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PREFACE 

The comme rcial chrysa nthemum commonly grown in New 

Zealand is botanically identified as Chrysanthemum morifolium Ra.mat . 

and i s believed to have originated in China. As the family name 

Compositae suggests the individual flower ( ' flower head ' ) is a 

composite arrang ement of two types of florets, namely r ay florets 

with well develope d petals, and disc florets with tubular or poorly 

developed petals . 

Production of commercial chrysanthemums basically 

comprises thre e categories: 

cut flowers ; 

cuttings ; 

(i) 

(ii) 

(iii) container or p0t plants. 

Chrysanthemums are probably grown by more floricultura-

lists than any other flower c r op . Much of its popularity is 

attributed to the wide range of colours and forms and the fact 

tha t it can be grown either as a pot plan t or for cut flowers . 

Another important chara cteristic of the chrysanthemum is the long 

keep i ng quality of the flowers , a feature which is much 

appreciated by r etailers and c onsumers. In th e United St ates of 

America the chrysanthemum or ' mum ' i s the most popula r flowe r, 

surpassing both the rose and carnation in total wholesale value . 

A survey of t he area in New Zealand used for production 

of flowering , bul bous , and softwooded plants was undertaken by 
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the Depa rtment of Agriculture, cov e ring the period from 1st 

Sept emb er to 31st August 1967. The r esult of the survey ~sit 

~ppli es to chrysanthemums is as follows : 

(A) Outdoor pl an t s 

(i ) Area for cut flowers = 24 . 71 hectares 

(ii) Ar ea for plant sale = 0 . 81 hectares 

(B) Glasshouse plants 

(i) Area for cut flowers 8702 
2 

= m 

(ii) Area for plant sal e = 741 m 
2 

According to t h i s survey chr ycanthemum i s only 

surpassed by narcissus and g l adiolus in import ance as an outdoor 

plant , and second only to car nation as a glasshouse plant . 

In New Zealand chrysanthemums flowering durinG June, 

July and Auguat require protect ion from the weather and are 

general l y gr own und er polythene or in g l asshouses wh er eas dur ing 

the r emainder of the year they are grown out doors. Howeve r , there 

is a trend to more al l year-round growin g under glass and t his can 

be a ttributed to the r esponse for chrysanthemums to environmental 

manipula tion . Chrysanthemums are a ' short day plant' having a 

critica l daylength requirem ent of 13i hours for flower b ud 

initiati on and 14i hours for flower development . Furthermore , 

the British early flowering varieties are temperature responsive 

in t e rms of f l ower initiation . Hence , by controlling temperature 

or dayleng th, year - round flower ing under glass is now possibl e . 

There are a number of diseases of chrysanthemums , some 
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of the most important being those of the flower itself . Overseas 

the fungi which have been reported as pathogenic to chrysanthemum 

flowers are species of Alternaria, ~1Jcosphaerella , Botrytis, 

Itersonilia, Stem~hylium , Helminthosporium, Fusarium , and Puccinia. 

In New Zealand only the first five genera have been recorded as 

pat h ogens of chrysanthemum flowers . fhe fact that several 

different fun gi can cause flower blight and that eac l1 fungus 

produc es symptoms almost identical to the others has made specific 

identification and control of flower blight rather difficult . 

Various workers have indicated losses can be minimi~ed by the 

adoption of favourab l e cultural practices, use of fun gicidal sprays 

and resistant c ultivars. Protectant fungicides with a broad 

spectrum of activity, such as mancozeb , zineb, chlorothalonil; 

captafol, and c aptan appear mos t l ikely to give control of a 

disease caused by such a taxonomically diverse group of fungi. 

In view of the fact that very little experimental work 

has been conducted in New Zealand on t he flower b light f ungal 

complex of chrysanthemums a study was undertaken ~,,i th the 

following objectives: 

(1) To isolate and test pathogenicity of the fungi 

associated with flower blight . 

(2) To study the morphologi cal and cultural 

characteristi c s of the causal fungi relevant 

to their specific identific ation . 

(3) To investigate the efficiency of certain 

available fungi c ides for disease control. 
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SUMMARY 

Five fungi , namely Alternaria alternata , Botrytis 

cinerea, Mycosphaerella ligulicola, Itersonilia perplexans, and 

Pleospora sp . (imperfect state Stemphylium vesicarium) were found 

to cause flower blight of chrysanthemums in the Manawatu dist rict. 

This is the first record of a Pleospora sp . with a S. vesicarium 

imperfect state being associated with chrysanthemum flower blight. 

It is also the first report of pseudothecia of~- ligulicola 

occurring in New Zealand. The symptoms induced by all five fungi 

were very similar making specific identific a tion on this basis 

difficult. Surface treatment of infected tissue pieces with 

' Janela' 1 : 7 for 1 min followed by plating to an tibiotic aear was 

the most satisfactory method of isola ting the fungi "and this in turn 

faci litated identification . 

Both the sexual and asexual sporulation of Pleospora sp. 

on culture media was increased by ligh t, although some sporulation 

did occur in the dark . In the laboratory protopseudothecia 

matured when exposed to constant low temp eratures (8 - 16 C) for 

approximately 10 weeks , depending on the isolate and the temperature . 

Incubation t emperature a lso had a consider able influence on conid i al 

morphology , wi t h the l e n g th/width ratio increasing as temperature 

was increased . 

Pycnidiospores of~- ligulicola produced in culture were 

predominantly aseptate whereas the maj ority from the host were 

uniseptate. The percentage septate pycnidiospores produced in 

culture were not significantly affected by growth medium , light or 
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incubation temperature (20- 32 C) . Near - ultraviolet light was 

essential for the production of pseudothecia in the laborntory and 

3 days was the minimum exposur e required for their induction on 

20% V- 8 juice agar . 

Ca ptafol , chloroneb , mancozeb , thiram and carboxin were 

the most effective of fifteen fungicides tested against the five 

fun g i by the laboratory poison food technique . Using the spore 

germination technique chlorothaloni l appeared very promising . This 

was confirmed in a trial on chrysanthemums grown in field p lots 

where chlorothalonil was outstanding against all five fungi in the 

compl e x , wit h mancozeb , captafol , and zineb also giving good control . 



CHAPTER 1 

DETERMI NATION OF THE FUNGI CAUSING 

FLOWER BLIGHT OF CHRYSANTHEMUMS 

1.1 ISOLATION TO CULTURE MEDIA 

As indicated by several workers the identification of 

the fungi causing flower blight of chrysanthemums (Chrysanthemum 

morifolium Ramat.) on th e basis of field symptoms is difficult 

(8 , 18 , 21, 51). Subj e cting l e sioned flo wer tis s u e t o high 

humi dity does not i nv a riably r esult i n sporulation of the c a u s al 

fun gi, particularly wh en th e l es i on s a r e small. 

Be c ause i s olation t o cu l ture med i a oft en assi s ts i denti­

f i cati on of f un g i a nd t he l a tt e r i s e s senti a l to enab l e appropria t e 

dis ease c ontrol measur es , a r evi ew of lit e r a t u r e was made to 

i den tify th e mos t suita bl e i s ola ti on t e ch ni que. Howe v er, no 

det a ils of isola tion me tho ds coul d he foun d r e l a ting to 

ch rysanth emum flow e r blight. In f a ct i n som e oa se s no mention 

was made of isola tion or evidence provided that p a thogenicity had 

been proven ( 8). The assumption that the fungi associa ted with 

diseased flowers were the pathogens is a dangerous practice, 

particularly with fungi such as Botrytis cinerea Pers. ex Fr., 

Alternaria alternata (Fr.) Keissler and Stemphylium spp . which are 

known to be ubiquitous and effective saprophytes. 

Preliminary attempts at isolating the component fungal 

pathogens from diseased petals by tissue plating indicated that 
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the method of tissue treatment prior to plating had a profound 

influence on the number and species of fungi growing out and the 

extent of bacterial a nd fungal contamination . With a number of 

diseases , particularly root diseases , several tissue pl a ting 

techniques have been devised including th e addition of antibiotics 

to the agar medium (14, 15) and surface treatment of infected 

tissue pieces by dipping in chemicals such as mercuric chloride 

( 2 , 9, 21, 25, 36), sodium hypochlorite (14, 35), c a lcium 

hypochlorite (36, 39), and alcohol . Both concentrat ion of 

chemical used for dipping and length of time of exposure of tissue 

to the chemical are critical with this l a tter technique. 

Treatment of tissue pieces by continuous washing in running tap 

wate r has also been widely used (21, 29). 

In gener al it appears that surface tr eatment of infected 

tissue followed by plating to antibiotic agar is potent i ally the 

most effective means of minimizing the presence of associa ted 

fungal and bacterial cont aminants. 

1 • 1 • 1 MATERIALS AND METHODS 

Infected tissue pieces for pla ting were either cut from 

the margins of lesions on ray florets, or when the lesions were 

only of pinhead size the entire lesion was removed . Thirty 

tissue pieces were prepared for each treatment, fifteen from 

' Madonna' and the remainder from 'Fred Shoesmith'. All tissue 

pieces in each treatment were wrapped loosely in a muslin bag and 
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then either surface treated by dipping in 'Janola ',* or subjected 

to continuous water-washing. 

'Janel a ' was used at concentra tions of 1:7 (1.3% w/w 

chlorine) and 1:10 (0.94% 
VJ /w chlorine), and for each concentration 

four soakine periods were tested, namely 0.5 min , 1 min , 2 min and 

5 min . 

In the water-washing method tissue pieces were contin­

uously washed for 1 hr, 2 hr or 3 hr. 

With both the 'Jano l a ' and th e water-washing series 

tissue pieces were removed from the muslin bags and dried between 

sterile blotting p ape r be fore plating to agar. Half the tissue 

piecee in each treatment were plated to laboratory pot a to dextrose 

agar (PDA
1

) and the r emainder to PDA
1 

with penicillin and 

st reptomycin sulphate , each added at the rate of 50)1-g/ml . In 

each i nstance five tissue p i eces were plated per petri plate, and 

the plates incubated i n th e dark at 24 C for four days . 

of all treatments used are given in Table 1. 

1 • 1. 2 RESULTS AND DISCUSSION 

The results of the tissue plating experiment are 

presented in Table 1, and discussed in this section. 

(a) Antibiotic medium versus non-antibiotic medium . 

Details 

In all experiments where antibiotics were incorporated 

* A commercial preparation of sodium hypochlorite containing 
approximately 10.4% chlorine. 
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in PDAL bacterial contamination was minimal. The benefits were 

particularly apparent in the series where tissue pieces had been 

wa ter-washed . By contrast, and as anticipated, incorporation of 

th e antibiotics in agar did not prevent the growth of saprophytic 

fungi. 

(b) 'Janola ' versus water-wash. 

In the ma jority of c a ses 'Janola ' was superior to water-

wash as a surface treatment method. Most satisfactory results 

were obtained wher e 1 J anola 1 -treated tissue piec es we r e plated to 

a ntibiotic agar. 

(a) 'Janola' 1 :7 ve r s us ' Janola ' 1 :1 0 . 

As a gen era liz a tion it may b e stnted tho.t for any on e 

t r eat ment tim e , 'Jane l a ' 1 : 7 was superior t o ' Jane l a ' 1 : 10 in 

suppressing both b a ct e ri n l and fun gal cont o.mina nt s , irrespec tive 

of wheth e r the tissue p i e c es we r e p l a t ed on PDA1 , with or without 

inclusion of antibiotics. 

(d) Compa rison of 'Janola ' 1: 7 using different soaking 

durations. 

(i) Plating to antibiotic medium. 

A soaking duration of 1 min (treatment 4) was most 

satisfactory in that bacterial and fungal contaminants were totally 

suppressed without affecting the associated pathogens (Fig. 1 B). 

Treatments 6 and 8 involving soaking durations of 2, and 5 min 

(Fig. 2 B) also totally eliminated bacterial and fungal contami-



FIGURES 1 - 2 : Culture plates of PDAL showing colonies 
of fungi and bacteria originat ing from 
diseased tissue pieces taken from 
chrysanthemum ray florets . 

FIGURE 1A: Treatment 3 - tissue pieces treated with 
' Janola ' 1:7 (1 min) a nd plated to non­
antibiotic agar . 

FIGURE 1B : Treatment 4 - tissue pieces treated with 
' Janola ' 1:7 (1 min) and plated to 
ant ibiotic agar . 

FIGURE 2A : Treatment 7 - tissue pieces treated with 
' Janol a ' 1 : 7 (5 min) and plated to non­
antibiotic agar . 

FIGURE 2B : Treatment 8 - ti ssue p ieces treated with 
' Janola ' 1 : 7 (5 min) and plated to 
antibiotic agar . 

Key : Alternari a alternata A 
Mycosphaerella ligulicola M 
Botryt i s cincrea B 
Pleospora sp . (Stemphylium v esicarium) P 
It ersonil i a p erplexans I 
Contamination C 
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FIGURES 3- 4: Culture plates of PDAL showing colonies 
of fungi and bacteria originating from 
diseased tissue p i e ces taken from 
chrysant hemum ray florets. 

FIGURE 3A : Treatment 15 - tissue p i e ces treat ed with 
'Janela ' 1 : 10 (5 min) and plate d to anti ­
biotic agar . 

FIGURE 3B : 

FIGURE 4A : 

FI GURE 4B: 

Treatment 16 - tissue pieces treated with 
' Janola ' 1:10 (5 min) and plat e d to non­
antibiotic agar. 

Tr eatment 17 - tissue p i e ces wa t er - washed 
(1 hr) and pl ated to ant i b i ot ic agar . 

Tr eatment 18 - tissue pieces water - washed 
(1 hr) and plat ed to non - ant ibiotic agar. 

Key : Al ternaria al t e rnata A 
Mycosphaerella ligu licola M 
Botrytis cinerea B 
Pleospora sp . (Ste mphylium vesicarium) P 
It ersonilia perplexans I 
Contamination C 
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Fig .4A 



nants but to some extent also suppr essed the component fungal 

pathogens . 

(ii) Plating t o non - antibiotic medium. 

9. 

At a ll soaking durations tested there wa s some bacterial 

contami nation . This indicated the ineffectivenes s of the ' Janola ' 

dip treatment in totally eliminating sapr ophytic bacteria, and 

emphasised t he need for i nclusion of antibiotic s in the medium. 

Trace fungal contamination was present with all soaking durations 

of less than 2 min . Results for treatments 3 and 7 involving a 

1 min and 5 min 1J anola ' soak r espectively are ill us t rated in 

Figure 1 A and 2 A. 

(e) Comp a ris on of ' Janola ' 1 : 10 usin g diffe r ent soaking 

durations. 

( i) Pl at i ng t o antibi ot i c medi um . 

The r e c ov ery r ate of f ungal pathogens was equally high 

at all tr eat ment durations , but on l y a t 5 mi n (tr eat ment 15) was 

it associat e d with t o t a l suppr es s ion of t he fungal a nd b a cter ial 

contamina nts ( Fis . 3 A) . 

(ii) Pla ting to non - a n t i biotic medium . 

The re was consid erable bacterial and fungal contamina­

tion with all soaki ng durations , the extent decr easing with an 

increase in soaking duration. Treatment 16, involving a 5 min 

' Janol a ' soak is i llustrated i n Fi g . 3 B. 



TBLE 1: Isolation of five fungi from chrysa~themum petals: the r el ative effectivene8s of tissue treatment and 

addition of antibiotics to l,borator y potato dextrose agar 

Number of colonies & specific fungi associated 
cot alb 

r:umber of 
contaminants Code Treat- :one. Time 

Anti -
No . ment biotics ?l eos:iora 

- a -
gotrytis 

sp . 

1 Janolac 1: 7 0 , 5 min - 1 

2 Janola 1 :7 0 .5 :.in 
d 2 + 

3 Janola 1:7 1 min e 1 -
4 Janola 1:7 1 min + 5 

5 Janola 1:7 2 min - 2 

6 Janola 1: 7 2 min + 4 

7 Janola 1:7 5 min - 1 

8 Janola 1 :7 5 min + 2 

9 Janola 1 :10 0,5 min - 1 

10 Janola 1:1 0 0 . 5 min + 3 

11 Janola 1:1 0 1 min - 3 

12 Janola 1:1 0 1 min + 4 

13 Janola 1:1 0 2 min - 1 

14 Janola 1: 10 2 min + 2 

15 Janola 1 :10 5 min + 3 

16 Janola 1:1 0 5 min - 1 

17 Water 1 hr + 2 

18 'Nater 1 hr - 1 

19 Rater 2 hr + 2 

20 ,Yater 2 hr - 2 

21 .'later 3 hr + 2 

22 'Nater 3 hr - 2 

a perfect state of Stemphylium vesicarium 

b thirty tiss ue piec es per tre3tment 

c commercial preparation of sodium hypo chlorite 
containing approximately 10 , 4 ~e r cent chlorine 

cinerea 

3 
?. 

2 

5 

2 

3 

3 
6 

2 

4 

2 

2 

2 

3 

1 

2 

1 

3 

2 
4 

6 

3 

colonie s !'iycosohaerella Iterso:iil ia "lternari a ,·u ngi Bacteria 
ligulicola perplexans alternata 

18 0 1 26 2 5 

16 2 3 25 1 1 

21 0 2 26 1 3 

12 0 6 28 0 0 

13 0 3 20 0 3 

6 2 2 17 0 0 

8 2 2 17 0 3 

10 0 2 21 0 0 

12 0 5 20 2 8 

5 4 3 20 0 2 

18 0 4 27 2 6 

8 2 4 20 0 2 

16 1 4 24 2 4 

18 0 2 25 1 2 

16 2 3 25 0 0 

10 4 2 20 3 4 

14 0 9 26 0 10 

13 0 7 24 4 30 

16 3 3 26 1 2 

10 0 5 21 2 30 

9 2 7 26 1 1 

7 0 8 20 2 30 

d 50/'s/ml streptomycin and 50/'g/ml penicillin added to PDAL 

e s treptomycin an~ penicilli n not added to PDAL, 

0 
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(f) Water-wash. 

(i) Plating to antibiotic medium. 

This gave a significant decrease in the extent of fungal 

and bacterial contamination with an increase in th e length of 

water-washing. Treatment 17 involving a 1 hr water-wash is 

illustrated in Fig . 4 A. 

(ii) Plating to non-antibiotic medium. 

Growth of fungal and bacterial contaminants was so intense 

with all washing times as to mask the presence of fungal pathogens 

as illustrated in Figo 4 B, treatment 18. 

1 • 1 • 3 CONCLUSION 

From the above results it was concluded that surface 

treating tissue pieces with 1 J anola' 1:7 for 1 min and plating to 

antibiotic PDAL was the most satisfactory means tested of isolating 

the pathogens causing flower blight of chrysanthemums. Unless 

otherwise stated this method was followed in subsequent isolation 

studies. Although 'Janola' 1:1 0 for 5 min gave equally satis-

factory results, it had the disadvantage of requiring a longer 

treatment time without providing additional benefit. 

1.2 PROOF OF PATHOGENICITY 

In order to confirm that the fungi associated with 

diseased chrysanthemum flowers were in fact pathogenic it was 
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necessary that artificial inoculations be conducted. 

1.2.1 PRODUCTION OF INOCULUM 

An abundant supply of spores is of primary importance 

for the study of plant pathogenic fungi. With A. alternata and 

f• cinerea, which sporulate profusely in culture, no problems were 

encountered. However, with Stemphylium vesicarium ( Wallr.) 

Simmons, Mycosphaerella ligulicola Baker, Dimock & Davis, and 

Itersonilia perplexans Derx a number of methods were inves tigated 

for improving sporulation on culture media and these involved 

either manipulation of the fungus or manipulation of the cultural 

environment. 

(a) Manipulation of the fungus. 

With species such as Cercospor a vitis (Lev. ) Sacc . (23) 

a nd Septoria sp. (38) multipoint inoculation of agar plates with 

either spores or mycelial fragments results in more r apid and 

intense sporulation compared with the conventional method of 

inoculating the centre of plates . 

In the present invest igation experiments were conducted 

to determine whether multipoint inoculation improved sporulation 

in the case of s. vesicarium and I. perplexans. S. vesicarium 

grows fairly rapidly in culture but sporulates poorly whereas the 

converse applies to I. perplexans. 

(i) s. vesicarium - multipoint inoculation with 

mycelial slurry or spore suspension. 

Mycelial fragments obtained by scraping the surface of 



three PDAL cultures were shaken vigorously in a McCartney bottle 

containing a dozen g l ass beads and 10 ml of steril e distilled 

water. The resultant s lurry was then poured onto V- 8 juice agar 

plates and dispe r sed over the entire surfa ce. Excess water was 

t hen r em oved and plates incubated in the dar k at 22-28 C. 

V-8 juice agar p l ates were inoculated with a spore 

suspension similarly prepared from 14 day old cultures. 

Results of the ab ove two experiments are presented in 

Table 2. 

(ii) !• perplexans - multipoint inoculation. 

Multipoint inoculat ion of plates with!· p e rplexans was 

r eadily achieved by fl ooding 12 day old cultures and us i ng the 

resultant spore suspension to flood inoculate PDAL plates . Further, 

to capitalize on the violent discharge of ballistosporc s a small 

agar plug from a 12 day old culture was inverted and a tt a ched to 

the lid of PDAL plate . Within 24 hr ejec ted ballistospores were 

dispersed over the agar surfa c e . Plugs were then removed from the 

lids and t he plates incubated at 20 C for 7 days . 

Bot h the ab ove me t hods of cul ture inoculation proved to 

be effective in that the re was rapid coverage over th e tota l PDAL 

surface and associated wi th this, greatly increas ed spore 

production. 

(b) Manipulation of the cultural environment. 

A number of factors are known to influence the sporula­

tion of fungi in culture, including nutrition, light and 
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temperature (7, 24). 

Of the many media reported as suitable for inducing 

sporulation of 'difficult' fungi, V-8 juice agar has proved one 

of the most useful (11, 37). 

Many reports examining the effects of light on fungi 

indicate that manipulation of the quality of light (wavelength) 

and duration of exposure can provide a means of inducing many 

fungi to sporulate in culture. Leach (31) demonstrated continuous 

exposure to nea r-ultraviolet (NUV) radiation induced or increased 

sporulation of 31 of 33 species of fungi tested, including species 

of Mycosphaerella and Stemphylium . 

Temp e r a tur e manipulations have a lso proved useful, with 

exposure to low temp eratures be ing particularly effective for 

induction of perfec t states in culture (5, 45, 47 , 53). No 

d oubt this i s a reflection of an endeavour to simulate the field 

situations where many fungi produce perfect states under cooler 

conditions . 

In this study these three environmental factors were 

examined either individually or in combinations in order to either 

increase sporulation, or to obtain a particular spore stage on 

culture media. 

(i) s. vesicarium - _V-8 juice agar and NUV radiation. 

This experiment was conducted in conjunction with the 

investigation of multipoint inoculation of V-8 juice agar plates 

with either a mycelial slurry or a spore suspension. Plates 

were exposed to continuous NUV light in a 'light-box' for 11 days 



(the t ime taken for S . vesicarium t o completely cover t he agar 

surface) a t 22-28 C. Results a re presented in Table 2 . 

TABLE 2 . The effect of inoculation me t hod and 

near-ultraviolet r ad i a tion on 

spor u l at i on of St emphylium vesicarium 

Inoculation Light regime Spore cone . 

Method NUV Dark Isol ate s3 

Spore suspension + 47 . 50 

Mycelial slurry + 25 . 00 

My celi a l plug + 247 . 50 

Spore suspension + 5 . 00 

Mycelial s l urr y + 2 . 50 

i"~· celia l pl ug + 12 . 50 

a per culture plate 

(x1 o4 )a 

Isol a te 

20. 00 

15 . 00 

225 . 50 

5 . 00 

2 . 75 

15 . 00 

S4 

From the results in Table~ it i s apparent that both 

isol ates of S. vesicarium g~ve i mp r oved sporulat ion aft er exposure 

to NUV compar ed with incuba tion in the dark . Furth er more , 

multipoi nt inocu l a t ion involving eithe r a mycel i a l slurry or a 

spore suspension was not a dvantageous - in fact with both isolates 

used in this s t udy it had a detrimental effect on spor ul ation 

compar ed to results obtained by inocula tion wi t h a mycelial pl ug . 

Coloni e s initiated by the multipoint method devel oped consi derable 

t uft y aer ial mycelium , the l atter possibly accounting for the 

poor er sporula tion . Most abundant spor ul ation of~- vesicar ium 

was obtained when V-8 juice agar pl a tes were inocula t ed in the 
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centre with a mycelial plug and exposed to NUV. 

(ii) ~· ligulicola - V-8 juice agar and NUV radiation. 

Ascospores of~· ligulicola were obtained by growing the 

fungus in the dark on V-8 juice agar for 7 days a t 24 C and then 

exposing cultures to NUV for a furth er 7 days at 22-28 C. This 

treatment also induced the production of a large number of fertile 

pycnidia. 

(iii) S. vesicar ium - exposure to low te mpe r ature. 

In order to obtain ascosporic inoculum of Pleospora sp. 

(perfect state of~- vesicarium, Simmons (47) a nd personal 

correspondence) isolates were grown on PDA
1 

at 12 C in the dark. 

Observations a t weekly intervals indicated that it required 

a ~ proximately 1 0 weeks a t this cool temp erature for the development 

of mature ascost roma t a in the c ultures . 

1. 2. 2 HOST INOCULATION 

Chrysanthemums have the a dvantage that plants flowering 

in pots (pot mums), cut flowers, and de tached petals are all 

suitable for inoculation purposes. In the majority of the 

pathogenicity trials 'Fred Shoesmith', 'White Anne', 'Whit e Top' 

and 'Sunburst Meffo ' were used mainly because the flower colour 

of these cultivars is either yellow or white and symptoms can be 

readily observed. Pot plants used were grown in a peat-perlite 

mixture containing nutrients. 

were used. 

Three methods of inoculation 
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(a) Spraying with an atomizer . 

Inoculum was prepar ed by flooding sporulating plates of 

the fungi with sterile distilled water . A L- shaped rod was 

used to dislodge the spores . The spore suspension waG filtered 

t hrough cheesecloth to remove mycelial fr agments , a nd the spore 

concentration appropri a tely adjusted . A hand a tomizer was used 

t o spray t he flowers to run- off . I noculated pl an t s or cut 

flowers wer e incuba ted for 48 hr s in a mi st cabinet set at a 

temperature of 24 C a nd near saturated a tmos ph ere , after which 

they were r emoved to the gl a sshouse bench . 

(b) Natura l spore ejection method . 

Since t he ascospores of~- ligulicola and the ballisto­

spor es of ! · perplexans are viol ently discharged , petri plates 

cont aining matur e as costromata of ~ · liGulicola and ball istospores 

of!• perpl exans were suspended about 6-9 inches above flower s in 

the mi st cabinet . Wi thin 48- 72 hr sympt oms of the di sease wor e 

p resent on the flowero . 

(c) Inoculation of detached petals using dr ops of spore 

susp ensi on . 

This i s an extremely conveni ent though l ess reliable 

met hod of inocul at i on , and was used to demonstrate pathogenicity 

with ascospores of~- l igulicola and Pl eospor~ sp . (imper fect 

s t a t e~- vesicarium) and balli stospor es of I . per plexans . It has 

been rather extensiv el y used by Smith (44) i n i nocul ation experi ­

ment s with t h e l a tter species . In t his case t he out er petal s we r e 

removed f r om the flowers a nd placed in a petri plate contai ning 
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wet filter paper. These petals were then inoculated by placing 

a drop of spore suspension on the upper surface, and the plates 

incubated a t 20 C (Fi g . 5) . 

Ascosporic inoculum of~- ligulicola and Pleospora sp . 

was prepared by squashing approxima t ely a dozen mature ascostromata 

in 5 ml of sterile distilled water . The a sci were made to 

r e lease the a scospores by gently agitating the suspension. To 

separate fragments of asci a nd ascostroma t a from as cospores the 

suspension was filt e red through muslin cloth and th e filt erate 

retained for inoculation . 

1. 2.3 SYMPTOM PRODUCTION 

Table 3 summarises th e f ungi r ecorded as pathogenic to 

chrysanthemums toge t her with the symptoms or common names of the 

disease . Flowe r symptoms simila r t o those obs e rv ed i n t he field 

wer e produced with all inoculat ion attempts m~de with the following: 

(i) c onidia of~ - cine r ea, ~· a lt erna t a , Pleospora sp . 

(~ . vesic a rium) and~ · ligulicola ; 

( ii) ballistospores of l· perplexans; 

(iii) ascospores of~- ligulicola and Pleospora sp. 

(~. vesicarium). 

(a) Field symptoms. 

For two consecutive years a large number of diseased 

plants were observed critically for type of flower symptoms and 

isolations made by tissue plating to obtain a correlation between 



FIGURE 5: Spore drop 
Top row: 

Bottom row: 

(spore suspension) inoculation method. 
symptoms on detached chrysanthemum 
ray florets inoculated with asco­
spores of Pleospora sp. (Stemphylium 
vesicarium). 
control. 

19. 



20. 

symptoms and causal agent . With all the five fungi it was 

observed tha t the first signs of infection were the development of 

num erous, small , reddish - brown or brick-red pinhead size fle cks on 

the ray flor ets (Figs . 6 , 7 & 8) . Further progress of th e lesions 

depended very much on the weather c onditions. Under conditions of 

high humidity th e l es ions increase d in size, coa lesced toge ther 

and became straw c oloured . Lesions caused by~- cinerca , ~-

ligulicola and I• p e rplexans were occasionally wat e r-soaked. 

In addition to the abo ve symptoms~- ligulicola caused 

bud blight (Fig. 9) and one-sided necrosis of the flower head 

(Fig. 10) . In the l a tter c ase infection occurred only on one 

side of the flo wer, involved only a fe w florets and progressed from 

base up wards causing the petals to turn brown or tan in colour. 

\'Jhen infection occurred at an early stage in the development of 

the flo wer , it inva riably r e sulted in th e dist ortion of the 

flower (Fig. 11) . The bud blight phase of infection r esembled 

bacterial bud blight with i n f ected buds turni n g dark b rown to 

black in colour . Infe ction of the l eaves an d stems was also 

fairly common . Leaf symptoms appear e d as dark l es ions generally 

starting fr om the margins , progressing inwards . Stem l e sions 

we re brown or bro~nish-bla ck and had a girdling effect on the stem. 

Abundant pycnidia were produced on the infected stems , leaves and 

flowers (Fig . 12) . Ascostromata were formed on the infec t e d 

tissues l ater in the season (Fig. 13 & 14). 

(b) Glasshouse symptoms. 

All inoculated plants were placed in a glasshouse where 

symptom development was observed. The first signs of infection 



FIGURE 6: 

FIGURE 7: 
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Chrysanthemum flower showing petal flecking (field 
infection). Mycosphaerella ligulicola, Pleospora sp. 
(Stemphylium vesicarium), Alternaria alternata and 
Botrytis cinerea were isolated from this specimen. 

Individual ray florets showing petal flecking (taken 
from flower in Figure 6). 



FIGURE 8: 

22. 

Chrysanthemum bud 'showing colour' with petal 
flecking. Mycosphaerella ligulicola, Pleospora 
sp. (Stemphylium vesicarium), Alternaria alternata 
and Botrytis cinerea were isolated from this 
specimen. 



FIGURE 9: Chrysanthemum flower buds infected with 
Myc osphaerella ligulicola. 

(a) Blackening advancing down the stem 

(b) Advanced stem blackening progressing 
from flower. 

23. 
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FIGURE 10: One-sided necrosis of a chrysanthemum flo~er caused 
by Mycosphaerella ligulicola (field infection). 

F.IGURE 11: Distortion of chrysanthemum flower caused by 
Mycosphaerella ligulicola (field infection) . 
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FIGURE 12: Pycnidia of Mycos phaerella ligulicola on a ray floret 
of chrysanthemum . 

FIGURE 13: Pseudothecia of Mycosphaerella ligulicola on a stem 
of chrysanthemum. 

FIGURE 14: Pseudothecia of Mycosphaerella ligulicola on a ray 
floret of chrysanthemum. 
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by all the five fungi were the development of numerous, small, 

pinhead size, brick-red to reddish-brown lesions ( Figs . 15 & 17). 

These lesions increased in size with time and coalesced tog ether 

to form l a rg e r lesions, sometimes covering the entire floret 

(Figs. 16 & 18 ). The larger lesions were normally straw or brown 

in colour . In the advanced stages of infection~- cinerea and 

M. ligulicola could be identified on the basis of sporulation on 

infected tissue. B. cinerea formed a gray moldy growth, whilst 

~ - ligulicola produced pycnidia and later, ascostromata. 

Occasionally A· alternata too could be identified on the basis of 

sporulation on the host. M. ligulicola seldom produced the one-

sided necrosis of flowers, a feature of the disease which is quite 

ch a r ac teristic for the fun gus (3, 28 , 30) . The failure to always 

p roduce this symptom with laboratory inoculations possibly may be 

attributed t o the inoculum levels used and the application of 

spores over the whole flower. 

(c) Conclusion . 

Identification of the component flower blight fungi on 

the basis of symptoms is not possible, especially at the early 

stages of infection. The above is particularly true as far as 

field symptoms are concerned. Therefore it is recommended that 

for any accurate identification the fungi should be isolated to 

agar by tissue plating. 

1. 2.4 REISOLATION AND GENERAL CONCLUSION 

The fungi were readily re-isolated from diseased tissues 
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FIGURE 15 : Flecking on chrysanthemum ray florets artificially 
inoculated with Itersonilia perplexans . 

FIGURE 16: Ray floret scorch of chrysanthemum flower i nocula ted 
with Itersonilia perplexans. 
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FIGURE 17: Symptoms on chrysanthemum ray florets caused by 
Pleospora sp . (Stemphylium vesicarium) (artificially 
inoculated) . 

FIGURE 18: Flecking (arrow) and tip necrosis on chrysanthemum ray 
florets artificially inoculated with Alternaria alternata. 



of artificially inoculated plants, following the tissue plating 

method previously described . The colonies that developed were 

examined both macro- and micro - scopically and were found to be 

similar to the original cultures, thus fulfilling the requirements 

of Koch ' s Postulates and co~clusively demonstrating that 

A. alternata , ~- cinerea, ~ · ligulicola, l · perlexans , and 

Pleospora sp . (~. vesicarium) can individually cause blight of 

chrysanthemum flowers . 
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TABLE~. Summary of flower diseases of florists ' 

chrysanthemumsa and the associated fungi 

Fungus 

Stemphylium floridanum Hannon & 

Weber 

Stemphylium sp . 

Stemphylium sarcinaeforme ( Cav .) 

lNiltshb 

Stemphylium loti Grahamb 

Stemphylium trifolii Grahamb 

Stemphylium callistephi Baker & 

D 
. b 

avis 

~leospora herbarum (Pers . ex Fr . ) 

Rabe nh . 

Botrytis cinerea (Pers. ex Fr . ) 

Disease name 
or Symptoms . 

Flower rot 

Ray speck 

Fl ower blight 

Ray speck 

Ray speck 

Ray speck 

Ray speck 

Ray floret 

blight 

Grey mould 

Petal blight 

Petal spot 

Botrytis blight 

Water - s oaking of 

petal s 

Reference 

27 

28,48 , 50 , 51 

8 , 21 

51 

51 

51 

51 

12 

18 ,33, 52 

30 , 34 

30 ,34 

12,28 

33 

Alt ernar ia a lternata (Fr . ) Keissler Ray speck 51 

Alte rnaria sol ani Weberb 

Alternaria zinniae Popeb 

Alter naria blight 42 

Flower b l ight 8c 

Petal spotting 17 

Flower spotting 54 

Flower blight 

Ray speck 51 
continued over ••• 
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a Summary of flower diseases of florists' chrysanthemums 

and the associated fungi 

Fungus 

Alternaria sp. 

Alternaria chrysanthemi Simmon & 

Baker 

Helminthosporium sp. 

Fusarium tricinctum f. poae 

(Pk.) Snyd. & Hans. 

Puccinia horiana Henn. 

Itersonilia perplexans Derx 

Ascochyta chrysanthemi Stev. 

(Perfect st . Mycosphaer ella 

ligulicola Baker , Dimock & Davis) 

Didymella ligulicola (Baker, Dimock 

& Davis) V. Arx (= M. ligulicola) 

a Chrysanthemum morifolium Ramat. 

continued. 

Disease name 
or Symptoms. 

Ray speck 

Petal lesioning 

Petal spotting 

Flower rot 

Necrot i c fl ecks 

on florets 

Petal bligh t 

Flower scorch 

Reference 

51 

18 

16 

18 , 19 

40 

10 

13 ,22,44 

12,22,41 

Ascochyt a blight 17 ,20 ,33 

Ascochyta r ay 

blight 

Ray blight 

Bud blight 

Systemic infec­

tion 

Ascochyta disease 

3 , 6 ,28 ,30 ,49 

12 

20 

20 

1 ,4 

43 

b Not reported as naturally occurring; pathogenicity demonstrated by 
artificial inoculations. 

C Pathogenicity not demonstrated. 
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TABLE 4. Method of inoculation of five fungi causing 
a flo wer bli ght of chrysanthemums 

Fungus Me thod of pl ant Spore cone. 
inoculation (spores/ml) 

Botrytis cinerea Hand atomizer 

Alternaria alt ernata Hand atomizer 

My.cosphaerella ligulicola Natural spore 

ejection 

Ascochyta chrysanthemi Hand atomizer 

(Perf. St . ~ - ligulicola) 

Stemphylium ves i carium 

Pleospora sp . 

(I mp . St . S . ves ic a rium) 

I tersonilia perpl exans 

l• perplexans 

l· perplexans 

Hand atomizer 

Drop of spore 

suspension 

Hand a tomiz er 

Natural spore 

ejection 

Drop of spore 

suspension 

100,000 

Unkn own 

120,000 

50 , 000 

Unkn own 

150 , 000 

Unkn own 

100,000 

Cultivar 

Fred Shoesmith1 

White Anne 
1 

1 
Sunburst Meffo 

Fred Shoesmith1 

1 
Whit e Anne 

1 
Sunburst Meffo 

Vlhit e Anne2 

Fr ed Shoesmith
1 

\ifuit e Anne 
1 

1 Sunburst Meffo 

Whit e Anne 1 

Fr ed Shoesmith1 

Haes tro
1 

1 Sunburst Me ffo 

Sunburst Meffo 1 

White Anne 1 

1 Maestro 

White Anne2 

White Anne3 

1 cut fl ower; 2 flowers of pot plant; 3 detached petals. 

a All five fungi pathogenic on flower tissue irrespective of 
inoculation method. 
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CHAPTER 2 

LABO:~XI'OJff 3'FUDIE.S OJ L'HHEE FU:IGI CATJ,~HfG f'LO'.Ji:~ .~LICiIIT 

2 . 1 PLEOSPORA SP . (IMPERFECT STATE STEMPHYLIUM SP . ) 

The first record of a species of Ste~phylium causing 

flo1•1er blight of chrysanthemums was by T9-mmen ( 34) in 1959, when 

isolations from necrotic specks on the ray florets y i elded a 

spec i es of Stemphylium r esembling Stemphyl ium floridanum Hannon & 

Weber. Since then the only other species of Stemphylium recorded 

as causing a natural infection of chrysanthemum flowers (Table 3) 

is .S temphyl ium botr yosum Wall r . Lii"erfect state Pleospora herbarum 

(Pers . ex Fr . ) P.abenh~. However, Tammen (35) reported Stemphylium 

callistephi Baker & Davis , Stemphylium !_ill Graham , Stemphylium 

trifoli~ Graham , and St emphylium sarcinae forme ( Cav . ) '.'Jil tsh . as 

capable of infecting chrysanthemum fl owers following artificial 

inoculations (Table 3) . In New Zealand S. potryosum is the only 

spec i es that has been reported on this host (10). Findlay ( 13) , 

while s tudying the flower bli ght fungal complex of chrysanthemums 

in the Manawat u district also isolated a Stemphyl ium sp . which 

according t o him closely r esembled ~ - botryosum . However , after 

referring t o Simmons ' s ( 30) work on Stemphylium spp . it i s 

questionable whether the conidia photogr aphed by Findlay (13) were 

actually~- botryosum as was suggested . Furthe r more, accor ding 

to G. F . Laundon* (personal communication) mor e than 90% of 

• Mycologist , Minis try of Agriculture and Fisheries . 
Health and Diagnostic Station, Le~i n, New Zealand . 

Plant 
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Stemphylium spp . pat hogenic to pl a nts in New Zealand bel ong t o 

the species Stemphyliu.!!! vesicarium (Wallr.) Simmons . 

It is also noteworthy that the only report of a 

Stemphylium sp . f rom chrysanthemum flowers being associated with 

an ascigerous stage is by Dingley (10) for§ • botryosum ( Pleospora 

herbarum ). However , as this publication is a p lant disease record 

inde:: there is no indication as to whether the perfect state vias 

found on diseased plants , in culture , or assigned on the basis of 

Din3ley i den tifying th e imperfect s tate as~- botryosum. Therefore , 

in v iew of Simmons ' s work and the observations of Laundon the 

specific i dent ity of Stemphylium spp . r e cord ed in New Zealand must 

be re-examined . It was for t his reason that studies were made on 

the morphology of Stemphylium isolates obtained fr om diseased 

chrys1nthemum flowers. Because of the confusion over the 

recording of~. botr y osum in New Zealand and the s imilarity of 

conidia (chrysanthemum isolates) t o S. vesicarium (~~~ Simmons , 

1969) , the morphological cha racters of tae sexual and asexual 

stages of .S. b otryosum and~- vesicariurn a re compared in Table 5 . 

Ac cording to Si~~ons ' s the main diagnostic characters of S. 

botryosum and S. vesicarium a r e : 

(i) maximum conidial dimensions; 

(ii) l e ngth/width ratio of conidia; 

(iii) contrictions of the coni dia. 

In order to examine the Stemphylium isolates from 

chrysanthemum flowers more cl osel y a number of c u ltural studies 

were conducted , mainly with the objective of producing abundant 

conidia and if possibl e a l so i nducing the formation of the perfect 

s tate . 



TABLE 5 . Rep roductive feature s of Stemphyl ium botryosum and Stemphylium vesicariuma 

A. Conidia 

Shape of mature 
conidia. 

Shape of juvenile 
conidia. 

Constrictions 

Septa 

Colour 

Size 

Epispore sculpture 

Length/width ratio 

Stemphylium botryosum 

Subspherical , oblong , or broadly 
ovoid to subdoliiform . 

Spherical . 

Medi an construction very con ­
spi cuous; very slight or no 
constrictions at other transverse 
septa . 

1-3 transverse septa ; 1-3 ( - 4) 
complete or nearly complete 
longitudinal septa . 

Pale to dark but t ranslucent 
olive - brown . 

Width 
Length 

24 - 26 /l 
33 - 35 ;v.. 

Warted or echinulatc . 

1 . 0 - 1.5 (culture). 

Stemphylium vesicarium 

Oblong or broadl y oval , sometimes 
inequilat eral. 

Oblong . 

Constri ctions at 1 or more commonly 
3 of the major transverse septa. 

1-5 ( - 6) transverse septa ; 1 - 2 ( -3) 
complete or nearly complete longi ­
tudinal septa . 

Pal e or medium golden - brown to 
olive - brown . 

','Jidth 
Length 

12 - 22 /; 
25 - 42 (-48) JJ-· 

Verrucose . 

2 . 5 - 3 . 0 (culture) 
1.5 - 2 . 7 (host) . 

continued over ••• 
vJ 
\.0 . 



Tab l e 5. Rep r oductive fea tur e s of Stemphy l i um botry os um and Stemphylium vesic a riuma - continued 

B. Pseudothecia 

Diame t er 

C. As c i 

Size 

Shape 

D. Asc osp ores 

Size 

Shape 

Stemphylium b otryosum 

Up to 1000 /1 · 

40 X 200 j'1 • 

Narrowly cyl indrical to clavate , 
t apering to a swoll e n or c l aw ­
like base , 

17 X 40 /1 • 

Young spores oblong with obtusely 
rounde d ends and noticeably con­
s tr i ct ed a t 1 or more of the 
initia l thr ee transver se septa 
when loncitud i nal sep t a a r c 
p roduced . 

Mat ur e s ~ores broadl y rounde d at 
the apex a nd with a flat base ; 
s even t r ansve r se sep t a and one 
comp l e t e seri es of lon~itudinal 
septa plus a numbe r of incomplete 
series . 

a summarised from Simm ons ' s descrip ti on of the t wo species ( 30) . 

Stemphylium vesic a rium 

500 - 1 000 /'1 . 

35 X 170/1 . 

Nar rowly cylindrical to clavate , 
tapering to a s wollen or cl aw ­
like base . 

18 X 38 j'1 • 

Youn9 sp or e s e llips oida l , upper 
half narrowly t aper ed ; no tic eably 
tapered at th e initial thr ee 
tra nsv ers e septa whe n longitud­
inal septa produc ed . 

Mature s p ores with rounded bases , 
ape x obtuseli p oint e d ; seven 
transv erse sept a a nd num erous 
l ongi tudinal septa rarely include 
an obviously complet e seri es . 

+ 
0 . 
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2.1.1 INDUCTION OF SPORULATION 

Stemphylium isola tes obtained fro m diseased chrysanthemum 

flowers sporulated poorly on synthetic media when incuba ted in the 

dark a t 25 c , thus neces s i tating an examination of methods to 

improve this so as to facilitate a specific identification of the 

fungus. Leach (20) reported that initiation of both the sexual 

and asexual stage (~. botryosum) of~- herbarum is very responsive 

to changes in environmental conditions, particularly light and 

te mp erature. Near-ultraviolet light (NUV ) was sho wn to trigger 

the production of protopseudothecia* (22) in culture (20) , whereas 

the conidi a l stage was produced sparsely or not at a ll in the da rk 

but in profu s ion when cultures were exposed t o alternating light 

and dark (19), 

The obj e ctiv e of this invest i gation was t o det e rmine the 

e ffect of li ght on the producti on of conidia and the initiation of 

p rotopseudothecia. 

( a ) Zffec t of different light r egimes on sexual 

(Pl e ospora sp.) and asexual (Stemphylium sc ) 

sporulation in culture. 

MATERIALS AND METHODS 

Cultures of a Pleospora sp. with a Stemphylium conidial 

stage were obtained by inoculating oxoid potato dextrose agar 

(PDA) plates in the centre with a 7 mm diameter mycelial plug and 
0 

* Protopseudothecia - immature ascostromatic ascocarps; become 
pseudothecia when bitunicate asci form in locule(s) dissolved 
in the stroma. 
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th en e xposing thdse to th e follo wing conditions for 13 days : 

(i) fluo r escent ligh t - provided by a 40 wat t 

Phillips coolwhite fl uorescen t tub e No. 33. 

Petri p l at es we r e p l aced at a di stance of 41 

cm from the tube . Temperature in the light­

box r anged from 23 to 27 C; 

(ii) near-ultraviolet light - provided by a 40 watt 

Phillips BLB, having a maximum wavelength of 

(iii) 

(iv) 

350 nm . Petri plates we r e placed at a 

distance of 41 c m from the tube . Te~pe r a ture 

ranged f r om 23 to 27 C; 

+ da rk a t 25 - 1 C; 

daylight (c ultures on lab ora tory wi ndowsill) . 

Temper a tur e r a nged fr om 4. 6 to 25. 2 C. 

Three i s ola t e s, d esi gn a t e d s1 , s
3

, and s4 were us ed in 

the study with each isolate being r ep li c a t e d fou r time s p er light 

treatment. At the conclusion of the exp e riment concentra ti on of 

conidia was determined us ing a haemocytometer after first flood ing 

c u ltur es with 10 ml of wate r to obtain a spore suspension. 

Protopseudothecia p roduction was assessed and r a ted on the basis of 

an a rbitary scal e of O - 5. 

RESULTS AND DISCUSSION 

Table 6. 

The effect of the four light trea tments are presented in 

It is evident from the r esults that isola tes v ari ed in 



their r esponse to the different light regimes. 

TABLE 6. Effect of diff erent light regimes on sexual 

(Pl e ospor~ sp.) and a sexual (Stemphylium s p .) 

sporulat ion in PDA cultures, a fter 1 3 days 
0 

Conidia/ml (x1 o4 ) Protopseudothecin 
Light re gime 

s1 s3 S4 s1 s3 

Fluorescent li ght 52 180 245 3 5 

Near-ultra viol e t li ght 215 247 297 3 5 

Da rk 2 5 7 2 1 

Daylight 132 70 107 2 L~ 

a 
a r bita ry scale of 0 - 5 

b isolate cod e . 

Rating 
s4b 

5 

5 

1 

4 

Near - ultraviol e t li c;ht gave th e best ov erall r esult in 

t e r ms of bo t h p ro duction of conidia and prot opseudothecia , ~lthough 

fluorescent light was also quit e beneficial , particularly for 

a 

conidial production of isolate s4 • The f a ct t ha t al l t h re e isolates 

produced both protopseudothecia and c onidia in continuous da rkness 

indicates that light is not essential for the initiation of 

protopseudothecia or for production o f conidia, although the three 

light r egimes tested were obviously beneficial . The production of 

conidia by three isolates of this Stemphylium sp. in the dark is 

contrary to the findings of Leach (18) who reported a complete 

absence of conidiophores or conidia of S. botryosum under similar 

conditions. Although Leach concluded from his results that NUV 

stimulated the formation of conidiophores of §_. botry,os.um, he went 
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on to stat e that "radi a tion from the NUV lamps a lso st r ongly 

inhibit s the format io n of c onidi a at these same t emperatur es (above 

25 C) unless NUV is followed by darkness at temperatur es above 25 C , 

c onidia wil l not form". Although t empe r a tures in the fluorescen t 

a nd NUV light treatments did fluctuate to 2 C ab ove a nd below 

Leach ' s threshold temperatur e o f 25 C t he abundant asexual 

sp orul a tion of these three Stemphylium i sol a tes docs not indicate 

a strong inhibitory e ff ect of continuous light e xposur e . The 

r esults also sugges t that a lthough th e conidia do bear some 

re semblanc e t o those of S. botryosum , the isol at es may i n f ac t be a 

different species . 

(b) Effect of duration of n ear-ul traviol et light on 

sexual (Pleospor a sp . ) and asexual (Stemphylium s ~. ) 

~porulation in c ulture . 

Sinc e ear lier results indica t e d t ha t NUV had t he mos t 

beneficia l i nfluenc e on both initiation of protopaeudothecia and 

produc ti on of coni di a an experiment was conducted to determine the 

optimum exposur e to NUV light . 

MATERIALS AND METHODS 

Colonies of the fungus wer e grown on p l a tes of PDA a t 
0 

23 - 27 C for three days in complet e darkness and then exposed to 

NUV light for the following durations: O, 0.5, 1, 3, 5, and 7 

d ays. Following exposure to NUV light cultures were again incu-

b a t e d in the dark. Isolate s
3 

and isolate s4 were tested and each 

trea tment was r eplicated four tim es . 

Table 7 and illustrated in Figure 19. 

The results are presented in 



RESULTS AND DISCUSSION 

The results i n Table 7 indica te that both asexual sporu­

lation and p r otopseudothecial pr oduc tion were incr eased as the 

exposure to NUV licht was lengthened . The protopseudothecia were 

concentrated mainly in the r egi on of new growth which occurred 

under NUV light (Fi gure 19) and any carryover was lacking a lthough 

a gain , as in the previous experimen t (Table 6) , asexual sporulation 

and initiation of protopseudothec i a occurr ed in c ontinuous darkness . 

Although results were r e corded t wo days earli er than in the previous 

experiment the number of conidia produced does not indicate tha t the 

return of c ultures to the dark stimulated better spor ul at ion than 

that a chieved by incubating cultures in continuous NUV lisht , 

again di sagreeing with the findings of Leach (1 8 , 19 ) for f • herbarum . 

TABLE 7. Effect of dur a t ion of near - ultraviolet light on 

sexual (Pl eospora s p . ) and asexual (St emphylium sp . ) 

sporul a tion in PDA cul t ure s af t er 11 days . 
0 

Exposure Conidia/ml (x10L1-) Protopseudothecia Rating 
s b ( days) 33 S4 s3 L1-

0 5 7 1 1 

0 . 5 10 20 2 2 

1 . 0 25 30 2 3 

3 . 0 32 100 3 4 

5 . 0 77 120 4 5 

7 . 0 147 125 5 5 

a arbitary scale O - 5 
b i sol at e code . 

a 
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FIGURE 19: Production of Pseudothecia by Pleospora s p . (Stemphylium 
vesica rium) on PDAL fol l owing different exp osures to 
n ear-ultraviolet light. 

Top row: (L to R) O, 0.5, and 1 day exposure 
to near-ultraviolet light. 

Bot tom row: (L to R) 3, 5, and 7 days exposure 
to near-ultraviolet light. 
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( c) Maturatian of protopseudothecia of Pleospora SR • 
in cult u r e . 

The morpholor:,ical characters of the sexual stage of fungi 

nre important for the determina tion of taxonomic relationships . 

Simmons (30) in his study of the perfect stntes of ~rnphyl ium spp . 

observed that the morphol ogy of the juvenile and ma ture nscospores 

were i mportant in the de l imitation of species, pa rticularl y the 

Plcospora state of S . botryosu~ and~- vesicarium . The main 

objecti ve of conducting this experiment to produce the Pleospora 

state of the St emphy lium sp . pathogenic to chrysanthemum flower s 

was to facil i tate a decision on i ts taxonomy . 

Leach (20) reported that protopseudothecia of P. h e rbarum 

are induced by NUV light, but for them to mature the sterile 

pseudothecia requi re a long and continuous exposure to low tempera-

tures (5 - 10 C) . However, Rotem .£!~·achieved ascospore 

formation in E· herbarum by temperature ~lta rations 0 t bi- wee kly 

intervals . Cultures maintained for two weeks at 10, 15 , or 20 C 

produced ascospores when exposed for an additional 14 days to 

15 , 20 , or 25 C respectively . Reverse temperature shifts a l so 

stimulated development of pseudotheci a (29) . 

MATERIALS AND METHODS 

For t h e p roduc tion o f mature pseudothec i a two met h ods were 

investigated, n ame l y tempera t ure a lt e r ati ons a t b i - weekl y intervals , 

a nd exposure of colonies t o c onst ant low t empera t u res . 

In both instances laboratory potato dextros e a gar ( PDA1 ) 
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plates were inoculated at the centre with 4 mm diameter mycelial 

plugs cut from the periphery of a ctively growing colonies . For 

the fun gus to establish itself and at the same time initia te 

protopseudothecia the plates were incubated for five days under 

near - ultraviolet light at a temperatur e r anging from 23 - 27 C. 

The temperatures used for th e c onstant temperature experiment were 

at 4 C int ervals ranging fro m 8 ~ 28 C. In the bi-weekly tempera­

ture alteration experiment the al t ernating temperatures used were 

20 C and 25 C. Following the initial NUV light treatment the 

colonies were transferred to the a ppropri a te temperature treatments. 

Colonies were examined at weekly intervals for the 

presence of asci and ascospores . 

RESULTS AND DISCUSSION 

(a) Temperature a lterations at bi- 1s, e:ekly intervals. 

Bi-weekly t emperatur e a lterations from 20 C to 25 C 

failed to induce the maturation of protopseudothecia and production 

of ascospores. Gourley (1 1+) working with P. herbar um reported 

s imilar negative results . 

(b) Constant temper ature experiment . 

The influence of temperature on the production of 

ascosp ores is presented in Table 8. 



TABLE 8 . Influence of incubation temperature on the 

production of ascospores by Pleospora sp . 

Temper ature Weeks for asc osp ore p roduction 
(OC) s1 s3 S a 

4 

8 11 10 9 

12 10 8 12 

16 12 9 -
20 - - -
24 - - -

28 - - -

a i s ola te code . 

Exposure of p rotops eudothecia to continuous low tempe r a ­

tures s i gnific antly influe nc ed t heir matu r a ti on with t he lowes t 

t emperat ur es tested (8 and 12 C ) b eing most beneficial , wh ile no 

p r otopseudothecia matured at 20 , 24 , a nd 28 C. The s hortest 

period for t he p roduc tion of matur e as cospor es was e i gh t weeks which 

is c onsi derably longe r than th e 24 days r epor t ed b y Le a c h for f• 

herb a rum ( 20 ) . However it is with i n th e r a n ge r eported by Si mm ons 

(30) for S . vesic a rium (3-6 months ) a nd S. botryosum ( 2 - 12 months ) . 

The slowness with which the Pleospora sp. from 

chrysanthemum flo wers p roduce pseudothecia may well account for 

the f a ilure of any reports of perfect states being ass ocia t ed with 

Stemphylium spp . on chrysan themum flow ers. 
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2 . 1.2 EFFECT OF TEMPERATURE ON CONIDIAL MORPHOLOGY 

The e ff ec t of incubat ion temperature on s pore morpholOErJ 

has been demonstrated by various workers (6 , 24 , 36 , 38) . Leach 

and Aragaki (21) observed that when Stemphylium f loridanum was 

grown a t temperatures r a nging f rom 11 . 5 - 31 . 6 C the coni dia pro­

duced a t the higher temper a t ures wer e less divided , strongly 

pigmented and in many respec t s simil a r to spores of~- botryosum , 

whil s t at lower temperatures the spores were i ncreasingly more 

divided, longer , l ess pigmented and l ess verrucose . 

MATERIALS AI!D METHODS 

To de t er mine whether the S t cmphylium isolates f r om 

diseased chrys::i.nthemum flo'.rnrs cxhibi ted such a vari at i on in 

conidial r.ior ~)holoc;J the fungus ·:ms cultured on 20% V- 8 juice D.Gar 

and i ncubat ed in the dark n.t the follonin G tempc-ratures : 8 , 1 6 , 20 , 

26 , and 30 C. Isol~te s
3 

and isolate s4 were used and each isola te 

vas replicat ed four t imes at each t emper a t ure . 

RES ULTS AND DISCUSSION 

The effect of different incubati on t emper a tures on 

laboratory cultures of Stemphylium sp . from chrysant hemum flowers 

is clearly r evealed in Table 9 and Figure 20. The increase in 

l ength/width r a tio at higher temperature~ is somewhat surprising 

considering the effect of different temperatures on 2· floridanum 
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..FIGURE 20: Effect of incubation temperature on conidial morphology 
of Pleospora sp. (Stemphylium vesicarium). 
(a) spore formed at 8C; (b) s pores formed at 12C; 
(c) spores formed at 20C; (d) spores formed at 26C; 
(e) s pores formed at 30C. 



TABLE 9. The effect of incubation temperature on conidial morphology of Pleospora ap . 

(Stemphylium sp . ) isolate s
3 

from di seased chrysanthemum f lowers 

I 
Incubation temperature ( 0 c) 

Conidial charac ters I I ·7 ---
8 16 20 26 30 ,__________ --- ---- -----

Size (average I 32 . 4 X 24. 5,;u 

Lengt h to width ratio I 1. 32 to 1 

Shape 
(a) Young conidium I Sph erical 

(b) Mature conidium I Spherical to 
oval 

Colour t Golden- yellow 

Constrictions 

Epispore s culpture 
I 
I 

to light brown 

1 median 

Echinulate 

35 . O Y. 22 . 9 jU 

1 . 52 to 1 

Spherical 

Spherical , oval 
or oblonG 

LiGht to dark 
brown 

35 . 0 X 21. 9.fl 41 . 1 X 17. 3,t1 39 . 3 X 12 . 9 j1 

1. 63 to 1 2 . 38 to 1 3. 04 to 1 

Spherica l I Oblonc I Oblong 
to obl ong 

Ob lone; to oval I Oblong to oval I Long , cylindri cal 
and ' a lternaria­

l ike ' 

Dark brown I Oli ve- brow::i to I Oli ve - brovm to 
greyish - brovm I greyish - brown 

Mainly 1 median! 1,2,3 in equal Viainly 3 ; also 
1 ?.c 2 

Mainly 3 or more; 
also 1 & 2 also 2 & 3 proportions 

Echin:.ilate Echinulate Echinulate to 
verr1.,.co.se 

Echinulate to 
verrucose 

\J1 
f\) . 
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and Ulocladium chartarum (Pr . ) Simmons where Leach and Aragaki (21) 

found conidia produced at h i gher temperatures tended to be more 

compact. At 30 C the chrysanthemum isolate not onl y had a h i gh 

length/width ratio but was also less divided , a t~nperaturc response 

similar to that reported for f· floridanum a nd U. cha rta rum . 

Simmons (30) r epor t ed that~- bot ryosum has a length/ 

width rntio approaching 1 . 0 whe r eas tha t of S . vesicarium is 2 . 0 

or more, a lthough h e does not state a t whnt t emperatur e co11idi a 

were produced to obtain these fi gures . 

The results obtained in this study in terms of l ength/ 

width r·itios, th e oblong shape of th e imn~ture conidia and the 

sever al (often three ) transverse septal constric tions (refer T~ble 

9 ~nd Figure 20) are mo r e typical of S. vesic ~ri um than S . 

botryosum (sensu Si mnons, 1969) . However it must be emphasised 

that conidia only had these features when cultures were incubated 

at 20, 26 and 30 C. Furthermore the results of t his and the other 

s tudies referred to here clearly reveal th e imp ortance of making 

field collections at intervals durinc the year to determine the 

variability of an organism before makinf, any taxonomi c decisions . 

If t his is not possible then certai nly laboratory studi es examining 

the effects of such factors as light and temperature on variability 

of the fungus are essential. All too often reports on th e morpho­

logy of a fungus do not p r ecisely state the cultural environment 

used during the study . 
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2 . 1 . 3 CONIDIUM ONTOGENY 

Simmons (30) report ed t hat t he juvenile conidia of S . 

vesicarium are generally ob long , in contrast to those o f S . 

botryosum whi ch t end to be spherical. Consequently , to obtain 

further infor mat i on on t he identi t y of Stemphylium i sol ates from 

chrysanthemum flowers , e xperiments were conduct ed on the development 

of conidia . 

MATERIALS AND METHODS 

was used . 

A technique similar to that described by Riddell (27) 

A one centimeter sq uar e block of 20% V- 8 juice agar 

g as cut and transferred to a flamed mi croscope slide (Figure 21a) 

~here it was inoculated at the centre of each edge with spores of 

Stemphylium sp ., isolate s
3 

(Figur e 21b) . A flamed cover slip 

was centrally placed upon the agar block and the slide transferred 

to a petri plate lined with moist blotting paper to maintain high 

humidity (Figure 21c) . Plates were exposed to continuous NUV 

light at 25 - 27 C. Aft er seven days incubat i on the mycelium of 

the fungus covered both upper and lower surfaces of the agar 

block and was adhering to the respective glas s surfaces. The 

agar block was discarded , a drop of Shear' s mounting fluid p l a ced 

on the slide and the cover slip carefully lowered upon the slide 

(Figure 21d). The prepared slide was then examined wi t h the aid 

of a compound microscope . 



a ga r block 

p- l ass 
tri an 2; le 

a 

55 

c over sli ;J 

,;:c lass slide inoculum 

b 

........ ----'r---- f i 1 t er 
Da ;)er 

...... ~---+-+---+----- m.vc e 1 i :1;n 

C 

d 

oetri 
----nlate 

FIGURE 21. Technique for preparation of slide cultures. 
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RESULTS AND DISCUSSION 

A singl e conidium was produ ced as a protoplasmic out­

growth through a large , disc r e t e p ore at the tip of th e bul b ous 

apical cell of th e conidiophore (Figure 22a) . Very young c onidia 

are initially globos e , aseptat e a nd hyaline (Figures 22b a n d c ) but 

as size increas es (mainly lengthwi se) th ey be c ome oval e v en befor e 

t he fir st sep tum is fo rm ed ( Fi gur es 22d and e ). Th e first septum 

i s l a i d transversely along t he conidium dividing it in t o t wo 

app r oximat e ly equal hal ves (Fi gure 22f). Subseq uen t transve r se 

and longitudinal septa ar e l a id down giving th e conidium a muriform 

appear a nc e t yp i cal of the genus Stemphylium (Fi gur e 22g). At 

maturity conidia a r e oval t o ovoid , olive -brown to olive-grey in 

colour , with 1 - 4 transverse septa ~d a number of longitudinal 

sep t a (Figure 22h) . The majority of conidia observed had three 

transvers e septal constrictions , although conidia with one and two 

c ons trictions we r e a lso observed. Ther e was seldo m a compl ete 

series of longitudinal s epta f rom a p ex to base of the conidium . 

Afte r a conidium has fu lly matured t he r e is r enewed 

growt h o f th e conidiophore through th e t e r minal pore in a manne r 

typic a l of th e porosp orac eae (16). The previously formed conidium 

is e ith e r dislodged or becomes l a teral in position and anothe r 

conidium is formed at the end of th e newly proliferated conidio ­

phore. In this way a number of apical condiophore proliferations 

may be formed, producing a monilioid e ffect . 

Germination by rep etition was also fairly common, b e ing 

observed on both culture media and host material . Here conidia 

produced a short tube, stouter and darker than a normal germ tube . 
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FIGURE 22: Conidium ontogeny of Pleospora sp. 
(Stemphylium vesicarium). 
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This in turn was quickly terminated by a second conidium (Figure 23). 

Cultural studies on §_. ~t-~.,yosu.!!! isolated fro m lucerne 

(P. D. Whitwell , * personal communic at ion) indicated that conidia of 

this fungus virtually maintained a comp ac t g lob ose shape throughout 

their development whereas the conidial ontogeny of the Stemphzlium 

isolate from chrysanthemums is more characteristic of that 

illustrated by Simmons for S. vesicarium (30). 

2 . 1 . 4 MYC OLOGY 

Unless otherwise stated the morphological features of 

Pleospor~ - Stemphylium isolates from chrysanthemum flower s are 

based on c ultures gro wn on PDAL and incubated at 25 C in the dark. 

* 

Co lony Grey ish-g r een with abundant aerial mycelium . 

Olivac eous - green, septate , vacuolate and 

branched. 

Conidiophores Olive-green to olive -brown and septate; 

Conidia 

apical cell of conidiophores swollen , 

bulbous and generally darker and rougher 

than the remaining body of the conidiophore; 

distinct pore p resent on the apical cell 

through which the conidium is blown out; 

conidiophores proliferated in close succession . 

Hyaline to golden yellow when young but 

olive-brown to greyish when mature; 

Mas terate student; Department of Plant Pathology, Massey 
University, Palmers ton North , New Zealand. 



FIGURE 23 : Pr oducti on of a secondar y c onidi um by Pleospora 
sp . (Stemphylium ves icarium) on PDA1 . 

59. 

FIGURE 24: Conidia of Pleospora sp. (Stemphylium vesicarium) 
produced on V-8 juice agar cultures incubated for 11 days 
in the dark at 26c. Insert. Enlargement of a conidium 
showing 3 distinct transverse septal constrictions. 
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echinulate to verrucose; oblong to oval, 

muriform , base of conidium normally bluntly 

rounded; 1 - 6 transverse sept a and a number 

of longitudinal septa but seldom with a 

comp lete series; 1 - 3 , more commonly 3 

constrictions at the transverse septa; when 

one -constricted,constriction is median, 

conspicuous and dark; basal pore conspicuous 

and dark; germination by repetition fairly 

common in culture and on the host; 30 . 8 

49 . 6 x 15-21.2/l (average 21.2 x 15)-l) • 

(Figure 24) . 

Pseudothecia* Brownish-black to black ; initially spherical 

or globose, at maturity flask - shaped with an 

ostiole &neck; submerged or erumpent in the 

me dium; diameter 450 - 890/, (average 674/1-). 

( Figure 25) . 

Asci 

Ascospores 

Bitunicate; hyaline; cylindrical to clava te; 

tapering to a basal claw-like st r ucture ; 

128 - 252.8 x 24 . 4 - 33 . 2;u (average 198 . 7 x 

31 . 6/1) . (Figuro 27). 

Hyaline to lemon-yellow when young, gold en ­

yellow or brownish-grey when fully mature; 

walls smooth; shape variable although 

predominantly ellipsoidal; apex of ascospores 

slightly pointed or rounded, base generally 

bluntly rounded; greatest width of ascospore 

one-third distance from apex; predominant ly 

7 transverse septa although 8 and 6 have a lso 

been noticed; nume rous longitudinal septa 

but seldom any comp let e series ; 28 - 45 . 8 x 

12 - 18.4/1 (average 37 x 16;u).(Figure 26) . 

Produced on PDAL after 10 weeks incubation in the dark at 
12 c. 
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FIGU~~ 25 : Protopseudothec ia of Pleospor a sp . (Stemphylium 
vesicari um) pr oduced on PDAL cultures incubated 
for 14 days under near- ult r aviolet l ight. 

FIGURE 26: Asci and ascospores of Pleospora sp. (Stemphylium 
vesica rium) produced on PDA1 cultures incubated for 
10 weeks in the dark at 12C. 



FIGURE 27: Bitunicate ascus containing ascosp ores 
of Pleospora sp. ( Stemphylium 
vesica rium). Produced on PDAL 
cultures incubated for 10 weeks in the 
dark at 12c. 

62. 



GENERAL CONCLUSION 

On t he basis of conidia l development a n d the morphology 

of asexual and Gexual stages of SteMphylium i solates f r om chrysan­

themum flowers i t is conc l uded t hat this organism is Stemphylium 

vesicarium (Wall r . ) Simmons . 

Because no de ci s i on has been made on a specifi c epithet 

for the perfect state of~- vesicarium (30) t he imperfect name is 

used in this chapter a fter Pleospora sp. to designate the part icular 

Pleospor a in question . 

2 .2 MYCOSPHAERELLA LIGULICOLA (IMPERFECT STATE ASCOCIIYTA 

CHRYSANTHEMI) 

Tho fir st r eport of this fungus causing a flo i,e r blight 

disease of chrysanthemums was by Stevens in 1906 (33), Since t hen 

th e fungus has been report ed from mos t countri es where t he era~ is 

grown. In New Zealand it was fir s t r eported fro ,J nurseries in 

Palmerston North a nd Auckland , al though only the i mperf e ct state 

was described (11) . 

Preliminary s tudi es with~- ligulicol a indica t e d tha t the 

conidia p roduced in culture differed in size and septation from 

those produced on the host tissue . Pycnidial production~ vitro 

was erratic, with some isolates p roducing pycnidia and pycnidio ­

spores abundantly whilst othe rs only did so when exp osed to 

daylight . It was further observed tha t pseudothecia of M. 
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ligulicola could be readily located on diseased chrysanthemums 

in the field but did not occur under normal laboratory conditions 

when culturing the fungus on synthetic media . A literature 

review indicated tha t the environment h a d a marked influence on 

r eproductive development and growt h of th e fun gus in th e field and 

in cultur e (6 , 24) . 

Accordingly, experiments we r e conducted to study the 

effec t of me dia, light a nd t emper a ture on the cultura l and 

morphologica l chara ct eristics of New Zealand isola t es of M. 

ligulicola . 

2 .2.1 EFFECT OF MEDI A ON GROWTH AND SPORULATION 

Hadley and Blakeman ( 15) obs e rved that t he pycnidi a a nd 

pycnidiospores formed by~ - ligulicola per uni t a r ea of c ultur e 

we r e influenced by th e t ype of medium a n d t he nut ri ent level , with 

pycnidiospor e s smaller on medi a of low nutrient status . St even s 

(33) r eported cowpea agar as th e b est me dium for growth a nd 

sporulation of the fungus . 

MATERIALS AND METHODS 

Mycelial plugs 4 mm in diameter obtained from the edges 

of actively growing colonies were used for inoculating the petri 

plates . The medi a used were laboratory potato dextrose agar 

(PDA1 ) , Difeo prune agar (PrA), pea agar (PA) , V-8 juice agar 



(V- 8 agar), malt agar (MA), nutrient agar (NA), oatmeal agar 

(OMA), cornmeal aga r (CMA), water agar (WA), chrysanthemum leaf 

extract agar (CLA), and chrysanth emum petal extract agar (CPA). 

Details regarding the recipe s and preparation are presented in 

Appendix I. Isolate M1 , isolate M
2

, and isolate M3 of the fun gus 

were used in the study and each isolate was replicated four times 

on each medium . Followinc inoculation the plates were incubated 

at 25 C in the dark . To harvest the pycnidiospores from each 

medium the surface of two cultures of each isolate was scraped in 

a known volume of water and the resultant slurry l eft for 20 - 30 

minutes to facilitate pycnidiospore discharge , The concentration 

of the r esultant pycnidiospore suspension was est imated with a 

hae~ocytometer , It was observed that using this method only 

pycnidiospores from the erumpent or superficial pycnidia could bo 

harvested , and t hat it was not possible to obtain the pycnidio ­

s nores from deeply submerged pycnidia . 

RESULTS AND DI3CUSSION 

The influence of media on the growth and cultural 

characteristi cs of~- ligulicola are presented in Table 10a , 10b 

and 1 0c and illustrated in Figures 28 , 29 and 30. 

From Table 10a , 10b and 10c , and Figures 28 and 29 it is 

apparent that isolates behaved differently on the various media. 

The degree of variation between isolate M
1 

and isolate M
2 

was small 

and insignificant. In contrast and as discussed below isolate M
3 

showed considerable variations from i solate M1 and isolate M
2

• 



~I GURE 28: 
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The effect of media on the growth of Mycosphaerella 
li~ulicola after 7 days incubation at 24c . 
(1 pea agar; (2) v-8 juice agar ; (3) chrysanthemum 
leaf extract agar ; (4) laboratory potato dextrose agar; 
(5) chrysanthemum petal extract agar; (6) oatmeal a gar; 
(7) cornmeal agar; (8 ) malt agar; (9) prune agar; 
(10) nutrient agar ; and (11) water agar . 



80 

e 
E 

a: 
w 
I-
w 
::!: 
~ 

0 
> z 
0 
..J 
0 
u 

Isolate M1 

MEDIA 

80 

60 

E 
..s 
CI: 
w 
I-
w 40 ::!: 
~ 

0 
> z 
0 
..J 
0 20 u 

..J 

g 
Cl. 

Isolate M3 

ct 
~ 
u 

e 
..s 
a: 
w 
I-
w 
::!: 
~ 

0 
> z 
0 
..J 
0 u 

MEDIA 

Isolate M2 

80 

60 

40 

20 

MEDIA 

~ 
growth on 
day 1, 2 and 3 

~ 
growth on 
day 4 and 5 

Im growth on 
day 6 and 7 

FIGURE 24 The effect of media type on the growth rate of Mycosphaerella ligulicola at 25C 



IE .... 
w 
~ 
<( 

0 
>­
z 
0 ..... 
0 
u 

80 

70 

60 

50 

30 

20 

10 

0 2 3 4 5 

TIME ( days) 

............. .. __ 

6 

68 . 

Isolate M1 

Isolate M2 

Isolate M3 

7 

FIGURE 30 Growth rate of Mycosphaerella ligulicola on laboratory potato dextrose ager at 25C. 

8 



Colony colour varied with the medium and to some extent 

with the isolates. On most media the colonies comprised three 

distinct regions , namely fringe , intermediate and central . In 

most instances the fringe was either translucent or white, whereas 

intermediate and central regions varied in colour depending on 

media used . Colonies were predominantly circular in outline and 

zone formation was a charact eristic feature of all three isolates 

on PDA
1

, PA , OMA, and V-8 j uice agar. The radial growth (Figure 

29) of the three isolates was maximum on PA and leas t on 0A . On 

PDA
1 

the growth rate of isolate M
3 

was less than that of the other 

two isolates (Figure 30). 

The aerial mycelium formed by the fu~gus was cottony or 

filamentous, and white in colour . It was absent on WA a nd most 

prevalent on PA . On all media tested isolate M
3 

formed less 

aerial mycelium than isolate M1 or isolate M
2

• 

Pycnidial p roduction was most abundant on PA, V- 8 juice 

agar, PDA
1 

and OMA . Pycnidia were generally submerged or erumpent 

although in a few cases they were even superficial . Isolate M
3 

produced more pycnidi a per plate t han the other two isolates . The 

concentra tion of harvestable pycnidiospores was related to the 

pycnidial concentration and their horizontal distribution in the 

medium . With all t hree isolat es the highest concentrat ion of 

pycnidiospores per ml was obtained from PA. Here again isolates 

varied with isolate M
3 

producing the l a rgest number of pycnidio­

s p ores p er ml . 

On all media where sporulation occurred the pycnidio­

spores were predominantly aseptate confirming the observations of 



TABLE 10 a . 

COLONY COLOUR 
Fringe 
Middle 
Centre 

SURFACE TOPOGRAPHY 
Shape 
Elevation 
Zonation 

AERIAL MYCELI UM 
Quantity 
Location 
Morphology 
Colour 

PYCNIDIA 
Quantity 
Location 
Colour 

PYC NIDIOSPORES 
Cone/ml* 
% septate 
Colour 

PSEUDOTHECIA 

Eff ect of medi a t ype on t he gro ~t h and cul tura l char act eri s tic s 

of Myc os phae r ello. ligulico l a i sol a te M1 a t 25 Ca 

PDAL NA Pr A CMA OMA V-8 CLA CPA 

N T/ i.7 T T CVJ T T T 
OG Gn/Gr T T Gn/Gr LBn Gn/Gr w 
Gr W Gn/ Gr T T/ liJ LBn LBn LBn Gn/ Gr 

Cr Cr Cr Cr Cr Cr Cr Cr 

NA 

T 
w 
w 

Cr 
Flat Fl a t Fl at Flnt Fl -'.3. t Flat Flat Fl at Fl :i.t 

z NZ NZ NZ z Z/NZ NZ NZ NZ 

3 3 0 -1 1 4 2- 3 0 -1 2 2 
G G G C+M C+M C+M G G C+M 

Cot Cot Fil Fil Cot Cot/ Fi l Cot /Fil Cot Cot 
w Gr 'N VI w w w ·.:mr \,JjWGr VJ 

2 1 1 1 - 2 2 - 3 1-2 0 - 1 0 0 
Er/Sub Sub Sub/Er Sub Sub Sub/Er Sub - -
LBA/DBn Bn/ Bl RBn/i31 LBn/Bn Bn/DBn R.Bn/Bn Bn/ Bl - -

1480 15 65 100 80 100 0 - -
3. 4 2 . 5 1 • 2 1 • ? 1 . 8 3 . 1 - - -
Hy Hy :-ry Hy Hy Hy - - -

- - - - - - - - -

WA 

T 
T 
T 

Ir 
Fl at 

NZ 

0 
-
-
-

0 

-
-

-
-
-

-

PA 

cw 
WGr 
cw 

Cr 
Fla t 

z 

4 
G 

Cot 
w 

4 
Er/Sup 

RBn 

406320 
2 

Hy 

-

---..J 
0 . 



TABLE 1 0 b . 

COLONY COLOUR 
Fringe 
Middle 
Centre 

SURFACE TOPOGRAPHY 
Shape 
Elevation 
Zonation 

AERIAL MYCELIUM 
Quantity 
Location 
Morphology 
Colour 

PYCNIDIA 
Quantity 
Location 
Colour 

PYCNIDIOSPORES 
Cone/ml* 
% septate 
Colour 

PSEUDOTHECIA 

Effect of media type on the growth and cultural ch~racteristics of 

Mycosphaerel l a ligulicoln i solate M
2 

at 25 Ca 

-
PDAL MA PrA CMA OMA v- 8 CLA CPA NA 

T/ '."/ •r T T 'if T T T/W T 
Gn/Gr Gn/Gr T T Gr':! LBn LBn LBn T 

Grr, Vi T T ·;:1 LBn/1.'J T/LBn T/q T 

Cr Cr Cr Cr Cr Cr Cr Cr Cr 
Fl at Fl:i.t Flat Fl ::i. t Flo.t Flat Fl a t Flat Flat 

z NZ NZ NZ Z/NZ z NZ z z 

3 2-3 0 - 1 0 - 1 4 2 - 3 1 2 2 
G C+M G G G C+M G G C+M 

Cot Cot Fil Fil Cot Cot/Fi l Cot/Fil Cot Cot 
w ';J ,., 

','I ·,'/ '.'I 
.. , 

~'.[ •.·r 

" ., VI 

2 2 0 1 - 2 3 - 4 2 0 -1 0 0 
Er/Sub Er/Sup - Sub 3ub/Er Sub/Er Sub - -

LBn/DBn Bn/Bl - 1Bn/Bn RBn/Bn RBn/Bn DBn/Bl - -

2120 1 05 - 45 510 25 0 - -
2 . 8 3 . 4 - 1 . 4 1. 4 2 - - -
Hy Hy - Hy Hy Hy - - -

- - -· - - - - - -

·~·lA 

'r 
T 
T 

Ir 
Fl a t 

NZ 

0 
-
-
-

0 
-
-

-
-
-

--

PA 

w 
w 
w 

Cr 
Fl a t 

z 

4 
G 

Cot 
w 

4 
Er 

RBn/DBn 

216720 
2 

Hy 

-

--sJ 
~ 



TABLE 10 c. Effec t of media t ype on the groCTth and cultural cha ract eristics of 

Mycosphaerella ligulicola isola te M
3 

a t 25 Ca 

--
PDAL MA PrA CMA OMA V-8 CLA CPA NA \'IA PA 

COLONY COLOUR 
Fringe T T T T T/Gr T T/LBn T T T T/LBn 
Middle Gr T/Gr T T ·.1/Gr Lon/Gr Bn Tj\'J ~:., T W/Gr 
Centre W/Gr Gr T T/\"I '.V/Gr \V/Bn LBn T/W w T w 

SURFACE TOPOGRAPHY 
Shap e Gr Cr Cr Cr Cr Cr Cr Cr Cr/Ir Ir Cr 
Elevation Flat Fla t Flat Flat Flat Fla t Flat Fla t Flat Fl a t Fla t 
Zonation z z NZ NZ Z/NZ z Z/NZ NZ Z/ NZ NZ z 

AERIAL MYCELIUM 
Quantity 2 0- 1 0 -1 1 2 1 1 1 1- 2 0 3 
Location C+M C+M r, C+M C+M C C C+M C+M C+M u -
Morphology Cot Fil Fil Fil Cot Cot Cot/Fil Cot Cot - Cot 
Colour W/Gr Gr r, rl/Grr/ ':J w w \'J ::i - w 

PYCNIDIA 
Quantity 3-1+ 3 1 1 3 1 0-1 1 0 -1 0 4 
Loc a tion Sup/Er Sup/Er Sub Sub/Er Sub/Er Sub/Er Sub Sub Sup/Er - Er 
Colour Bn/Bl RBn/Bn ::rnn/Bn DBn/Bl RBn/Bn DBn DBn Bn LBn - Bn/Bl 

PYCNIDIOSPORES 
Cone/ml* 4840 8950 3 55 9120 980 1. 6 4 15 - 780000 
56 septate 1. 03 o.8 1 • 2 1. 7 0 2 5 . 8 o.8 1 • 6 
Colour Hy Hy Hy Hy Hy Hy Hy Hy Hy - -.,,J 

f\J . 
PSEUDOTHECIA I - - - - - - - - - - -



a Key for Tables 10 a, 10 b aEd 1 0 ~· 

Colour 

w = white 
T = translucent 
Bn = brown 
Bl = black 
0G = olive green 
RB = reddish brown 
Gn = green 
Gr = grey 
cw = cottony v,hi t e 
LBn = ligh t brown 
Gr W = greyish white 
RBn = reddish brown 
DBn = dark br0wn 
Hy = hyaline 
WGr = whitish·green 

Quantity 

Arbitary r a ting of 0 - 4 

* x10
4 • 

Sha:e_e 

Cr = circular 
Ir = irregular 

Location 

G = gen eral 
C = centre 
M = middle 
Er = erumpent 
Sub = submerged 
Sup = superficial 

Zonation 

Z = zoned 
NZ= not zoned 

Morph ology 

Cot = cottony 
Fil = filam entous 

~ 
\J-1 
• 
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McCoy et !:d• (2~-) who reported that a t temp eratures gr eate r than 24c 

only one-celled pycnidiospores were produced regardless of whether 

shredded chrysan t hemum tissue or synthetic media we r e used for 

culturing t he fungus. In the present study no pseudothecia 

developed on any med ium unde r th e i ncubat ion conditions used for 

t his e xp eriment. This a lso is in ac cordance with t he observations 

of McCoy et a l. (24) who did not obt a i n p s eudothecial developmen t 

a t 25 C indic a ting some factor other than nutrition cou ld be 

critical fo r t he p roduction of th e perfect stat e . 

2 . 2 . 2 EFFECT or TEMPERATURE ON SPORULATION AND PYC NIDIOSPORE 

MORPHOLOGY 

McCoy et al . ( 24 ) , a nd Blaker.nm and Hadl ey ( 6) r epor t ed 

that asexual s por u l at i on and pycni di osporc morpho l ogy of M. 

lig_ulicola was affect ed by t he incubation t emperat ure . They 

obs e rved th Gt pycnidiospore s i ze and perc entage septate spores 

decreased with an i ncrease i n temper a t ure , wher eas th e numb er of 

py cnidiospores produc e d inc r eas ed with t emper ature . In another 

t es t us i n g shredded chrysanthemum tissue as a natural substra t e 

McCoy et a l. found that th e op timum temperature for pseudothecial 

dev e lopment was 20 C and that no pseudothecia develope d at 25 C. 

Barr (4) obtained mature ' pseudothecia of My cosphaerella tassiana 

(de Not . ) J ohans. by growing the fungus at 5 C for 6 weeks a nd 

then exposing cultures to room t e mp er a ture for anothe r two weeks . 

Accordingly an experiment was conducted to study the 

effect of temperatur e on sexual and asexual r eproduction and 

pycnidiospore morphology of M. ligulicola in l ab ora tory cultures. 
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MATERIALS AND METHODS 

Cultu r es of the fungus were gr own on 20% V- 8 jui ce agar. 

Petri plates were inoculated with a 4 mm diamet er mycelial plug 

and incuba ted in the dar k at temperatures ranging from 4 - 32 C at 

4 C intervals. Isolate M
2 

a nd M
3 

were used i n the study and each 

isolate was replicated s i x times for each tempera tur e . Hal f the 

pl a tes at 4 C and 8 C were transferred to room temper a ture a ft er 

6 weeks incubation . A r a t ing of the number of pycnidia was made 

a fter 21 days using u O - 5 arbi t a r y scale . Observations for 

presence of pseudothecia were made at weekly i nte r vals for 10 

weeks . 

RESULTS AND DISCUSSION 

The effec t of temperature on pycnidial production is 

presented in Table 11 . This table indicat es that no pycnidi a were 

produced a t 32 C or bel ow 20 C. ~J cnidiospores from cultures 

incubated at 20 , 24 and 28 C we r e invar iably aseptate . Although 

it has been reported that the percentage septate pycnidiospores 

produced by~- ligulicola increases wi th a decre a s e in t emper ature 

(6 , 24) , this phenomenon could not be investigated because of the 

l a ck of spor u l ation at the lower temperatures tested . 

The optimum temperature for a sexual sporulation of 

M. ligulicola was 24 C which was also the optimum temperature for 

g rowth . No pseudotheci a were produced with any of the 

treatments. 



TABLE 11. 

2 . 2 . 3 

Effect of incub a tion t empera t ur e on pyc nidia l 

p roduction by Myco s pha erella ligulicola on 

v-8 juic e aGar a ft e r 21 days . 

Temper a t u r e Pycni d i a l Ra. tine 
a 

(
0 c ) M1 M b 

2 

4 - -
8 - -

12 - -
16 - -
20 1 2 

24 3 4 

28 • 2 3 

32 I - -
f 

a a r bit a r y s c a l e o f O - 5 
b i s olate code. 

EFFECT OF LiilllT OH SEXUAL AND ASEXUhL SPORULATION 

IvlcCoy ~ a l. ( 24) sugges t ed t h a t !:.! · ligulicol a may 
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con t ain a t l east two ligh t r osp on sc gr ou ps . One g r oup r equir e s 

light fo r e i ther sexual or asexual r epro ducti on o.nd t he othe r 

group has n o light requi rement s . He obs e rv e d t hat the dev e lopment 

of pycnid i a w~s enha nc e d by n ear - ultra viol e t light ( 280 t o 380 nm) 

only with those isola t e s t hat were intrinsically s e n s iLive to 

light stimula tion . He obt a in e d pseudothecia on shredded 

chrysa nthemu m ti s sue whe n incuba ted at 20 C under b lue or green 

2 filters at i n tensiti es of 425 to 500;uw/cm a nd 1400 to 15,000 

2 
;uw/cm • Howeve r cultures under red or white light produced 

pseudothecia only at the h i gher light intensity. Bl akeman and 
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Hadley (6) reported that pycnidial production by M. ligulicola 

was littl e influenced by illumination. 

MATERIALS AND METHODS 

To determine the effect of light on s porulation of 

M. ligulicola 20% V-8 juice a gnr plates were inocula ted with a 

4 mm diame t e r mycelia l plug of the fungus and exposed to th e 

following light reg im es: 

(i) fluor escent light - p rovided by a 40 wa tt Phillips 

cool whit e fluor escent t ube No. 33. Pe tri p l a te s 

wer e p l u c ed a t a di s t anc e of 41 cm fro m t he tube. 

Temper atur e i n th e light-box r anged fro n 23 t o 27 C; 

(ii) near-ultrav i ol e t light - pr ovided b y a 40 wutt Phillips 

ilLB , h a ving n maximum wav e l e n gth of 350 nm . Pe tri 

pla t es we r e p l a ced a t n di s t ance of 41 cm fro m t he 

t ube. Temper a t u r e r a n g ed fro m 23 t o 27 C; 

(iii) ~ - petri p lates were pla ced in a light p roof box 

and incubated in the fluor escent light-box in order to 

maintain similar temperatures to those in tr e atments 

1 & 2 ; 

(iv) daylight - petri plates were pla ced in a basket and 

suspended outside the laboratory window where 

temperatures ranged from 3 . 4 to 25.2 C. 
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Isolates M1 , M
2 

and M
3 

were used in the study and ench 

isolate wns replicated 6 times for each light regime . 

RESULTS AND DISCUSSION 

The effect of the different ligh t regimes on pycnidial 

production arc presented in Tabl e 12 . 

TABLE 12 . Pycnidial production by Mycosphacr el l a ligulicola 

on 20% V-8 juice agar after 12 days 

incubation in different ligh t r egimes. 

Dark NUV Fluorescent Daylight 

Isolate Pycnidial R~tingQ 

M 
1 

1 3 4 2 

p 
·2 2 5 5 4 

M 
3 

2 5 5 4 

a arbit n ry scal e of O - 5 

It is apparent fro m Table 12 thnt th e intensity of 

pycnidial production was increased by exposing cultures to light , 

Qlthough some pycnidia we r e formed in total darkness. Exposure 

of cultures of ~ - ligulicola to continuous NUV or fluor escent 

light appeared the superior means of inducing abundant sporula-

tion . With al l the light r egimes tested th e pycnidiospores were 

aseptate. Pseudothecia were only formed in cultures exposed to 
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NUV light. They were initiated on the seventh da y and by the 

tenth day they were mature. 

EFFEC·:r OF DURATION OF NEAR - ULTRAVIOLET LIGH'r ON 

PSEUDOTHECIAL PRODUCTION 

Sinc e th e earli e r r esults indica t ed that only NUV light 

initiated the production of pseudothecia in c ultur e an experiment 

was c onduc ted to determine t he minimum and/or optimum exposure to 

NUV li ght for pseudothec i al production. 

MATERIALS AND 1'IETHODS 

Coloni es o f the fungus were grow n on 20% V- 8 juice agar 

fo r 7 days in c omplete darkness at 23 - 27 C and then exposed t o 

NUV light for the following durations : O, 1 , 3 , 5 , 7 , 10 , a nd 14 

days . Follov1ing exposu r e t o NUV light the cul tuj_~es were o.gain 

incubo.ted in the dark . Isolate M1 and M
2 

we r e used in t he experi -

ment a nd each isolate was r eplica ted six times . The number of 

pseudothecia p roduc ed per plate were determined by counting the 

0 pseudothecia p resent in an a r ea circumscribed by a 30 angle and 

then using this to estimate the total production per plate . The 

results are presented in Table 13. 

RESULTS AND DISCUSSION 

It is evident from the r e sults in Table 13 that the 
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minimum exposure to continuous NUV light necess a ry to induce 

pseudothecia of~· ligulicola was 3 days. Thereafter nn ext ension 

of the NUV exp osur e tim e r esulted in a progr e s s ive incr ease i n the 

p roduction of pseudoth e ci a with maximum numb e rs b e ing p roduced with 

t he longes t exposur e t e sted , n ame l y 1 4 day s a t which t i me th ey 

wer e ma ture . 

TABLE 13. Effec t of dura tion of n ear-ultra viol e t li ght 

on p seud oth e cia l p roduction by My c os pha erella 

ligulicola on V-8 juic e agar 

Exp osure Numb e r o f p seudothecia p e r p l a t e 

(days) Isolat e M1 I s ola t e M2 

0 0 0 

1 0 0 

3 6 10 

5 20 24 

7 128 120 

10 308 340 

14 584 1368 

2 . 2.5 MYCOLOGY 

CULTURE 

Unless oth erwise stat ed the morphologic a l fe a tures of 

M. ligulicola a r e described for cultures on PDA1 incuba ted a t 25 C 

in the dark. 

Colony Circular, flat , greenish-grey , abundant aerial 

mycelium ; formation of annular growth zones 

characteristic of growth (Figure 31) . 
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Mycelium 

Pycnidia 
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Branched , septate and coarse. 

Globose when young; flask - shaped a t maturity 

with a distinct ostiol e and ne ck; submerged, 

erumpent or superficia l; brown or amber whe n 

young , a t maturity shades of brown; ostiolo 

darker than body ; diam e ter 74 - 18211 ( a v erage 

128 /1). 

Pycnidiospores Released a s an ooze ; guttulate or vacuolate; 

individually hyaline to greenish but en masse 

pinki sh; ov~l to cylindrical , sides straight 

or slightly curved , ends bluntly r ounded ; 

predominantly aseptate , a f ew uniscptate ; 

biguttulat e or bivacuola t e pycnidiospores 

a ppe a r unis ep t a te; a ccentua t e d by l a ctophenol 

acid fuchsin stain ; 7 , 5 - 13 , 4 x 2 . 8 - 5 , 2;~ 

(Rverage 11 , 2 x 4 , 3 )1 ) . (Figure 32) . 

Pseudothecia* Globos e to fl a sk - shaped; sup erfici a l or 

e rump en t; brownish - black to bl a ck; well 

Asci 

Ascospores 

defined neck at maturity; 87 - 15811 in diameter 

(average 124/1). 

Hyaline to gre enish; f asc iculate; bitunica t c ; 

cla v a t e , ovoid-oblong or cylindric a l wi th a 

basal -hook ; 8 ascospores per as cus ; asc i 

embedded in interthecial tissue; 48 - 70 x 7 -

11/1 (average 57 x 10/1),(Figure 34). 

Hyaline to greeni sh; fusifo r m or spindle-shaped 

and unisept a te; septal cons triction prominent; 

upper cell slightly swollen immediately above 

Produced on V-8 juic e agar aft e r 5 days exposure t o NUV 
light a t 23 - 27 C. 



HOST 

Pycnid i a 
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septum, lowe r c ell n a rrower; pointed at the 

upper end , b luntly rounded a t base ; 13 . 2 -

17 . 5 x li. . 1 - 6 . 111 ( a v e rage 14 . 9 x 5.111) • 

(F i gure 34) . 

Abundant on infected stems and flo wers; forme d 

below epidermis , l ater erumpent ; diameter 80 -

194 )1 (av erage 131 . 7 /1) • (Figur e 12) . 

Pycnidiospores Eithe r aseptate or uniseptate; when 

unisep t a te, septum c entra l or off centre ; not 

normally cons tricted at sep tum, constriction 

develops with germination ; 8 . 1 - 14. 6 x 3 . 1 -

6 . 6;v- (average 11 . 5 x 4 . 7 )1 ) . (Fi gure 33) . 

Pseudothecia On stems , l eaves o.nd flowers; formed below 

epidermi s , l a t er erumpent; ne ck not pronounced ; 

92 - 182)1 i n d i o.mc t e r (aver age 132 /1 ) . (Figurcs 

13 & 14) . 

Asci 

I\.scospores 

47 . 4 - 71 . 6 x 8 . 4 - 1 2 . 1/1 (aver age 60 x 10 . 4 /1 ); 

other characteristics as in culturc . ( Fi gurc 35) . 

13 . 5 - 1 8 . 9 x 4 . 4 - 6 . 4)1 ( av erage 15 . 8 x 5 . 3 

;v-) ; oth er charac t e ristics a s in culture . 

(Figure 35) . 
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FIGURE 31: Colony of Mycosphaerella ligulicola _on PDA1 after 
12 days incubation in the dark at 24c . 
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FIGURE 32: Pycnidiospores of Mycosphaerella ligulicola in Shear's 
mounting fluid. (ex naturally infected chrysanthemum 
flower). 

FIGURE 33: Pycnidiospores of Mycosphaerella ligulicola in 
lactophenol acid fuchsin (ex PDAL cultures after 21 
days incubation in the dark at 2~C). Note the 
illusion of a septum in each pycnidiospore. 



FIGURE 34: Asci and ascospor es of Mycosphaerella 
ligulicola on 20% V-8 juice agar. 

FIGURE 35: Asci and ascospores of Mycosphaerella ligulicola 
from pseudothecia on chrysanthemum stem. 
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TABLE 14. Characteristics of pycnidia and pscudothecia 

of Mycosphaer ella li~ulicola on culture media 

Characters Pycnidia Psuedothecin 

Colour Amber to dark Browni sh- black 
brown , r a rely when young , 

b l nck blnck at maturity 

Shape Ampulliform Obpyriform 

Size ( diameter) 74 - 182t 87 - 158 4, 
( average 12 J.1) (o.verage 12 J.1) 

Neck Short Long 

Table 14 summarises the distinguishing features of 

pycnidio. and pse udothecia on culture medin . Pseudothecia a re 

mainly confined to the m~rgins of colonies and as they mature n 

clear drop of liquid appenrs in the ostiole . With the discharge 

of ascospores t his droplet assumeG a cloudy appearance thus 

providing a good indication of pscudothecial m~turity . 

2 . 2 . 6 GENERAL CONCLUSION 

From the c ultural a nd morphological studi es it is 

concluded that the fungus confor ms to the description of M. 

ligulicola by Baker~~- (2). Although the pycnidiospores 

produced in culture were predomi nantly asept ate there. is ample 

evidence t o indica te tha t the presence or absence of a septum is 

highly variable being influenced by cultural conditions (6, 24). 

Furthermore, in this study a large proportion of pycnidiospores 



from t he host were uniseptate and typical of As c ochyta chrysant hemi. 

As reported by Baker e t al . (2) the pseudothecia of this fungus are 

a typica1 of Mycosphaer el l a in tha t the pscudoparenchymatous mass of 

tissue present in the centre of a developinG pseudothecium is only 

p artia lly destroyed as the a sci grow up into it and a large 

proportion r emains as interthecial tissue in t he mature pseudo ­

the cium . This type of as coca r p development has a l so been 

r epo rted by Jenkins (17) for Mycosphaer~ berkeleyii W. A. Jenkins. 

The results of t he experiments involving exposur e of V-8 

juic e agar cultures of~ - ligulicola to continuous NUV light 

provide G simpl e , rapid means of producing the sexual s t age of this 

fungus i n the labora tory. According to the author the discovery 

of pscudotheci~ of M. ligulicola on diseased chrys 3nthemum stems, 

leaves and flowers in the fi eld is the first r eport of the occur ­

renc e of this stage in New Zealand . 

2 . 3 I TERSONILIA PERPLEXANS 

The genus Itersonilia was erected in 1948 by Derx (9) 

with It ersonilia p e rplexans Derx as th e type species. He 

obtained the fungus by attachi n g a leaf of Al thaea rosea Cav. 

bearing nume r ous sori of Puccini a malvac ear um Mont . to the l i d of 

a petri plate containing mal t agar . Although he had observed 

this Ba sidiomycete earlier in 1925 it wa s not officially described 

by him until 1948 . Derx believed that the same fungus was 

observed by Stempell (cited f r om Derx) in 1936 , who mistook it 
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for a stage in the development of Entyloma calendulae (Oud . ) de 

Bary which he called "Myzel II". 

Ny l and (25) in 1949, whi l e s tudying some unusual 

Heterobasidiomycetes from Washington State describ e d a new species 

of It ersonilia from a dead leaf of Acer mac rophyllum Pursh. This 

species, which he named Itersonilia pyriformis Nyland , differed 

from! • perplexans in tha t the chl amydospores (sporogenous cells) 

had no clamp connections associated with them , produced ab undant 

aerial my celium on malt agar and the ballistospores were slightly 

longer than those r eported for I. p c rnlexans. 

An Itersonilia species causing root canker of parsnips 

was report e d by ~ilkinson in 1952 (37) . Sowell and Korf (32) 

studied th e dicaryophase and monocaryophase of the parsnip isola tes 

and identifi ed them as !• perplexa ns. Ch~nnon (8) however , 

a lthough agreeing with Sowell a nd Kor f's description of the fungus, 

considered it sufficiently different from the ty pe species 

Itersonilia perplexans Derx to war rant a n ew sp ecific name 

Itersonilia E._astinac eae Chann on. This fungus consistently 

produced abundant chlamydospores and was restricted to parsnips . 

It differed from! • pyriformis in that it produced abundant 

chlamydospores and had clamp connec tions associa ted with the bases 

of the terminal infla tions . 

Tubaki (cited fro m Sowell and Korf), and Sowell and Kor f 

(32) considered!· pyriformis as a synonym of!· perplexans . 

Similarly Olive (26) believed that!· pyriformis was either closely 

rela ted to I . p e rplexans or was a variant of it . 



In 1955 Robertson (28) reported that a flower blight or 

'scorch' of chrysanthemum had been present in Britain for many 

years . He obs erved that the fungus produced 'sporidia ' 

and suggested it r esemb led~- c a l e ndulae . This i s the first 

re port of a ~asidiomycet e causing such a condition in chrysant he -

mums . 

In the Unit ed States of .Ameri c a similar symptoms and 

assoc i ated mycel ium and spores typical of Itersonilia we r e reported 

by Dosdall (12) in 1956 and he concluded in this case that th e 

fun gus was!· ~rpl e xans . Dosdall also c oncluded, on th e basis of 

symp toms , sporidia measurements and description of mycelium , that 

Rob e rtson was a ctually dealing with I. p erpl exans r a th e r than 

E. calendulae . 

Smith et al . (31) suggested that symptoms of l · 

perplexans were often confused with t hose produced by~- cinerea 

with the l atter fungus often masking symptoms of!• perplexans (28). 

This could possibly account for the infr equency with which this 

fungus hns been reported on chrysanthemums in New Zealand . 

MYCOLOGY 

In the present study I . p erplexans was isol a ted from 

diseased chrysanthemum flowers by tissue plating . On PDA1 the 

fun gus was slow- growing , formin g a circula r colony with feather y 

margins (Figure 36). Initially colonie.s were white but with age 

a ttained a slight tint of tan . The mycelium which was largely 

submerged in the agar was hyaline , septate and branched , and had 
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FIGURE 36: Culture of Itersonilia perplexans on PDA1 after 2 1 days 
a t 24c . Note s ca ttered colonies r esulting from 
na tural ballistospore ejection . Culture was originally 
inoculated in centre by mycelial plug . 
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clamp connections a t a lmost every septum (Figur e 37) . 

Ballist osp ore s were p roduc ed singly a t th e ends of long , 

slender, apica lly taper ed sterigmata-like struc t ures called 

sporophores . The spor ophores i n turn nrose from the sporoGenous 

cell s . The l a tt er we r e inflated , had clamp connec ti ons a t their 

bases and wer e e ither terminal or int crcalary (Figure 38) . 

Occasionally no dist i nc t sporogenous cells we r e formed , but i n such 

cases it i s presumed thn t th e terminal cells of hyphne a ct as 

sporogenous cells , at t he ends of which the ballistospores form . 

Ballistospores (14 . 4 x 9 -3?) were hyaline , g r anular, 

semilunar, oval , spherica l and ~t times even sickle - shaped (Figur e 

39) . Spores devoid of cytoplasm we r e also observed . At maturity 

the bnllistospores were vio l ently discharged fro m t he sporophor es 

by the wate r dr op me c han i sm (Fi gure 40) . Ballistospore ge rmination 

was either by the conventional method , simply involvin6 the growt h 

of u ge r m tub e , or germinat i on by repitition where a short germ 

tube was produced :end quickly terminated by pr oduction of ano th e r 

ball i s tospore (Figure 41) . 

Chlamydospor es , which have been report ed for l• perplexans 

by Olive (26), wer e not obse rved i n culture in thi s study . From 

t he descript i on given it i s presumed that t he chla~ydospor e - like 

structures r eported by Dosdall (1 2 ) are ac t ually the sporogenous 

cells . 

Cells, whi ch may repr esent c onidi a a ccording to Olive (26) 

and Sowell an d Korf (32), were obta ined by flooding fiv e day old 

cultures of the fungus growing on potat o y east marmit e agar (PYMA) . 

These c onidia were hyaline , vacuolat e and were very v a riable in 
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FIGURE 37: Clanp-connection of Itersonilia perplexans. 

FIGURE 38: Sporogenous cell of Itersonilia 
perplexans on PDA1 culture. 
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FIGURE 39: Ballistospores of Itersonilia perplexans produced 
on PDAL after 10 days incubation at 20C. 
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FIGURE 40 . The product ion and I iberat ion of a 

ballistospore of ltersonilia efil.P.lexans 

1-4, stages i n the development o~ 

the sterigrnR an<l the ballistospore 

5- 6, dr op - excretion a t t he spore­

hilum prior t o soo r e dischar e e 

7 , cisc:1ari·e of bal l is t ospore . 



95. 

a b 

FIGURE 41 (a) Production of a secondary ballistospore by 
Itersonilia perplexans on PDA1 • 

(b ) Germination of s econdary bal listospore while 
still a ttached to th e primary ballistospore. 

FIGURE 42: Conidia of Itersonilia perplexans from 7 day old 
potato yeast marmite culture. 



96 . 

shape often being elongate, cylindrical or even s p indl e shaped 

(Figure 42) . They wer e formed a t the tips of hyphae by budding . 

Unlike the ballistospores the conidia a re not violently dischar ged . 

Oc c asionally u ballistosporc produced a short germ t ub e at t h e end 

of wh i ch n c onidium ~~s budded off . 

2 . 3 . 2 OBSERVATIOHS ON THE ST!"GES IN THE DEVELOPMENT OF A 

CLAMP CONi'lECTION 

The stages in t he development of a clamp connection a r e 

photogr aphica lly illustra ted in Figure 32 . 

The clamp connection was initiated as a small p r ot r usion 

or h ook-like peg develop i n3 a l ong the side of the terminnl cell of 

the hypha (Figure 43 a) . It g r adually enlar ged (Fisure 43 b) , 

curved b a ckwards (Figure 43 c) ~nd finally its free end touched 

the wall of the main hypha (Figure 43 d) . The first septum was 

formed after 35 minutes at t he base of the clamp connection 

(Figure 43 e ) and t he sep tum ac r oss the main hypha was formed 10 

minutes l at er (Figure 43 f ) . The time lapse between t he 

appearance of t h e clamp connecti on and the laying down of t he s ept a 

across t he main hypha was 45 minutes . 

Unlike Coprinus lagopus Fr. , and Coprinus sterquilinus 

Fr . (7) t he first septum to be formed by I . perplex ans was a cross 

the base of the clamp connection , whilst in th e above two species 

the septum across the main hypha is laid down firs t . 
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FIGURE 43: Stages in the formation of a clamp connection 
by Itersonilia perplexans. 



GENERAL CONCLUSION 

On the basis of the production of clamp connections and 

ballistospor es it is concluded that this f ungus is best c l assified 

in the Basidiomycetcs . Furthermore , and despite t he absence of 

chlamydospores , the author believes the specific identity of the 

It ersonilia isolates from chrysanthemum flowers is corre ctly 

Itersonilia Eerplexans . This decision is based on t he morphology 

of the funGus fro~ host and culture , spore dimensions and 

pathogenicity studies reported elseghere . 
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CHAPTER 3 

CONTROL OF THE FLOWER BLIGHT FUNGAL COMPLEX 

OF CHRYSANTHEMUMS 

102 . 

The chrys an themum flower is produced l ate in the life of 

t he plant and thus represents the point at which maximum monetary 

investment has been made . Therefore, where the sal e of flowers 

is th e main source of income , it i s i mperative that all precautions 

be taken to preserv e flower quality . 

Several control measures a i med a t reducinG th e incidence 

of flower blight of chrysa n themums have been reported , including 

the use of p rop e r cultural practi~es (2, 4 , 8 , 23 , 25 , 37) , 

resistant cultivars (15) , and fun g icides (17, 18 , 23 , 24) . 

By far t he most popular and widely used me t hod of 

controlling flower blight is the use of chemical sprays and dusts. 

Fungicides recommended are protectants, the presence of which either 

prevents the fungal spores fro m ge r minating or kills the spores 

upon germinat i on . 

Most investigations on chemical control of chrysanthemum 

flower blight have been made with control of a specific fungus in 

mind and on no occasion is the author aware of a report examining 

the effect of fungic i des against the fungal complex as found in 

the Manawatu. Fungicides such as chlorothaloni l (11 , 17 , 18) , 

mancozeb (16 , 17) , zineb (8 , 11 , 18 , 37) , capt afol (16 , 17 , 18) , 
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and captan (8 , 17, 18 , 35), which display a broad spectrum of 

a ctivity , have been used extensively against the flower blight fun gi. 

Since t hese protectant fungicides do not 'cure ' i nfections they 

need to be applied rather frequently to maint a i n a protec tive 

residue on the flowers. 

More recently benomyl , a fun gicide which displays 

p r o t ective , e radic a tive and sys t emi c activity has been used for 

control of M. ligulicola a nd~· cinerea. This f ungicide has also 

been r eported to be effective against verticillium and sclerotinia , 

di seases of chrysanth emums (6) . In addit i on it is claimed t hat it 

displays mit e ovicidal ac tivity and a ctivity against aphids (17). 

Because , at least fiv e taxonomically diverse fungi c an 

be involved in the chrysanthemum flower blight complex in the 

Manawatu and cause symptoms which are indistinguishable from each 

other , a fungicide o r fun gicide mi xture must have a broad spectrum 

of ac tivity to be effective . Accordingl y a variety of indi vidual 

fungic i de and fungic i de combinati ons we r e tested . 

3 .1 LABORATORY SCREENING OF FUNGICIDES AGAINST THE CHRYSANTHEMUM 

FLOWER BLIGHT FUNGI 

Several tests have been developed to evaluate the 

efficiency of fungicides in the laboratory . The literature 

concerning in vitro testing of fungicides has been reviewed by 

McCallan tl .tl• (28 ), Torge son (39) and more recently by Neely 

(30). Generally such tests measure either fungicide effect on 



spore germination or mycelial growth, th e latter often being 

a chieved by t he poison fo od or po i son plate method . 

1 o4. 

In vitro t es ting of fun gicides h as several advan t ages 

over in vivo me t hods including e conomy of time a nd spac e , usab ility 

and r e liability . Their disadvantages mainly r esult fr om t he 

absence of the compl e x i nter action between host - parasit e - fungicide -

environment. For instan c e , a fungicide may b e a ctivated by the 

host, ina ctivat e d by th e environment, or it may b e phytotoxic -

f a ctors such as these must be evaluat ed before a fina l decision on 

the suitability of a f ungicide can be made . However , as stated 

by Neel y (30) i; at pres ent t here a re no practica l substitut es for 

i n vi t ro tests for t he ini tial screeni ng of c andidate fungic i des . 

Thus thes e tests are invaluable as one of a series of steps 

required i n the evaluation of fun g icides . " 

In th e present s t udy the ' so called' poison food 

te c hnique and nsar p l ate spore ge r mina tion technique we r e both 

used for in vitro scr eeni ng o f candidate fun g icides. 

POISON FOOD TECHNI QUE 

The poison food technique measures the r adi a l growth of 

the fun gus on substrates impregna ted with different concentrations 

of fun gicide a nd was initially developed for work wi t h wood-rotting 

fungi (22). Since then it has been extensively used by many 

workers to evaluate the effici e ncy of fungicides~ vitro (1, 7, 

12, 21, 33). This technique is particulnrly useful for fungi 
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which either do not sporulate or cannot readily be induced to do 

so in the laboratory (39). 

MATERIALS AND METHODS 

Tests were conducted with fift een fungicides (Table 15) 

using three isola tes each of Pleospora sp . (~temphylium vesicarium), 

Alternaria a lternata , Botrytis cinerea, Mycosphaerella ligulicola 

and one isolate of Itersonilia perple xans. All th e isolates were 

obtained fr om lesions on the ray florets of chrysanthemum flowers 

and were pathogenic to chrysanthemum flowers. 

Each fungicide w2s tested at conc ent r ations of O, 1, 

10, 50 and 100/lg/ml active ingredient (a.i . ) in laboratory 

potato dextrose agar (PDA
1

) . 

The method of Hor (21), with minor mod ific a tions, was 

used for preparing the poison food plates. A 500;ug/ml a .i. 

stock solution of each of the fifteen fungicides was prepared by 

a dding the appropriate weight of the fungicide to one litre of 

sterile distilled water . To screen all the fifteen fun gicides 

against one fungus 90 ml of double strength PDAL was poured into 

each of the required numb e r of sterile 150 ml erlenmeyer flasks 

and maintained at 55 Cina waterbath . With the aid of a sterile 

pipette the required volume of each fungicidal stock solution was 

added to the sterile distilled water to obtain 90 ml aliquotes , 

each double the c oncentration to be tested. Each of these was 

then added to one of the flasks of double strength PDAL maintained 

at 55 C, thus providing the required fungicide test concentration. 
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After mixing the agar and f un gicide t oge t her appr oxima t e ly 15 ml 

was then poured int o each of twelve petri plates . The p l ates 

v1e re a llowed to cool before inoculating the centre wi t h a 4 mm 

d i ameter mycclial plug obtai ned from the periphery of actively 

growing fungal colonies. The controls consisted of PDAL without 

funGicide . Four r eplicat es were used for each treatment and the 

p l ates were incubated in t he dar k at 24 C. Diameters of the 

coloni es wer e recorded when the cont r ols had r eached the margins 

of the plates . 

Tests were a l so conduc t ed to det e r mine TThe ther the 

action of fungicides were fungista t ic or fungicidal . At the end 

of each e xperiment mycelial plugs , which showed no ev idence of 

Growth, were transferred to fresh PDAL containing no fungicide . 

If t he fungus r esumed growth the fungicide was conside r ed fungi ­

static ; if , hogever , t he f un cus f a iled to crow out from the plugs 

then it was considered funsicidal (1 , 21 , 29), 

RESULTS AND DISCUSSION 

Results of the poison food fungicide tests are presented 

in Tables 16, 17 a nd 18 , and illustra ted in Figures 44 - 59. 

No one fungicide was outstanding at low concentrations 

against all five fungi , a lthough several performed well at higher 

conc entra tions . This r esult is n ot surprising in view of the 

taxonomic diversity of the fungi , i ncluding Ascomycetes , 

Deut e romycetes, and a Basidi omycete. Indicat i ons of the va r i a tion 

in fungus s ensitivity that could be expected with the mor e 
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specific benzimida zole and oxathiin compounds is now well docu-

men t ed (? , 14 , 38) . The r e l a tive ine ff e ctivenes s of the 

benzimidazol es against many de matia ceous fungi makes t hem unsuit able 

for use singly a3ainst a comp l ex involving sp e cies of Alt e rna ria 

a nd St emphylium. The r e l ~t ive l y poor t otal r a ting ( Tab l e 17) 

of benomyl, bavistin , thiab e nda zole and th iophanate-ae t hy l ~ largely 

due to their ine ffectiveness asains t t hese two fungi , and th e 

p oor performan c e of benomyl a lone in the fi e ld tests confirms this 

conclusion . However, on th e basis of po i son food t ests their high 

a ctivity agains t t he other t h r ee fu ngi i n the complex(~. 

ligulicola , ~ ciner ea and l · p erpl e xans ) suggests a potent i a l use 

of these comp ounds in f ungi cide comb i nations , par t icul arly if no 

single fun gicide c an b e found t o gi ve a cc eptab l e field control . 

On the basis of total r ntin8 obtni ~ed by adding t he ED
50 

gr oup score for a fungicide against eac h fungus (Table 17) , 

cap tafol appeared the most p romi sing , with chl oror eb , manc ozeb and 

thiram also performing well . Mancozeb was th e only compound 

tested which exhibited fungicidal activity a t 100/lg/ml a . i. or 

less against a ll five fungi ( Fi gure 54) . With the exception of 

man c ozeb ~11 the fun g icides we r e poorest in their a cti on agains t 

A. a lt e rnata and Pleospor a sp . (S . v es ica rium) . 

One of the surprising r esults of the poison food tests 

was the activity ( a t 50 ug/ml a .i. or less) of c a r boxin against 

all five fungi (Table 16). Car boxin is most c ommonly cited for 

its activity against Basidio~ycetes, particularly smut fungi and 

Rhizoctonia (9). The only reports t he author is aware of 

involving the use of c a rboxin on chrysanthemums was in trials 
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conducted in Holland against Japanese rus t caused by Puccinia 

horiana P. Henn . (40). However , the material was not perscrvered 

with , mainly because of it s poor solubility. 

Numer ous research ers have discussed t he p r edi ct i on of 

fiel d p erformances of fungicides on t he basis of in vitro 

fun gitoxicity t ests (30). Just as there are many instances of 

good correlations betwe en field and laboratory performances (30) 

th e re are also e xampl es of a fungicide performing well in th e 

laboratory a nd no t in the fi e ld (32) , or converse ly performinG 

poorly in t he laboratory but well in the fi e ld (27). However , 

it is f a irly v1ell a ccep t ed that in vitro test3 CRn p r ovide a 

useful guide to t he pot ential of a fungicide, a cc epting good 

ma terials could b e discarded when the decision is based purely 

on such t es t s . 

3 .1. 2 AGAR PLATE SPORE GERMINATION riETHOD 

The ,spor e - germination method of screening fun gicides in 

the laboratory has been extensively used by various r esearch 

workers for evaluating the fungistatic or spore inhibiting act ivity 

of protectant fungicides (19, 34, 35). Most of the modern 

methods in use are modifications of the conventional slide-

ge rmination technique. In view of the fact that the spore-

germination method measures the chemical effect on spores , it was 

adopted in the present study together with the poison food 

technique as a laboratory screening technique . The method of 

Gattani (19) with minor modifications was used. 



TABLE 15. Fungicides tested by the poison food technique against five fungi 

causinc chrysa nthemum flower blight 

-

Trade Name & Formulation ManufG.cturer Common Name Chemical Name or Code No . 

Difolatan 80 W 75% W. P . Chevron Chemical Company capt c.fol N-(1 , 1 , 2 , 2 - tetrachlorcthylthio) 
cyclohex-4-ene - 1 , 2- dic a rboxyimide 

Vitavax 75% W. P . Uniroyal Inc . c .::i.rboxin 2,3- dihydro - 6 - methyl-5-
phcnylcarbomyl-1, 4- oxathi in 

Demosan 65% 1'/ . P . E . I. du Pont de Nemours chloroneb 1 , 4- dichlor o- 2 , 5 - dimethoxybenzene 
& Co. (Inc . ) 

Allisan 50% W. P . Upjohn Company dicloran 2 , 6-dichloro-4-nitroaniline 

Benlate 5096 W. P . .E . I . du Pont de Nemours benomyl me t hyl N- /1-(butylcarbaooyl) - 2 -
& Co. (Inc . ) b enzimid.:-.zol!:_7 carbamat e 

Orthocide 50% W. P . Chevron Chemic a l Company c.::ptan N-(trichloromethylthio)cyclohex-4-
406 ene -1, 2- dicarboxyimide 

Mertect 10% dust Merck Sharp & Dahme thiabend.::i.zole 2-( 4- thia zolyl)benzimidazole 
Intern D.tional 

continued over ••• 
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TABLE 15. Fungicides t ested by the poison food technique against five fun gi causing chrysanthemum fl owe r 

bligh t - c ontinued 

Tra de Name & Formulati on 

Parzate C 65% Vol . P . 

Voronit 50% W. P. 

Dithane M-45 80% W.P. 

Da c onil 2787 75% W. P . 

Topsin M 50% W. P. 

Arasan 80% W.P. 

Plantvax 75% W. P. 

Bavistin 50% W.P . 

Manufac tur er 

E .I. du Pont de Nemours 
& Co . (Inc.) 

Common Name 
or Code No . 

zineb 

F~rb enfab riken Baye r AG . l fuberidazole 

Rohm & Haas Co~pany mancozeb 

Chemi cal Name 

zinc ethylenc - 1 , 2 - bisdithiocarbamate 

2 -( 2-furyl) - bcnzimidazole 

complex of zinc ion a nd manganese 
ethylene bis - dithi ocnrbamate 

Di amond Shamrock Chemical, chlorothalonil l2 t 4 , 5 , 6 - tetrachloro-1 , 3 -
Company dicyanobenzene 

Nippon Soda Co . Ltd . 

E.I. du Pont de Nemours 
& Co. (Inc . ) 

Uniroyal 

Badische Anil i n & Soda 
-Fabrik AG . 

thiophanate ­
methyl (NF44) 

thi r am 

oxycarboxin 

BASF 320IF 

1 , 2 - di(3- methoxycarbonyl - 2 -
thioureido)benzene 

bis(dimethylthiocarbamyl) 
disulphide 

5 , 6 - dihydro - 2me t hyl -1, 4-oxuthiin-
3-c nrboxanilide -4, 4- dioxide 

1 - (/2- (m ethylthio)ethyl7ca rbamoyl) -
2 - (methoxyamino)benz i mi dazole 

._ ________________ ....., _________________ __."-----------------------------------· 
_,. 
-' 
0 
• 



TABLE 16 . 

Fungus 

M. ligulicola 

s . ves i c a rium 

A. alternat a 

:a . ciner ea 

Grouping according t o ED
50

::t vo. lues of fifteen fungicides, based on 

effectiveness against five fun gi causing fl ower blight of chrys::i.n themums 

ED50 yig/r.il active ingr edi ent) i;roup 

1- 5 6- 10 11-50 51-100 
I 

101 and above 

bavistin b benomyl captafo l c c::.ptan oxycarboxin 
thiabendaz ole chloroneb c , rboxin chlorothnl onil 

dicloro.n r:10.ncozeb 
fub e rido.zol e t hirar.i 
thiophan~te - mcthyl zineb 

- -
captafol c ;.:.rb oxin c::i.ptan chlorotha lonil b:wistin 
chlor oneb dicloro.n fub eridRzol e b enomyl 

mancoz cb zineb oxyce,rb oxin 
thir::i.r.i thiab endazole 

thiopha nate - methyl 

capt a fol diclora n co.ptan chlorotho.lonil bavistin 
chloroneb mnnc ozeb ca rb oxin benomyl 

t hiram fuberidnzol e oxyco.rboxin 
zineb thiabendazole 

thiophanate - r.ie thyl 

bavistin capta n Ccir boxin zineb oxycarboxi n 
benomyl chloroneb mn.nc ozeb 
capta fol diclor an 
chlorothal onil t hir am 
fuberidazol e 
thia benda z ol e 
thiophana t e - mcthyl 

continued over ••• 
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TABLE 16 . Grouping a ccording to ED50a values of fifteen funGicidcs , based on effectiveness against 

fiv e fungi causi~g flower blight 0f chrys~nthcmums - continued 

Fung us 
ED50 Y1g/ml q ctive ingredie nt) g roup 

1-5 6 - 10 11 - 50 

bnvistin chlorothnlonil c~ptan 
benomyl oxycarboxin chloroncb 

f. .E..!:,_rplexans 
capt afol thiabcndazole fu b cridazol e 
carboxin t hiophana t c - nethyl 
ma ncozeb 
thiram 
~ineb 

a concentra ti on required t o inhibit r Qdial g rowth by 50% 

b 
tra d e name 

51 -1 00 101 o.nd a bove 

dicloran 

_. 
..:, 
rv 
• 
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TABLE 17 . Total r a ting of fifteen fungicid e s f or effectiveness 

agains t five fun gi a ca using flower blight of 
b 

chrysanthemums , ba sed on pois on f ood ED50 gr oup scor e 

Fungicide Total Rating C 

ca pta fo l 23 

chl oroneb 21 

mancozeb 20 

thiram 20 

c a r boxin 18 

f ub eridaz ol e 18 

bavis tin 17 

di cl or o.n 17 

benomyl 16 

t hi abendo.zol e 16 

co.p t an 15 

t hi ophanate - met hy l 15 

chlor ot hal oni l 15 

z i neb 15 

oxyc.:i. r boxin 8 

a f uni;i caus i nG f lovJCr blight : Pl eosp or a sp . ( Stemphyl~ 

vesica rium); Botryti s ciner ea ; Myc osphaer ella lii;uli col a ; 

Itors onilia p crplexa ns ; Alt er nnria al t cr nata . 

b Score Poison f ood ED
50 

group (Table 16 ) 

5 1- 5 

4 6-1 0 

3 11-50 

2 51- 100 

1 101 plus 

C total rating obtained by adding the gr oup score for each 

fungicide a gainst all five fungi. 



TABLE 18 . Fungicides which we r e tot a lly fungicidal or fungistatic at 1, 10, 50 or 

100?g/ml a.i. against five · fungi causing.flower bl i ght of chrysanthemums 

Fungicidal Fungistatic 

Fungus Fungicide Conc entra tion (ug/ml a .i. ) Concentra tion (ug/ml a .i.) 

1 10 50 100 1 10 50 100 

bavistin + + + 
benomyl + + + 

li5ulicola 
fub e ridazol e + + M. mancoz eb + + 
thiab e nda zol e + + + 
thiram + + 

PleosEora sp . mancozcb + 
t,§.. vesicarium) thiram + 

c a rboxin + + 

I. perElexans 
fub c ridazol e + 
mancozeb + 
thiram + + 

--
bavistin + + + + 
benomyl + + + + 
captan + + 

B. cinerea chlorothalonil + + 
mancozeb + + + 
thiophana t e - me thyl + + + 
thiram + + 

A. a lternata mancozeb + 
__,. 
__,. 
+"" . 
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FIGURE 44 : Effect of differ ent concentra tions of captafol i ncorporated 
in PDA1 on the radial growth of Alternaria alternata. 

Top row (isola te A), L to R, O, 1 ' 1 o, 50 , and 1 00 ;ue;/ml 
Middle row (isolate A2)' L to R, o, 1 ' 10, 50, and 100 ;ug/ml 
Bottom row (isolate A3), L to R, o, 1 ' 1 o, 50, and 100 ;ug/ml 
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FUNGICIDE CONCENTRATION (ug/ml a.i.) 

Effect of thiabendazole, incorporated in laboratory potato dextrose agar, 
on the radial growth of five fungi causing flower blight of chrysanthemums. 
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Effect of carboxin, incorporated in laboratory potato dextrose agar, on 
the radial growth of five fungi causing flower blight of chrysanthemums. 
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Effect of bavistin, incorporated in laboratory potato dextrose agar, on the 
radial growth of five fungi causing flower bl ight of chrysanthemums. 
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FIGURE 58 Effect of thiophanate-methyl, incorporated in laboratory potato dextrose 
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MATERIALS AND METHODS 

Four fungicides viz. c~ptafol, chlorothal onil, benomyl 

and mancozcb were examined for th e ir ~ctivity against thre e isolates 

eQ.ch of _!:!_<;_<_?_E!]20£..~ s:p. (~te_~].P h;L~ium vesicar iu1:!_), ~:r:_~ria alternnt ,'.l , 

E3ot ryti.~ cin~E~c.2: c..nd NycosphcJ.erel l a ligulicola. Itersonilia 

perplexans was not included bec~use of the difficulty of 

obtaining ungerminated spores for the test, The above fungicides 

were selected either because they display a broad spectrum of 

a ctivity or have be e n reported as effective against the flower 

blight fungi under field conditions (11, 16, 17, 18). 

Each fungicide was tested at conc ent r at i ons of 0, 1, 10, 

50, 100, 500 and 1000j1g/ml a.i ., in PDh1 • 

The preparation of agar -fungicide plates was very similar 

t o that used for th e poison-food technique. A s t ock solution of 

each of th e fungicides at 1000/lg/ml a.i . was prepar ed by adding 

th e appropriate weight of the fu n gi cide t o one litre of sterile 

distilled water. To test one fungicide against all th e four fungi 

40 ml of double strength PDA
1 

was poured into each of th e required 

number of sterile 100 ml erlenmeyer flasks and maintained at 55 C 

inn waterbath. With the aid of a sterile pipette the required 

volume of the fungicidal stock solution was added to the sterile 

distilled water to obtain 40 ml aliquotes, each double the 

concentration to be tested. These were in turn added to one of 

the fla8ks of double strength PDA1 maintained at 55 C. The 

controls consisted of PDA1 without any fungicide. After mixing 

the agar and fungicide together the flasks were returned to the 
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55 C waterbath until required. The mixture was then pour ed int o 

four pla tes a t the r a te of 20 ml/plate and allowed to cool before 

discs of 1 cm diameter were cut and placed on a glnsa slide. Four 

discs from e a ch concentration were inoculated with s p ores of each 

of the three isolates of the four flower bli6ht fun g i and incubated 

in a moist chamber a t 24 C for 6 - 12 hours (time required for th e 

spores of the fungi to g ermi nate). • When control discs (without 

f ung icide) showed adequa te spore ger mi na tion , two discs fro m e a ch 

c oncentration were mounted in lactophenol a cid fuchsin and examined 

microscopically . The ger mina tion p ercent age wa s recorded a nd the 

a verag e germ tube length of 20 s p or e s measured with a microm et e r 

eyep i e c e . The sp ore s o n th e o the r t wo discs were a llowed t o grow 

f or a n o th er 5 h ours a ft e r which th ey , t oo , we r e mount ed on l a cto-

phenol a cid f u ch sin a nd ge r m t ub e l e ng t hs d e t e r mined . 

of t h e e xperimen t i s pr esente d i n Tabl e 1 9 . 

RESULTS AND DISCUSSION 

Th e r esult 

Th e results i n Tab l e 1 9 indicate tha t ch l o r ot h a l onil was 

the most effective of th e four fung icides t e sted, in terms of 

inhibition of Germi nation of conidia of~- ligul ic ola , Pleospora sp . 

(S . vesicarium) , !· alternata and~- cinerea . Mancozeb and capta­

fol a lso exhibited a broad spectrum of activity against spores of 

all four fungi, but as antic ipated benomyl was much less effective 

against Pleospora sp . (~. vesicarium) and ~- alternata . However, 

benomyl was a ls o l ess effective than th e other three fungicides 

* Crit e ria of ger mination - length of germ tube equals it s width . 



TABLE 19 . 

Fungicide 

chlorotha lonil 

mancozeb 

b e nomyl 

captafo l 

Effect of four fungicides on se r mino.tion of the conidia 

of four fungi causing flo we r blight of chr ysanthe~urns 

% I nhibit ion of germi nation 
Cone. yuc/ml) 

I:! • liguli col a Pleospora sp . 0. 
A. alter nata 

1 100 100 100 
10 100 100 100 
50 100 100 100 

100 100 100 100 
500 100 100 100 

1000 100 100 100 

1 100 b 24.2b 5 . 7b 
10 100 67 . 7 100 
5 0 100 100 100 

1 00 100 100 100 
500 100 100 100 

1000 100 100 100 

1 b 6 b b 
35 . 9b . ob 7 . 11 

10 89 . 6b 7 . 9b 8 . 2~ 
50 96 . 6 10.6b 12 . ob 

100 100 12 .• \ 1 8 . 1b 
500 100 15 . 5b 24 . 6b 

1000 100 16 . 8 30 . 7 

1 72 . 8b 34 . 9b 90 . 9b 
10 100 94 . 6c 100 
50 100 100 100 

100 100 100 100 
500 100 100 100 

1000 100 100 100 

~with~- vesicarium i mperfect state 
no inhibition of ger m tube e longLltion 

c i nhibition of germ tube elongation. 

-
B. ciner ea 

93 .4b 
100 
100 
100 
100 
100 

3 . 5 
b 

100 
100 
100 
100 
100 

b 
0 . 7b 
4 . 1b 
7 .1 
9 . 8c 

12 . 9c 
16 .1 C 

100 
100 
100 
100 
100 
100 -' 

\..N 
\..N 
• 



134. 

again s t~· cinerea even at 1000;Ug/ml a .i. This apparent anomally 

could i n part be expl ained by the fact tha t benomyl does become mor e 

fung itoxic in the field when it breaks down to met hyl b enzimi dazole 

carbamate ( MBC) . With the short time spor es were exposed t o 

f un g icide t h i s c hange may no t have occurred . 

On th e b a sis of thes e results it was c oncluded t hnt all 

f our fungicides warra nted testing in the field . 

3 . 2 FIELD TRIAL 

Unfortunately all the results of l abor atory scr eening of 

funGi cides we r e not availabl e when the fi eld trial was conducted . 

Fun gic ides t ested i n the fie l d wer e sel ec t ed on several bases , 

i nc l uding : 

( i ) overseas r eport s of r e commendations on t he effectiveness 

against one or more of the f ungi invol ved in t he 

chrysant hemum flower blight e . g . dicloran (35); 

chlorothalonil (11 , 18) , 

(ii) a ctivity against one or more of these fungi on another 

c rop e . g . benomyl and Botrytis cinerea on stra wberries 

(26) or g l a diolus (13) ; 

(iii) a cknowledged broad spectrum a ctivity e . g . mancozeb; 

(iv) laboratory screening results available from present 

study . 
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MATERIALS AND METHODS 

Fungicides, formulations nnd application rates are 

detailed in Table 20 . The trial was conducted on a growers 

property in t he Manawatu district and because of grower ' s claims 

that ' Primros e Fred Shoesmith ' was very susceptable to flower 

blight it was chosen as the t est cultivar . Plants were grown in 

four ground beds divided into plots (1.5 m long by 0 .75 m wide) , 

each containing approximately 36 plants. These we r e stopped 

twice during the growth of the crop but were not disbudded , as i s 

t he normal practise , so as to produce more flowers per unit area 

f or the purpose of the trial . 

Each spr ay trea tment was replica ted thr ee tim es and 

commenced when the flower buds b egan to show colour . Chemico.ls 

wer e applied to both flowers and leaves with a double ac tion hand 

sprayer . Boards we r e pl aced on each side of the pl ot t o control 

drift of the chemicals t o ad j a cent pl ots. Six spray applicntions 

were made at weekly intervals commencing April 7th . The spreader 

Cittowet* ( 0 . 02 ml/litre) and the i nsectic i de Lindane 50% W. P . 

(0 . 5 g/litre) were added to the spray . All spraying was ca rried 

out in the mornings . The mcterological data for the experimental 

period is pre~ented in Appendix II. On two occasions rainfall 

occurred one day after spray applica tion. 

during the t est period was 150.6 mm . 

The t otal rainfall 

Disease assessments were made at picking , at which time 

flowers from the three r eplicates of each fungicide treatment 

* Registered trade mark of Badische Anilin and Soda - Fabrik AG 
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were picked and grouped int o one of the following ca tegories : 

(A) marketable 

(i) perfect flo wers - no lesioninG 

(ii) slightly i mperfect flowers - few lesions . 

(B) nonm~rke t ~ble floCTers severely blighted. 

A totol of three assessments were mude during the trinl 

period , the f irst 2~ days after commencing spraying and the 

remairiins two at 1 1~ day interva ls. 

To deter;:iine which fungi were not inhibited by th e spr ny 

treatment twenty tissue pieces per treatment were plated onto 

antibiotic a gar using the tissue plating tecl1nique described i n 1 . 1. 

RESULTS AND DISCUSSION 

'fhe r esults in T.:i.blc 2 1 show th.:i.t the i ncidenc e of floHe r 

blight in the unspraye d plots (controls) wns very hi gh . Flowers 

exhibited symptoms shortly a fter buds opened and symptoms rr er e 

r eadily noticeable throughout the tri a l period , particul nrly in the 

unsprayed plots . Almost 90% of the flowers from the l a tter pl ots 

were nonmarketable, indicating requirements for disease development 

were ideal . 

Table 22 shows that irrespective of a particular fungi ­

cide treatment , and with few exceptions , each of the five pathogens 

involved in the flower blight complex wus present. Because of the 

small number of isolations made per treatment and possible sampling 



bias (severa l tissue pieces may have been t a ken from one flo wer) , 

no gr eat s i gnifica nce i s a ttached to the oc casiona l failure to 

isolate a particular fungus fr om a treat ment . The r elatively poor 

recovery of the f ungi by p l a ting les i oned f l ower tissue from treat ed 

pl ots (Tnbl e 22) is possibly due to the inactivQtion of the p~thogen 

by f ungicide nfter a l esi on is fo r med . 

The percentage m,'.lrketabl e fl ovrnrs ob t ained f r om treated 

plots (Table 21) clearly shows tha t signi ficant di sease control 

was obtained with all fungicide treatments. The poores t fungicide 

treatment (thiram) gave 48% marketable flowers compared with only 

11 % from t he controls. 

Althou6h perfect contr ol was not a chieved uith any 

treatment, considering the disease pressure in the trial the degree 

of control obtained with the three best treatments (88 - 93% 

marketabl e flowers) , or even the five uest treatments ( 82- 939& 

marketable flo~ers) , a ppears p r omi s ing . 

Chlorothalonil was the outstanding single f ungicide 

t ested and t hes e results would confirm the widespread use in Florida 

o f t his material for control of flower blight of chr ysant hemums 

(11, 18). It is interesti ng to reflec t here that ohlorothalonil 

did not have a high total gr oup r ating on the basis o f i:.2_ z_~ 

poison food tests (Tab le 17) and exhibited no fungi cidal or 

fungistatic activit y at 100/l.g/ml a .i. against four of the five 

fungi in the complex (Figure 51) . However, t he spore ger mination 

tests using chlorothalonil do provide an example of a n i n vitro 

test perhaps more indicative of the results obtained in the field. 

This is in contrast to the r esult s obtained with thiram which 
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looked promising on the basis of laboratory tests but !'lot in the field 

where only 48% of the f lowers from thiram treated plots were 

marketable (Table 21) . Cox & Winfree (10) reported that thi ram 

was ineffective in the field in controlling B. cinerea and 

Mycosphaerella fragariae (Tul .) Lindau on strawberry plants . 

It is debatable whether benomyl significantly improved 

the performance of many of the f ungicides . Certainly benomyl 

alone performed poorly , due in part to the incidence of A. alternata 

and S . vesica rium in the trial. Ther e was no evidence of 

phytotoxicity or unsightly residues on the foliage or flowers with 

any of the treatments tested . 

CONCLUSION 

Whilst appreciating t he need for further fun gicide trials 

of the type conducted in this study on other chrysanthemum 

cultivars , t he broad spectrum mancozeb or captafol would appear the 

best individual fungicides currently r egistered in Ne~ Zealand 

for general control of f lower blight of chrysanthemums . Mancozeb 

a l so has the added advantage of being recommended for control of 

chrysanthemum rust (Puccinia chrysanthemi Roze . ) (3), Japanese r ust 

(f. horiana) (41) , and septoria foliage blight (3 , 24) . 

Applications at 3 - 4 day intervals instead of 7 days as used in 

the trial, may improve the effectiveness of these mater ials a nd 

certainly warrant s investigation. Subject to registration and 

price suitability chlorothalonil appears a very promising alterna­

tive chemical for use in a chrysanthemum spray progr am . 



TABLE 20 . Fungicides tested in the field for control 
a 

of flower bli ght of chrysanthemums 

--
Fungicide 

b Applica tion rate 
( lbs/1 00 gal o r g/litre) 

chlorothalonil 1 • 5 

capta fol 1 . 5 

zincb 1 . 5 

manc oz eb 1. 5 

c n.p tan 1. 5 

dicloran 1 . 5 

thirnm 1 . 5 

benomyl 0 . 5 

zineb + captan 0 . 5 + o.8 
mancozeb + captan 0 . 5 + o.8 
chlorothalonil + benomyl 1 . 5 + 0 . 5 

ca;,t a fol + benomy l 1 • 5 + 0 . 5 

zineb + bcn omyl 1 . 5 + 0 . 5 

cap t an + benomyl 1 . 5 + 0 . 5 

dicloran + ben omy l 1 • 5 + 0 . 5 

t h iram + ben omy l 1 • 5 + 0 . 5 

rnanc oz eb + ben omyl 1 . 5 + 0 . 5 

a 
fungi causing flower blight: 

Pleospora sp. ( St emphylium vesicarium) ; 

Alternaria alternata; Botrytis cin e rea ; 

My cosphaerella liguli~; It e rsonilia p erplexa ns. 

b 
formulati ons as in Table 15. 
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TABLE 21. Perfo rmance of sev entee n fun gicide treatmen t s 

for control of chrysanthemum flower bli~ht a 

--- · ----------------------

Fun0 icide 

chlorothalonil + 
b~nomyl 

c:1lorothalonil 

mancozeb + benomyl 

captaf ol + benomyl 

;-nanc ozeb 

mancozeb + captan 

zineb + benomyl 

captafol 

c3-ptnn + be;10myl 

zineb 

zineb + c n.ptan 

cap tan 

dic loran + Lenomyl 

t hiram + benomyl 

b enomyl 

dicloran 

thiram 

control 

;:.~ Ma rketable 
Total 

- --r marketable 
I ;~ Sligh tly 

% Perfect l . f t (%) 
_1._m__,,__c __ r ___ c_c;_· ---+------

74 

69 

59 

53 

57 

51 

1+8 

57 

43 

26 

40 

L, 1 

32 

23 

24 

2 

19 

22 

29 

30 

25 

_31 

31 

20 

32 

30 

32 

26 

24 

9 

93 

91 

88 

83 

80 

79 

79 

7'7 

77 

74 

73 

72 

71 

G4 

49 

48 

11 

a 
fungi c ausing flower blight: 

Non­
m2_rketable 

( ·1~) 

7 

9 

12 

17 

20 

21 

2 1 

23 

23 

26 

27 

28 

29 

36 

52 

Pleospora sp. (Stemphylium vesicarium); Botryti s 9inerea ; 

Alternaria alternata; ~ycosphaerella ligulicola; 

Itersonilia perplexans. 



TABLE 22. Ch rysanthemum fl ower bli ght fungi present in fungic i de treat men t s and control 

No. of colonies out of 60 ti ssu e p ieces plated 
-Fungicide A. alternata B. cinerea !'.! · ligulicola Pl cos;eora sp . "' f• Erplexans -· 

benomyl 13 4 4 Q 6 _, 
captafol 15 - - 1 -
captan 3 2 17 - -
chlorothalonil 7 6 3 4 2 
dicloran 6 9 7 5 4 
mancozeb 9 9 8 1 -
thiram 2 11 14 2 I -
zineb 8 9 12 2 -
Fungicide combination 

captafol + benomyl 3 11 3 2 -
captan + benomyl 3 8 2 4 2 
chlorothalonil + benomyl 7 1 2 2 L~ 

dicloran + benomyl 5 4 7 1 7 
mancozeb + benomyl 7 5 4 1 1 
thiram + benomyl 5 7 8 1 1 
zineb + benomyl 4 6 4 1 1 
zineb + capt an 2 5 6 4 4 
manc ozeb + c aptan - 11 22 - 1 

control 6 9 10 8 G 
., ----- -· -- -···--

a with S. vesi9~rium imperfect s t a te 

TOTAL 

36 
16 
22 
22 
31 
27 
29 
31 

1 9 
19 
16 
24 
18 
22 
16 
31 
34 

43 

~ 

+-
~ . 



TABLE 23. Fungi isolated from diseased chrysanthemum flowers in the unsprayed plots 

·-·--- --
Disease assessment 

No . of colonies out of 20 tissue p ieces plated for each assessment 

No. a 
M. li~ulicola PleosEor a sp . 

1 2 4 

2 2 2 

3 6 2 

10/ 8 
Total 60 160 

a 3 d i sease assessments were made durin g the trial 

b with S . vesicarium imperfect state 

b 
B. ciner ea A. a lt ernata 1.• Eer:elexan s 

3 6 1 

3 2 4 

3 2 1 

9 10/ 6 160 60 160 

TOTAL 

16 

13 

14 

43; 
60 

~ 

.t­
i\) . 
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APPENDIX I 

COMPOSITION AND PREPARATION OF CULTURE MEDIA 

The ingr edi ents and method of preparation of the 

different media are g i ven below . In a l l cases the medi a were 

sterilized by autoclaving i n 250 ml flasks at 15 p . s . i . for 

20 minutes . 

(i) Laboratory potato dextrose agar (PDAL) 

Potatoes (peeled and sliced) 200 g 

Agar (Davi s) 12 g 

Dextrose 10 g 

Distilled water 1000 ml 

The sliced potatoes were cooked gently for approximately 

one hour in 500 ml of distilled water , after which they were 

filtered throueh a cheesecloth . The a gar and dextro Ge \'/ere 

melted in 500 ml of distilled water and the potato fi l terate then 

added to it. 

(ii) Oxoid potato dextrose agar (PDA
0

) 

Potato dextrose agar (oxoid ) 

Di s tilled water 

39 gm 

1000 ml 

The p otato dextrose agar was soaked in the distilled 

water for approximately 15 minutes and then autoclaved . 



(iii) Nutrient agar (NA) 

Nutrient agar ( BBL ) 

Distilled v,ater 

23 g 

1000 ml 

The nutr ient agar was soaked in the distill ed water 

for a pproximately 15 minutes , boiled for 1 minute and then 

autoclaved . 

(iv ) Malt agar (MA) 

Malt extract 

Agar (Davis) 

Distilled water 

20 g 

25 g 

1000 ml 

q 4,,. 

The malt extract was cooked in 500 ml of distilled 

water for one hour and then filter ed through a cheesecloth . The 

filte r atc was then added to t he agar melted in 500 ml of 

distilled v,a ter . 

(v) Cornmeal a gar (CMA) 

Cor nmeal 20 g 

Agar (Davis) 15 g 

Distilled water 1000 ml 

Preparation as in (iv) . 

(vi) Oatmeal aSiar (OMA) 

Oatmeal 42 g 

Agar (Davis) 15 g 

Distilled water 1000 ml 

Preparation as in (iv) . 



(vii) Prune a gar (PrA) 

Prune agar (Difeo) 

Dist i lled water 

24 g 

1000 ml 

148 . 

The p rune a gar was soaked in t he distilled water for 

approximately 15 mi nutes and t hen autoclaved. 

(viii) Pea agar (PA) 

Pea (whole seed) 

Agar (Davis) 

Di stilled water 

400 g 

20 g 

1000 ml 

The peas were cook e d in 5 00 ml of distilled wat e r for one 

hour and then fil t ered through a cheesecloth . The fil t erate was 

then added to the agar melted in 500 ml o f distilled water. 

(ix) Wate r agar (WA) 

Agar ( Davis) 12 g 

Dis tilled water 1000 ml 

The agar was me l ted in the distil l ed water and t hen 

a ut o claved. 

(x) V-8 juice agar (V-8 agar) 

v-8 juice 200 ml 

Calcium carbonate 3 g 

Agar (Davis) 15 g 

Distilled water 800 ml 

The agar was melted in the V- 8 juice and distilled 

water . To the melted agar was added the calcium carbonate and 

the mixture then autoclaved . 



(xi) Potat~ marmite a~ar (PMA) 

Potatoes (peeled and sliced) 200 g 

Dextrose 20 g 

Agar (Davis) 20 g 

Marmite 1 g 

Distilled water 1000 ml 

The peeled and sliced potatoes were cooked gent l y for 

approximately 1 hour in 500 ml of distilled water and then filtered 

through a cheesecloth. The filterate was then added to the agar , 

dextrose and marmite melted in 500 ml of distilled water . 

(xii) Chrysanthemum leaf agar (CLA) 

Chrysanthemum l eaves 30 g 

Agar (Davis) 20 g 

Dextrose 20 g 

Distilled wate r 1000 ml 

The sap of the leaves extracted in 200 ml of distilled 

water was warmed for 2 hours at 50 C and then filtered through a 

cheesecloth. The filterate was then added to the agar and dextrose 

melted in 800 ml of distilled water. 

(xiii) Chrysanthemum petal agar (CPA) 

Chrysanthemum petals 30 g 

Agar (Davis) 20 g 

Dextrose 20 g 

Distilled water 1000 ml 



The sap of the petals extracted in 200 ml of 

distilled water was warmed for 2 hours at 50 C and then 

150. 

filtered through a chees e cloth. The filterate was then added 

to the agar and dextrose melted in 800 ml of distilled water . 



I 

APPENDIX II 

RAINFALL , HUMI DITY AND TEMPERATURE RECORDINGS FOR 

PALMERSTON NORTH, APRIL Mm MAY 1972 

Temperature ( 0 c) 
Month and Date Rain f a ll (mm) Humidity(%) 

Maximum Minimum 

April 1 - 83 20.1 13.5 
2 - 78 20 .1 8.5 
3 - 79 19 . 4 9.4 
l~ - 73 21 . 8 12 .5 
5 - 91 18 . 9 9.3 
6 1. 6 88 22 . 2 12.2 
7 6 . 2 87 23. 7 15.3 
8 8 . 9 85 19. 8 14.5 
9 - 63 16 .7 11.7 

10 - 79 22 . 1 6 .1 
11 - 83 21 . 9 8 .7 
12 - 94 20.1 7.6 
13 - 72 1 L~. 0 11.3 
14 - 67 14 . 9 7. 1 
15 - 77 16 . 8 4.1 
16 4.6 85 17 . 6 5. 9 
17 9 . 0 91 16 . 0 8 . 2 
18 0.1 82 17 . 0 8 . 1 
19 - 79 17.7 10.0 
20 - 81 16 . 0 6.7 
21 Tr a ce 85 17 . 6 1 o. 7 
22 - 82 18 . 5 13.0 
23 2 . 6 46 18 . 8 14 .5 
24 6. 3 90 19.5 13.0 
25 27 . 8 89 18 . 0 13.4 
26 - 69 16 . 2 12.2 
27 o. 8 94 17 . 0 4.4 
28 4.7 82 18.3 8 .o 
29 - 92 15.1 4.6 
30 1.3 89 17 •. 6 4.5 

conti nued over ••• 
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Appendix II - continued 

Temper a t u r e ( 0 c ) 
Month an d Dat e Rain f a ll ( mm) Humi dity ( %) 

Maximum Minimum 

May 1 0 .5 62 14 . 5 9. 9 
2 0 . 2 82 16 . 7 4. 2 
3 1 . 5 82 15 . 9 5.5 
4 1. 4 81 15 . 1 10. 8 
5 - 64 14 . 2 5. 4 
6 0. 5 76 14 . 8 7.5 
7 - 77 14 . 4 11.3 
8 - 80 17. 0 5. 0 
9 1 • 1 97 15. 7 3. 3 

10 - 86 16. 2 7.2 
11 Tr a ce 97 15 . 1 2. 1 
12 0. 3 83 15 . 1 6. o 
13 34 .1 85 17 . 0 9.4 
11+ 10 . 5 78 11. 3 11. 0 
15 18 . 6 84 15. 3 7. 7 
16 4. 9 91 17. 2 7. 4 
17 2. 9 83 14. 9 11 . 0 
18 1. 8 91 14 . 2 9. 8 
19 - 91 15 . 1 4. 8 
20 2 . 7 97 15 . 5 4. 9 
21 1 . 0 92 15 . 6 7. 8 
22 Trace 82 14 . 0 o. 4 
23 1. 0 84 16 . 1 5.1 
24 8. 4 72 15 . 2 11 . 0 
25 1 • 6 70 14. o 7. 2 
26 - 94 10 . 9 o.8 
27 - 76 14 . 4 1. 6 
28 - 80 14 . 1 6. 1 
29 1. 5 89 13. 2 2. 5 
30 2. 5 95 13.1 4. 5 
31 - 87 11 . 0 5. 3 




