomyl dusted seed (rate O.B%f
0 . ' -
0 5 10 15 20

DAYS AFTER SOWING

Rate of seedling emergence (line OL175)

i3l
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