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CHAPTER I 

INTRODUCTORY STUDILS QlI 'Ilill DISEASE MID ?ATHOGEN. 

TRE DISEASE . 

THE PATHOGEN. 



INTRODUCTION 
1 

The production of table carrot s (Daucus carota L.) for the 

domestic market has become a highly specialised field of horticulture in 

many gTOwing districts of New Zealand. In the Manawatu and Ohakune 

areas alone some 850 acres of carrots are gTown annually, and an 

evaluation of some disea se f actors which are , or could potentially limit 

production is undoubtedly worthwhile . 

Almost all the seed sown by commercial growers in New Zealand is 

imported in bulk by the main seed companies from such countri es as 

Austra l i a, Uni ted States, France and Denmark. Several oversea s workers 

have r ecorded the pr esence of potentially destruct ive fungal pa thogens 

being a ssociat ed with s eed (Neer gaar d 1948, Grogan & Snyder 1952, 

de Tempe 1962, Hewett 1964 , I.S.T.A. 1966). These include t he fo llowing 

t wo pathogens: 

Alternaria dauci (Kuhn) Groves & Skolko. 

Alternaria radicina Meier, Drechs l er & Eddy. 

The possibility that either or both of these pathogens may be entering 

this country with seed prompted a prel:Lminary investigation into the 

health status of such seed. Some imported seed lines available to 

CQIIlJ!lercial growers early in 1968 were screened in accordance with the 

current recommendations of the International Seed Testing Association 

(I.S.T.A.), and at that time only!• radicina was found to be present in 

some of the lines. 

According to ove~seas work (Grogan & Snyder, 1952) both patho­

gens are capable of infecting seedlings and mature carrot plants. 



Recently A• dauci has been f ound in New Zealand causing considerable 

foliage damage , especially in the Pukekohe area (Dingley, pers . comm.). 

However, it was not observed , even insipiently, in the Manawatu and 

Ohakune areas during 1968, but was apparently present prior to thi s 

(Wenharn , pers , comm.). 

Even though !• radicina has been recorded as a foliage pathogen , 

it is better known overseas as the incitant of black rot of carrot roots, 

a condition which may occur in the fi eld, bu t more especially develops 

under moist storage conditions (Meier, Drechsler & Eddy, 1922; Lauritzen 

1926 ) , A preliminary survey of carrot growing properties in the 

Manawatu and Ohakune areas has revealed that ! • radicina is present in 

some crops as the causal agent of an apparently i nsignificant root rot 

condition, However with the emphasis on blemish-free , washed carrots 

this disease may be contributing to the enormous quantities of carrots 

r e jected after washing because of their poor consumer appeal . 

2 

Since only !_. r adicina was initia lly found on comI!lercially 

available s E.:cd and in l ocally grown carrot crops, this thesis will con­

sequently be confined to a study of this organism alone , although 

comparative r eferences will be made to A. dauci v1hen and where appropriate . 

The first chapter describes preliminary studies which mainly 

involve establishing the identity and pathogenicity of the fungus . In 

addition certain aspects concerning the cultural characteristics of the 

pathogen are investigated, 

Since it was first described , the pathogen has been referred to 

various related genera, including Alternaria, Th:yrospora and Stemphylium, 

The bases for the delimitation of these and other related genera have 



3 
been described by many workers (Wiltshire 1938, Neergaard 1945, Subramamain 

1961, Simmons 1968), but there still appears to be confusion regarding the 

generic affinity of the carrot black rot pathogen. In chapter two, 

therefore, the nomenclature of t hi s pathogen i s r eviewed and an experi­

mental inves tigation into its generic placement is undertaken . 

The third chapter concerns many aspects r elating to the seed 

transmission of A. radicina. With reference to the nature and signifi-

cance of seed-borne inoculurn, there appears t o have been no thorough 

attempt in the literature to incorporate individual findings into an 

overall picture . An understanding, such as this, was considered to be 

essential if an effective approach to the problem of control was to be 

made. An investigation was therefore conducted to determine the nature 

and significance of seed-borne inoculwn, and to determine a satisfactory 

method of control. 



4 
A. THE DISEASE 

Al ternaria radicina was first recorded by Jvieier, Drechsler & Eddy 

(1922) as causing a condition of mature carrot r oots they called "black 

rot 11
• According to these workers : 

11 the trouble as it occurs on the root is characterised b;y- progres ­
sive softening and blackening of the t i ssues . Infection seems to 
occur freqUC::ntly at the cro1;:n , as a result of which the black decay 
extends down the co:ce of the carrot . I:lany cases have also been 
observed where decay had originated at other points on the surface 
of tho carrot . 11 

Lauritzen (1926 ) provided a similar but more concise description of the 

disease on the r oots : 

"Lesions as they develop on the sides of the roots are circular to 
irregular in outline , slightly depressed , usually shallow , 
penetrating fro• 1- 3 mm . deep . When infection occurs at the 
crown the decay usually penetrates rather deeply, particularly 
into the core . As a rule the color of the deca;y is almost jet 
black , but i::; sometimes greenish- black . The black fungous birowth 
may or may not occur on the surface of the lesions . 11 

Lauritzen (1926) conducted extensive experiments to determine the con-

diti ons which best favoured the development of the disease . He found 

0 that relatively high te• peratures , with an optimum of 28 C, and conditions 

cf high humidity, favoured the developmr.:nt of severe infection on carrot 

roots under storage . H2 fur ther stated that 

" the decay caused by!• radicina repre sents only part of the loss 
that may result from the presence of the disease , for the black 
rot lesions afford a favourable opportunity for the entrance of 
other fungi , such as Sclerotinia and Botrytis ." 

Grogan & Snyder (1952 ) are the only workers to have demonstrated 

that foliage infection can occur naturally in the field . On f our 

occasions in commercial crops grown for roots they observed foliage blight, 

which was most severe on the outer, more mature l eaves . Meier , Drechsler 

& Eddy (1922 ) and Lauritzen (1926) did not observe naturally occurring 



Plate 1. 

Black rot symptoms on mature carrot roots 

( naturally infected). 
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foliage infection but demonstrated that it could be achieved artificially 

by inoculating foliage with conidial suspensions and holding under 

conditions suitable for penetration and infection. 

During 1968 and 1969 visits were made t o the Ohakune area where 

large acreages of carrots are grown for harvest in the winter and early 

spring . An inspection f or the presence of black rot was made in the field 

and more especially in the "cull piles " of washed carrots rejected on 

account of being unsuitable for the market . Only rarely were infected 

carrots found and these made up an insignifi cant fraction of those carrots 

rejected . Of greater importance was rejection of carrots due to their 

being undersized, oversized, deformed, split , and infected with a number 

of different unidentified micro-organis1:is . I n the Ohakune district there 

is an urgent need for a comprehensive study into the various physiol ogical 

and pathological causes of the excess ive r ejection of harvested carrots . 

Crops grown in the Manawatu were also periodically exai:lined during 

1968/69 , although li t tle black rot was found . However, during late spring 

and early suE1mer of 1969, Manawatu grown pre- packaged washed carrots being 

sold in a Palmerston North supermarket were f ound to be infected with 

!_. r adicina . Initially infection of the attached petiole bases was 

observed and this was followed by the appearance of typical black rot 

lesions (Plate 1 ) on the sides of the carrot roots after holding the 

plastic packages for one or two weeks . These findings tend to support 

the belief that black rot is essentially a post- harvest , storage disease , 

and with the increasing use of plastic packaging may become even more 

important. The source of infecting inoculum wil l be discussed in detail 

in another section. 



6 
Apart from the petiole base infection, no natural infection of the 

foli age was observed in any of the crops examined , 

Prior to this invGstigation the occurrence of !::_, ,,..adicina in lfow 

Zea land had not been recorded (Dingley 1969 ), It must be emphasised that 

during the; current s tudy only those crops in t he Ohaku.ne and Manawa.tu 

districts were examined. for the presence of the pathogen , There i s a 

distinct likelihood that the pathogen will a lso be found in carrot crops 

growing i n other districts of New Zealand •. 



B. THE PATHOGEN 

The essenti a l mycol ogi cal fo P. tur es of Al t,2rnaria r adicina wer e 

fi rs t det er mined by Meier , Drechs l er & Eddy (1 922 ) and, a lthough t he 

7 

accur a cy of their description ha,s no t been di sput ed , the pathogen has s i nc e 

been classified in various r e l ated gener a , namely Alter naria , Thyrospor a , 

and Stemphylium . I n t he liter a t ure t he fungus i s currently r ef erred t o 

a s Stemphyliurn r adi ci num , al though (for reasons outlined l a t er) the name 

Alternaria r ::idi cina is re t aine:d. 

The host r~-e of !::_ . r adi cina was s tudied extens ively by Neer gaard 

(1945) who found i nf ection t o be confi ned essentially t o carrot ui t h an 

abi l ity t o pr oduce weak sympt oms on r e l a t ed pl ant species such as par s l ey 

and ce l ery. The complete mor phol oeical descripti on of !::_. r adi ci na has 

been given by a nwnber of vw r kers (Heier , Dr echsl er & Eddy , 1922 i 

Lauritzen , 1926; Neer gaard , 1945 ) and tho most conspi cuous di agnost ic 

f eatures ar e as fo llows : 

The fungus pr oduces dark ~ erect conidi ophor cs , mainly unbr anching , 
10 - 200 u l ong by 4 - 9 µ wi de , and not swollen t er mina l l y. The 
dicty0sporou s conidi a ar e lilos t di s tinc t i ve ; t hey mc•;-',sure 19.6 -
69 . 5 µ l ong by 9 . 1 - 33 . 2 µ wi de , ar e smooth, ova l t o ellipsoid, 
r ounded a t bot h ends and dar k brmm i n col our . (Pla t e 2 ) Under 
a ster eoscopic mi croscope t he conidi a ar e shiny and black in 
appear ance: (Plato 2 ) . 

Further details of cmnidial dimensions are presented in Table 1 . 

Although i t was possible t o identify the fungus by morphological charac­

t eristics and dimensions alone, its pathogenic a s sociation with carrot was 

an obvious aid to its identification . 

An interesting observation was consistently made when infected 

tissue (from root lesions, infected petiole bases and infected seedlings) 

was subjected to high humidity. Profuse gTeenish- grey aerial mycelium 



Plate 2. 

(a) 

(b) 

Conidia of A. radicina 

(a) Conidia from an infected seedling. 

\ ,, 
._ 

~So~ • 

(b) Appearance of conidia under a stereoscopic microscope . 
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devel oped in most cases and it completely enclosed the conidia which were 

produced closer to the infected tis sue surface. Such a 11mycelial ne t" 

was found to be s t able during quite vigor ous air movement thereby ac ting 

as a screen and restricting the dissemination of conidia . This may 

account for the apparent l ack of foliage infecti on , even when envi r on-

~ental condi tions are favourable . The large numbers of conidia f ormed 

could only be liberated under a more severe mechanical influence, such as 

harvesting . 

1. Establishment of Pathogenicity 

Meier , Drechs ler & Eddy (1922) , Lauritzen (1926 ) and Neerg-c1,ard 

(1945) demonstrated the pathogenicity of different isolates of ! · radicina 

by artificial inoculation. I n this study isolates of A. radicina were 

obt ained from imported, infected seed , and also from i nfected plant 

material collected in the field . Their pathogenicity was confinned by 

subjecting each i solate to the requirements of Koch ' s Postulates , and this 

required consideration of tec}miques of isolation , inoculation and 

r eisol at ion . 

(a) Materials and Methods 

(i ) Origin of worki ng isolates 

Strains from as many different sources were sought and this was 

achieved by isolating from infected seed i mported from Australia and 

Holland, and also from infected plant material collected in Ohakune . 

Thirty-two isolates of!• radicina were cultured and of these several 

were chosen f or further pathogenicity , nomenclature and cultural studies 

(Table 2 ) . 



Table 1. Conidia l Di~cns ions of! • radicina 

Origin of Substrate Ter:,j eratnl'e L.1cubation Lcnc; tll (microns ) Width (1:1icr oi1S) Lon6th & Ifomber of 
Information oc perioci :iT~( )C""J..TI rang·e IT!88,TI range Width r a ticr Spores measured 

Scaramel1a (1929 ) * * * 45 . 0 * 22 . (_, * 2. 05 * 
after 
Neergaard, 1945 

Jorgensen (1934 ) Potato * * * 20 . 0- 75 . 0 * 15 . 0- 35 . 0 * * 
agar 

Neer gaard (1945 ) Malt aen,r * * 36 . 4 15. o- G9 . o 16 . 7 9. 0- 26 . 0 2. 18 100 

Neer gaard (1945 ) Host * * 31.1 19. 5-4S .0 16 . 2 7-5- 2'.; . 5 1. 89 100 

Author Carrot 20- 25°C 14 clays 36 . 1 19 . 6- 57 . 6 20 . 4 11 . 8- 32 . 1 1.77 50 
root 

II Carro t 22°c 10 days 48 . 6 27 . 0- 78 . 1 19. 3 13 . 4- 32 . 7 2 . 52 100 
s eedling 

II Carrot 20- 25°C 7 days 41. 6 22 , 7- 61.7 14 . 4 9 .1-20 . 0 2 . 09 100 
folia~e 

II P. D.A. 24°c 7 days 39. 7 23 . 0- 69 . :j 23 . 1 16 . 0- 33 . 2 1.72 100 

* no de t ails G°iven 

\.0 



Table 2 . 

Isolate 
number 

1 

4 

10 

11 

14 

22 

25 

28 

32 

Origin of culture isolates of A. radicina . 

Origin 

Isol ated from 

Seed line 3 

II " 4 

II II 4 

It II 7 

II ti 19 

II II 26 

Carro t l es i on 

II II 

II II 

S0t1rce 

Aus tral ia 

II 

11 

II 

II 

Holland 

Ohakune 

ti 

II 

Pres ence of yellow pi gment 
(see Secti on 2.) 

+ 

+ 

+ 

+ 

+ 

10 
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(ii) Isolati on to~ 

Only one method of isolation wa.s routinely usecl to obtain pure 

cultures of A. radicina . The lar6·e dictyosporous coniclia were readily 

transferred on a sterile needle tip from sporulating infected tissue to 

potato dextrose agar (} . D.A.) slopes . 'I''.'lose isolates free of cont2.mination 

were held in a r efrigerator until req_1.lired and periodically subcultured 

without apparent degTadation or saltation. Neergaard (1945) found that 

the pathoger. maintained its sporulating capacity in culture for at least 

25 years , and on that basis he considered it t o be stable in culture . 

Cultures of A· radic:ina vrere &lso obt::;.ined by plating surface­

treat ed, infectocl seeds to P.D.A ., l lln were not used f or pathc, 1;-eEici ty or 

no• enclature studies . 

(iii) Inoculation and Reisolat ion 

!_. radicina_ characteristicslly pr oduces large numbers of conidia 

on P .D.A. and for this reason the ~athogen readi l y lent itself to 

artificia l inocula tion . Accordingl y there was no need t o consider using 

any o t her types of media f or the pr oduction of inoculum . 

Inoculurn was prepared by growing each culture on P . D.A. until the 

colony diameter reached 5 - 6 ems . (about 10 days growth), cut t ing the 

agar into strips using a sterile needle and placing into a 150ml , beaker 

of sterile water . This was shaken for about five minutes until the 

suspension became dense with conidia , and strained through sterile muslin 

to remove mycelial and agar fragments . The concentration was adjusted 

with sterile water to approximately 50,000 spores per ml . 



Plate 3. 

1 

Spore germination at 24°c 
1 . After 2 hours incubation . 

2. After 3½ hours incubation . 

3. After 5 hours incubation . 

4. After 6½ hours incubation. 
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The ability of conidi a l i noculum to germi nate was demonstrated by 

spreading a dr op of the su spensi on on a gl ass s lide and i ncubati ng a t r oom 

temper a t ur e i n an a t mospher e of hi gh humi dity . Pl ate 3 shows the 

growth of ger m t ubes a t i nterva l s between two and six and a half hours . 

Coni di a l i noculum was prepared from s i x diff erent i solates , name l y , 

i sol ates nur:iber 4 , 11, 14 , 22 , 28 and 3? , and the pathogenic i ty of each 

was tested lJy i nocul a ting carrot seedl i ngs , f oliage and r oo t s . 

(b) Resul ts 

(i) ~3eed.lings 

Si x surface s t erilised pathogen-free seeds ,;,ere sov;n on a filt er 

paper "plat f orm" within each of a number of test tubes . When the 

hyperco t yls r.rere approximately one inch l ong each tube ,,18-s inocula tf1d with 

five dr ops of conidi 2. l inoculum, and held for one \,eek to a l low deve l op-

ment of disease symptoms . Four tube s were inoculated ~ith a spore 

suspension f r om each isolate , and i n addition f our tubes were inocul a t ed 

with clisUlled water to act as controls . In all treat• ents , except t he 

control s , the seedl i ngs wer e killed by the pathogen, and fr om each of the 

i nfE:ctecl seedlings ! · r adi ci na was reisol ated t o agar , thus f ulfilling t he 

requirements of Koch ' s Pos tulates . 

(ii ) Foliage 

For r outine pathogenicity t ests s even small car r ot plants were 

placed in separate petri ple.tes and each spray i noculated with a conidial 

suspension off::_. radicina . All treatments, except a control , produced 

pathogenic symptoms on the inocula t ed plants after one -week (Plate 4a ), 

and reisolation of the fungus to agar confirmed the pathogenicity of all 



Plate 4-

(a) 

0 

< 

1 
3 

4 5 6 

\ 
\ 

Pathogenic symptoms induced by artificia l i nocul ction. 

(a) On semi-ma ture carrot plan ts. 

(b) Lesions on mature foliage. 

(b) 



Plate 5. 

• 
, 

(a) (b) 

(c) 

Penetration. 

(a) Direct penetration of a car rot leaflet. 

(b) Indirect penetration through stomata of leaflet. 

(c) Formation of appressoria on glass surface . 

t. 



isolates tested . 

In addition to the above t ests , carrot plants were grown in the 

glRs shouse anci when they had reached maturity the foli age was spray-

inoculated wi th a conidi al suspension of tLe pathogen . The inoculated 

plants were held i n a high humidity cabinet for thr ee t o four days to 
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a llow infection to t ake place . 

as illustrated in Plate 4b . 

Leaf- spot symptoms invari abl y developed , 

By cleaning the l eaflets in a ~arm 50% 

mixture of gl acial a cetic acid and ethyl a lcohol (95%) and staining with 

lactophenal blue direct and indirect penetration Fas cles.rly observed 

(Plate 5 ) . I n both cases appressoria were produced on the lea.f 

surface , toge ther with distinct discolora tion of tissue iillI'lediately 

st:ri·ounding the point of penetration. Appressoria were also shown to 

f orm on the glass surface vii thin a humidified slide chamber (Plate 5 ) • 

(iii) Roots 

Conidial inoculUIJ of the six isolates ''/8.S used to spray inocu] ate 

tviO mature carrot roots (one ,:ounded , one non- ,,ounded ) from each of f our 

var ieties . The carrots wer e held in po lythene bags for three weeks and 

in all cases typica l black r ot symptoms devel oped . By r eisolating to 

agar, the pathogenicity of each isolate wa s once again confirmed . 

On the basis of the tests conducted on carrot seedlings, f oliage 

and roots , the pathogenicity of all isolates of A. radicina used in this 

study was established beyond doubt . 

2 . Cultural Studies 

A brief study of!• radicina in culture was conducted for a number 



Plate 6 . 

(a) 

(b) 

f-1.,...,, .• 

Certain cultural characteristics of!• radicina . 

(a) Hyphal anastomosis . 

(b) Crystal formation . 



of reasons . 
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Firstly, the cultural characteristics of the pathogen were a 

further aid to its identification. Secondly, it was considered necessary 

to ascertain the growth rate and sporulation capacity of the pathogen in 

culture since subsequent investigations involved the use of artificially 

produced inoculum . F'inally there was a possibility that certain hitherto 

unrecorded cultural phenomena might be observed . 

(a) Gross colony characteristics 21l agar media . 

On P . D.A , the pathogen characteristically produced a uniformly 

dense web of grey to dark green aerial myceliurn . Within this myceliUI!l 

vast numbers of conidia were produced on dark conidiophores arising as 

short branches of the aeria l hyphae or directly from the agar surface , 

These characteristics are in accordance with those obs0rved by Neergaard 

(1945 ). Heier, Drechsler & Eddy (1922) reported that hyphal anastomosis 

frequently occurr ed in culture; thi s vms also observed in the current 

study (Plate 6a ) • 

Neergaard (1945) commonly observed cryst~l formati on in malt agar 

and other media, but of many hundred pure cul turus grown on various r:iedia 

during this study, on only one occasion were crystals formed (Plate 6b ) , 

The fact that crystal s were of such infrequent occurrence in this study 

indicated that they could not be regarded as a diagnostic feature of the 

fungus . 

(b) Growth studies 2!l ~ ~ • 

Brancato & Golding (1953) studied the use of colony diameter as a 

measure of growth rate and cone.idered that it was sufficiently reliable 

for determining growth rates and for comparing the effect of environmental 



factors on a fungus culture on the same medium . 
15 

The method was therefore 

considered suitable for grov:th studies of A. ra.dici!1a . 

Inoculum for growth studies was prepared by grm,ing the fungus on 

water agar and cuttine i nto discs using a 6 mm . diameter cork ·borer . One 

disc was then transfer.ced asceptically to the centre of each 10 cm . test 

plate , and corrected diam(: ter measurements recorded after the appropri ate 

period of incubation . All gron th studies were conducted using Oxoid 

P. D.A. medium . 

(i) 

Preliminary experiments i ndicated th'l t the available i solates of 

A. r edicina varied markedly i n their c;ronth rates or; a ear media , and for 

this reason a mo.re detailed. investigation was conducted . 

Petri plates of ? . D. A. wer e inoculated in the manner alreEtdy 

described , and tho colonies incubated et 24°c. 1hc colony ui arncter of 

each isolate was calculated daily by td ing the average r.:easurernent a long· 

a marked axis of four r ephcated t es t plates . 

The r esults are presented in F:igure 1, and confirm the ,:ork of 

Neer gaard (1945), ,;Jho f ound that different isolates of !• radicina grew a t 

different rates on agar media . Some of the possible explanations for the 

differences have been studied by Curren (1968). He found that in culture 

media certain nutritional requirements of two isolates of!• radicina 

differed . For example , potassium nitrate (K1-m
3

) was a good source of 

nitrogen for isolate No . 2 but not for isolate No . 1 . Similarly his t wo 

isolates differed in their vitamin r equirements. Isolate No . 1 was 

deficient for thi amine while isolate No . 2 did no t need added vitamin for 
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normal growth . 

(ii) Influence of teripers.ture 2!! growth rate 

Lauritzen (1926) and Nr.crgaard (1945) demonstrated that the optimal 

temperature for the fungus was 28°c and this v:as confirmed in the current 

investigation . Average colony dianie t ers of three isolates of A. radic.ina 

0 were measured after seven days over a. r ange cf tenper atures from 5 C -

35°c . The r esults are presented in Fip.1re 2 . 

(c) pigmentation anc. Antibiosis in Culture 

Isola tes of A. radicina were routine l y cultured on lab . P.D . A., 

and or. ,:;his medium only , two distinct cultural tyres were identifiable . 

1. Pi e: ,ent -praducing isolates , After incubation at 24°c for 

one week certai1, isol a tes (Table 2) produced a di s tinct yellow 

pigment v!hich readily diffu.sed into the surrounding mediun . As 

the col our intensified the radial growth of t:-ie fungu.s slowed ancl 

stopped before reaching the edge of the petri pl ate . 

2. Non pi gment - producing isolates . These isolates did no t 

produce the yellow pigment and their growth rate was unaffected 

until they had grown to the edge of the plate , 

The t wo types are illustrated in Plate 7 

in growth rate clearly demonstrated in Figure 3, 

, and the differences 

The occurrences of this 

phenomenon has not previously been recorded, although Meier , Drechsler & 

Eddy (1922 ) observed a cessation of growth of A. radicina on potato agar 

medium after 10 to 15 day ' s incubation. 

A further interesting observation was made of those plates 



Plate 7. 

(a) 

(b) 

2 3 4 

Production of yellow pigment in Lab . Potato Dextrose medium (24°c) . 
(a) Cultural characteristics on agar (at 10 days) showing the pigment 

produced by isolates No . 4, 14 and 28 . No pigment was produced 
b) isolate No . 32 . 

(b) Pigmented and non pigmented liquid culture filtrates produced 
after four weeks incubation in relation to radial growth on 
agar media after 10 days incubation. 
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containing the pigment- producing isolate . Although the circle of pig-

rnented medium surrounding t he fungal growth was frequently expos ed to the 

air by r emoval of t he plate lid , at no time did fungal con t aminants 

develop as a result . 

It appeared , t her ef ore , thnt the pigment was itself, or was 

associated with a self inhibito.:.'J , antifungal substar,ce . For t his reason 

experiments ne r e conductec. t o produce t he pigment i n liquid culture , and 

then te s t the crude filtrate for its effect on the growth of e t her fungi. 

(i) Growth in liquid culture 

A potato dextrose br oth ·as prepared by simmering 200 gms . of 

peeled , sliced po t &.t ocs in on1:. litre of r.1a ter , addi ng 10&,ms . of dextrcse 

and autoclaving in 100ml. lots i n 200ml. I;rylcrunt,yer flasks 2. t 15 ). s .i. 

f or 20 minut es . Four i sol ates ,;er e selected for this ex:i;::eri men t, three 

of whi ch pro<luced the pi gment on agar medi a (i sola t es Hos . 4, 14 , and 28 ), 

and one of v:hich did. not (i so l a te No . 32 ) . Three flasks per i so l ate were 

inoculat ed wi th several mycelial pi eces , plugged 1-!i th sterile cot t on noo l 

and incubated a t 24°c f or a t leas t three weeks . 

All isola t es of the fungus gr cv. rapi dly i n liquid culture , and 

af t er 10 days a yellm; coloration began to develop in those fla sks 

containing isola tes Nos . 4, 14 and 28 , al thou~·.h no such coloration was 

produced by isolate No . 32 . After one month ' s incubation the yellow 

coloration appeared to r each its maximum intencity , and at this stage the 

bulk of the fungal material was removed by filtration through a No . 1 

Whatrnan filter paper . The occurrence of the yellow pigment in agar media 

and in the liquid culture filtrate is illustra ted in Pla te 7 



18 
(ii) Bioassay of Culture filtrates 

For bioassay purposes the culture filtrates were concentrated by 

0 
evaporation of water using a "Rotovapor" evaporator operated at 35 C. 

1rhe 80mls. of culture filtrate from e:.=~ch isolate were reduced to three mls . 

of crude concentrated extract . 

The three fungi on which each extract was tested were selected from 

di verse taxonomic groups, and inoculuE1 was prepared as follows : 

Monilinia fructicola (Hint.) Honey . , (Ascomycetes) . Conidial 

inoculwn of this fun6us was prepared by "washing" the surface of a 

profusely sporulating colony -r., ith sterile distilled water . 

Stereum purpurewn (Fr . ) Fr ., (Basidiomycetes) . MyceliUl!i from a 

fresh P.D.A , culture was fragr.1ented by shaking vi1sorously in a 

Mc Cartney 1)0ttle containi.ng glass beads and sterile water . 

Phytophthora cinnamomi Rands, (Oomyc etes) . Fragmented mycelial 

inoculum was prepar ed iI'- thC:· same 1,ay as for .§_. purpureum. 

One ml . of inoculum was s1)read evenly over the surface of each 

oxoid P.D .A. test plate using a glass spreader . Hot stainless steel 

antibiotic assay rings were then partially embedded i n the agar and 

allowed to cool. Five drops of concentrate from the ap:r,ropriate i sola te 

were placed within each antibiotic assay ring and the plates incubated at 

24°c for four days . By this time the concentrate had diffused into the 

surrounding agar and the test fungi had grown sufficiently to reveal 

whether or not antibiosis had occurred . Drops of distilled water were 

used as a control . 



Plate 8 . 

0 

~ 

(a ) 

(b) 

Effect of culture filtrates on growth of other fungi. 

(a) Monilinia fructicola. 

(b) Stereum purpureum. 

2 



The results of this experiment confirm that the yellow pigment 
19 

produced by some i solates of !· radicina is associated with the inhibition 

of several unrelated fungi. 

illustrated in Plate 8 

This is recorded in Table 3. and clearly 

Another important obs,;;rvation was made when the inoculum of 

P. cinnamorii was inadvertantl;y cantai'Tlinated with bacteria. The extracts 

from both pigmented and non-pigmented isolates distinctly inhibited the 

growth of contaminent bacteria about the antibioti c assay rings . This 

phenomenon was also observed when isolates of the pathogen were grown on 

different media (malt agar, carrot dextrose agar) which had inadvertantly 

been contaminated with bacteria . 

Discussion 

As far as is known, the production of antifungal and antibacterial 

substances from ~lternaria radicina has not previously been recorded . No 

attempt was made in the current study to determine the chemica l identity 

of the compounds involved, althcugh the ar.tifungal pigment should readily 

lend itself to biochenical analysis since a direct comparison Tiould be 

possible betv,een th2 fi l t:ra.tes containing the pi~1ent and those not 

containing it . The pigment apparently requires lab. potato dextrose 

medium to provide the specific chemical precursers for its formation . 

Furthermore there is no evidence to show that the pigment itself is the 

active antifungal agent; it may only be produced in close association with 

the active principle . 

An antibiotic substance was shown by Bruehl , Millar & Cunfer 

(1969 ) to be significant in the saprophytic survival of Cephalosporium 
I 

eyamineum Ni sikado & Itaka and although no evidence is presented,the 
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Ta ble 3. 

Effect of crude concentra ted filtrates of 

!;_. r adicina on growth of other fungi 

Control Pigmented Non Pigmented 

Monilini a fructi col a 

Stereum purpur eum 

Ph;1t ophthora cinnamomi 

Isol a te Isol a te 
4 14 

+ + 

+ + 

+ + 

+ posi tive e f fe ct 

no ef f ect 

I so l a te Isolate 
28 32 

+ 

+ 

+ 

possibility of a s i mi l a r phenomenon occurring i n the case of A. radicina 

cannot be overlooked . 

On thG basis of the findings in thi s study it i s sugges ted that a 

mor e comprehensive invos tigation be conducted into the chemical composition 

and the etiological importance of the antibiotic substances produc ed by 

fl• radicina . It is possible t hat the same substan~es are known to be 

produced by other micro-organisms, in whi ch case their importance may 

already have been evaluated . 



CHAPTER II 

THE NOEENCLA'l'lffiE OF THE PATHOGEN. - - --

REVIEW OF LE'EHATURE 

DEVELOPMENTAL 1'!0RPHOLOGY STUDIES 



INTRODUCTION 

The causal organj_sm of black rot of carrots has under gone a 

number of changes in noEwncl a ture since it was first described as 

21 

Al tcrnaria r adicina by l.Ie i er, Drechsler t: Eddy (1922) . 'rhe pathogen has 

been r eclas s ified in such gcrcra as Thyrospora Tehan & Daniels (1925 ), 

Stemph.yliurn Wallroth (1933), and Pseudostemphyliu.m Subramanian (1961 ) , 

and its obligate synonomy is as follows: 

:fr.lter~aria radicina iJeier, Drechsl er i~ Eddy , 1922 . 

Thyrospora radicina (M.D. & E.) Neergaard , 1938 . 

Stemphyliur,1 radicinum (M.D . &: E.) Neergaard, 1939 . 

sub- genus Pseudos t emphylium sensu Wiltshire, 1938 

Pseudostemphylium radicinum (H.D. c, E. ) Subrananian, 1961. 

Such changes in its cl a ssificati on are attribut ed to the 

historical uncertainty surrounding thE: criteri a by which these genera are 

differ entiated . 'I'his section of the study, therefore, concerns the 

generic placGment of the pathogen whi ch involves a r evi ew of literature 

and an examination of its df:ve lopment a l morphology . Unless otherwise 

indicated the: 1iathogcn will her eafter be r e:ferred to as A. r a.dicina . 



A. REVI:E:W OP LI'r:ERATURE 

Meier , DrGchslGr & Eddy (192 2) assign0d this patho~en t o t he 

genus Al ternari a Noes 1317, sensu Elliot (1917 ) becaus e the:r considered 

that it conformed to thG original descri r tion of the genus . They 

specifica lly r eferred to certain mor phoJ. o6ical characteristics of the 

_pathor,-en which ap:r-arcnt ly confirmed their classifi cati on , as f oll ows : 

22 

On weak substrate " the fructifications shewed no t infrequently a 
catcnulate arri:mgemcnt of tho spores , usually r egarded as the 
distinctive character of thE:: genus Alternaria . Proliferation of 
scconJ.ary spores usua l ly occu:c:r·E:d a t the tip of the primary 
spores , which ,;.rere modifi ul to form short, hyaline "buaks . Such 
modification was no t obsGrved in spores that had not given rise 
t o secondu.ry srores . 11 

The origi nal classification romaintid und i sputed by subscciuent 

workc,rs (Lauri t zsn 1926 , Salmon 6:. WarE: 1934, Jorgensen 1934 , Doyc,r 1938 ) 

until NE-er gaard (1938) proposed that t}1c funcus be transferred t o the 

genus ThyTospora Tehan &, Daniels, on the 1)asis of its spore foTil, 2,s 

'i'hyros:pora r adicina (?,1. D. & I: .) N.::crgaard . '1\,hon & Dani , ls (1925) had 

described 2, brown lE·af spot of alfalf a caused by an echinulate-- spored 

funb'-'s they cons i d.ered idcmtice1l t o }facros,oriurn sarcina,~formc- Cav . , a 

pathogen of r ed clover. Following Elliot ' s (1 917) suggestion th2.t U. 

sarcinaeforme was not a typical member of t he genus Macrosporium, and 

a ssuming the forms on r ed clover and alfalfa to be identical, thGy 

erected the genus Thyrospora, with Thyrosporu sarcinaeforme (Cav .) Tehan 

& Daniels, as the type species . Wiltshire (1 938 ) and Smith (1940 ) 

demonstrated that Tehan & Daniels were incorrect in identifying their 

organism as M. sarcinaeforme, as the spores of the organism they described 

were echinulate whereas the spores of the red clover organism were smooth. 

Wiltshire (1938 ) showed furthermore , that the genus Thyrospora, erected 
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by Tehon & Danie ls ,ms identical with the genus Sternphylirnn and accordingly 

proposed the transfer ence of mernbe:rs of the genus ·rhyrospora to 

;Jtemphylium . On the bas is of Wiltshire I s propos a l Nt:ergaard (1939) 

r e classified Thyrospora radicina a s Stemphylium r a dicinum (I:I .D. 8: E.) 

Wiltshire (1938) ti l so studied t he ori ginal e.nc~. modern c.:;nc,:;ptions 

of the genus Stemphyli:£!.12.i a t opic which ,·,as a l so concisely r evi ewe d b;r 

1\1t e (1968 ). 1ifil tshirc found tha t tv10 morpho l ogically distinct c cnc 0pts 

had arisen r"s tr~ o t;n,e Io1~ the genus Stcl!.lJ'hyliurn . Ee mainta ined that 

the origi nal description of _Jte!:!phyliur:1 scnsu Wal lroth mus t be r <J t a inc d , 

and to this end proposed tha t all such stemphylia be placed in the sub-

£Cnus Euste~phylium . The l a h ,r concept, ~ltGJnr ,hylium s ensu Harz, 1,as 

based on a mis identificetion , "nd to avoicl the ne c es2 i t y of tnrns f erring 

specios of thi s type to ano ther genu s 1 Wil tshi :ce; propos0d tha t bo th con­

c 2pts ·be r e t ained in the om. gcmus Ste:mnhylium, r:i th trw latter beine 

p lacocl in the sub-genus Pscud.os t enphylium. 

Al though Wil tshirc demonstrated n. cle2.r d.istinctic,n b0t~K,0n hj_s 

t·;10 c;u.l)- ge:nc;r n , t he:rE still remained e.n i nadequec:v i n t h0 di s tinc tion 

between the sub- genus Ps0udostc:ni_.hyliUI!1 and trw genus Al tcrnaria , It 

uppeared that delineation was base d only on highly varia ble crit~ria 

such as conidial shape and ability to form cha ins (ca t enulation). This 

inadequacy is wdl illustrated in the classification of Alt cr::1aria 

radicina . Al though both the following vrnrkers r ecognised Wiltshire I s 

sub-generic treatment of St emphylium, Necrgae.rd (1939) transferred the 

pathogen from Thyrospora to Stemphylium , whereas Groves and Skolko (1944) 

chose to retain it in Altcrnaria for the following r8asons: 

11When the spores from near the growing margin of a colony were 
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exnmined, a considerable number were observed that tapered towards 
the distal end 2.s in AJ t_£I'naria, but when mcunts v:ere made from 
older cul t'.1.2.·es few of the s~-ores vrnre found . The spores ap_f.,eared 
to undergo secondary th.icker,_ing in such a -.,,c,y th8.t they becaJne 
more e1 '- ipsoic. than cl~:va te, and rounded at both ends . They 
thus n -,s emlJled Str::mi r:yliurn ,:;;: ores i n i::h1:1pc 2:i. tilcugh they lacked 
the conepicuous co1.strictic:n c,t the meo.ian scrtur;i thrit is 
apr8.rently characteristj_c of Ste~r.DhyliU1!1 . • . , . On the basis of 
D:rechs1f,r 1 s figure, "hic~1 clco.rly illust:rates short chains in 
which the distal spore is the youn~er , we ~re ret?ining the 
sre cies in Al terr,a:ria ." 

Neerg2,::rc. (1Sl~5) , i n an 2.,ldition to hL, rnonog:r..·8.ph on D2.nish 

species of Al t_~narj.a ar:·cl §temphylium, refen~ecl to the work of Groves e~ 

Skolko (1544) ru1d st2ted that : 

" I mus t still m2ir:t0Jn tlw. t the s1~e ciL',-, sho"Ll.ld be referred to 
St•:'< hylium, 112.reol:r to lhe sub- genus Pseu(~0ste1~1phylit.:-,~ ¥.'il tshire 
TT93b), as the spoTes very much resun1Jle the spores of the type 
of tb:is sub- genus S . 12.m,.p:ino sum Harz . t1 

they qu;c~J.ified thj_s by the f olloning s fr,tement : 

" consicering WH t ~;hirL, ' s i,o:r..'k (Vij l ts hire 9 1929) on sal ta ti on from 
fseud.ostemphyliun to Al tQJ'l1£J,.O6, r>.nd vice vers&. (Wiltshire , 1932) , 
it i2 pos;3i bJ e "chat further work on na fo.r:::.l vn.r iabili ty -:)f members 
of t!i:i.s e:;ronp mi;-ht indicate the-' t some or a l 1. •Jf the l'seudo­
stemph;ylj~~IDl ty- ,:,s shoulc i)e included. in Al k ,n 1n.ria. t1 

Subrmnunian (1961 ) subs~q-(le1;,tly e l evated l)seu.d.ostemphylium and 

Eustemphylium to gener ic rank and although this acknowledged a clear 

mor phological dist i nction be t,ieen the new gener a, it did not a l evia te the 

difficulty in distinguishing be tween pseudos teJ11phvlium f.!nil .Alternarie -1:-:;:i. 

some species, especially Alternaria r adicin~ . 

A widely accepted approach to hyphomycete t axonomy .-.as proposed 

by Hughes (1953) , based on the developmental morphology of the conidium-
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producing structures . He divided the Hyphomycetes i nt o ei ght mai n 

sections accor ding to the types of coni diophorc a.ml the manner of coni di a l 

prcc1uct i on . This modern concept was adopted i n principl e by Tube.ki 

(1958) who adclecl a ninth section and divi ded some of Hughes ' sect i ons 

i nto sub- sections . Secti on I V of Hughes' classificati on grouped al l 

those hyphomycete fungi pr oducing their coni dia (porospor es ) from por e s 

on the conidi ophore , which incl uded the 6ener :_--, Al ternari a, Ul ocladi um 

and Stemphyliurn , Simmons (19GB ) followed llughes ' approach and i ndivi-

dually typi f i ed the genera Al ternai·ia , Ulocla.diUI'.l and Stemph;tliurn , basing 

their delimi tati on on di fferences ir,_ conidi ophore shape and mode of 

proliferati on , and on differences in juvenile coniciium shape . The 

fund1:1mental weaknesses in the criteria used to deli!.ii t species of Pseudo-

ster.n::hy liu..~, :st,2 ternphyl iur.J and Al ternar ia were recognisc,11 by Simr,1 ons . 

He conc l uded that the type: S}"JE:ci,.?s of the genus Pseudostmn phy1ium , name ly 

P . l&nuginosurn_ (Harz ) Subr1:.Jn~1-,li c.:1 , closely reser.1tL~d the type specit~s 

Ul ocladi um botrytis Pre:usr.::. . On thc,t basis ho proposed that f,; lanugi -

nosum be trD,nsfe:-..·red to Ul ocl2dium , -v,rhich ner0.nt th?t the genuG Eustem-

phyl i um SubrP.mani an 1'las rec tored to WallfiJth ' s ori gi nal concept of the 

g0nus Stcmphylium . The criter ia used by Simi:,ons f or thQ delimi tat i on of 

t he genera Alter nari a , Ul oc l adi um and Stemphylium ar c:: summari sed as 

f ollows, (sensu Tate 1968 ); 

Key to Stemphylium, Al ter naria and Ulocladium 

A Conidiophores t erminally bulbous, with prolifer ation through 

the swollen apical surfa ce ••• • • • ••••• • .• • •. • Stemphylium 

A
1 

Conidicphores not t erminally bulbous, with :proliferation 

l a teral to and slightly below the apica l surfa ce . 

B. Conidia fundamenta lly ovoid and distally 



beaked •. .. . . . ... Alternaria 

B
1 

Conidia fundamentally obovoid and not distally 

beaked • ••.•..•.• Ulocladi um 

This classificati on scheme has a lready been accepted in princir:le 

by other workers (Tat e 1968 , Barron 1968) and is undoubtedly the best yet 

devised . 

The scheme was used by Sim.~ons (1968 ) to determine the generic 

affinity of Alternaria r adicina as follows: 
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"! • radicina M. D.&E . 1922, is a speci es of considerable importance 
which has been treated te.xonomica lly vri th other pseudostem 
phylioid species . 

Conidia of A· r adi cina resemble those of some speci es of 
Ulocladium , only thdt they reraain sol itary or pr oduce chains 
sparingly and never devel op a, narrowly tapered, true beak . The 
conidia are alternarioid in tha t they are ovoid at a very early 
age and to a great extent retain an ovoid or broadly ellipsoidal, 
apica lly broadly conical shape as they m.": ture ." 

Although this argument appears to be TTholly acceptable, Simmons 

did not provide illustrations to substantiate the placement . In this 

study , therefore, the objective was to demonstrate microphotographically 

that the pathogen belongs to the genus Alternaria . 
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B. DEVELOPMENTAL MORPHOLOGY STUDIES 

Photomicrographic study of the developmental morpho l ogy (ontogeny) 

of hyphomycete conidia has been shown to provide valuable information 

rega.rding the generic aff inity of certain fungi in accordance with modern 

taxonomic concepts (Kendrick, Co l e & Bhatt 1968, Kendrick & Cole 1968, 

1969 , Cole & Kendrick 1968 , 1969a, 1969b) . The main objective of this 

section of the study was to record f eatures of the conidium ontogeny of 

A_. radicina in order to seek confirmation that the pathogen is correctly 

placed in the genus Alternaria . Direct comparisons were made between 

the conidium ontogeny characteristics of fl· rad.icina and other fungi 

representing the genera Al t ernaria_ , Ulocladium and Stem1 1hylium . }fore 

S}Jecifical l y, three basic dE::t en1inations were made about each fungus, 

namely; 

(i) 

(ii) 

(iii) 

The shape of the t erminal end of the conidio~hore . 

The mode of proliferation of secondary conidia . 

The shape of developing conidia . 

1. :WiateriA.ls and Methods 

Photomicrographic technique and methods of slide preparation were 

varied depending on the particular fungus under study and the information 

required about each . 

(a) Photomicrographic equipment 

A Leitz Wetzlar Ortholux compound microscope fitted with a Leitz 

Wetzlar 35 mm. camera was available and extensive use was made of this 

equipment for photomicrographic recording . Agfa F . P. 3 , ASA 125 film 
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was used in the camera and by maintaining the light reading and exposure 

time at predetermined values (F4 at 0.2 seconds) satisfactory results ~ere 

consistently obtained for magnifications of 125, 250, and 400 times. 

(b) Slide prepar3tion 

Tv:o similar methods of slide preparation were adopted for 

observing and photomicI·ographing the details of conidium development; 

one n slide culture technique and the other a slide chamber technique, 

as follows: 

(i) Slide culture technique 

This technique was deve l oped by Riddell (1950) for obtaining 

permanent myco1ogical prepar2.t ions . A 1.0cm. x 1.0cm. square of P.D.A. 

was placed between a sterile glass slide and a sterile cover ali p, and 

each side of the agar inoculated with r.iyceliwn of the particular fungus 

under study . 
0 

By incubating in a humidified petri plate at 24 C the 

fungus was induced to grow out and sporulate close t o the surface of the 

cover slip and slide. When the desired stage of conidium development 

had been reached the agar piece w2.s gently r emoved, leaving the intact 

conidiophores and conidia adhering to the slide and cover slip . A drop 

of mounting fluid was then applied to each and another slide or cover 

slip placed on top . After sealing the cover slip in place the prepa-

ration was examined under the compound microscope . 

(ii) Slide chamber technique 

Kendrick, Cole & Bhatt (1968) extensively used a humidified 

slide chamber technique for studying the conidium ontogeny of many 

different fungi . Harvey (1970, pers . comm . ) developed a modification of 
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this technique which proved to be idea l for the purpose of this study. 

It consisted of a shallow "perspex" chamber which was f itted on to the 

microscope s tage , and within which the growth of the fungus on F . D.A. was 

mai ntained by pumping humidified air through it . Although essent i a lly 

based on the s lide cul h:.re technique described abov e , this method enabled 

the sequence of coni dium development to be observed mi croscopi cally and 

recorded photomicrographically without i nterruption . 

(c) Fungi selected for comparison 

The fungi u sed in th:.s investigation were sel ected from a stock 

culture col lection held in the l aboratory . To ensure adequate sporu-

lation the specific cultural and environmental requirement s of these 

fungi were examined and ,,rhere necessary adjustments were made to the 

slide culture and slide char!lber t echnique s , as f ollows: 

(i) Stemphylium botryosurn Wallroth . 

This fungus required special envi r qnmental conditions to i nduce 

fructification on agar media . Tate (1968) demons trat ed that exposur e to 

an ultra viol e t (U.V.) light source for 10 minutes each day for three 

days induced prolific sporulat i on on P. D.A. Slide cultures of S. 

botryosum were theref or e subj ected t o 10 minutes U.V. irradiation daily 

for three days, and for the purposes of this investigation induced 

adequate sporulation . The slide chamber technique ( sensu Harvey) was 

unsuitable for observing conidium ontogeny of this fungus because of the 

muriform na-tu.re of the conidia and the build-up of a moisture film inside 

the chamber . 



( ii) Ulocladium consortiale 

The ontogeny of conidia of this fungus was observed and photo­

micrographed using both the slide culture and slide cha.'Jlber techniques . 

!!_. consortiale readily produced fructificati ons on P.D .A. media, thus no 

special modifications of technique were necessary . 

(iii) Alternaria dauci (Kuhn) Groves & Skalka 

This pathogen produced few conidia on P,D.A. unless special 

techniques were used to induce fructii.'ication. Zim.'Tier & McKeen (1969 ) 

investigated the i nteraction of light and temperature on sporulation of 
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A, dauc i and al though their rccormnr,mdations wer e tal;::en into consideration 

a wounding and washing method described by Ludr:ig , Richardson & Unwin 

(1969) for Altcrnaria solani (Ell . &, :Mart . ) Soraucr, nas found to be most 

satisfactory . A P.D.A. colony of fl . dauci was scraped free of myceliur;i 

using a clean glass slide and thoroughly washed with running t ap water 

for 24 hours . For the purposes of this experimen t small strips of P.D.A . 

and funt:,ru.s (0 . 3 cm . by 2 cm . ) were then cut from the colony using a razor 

blade, and placed on their side on the underside of the covcrslip of a 

humidified slide chamber . By this means the fungus produced its fructi-

fications approximately at right angles to the line of vision through the 

microscope, thus allowing ready observation of conidium development . 

(iv) Alternaria radicina Meier, Drechsler & Eddy . 

The slide chamber was used exclusively to obtain photomicrographs 

of various features associated with the development of conidia and 

conidiophores of!• radicina . Although the pathogen sporulated readily 

within the chamber the conidia did not appear to develop fully when grown 
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Snyder & Hans en (1947) have advocated the use of natural media 

to promote typica l fructification of fungi in culture, and on this basis 

a modification of the chamber technique was devised , I nstead of using 

the inoculated P.D.A. block, a smal l pi ece of inoculated host leaflet was 

attached in close contact with the underside of the glass cover slip by 

using another piece of cover slip f ixed at both ends with paraffin wax . 

Spor es produc ed fr om the edge of the l eafl e t remained in contact with the 

cover slip and their deve l opment was r eadily observed under the microscope . 

2 . Results and Discuss ion 

The results are presented in conjunction with a number of photo­

micrographs of the conidium ontogeny of~- botryosum , U, consortia l e and 

!· dauci, each illustr a ting particular f eatur e s which characterise the 

gener a they represent i n this study . These f eatures wer e then us ed as 

the basis on r:hich to determi ne the generic affinity of !• :cadi cina . 

(a) Stemphyliurn botryosum 

According to SimI11ons (1 968 ) there are a number of morphological 

characteristics by which speci es of Stemphylium ar e dist i ngui shed from 

species of Altor naria and Ulocladium . The main diagnostic f eatures are 

the bulbous terminal end of the conidiophore (Plate 9 ) , and prolife-

ration through the swollen apical surface of the conidiophore. Tate 

(1968) clearly illustrated both of these f eatures and although the 

distinctive mode of proliferation was observed in this investigation, no 

suitable photomicrographs were produced. Another diagnostic feature of 

this genus was also observed; namely the constricted median septum 

(illustrated in Plate 9 ), 



Pla te 9. 

u 

Stemphylium botryosum. Conidium production. 

(a) Bulbous terminal end of conidiophore. 

(b) Median constriction. 



(b ) Ulocl adium consortia l e 

The disti ncti on between species of Ulocl adiu._111 and Alternaria is 

based on the di f ference i n shape of t he devel oping conidi um . I n 

Ulocladium the conidium is fundamentally obovoid and not di stally beaked 

as i l lustrated in Plate 10 • 

(c) Alterna:cia dauci 
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The devel oping co~idia of species of Alternari a ar e fundamentally 

ovoid in shape , ofte:11 t2,pering dista lly to a true beak . These fen.tures 

are clearl y illustrated in Pl ate 11 , which sho~s sta&cs in the deve l op-

ment of a single conidium of !_. d2.u ~ . 

(d ) Alterna.ria r adicina 

The diagnostic f~atures of Stemuhylium , UlocladiUrJ. and Altcrnaria , 

illustrated and. dcscri bed above , wer,:, used as a basis for determining the 

gener i c affinities of the pathogen . 

'fhe conidium ontogeny of !_. :::-adicina was car efully observed and 

photomi crographicall y recor ded in thG manner a l r eady described . The 

non- bul bous nature of t he conidiopho~es and proliferati on l ateral to and 

s lightly below the apical surface of t he conidiophor e ar e clear ly illus-

tra ted in Plate 12 • 'I·hes c f eatures i ndicat e that the pathogen should 

be included in either Ulocladium or Al ternaria . 

In Plate 13 a typica l developmental s equence of a single 

conidium of .A• radicina is illustr ated . The disti nctly ovoid shape of 

the conidium is a further indica tion that the pathogen be longs to t he 

genus Alternaria. This f eature is also illustrated in Pla t e 12 , and 



Plate 10. 

~301-' • 

Ulocladium consortiale. Conidium ~roduction . 

Illustrating the non-bulbous nature of the conidiophore 

and the obovoid shape of the juvenile conidium. 



Plate 11. 

1 2 3 

4 5 6 

I 
I 

Altern~rici dauci . Conidium ontoeeny . 



Plate 12 , 
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Alternnria radicina , Production of conidia . 



Plate 13 . 
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is quite different from the obovoid shape of the juvenile coni dia of 

U. consortiale (Plate 10 ) • 

The results of this i nvestigat i on ~lso confirm that the pathogen 

has the capacity to form short chains of conidia (Plate 12 ), and 

according to Sirr,mons (1968 ) this is a phenomenon which does not occur in 

Stemphylium, and only rarely in Ulocladium . Furthermore the conidia do 

not possess a oonstri cted median septur:i which is another characteristic 

of the genus Stemphylium . 

Conclusion 

Much of the past confusion in the classification of this patho­

gen is attibuted to the fact that highly varir:.ble criteria such as size 

and shape of the mature conidia ,,ere used almost exclusively to dolimi t 

these related genera . Sinunon' s nodern approach to the typification of 
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Al h ~rnaria , Ulocladiwn and Stemphylium does not rc;;ly on such variable 

criterie., but is based on mo:ce sh\bh: morphol ocical features such as mode 

of conidium development (sensu Hue;:hc;;s, 1953 ) . This system was accepted 

in the curn:.nt study because it c;;nabled clear dis t inction between the 

three genera . On this basis , therefore, it is th0 considered opinion of 

the author that the pathogen should be retaine d in the genus Al ternaria , 

as Alternaria r adicina M.D. & E. 
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A. TRANSMISSION IN crn,iMERCIAL SEED LINES 

1. Evidence of 'fransr.iission 

In their early studies on the disease and pathogen Meier, Drechsler 

& Eddy (1922) and Lau:ri tzen (1926) made no reference to the possibility of 

A. radicina being seed- borne . Hov,ever Jorgensen (1934) claimed that 

A. radicina ,ms isolated from a sample of carrot seed in 1927 and that on 

inocu lation to carrot roots it produced a deep, black rot . Onl y a brief 

abs tract of J crgensen 's work is available 1 any further details have 

appar ently never been published. 

Doyer (1938 ) gave a concise description and illustration oi' how 

thi.s p2. thogen affects yrmng seedlings during routine germine. tion nssessments, 

T:1is apj_".,et:.rs to be the first clear evidence that A. radicina is seed- borne 

in carrot . Mounce f,:, Basher (1943) deccribed a seedline- di sease of 

carrct3 caused by}: - radicin:.:. and showed th:=i.t up to 40 percent of seed in 

some l ots trc1.1 ·sDi ttecl the patlwzen . Groves & Skolko (1944) isola ted 

A. r adicina froi;i seeds of carr ot , parsley and vegetable r.iarrow received 

from Nova Scoti:i. , J\I;:mi toba, British Columbia, Connecticut, Minnesota, & 

California . 

Neergaard (1945), in connection with his review of the genera 

Alternaria and Stemphylium , described results of his extensive investigation 

into the sta te of health of carrot seed, in part with reference to 

A. radicina . During the period 1935 to 1942, he screened 778 lots of 

commercial seed for the presence of..!:_ radicina , and of these approximately 

50 percent were found to transmit the pathogen at levels ranging from 0 . 1 

- 30+ percent . Neergaard stated that - "undoubtedly the fungus is found 

in all European countries . It is markedly seed- borne , and on that 



35 
account an i nter national spreading of the fungus is unavoidable". 

Since then there has been a wealth of literature implicating 

A. radicina 2.s a se 0:·d- 'oorne patriogen of carr ots (I<hristova 8: Ra ikov 1948 , 

Grogan & Snyder 1952 , Rusakova & Raskin 1955 , Roberts 1956 , de Teupe 1962 , 

Hewett 1964 , Lang de la Co.mp 1966, de Tempe & Lil:J.onar d 1966 1 I·.fa:.ide 1966 ). 

2. 3eed Screening Re commendations 

Ideal ly a screening technique shoul d a ttempt to r eveal the 

presence of all pa.thogens trar.smi tted by the seed and capable of sub-

sequently inf ecting the r,ost plant . I f the conch tions r equired to 

ider.tify the vari ous pa th0gens diffe r then sepc,rn te seed hea l th screening 

meth0ds nay need to bE: devel01)ed . I ~ the case of carr ot seed there are 

only tv.ro i mportant pa tho[.;ens knov_rn t,J he commor,ly se€ d- 1.Jorne, namely 

A. radicina and A. dauci. 

In most of the various screening recomoendations si• ultaneous 

t esting for both pathogens hc>.s "been advocated since they r equire similar 

condi t i ons for their identifi cation . For this reason details of the 

development of carrot seed health test i ng techniques will , of necessity , 

r efer to both A. dauci and A. r adicina . ---

Until 1966 varia tions of the agar and blotter methods of test i ng 

carrot seed for the presence of A. radicina and A. dauc i were advocated by 

several wor ker s (Doyer 1938 , Neergaard 1945 , de Tempe 1962 , Hewett 1964 , 

Maude 1965 , Nobl e 1966 ). The I. S. T.A. (1966 ) subsequently proposed a 

heal t h s creening procedure to be regar ded as the offi cial tes t for seed­

bor ne !• radi ci na and A. dauci, as fo l lows; 



Working sample 

Medium 

Spacing 

Incubation 

400 seeds 

moistened blotter in a closed container 

so that humidity will be maintained. 

at l east 2 cm. 

10 days at 18 - 22°c . 

Of particular importance in this recommendation was the adoption 

of the blotter as the testing substrate rather than agar medium. De Tempe 

(1963) had emphasised that the blotter test was a pathogenic one and as 

such automatically avoided confusing the identity of the pathogens on agar 

media with non- pathogenic strains and saprophytes . 

In the current investigation, the I.S.T.A. testing recommendation 

was not strictly adhered to because more recent research had i ndicated t:1e 

need for a re- evaluation and modification of certain procedures, and much 

of the equipment recommended was not available . 

(a) Pre-treatment 

Since the blotter test for !};_. radicina and !};_. da,uci is a pa tho­

genie one , the suppression of s'Il:p.troi:,hytes by pre-treatment of seed did not 

help to distinguish between the pathogen and saprophytes . It was 

considered necessary to clarify this point since no mention of it was made 

in the I.S.T.A. recommendation. 

(b) Light requirements 

De Tempe (1962) found that the blotter health test in light more 

accurately indicated the field performance of the seed than the blotter 

test in darkness. U.V. lighting in 12 hour light/12 hour dark cycles was 

conductive to development and recognition of the two pathogens (de T~m~~ 
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1968) . However, sophisticated U.V. lighting equipment was unavailable 

for use in this investigation so the germinators (with glass tops) were 

placed near the large laboratory windows just out of the direct sunlight. 

It was found that after 10 days very few of the decayed seedlings remained 

without the di stinguishing conidia . 

(c) Spacing 

In experiments with!::_. circinans rleergaard (1945 ) found that - "on 

dense sowings (of cabbage s eed) in the germinator neighbour infection 

appears to be of minor significance". With direct reference to car rot 

seed screening for!::_ . radicina and A. dauci little attention has been 

given in the literature to the spacing requir ement . Hewett (1964) 

allowed seeds "ample separation" and the I.S. T.A. indicated at least 2 cr.1. 

s epara tion . 

In the current investigation it was found convenient to use 

germination blotters which were already printed into half inch squares , 

one seed per square, 25 squares per blotter . This rather close spacin~ 

WM f ound to be quite satisfactory because a careful examination of the 

few seedlings suspected of being cross- infected left no doubt as to tho 

origin of the infection. Any inaccuracy introduced in this was considered 

to be of minor significance. 

3. Seed Screening Procedure 

The modified seed screening procedure adopted in the current 

investigation was as follows t 

Approximately ten times the required amount of seed was taken from 

each sample packet, placed on a clean sheet of paper and then successively 



divided in half until the amount of seed required for the test remained 

(200 seeds per sample). 
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After setting out the blotter pads in the Copenhagen germinators , 

plastic covers were placed over each and the glass germinator lid kept 

closed for the duration of the test to maintain an atmosphere of high-

humidity around the germinating seedlings . The air t emper ature within the 

germinator was mai ntained at 22°c ! 2°c for the duration of the test, and 

the germina t or placed near a laboratory window, out of direct sunlight . 

Plate 14 illus trates the use of the testing equipment . 

After 10 days incubation the seed germination percentage was 

recorded and each sanple was assessed for the presence of pathogens . 

(a) 

For the purposes of this s tudy seed germination and disease level 

assessments vJere conducted concurrently . A seed was considered to have 

germinated when the emer ging radica l became visible, and although the 

official final g2rmination assessment for carrot seed should have been 

made after 14 days, a 10 day test duration (at 22°c ! 2°c ) was found to be 

more convenient , and from a comparative standpoint , sufficiently accurate . 

(b) Presence of pathogens 

The first indication of either!_. radicina or A. d.auci was the 

presence of brown decay of seedlings . A close examination of each was 

then conducted using an "Olympus" stereoscopic zoom microscope, model SZ-3. 

At magnifications of between 30 and 120 times, the two pathogens were 

readily distinguished by their characteristically different conidia 

(Plates 2 & 16). 



Plate 14 . 

Copenhagen germinator used t'or routine seed health testing. 



Plate 15 . 

I ' I 

Seeclling decay caused by seed- borne A. radicina . 



Plate 16. 

f--50f4 • 

Conidia of Alternaria dauci (cf . Plate 2) . 
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In the few instances where sporulation had not occurred on the 

decaying seedlings after 10 days they were held over and re-exami ned at 14 

days . If by this time no evidence of sporulation was present then these 

seedlings were no t considered to be infected by either of the pathogens . 

4. Survey of I nc idence of Seed Transmission of A. radicina 

Since New Zealand seed merchants derive their carrot seed supply 

froTI overseas sources, the intr oduc tion of the pathogens!• radicina and 

! • daucj._ seemed inevitable i n view of the absence to date of any nandatory 

carro t seed health screening requirement s . To determine the validity of 

this hypothesis a survey was conducted to ascertain the state of health of 

coIDJ:1ercially av&ilabl e i mpor ted carrot seed duri ng the two years 1968 and 

1969 . 

Carrot seed lines to be screened were obtained directly fron 

several seed merchants throughout Nev, Zealand in 1968 and 1969 . Sari..:lGs 

of a s many different , recently imported seed lines wer e requested toge ther 

with the following details about each sample : 

Results 

1 

(i) 

(ii) 

(iii) 

variety, 

country of origin , 

approximate date of harves t. 

During 1968, 55 seed lines were screened, and a further 31 samples 

likewise examined in 1969. Over the two years a total of 19 samµles 

(22 percent) were found to be infected with A. radicina at levels ranging 

between one and thirty percent; and seven samples (eight percent) were 

infected with A. dauci at levels ranging between one and twenty-seven percent. 



40 

Table 4 Seed transmission of i • radicina and!· dauci in 

commercia l carrot seed lines. 

Sam1;l e Percentage transmission 
Code No . Vari ety Origin Germination &. radicina .:. A. dauci 

19Gs 

3 Dividend Australia 75 1 

4 Egmont Gold II 83 30 

5 Selection 198 II 93 3 

7 Tepwe i ght II 90 5 

9 * 11 91 3 

12 * II 88 1 

15 * Holland 91 1 

18 * Australia 91 19 

19 Chantenay Long II 92 1 

21 Egmont Gold II 82 17 

26 Topweight Holland 83 1 

34 Ho lr:ie s Austra lia 87 24 

51 Egmont Gold II 85 14 

53 Royal Red Holland 73 3 

1969 

101 Spring Maxicrop Europe 88 22 

102 Spring Market II 87 1 24 
Improved 

103 Manchester Table U.S .A. 88 5 

106 Red King Europe 80 5 

107 Topweight Improved Australia 80 3 

108 Amsterdam Forcing Denmark 69 2 

109 Topweight Holland 85 13 
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Table 4 continued 

Sample Percentage transnission 
Code No . Vari ety Origin Germination !,radicina !• dauci 

1969 

llO Royal Red Holland 89 27 

111 Nantes Early France 84 1 

118 Holmes Impr oved Australia 80 11 

121 Topwcight 11 84 5 

* Varieta l name not indicated 

Table 5 

Extent of transmission of A. radicina and A. dauci 

in seed lines screened during 1968 and 1969 

A. r adicina A. dauci ----
Year 1umber of Number of Fercentage Number of Percentage 

lines lines of lines lines of lines 

1968 55 13 23.8 1 1.9 

1969 31 6 18.0 6 18.0 

Total 86 19 22.0 7 8.0 
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Details concerning the infected seed samples are presented in Table 4. 

The information obtained enabled a detailed examination of several 

aspects of carrot seed health, a s follows : 

(a) The F..xtent of Seed Transmission ---

The term "extent of seed transmi ssion" refers to the number of 

seed lines screened (expressed as a ~ercentage ) which had either or both 

pathogens present . Table 5 therefore shows the total number , and percen-

tage of seed lines found transmitting each rathogen for each year of 

scrGening . The predominance of!· radi cina in the 1968 results could 

have l ed to the conclusion that A. dauci was r el atively unimportant. 

However, in 1969 as many lines were f ound t o be infected with A. dauc i as 

with A. radi cina , thus illustrating the necessity of conducting such 

screenings ov8r a number of seasons . (~he f act that so litt l e A. dauci 

i nfec tion .-ms encountered during 1968 contributed t o tl1e emphas i s being 

placed on A. r adi cina i n this study.) 

(b) The Level of Seed Transmission ----- - --

The t erm "level of seed transmission" r efers to tho number of 

seeds within a line (expressed as a percentage) which had either or both 

pathogens present . In Tables 6 and 7 an analysis of l evels of s eed 

transmission found for both !.radicina and!• dauci is presented revealing 

a range from one to thirty percent . The importance of transmission level 

as it r elates to stand establishment and in providing primary infection 

foci is considered in Section C. of this chapter. 



Table 6 

Range 

0 5c:' - /0 

6- lo%, 

11- 15% 

16- 20% 

21+% 

Table 7 

Range 

0- 5% 

6- 10% 

11- 15% 

16;.;20% 

21+% 

Range in level of transmission of A. radicina 

in seed lines screened during 1968 and 1969 

1968 (55 lines) 1969 (31 lines) 

Number of Percentage Number of Percentc,ge 

lines of lines linr: s of lines 

8 14 . 3 5 15. 0 

0 o.o 0 o.o 

1 1.9 1 3.0 

2 3. a 0 o.o 

2 3. 8 0 o.o 

Range in level of transnission of A• dauci in 

seed lines screened during 1968 and 1969 

1968 (55 lines) 1969 (31 lines) 

Number of Percentage Number of Percentage 

lines of lines lines of lines 

1 1.9 2 6. 0 

0 o.o 0 o.o 

0 o.o 1 3 . 0 

0 o.o 0 o~o 

0 o.o 3 9 . 0 

43 
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(c) Source Country and Seed Transmissi on 

The f indinc;s are pr esented in Table 8 and can be sum..rnarised as 

f ol l ows : 

(i) There wa s a l most complete absence of transmi ssi on of either 

A. r adi cina or ~- dauci in seed originating from the U. S.A. This may 

poss i bl y be attr ibu ted to unfavour abl e environment a l condit i ons fo r the 

deve l opment of A. radicina and A. dauc i in areas wher e carrot s eed is ,;rmrn 

in the U. S.A. 

(ii ) Some of the Australian produced car:::ot seed lines t r ans -

mittcd a high level of A. r adicina . Eighty- seven per cent of sucl1 lines 

screened t r ansQitted the pathogen , at l evel s between one and thirty percent . 

Al though Australian produced seed v;as undoubtedly mos t important in this 

r espect , a number of Euro_,:,ean samples also transmitted the ~)a thogen , but 

the individue,l l eve l s wer e r elatively low . 

(i i i ) Seed from European countries a l most wholly accounted for 

the l)r esence of A. da,uci in the screenings conducted i n 1969 . - ---

(d ) Vari eties of Carr ot Transmitt i ng the Pathogens 

In 1969 high level s of!· radi ci na wer e f ound to be a ssociat ed 

wi th several lines of the vari e ty Egmont Gold obtained f r om differ ent s eed 

companies . However, t he transmission l evels and germination percentages 

were comparable , which suggested tha t the lines may have originated from 

the same Austra lian grower. Since other varieties were also found to 

transmit ! • r adicina as seed-borne inoculum (Table 4~ there was no 

jus tification for assuming that Egmont Gol d wa s more susceptible to the 

pathogen . 
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( e ) Seed Germina tion 

I n a stri ct germination t es t decaying seedlings are classifi ed as 

"abnor mal", and there f or e not i ncluded in the germinati on f i gure . In this 

study, hor!ever , a l l see ds exhibiting any evi dence of ger oinat i on , r egard-

l es s of i nfec ti on , were included in the germi nation percentage . 

Figur e 4 shows the distributi on of 10 day germinat i on pcrce:ntag-0s 

observe d f or all the cR.rrot sc,,)d sampl es screened during 1968 and 19G9 . 

Although this information did not take account o f the efft:..ct of s12cd- b0r.rw 

i noculum on gc:rm:i.na tion and emergence , it served as a basis on ,1hich to 

ga1.,;.ge i t,3 sii-~T,ificance . The significance o f seed- borne ~. r adicina 

inoculum v12,3 examined in a separate section of this investigation. 



Table 8 

Number of 
lines 

screened 

Denmark 2 

Holland 6 

France 11 

Europe (Unkn) 12 

Total Europe 31 

U.S.A . 37 

Australia 18 

Summary of the co;:mtries of or ie:;in cf seed tTansmi tting 

A. rodic:ina arid fl_ . d1mci i n 1968 ana. 1969 

Tr an8niasion of A, radicina Transmission of A. dauci --
Number of As 1,erccntaze As perce::ttage Nur.1ber of As percentage As percentage 

lines of all lines ,:,f lines from lines of all lines of lines from 
sa.rne origin so..IT1e origin 

1 1 50 0 0 0 

2 2 33 3 3. 5 50 

1 1 10 0 0 0 

1 1 12 3 3. 5 25 

5 6 16 6 7 20 

0 0 0 1 1 3 

14 16 87 0 0 0 

~ 
0\ 
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B. NATURE OF SEED- BORNE INOCULUM 

A seed- borne disease may be defined as one which i s potentially 

capable of becoming establi shed in a crop as a result of sowing seed 

carrying the CR.usa l organism of that di sease . 

The nature of the association between pathogen and host seed can 

be divided into two broad categories , namely: 

(i) Contamination; arises as a consequence of le s i oned pl ant 
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parts being included with the seed heads during harvesting . Conidia and 

rnycelial fragments may become mixed with the seed and , so long as such 

externally borne propagules r emain viable between harvest and sowing , they 

constitute an effective means of pathogen spread . 

(ii) I nfection ; usually occurs as a result of seed- bearing 

structures of the host becoming infected during development , and the f ungus 

then grov!ing through into the testa or beyond into the endosperm or embryo . 

1. Seed Contamination 

Walker (1952) indicated that conidia of!• r adicina can externally 

contaminate carrot seeds , al though he provided no evidence to substantiate 

this . Grogan & Snyder (1952) have shown that contamination can occur 

naturally on seed from bolted plants of a root crop being grown during the 

rainy season. "Seed produced on such blighted umbels was invariably 

contaminated or infested by£• radicinum but was of course out of season 

for seed production" . De Tempe (1962) in making a comparison of various 

methods of seed health testing for!• radicina mentioned the use of the 

Bolley technique, a method applicable to the identification of surface 
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borne pathogenic elements . This implied that seed contamination was 

possible, although no positive evidence of its nature or occurrence was 

present8d . 

Because cf the l ack of substantiated evidence of seed contamination 

i n commercial seed lines , an attempt was made t o determine the occurrence 

of s eed contamination with f::.• radicina on imported carrot seed . 

(a ) Detection 

The method deve loped by Balley (1902) for examining wheat seed 

sampl0s f or t he presence of adhering bunt spores (Tilletia caries (DC) 

Tul. ) was considered to best suit the r equirements of thi s experiment . 

Twe l ve lines of seecl found by the seed screening sur vey t o transr1i t 

A. r2.dicina r:erc routinely examined by the following r.1ethod : 

One gram of carrot ~eed was placed in 10 ml. of water in a 250 ml . 

Eryl enmeyer flask . Thi s was held f or 10 minutes , aGitated for f ive 

minutes , and the suspension centrifuged for five minut es at appr oxi mat~ l y 

6 , 000 r . p . m. The centrifugate was then examined for the presence of 

dictyospor ous conidia of!• radicina using a compound microscope . 

In no instance wer e spores of!• radicina r ecovered from any of 

the seed lines examined by the above method. The l eve l of seed- borne I ,---

inoculum in some lines was so high (25 - 30 percent) , that if conidial 

contamination was present , then it would have undoubtedly have shown up in 

the Bolley t est . 

The lines of seed examined were almost completely free of debris , 

although minute particles containing the pathogen could have adhered to 

the seed surface . These small pieces of debris , which were contained in 



the centrifugate and subjected to high humidity, were routinely examined 

for germ tubes or mycelium, Tiith negative r esul ts . 

(b) Artificia l Seed Contamination 

Although the above results were negative,the absence of contami~ 

nating inoculum may have, by chance , been due to a biased selection of 

lines used i n this study. The possibili ty of ccntominat i on occurring 

still r emained , and fo r this reason further s tudi es required the use of 

ar t ificia lly contami nated s eed . 

Becau se of th~ interva l be tween harvest of the seed overseas and 
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soFing in He,·, Zealand , it was necessary to demonstrate t~ t contaminating 

inoculwn is vi able with time . However , mere demonstration of t he presence 

and vi ability of inoculum does not prove the.t i t is r esponsible for sub-

s equent crop infection . Additional experi ment s are necessary to 

establish this . 

(i) Contar.!ina tion of See:d ---

A comi.dial suspension of !:.· radicina \7RS prepared usinc 10 day old 

culture.s gror:ing on P .D. A. The concentr ati on of thi s suspension was 

d6t ermined using a "Bright-line" haemocytometer, and then adjusted 

arbitrarily to produce the following three concentration series : 

120,000 spore s I ml. 

60,000 spor es I ml. 

30,000 spores I mL 

Eighty mls . of each of these spore suspensions was immediately 

used to artificially contaminate samples of a disease-free seed line, as 



foll ows . 
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Twenty gram samr-les of disease-free seed wer e loosely enclosed 

in small musl in bags and placed i n the appropriate spore suspension for 

about 10 minutes until thoroughly wetted. After removal from the 

suspensi on the seeds were allowed to dry at room t er:ipera ture and then held 

i n sealed envel opes until required . 

The resultant contaminant spor e l oads were determined by sub­

jecting seed to a routine washing method ( sensu Bal l ey 1902 ) and de ter­

mining the spore concentration of the r esultant suspension using a 

haemocytometer . The spore load per gram of seed , and per seed was then 

calcul ated ; the results ere presented i n Table 9. 

Table 9 The r elationship between inoculum concent~atiori and 

spora load of artifi ci ally inoculat0d carrot sacd . 

Initial Cone . Potential spore load Actua l spore l oad achievl·d 

* 

* ** 
spores/ml . spores/gm/ of seed spor es per gm . of seed spor es per seed 

30 , 000 

60 , 000 

120 , 000 

120 , 000 

240 , 000 

480 , 000 

16 , 000 

31 , 000 

58, 000 

18 

35 

66 

The potential spore load was calculated on the basis of 4ml. of 

inoculum per gram of seed~ 

The spore load per seed was calculated on the basis of 870 seeds 

per gram. 
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The artificial spore loads were intended to be in excess of those 

considered possible in a natural situation to ensure that the inoculum 

l evel was such that the pathogen would produce its maximum potential effect . 

(ii) Viability of ContaI'linating Inoculum 

The importance of seed contaminating inoculum is dependent on its 

ability to remain viable, particularly in New Zealand, whr r e it may take 

s everal months or even years to r eceive vege tabl e se~d froc overseas 

gTOVlerS, Krn.E1cr 8: Pady (1968) studied the viability of air-borne spores 

and concluded that "Al tc:,rnaria spores are r emarkably resistan t and 

apparently retain their viability f or long peri ods of ti.no " . Ruckshenai t e­

Beretskere (1968) f ound that conidia of A. radicina maintained their 

viability i n hE:r1~&riwn storage for up to 2½ years . rhese findincs 

support the ccntt::ntion that ~he dictyosporous conidia produced by species 

of such gu~.ora as Al t0rnaria and Stemphylium are qui to caJJable of' remaining 

·:tljve us seed contaminants for the normal duration betvwen har·vest and 

For thes e reasons the viability of conidia of A. radicina borne on 

carro t s eed was considered to be v10rthy of examination . Since no 

naturally occurring seed-borne contaminating inoculum was found. in this 

study, conidia which had been artificially applied to carrot seed were 

examined for their germination ability at intervals of up to six months . 

De-contamination of seed was carriod out using the ~ashing method 

already described (sensu Balley) . The resultant spore suspension wa s 

centrifuged for five minutes at 6,000 r . p . m. and a drop of the centri­

fugate containing the conidia under t es t was spread over a clean glass 

slide . This slide was then placed in a high- humidity chamber for six 



hours to allow the conidia to germinate . Two hundred such conidia were 

randomly examined for the presence of germ tubes, and the percentage of 

ger minated conidia recorded . ~his de t 0rmination was ca rried out con-

currently on two line s of artificially contaminated seedi those lines 

contai ning an average of 18 and 66 spores per seed . 
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The results obtained substantiate the work of Krar.ier & Pady (1968) 

and Ruckshenaite-Bere tskene (1968 ) in relation to the viability of conidia 

of A. radicina . Little reduction in th0 capacity of the conidia to 

gE: rmina te vms obs8rved until after 12 weeks; and after this period only a 

slow decline was observed (Tahle 10). 

Table 10 Effec t of storage duration on the viability of seed 

contaminating inoculum . 

Percentage Spore Germination 

Storage durn. tion 18 spores/seed. 66 spores/s8ed 

1 day 96 92 

4 days 90 90 

1 week 87 89 

2 weeks 87 85 

3 weeks 88 90 

4 weeks 90 89 

8 weeks 85 87 

12 weeks 82 80 

16 weeks 68 66 

24 weeks 42 38 
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(iii) Seedling Infection from Artificially Contaminated Seed 

Having shown that h radicina can remain viable as contaminant 

inoculurr: on carrot seed, it was necessary to demonstrate that such inoculum 

was capable of producing a pathogenic effect. Seed which had been arti -

ficially contaminated with conidia was therefore used to determine the 

nature and extent of pathogenic attack when sown in the greenhouse . 

There were two treatments; disease-free seed (control) and arti-

ficially contami~ated seed. Two r eplicates of 100 seeds were sown for 

each treatment . The seeds were individually sown one inch apart at a 

dGpth of apr:roximately ½ an inch, and the trays were kt~pt ,1ell rmtered f)r 

the duration of the experiment . Assessments of seedling emer gence and 

seedling infect i on wore made three weeks after the fir s t s eedling emer ged; 

that is, when mos t seedlings had produced their first pair of true 

leaflets . 

The experiment vms conducted i mmediately aft er artificial contami -

nation and again follov!ing storage for 12 weeks . The line of seE:d with 

the rr.aximum contaminant load was used in both cases to ensure that any 

potential pathogenicity was expressed . 

The results (Table 11) confirm that surface-borne conidia of!• 

radicina are capable of causing a pre-emergence damping-off of seedlings, 

even after 12 weeks of storage of seed. 

This was further established by subjecting the contaminated seed 

lines to a standard blotter health test at monthly intervals over a period 

of six months. One hundred percent infection of developing seedlings 

occurred in all the tests conducted (Plate 17 ). 



Plate 17 . 

Seed1inE decey on blotters cnused by artificial seed contamination with 

conidia of A. radicina . 



Table 11 Effect of storage duration on the pathogenicity 

of contaminating inoculum 
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Treatment Emergence 23/4/69 
Percentage 

Emergence 16/7/69 
Percentage 

Rep. 1. Rep . 2 . Rep . 1. Rep . 2. 

Dis0asc free seed control 

,\rtificially ccntaminated seed 

2 . s~ od Infec tion 

76 

0 

72 

2 

75 

1 

70 

0 

Doyer (1938 ), Ncergaard (1945) , Grogan & Snyder (1952 ), Noble: & 

Richardson (1966 ) have suggested thn, t !_, radicina may be transmitted 

1 withi n carro t seed tissuc,s, but they did not present cl ear evidence to 

support this . 

Tte occurrence of A. radicina as contaminant i noculum on available 

seed has already been inves tigated , with negative results . It was inferred. 

therefore , that in those lines known from the screening tests to transmit 

the pathogen the inoculum was present within the tissues of the seed 

(seed infection). 

(a) Demonstration of Existence .£f ~ Infecting Inoculum 

Studie s aimed at demonstrating the existence of seed infecting 

inoculum involve firstly the elimination of contaminating 



Plate 18. 

Seedling decay on blotters caused by natural seed infection with 

A. radicina. 

Up1er - non infected . 

Lower - infected. 
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inactivating established infection within the seed, then plating the seed 

to agar. 

(i) Removal of Contaminating Inoculum 

Mercuric chloride (0 . 1%) was n~w~ used as a surface 

sterilant in this study . A preliminary experiment was aimed at deter-

mining the minimum duration of surface sterilization which would eliminate 

all contaminant propagules of A. radicina . This was achieved by sub-

j ec ting an infection free , artificially contaminated seed sample to a 

range of irn.mersion times, and assessing the effectiveness of each treat­

ment by plating the seed to P . D. A. 

Approximately tvrn grams of seed per treatment were l oosely ti ed in 

muslin bags , the v:hole i mmersed momentarily in e thyl alcohol (So%), and 

then transferred to the mtrcuric chloride solution . At the end of the 

appropria te treatm~nt time , each sa.mple was successively washed three 

times i n sterile distill ed natET to remove any traces of mercuric chloride , 

then placed between t wo pieces of steri l e blotting paper to absorb excess 

moisture. 

The results , presented in Figure 5 and illustrated in Plate 19a , 

indica te a rapid decline in viability of contaminating inoculum within the 

first three minutes of treatment . The r emaining traces of viable inoculum 

were completely eliminated after five minutes immersion in the mercuric 

chloride solution. Before five minutes treatment could be regarded as a 

reliable means of distinguishing be tween contaminating and infecting 

inoculum, its effect on the level of infecting inoculum had to be 

determined . 
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(ii) Application of the Method 

Seed of a line which in a blotter t es t had r eveal ed a 25 percent 

l evel of transmis s i on of ! · radicina, was subjected to mercuric chloride 

surface sterilization treatments of five , six and eight minutes , thon 

plated to F.D.A . 
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As a result, four percent of seeds in each of the three treatments 

producr ,l colonies of A . .J._1.dicina indicating that some of the inoculum at 

l east , was borne within the S88d . This could be interpreted to mean that 

the rem2.ining 21 percent of the i noculum was present as contaminating 

spores. /J;;•w tNer:> the experiment on seed contamination had ruled out this 

possibility. A more plausablc expl anat i on was that the chemical treat-

111cn t had eradi ca tcd mycE::lial inoculum establ i shE.:d ,.,i thin the tcsta . 

(b) Loca tior: of SE:cd Inf cc ting I noculum 

There are:: ti':o possiblG broad locations of inoculum established 

within the sGcd tissues : 

(i) Superficial infection of the seed coat 

(i i ) t:ore deep- seated infection of endosperm and embryo 

Ne tzer & Kenneth (1969 ) conducted experiments to determine the 

location and nature of carrot seed-borne!• dauci infection, using a 

microtome t echnique . By differentially staining the s ections they found 

viabl e , thick- walled hyphae of!• dauci in the inner pericarp layer of 

seeds from infected seed lines . The general similarity be tween other 

s eed pathology aspects of!! • dauci and!_, radicin~, sugges ted that 

! • r adicina could infect carro t seed in the same way. Since equi pment 

for carrying out this type of experiment was unavailable, a more indirect 
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method was adopted for determining the general location of seed infecting 

inoculum. 

The ability of surface sterilisation trea t ments to eliminat e seed-

borne infection has already been demonstrated. It was a rgulild that 

increasing durations of treatment would successively eradicate the infec­

ting inoculum, according to its depth within the host seed tissues, and 

thus give an indication of its location. .An experiment was conducted to 

determine the va lidity of his hypothesis, as follows: 

Two gram samples of seed (line no . 4) were prepared f or a series 

of treatments aimed at determining the effect of immersion time in mercuric 

chloride (0.1%) on the viability of infecting inoculum. The same immersion 

procedure was adopted a s described in t he pr evious section, and the seven 

time treat ments used r anged bet ween 30 seconds and six minutes. After 

immersion t he samples were pl a t ed to P.D. A. a t the r a t e of 20 seeds per 

~late , five pl a t es per treat ment (100 seeds per trea tment). Colonies of 

A. radicina were readily identified after f our days incubation at 24°c. 

Results and Discussion 

The results presented in Figure 6 and Plate 19b demonstrate that 

most of the inoculum was eliminated after relatively short surface treat-

ments. This indicated that such inoculum was located relatively super-

ficially within the seed coat tissues, although some still remained 

effectively more deep-seated, unaffected by the surface treatment . 

These findings tend to support the findings of other· workeri. 

Doyer (1938) suggested that infection of carrot seeds by!• radicina 

remained superficial although Neergaard (1945) by the following state-
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ment i mplied that quite deep seated infection occurred :- "there is a 

qualitative lowering of seed partly because the fungus kills a portion of 

the seeds and then lowers the germinating capacity of the lot (and) partly 

because many of the seedlings attacked in the form of damping- off". 

Noble, de Temµe and Neergaard (1959 ) referred to A. radicina as a "partially 

deep- seated" 1,athogen but did not substantiate th:i.s statemen t with any 

evidence . Various workers provided circumstantial evidence that infection 

remains r elatively superficial. For exaDple, Neergaard (1936), Mounce 8; 

Basher (1943), Kristov & Raikov (1948), and Maude (1968), using soaks or 

surface treatment wi th various mercury based and organic fungicides, 

claimed complete or almost complete control of seed- borne!_. radicina . 
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C. SIG:NIFICAUCE Oli' SEED BORNE-INOCULITTvi 

With any seed- borne disease , inoculum assoc i ated with seed may be 

of significance in causing poor stand establishment and/or i n pr oviding 

primary infection foci for secondary spreau . 

!);_. radicina is most commonly known as the incitant of black r ot 

of carrots, a disease of the mature carrot r oots . Several workers have 

attributed the appearanc~ of various pathol ogical effects t o the presence 

of seed- borne inoculum . Neergaard (1945 ) observed pre- emergence damping­

off and various other workers (Jorgensen 1934 , Doyer 1938 , Mounce & 

Bosher 1943 , Grogan & Snyder 1952 , Maude 1968 ) observed seedling blight, 

both eventuating as a.result of seed infection. In the literature there 

has been a tendency to study only a particular pathological effect of the 

patltogen without relat ing it to other pathological effects . There 

appeared t o have been no thorough attempt to produce an account of the 

possible pathnays of infection r esulting from the use of infected seed . 

Studies were therefore initiated to confirm experimentally that 

infected seed was potentially capable of producing different pathological 

effects on a csrrot crop . More specifi cally this investigation w::1s con-

cerned with the potential for seed-borne inoculum to cause a reduction in 

stand establishment and cause seedli ng infection . On the basis of this 

investigation and the literature accounts, it was considered that enough 

information would be available to propose a scheme outlining the patho­

logical effects of the fungus, and to sugges t the pathways of infection 

existing between these eff ects. 
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1. Stand Establishment 

The i mportance of seed- bor ne A. radi cina inf ec tion caus i ng a 

reduction in stand establis hment can be cons i dered under t v10 mai n headings , 

depending on the s t age of growth at which the pathogen caused hos t death , 

namely)pr e- emergence dampi ng-off and post- emer gence damping- off . 

Preliminar y studies , however , indi cated that the pathogen was onl y 

i mpor tant i n causing pre- emergence damping- off under certain environment a l 

ci r cum..., ances . 

Neergaard (1945 ) was the first to attribute poor carrot seed 

gerr.-iinHtion aEJ seedl i ng emergence to the presence of seed- borne i noculwn . 

I n the germinR-tor damped- of f seedl i ngs y;ere classifi ed as "abnor m&l 

germs" and were not included in the germinati on figure . tlis experi-

r.ients shm-.'ed t hat the emercence of i nfected seed sown in autoclaved so i l 

was lo;ver than for uni nfectad seed . Grogan e~ SnydE.r (1952 ) also 

attr ibuted germinat i on f a i lure to the presence of seed- borne A. radicina . 

They stated t hat " i'h th the present t r end t owar d pr ecisi on planting, non: 

attention must be ci von to seed- bor ne and soi l or ganisms ,-:hich cause seod 

fa i lure or damping- off , such as A. radicina . 11 

Pre- emergence damping-off can be divided into t wo sub- sections . 

The f i r s t , seed dea th before germinati on , is typifi ed by s eed i nf ection 

of r adish by!• raphani a s des cribed by McLean (1947) . I n that case the 

embryo was killed by the pathogen during maturation of the s eed and the 

germination percentage could not be improved by seed treatment . 

Preliminary evidence indicated, however , that this situation did not 

apply to !· r adi cina infection of carrot seed , since certain seed­

treatments were found to restore seed germination and emergence . 



Furthermore there was no evidence in the literature to sugges t that seed 

death before germination was a f a ctor in pre- emergence damping-off of 

carrot seed. 

Seed and seedling death at and after germination was considered 
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to be the most likely alternative . In this case the pathogen, associated 

with seed in a dor mant state, resumes activity under the favourable s oil 

conditions, and may attack and kill the host seedling at any stage 

bef ore ·t emerces from the soil . 

In view of t hese cons i derations an invest i gati on was conducted to 

determi ne the potc,ntial effect of seed- bor ne f::.. . radicina on geroination 

and emergence of seedling carrots . More specifically the experiment 

aimed a t determ:i.ning if a relationship exi sted between the disease-free 

germination percentage and t he percentage emer gence in sterilised soil 

under glasshouse conditions favouring pathogen development. 

(a) Materials and Methods 

'i'bree r eplicates of 200 s eeds were sown in the glasshouse fo r 

each of an untreated, naturally infected sample, and a hot water treated 

sample of seed line No . 4 , The seeds were individually sown in a 

sterilised peat- sand mix , one inch apart at a depth of half an inch , and 

the trays were kept v,ell watered for the duration of the experiment . 

The final assessment of seedling emergence and seedling infection was 

made two weeks after the first seedlings eme~d. Concurrently routine 

germination and disease level assessme~ were conducted on all seed 

samples . A soil temperature of 18 - 22°c was maintained throughout 

the experiment . 



(b ) Results o.nd Di scussion 

Without conducting n test of significance it wees obvious thc.. t 

se•.:d inf0ction with ! • r 1°dicina c::msed o, decrease in soedling emergence 

und8r conditions of high soil moisture content. (Tables 12 & 13 ) 

Table 12 Blotter a ssessment of germin':l.tion 

percentage o..nd disease leve l . 

Infected Seed Tre2.,ted See d 
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Rep 1 Rep 2 Rep 3 AvE.:ro,ge Rep 1 Rep 2 Rep 3 Avero.ge 

Infection 
fovE.l % 86 85 85 85 86 87 86 86 

Pot~;ntic.l 
ger r.;ir10.,tion 'f~ * 28 21 22 24 1 0 2 1 

Dis,.;o.se- free 
germinr tion % * 58 64 63 61 85 87 84 85 

* T}w potcntinl germination percent.:1ge wo.s determined by observing the 

nilli'.ber of seeds showing any signe of germin[l ti on r egr ... rdless of the presence 

of the pathogsn . The disec.se-free gerrninn. tion percento.ge WE'.S co,lculcc ted 

by subtr2.cting the infection l evel from the pot,:;ntio.l germine. tion percenk.gc . 

With r eference to Table 13, it wo.s concluded that a high l eve l of 

seed infection ( as assessed by the blotter method ) was r eflected in a 

correspondingl y l ower se0dling emergence under the specified conditions 

of the experiment. 



Table 13 Glasshouse assessment of seedling emergence 

Infected seed Trea ted seed 

Rep 1 Rep 2 Rep 3 Average Rep 1 Rep 2 Rep 3 Average 

Tot a l 
Emergence % 64 67 69 67 84 83 84 84 

Emer,;,:ed and 
infe;ted % 4 1 5 3 0 0 0 0 

Emerged and 
disease free%-)(--)(- 60 66 64 64 84 83 84 84 

** The emer ged and disease- free percentage WO..S C['.lcula ted by subtr2.cting 

the emerged o,nd j_nfected percentage fr om the tota l emergence fi gur e . 

An a lmost pc.r,3,lle l situation v:as illustre:. t ed by Wallen & Cuddy 

(1960) , n-nd Yfr:i..llen & See.man (1963) inve stigating th0 influence of s eed 

infecti on with Di2.porthe phaseolorn ( Cke . & Ell . ) Snee ., on soybe::.n 

seedling development . They f ound th..'1 t the p2.thogcn frequently killed 

its host during the g-r:,rmino,tion and pro- emergence phases of host dev0 l op-

ment . A certa i n 2.mount of post- emer gence damping- off and s etodling 

blight ,ms a lso found , i ndicating tho. t under certa in conditions the 

pat nogen nas l ess able to complufoly overtake and kill the emerging 

s eedling. 

In the curr ent study little post- emergence damping-off was 

observed , because under the conditions of high soil moisture content in 

the glasshouse the pathogen killed the seedling before emer gence . How-

ever , in Table 13 it was demonstrated that even under such conditions 

some infected seeds gave rise to infected , emerged seedlings. Casual 

observation revealed that such seedlings were occasionally overtaken and 

killed by the pathogen, but only under post-emergence conditions of 
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prol onged high humidity. In the fi eld many emer ged seedlings were 

infected by the pathogen , a lthough only r a r ely were the seedlings 

cor.1pletely killed by it . It appear ed that unles s the: seedling wa s killed 

by the pa thogen when it wa s very young (less than three weeks after emer ­

gence), then it survived to maturity virtually unaffected, but still 

showing signs of infection. 

Conclusion 

~he potentia l for se8d-borne !• r adicina t o csuse st~nd r educ tion 

has bNm demonstrated and thi s occurs mE1.inly during the post- germi nation , 

pre- emer gence stage of devel opment, when soil environmental condi t i ons 

favour pathogen development . Depending on the level of se2d infec ti0n 

ancl tiL soil conditions during ger minati on , t he amount of s tand reduction 

nay be cons i der able , although of li tt l e consequence when t he seed is s own 

at hic;her seeding rstc,s (sensu Wallen & Seaman 1963 ). However, with the 

adoption of pr eci s i on sowing me thods to obtain carrots of a parti cular 

size , tne reducti on in emergence caused by !• r adicina could well affec t 

t he event ual yield and quality of marke table carrot r oots . Control 

measures a i msd a t reducing the amount of seed- borne infection would t her e­

f ore assist in making the results of precision sowing more pr edictable 

and r eliable . 

2 Seedling Infection 

The occurrence of "seedling blight" , caused by!• radicina, has 

been directly attributed to the presence of seed- borne inoculum (WJa.ude 

1966). With seedling infection it is presupposed that the pathogen 

persisted as a non- lethal infection on the developing seecling, whereas 

post- emergence damping- off is associated with the death of the seedling. 



Although the existence of seedling infection has been demonstrated , its 

significance has received very little attention in the literature . 

Experiments were therefore conducted to confirm that seed- borne inoculum 

could give rise to inf0cted seedlings, and if so1 to determine the possible 

significance of such infection to the carrot crop . More specifically 

the investigation aimed at r esolving tho follovring points i n a field 

situation; 

The nature of seedling infection and its effect on host vi6our , 

lha relationship between level of seed infection and level of 

seedling infec tion, 

The secondary spread of infection froTI uninfected sccdlin~s . 

(a) ma tarials and I;IC'thods 

Methods of ground preparation, layout and sowing are presented 

in Appendix III . For the purposes of this experiment four lines 8f 

carrot seGd wero used, us follows; 

(i) An infected sar.rple . 

-1 

Seed- line No . 4 - It was the only line tested that 

contained a sufficiently high l evel of infecti on . i . e . 

20 - 25 percent . 

(ii) A hot water treated sample . 

(iii ) 

Seed- line No . 4 - Although complete pathogen elimination 

was not obtained using H.W. T. the infection level was 

reduced sufficiently for comparative purposes i . e . 

1 - 2 percent . 

A sample containing half the level of infection as in 

(i ) 
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Seed-line No . 4 - This sample was prepared by mixing 

half infected seed and half H.W.T. seed. When t ested on 

blotters it was found t o be 10 - 13 percent infected , 

(iv ) An infection-free sampl e . 

Seed-line No . 25 - Although of a differ ent varie ty, t his 

sample provided the neces sary control as a che ck agai ns t 

the pos s i bility of soil- bor ne inoculum , and to gauge the 

amount of disease spread be tween r ows . 

lbe occurrence and deve l opment of pathogenic symptoms wer e cl ose l y 

observed during the grm'.' th of the s eedl i ngs . Two assessr:Jents of 

infection percent ac-e f r om each t r eatr:ient 'Nerc made by harvesting appr oxi­

na tcly 100 pl ants f r om a given l ength of ro\7 ( tv:o fe et), and examining-

thorn .for synp t oms of inf ect i on . I n the i ni tia l assessment, cor;.fi rmat i on 

that those seedli ngs sho,,inr__;· suspect s;yr.1ptoms vrnrc: i nfected 1:,r ! • radicina 

was rnadG by subjecting a ~mal l lesi oned tissue piece f r om each to 

24 hours high humidi ty , 2.nd exami ning under a stereoscopi c microscope 

for typi cal coni dia . Furt her confi r ma tion was made by i so l a ting to agar . 

Al l treat ments wor e sown on 27/3/69, at a time when soil mo i s t ur e 

content wa s insufficient f or seed ger mination . Two days after s ov.-ing , 

however, h~avy r a infall occurred, and a l t hough sufficient to stimulate 

germination, for another month the soil remained only just moist enough 

to support continued s eedling growth . This was followed by an unusually 

dry winter and spring , although occasional periods of relatively wet 

weather produced conditions conducive to disease build-up and spread , 



(b) Results 

In spite of the dry conditions a good strike was obtained, 

resulting in a high density stand in all treatments. In contrast to the 

findings in the glasshouse trial, in the field there were no apparent 

differences in seedling,·emergence between treatments. This was attri• 

buted to the marked difference in seedbed moisture status between the two 

experiments, and its effect on the rate of development of the seed-borne 

pathogen. 

(i) ~ nature of seedligg infection 

Symptoms typical of those described and illustrated by lfu.ude 

(1966) were observed in some of the treatment plots about three months 

after sowing. 

Plates 20&21 clearly illustrate the nature of the seedling 

infecti on most commonly found in the fi eld. The cotyledons were first 

to show infection, f ollowed by a gradual blackening of the older, outer 

petiole bases. A distinct circle of blackened petiole bases around the 

crown of the carrot resulted , but the infection r emained r elatively 

superficial _. (Plate 20 ) 

Only rarely were the younger, vigor,~s leaves infected by the 

pathogen; however the outer , moribund leaves, which had partially 

withered and fallen close to the infected petioles, frequently became 

infected, Except for a few small infected seedlings, suffering already 

from the effects of competition the pathogen did not appear to affect 

seedling vigour,, 
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(a) An uninfected and ar, infected 1,1',nt . 

(b) Longitudinal section" of an uninfncl,cU end r.,n infected plant . 
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Plate 21, 

I 
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Petiole base infection symi:toms . 

Left - infected plants . 

Right - uninfected plants . 
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(ii) The r elationship between level of seed infection~ level 

of seedling infection under field conditions. 

The first assessment of disease incidence was made soon after 

disease symptoms became ap1_arent in the early spring; that is, four 

monU:i.s after sovring . It was considered that at this early stage , the 

incidence of field infection would have been more close ly a reflection of 

the amount of seed~borne inoculum than later, after possible secondary 

spr9ad of infection. 

A correlation coefficient was calculated be tween the seed i nfection 

lev8l and the average field infection leve l values from Table 14. A 

hi~1 positive correlat i on (r = 0 . 99) indicated a strong relationship 

between the tv10 set s of observations . 

(iii ) The secondary -~read of infection from infected seE,cllings_ 

A second disease assessment was conducted two monU1s after t he 

first, after a period of r e latively wet \'!eather during whj ::;h the patho­

gen had adequate stimulus and opportunity t o disseminate, had it the 

capacity to do so . 

Secondary spread of i nfecti on was detected in two ways:-

(a) as a build- up in disease incidence within rows : (within 

row spread) • 

(b) as a build-up in disease incidence in previously uninfected 

rows: (between row spread). 

A comparison between figures in Table 15 and in Table 14, reveals 

a considerable build up of infection in all treatments during the two 
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months betv,een assessments . The dense stands undoubtedly contributed 

to the amount of build- up in those treatments originating from infected 

seed , but the presence of infection in rows originally free from infectic:1 

demonstrated the ability of the pathogen to spread further than to 

adjacent plants. Had the season been a normal r,et one 9 the build- up of 

infec tion 1•1ould prormbly hr..vo been even greater . 

An exawination of infected petiole bases and debris after periods 

of we t weather r evealed the presence of abundant conidia of A. raclicina . 

Ra,insplash 9 wind and insects could each have contributE::d toward the 

dissemination of such inocu]u..TJ1 both within and betv!een rm'iS . 

Maude (1966) conducted sir:1.il2.r •:xperiments usin.,; infected seed , 

and likeuise observed the occur~cnce and spre~d of pEtiole base infection 

in Autumn sown crops . 

Table 14 

The relationship between level of seed infection and l eve l 

of s eeclling infection . First fi e ld assessillent (19/s/69) . 

Field infecti on l8vel percentage 

'rreatment Seed infection Rep . 1 Rep . 2 Rep . 3 Avera ~" 
l eve l percentage 

Infection- free 0 0 0 0 0 
seed (C ontr ol ) 

Hot- water 2 0 6 3 3 
treated seed 

50/50% mixture 13 15 19 15 16 
H.W.T. & Dis . seed 

Infected seed 24 33 27 30 30 
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Table 15 

The r elationship betwein level of s eed infection and l evel 

of seedling i nfection . Second field assessment (13/10/69 ) . 

Field i nfec tion level percentage 

Tr eat ment Seed infection Rq,. 1 Rep . 2 Rep . 3 Average 
l evel percentage 

Infection- free 0 3 8 5 
seed (Control) 

Hot- water 2 10 11 9 
treated seed 

5u/5Cf/o mixture 13 50 68 38 
H.w. ·r . & Dis. seed 

Infected s eed 24 81 62 75 

Discussion 

The prGsence of petiolG base infection alone ap]JearE:d to be of 

l ittle economic si(;nificance 1 al thoug·h the blackened appe.:irance of the 

i nfected crovm could conceivabl y affect the consumer appeal of spring 

5 

10 

52 
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carrots which are sold with petiole bases • t ill attached . This type of 

i nfection ,ras noticed on carrots for sal e in Paloers ton North dm:·ing 

October/November 1969 . 

Of greater potential importance concerns the observation that 

infec t ed petiole base s constitute a substantial inoculum r eserve for the 

infection of more mature plant parts . Lauritzen (1926 ) indicated that 

post- harvest infection on the sides of the roots originated as contami­

nation from one or more of the following sources . 



(i) from the washing of spores from the fo liage to the soil 

and r oo ts, 

(ii) 

(iii) 

from contact with f oliage at harves t, 

from soil before and at the time of digging . 

Soil-borne inoculum has bccm discounted as an ir.1portar1t source 

of r oo t infecting inoculum (La.ng de la Canp , 1966 ). She demonstrated 

that drip inocula ti on of the crown with a conidial suspensi on was more 

success ful than i nfecti on f r ol!l the soil . Maude (1966 ) a l so found that 

"There was no i nf ,Jc tion of a ware crop grown on &round r occi ving an 

incorporation of i nf ected carrot l eaves and it seens unlike l y tha t thi s 

sourcG of disease i s of commercial i npor tance" . From th<::, li teratur c 

accounts , ther ef cro 9 it was assuried that i nocuL.ui1 origina.te::s mai11ly from 

above 0:round i nf ectioris , &l thoug·h foliage inft:ction is so uncomnon t hat 

i t cannot be considered capalJ l e of producing sufficient inoc1.1lru:: . 

The findinGs of this investigation str ongly implicate i nfected 

~Jc tiol e 1)ase s as a potentj_a,l i nocuhun source for ir~fcc tion of hct.rvC's t ed 

c2rrots . It was frequently ob s erved that infe cted petiole baGes oven-

t ually f ull to tile soil surface ca1-<s ing infection of associ,c;.ted l Gaf 

debris . Under f avourable envi r onmental cornli tions l a r g,, number s of 
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conidia wer e produced from such infectec. material, and it v✓as thus 

postulated that the presence of such an inoculum reserve would unavoid2.bly 

l ead to the contamination of carrot roots during harvest i ng operations. 

The occurrence of umbel infection has been observed by Grogan & 

Snyder (1952) and they considered it responsible for subsequent seed 

infection. The origin of the inoculum has not been fully investigated 

in the literature, although the findings of this study suggested that 
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petiole base and debris infection could theoretical l y account for eventua l 

umbel and seed j_nfection . The "bolting11 umbel stem passes throueh a 

circle of petio l e bases and would undoubtedly be capable of picking up a 

certain amount of infection as it did so . As well , progresf3i ve spread 

of infection from the base of the petiole stem to th0 u.mbel itself could 

t ake place during favourable environmc.mtal conditions . 

Conclusion 

In so far as peti ole base infection occur s 2.s a result of su:d 

infe;ctio11. , it follows that black r ot ar.d umbel inL,ction could. pos,, ibly 

develop indir0ctly as a r esult of scad infection . Figure 7 is a schcrae 

outlinin0 the:: type:=., of infection caused by fl. radi cina and. t he possible 

pathways of infection connectinG them. 
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Fig. 7. Pathways by which seed, infected with!. radicina, could give ri~e 

to various natho1ogical effects of carrot. 
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D. CON'l'ROL 

1. Introduction 

The main emphas is i n the literature has been placed on the us G of 

various chemical soed treatments f or the control of ! . r adicina infection 

of carrot seed . Doyer (1938) first suggested tha t since A. radicina 

infec tion remained superficial it mi ght be controlled by chemical s /_je d 

treat ment . Subsequently a number of workers (Mounce & Basher, 1943; 

Ueergaard , 1945; Khristov2. & Raikov, 1948; vveber et a l, 1954; Rusakova 

& Raskin , 1955; Grogan & Snyder, 1952 ; and Maude, 1966 ) using short 

soaks in or surfe.ce trGatnent witb various ther apeutants claimed complete 

or almost complete control of seed- borne ! · r adicina , without causing 

dc:pression in germine,tion or emer gence . Robe:::·ts (1956) r.1.nd Beaumont 

(1959) also achieved control of the pathogen using hot water treatment . 

The contr ol of s eed-borne di seases centres around t,rn basic 

appr oaches , :'illlely; the prevc.:ntion of tho 1•a t hogcn becoming seed- borne 

in the seed crop, or if thP-t is not economi cal ly possiblr0, the er adi ­

cation of the seed- borne i noculum from the scl=d , 

(a) Prevention of the pathogen becoming seed-borne 

Ideally , if New Zealand seed importers could r eliably obtain 

uninfected seed from overseas, the problem of controlling!• radicina 

nould be solved. The production of disease-free seed overseas would 

involve growing the seed in arid areas where the environment does not 

favour above-ground infection, or spraying seed crops with fungicide to 

prevent them becoming infected . 

In the U.S.A . effective control measures have apparently been 
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adopted where carrot secod is gro1;m, becaufle seed lines screened from this 

source were found to be almost completely free from both!• radicina and 

A. dauci. (Table 8) 

(b) Eradication of the seed- borne pathogen 

Since New Zealand growers have no direct control over the pro­

duction of carrot seed the only method of ensuring diseas e- free crops is 

by erad.icatir.g the seed- borne pathogen when it occurs . Conceivably, 

this may be achieved by ageing the seed or subjecting it to some form of 

treatment . 

(i) Ageing the seed 

It is possible that during a peri od of storage i nfected seed 

could r et ain its germi nat i on , whereas the pathogen would die out , 

r esulting in a measure of contro l. Fo:r example, Wallen & Seaman (1963) 

deraonstrated that there was a marked decrease in the viability of 

Diaporthe phaseol orum duri ng two years of storage of i nf ected soybean 

seed. Similarly Krout (1921) showed that conidia and mycelium of 

Septoria apiicola l os t their viability i n three years whereas celery seed 

retained its germination capacity during the sa..'?le period . Since no work 

of this nature had been r eported f or!• radicina , an experiment was 

conducted over a period of time to determine the viability of the seed­

borne pathogen in re l ation to seed germination capacity . 

Two lines of seed which were found in the initial seed screening 

tests to be infected with A. radicina were examined for their viable 

pathogen content and germination over a period of 18 months . Two 

hundred seed f r om each of the two lines were concurrently subjected to 



health and germination tests, at each interval, using the previously 

described methods . 

Table 16 Effect of duration of storage on percentage 

infection and se0d germination 

March June Sept Dec March June 
1 68 1 68 168 1 68 1 69 1 69 

Seed line 

4 - Germination 83 87 84 89 85 86 
Infection 25 21 27 27 23 26 

Seed line 

5 - Germination 93 90 94 92 89 88 

Infection 3 3 6 5 4 3 

75 

Sept 
169 

89 

25 

90 
6 

Results are prese.1ted in Table 16 and indicate that no signifi­

cant decline in either infection level or ger:-nination had taken place in 

the 18 months during which the seed lines were being tested . Accm'di:ng 

to the details accompanying tl1e sead lines, they were apparently harvested 

within one year before the first assessment was carried out , therefore 

making them up to tv,o and a half years old when the final assessments 

were made . 

On the basis of the r esults obtained the possibility of using seed 

ageing as a method of disease control was discounted . 

(ii) Seed treatment 

The effectiveness of various seed treatment techniques ( such as 

~1ot water treatment, therapeutant soaks and dusting treatments) was 

examined i n detai l since they appeared to offer the best prospects for 
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the control of A. radicina ancl other carrot seed-borne pathogens . For 

this reason seed treatment will be dealt with separately i n the f ollowing 

section . 

2 . Seed TrEatment 

Seed treatment refers gener ally to the use of certain physical or 

chemical agenci es to eliminate seed-borne pathogens without affecting 

germinat i on capacity of the seed . 

From studies described in Section B of this chapter, inoculun, of 

A. radicina was shown, indirectly , to be seed- borne as a predominantly 

superficial , testa infection . Depending on the prevailing environmental 

conditions , j~1fection ~as found to be of si&nificance in causing prc ­

e• cr gcnce damping- off, and also in providing primary infection foci f or 

relatively lir.iited secondary spread. On the basis of these findinBs it 

was decided firstly, to exaJ1!ine the recorded r.iethods of seed treatment 

for A. ra~a anJ. secondly, t o Taake a ccmparison of the effectiveness 

of the methods in greenhouse and fi e ld sowings , 

(a) Examination and Modification of Recorded Methods of Seed Treat ­

ment 

There is a considerable amount of literature r elating t o various 

methods of treatment of carrot for seed-borne pathogens and in some cases 

the accounts given are short, with incomplete detail of how the treat­

ments were experimentally selected and tested for effectiveness . For 

this reason a critical examination was made of various recommended treat­

ments; these included hot water treatment, therapeutant treatments, and 

water soak treatment . 
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(i) Hot Water Treatment ----------

Baker (1962) presented some ground rules and generalisa tions 

concerning thermotherapy of planting ma t erial , i n which he outlined the 

possible causes of pathogen death from high t emperatur e treatment , and the 

type of host injury sustc:inecl . With hi s work as a guideline the whole 

question of hot water treatnent of carrot seed for A. radicina control was 

investigated . 

Bant et al (1950 , 1952) devel o~cd a hot ~ater treat ment f or the 

control of fungal pathogens in broccoli and cel ery seed, and this t ech­

nique v:as considerE,d by Roberts (1956) as a possible me thod of eliminating 

A. radicina infection f rom carrot seed . Roberts investigated t he ef fec t 

of h m hot wat er treatments on the infec tion l evel on one carrot seed line 

and i ts effec t on the ge:r mination percent2-ge of the same line and ano t her 

uninfected one . 

His r esults are swnmarised in Table 17 . The grjr ,n.ina t i on percent age 

of both s eodlines vras r educed as a result of ho t water treat men t, a lthough 

the more severe treatment caused the greater r educ tion . Both hot water 

treatments r educed the l evel of s eed infecti on , but onl y the h 1ss severe 

one a i:,peared to elinina. t e infection . The r eason for this is difficult 

to account f or, although it is suggested that insufficient r eplicates wer e 

used in the investigation. 

Beaumont (1959 ) claimed that A. radicina was controlled by a hot 

wat er treatment of 50°c for 25 minutes, but he provided no evidence to 

support this . 



Table 17 Effect of hot water treatment on l evel of infection 

and seed germina tion percent age (Roberts 1956) 
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Treatment I nf ected Seed Line Sood Line FreG from I nf ection 

Ger mi nation I nf ection Ger mi nation per contage 
percentage percentage 

25 minut es a t 
122°F (50°c) 11 0 23 

30 minut es at 
125°F 10 1 11 

Untrea.t ed 
Control 50 15 41 

Because of t he lack of substantiated evidence t he effec t of 

di fferent temper e_tur e / time combinations on pathogen and hos t viabi l ity 

was examined . The experiment , as a who l e , was di vidrJd i nto t wo sections , 

t he first t rial i nvest i gr,ted t hu effc,ct of hot wat er on the viabili ty of 

seed- borne inoculum : t ho second dealt -r:i t h its effect on seed germinati on. 

Tria l 1. The effect of selGctcd ho t vm ter t r ol'l t mont s on viabi lity of 

seed infecting i noculwn. 

One line of seed (number 4) , f ound in t he prelimi nary screening 

t ests t o be rela tively heavily infected with A. r adicina (25%) was us ed to - -
determine the effect of hot water treatment on the viability of s eed 

infecting inoculum. Thirty , one gram samples of this line were enclosed 

in small muslin bags ready for immersion in the various hot water treat-

ments . The thirty combinations of the following temperatures and times 

were used as treatments : 



temperature 

time 15, 20, 25, 30, 35 minutes 
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After immersion in the hot water bath, each sample was cooled by 

dipping briefly in cold v:ater, then dried at room temperature between two 

sheets of blotting paper . Ono hundred seeds per sample were l a id out on 

standard germination blotters, one seed per square, and then incubated in 

a Copenhagen germinator at 20°c for ten days . After this time the level 

of infection i n each sampl e was r e corded . 

follows: 

Trial 2 

The results are presented in Figure 8 and can be summarised as 

All trc;::tmcnts caused a reducti ,Jn in the n.mount of viable 

seed- borne i noculum . 

The treatment rGcoIT1.rnendcd by Roberts (1956) (50°c for 25 

minutes ) substantir:,,lly r educ8u., but did not e liminate , 

infecti on . 

0 
A ter.:ireraturc of 50 C ap1Jear0d to be most critical for the 

pathogen. Treatment at this t emperature for 30 minutes and 

l onger e liminated infection. 

0 0 Treatments of 52 C and 54 C for 20 minutes and longer effec-

tively eliminated infection. 

The effect of selected hot water treatments on seed germination. 

Baker (1962 ) suggested that certain heat treatments may delay or 

reduce germination, thus affecting the planting value of a seed line. He 

listed such host factors as variety, age , size, vigour,moisture content of 

seed that may affect susceptibility of a particular seed line to hot water 
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For this reason it wa s necessary to use thr ee lines of car ro t · 

s eed r epr esenting diffe r en t varieti es and differ ent ger mination per centages , 

as f ollows : 

line 4 (inf ected l i ne ) (as i n Trial 1) 

l i ne 13 (uni nfec t ed line ) 

line 44 (uninfected line) 

ger mi nation 85% 

It 8Cf/o 

II 87% 

Exa c t l y the sai"Tlo procedure as in trial 1 . was adopted f or treating 

and subsequent l aying out of the samples , a lthough in the case of the 

uninfected lines the seeds were placed four per testing square . 

r egard t o line 4, trials 1 and 2 were conducted concurrently .) 

(With 

Gerrninat i on assess;nen t s wer e !':lade after four and seven day ' s 

incubation to detect any effec t on rate of ger::1ination as a r esult of hot 

v;a ter t r eatment . See:d.s exhibiting any evidence of ger minat i on ,;ere 

incl uded in the gernina tion percentage . 

The results for the three l i nes are pr esent ed r espectively in 

three tables (Append.ix IV ) and ar e summarised in Figures 9, 10 & ll. 

Assessments f or 20 and 30 minutes immersi on tiffie have been omitted from 

t he f i gur es because it was considered t hat the 15 , 25 and 35 minu t e 

observations a l one sat isfactoril y showed the trend of treatment eff ects . 

Except for line 44 , t emperatures up t o 48°C di d not mar kedly 

r e tard or r educe germination. From 50°c to 54°c germination was r etarded 

when i n combination with the 15 minu t e i mmer s ion treat ment, and wa s 

progressively r educed a s t he dura tion of treatment increased to 35 minute s . 

Ideally a treatment should complet ely eliminate t he seed- borne 

inoculum without affecting germination of the seed . Certain treatments 
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which completely eliminated the pathogen from seed line four (selected 

from Figure 8) were thus assessed in r el ation to the delay or r eduction in 

germination they produced i n the thr ee seed lines examined . 

Table 18 

Effect of sel ected hot water treat ments on seed germination 

?orcontage Reduction Percentage Del ay 

in Germination* in Germination ** 

Treatment Lim, 4 Line 13 Line 55 Average Average 

50°c for 30 minutes 3 0 16 6 7 

for 35 minutes 8 2 25 12 10 

52°c for 20 minutes 15 0 21 12 11 

for 25 minutes 17 3 25 15 12 

54°C for 20 n::inut es 30 14 42 29 15 

for 25 minutes 38 23 41 34 13 

* The reduction in germination capacity of the seed , attri-

butable to seed treatment (that is , the amount of seed actually killed by 

the treat ment) , vras ca lculated by subtracting the seven day germination 

fi gure in tho treated line from the seven day germinati on figure in the 

untreated control . 

** The difference between the reduction in germination at four 

days and the r eduction in germination at seven days was r e5drded as a 

measure of tho delay in germination caused by the treatment . 

Table 18 showed that although certain hot water treatments 

eliminated the pathogen they also caused a delay or reduction in 



germination. 
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As was expect0d , the magnitude of such eff ects was dependent 

on the severity of treatment and the lines of seed used . With this taken 

0 into consideration j a hot water treatment of 50 C for 30 minutes was 

selected as being most suitable because of those treatments giving compl e t e 

elimination of seed-borne A. radicina, it l eas t affected germinati on . 

(ii) Therapeutant treatm0nts 

Therapeutants are commonly u sed for the control of s0ed- borne 

pathogens and their effectiveness depends largely on the methods of 

applicat ion and the nature of the seed-borne inoculum. The methods of 

application can be divided into two broad categori es , as follows : 

Sc,G d dressing : The seed is either "dusted" with a wettable 

preparation of the therapeutant or dipped in a slurr y containing the 

preparation and both aim at eliminating surface- borne (contaminant) 

inoculum. For exaniple, covered smut of whe&t (ca.used by Tilletia caries 

(DC) Tul.) has been effectively controlled in this way . 

Ther apeutant poaks: The seed is immersed in a solution or 

suspension of the thcrapeutant so that it .r.iay "penetrate" the seed and 

t o some extent and eradicate infecting i noculum confined to the outer 

layers of the seed. (e . g . Septoria apiicol a Speg. ) 

The use of various t herapeutants applied as dressings or as soaks 

for the control of seed- borne!· radicina and!• dauci has been 

advocated by some workers . Khristova & Raikov (1948 ) claimed compl ete 

control of ! • rad_icina "on heavily infected carrot seed" using granosan 

and ceresan dusts . Maude (1966) conducted a comprehensive glasshouse 

trial in which mercury based seed-dressings and short soaks in ethyl 



mercury phosphate (E .M. F.) were compared mainly with a thiram (Tetra­

methyl t hiur rundisulphide ) seed dressing (50% active i ngredi ent ) and with 

soaks in thiram suspensions (0 . 2%) for 24 hours at 30°c . He found that 

all treatments significantl y reduced seedling infection, a lthough the 
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E. TuI . P . soak severely reduced germination . Only the 24 hour soak at 30°c 

in O. 2% thiram suspension ap1)eared to give cof'1ple te control without a 

depression of emergence . 

In this study it was decided to check the effectiveness of Maude ' s 

"thiram soak" technique for eliminating seed- borne A· r adicina using seed­

line nul:lber four, knmm to transmit a high l e:ve l of infec tion (25%) , 

Samples of i nfected seed were loosely lied in muslin bags and immersed for 

24 hours in a suspension of thir2,n (0.2%) held at 30°c . The -cr eated seed 

was subsequent ly dried and snbjocted to a germinati on and infec ti on 

assessment , 

T&.bl e 19 Effect of " thiram soak" treatment ( sensu I-.iaud.e) 

on l eve l of seed infection ( seed line 4 ) 

Infection l eve l (percent) 

Replicate No . Treated seed Untreated seed 

1 1 24 

2 2 20 

3 2 21 

4 1 23 

5 3 27 
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This experiment was replicated five times but in no instance was 

complete control achieved (Table 19 ). The l evel of infection was reduced 

in each instance to between one and three percent , and the germination 

remained unaffected . 

(iii ) Wat2r soak treatments 

Certain overseas results have pointed to the possibility of 

controlling sce~- borne A· radicina by soaking infected seed in water . 

Firstly , Arny & Leben (1956) demonstrated that water soaking oats and 

barley seed for 56 hours at 24 - ?6°c markedly r educed Helminthosporium 

seedling blights in the subsequent crops . By plating treated and 

untrGated s0ed to agar they found that speciE:s of Alternaria , present as 

contaminants on the su:d, were .<:tlso markedly reduced lJy the ·1-.ra tc,r- soaking . 

i'.laude (1966 ) incluc!.ed i n his inves tigation i nto methods cf cor,trol of 

A. radicina a Ymtcr- soak tr0atr.,cr,t of 30°c for 24 hours to coCTpare: with 

his thiram soak method . He f ound the. t vm ter soaking alone caused a 

sli ght reduction in i nfect ion . Thirdly, Limonard (1968) showed that 

sec;d-borne A· radicina was suscc,pti bl e t o the ,'!e t blotter effe:ct , a 

situation where an increase in the water cont<c:nt of the t es ting substrate 

r educes the apparent l eve l of infection. 

On the basis of the above considerati ons an experiment was con­

ducted to determine whether or not the duration of i mmersion in water would 

affec t the vi ability of seed-borne A. radicina . 

One gram samples of infected s eed (seed line four) were l oosely 

tied in muslin bags ready for immersion. Two constant temperature 

0 0 wat er baths wer e se t up, one a t 20 C and the other at 30 C, and the seed 

samples immersed i n them f or between 15 seconds and 45 hours . After the 
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duration of treatment, each sample was r emoved from the water, shaken free 

of excess water and allowed to dry overnight beh,een t wo sheets of blotting 

paper . From each treatment two r epr e s entative sa mp l es of 100 seeds wer e 

subj ected to an infection and germination assess;:icnt using standard 

t esting blot t er s i n the Copenhagen germinator . 

The r esults of this ex~eriment are presented in Figure 12 and f or 

conveni ence the time intervals u sed ~ere converted to a l ogarithmi c scale . 

Soaki ng i n water a t 20°C for up t o three hours caused an increase in 

apparen t i nfecti on level, f ollowed by a steady decline to 2.CP/o aft er 

45 hours . The roason f or tho initia l increase i n lGvel of i nfection has 

not teen re so l ved 9 and tho phc:momc-non obviously requires further investi-

gat i on . 

0 
In the 30 C trea t!".ent no 2.ppr eciable i ncrease: in appanmt i nfection 

l ovGl was observed . A dec linE: was observed. beginning aft er one hour of 

water soaki ng , and after 45 hours the inocul wn appeared to have l)een 

elir.1inated . Thi s is in contras t to the findings of Maude( 1966 ) who 

shm:,e::d onl y an insignificant dec line in infection after 24 hours soaking . 

The discrepancy suggests that i noculurn may vary i n its accessibili ty and 

susceptibility to treatment depending on the particular host/pa thogen 

r elationship. (For example, depth of infecting inoculum within the 

host tissues.) Until other seed-lines have been studied the use of 

water soaking as a means of control cannot be r e commended . The results, 

however, suggest that part of the er adicating action of 1'Iaude 1 s thiram 

soak treatment could be a ttributed simply to a water soak effect . 

Germination percentage wa8 unaffected by treatment. 
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(b) Comparison of Methods of Seed Treatment 

Although results of the previous section provided an indication of 

the absolute effectiveness of certain seed treatments, the need to compare 

them under glasshouse and field sowing conditions remained. The criterion 

of effectiveness depends on the type of rathogenic effect arising from the 

use of seed infec t ed with A. radj.cina. In this connection it has been 

demonstrated that under moist glasshouse seedbed conuitions seed infection 

causes pre- emergence damping- off whereas under dryer field conditions petiole 

base infection ,-✓as important . The findings of the experi ments described 

i n the previous secti on were unknown at the time the gl asshouse and field 

trials were initiated . For this rGason treatr.1.ents based on the r ecommen-

da t ions of other workers were adopted, as f ollov;s: 

Hot V!ater Treatr.1Gnt 

Thiram soa.k tre&tment 

Thir8.P.l dust treatment 

Benlate dust treab!cnt 

50°c for 25 minutes (sensu Roberts, 1956) 

0. 2% thir8.P.l suspension at 30°c for 24 

hours (sensu Maude , 1966 ) 
/) 

1 oz. per 14 lbs seed (,.\(ensu Maude , 1966) 

1 oz . per 14 l bs seed 

Seed-line number four was tl.e only one sufficiently infected (25%) 

on which the effectiveness of seed treatment could be deter mined. 

(i) Glasshouse Trials 

It has already been shown that seed infection with A. radicina can 

cause poor emergence under moist glasshouse seedbed conditions . In this 

experiment the objective was to confirm that certain seed treatments could 

improve the emergence of carrot seedlings by eliminating some or all of the 

seed infecting inoculum. 
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Seedbeds were prepared using sterilised peat-sand mix (Baker 1957) 

and 200 seeds per treatment were sown appr oximate ly one inch apart and 

half an inch deep. Throughout the experiment the seed beds were kept well 

watered by placing tho trays in a shallow water bath . Overhead vm tering 

was avoidedo 

The relative effectiveness of each treatment methGd was assessed 

by comparing the percentage emergence of seedlings observed two weeks 

after the first seedlings emerged . The r esults of two replication's of 

this experiment are pr esent ed in Table 20 . 

Table 20 Effect of seed treat ment on emergence of 

infected seed in the glas shouse . 

Percentage Seedling Emergence 

Treat rac:mt Replicate l Replicate 2 

Hot i'Tater 79 . 0 84 . 0 

Thiram soak 84 . 5 81. 5 

Thiram dust 82 . 5 87. 0 

Benlate dust 69.0 72. 5 

Infected seed (control) 69 . 5 68.5 

The r esults indicate that all the treatments used except benlate 

dust, equally improved the emergence of infected seed under the prevailing 

glasshouse conditions . Of those treatments which were effective against 

pre- emergence damping-off, seed dusting with thiram was undoubtedly the 

most attractive from a commercial growers point of view, since the method 



i s relatively cheap and easy to use . 

(ii) Field Trial 

The occurrence and build- up of petiole base infecti on was demon­

strated in _ecti on C. 2. of this chapter and shown to r esult from the 

sowing of seed i nfected with A• radicina . I n conjunction with that 

experi ment an investigati on was conducted to determine the r elative 

effectiveness of different seed treatments in reducing the amount of 

pet i ol e base infection i n the field . The treatments used were tht:: same 

as those in the previous experi ment , namely 1 hot ~ster, thiram dust, 

thiram s02-k , and benlatc dust , v:ith an untreated infec t ,:ld sample as 

cont:r-ol. 

Details of the cul ti va ti rm , 2nd sowir,g of the: field trial r::::c 

outlined i n Appendix III . Three replicates of each trGatrnent were sm,n 

and subsequent disease assessments v10re made in the sarne way as, and in 

conjunction uith those described i:?.1 s0ction C. 2 . of this chapt'-'r • 
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The rcsul ts of h:o assessr~(mts are presented in Table 21. The 

first assessi:ient was conducted on 18/ 8/69 and the:: figures given are the 

averages of t i:.10 r eplicates in each treatrient . The second assessment was 

c onduc t ed on 13/10/ 69 o..nd the figures given are the averages of three 

r eplicates . 



Table 21 Effect of seed treatment on the incidence 

of petiole base infection in the field . 

Petiole Base Infection 
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'l'rea tmen t 1st Assessment (Av . ) 2nd As sessQent (Av . ) 

18/8/69 13/10/69 * 

infection free 0 5 

Non- treated 

seed i nfe c ted 

Hot water 

Thiram soak 

Thirrun clust 

Benlate: dust 

30 

3 

1 

2 

36 

73 

10 

8 

12 
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A compl et e table of r esults is presented in Appendix III . 

The main fj.ndings of this exp""riment can be surmnarised as f ollmw : 

(i) Hot wa.t e~ treat-2cnt, t hir:::u;i soaking and thi nim dusting of 

se2d effectively reduce:d the amount of p(tiole base infcctio!1 . 

(ii) There vms no difference b€ tne'"n these me thods of trea trnent 

at the first and second assessments. Part of the build- up of 

infection could have been due t o spread from adjacent, infected 

rows . 

(iii) Benlate dust vras totally ineffective as a method of 

control; in fact there appeared to be more infection in these 

r ows than in those grown from untreated infected seed. The 

reason for this was not de t ermined but it is theorised that 

benlate may have favoured the development of A. radicina by 



90 

selectively eliminating competitive and antagonistic fungi . 

Discussion 

Although certain hot via ter trca tments were found to eff ectively 

control seed-borne inoculum they frequently caused a depress i on in germi-

nation. I n a ddition, the tedious nature of this method would t end t o 

make it unaccept able to both the seed merchant and carrot groTTer . 

The other a lternative involved the use of a fungicide preparation , 

namely thira.m 8ofo v,/v, . Both the thir!1JTI soak mdhod (sensu Maude, l '.)68 ) 

and the ext erna l application of thiram dust to these.ad effec tively 

reduced seed- borne inoculu..--n . Thiram dusting , at the rate of one ounce 

active ingredient per 14 lbs of seed vras cons idered as the most satisfactory 

method for adoption by seed merchants or carrot growers because it was 

cheapest and quicker to use . 

Whether or not it is necessary to achieve absolute control of a 

particular pathogen depends on the si&,-nificance of the seed- borne inocul um 

t o the host crop . Vfuere even a small amount of inoculum c2..n result i n 

widespread crop infecti on through secondary spread f r om primary infection 

foci, then compl ete elimination of the seed-bor ne pathogen i s essential; 

f or example Septoria apiicola in celery (Bant & Storey , 1952 ) . 

Alternatively i f the pathogen is i mportant because it reduces germination 

and/ or stand establishment, then it may be more economical to sow extra 

seed than to attempt to eliminate the inoculum . In this latter case , if 

control measures were warranted they would be aimed at reducing the amount 

of seed- borne inoculum to an acceptably low level , but not necessarily 

eliminating it . In all cases complete elimination of the pathogen would 
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be desirable provided it could be done simply and cheaply . 

In this connection there are two points to consider with r egard to 

control of seed-borne A. r adicina by the applicat i on of thirarn dust . 

Firstly, seed- dusting with thiram was a simple , cheap and effective method 

of restoring the germination capacity of infected seed . Absolute cor.trol 

of pre- emergence dr-mpi ng- off was neither sought nor achieved , since the 

r elatively few seeds remaining infected would be of no significance anyway. 

Seed dusting would also assist in the pre- emergence phase of host develop­

ment by giving some protection from attack by other seed-borne and soil-

borne pathogens . Seconuly , seed dusting ~arkedly r educed the amount of 

petiole base infection in both the young and the mature crop . SGcondary 

spread of petiole base infection v,as :r.1inimal , and although compl ete control 

would have been desirable, the amount of inoculwn available for sub­

ser1uent infection of harvested carrots was effccti vely reduced as a 

r esult of treatment . 
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SUMMARY 

1. The occurrence of black-rot infection of certain carrot crops in 

the Ohakune and Manawatu districts was established during this investi-

gation. This is the first time the causal organism, Alternaria radicina 

M.D. & E., has been r ecorded in Nen Zealand. 

2. The identity of the causal fungus was confirmed by comparing its 

morphological and cultural characteristics with origi nal and more recent 

descriptions , and by demonstrating its pathogenicity t o carrot. 

3. Culture filtrates of the pathogen were folmd t o exhibit certain 

hi therto unrecor ded antibiotic properties . A yell on pigment 1 produced b;r 

some i solates of the patho_;en on lab. potato- dextrose r.1.cdium, was asso-

cia ted with fungal antibiosis . In addition a l l isolates appea:r-ed t o 

produce a bacterial antibiotic in various culture medi a . 

4. On the basis of his scheoe for the delimi t c1.tion of the genera 

Alternaria , Ulocladium and Stemphylium , Simmons (1 966 ) JTJ.aintained that the 

pathogen should remain in the genus Alternaria, as originally described by 

Meier , Drechsler & Eddy (1922) . Photomicrographic evidence , presented in 

this study, supports Simmons' argunent that the pathogen belongs to the 

genus Alternaria . 

5. The transmission of A. radicina in some lines of imported carrot 

seed was demonstrated . A. dauci, a pathogen causing f oliage blight of 

carrots, was also identified in some lines of commercially available seed. 

Infection levels for A. radicina ranged between one and thirty percent, 

and for fl. dauci between one and twenty-seven percent. 
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6. Most of the seed lines infected with A_. radicina originated from 

Austra lia , except for some of European origin. Seed origin~ting from the 

United States of .America wa s notably free of infection wi th!• radicina and 

A· dauci. 

7. A• r adi cina was shown to be borne a s a shallow infection of the 

t esta. No natura l conidial contamination of seed was found in any of the 

lines transmitting the pathogen . 

8 . This i nvesti gation confirmed that ! • r adicina is capab l e of causing 

pre- emergence d21llping- off under mois t soi l conditions in the glasshouse . 

Under d.I·yer field conditions seedling infec tion developed as a direct 

consequenc0 of sowing infected seed . The infection remained on the 

petiole bases until crop ri.qturi ty, but had not detrimentally affected the 

harvestable product . 

9. It vas hypothesised that infected petiole bases , v:hi ch commonly 

became part of the soi l debris , constitut ed a substanti al potentia l 

i ncr·_·l_um r eserve for cont::!Ininc,t i on of mature co.rrots during harvest . 

•rhis inoculum v:ould undoubtedly predispose stored cr ops to black r ot 

infection . 

10. Limi t ed spread of petiole base infection was de t ected and appeared 

to be directly r elated to the initia l amount of infection present, which, 

in turn, was related to the level of seed-borne inoculum . 

11 . Various approaches to the control of seed-borne!:::_. E_a1ici~~ were 

investigated . From a practical viewpoint, the most satisfactory control 

method was one which involved dusting the seed with thiram wettable powder 

prior to sowing. This restored the germination capacity of the seed and 

almost elimina ted the occurrence of petiole base infection. 
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APPENDIX 1 

Composition and Preparation of Culture Media 

Recipes are given below for the cul tur e media used in this study. 

They were pr epared using distilled water, autoclaved i n 200 ml. q_uantities 

in 250 Erhlenmeyer flasks , and stored f or us e . All media was s t erilised 

at 15 p . s .i. for 20 minutes immediate l y follovring prepar a tion . 

A. Pota t o Dextrose Agar (lab. P.D. A.) 

Agar 12 gms . 

Pot a t oe s 200 gms . 

Dextrose 10 gms . 

Wa t er 1000 mls. 

The po t ~t oes wer e pee l ed, sliced , and cooked s l owly for one hour in 

500 ml s of wat er , and the f il trate r eta i ned a ft er str a i ni ng the mi xture 

through chees e- clot h . Agar was melted i n 500 mls of wa t er , d(utros e 

added, and the two solutions ·combined befor e autoclaving . 

B. Potato Dextrose Broth 
. ---

The same ingredients, except the agar , were used to prepare this 

liq_uid medium. 

meyer flasks . 

The broth was autoc l aved and stored in 250 ml . Erhlen-

C. 0xoid P.D.A. 

Ref er ence : Oxoid Manual (1962 ) r eprint second edition . The 

prepared dry medium was added to water as indicated on the label. 



D. Ma lt Agar (M. A. ) 

Agar 

malt extract (disco) 

wat er 

25 gms . 

20 gms . 

1000 mls . 

The t wo constituent s were dissol ved in wat8r by hea ting and 

stirring. 



APPENDIX II 

Routine Methods and I,Iatorial s i n the Glasshouse. 

Flat perforated plastic trays (12 11 x 18 " x 3"), embedded into a 

we t sand layer covering the bench tops were routinel y used for the glass­

house experiments . A pre- sterilised nedium f ertili ty peat- sand mix 

(Baker 1957) was used throughout as tllG seed- bed . Frequent watering was 

carried out by placing the plastic trays in rncter , thus a lloHing seepage 

from underneath . This minimised the risk of spreading infection across 

the S'.ITface of the se::-d-bed uhen overhc:,cl wc:~terine," nas employed . 

Wben necessary disease- free carro t seedlintss were transferred from 

the flat trays to clay pots to allow the plants to develo1) to maturity , 

especial l~' for inoculation purposes . 

Vari '.)US glasshouse pests , including caterpillars , aphi ds , l eaf ­

hoppers and thrips were controlled by insecticides such as D. D. T. , 

malathi on , and sevin. 



APPENDIX III 

(a) Materials and Methods used in the Field Studies 

A small plot of land (approximately 24 feet by 24 feet square ) was 

cultivated i n preparation for the field trials referred to in Chapter III, 

Sections C. & D. For each replicate a ridge six inches wide and twelve 

feet long was prepared in r eadiness for sowing. A "baking powder" tin 

punctured with small holes, was nsed as a seed drill . By placing 

sufficient seed in the drill and rolling it along the row, a six inch band 

of seed was sown f airly evenly along the length of the row . 

then covered with about half an inch of soil. 

The seed was 

The rov,s ·,-,ere 18 inches apart and t he positions of the three 

replicates of sev0n treatments were randomly selected. 

The whole area of cultivated land , of which this plot was a part, 

had been chemically treated to control ,;eeds . 

between the r ows v:ere removed manual ly . 

Any more v;eeds gr owing 

(b) Field disease assessment of effectiveness of seed treat~ent 

A complete table of results for the second assessment . 

Treatment 

Non-treated 
infection-free 

Non-treated 
infected 

Hot water 
treated 

Replicate 1 
Percent 

infection 

3 

81 

10 

Replicate 2 
Percent 

infection 

8 

62 

11 

Replicate 3 
Percent 

infection 

5 

75 

9 

Average 
Percent 

infection 

5 

73 

10 



APPENDIX III continued 

Treatment Replicate 1 Replicate 2 Replica te 3 Average 
Percent Percent Percent Percent 

infection infection infectfon infection 

Thiram soak 
treated 15 4 5 8 

Thiram dust 
treated 17 10 10 12 

Benlate 
dusted 83 90 91 88 



APPENDIX IV 

Effect of selected hot water treatments 2-ll germination .Qf carrot~-

A compl ete list of results 

(a) Seed li..Q.£ ±· Germination percentage . 

Treatment 15 MINS 20 1ITNS 25 MINS 30 MINS 35 MINS (a) 
Te~ tu.re 

oc 4DAY ?DAY 4DAY 7DAY 4DAY 7DAY 4DAY 7DAY 4DAY 7DAY (b) 

44 61 83 60 87 62 86 62 87 60 83 
46 60 85 70 87 61 84 56 85 61 82 

40 56 84 69 87 58 82 63 82 58 81 

50 61 77 53 74 52 83 43 78 45 75 
52 50 85 46 89 42 73 33 67 30 58 

54 39 86 20 60 13 48 11 49 4 25 

(b) Seed line 13... Gen1ina tion percent:-:ige . 

Treatment 15 r.IINS 20 MINS 25 MINS 30 MINS 35 MINS (a ) 
Temperaiure 

oc 4DAY 7DAY 4DAY 7DAY 4DAY 7DAY 4DAY 7DAY 4DAY ?DAY (b) 

44 71 83 69 90 74 91 69 90 74 89 
46 66 84 70 88 63 84 58 80 59 85 
48 71 85 71 87 50 79 61 83 60 75 
50 70 88 56 79 42 75 55 71 34 62 

52 53 83 41 66 34 62 17 50 18 45 
54 27 69 14 45 16 46 3 20 4 15 

(a) duration of hot water treatment 

(b) duration of germination test 



APPENDIX IV continued 

(c) Seed line .41.. Germination percentage. 

Trea i:m-ent 15 MINS 20 BINS 25 I,:INS 30 MINS 35 MINS (a) 
Temperature 

oc 4DAY TDAY 4DAY 7DAY 4DAY 7DAY 4DAY 7DAY 4DAY 7DAY (b) ... 
44 60 79 59 84 61 81 57 81 60 82 

46 56 74 53 74 69 81 57 75 66 85 

48 54 75 52 77 63 82 56 79 52 85 

50 60 83 57 78 54 78 58 77 52 72 

52 45 77 40 65 39 63 30 56 31 43 

54 43 70 28 50 19 42 1 11 2 11 

(a) duration of hot wa.ter treatment 

(b) duration of germi nation t es t 



APPENDIX y_ 

Details of all carrot seed ~ screened for the presence of!• radicina ---
and!}_. d.auci . 

Line No. Variety- Origin Germ:ination Seed Infection 
Percentage A.radicina A. dauci 

1968 1 Spring Market Improved Europe 48 

2 Manchester Table U.S . A. 86 

3 Dividend Australia 75 1 

4 Egmont Gold II 83 30 

5 Selection 198 II 93 3 
6 Spring 1,iarket France 82 

7 Topweight Australia 90 5 
8 * France 70 

9 * Australia 91 3 
10 * U.S.A. 82 

11 * II 86 

12 * Austra lia 88 1 

13 * II 77 
14 * U. S.A. 75 

15 * Holland 91 1 

16 * France 84 

17 * II 83 

18 * Australia 91 19 

19 Chante nay Long II 92 1 

20 Chantenay Red Cored U. S. A. 86 

21 Egmont Gold Australia 82 17 

22 Nantes Cross U.S .A. 90 

23 Tip Top Holland 88 

24 Royal Chantenay U.S.A. 79 

25 Spring Market Improved Europe 83 

26 Topweight Holland 83 1 

27 Touchon France 73 

28 Autumn King Europe 81 

29 Chantenay Long U.S.A. 79 

30 Royal Chantenay II 75 

(* - variety unknown) 



APPENDIX V continued 

Line No . Variety Origin Germination Seed Infection 
Per centage A.radicina A.dauci 

31 Early Short Horn U. S.A. 60 
32 Go l d Pak . II 84 

33 Geur ande II 46 

34 Holmes Impr oved Australia 87 24 

35 Lrr1perator U. S.A. 81 

36 Ear l y Cross F. l II 77 
37 Nantes Improved Europe 25 
38 Touchon U. S.A. 83 

39 Hi-colour II 87 
40 Wi nter Perfecti on Eur ope 54 
41 Hafni a II 81 

42 Spring I1Is.rket Improved II 86 

43 Spr ing Maxicrop II 64 

44 Touchon U. S.A. 92 

45 l.Ianchester Table II 83 
46 Ch2.ntenay Long II 50 

47 Chantenay Red Cor ed II 86 

48 Red King Europe 77 
49 Quickie De J1JI1ar k 82 

50 Chantenay Red Cor ed U. S. A. 87 
51 Egmont Gold Australia 85 14 
52 Manchester Table France 97 
53 Roya l Red Holland 73 3 
54 Taranaki Strong Top U.S . A. 89 

55 White Belgian France 86 

1969 
101 Spring Maxicrop Europe 88 22 

102 Spring Market Improved II 87 1 24 

103 Manchester Table U. S.A . 88 5 

104 Touchon II 85 
105 Chantenay Red c,red II 73 
106 Red King Europe 80 5 
107 Topweight Improved Australia 80 3 
108 Amsterdam Forcing Denmark 69 2 



APPENDIX V continued 

Line No . Variety Origin Germination Seed Infection 
Percentage A,.radicina A .. dauci 

109 Topweight Holland 85 13 

110 Royal Red II 89 27 

111 Nantes Early France 84 

112 Chantenay Royal U. S. A. 89 

113 Imperator II 7,'8 

114 Geura.nde II 77 
115 Chantenay Red Cored II 83 

116 Chantenay Red Cored II 70 

117 I~nches ter Table II 80 

118 Holmes Improved Australia 80 11 

119 Selection 198 II 92 

120 Egmont Gold II 79 

121 Topweight II 84 5 

122 Dividend ti 84 

123 Oxheart U.S.A. 74 

124 :iiianchester Table II 91 

125 Chantenay Long ti 81 

126 Manchester Table II 88 

127 Touchon II 84 

128 Chantenay Royal II 75 

129 Sugar Chub France 83 

130 White Belgian II 82 

131 Spring Marke t II 71 




