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1. 

INTRODUCTION. 

it was suggested by Professor J. A. MacDonald that a study be 

made of problems related to the life cyoles of the rusts Puaainia 

magnusiana K'drnicke and P. phraaRmitis (Scham. ) Kömicks. 

Initial observations in the field led to investigations on the 

respective host ranges of the two species and on the factors 

governing survival and germination of their teleutoopores, aeoidio- 

spores and uredospores. 
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CHAPTER I, 

Observations on the Life Cycles of P. magnusiana 
and P. phra Haitis. 

Section 1. 

Introduction: Both rusty are heteroecious with uredo- and teleutospore 

stages on Phragmites app. The aecidial stage of P. magnusiana has been 

recorded on species of Ranunculus and Aneemone while that of P. phragTnitis 

is found on species of Rheum and Rumex. 

The tables below list the hosts of the various stages as given by a 

number of writers. 
(a) P. magnuaTana. 

(i) Aecidial Hosts. 

Host. Reference. 

Ranunculus repens. Plowright (1889); Grove (1913); 
Fischer (1892); Klebahn (1904); 
Wilson and Henderson (1966). 

R. bulbosus. Plowright (1889); Grove (1913); 
Fischer (1892); Klebahn (1904); 
Wilson and Henderson (1966). 

R. flammula. Bramley (n. d. ). 

R. lingua. Ellis and Rhodes (1933); Greville (1824) 

R. polyoephalus. Hiratsuka (1936). 

R. arcuana. Cummins and Lee Ling (1950). 

R. sieboldit. Cummins and Lee Ling (1950). 

Anemone/ 
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Host. Reference. 

Anemone canadensis. 

A. cylindrica. 

Brown (1956). 

Parmlee (1960). 

(ii) Uredo- and Teleutospore Hosts. 

Host. Reference. 

Phragmites communie. Plowright (1889); Fischer (1892); 
Klebahn (1904): Grove (1913); Wilson 
and Henderson (1966). 

Ph. longivalvis. Cummins and Lee Ling (1950); 
Hiratsuka (1954). 

Ph. vulgaris. Cummins and Lee Ling (1950). 

Ph. mauritianus. Bisby and Wieke (1953). 

Ph. japonica. Hiratsuka and Shimabukuro (1954). 

(b) P. phragmitis. 

(i) Aecidial Hosts. 

Host. Reference. 

Rumex acetosa. Parmlee (1963) after Arthur (1902), 

R. alpinus. Bates (1903), Guyot (1953 and 1958), 

R. altisaimus. Jýratad and Nannfeldt (1958), as nn 

R. aquaticus. (1959) and Baxter (1903). 

R. britannicus. 

R. brucephalophorus. 

R. confertus. 

R. conglomerates. 

R. / 
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Host. Reference. 

R. cordifolius. 

R. domesticus. 

R. fennicus. 

R. hybridus. 

R. hydrolapathum. 
1 

R. japonicus. 

R. maritimus. 

R. maximus. 

R. mexicanus. 

R. obtusifolius. 

R. orbiculate, Gray 
= R. britannica eensu 
®d. T. Gray's Manual of Botany. 

R. patienta. 

R. puloher. 

R. sanguineus. 

R. stenophyllous. 

R. venosus. 

Rheum compactum. 

Rh. tats ricum. 

Rh. undulatum. 

Rho hybridem. 

Rh. / 

1This 
species was also infected experimentally by Carr - Smith in 1959 in 

this Department. 
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Host. 

Rh. officinale. 

Rh. palmatum. 

Rho rhaponticum. 

Fagopyron esculentum. 

Polygonum connolvulus. 

Polygon= lapathifoliam. z 

Polygon= pensylvanicum. 
z 

R=ex acaulis. 

R. crispus. 

R. occidentalis. 

Reference. 

Grove (1913). 

Grove (1913); Plovright (1889); Wilson 
and Henderson (1966). 

Brown (1956)a 

2These 
species were infected experimentally by Parmlee (1963). 

(ii) Ureda- and Teleuto$pore Hosts. 

Host. Reference. 

Phragmites communis. Plowright (1889); Grove (1913); Wilson 
and Henderson (1966). 

Arundo donax. Saocardo (1888). 

Spartina cynosuroides. Saccardo (1888). 

Andropogon furcatus. Saccardo (1888). 

Andropogon scoparius. Sacoardo (1888). 

Phragmites vulgaris. Cummins and Lee Ling (1950). 

Phragmites mauritianus. Bisby and Wieke (1953). 

Phragmites/ 
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Host. Reference. 

Phragmites japonicas. Hiratsuka and Shimabukuro (1954). 

Phragmites longivalvis. Hiratsuka and Sato (1953). 

Phragmites prostrata. Hiratsuka (1941). 

Certain of the hosts recorded will be discussed later in the light of 

observations and infection experiments carried out by the writer. 

Section 

Sources of Rust Material. 

A number of points in Fife and two in Angus were sources of material 

of the two rusty studied. Those in Fife, marked on the map (Plate I) were 

as follows: 

1. Tentsmuir. Only P. phragmitia occurred here. The infection area 

was a reed bed along a stream behind the early fixed dunes. 

2. Morton Lochs. Both P. phragmitis and P. magnusiana were found here 

on plants along the road-side between the two loche. Phragmites grew 

only round the northernmost of the two. 

3. Motray Burn. A heavy infection of P. magnusiana and a very light 

infection of P. phraagmitis were usually observed on the Ph_ finites on 

the north bank of the burn. 

4. Eden Estuary. A very heavy infection of P. phragmitis took place 

every year in the Phragmites bed here which was bordered on one side 

by the railway line and on the other by a high bank giving on to the 

sea-shore. 

5. / 



PHRAGM/TES RUST LOCALITIES IN EAST FIFE 
SCALE I inch to I mile 

PLATE/ KEY 
MAGNUS/ANA 

= P. PHAAGM/T/S 

2C%* 1 fENTSMU/A 

Z= MORTON LOCHS 

:i =MOTAAY BURN 

4 =EDEN ESTUARY 

70 ST FORT 5 =BOAAN/LLS 
1 

6 =K/LCONQUHAR LOCH 
7=sr. roqr 
8 =BUDDO ROCK 

GUAADBP/DGE 

ST ANDREWS . ,.. 
' 

8" 

BOARHILLS 4L 

NOTE. DURING PRINTING THE PLATE WAS REDUCED TO 
A QUARTER-OF. THE ORIGINAL. SIZE SO THAT 
THE SCALE GIVEN IS CHANGED ACCORDINGLY. 

K/LCONQ URAR 
VILLAGE 

6ý 

.ý 



7. 

ý. Boarhi_ s. Only P. uagn usiara was found here. The infection was 

observed on Phragmites all round a pond about twenty yards from the 

shore. 

6. Kilconauhar Loch. Phragrnites grew all round this loch but infection 

was seen mainly on the north side. Both rusts attacked the reeds 

here. A light infection of P, Phragmitis could usually be observed 

on the Phragmites at the south-west side of the loch. 

The above areas 1-6 were intensively studied. P. phraýitis was 

also recorded at St. Fort and at the Buddo Rock (see 7 and 8 on map). 

Further north, in Angus, limited observations were made at Rescobie 

Loch and Clocksbriggs. Both rusts were found at each of these places. 

Section 3, 

Studies on Life Cycles. 

(a) Time of Germination of Teleutosnores. 

The writer was able, in the case of all the Fife areas, to find 

germinating teleutospores of both species in the field in late April or 

early May. The period of germination appeared to last approximately two 

weeks. However, as it was rather difficult to find spores in the field, 

the duration of this period in nature could not be determined with certainty. 

(b) Aecidial Stage. 

(i) Time of Appearance and Duration. 

(1) P. magnusiana. Aecidia of this rust were usually open by 

the third week in May in Fife and slightly later in Angus. This 

stage/ 
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stage persisted until late June. 

(2) P. phrammitls. In Fife, a®aidia usually appeared in mid- 

May and continued to appear until mid-June. In Angus, the first 

appearance of aecidia was as in the case of (I)0 about ton days later 

than in Fife. 

(ii) Hosts Observed. 

(1) E. magnusiana. The onl7 species on which aecidia of this 

rust were seen in the field was Ranunculus rem. No infection was 

found on other Ranunculus app. occurring near rusted Phrapmites, e. g. 

R. flammula subsp. fla anrnula at Morton Lochs, Be acri at Resoobie Locb, 

Be lingua at Kilconquhar Loch and R. scel eratus at Boarhills. 

(2) P. phragmitis. This rust was observed usually only on R=ex 

cris pus and Rumex obtusifolius. No infection was ever noted on Rumex 

a cetosa which grew abundantly near infected Phragmites at Morton Lochs 

and Rescobie Loch. Since certain species of Polygonum have been re- 

corded as hoots by Parmlee (1963)(see page 5), the Polyp persicaria 

beside the infected reeds at Rescobie Loch was also examined. No 

infection of this species apparently took place. Aecidia on Rheum 

officinale were found once at Kilconquhar. 

(iii) Hosts Infected Experimentally, 

(1) P. magnusiana. Infection experiments on collections of 

Rangy culue renens from all the Fife collecting grounds were carried out 

under greenhouse conditions (mean temperature 68'OF. ) using teleutospore 

material/ 
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Plate III. Fig. I. 
Spermagonia on leaf of Ranunculus re ens. 

Plate III. Fig. II. 
Spermagonia on leaf of Ranunculus fla mmula subsp. minibus. 
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material from all Fife areas. The "sponge pad infection technique" 

(Plate II) in which polythene sponge pads were attached to the leaves 

by wrapping bands of Sellotape round proved to be outstandingly success- 

ful and a very heavy aecidial infection resulted in all cases. 

Similar attempts to infect R. bo_ osus ware also successful with 

collections of teleutospores from all areas. Transplants of this 

species at Boarhills, Kilconquhar and Morton Lochs were infected 

naturally in the field. 

Aeoidia were also produced experimentally by the "sponge pad" 

technique on plants of R. flammula subsp. cam (Benn. ) Pad, 

collected at Dunnet Head and Duncansby Head by Dr. P. E. Gibbs and 

infected in the greenhouse. Teleutospo. e material from Boarhills 

seemed to give heaviest infections. Plate III, Fig. I, shows 

spermagonia on R. repens and Plate III, Fig. II, shows spermagonia on 

R. flammula subsp., mir nimus. The writer was unable to infect R. 

flammula subsp. flammula either under greenhouse conditions by the 

"sponge pad" method with teleutospores from Morton Lochs, Boa hills and 

Kilconquhar or by transplants left in the field at each of these places. 

Control Infections on R. renenss done in the greenhouse showed that bad 

spore material or technique could not account : or this lack of success. 

Numerous attempt's to infect ß. lingua by transplantation to all 

three sources of P. magnusiana also failed. No infection could be 

Produced on R, lingua grown outside in tanks although approximately 

fi: ty/ 
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fifty trials were made in each of three successive years. Technique il 

was used the first year and the "sponge pad's method adopted in the 

latter two years. Checks showed that here again failures were not due 

to poorly germinating spores or bad technique. 

The writer also failed to induce aecidial production in fifty 

inoculation attempts on Anemone oylindrica in the greenhouse. 

(2) P. phragmitie. A series of infection experiments were 

(o) 

carried out using Rumex spp, plants and teleutospores of P. phragmitis 

collected in the Fife areas 1-6 (see maps Plate I). Spores from 

any area could produce infection on Rumex plants collected either in 

their own area or in any of the others. Here again the "sponge pad" 

technique was used most successfully throughout. The inoculations 

were done in greenhouse conditions. Although this method gave 

exceptionally heavy infections on Rumex obtusifolius and Rumex cris us, 

no aecidia could ever be produced on R=ex acetosa plants collected at 
Morton Lochs. 

IIredospore Stage. 

(i) Time of Appearance and Duration. 

(1) P. magnusiana. The first uredosporea were usually produced 

in the field approximately two weeks after the first aecidia had been 

recorded, i. e. in early June. Production began first on the lower 

leaves of the host plants and proceeded upwards. Uredospores in some 

years/ 
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years could be seen in the field as late as the last week in October 

in Fife. In most cases, however, very few uredospores could be de- 

tected after the first week in October without resorting to use of the 

microscope and only in a very mild year did production continue till 

later in the season. Uredospore production in this species ended two 

to three weeks earlier at Rescobie Loch and Clocksbriggs than in Fife. 

(2) P. phragm itis. In this species also, the first uredospores 

were visible about a fortnight after the initial appearance of aecidia. 

By early September, few uredospores could be found in the Fife collect- 

ing areas but uredosori were evident in Angus up to a month later. 

(ii) Host Observed. 

In all areas, the only host recorded by the writer for either rust 

was Phragmites communis. 

(iii) Exrperimental Work on Phranites. 

A. Infection Experiments on Stock Collections. 

(1) P. magnusiana. Using aecidia produced in previous infection 

experiments (see page 9), cross-inoculation experiments were carried 

out on collections of Phracmites plants grown outside in tanks of waten 

The plants had been brought from Fife infection sources 1-6 the 

previous autumn and all teleuto- and uredospore-bearing material removed 

from them at that time. All possible infection crosses were made using 

the "sponge pad" method and positive results were obtained in every case. 

Uredosori/ 
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Uredosori were visible after twelve to sixteen days from the date of 

inoculation. 

Cross-infections were also successful using method C. l (page /6,7, 

Appendix) with uredospores as inoculum. 

(2) P. phraamitis. The series of experiments described in (1) 

was repeated using phragmitis aecidiospores and uredospores. Theca 

infections were much less successful. In only one case were uredosori 

produced. These were on reeds from Tentsmuir inoculated with aecidio- 

spores of the rust from the Eden Estuary. 

B. Work on P. phragmitis at the Eden Estuary. 

It was observed that the reeds in one part of the bad at the Eden 

Estuary were considerably taller than those in the other part (see 

Plate N, Figs. I and II). The height of a random sample of fifty 

plants in each area was measured and the mean heights of the tall and 

short plants were found to be significantly different by using t-test 

analysis as described by Kershaw (1964). The mean heights were 87" 

and 53" respectively. 

Examination of the leaves in three successive years showed that, 

while a very heavy teleutospore infection occurred on the tall plants, 

very few sort could be seen on the short plants. No Ruinex grew among 

the short plants although Rumex e rispus was abundant among the tall 

reeds. Infection of the Phragmites took place initially in the "tall" 

part of the bed. Since there was no spatial barrier to transfer of 

uredosporesf 



Plate IV. Fig. I. 
Area of Phragmites bed at the Eden Estuary with short plants. 
Height to be compared with that of the writer( 51911 tall). 

Plate IV. Fig. II. 
Area of Phragmites bed at the Eden Estuary with tall plants. 
Height to be compared with that of the - writer(5ý9ýýj 
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uredospores from the tall to the short plants and since no spread of 

infection apparently took place even after nearly three months of uredo- 

spore production, it was deduced that the short plants were probably 

resistant to infection. 

(a) Infection Experiments� 

To test for resistance, infection experiments were carried out in 

the field using aeoidiospores and uredosporea collected in the utall" 

area. Using the "sponge pad" technique, twenty-five attempts were 

made to infect the small plants with aecidiosporea as inoculum. With 

uredospores as inoculum, twenty-five trials were made by each of the 

methods 0.1 - C. 7 (page 167 Appendix). For these experiments# 

Phra mites plants were chosen as far away as possible from the part of 

the bed already rusted in order to minimise the chances of any natural 

infection of experimental material taking place. 

Results: Of the two hundred attempts, not one was successful. 

(b) Chromosome Counts of Tall and Short Plants. 

Since the results of the infection experiments indicated that the 

population of short plants was resistant to attack by P. phragmitie, 

some attempt was made to determine the possible mechanism of resistance. 

It was thought that a difference in chromosome number might account for 

the variation in height and for the difference in susceptibility between 

the two groups. 

The haploid chromosome number in Phragmites communis is 12 

(Darlington/ 
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(Darlington and Wylie, 1955)" Polyploidy has been recorded by 

Tischler (1942), Saura (1948) and Avdulov (1931) who counted chromosome 

numbers of 36,48 and 96 respectively. 

Roots of tall and short plants were grown in aerated distilled 

water and the tips harvested after two weeks. Nuclear division was 

arrested by twelve hours of treatment in "002M 8- bydroxyquinoline at 

10°C. The root tips were then fixed in 3: 1 absolute ethanol: glacial 

acetic acid and acetic orcein squashes made following the method of 

Darlington and La Cour (1960). Chromosome numbers were counted using 

a Zeiss Standard WL microscope with x10 eyepieces and a 400 objective. 

Reessultas Both tall and short plants consistently had a chromosome 

number of 48 and were therefore tetraploids. No evidence of different 

polyploid numbers in the two populations was therefore obtained. 

(iv) 0verwintering Uredoanores. 

No aecidia of P. magnusiana were found at Morton Lochs in spring 

1966 although an intensive search was made on several different 

occasions. Uredosori of the rust later appeared and it was concluded 

that, in this cases the infection had come from overwintering uredospores, 

(d) Teleutospore Stage. 

(i) Time of Production. 

(1) P. magnuslana. First teleutospores could usually be found 

in the field in mid-August. Production continued until October, 

(2)/ 
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(2) P. phragmitis. First teleutospores were seen usually in 

July. Production continued until late September. 

(ii) Dormancy. 

Teleutosporea of both rusts remained dormant until late spring or 

early summer of the following year. 

Section 4. 

Summary of Observed Life Cycles. 

P. magnusiana. 

Stage. Host. Duration. 

Aecidiospore. Ranunculus repens. Late May until late June. 

Uredospore. Phragmites communis. Early June until early or late 
October. 

Teleutospore. Phragmites communis. August until October (production) 
-*late April or early May (dormancy 

P. phragmitis. 

Stage. Host. Duration. 

Aecidiospore. Rumex orispua. Mid-May until mid-June. 

Rumex obtusifolius. 

Rheum offiainale. 

Uredospore. Phragmites communia. Late May until September. 

Teleutospore. Phragmites communia. July until September (production) 
-plate April or early May (dormanoý 

Discussions From observations in the field, it was concluded that the hosts 

infected and the duration of the various stages corresponded fairly well to 

the/ 
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the life cycles given by Plowright (1889), Grove (1913) and Wilson and 
Henderson (1966). However, the aecidial stage of P. magnusiana was not 

found in July and August c. f. Plowright (1889). According to Wilson and 

Henderson (1966), P. magnusiana is scarce in Great Britain but it seems to 

occur fairly commonly in the region studied by the writer, at least four 

infected beds of Phragmites being present in Fife and two in Angus. 

The time of appearance of the firnt aecidia seemed to be almost 

constant every year in all the Fife infection areas. The slight delay of 

approximately two weeks in the appearance of aecidia of both rusts in Angus 

may be explained by reduced or delayed germination of teleutospores due to 

the lower spring temperatures which usually occur in this area. Further- 

more, the initial appearance of the host plants is often later here than in 

Fife. 

The following explanations are offered to account for the distinct 

differences seen in the duration of the uredospore stages of the two rusts. 

Parallel observations on the two species in Fife indicated that P. phragmitis 

had a much more adverse effect on Phragmites than did P. magnusiana. Long 

necrotic streaks could be seen on either side of Phragmites leaves bearing 

uredosori of the former species but no such large areas of necrosis were 

seen on leaves infected with P. magnusiana, Also, leaves infected heavily 

with P. phragmitis die much more rapidly than those with an equivalent 

number of pustules of P. magnusiana. It is suggested, therefore, that the 

death of the host leaf which takes place sooner in the case of P. phragmitis 

infections/ 
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infections leads to earlier production of teleutospores in this rust. 

In Angus, 
_P. phrogmitis uredosori persisted until much later in the 

year than in Fife. This may be due to a delay in the spread and develop- 

ment of the disease because of lower autumn temperatures in a more northerly 

locality leading to a less severe necrosis of the host and a delay in the 

onset of production of the dormant phase of the rust. Natural dying back 

of the Phragmites in autumn would in this case terminate uredospore pro- 

duction rather than would necrosis caused by the disease itself. 

Direct inhibition of uredial development by low temperature could 

explain the early cessation of uredoapore production in P. magnuaiana in 

Angus. 

The evidence from infection experiments with P. maRnusiana indicates 

that not more than one race of the rust exists. This conclusion cannot be 

drawn with respect to P. phragmitis. Since the writer was unable to infect 

Phramltes even with spores collected in the area where infection naturally 

took place in the fields this failure may be attributed to bad experimental 

technique coupled possibly with hypersensitivity of the host. 

The writer considers that R. f'l a subsp. miniraue is a host for 

L magnngtrýna since this subspecies was successfully infected by inoculation 

on several occasions. However, although it would appear that R. flammula 

subsp. flammula cannot support infection, Ellis's (1933) record is probably 

correct. Since subspe mi imu is restricted to N. Scotland, his record is 

almost/ 
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almost certainly on subsp. Pl ammula. It is suggested that R. lingua is not 

capable of bearing aecidia of P. magnusiana and that Greville's (184) 

record at Duddingston Loch and the records of Ellis and Rhodes (1933) at 

Calthorpe and Barton Broads were not of this rust. 

Nevertheless, it is possible that, since the degree of success obtained 

in infection experiments with R. flammula subsp. minimus was much less than 

that obtained on R. repens, under the same conditions, R. flammula is less 

susceptible than R. re ens. Padmore (1957) found that the leaves of subsp. 

minimus were fleshier than those of subsp. flammula. This fleshiness, 

which was suggested by Gibbs and Chan (1966) to be due to greater turgor, 

may explain the apparently greater susceptibility of subsp. minimus. 

Environmental conditions, especially temperature, play an important part in 

the development of disease (Yarwood 1965). It may be that the temperature 

conditions required for the establishment and development of P. magnusiana 

on R. flammula subsp. mi imus and subsp. flammula are critical in a narrow 

range and that the temperature (68°F. ) at which the plants were grown was 

not favourable to the development of infection in these hosts. Plowright 

(1884) failed to induce aecidial production on it, lam. Unfavourable 

environmental conditions could again explain the failure by the writer to 

produce infection on R. lingua. 

The writer concludes that aecidia of P. phra gtntis do not occur on 

Rumex acetosa. This is in agreement with Plowright (1889) and Grove (1913). 

Parmlee/ 
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Parmlee (1963) states that Plowright (1889) segregated another rust of 

Phi ites, P. trailii on the basis of a granular teleutospore wail and a 

specific aecidial host, Ruunex acetoselia. The aecidial host given by 

Plowright was, however, Rumex acetosa. Parmlee (1963) also says that "in 

North America, aecia have not been reported on R. acetosa and P. trailii is 

considered to be synonymous with P. phrap'mitis. " However, the two rusts 

cannot be regarded as synonymous in Britain since the Puooinia producing 

aecidia on other Rumex app. cannot infect Rumex acetosa. Records of 

aeoidia of P. trailii which is now regardod as a biological race of P. 

phraamºitis (Wilson and Henderson 1966) have been made in Britain, e. g. by 

Wilson (1934). 

The records by Brown (1954) and Parmlee (1960) of P. macrnnusiana on 

Anemone app. are also open to discussion. McAlpine (1906) states that 

Arthur (1902) distinguished a now species, P. simillima, with uredo- and 

teleutospores on Phraitmites communia and aecidia on Anemone dichotoma. 

According to Arthur (1902), this ruses has slender, pointed teleutospores 

c. f. P. magnusiana and more clavate, less roughened uredosporos than the 

latter species. Gaumann (1941), following Arthur, quotas P. simillima on 

Anemone canadensis. Thus, it is possible that the records by Brown and 

Pazmlee of aecidia on Anemone cylindrica and Anemone canadensis respectively 

are of P. simillima. Infection experiments by the writer indicate that P. 

mapnusiana, at least in the areas studied, cannot infect Anemone cylindrica. 

From these preliminary observations and experiments, a number of 

different/ 
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different topics for research seemed possible. The failure of certain 

infection techniques and the marked success of others led to a consideration 

of possible reasons for these results. This line of thought in turn led to 

research on the various factors governing survival and germination of 

aecidiospores and uredospores and to an investigation of the dormancy and 

germination of teleutospores. 

Summary and Conclusione. 

1. The life cycles of the rusts Pucoinia ph_ itis and P. maRnusiana 

were studied at a number of localities in Fife and Angus. The times of 

appearance and duration of the various stages corresponded fairly well to 

the cycles given by Plowright (1889), Grove (1913) and Wilson and Henderson 

(1966). 

2. The only host plant found for credo- and teleutospores of the two 

rusts was Phraýtes aommunis. Inteotion experiments and field observations 

showed the following species to be aeoidial hosts of p. magºnusianas 

Rangy repens, Be bul bosun, Be flammula subsp. minimus. It was not 

found possible to infect R. lingua or Be fly subsp. flammula. Similar 

experiments and observations showed that P. phragmitis could produce aecidia 

on R ex cris us, Rumex obtusifolius and Rheum office ale but not Rumex 

ac etosa. It is concluded that R. lingua is probably not a host of P. 

magnusiana and that ttumex acetosa is not a host of P. phragmitis. 

3. Results of infection experiments suggested that no more than one 

race occurred in P. magnasiana. The degree of success in infection experi- 

ments with P. phragmitis was very low, indicating that the techniques or' 

spore 
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spore material were poor. 

4" Two distinct populations of PhragmitA were found at the Eden 

Estuary,, one tall and one short, the short plants apparently being resistant 

to infection by P. phramitis which attacked the tall plants. Both 

populations had a diploid chromosome number of 48. Variation in chromosome 

number could not,, therefore, account for the difference in height and 

susceptibility between the two groups. 
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CHAPTER IL 

Investigations on the Mechanism of Teleutosnore Dormancy. 

Introductions_ It was observed in the field that teleutospores of P. 

phragmitis and P. magnusiana have a marked period of dormancy. Teleuto- 

spores of the former rust are formed from July until September and those 

of the latter from August until late September or early October. Spores 

of both species remain dormant until late April or early May of the follow- 

ing year. These periods correspond fairly well to the times given by 

Plowright (1889), Grove (1913) and Wilson and Henderson (1966). 

A number of different lines of research were followed in an attempt to 

determine possible reasons for this dormancy. In most experiments, only 

P" phragmitis teleutospores were used as this rust is the more plentiful 

and accessible in the St. Andrews district. First, the effect of 

temperature on dormancy in the field and under controlled conditions in the 

laboratory was considezed. Next, the possibility of an enzyme or enzymes 

within the spore attacking the wall was investigated. A detailed analysis 

of the wall was carried out and, based partly on the results of this 

analysis, the effects of various chemical and physical treatments and of 

products of micro-organisms on dormancy were studied. Finally, a study of 

the spore lipid contents was begun. 
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Section 1. 

The Effect of Temperature on Dormancy. 

(a) Work in the Field. 

A number of workers have observed that temperature shocks can initiate 

gemination in spores which are normally dormant, e. g. in teleutospores of 

Z.. glumarum (Raeder and Bever, 1931). It was thought that the temperature 

fluctuations occurring in the field throughout the winter might be the 

factor necessary for breaking dormancy in teleutospores of P. phragMitis and 

maw na. 

The areas for this study were the Phragmites beds at Boarhills and at 

Kilconquhar Loch. Since the former locality is on the coast and the latter 

approximately ten miles further south and two miles inland, it was thought 

that spores produced in these areas might be subjected to different ranges 

of temperature fluctuations and it was hoped that a significant difference 

in the time of onset of germination at the two places might be observed. 

Only P. magnustana spores were used in this investigation as this is the 

only rust of Phragmites found at both areas. 

On 30th October, 1964, a max. /min. thermometer was set among infected 

Plants in each area. In order to obtain an accurate reading of the 

temperatures to which the spores were exposed, the thermometers were placed 

as near the ground as possible as most of the infected leaves had already 

fallen,. The temperatures were read weekly as it was not possible to take 

daily readings although this would have given a much more accurate result, 

Weekly/ 
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Weekly collections of spores were made and tested for germination by 

floating four samples of approximately 500 spores each on distilled water 

in cavity slides incubated at 22°C for 24 hours in Petri dishes lined with 

with water-soaked filter-paper. 
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MAX. /MIN. TEMPERATURES AT 
BOARNILLS AND KILCONQUHAR. 

October 1964 - April 1965. 

KILCONQUHAR BOARHILLS 

Max. Temp. (°F) Min. Temp. (°F) Date Max. Temp. (°F) Min. Temp. (°F) 

590 380 6: 10: 64 62° 36° 

60° 32° 13: 10: 64 65° 34° 

60° 30° 20: 10: 64 660 380 

660 30 0 27: 10: 64 660 34° 

610 300 4: 11: 64 62° 36° 

52° 24° 11: 11: 64 580 280 

51° 24° 18: 11: 64 56° 280 

56° 26° 25: 11: 64 640 31° 

45° 24° 2: 12: 64 46° 29° 

50° 31° 9: 12: 64 58° 33° 

51° 25° 16: 12: 64 560 280 

51° 22° 23: 12164 58° 28° 

43° 17° 30: 12: 64 47° 21° 

45° 21° 7: 1: 65 490 24° 

41° 20° 14: 1: 65 46° 22° 

47° 17° 21: 1: 65 500 200 

480 25° 28: 1: 65 52° 24° 

50° 24° 41 2165 52° 26° 
51° 20° 11: 2: 65 54° 25° 

4501 
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KILCONQUHAR BOARHILLS 

Max. Temp. (°F) Min. Temp. (°F) Date Max. Temp. (°F) Min. Temp. (°F) 

450 20° 18: 2: 65 48° 24° 

52° 26° 25: 2: 65 56° 25° 

54° 240 4: 3: 65 580 26° 

51° 27° 11: 3: 65 54° 280 

560 28° 18: 3165 58° 300 

580 30° 259 3: 65 59° 32° 

64° 34° 2: 4165 66° 380 

66° 360 9: 4: 65 669 36° 

67° 30° 16: 4: 65 680 35 0 

69 32° 23: 465 68° 38° 
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Resultnt From Figures 1s 2 and 3i it can be seen that the maximum and 

minimum temperatures at Boarhills were almost always higher than the 

corresponding readings at Kilconquhar so that the range over which 

temperatures fluctuated in the former locality was higher than that in the 

latter. 

No germination was observed in any test until April 1963 when a sample 

from Boarhills showed approximately 90% germination on the 16th and a 

collection from Kilconquhar gave approximately 60% germination. A further 

collection from Kilconquhar a week later showed as good germination 

(90% - 95%) as a sample taken from Boarhiils at the same time. 

(b) The-Effect-of of Storage at Constant Temperature. 

In this experiment, spores of both P. marnusiana and P. phýmitis were 

used. On 30th October# 1964, samples of the former species were collected 

at Kilconquhar and Boarhille and of the latter species at Kilconquhar only. 

Portions of all collections were stored dry in suitably labelled, closed 

jars at the following temperatures. - 

(1) -12°C. 

(ii) 4°C. 

(iii) 17°C. 

(iv) 25°C. 

Weekly tests for germination were made over the same period and by the 

same method ae in (a). 

Resunsi 

4 
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Resultat No germination occurred in any sample until 18th April, 1965, when 

spores of both rusts kept at 4°C. showed a low degree of viability. No 

increase in this percentage germination (2% - 5%) was observed in subsequent 

tests. A few spores of P. phrapmitis stored at -12°C. germinated on 20th 

April but no germination was ever seen in testa made on the samples stored 

at 17°C. or 25°C., although tests were made daily from 18th April until 

20th May. 

Discussions From the results of the experiment described under (b)i it 

appears that exposure of teleutospores of P. phraýrmmitis end P. marmueiana 

for prolonged periods to the temperatures listed is not effective in 

breaking dormancy and seems rather to have an adverse effect on the retention 

of spore viability. Exposure to temperatures fluctuating in the ranges 

indicated in (a) permits a high degree of germination to take place but 

there is no evidence that temperature fluctuation in these ranges is 

instrumental in breaking dormancy. The only conclusion that may be drawn 

from the experiments in (a) is that such temperature fluctuations have no 

obvious adverse effect on the retention of viability. 
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Section 2. 

Determination of the Length of the Dormancy Period. 

In P. phis, the first teleutospores are formed and are 

morphologically mature by mid-July. Spores continue to be produced until 
late September. In P. magnusiana, the first spores are formed in August 

and production carries on until early October. Since no germination was 

observed in any sample tested in the experiments carried out in Section 1 

until spring, when apparently all the spores became germinable at approxi- 

mately the same time, it seems that the duration of dormancy is not absolute 

as it is probable that the samples included spores formed at various times 

throughout the periods indicated. The minimum length of the dormancy 

period must be about six and a half months in both species, i. e. from late 

September or early October until mid-April. Thus, if dormancy were constant 

in duration, all spores might be expected to germinate about six and a half 

months after they were formed, e. g. those appearing in mid-July should 

germinate in late January. 

The following experiment was carried out to determine whether dormancy 

vas a constant or a variable period. 

Collections of leaves bearing recently formed morphologically mature 

teleutospores were made at fortnightly intervals at BoarhilUs (P. magnusiana) 

and the Eden Estuary (P. phragºnitis) throughout the period mid-July - early 

October. Since the infection of the Phragmites usually takes place first 

in the lower leaves and progresses upwards, it was possible, by selecting 
leaves/ 
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leaves with many uredospores and few teleutospores borne at the upper limits 

of infection of the plants, to be fairly sure that the teleutospores taken 

had been formed near the date of collection. 

All samples were placed between sheets of j inch plastic grid, labelled 

and hung outside so that the spores would be exposed to normal winter 

temperature fluctuations but would not be immersed in water for long periods. 

In all cases, weekly germination tests were carried out as in Section 1 

(a) (see page 2/+). 

Resultat No germination was found in any sample until mid-April when all 

collections gave approximately 90% germination in teats. 

Discussions The results indicate that the length of the dormancy period in 

teleutospores of P. magnusiana and P. phragmitis is not absolute. Since 

germination takes place at very nearly the same time every year, it is un- 

likely that the number and range of temperature fluctuations experienced 

governs the time when dormancy will end. There thus appears to be no 

mechanism based on temperature variation and time to account for the 

constancy of time of germination initiation. The conclusion that dormancy 

is not an absolute period is in agreement with Sussman (1965) who stated 

that, in fungus spores "the duration of the dormant period cannot be expressed 

in absolute terms for it is a function of the conditions during which the 

stage was formed, its genetics and the treatment that was administered during 

its storage. " Differences in the environmental conditions, e. g. temperature, 

nutrient status of the host, etc., during teleutospore formation may explain 

why spores formed in mid-summer apparently have a longer dormant period than 

those formed in late summer 
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Section 3. 

Attempts to Detect Internally-Produced Enzyme Attacking the 
Spore Wall. 

When the teleutosporea became germinable, no additional nutrients were 

needed to induce germ-tube formation. Addition of distilled water only was 

sufficient to give very good germination. Previous experiments carried out 

by the writer during a research project submitted as partial requirement for 

an Honours Degree had shown that dormancy could be broken by wetting agents, 

approximately 1% germination being thus obtained. It was concluded that 

permeability of the cell wall is an important factor in the control of 

dormancy. 

It was postulated that, during winter, an enzyme or enzymes produced 

within the spore might attack the wall in the germ-pore area. This 

digestion would finally cause an increase in permeability, leading to 

germination. This theory could account for the results obtained in Sections 

1 and 2. If the enzyme or enzymes acted only within a narrow temperature 

range, some digestion would be bound to take place during each fluctuation, 

but no action would take place at a constant temperature outside these limits. 

If the products of spore wall digestion built ups enzyme action would slow 

down or stop but a second system, possibly operating at a different 

temperature, might use such products as substrate no that no build-up would 

occur. Such interaction of systems could be visualised as taking place at 
fluctuating but not at constant temperatures. Lack of digestion during the 

summe r/ 
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summer months due to unfavourable temperatures for enzyme action could 

account for the longer dormancy period of the teleutospores first formed. 

During the Honours project, it was found that the chief component of 

the spore wall was chitin which composed two layers, the inner having a 

well-defined gap corresponding to the position of the germ-pore. 

Attempts were made, therefore, to detect a chitinase produced within 

the spore. 

(a) Collection and Preparation of Spores for Extraction. 

In October 1964, a large quantity of leaves heavily infected with P. 

phragmitis teleutosori was collected at the Eden Estuary. These were kept 

outside in closed polythene bags until required so that the spores were 

stored at fluctuating temperatures. Spores were detached by scraping the 

leaf with a scalpel blade held at right angles to its surface. Since a 

considerable amount of leaf debris was also produced, the spores were passed 

through a 002 mm. soil riddle by rubbing them on the surface of the mesh. 

This left most of the debris behind except for a small amount of finely 

powdered leaf tissue. As the dimensions of the spores are 45u - 65u by 

16u - 25u (Grove, 1913), it was considered that most of them would pass 

through unruptured. This was confirmed by microscopic examination. All 

detached spores were stored dry in a closed jar outside until sufficient had 

been collected to attempt an extraction. 

(b) Extraction of Enzyme. 

Methods (i) - (v) of attempted rupture (see Appendix, page768) gave 

little/ 
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little or no breakage of the spore wall. Method (vi) gave about 80% 

rupture in 10 - 15 minutes and did not cause any significant rise in 

temperature of the suspending solution. 

5g. aliquots of spores were extracted in 25 mis. of each of the follow- 

ing buffers by method (vi): 

(i) "OSM sodium acetate-acetic acid buffer at pH 4.6,5.0 and 5.4" 

(ii) 008M sodium dihydrogen phosphate-disodium hydrogen phosphate 

buffer at pH 5.0,5.5,7.0 and 8.0. 

Buffers were made up by the methods given by Dawson, Elliott, Elliott 

and Jones (1939) and the pH values checked on a Dynacap pH meter. "08M 

acetate buffer at pH 510 is given as the optimum pH medium for ohitinase 

activity (Tracey, 1955). All buffers were chilled for at least an hour at 

2°C. before use. Extraction took about 15 minutes in each case. During 

treatment, the extraotant was chilled at 2°C. for a few minutes between 

successive passages through the mill. Spore debris was spun down in an 

M. S. E. refrigerated centrifuge at 3,000 r. p. m. and 1°C. for 20 minutes. 

The supernatants were removed by pipette and assayed for chitinase activity 

as described below. 

(c) Assay of Extracts for Chitinase Activity. 

Two series of substrates and enzyme extracts were set up, one with 

whole spores as substrate, the other with chitin flakes obtained from the 

Sigma Chemical Co. Ltd., London. In each case, the weight of substrate was 

15 mg. and the volume of extract added was 5 mis. Assays were set up in 

sterile/ 
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sterile plugged tubes and to each was added "1 ml. 10 M merthiolate 

solution to prevent growth of micro-organisms. The quantities quoted above 

are those given by Aronson and Macbils (1959)" Duplicates of all tests 

were carried out and controls were also run as indicated in the table below. 

In the oaae of the incubation of extract alone only 2 ml. portions were 

used. The two series were incubated at 37°C. (Tracey, 1955). 

Samples were withdrawn in each cage after 4 hours, 12 hours, 3 days and 

7 days and analysed by the method of Elson and Morgan (1934) for acetyl- 

glucosamine� the product of chitinase action on chitin* In the extracto 

alone, analysis was carried out only after 4 hours and 7 days of incubation. 

Res 

(i) Acetate Buffer. 

Substrates Chitin. Duration of Incubations 12 hours. 

Solution Meter Concentration Solution Meter Concentration 
Incubated Reading of Acetyl- Incubated Reading of Acetyl- 

glucosamine glueosamino 
Nitrogen Nitrogen 
ili /m1. ) (}ig/ml. ) 

Extract at 1) 85 Buffer at 1) - 
pH 4.6 2) 85 pH 4.6 2) - 

Mean: 85 1.75 Means - 0 

Extract at 1) 87 Buffer at 1) - 
PH 500 2) 86 pH 5.0 2) - 

Mean: 86.5 1.7 Mean: - 0 

Extract at 1) 86 Buffer at 1 
PH 5.4 2) 86 pH 5.4 2ý 

Mean: 86 1.725 Mean: - 0 

Note: - signifies no reading registered on meter. 

Acetate Buffer. / 
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Acetate Buffer. 

Substrates Spores. Duration of Incubations 12 hours. 

Solution Meter Concentration Solution Meter Concentration 
Incubated Reading of Acetyl- Incubated Reading of Acetyl- 

glucosamine glueosamine 
Nitrogen Nitrogen 
Oda. ) (Admi. ) 

Extract at 1) 86 Buffer at 1 
pH 4.6 2) 87 pH 4.6 2- 

Mean: 86.5 1.7 Mean: - 0 

Extract at 1) 85 Buffer at 1) - 
pH 5.0 2) 85 pH 5.0 2) - 

Mean: 85 1.75 Mean: - 0 

Extract at 1) 86 Buffer at 1) - 
pH 5.4 2) 87 pH 5.4 2) - 

Mean: 86.5 1.7 Meant - 0 

Acetate Buffer Controls. 

No substrate. Duration of Incubations 12 hours. 

Solution Meter Concentration solution meter Concentration 
Incubated Reading of Acetyl- Incubated Reading of Acetyl- 

glucosamine glucosamine 
Nitrogen Nitrogen 
(ug/m1") (ug/Ml. ) 

Extract at 1) 87 Buffer at 1) - 
PH 4.6 2) 87 pH 4.6 2) .. 

Means 87 1.65 meant - 0 

Extract at 1) 86 Buffer at 1) - 
PH 5.0 2) 85 pH 5.0 2) - 

Meant 85.5 1.76 Meant - 0 

Extract at 1) 87 Buffer at 1) - PH 5.4 2) 86 pH 5.4 2) - 

Meant 86.5 1.7 Mean: - 0 
(ii)/ 
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(ii) Phosphate Buffer. 

Substrates Chitin. Duration of Incubation: 12 hours. 

Solution Meter Concentration Solution Meter Concentration 
Incubated Reading of Acetyl- Incubated Reading of Acetyl- 

glucoeamine glucosamine 
Nitrogen Nitrogen 
(1ig/ml. ) (Jxg/ml. ) 

Extract at 1) 87 Buffer at 1) - 
pH 5.0 2) 87 pH 5.0 2) - 

Means 87 1.65 Mean: - 0 

Extract at 1) 85 Buffer at 1- 
pH 5.5 2) 87 pH 5.5 2- 

Means 86 1.725 Meant - 0 

Extract at 1) 86 Buffer at 1) - 
pH 7.0 2) 88 pH 7.0 2) - 

Means 87 1.65 Meant - 0 

Extract at 1) 87 Buffer at 1) - 
pH 8.0 2) 88 pH 8.0 2) - 

Means 87.5 Mean: - 0 

Phosphate Buffer. 

Substrate: Spores. Duration of Incubations 12 hours. 

Solution Meter Concentration Solution Meter Concentration 
Incubated Reading of Acetyl- Incubated Reading of Acetyl- 

glucosamine gluoosamine 
Nitrogen Nitrogen 
(µg/ml. ) (li�ml. ) 

Extract at 1) 87 Buffer at 1) - 
pH 5.0 2) 88 pH 5.0 2) - 

Means 87.5 1.655 Means - 0 
Extract at 1) 86 Buffer at 1) - 
pH 5.5 2) 86 pH 5.5 2) - 

Means 86 1.725 Means - 0 

Eýctract/ 
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Solution Meter Concentration Solution Meter Concentration 
Incubated Reading of Acetyl- Incubated Reading of Acetyl- 

glucosamine glucosamine 
Nitrogen Nitrogen 
(P-9/mi. ) (1ig'/ml") 

Extract at 1) 88 Buffer at 1) - 
pH 7.0 2) 86 pH 7.0 2) - 

Mean: 87 1.65 Meant - 0 

Extract at 1) 86 Buffer at 1) - 
pH 8.0 2) 87 pH 8.0 2) - 

Mean: 86.5 1.7 Meant - 0 

Phosphate Buffer Controls. 

No substrate. Duration of Inoubation: 12 hours. 

Solution Meter Concentration Solution Meter Concentration 
Incubated Reading of Acetyl- Incubated Reading of Acetyl- 

glucosamine glucosamine 
Nitrogen Nitrogen 
(}lg/ml. ) Mi. ) 

Extract at 1) 86 Buffer at 1) - 
PH 5.0 2) 87 pH 5.0 2) - 

Means 86.5 1.7 Means - 0 

Extract at 1) 87 Buffer at 1) - 
pH 5.5 2) 85 pH 5.5 2) - 

Means 86 1.725 Means - 0 

Extract at 1 87 Buffer at 1- 
pH 7.0 2 87 pH 7.0 2) 

Mean: 87 1.65 Means - 0 

Extract at 1) 86 Buffer at 1) - 
pH 8.0 2) 87 pH 8.0 2) - 

Meant 86.5 1.7 - Mean: 0 

Acetylglucosamine Standards. / 



FIG. 4. 
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Acetyl 1ucosamine Standards. 

Meter 
Reading 

Concentration of 
Acetylglucosa. mine 
Nitrogen (ß/m1. ) 

Meter 
Reading 

Concentration of 
Acetylglucosamine 
Nitrogen (}ig/n1. ) 

1) 60 1) 31 

2) 80 2) 29 

Means 80 2 Mean: 30 8 

1) 51 1) - 

2) 50 2) - 
Mean: 50.5 4 Mean: - 0 

1) 42 

2) 40 
Means 41 6 
Discussions From the tables above, it can be seen that no significant 

increase in acety]glucosamine content was found after 12 hours of incubation 

o-t anY extract with either substrate. Similar results were obtained in 

analyses made of samples withdrawn after 4 hours, 3 days and 7 days of 

incubation and in extracts incubated with substrate for 7 days without any 
intermediate 

withdrawal of samples. 
detected. 

Therefore, no chitin, ase activity was 

This experiment was repeated on 15th December, 20th January and 20th 

March so that tests for chitinase activity were made fairly near the 

beginning, the middle and the end of the period of dormancy. It was thought 

that, if the enzyme were present, the amount in the spores would gradually 

decrease/ 
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decrease towards spring-time. However, chitinase activity was not detected 

in any of the experiments carried out. 

Spores which had been incubated with extract did not show any sign of 

digestion when examined under the microscope. In the light of results 

later obtained, in analyses of wall structure, an explanation will be 

offered as to why chitinase, if present, would perhaps not have acted on the 

outside of the wall in any case. 

It was also considered that the commercial chitin used in the assays, 

which is of animal origin might not be of the same structure as fungal 

chitin and that any spore chitinase present would not, therefore, be capable 

of digesting the substrate used. Pigman and Goepp (1948), however, state 

that all available evidence points to chitin from animal sources being 

identical to that from fungi. Results of X-ray diffraction s. udies, e. g. 

by Bartnicki-Garcia and Nickerson (1962) support this statement. 

The temperature, 37°C., given by Tracey (1955) as that at which maximum 

chitinase activity taken place would be very unlikely to occur in the field 

during the dormancy period. No figures are available on the temperature 

range over which the enzyme is active but it seems probable that it would 

act only at the highest temperatures encountered in the field. 

However, since no enzyme was ever detected, this theory was abandoned. 
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Section 4. 

Analysis of Tel©utosnore Walls. 

An analysis of the toleutospore wall of P. phragmitis was carried out 

in an attempt to determine any structural components present which could 

affect permeability. Particular attention was paid to the germ-pore 

region. Techniques involving histochemical and microchemical tests, X-ray 

diffraction, fluorescence and electron microscopy and digestion by 

chemicals and enzymes were employed. 

(a) By Histochemical and Microchemical Test. 

22g, of teleutospores of P. phragmitis were detached, riddled and 

digested by the methods given by Graham (1960). The tests given in the 

Appendix (pages 169-171 ) were carried out on the various fractions and 

residues as indicated in the table of results overleaf. In testing for 

any component, all tests given for that compound were carried out in each 

case. 
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Results. 

Note: the _ Poiitive reaotion. -ve a Negative reaotion. 

Extracts. 

Fraction Compound 
Tested For 

Result Fraction Compound 
Tested For 

Result 

Water Carbohydrate +ve Ammonium Carbohydrate -ve 

Soluble Reducing Oxalate Proteins -ve 

F 
Sugars -ve 

raction 
Hexoses and 
Pentoses -ve 

Supernatant 
No. 2. 

Melanin 
(only C13 
teat done) +ve 

Sucrose -ve Alcohol/ether Phospholipid +ve 

Proteins -ve 
exce t in 

soluble Glycerol +ve 
p 

ninhydrin 
te t 

fraction Ergosterol +ve 
s 

Pe tins -ve 
Alcoholic- Carbohydrate -ve 

c 

Ammonium drate Carboh -ve 
potash Protein -ve 

y 
l bl Pectin -ve 

Oxalate Protein -ve 
so e u 

s 
fraction glycerol +ve 

Supernatant Pectins -ve 
No. 1. Phospholipids +ve 

M l i e an n 
(only C13 
teat done) +ve 

Schweitzer cellulose -ve 

Supernatant Carbohydrate -ve 

Proteins -ve 

Pectins -ve 

Melanin 
(only C13 
test done) +ve 
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esr idues. 

Since all spore residues were deeply coloured with a dark brown pigment 

giving positive reactions for melanin, it was impossible in almost all cases 

to apply histochemical tests successfully c. f. Graham (1960). The only 

conclusive results obtained were a positive result for chitin in all residues 

and a positive staining of both wall and protoplast for lipid and melanin in 

all residues except the alcoholic-potash and alcohol/ether. 

In the chitin tests, there appeared to be a double wall presents the 

outer layer showing as a thick, pale-pink stained band and the inner as a 

much more deeply stained narrower band with a well-defined gap in the region 

of the germ-pore. 

Di Gussions The teleutospore wall in P. phratrnitis appears to consist of at 

least two layers, both containing chitin. The outer layer which is 2-3 

times as thick as the inner may be composed of a chitin matrix with granules 

of another material embedded or of chitin microfibrils alternating with a 

series of membranes, e. g. of lipid. Removal of the non-ohitinous material 

during the KOH digestion taking place in the test and looser packing of the 

chitin fibrils resulting could account for the weaker staining reaction of 

this layer. The inner layer seems to be more densely chitinous with an 

obvious gap at the germ-pore. Considerable amounts of phospholipid occur 

in the spore. These may exist partly in the wall as indicated above since 

Sudan Black B also stained the wall. Other lipids detected are considered 

to be food reserves. Melanin seems to be present in both layers. Thus, 

the/ 
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the results indicate that chitin is not the only structural compound in the 

wail and that lipids may also occur. 

(b) By X-ray Diffraction. 

In order to confirm the presence of chitin in the spores, X-ray 

diffraction patterns of appropriately pre-treated material were photographed. 

This technique for the identification of chitin in fungi has been used by 

Rosinski and Campana (1964) and by Bartnicki-Garcia and Nickerson (1962). 

Pre-treatment of P. phrainitis spores and other material was carried out 

according to modifications on the methods of the above workers. Chitin 

standards were prepared by passing a suspension of commercial chitin flakes 

in distilled water through a wet-crushing mill. Standard chitosan was 

prepared from the powdered chitin by the method given by Bartnicki-Garcia 

and Nickerson (1962). All samples were lyophilized overnight before 

photographing. 

Photography was carried out in the Department of Geology under the 

supervision of Mr. Sydney Bateman. Powder X-ray patterns were obtained 

using a Philips Debije Soherrer PW 1024 Camera with Kodak "Induatrix X" 

film and Cu radiation filtered through a nickel foil-filter. The samples 

were mounted in adhesive on a 0.5 rnm. glass tube and the film exposed for 

4 hours. The X-ray tube was operated at 36 W. and 12 mA. 

Results: The patterns obtained were as shown in Plate V. # Figs. I and II 

and Plate VI., Figs. I- IV. 
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Plate V. Fig. I. 
X 

_. 
ray diffraction pattern of standard chitin prepared by the 

writer. 

Plate V. rig. N. 
X. ray diffraction pattern of standard chitosnn prepared by the 
writer. 

Plato V. Fig III. 
X- ray diffraction pattern of standard chtttn(after Bartnicki- 
Garcia and Nickeraon$ 1962). 

Plate V. Fig. IV. 
X- ray diffraction pattern of standard chitosan(after Bartnicki- 
Garcia and Nickerson, IOG2). 
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Plate VI. Fig. I. 
X-ray diffraction pattern or toleutoepore residue of P. phragmitis. 

Plata VI. Fig. 11, As Plate VI. Fig. I. 

Plate VI* rig. III. 
X-ray diffraction pattern of teleutosgore residue of 
P. xaivacearum. 

Plate. VI. rig. IV* 
Xray diffraction pattern of uredospore residue of P. phrage*itis. 
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Discussion: As no standard text on d-spacings in organic compounds could be 

obtained (e. g. Fink Index), comparison of teleutospore residues was made 

with chitin and ohitosan standards prepared by the writer and by Bartnicki- 

Garcia and Nickerson (1962) and by Potgieter and Alexander (1965). Assist- 

ance in interpretation of the patterns was given by Mr. N. Russell,, Depart- 

ment of Geology. 

By comparing the d-spacings in P. phragmitis teleutospore residues with 

those given for the principal lines in standard chitin by Bartnicki-Garcia 

and Nickerson (1962), it is seen that only the lines at 3.39, correspond. 

However, the lines in the residue at 40382 and 2.612 match reasonably well 

to lines in standard chitin as given by Potgieter and Alexander (1965). 

In the case of P. malvacearum, the line at 30392 again matches that in 

the chitin standard of Bartnicki-Garcia and Nickerson while the lines at 

4'392 and 4.682 may be equivalent to those given at 40328 and 4'64 

respectively by Potgieter and Alexander. 

Since the lines in the chitin and ahitosan standards prepared by the 

'writer match well to those given by the other workers quoted, the technique 

of powdering the material and photographing the pattern is considered to be 

suitable for this material. However, the method of digestion may not 

entirely free the teleutospore walls from cytoplasm and from all other spore 

wall components except chitin. The acid digestion may also cause some 

slight alteration in the chitin configuration. Impurity of material is 

especially evident in the case of ur dospore residues where most of the 

lines! ' 
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lines are masked. As no line in the standards can be found to match that 

at 40262 in the residues of P. malvacearum teleutospore, there is apparently 

some other component present which does not occur in the residues of P. 

phragmitis. In the absence of a standard text this component could not be 

identified. It is therefore concluded that chitin occurs in the teleuto- 

spore wall of P. phragmitis and that chitin plus an unidentified compound 

occurs in the teleutospore wall of P. malvaoearum. 

(c) By Fluorescence Mioroscony. 

It was thought that techniques involving fluorescence microscopy might 

yield further information regarding the structure of the teleutosporo wall. 

A number of workers have used optical brightness and U. V. microscopy in 

studying fungal material e. g. Wilson (1966) in work on conidia of Bot is 

inerea and Darken (1962) in studies on structures in a number of fungi in- 

cluding NeuroRpora crassa and Penioillium chrysozenum. 

Since the application of optical brightness in studying fungal material 

is a comparatively new field, advice and technical assistance were sought 

from Mr. Hugh Wilson, Scottish Horticultural Research Institute, Mylnefield, 

Invergowrie. 

Preliminary tests by Mr. Wilson indicated that good results might be 

obtained by using uTinopal" or the disodium salt of 414 - bis (4 - anilino - 
6- bis (2 hydroxyethyl) amino -S -- triazin -2- ylamino) -2- 21 - 

stilbene disulfonic acid. Small samples of the following types of spores 

were treated with eaoh brightener by the method given on page 172 of the 

Appendix: / 
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Appendixt freshly collected P. phramit&s teleutospores, freshly collected 

P. malyacearum teleutospores and teleutospores of P. phragmitis collected 

the previous year and prevented from germinating by being stored dry. 

Teleutospores of P. malvacearum appear to have thinner walls than spores of 

the former rust species. After treatment with brightener, all samples were 

mounted in saline mounting medium (see Appendix, page 173) and observed 

under a Reichert Zetopan Universal Fluorescence Microscope using an Anoptral 

contrast field with U. V. light and E2 filter. Preliminiary observations were 

made using X8 eyepieces and X 16 objectives. Photographs were taken using 

an Exa 1.24 36 mm. camera and Ektachrome B film. Microscope work was 

supervised by Dr. M. C. H. Blackler. 

Resultat 

(i) Similar results were obtained using either brightener on each 

type of spore. The light blue areas in Plates VII to X are the fluorescent 

parts. 

(ii) The whole wall in spores of P. malvacearurn showed a very strong 

fluorescence (Plate VII, Fig. I). 

(iii) Freshly collected P. phraritis spores ("new" spores) had 

fluorescence in the cap of the material over the germ-pore (Plate VII9 Fig. 

II). This cap was not so obvious in the previous year's spores ("old" OporeO 

and often seemed to be somewhat eroded (Plate VIII, Fig. I and Plate IX, Fig. ]). 

(iv) A narrow band of fluorescence round the outside of the wall was 

seen in P. phra emitis spores, almost always seen in "new" spores (Plate IX, 

Fig. It) but seldom seen in "old" spores. 

(v)/ 



Plate VII. Fig. I. 
Teleutospore of P. malvacearum treated with optical brightener: 
Note fluorescence throughout wall. 
6X60, Exposure time 10 aeconda on EXTACMICME B film. 

4 

Plate VII. Fig. H. 
Toleutoepore of P. phragmitis treated with optical brightener*'-', 
Note fluorescence in cap material over germ pore. 

_8X43 ._ 1J-posuxe. timo $ seconds on EKTACIROt1E D film. 
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: 'late Vial0 'ige I0 
Deloutospore of P. phrs& itis treated with optical brightener. 
Note erosion of cap. Also note inner band of fluorescence with 
gap at germ pore. 
8X43. exposure as on Plate VI4 'ig" I: 

Plate YII. Fig. li. 
Teleutospore of Po E! ragTiti$ troated with optical brightener. 
Inner tluoreseint band very vioua. No Cap in this band at 
garer Fore. 
8X43* cposure as on Aate Vl1. Fig. ii. 
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Plate IX. Fig" I. 
Teleutoepores of P. phrarmitis treated with optical brightener. 
Note erosion of cap of material over germ pore and lack of 
fluorescence c. f. Plate VII Fig. II. 
8X43. Exposure 8 seconds on EKTACLIROMH B film. 

Plate IX. Fig. II. 
Teleutospores of P. phragmitis treated with optical brightener. 
Note outer fluorescing layer round wall. Also note gap in inner" 
fluorescing band at germ pore. 
SX43. Exposure 8 seconds on EICTACIUt0ME B film. 
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Plata X. Fig. 1. 
`. ºeleutospare at P. nj,,. , iitis tr*at4d with optical brightener. 
Note fluor. awes: round single nucleus present in bottom cell. 
6K ii. r, xposure time I seconds oil J3. fACI CND: i; film. 

Plate X. Pi«. II. 
Top cell of teleutoapore of p. phragaiti" treated with optical 
Two nuclei present. ZäX43.4: xpoaure time 6 eeconda on .::: KrAC. &&. m .B 
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(v) In both "old" and "new" spores, a very narrow fluorescing layer 

was seen inside the spore wall. In some cases, especially in the top cell, 

a well-defined gap was seen in this layer at the germ-pore (Plate IX,,, Fig. 

II). In other cells, no discontinuity of this layer appeared to exist 

(Plate VIII, Fig. II). There was no evidence that the gap occurred solely 

in either "new" or in "old" spores. 

(vi) In most cells, the nucleus was obvious and the nuclear membrane 

was apparently fluorescing (Plate I, Fig. 1). Some cells had two nuclei 

(Plate X, Fig. II). 

Discussion: Although the brighteners used have been shown to induce fluores- 

cence in the walls of a number of fungi, e. g. in Penicillium chrvsogenum and 

Lacccharroomyees cere visiae (Darken, 1962), it has not yet been determined which 

component is actually involved in the uptake of the brightener. The writer 

believes that the compound involved is not chitin since in P. phis 

spores the major part of the wall which has previously been shown to be 

chitin remains unaffected by brightener. Also chitinase-treated spores take 

up brightener just as strongly as untreated spores. Saecharomyces cerevisiae 

has little chitin in its walls (Nickerson, Falcone and Kessler, 1961) yet 

fluoresces strongly when treated with brightener (Darken, 1962). 

Since the nuclear membrane in P. phragmitis teleutospores seems to 

fluoresce, it was thought that lipids or lipo-proteins took up the brightener 

as the membrane in many organisms is of lipid and protein (Swanson, 1960). 

However, observations on material treated with lecithinase, lipase� sodium 

deoxycholate/ 
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deoxycholato and lipid solvents as on pes: }-7 showed that no loss of capaciir 

to take up brightener took place after such treatment so that this suggestion 

seemed to be incorrect. It is possible that the reaction in the nuclear 

region did not Involve the nuclear membrane but was caused by an affinity ibr 

brightener by some component of the cytoplasm concentrated In this region, 

Possible components are proteins or glucan, both of which could also occur in 

the wall to account for the observed fl. uoroaoenco. It in considered more 

probable that gluoan is involved since this compound occurs frequently in 

fungal walls (Villanueva 19äa6). Glucan is a major component of yeast call 

walls (Nickerson, 'Falcone and Kessler, 1961) and the fact that ; aoohaao 

2eMvXete; Q cello take up brightener points to this compound being involved 

in the reaction. 

It would thus appear that much of the wall of the taleutospore of Pi 

! slrmaearuý is glucan, emboddsd In a fairly loosely packed chitin r atria 

In "new" spores of E. Ehre', ß, there seems to be a gluaan layer on the 

outside with chitin and glucan beneath. If this theory is correct, the 

chitin vould prevent the brightener from ponetratirg to the inner layers of 

gluon supposedly sandwiched between the chitin ntcro-fibrils� Uptake of 
brightener by the entire outer wall takes place at the gor-pore plug., 
indicating either that no chitin is present in that region or that the chitin 
fibrils are such more loosely packed there as is suggested to account for the 

uptake of brightener throughout the wall in It ms]. npear* spores. The 

chitin content of the germ-plug seems thus to be low even when the spores an 
fairly/ 



5o. 

fairly recently formed. The brightener could penetrate to the spore 

contents by way of this permeable area. This would explain the fluoresc oe 

of the nuclear region and of the narrow inner band of material. 

The structure of the wall of the teleutospore would thus be as in Fig. 5 

where the cross-banded areas representing the chitin layers show a space at 

the germ-pore while the black lines indicating the glucan layers extend right 

round the spore. The thicker cross-banded area represents the dense, inner 

chitin layer which supposedly has no embedded glucan (see page 42 )" Finally, 

the single black line inside marks the estimated position of the fluorescent 

band (see (v), page 48). Teleutospores of P. malvacearum do not have a 

period of dormancy. It is possible that this is correlated to the thinner 

wall and to the difference in composition of this wall as shown by the 

studies involving fluorescence microscopy. This would therefore point to 

phragmitis the thicker, more heavily chitinised wall of the teleutospore in 
,. 
P, 

being an important factor in dormancy. Arthur (1929) found that in P. 

interveniens two types of teleutospores existed, a thin-walled type without 

a resting period and a thick-walled type with a rest period. This supports 

the hypothesis that the presence of a thick wall is correlated to the occur- 

rence of a dormancy period. However, it is possible that the thick wall 

present in teleutospores of P. Qhraginitis may serve merely as a protection 

against digestion or other damage of the contents, e. g. by micro-organisms cr 
by weathering throughout the long winter dormancy and that the thickness and 
impermeability/ 



FIG. 5. 

HYPOTHETICAL STRUCTURE OF P. PHRAGMITIS 

TELEUTOSPORE WALL. 

GERM-PORE PLUG CAP. 

1LE GLUCAN(? ) BAND. 

)UTER CHIT INOUS LAYER.. ", 

INNER CHITINOUS LAYER. 

INNER GLUCAN(? ) BAND. 

KEY. MU =CHITIN. 
-- =GIUCAN(? ) +LIPID. 

NOTE. THE NUMBER OF BANDS OF CHITIN AND GLUCAN(? )+LIPID 
IN THE "OUTER CHITINOUS LAYER" WOULD BE MUCH 
GREATER THAN SHOWN IN THE FIGURE. 
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impermeability of the wall does not impose this dormancy. 

(d) By Enzymic Digestion and Chemical Attack. 

Exposure of spores to enzymic attack and subsequent microscopic obser- 

vations on the changes in wall structure has been used as a method of deter- 

mining structural components in spores of Tilletia controversa (Graham, 1960). 

This worker used cellulase, hemicellulase, pectinase and lysozyme. The 

writer carried out experiments using not only the above enzymes but also 

chitinase, lipase, lecithinase and the chemical sodium deoxycholate. The 

lipid solvents ether, chloroform, alcohol and carbon tetrachloride were also 

used. 

Lysozyme has been found in some cases to attack fungal cell walls, e. g. 

in ascospores of Neurospora tetraspenna (Lowry, Sussman and Heidenhain, 1956) 

where the walls have also been shown to contain chitin. Also, Philips (1966) 

states that lysozyme can break down chitin. 

Lipase and lecithinase were used because previous results (page 42 ) 

indicated that lipids occurred in the walls. Lecithin is found in the mem- 

brane systems of many plants ands, since phospholipid had beon detected in 

spore extracts (page 41), this seemed a probable component. Lipid solvents 

were also used for these reasons. 

Chitinase was applied as the main structural part of the wall had been 

found to be of chitin. 

Sodium deoxycholate disrupts and dissolves lipoprotein membranes 

(Strittmatter and Ball, 1952) so that if the lipid fraction existed as 

lipoprotein, this would disappear on treatment with deoxycholate. 

Enzymic/ 
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Enzymic and other solutions were made up in the buffers and solvents 

indicated below and observations carried out at the intervals stated. 

Results are as reported in the table. 

In all enzyme experiments, controls were set up with buffer and with 

distilled water. In chemical treatments, only water controls were carried 

out. In experiments (xvii) and (xviii), the pretreated spores were washed 

first in absolute ethanol and then in several changes of distilled water be- 

fore use. Spores used in experiment (xix) were washed in several changes of 

water also prior to subjecting them to chitinase digestion. In cases where 

no change was observed and commercial enzyme preparation used, the experiment 

was repeated using a range of pH values from 4.0 to 7.0. The same result, 

'3. e. no evidence of enzyme action was obtained in all series of pH values. 

(1) Cell: Extract from Aspergillus ni er was made up its, pH 4.5 

phosphate buffer and incubated at 47°C. according to the specifications 

of the manufacturers (Sigma Chemical Company, London). 

(2) Hemtcel1u1aae1 This enzyme sample, obtained from the above Company, 

also contained cellulase. It was buffered at pH. 4.5 and incubated at 

37°C. (Graham, 1960). 

(3) Pectinaset Sigma fungal pectinase was buffered at pH. 4.5 and incubated 

at 37°C. (Graham, 1960). 

(4) oz es Grade I Egg White Lysozyme (Sigma) was buffered at pH 6.24 

in 0.066M phosphate buffer and incubated at 25°C., according to the 

specifications supplied with the sample. 

(5)/ 
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(5) Chittinase: No commercial enzyme was available. Therefore the 

following two sources were used. 

(i) Fairly young Lycoperdon appe fructifications extracted by 

modifications on the method given by Tracey (1955)(Bee Appendix, page 

173. ). 

(ii) Strain C-10A of Streptö vicea Kriseuss supplied by Dr. D. M. Reynolds, 

Department of Bacteriology, University of California, Davis, California. 

The organism was cultured and the enzyme extracted and buffered by the 

methods given by Reynolds (1954). Co-oulture of teleutospores with 

the Streptomyces was also carried out in mineral solution (Reynolds, 

1954)- 

(6) Lipase: Wheat germ lipase, Type 1 (Sigma) was buffered at pH 7.4 and 

incubated at 37°C. (manufaoturez% reoommendations). 

(7) Ether, chloroform. alcohol (ethyl) and carbon tetrachloride were used 

directly. These were Analar reagents. 

(8) Lecithinase: Lecithinase -D Type II from cabbage (Sigma) was buffered 

at pH 5.6 and incubated at 26°C. 

(9) Sodium. deoxvcholatei This was made up as a 5% solution in distilled 

water and spores exposed to treatment at room temperature 

(approximately 20°C. ). 

Results 
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Results: 

Enzyme Time of Result 
Incubation 

(i) Cellulase 4 hrs. No change seen in wall 

12 hrs. No change 

24 bra. No change 

48 hrs. No change 

(ii) Hemicellulase 4 hrs. No change 

12 hrs. No change 

24 hrs. No change 

48 hrs. No change 

(iii) Pectinase 4 hra. No change 

12 hrs. No change 

24 hrs. No change 

48 hrs. No change 

(iv) Lysozyme 4 hrs. No change 

12 hrs. No change 

24 his. No change 

48 hrs. No change 

(v) Chitinase 
(in co-culture) 3 days No change) 

7 days No change) Chitin test 
) (Roelotsen and 

10 days No change) Hoette, 1931) 
) showed no loss of 

14 days No change chitin from wall 

21 days No change) 

(vi)i 
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Enzyme Time of Result 
Incubation 

(vi) S. rg iseus 4 hrs. No change) 
chitinase in 
0.05M phosphate 12 hra. No change) 
buffer, pH 603. ) Chitin test 

24 hrs. No change) (Roelofsen and 
Hoette, 1951) 

48 hra. No change showed no loss of 
chitin from wall. 

96 bra. No change 

168 hra. No change) 

(vii) Lacoperdon 3 days No change 
chitinase (containing 
impusrit ie s, e. g. 7 days No change 
ce22ulase, a glucanase 
eta. Tracey (1955). 10 days No change 

14 days Some digestion of wall obvious. 

21 days Wall appears to be much eroded. 
Chitin tests (Roelofeen and 
Hoette, 1951) showed some of 
chitin digested. 

(viii) Lipase 4 hra. No change 

12 hrs. No change 

24 hra. No change 

48 hra. No change 

72 hrs. No change 

(! x) Lipase + Inoculation 3 days No change 
with , SS. griff s (more 
added every 72 hours) 6 days No change 

9 days No change 

12 daya/ 
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Enzyme Time of Result 
Incubation 

(ix) contd. 12 days No change 

15 days No change 

18 days No change 

21 days No change 

(x) Leoithinase D. 4 hrs. No change 

12 hrs. No change 

24 hrs. No change 

48 hrs. No change 

72 hrs. No change 

(xi) Lecithinase -D+ 3 days No change 
Inoculation with 
S. griseus (more 6 days No change 
lecithinase -D 
added every 72 hours) 9 days No change 

12 days No change 

15 days No change 

18 days No change 

21 days No change 

Chemical Time of Result 
Treatment 

(xii) Ether 1 hr. No change obvious) Slight loss 
) of staining 

4 hrs. No change obvious) with Sudan 
) Black B 

24 hra. No change obvious) (Barka and 
Anderson, 1963 

(xiii)/ 
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Chemical. Time of Result 
Treatment 

(xiii) Chloroform 1 hr. No change obvious) Slight loss 
) of staining 

4 hrs. No change obvious) with Sudan 
) Black B 

24 hrs. No change obvious) (Barka and 
Anderson, 19$3 

(xiv) Ethyl alcohol 1 hr. No change obvious) No loss of 
staining with 

2 hrs. No change obvious) Sudan Blaok B 
parka and 

24 hra. No change obvious) Anderson, 1963 

(xv) Carbon tetrachloride 1 hr. No change obvious) No loss of, 
) staining with 

2 hrs. No change obvious) Sudan Black B 
) (Barka and 

24 hrs. No change obvious) Anderson 1963 

{xvi) Sodium deoxyaholate 1 hr. No change obvious 

2 hra. No change obvious 

24 hrs. No change obvious 

Enzyme Time of Result 
Treatment 

(xvii) S. griseus chitinase 3 days No change obvious other than 
Toulture with 24 hr. that in (xii) 
ether - pretreated 
spores) '1 days No change 

10 days No change 

14 days No change 

21 days No change 
(xviii)/ 
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Enzyme Time of 
Treatment 

Result 

(xviii) S. griseus chitinase 3 days No change obvious other than 
with 2/+ hr. that in (xiii) 

chloroform - pre- 
treated spores) 7 days No change 

10 days No change 

14 days No change 

21 days No change 

(xix) S. rg iseus chitinase 3 days No change 
Tculture with spores 
treated with sodium 7 days No change 
deoxycholate for 24 
hours) 10 days No change 

34 days No change 

21 days No change 

Discussions From the results, it appears that no cellulose, hemicellulose 

or pectin is present in the teleutospore wall. Since chitinase alone had 

no visible effect, it is probable that the chitin in the wall is in some way 

Protected from enzymic digestion, e. g. by the existence of alternate layers 

of chitin and lipid or glucan as suggested on page 49 . Lipase and 

"strepzyme" (probably this is chitinase) have been shown by Garcia Acha et 

al (19660 to be capable of lysing mycelium of Fuses culmoxum. Pancreatic 

lipase was used by these workers o. fo wheat germ lipase used by the writer. 

"Strepzyme" is produced by a Strrptomyces species, strain RA. This strain 

Produces chitinase (Garcia Acha at al 1966a) so that it seems likely that 

the/ 
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the two enzymes are identical. Thus, it has been shown that lipid and 

chitin occur in the walls of Fusarium culmorum mycelium by a method similar 

to that used by the writer (experiment (ix)., page 55) who was unable to 

detect similar digestion in teleutospore walls. 

Lecithin was not detected nor was lipo-protein. 

The positive result obtained in experiment (vii)(page 55) indicates 

that glucan may be present in the spore wall. As no commercial glucanase 

was available and time did not permit screening of fungi for glucanase pro- 

duction by the methods of Chesters and Bull (1963), it was not possible to 

test this theory. However, according to Villanueva (1966), in fungal cell 

walls, there is often "a layering effect whereby the inner components resist 

enzyme attack only because of their position. The fact that chitinase does 

not act on the cell wall is most often due to the fact that the chitin is 

covered by a layer of glucan. " Chitin and glucan have been reported as the 

chief polysaccharides of the hyphal walls in Neuem orassa (Potgieter 

and Alexander, 1965)" 

The structure of the teleutospore wall in P. phra grnitis is, therefore, 

Probably very similar to that indicated in Fig. 5. 

(e) By Electron Microscopy. 

Electron micrographs of fungal spore walls have been published by a 

number of workers, e. g. by Hawker and Abbott (1963) of sporangiospores of 

Rhi_zopus app. and by Matsui, Nozu and Kikumoto (1962) of conidia of 

Cochiobolus mivyabeanns. 

It/ 
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It was therefore thought advisable to attempt to produce electron 

micrographs of sections through teleutospore walls of P. Ehraimitis in 

order to determine detail of their structure. 

Method M. Blocks were prepared first by technique A (page 174 of 

the Appendix) under the supervision of Mr, S. E. Tarr, Before embedding, 

individual sort were carefully detached from the leaves so that no leaf 

debris was attached to the spores and all other unwanted material, e. g. grit 

was removed by rinsing thoroughly in distilled water and leaving the sort to 

dry on filter paper. Sections werd cut on an L. K. B. Ultratome at 3202. 

Duplicate blocks using each of the fixatives and fixation times given on 

Page 173 of the Appendix were prepared. 

esul. ts: it was not possible to section spores successfully as the spores 

were not properly impregnated with the embedding medium in any of the blocke. 

Method (ii). Modifications on the above techniques were suggested by 

Mr. Hugh Wilson. These modifications are incorporated into technique B 

(page 174 of the Appendix). In preparing this second series of blocks, 

whole spores and crushed spores were used. Spores were ruptured by passing 
them suspended in distilled water through a wet-crushing mill. The finest 

of the crushed material was centrifuged down, dried, fixed and embedded. It 

was hoped that better impregnation of ruptured spores would result. The 

prolonged setting period of the blocks at low temperature was also designed 

to assist impregnation. One block with whole spores and one with ruptured 

spores/ 
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spores were prepared using each of the fixatives given on page 173 (Appendil. 

Results: The writer was unable to produce sections sufficiently thin for 

electron microscope observations as impregnation in all cases was still poor. 

Techniques involving Vestopal W as embedding medium would probably give 

better results. 
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Section 5. 

Attempts to Break Dormancy by Physical and Chemical Agencies. 

The following experiments were based partly on the results obtained in 

spore wall analysis and partly on references made by other workers to the 

effect of various chemical and physical factors on dormancy in fungal spores 

and in seeds of higher plants. Reference is made to the appropriate work 

before the description of each experiment. Tests were made for germination 

by the method given in Section 1(a). Only teleutospores of P. ph ragmitis 

were used throughout. 

E? meriment (a): Use of Abrasive. 

Mayer and Poljakoff-Mayber (1963) state that, in seeds where domanoy 

is due to lack of permeability of the resistant seed coat, germination can be 

induced by shaking the seeds with abrasive. Since there is some evidence 

that permeability is involved in teleutospore dormancy (see page 31 ), spores 

were abraded as follows. - 

Treatment of Spores. 

"1g. freshly collected teleutospores were detached from the host leaves, 

added to 1g. fine carborundum powder in a McCartney bottle and shaken for 1 

hour on a Griffin Wrist Shaker. 10 mis. of distilled water were then added 

and the spores centrifuged down, using an M. S. E. bench centrifuge. Six 

samples were removed for germination tests. The presence of a small amount 

of carborundum powder in the samples was not considered likely to affect 

germination. 

Experiment (b)/ 
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Experimont (b) s üse of Thiourea, 

Tt has been shown that thiourea can stimulate germination in seeds of 

various speoios, e. g. Cicho and Gladiolus (Shieril 1941). The methods 

quoted by Mayer and Poljakoff-Mayber (1963) are: - 
(i) Actual germination in 10'2M or 10'324 solutions. This is given as 

being effective for lettuce e6eds. 
(ii) Soaking for a short period in 0.5% - 3% solution then transferring 

to water for germination. 
Treatment of Spores. 

(i) Duplicate samples of "01g. spores were floated on 4 mis. of 16-2M 

and 10-3M thiourea in each of two watch glasses. The watch glassec were 

kept in a humidity chamber at 1B00. and examined daily for 21 days for 

germination. 

(ii) Portions of "01g. spores were soaked for 1 hour, 2 hours and 3 

hours respectively in 0.5% thiourea in one series and in 2% thiourea in an- 

Other series. The spores were centrifuged down and tested for gemination 

in distilled water. 

Enerkent (a)s Use of Potassium Nitrate. 

Potassium nitrate promoteo the germination of seeds of a number of 

species, Hesse (1924) found that 0.01M KN03 stimulated germination in seeds 

Of Hyp_ rjoum perf____oratum and Epilobium montan um. 

Treatment of Spores. 

"01g. portions of spores were soaked in 1p-1M, 1Ö-2M and 10 3M KN03 

solutions/ 
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solutions respectively. Samples were withdrawn from each after 7# 34,21 

and 28 days, washed in distilled water and tested for germination. 

Experiment (d)a Use of Thiourea on Abraded Spores. 

It was thought that penetration of thiourea might be aided by pre- 

liminary treatment of the spores with abrasive. Accordingly, a small 

portion of spores were abraded as in Experiment (a), and Experiment (b) 

repeated using these pretreated spores. 

E2meriment (e)s Use of Potassium Nitrate on Abraded Spores. 

For the reason given in Experiment (d), Experiment (a) was repeated 

using abraded spores. 

_ eriment (f): Use of A9ueous Plant Extý cts, 

Aqueous extracts from plants have been found to stimulate spore 

germination in some species of fungi (Wilcoxon and McCallan, 1934)" 

T atment of Snores. 

25g. of dried Ps leaves collected at the Eden Estuary were 

chopped into small pieces and added to 50 mis. of distilled water in a 500mL 

Erlenneyer flask. Infected leaves were used but the parts actually bearing 

sori were discarded lest leachings from the spores themselves affect the 

results. The flask was shaken for 24 hours on a Griffin Wrist Shaker and 

the liquid then filtered off and used to soak toleutosporea. 

Duplicate portions of 901g. spores were soaked in 10 mis. of extract 

each at room temperature and small samples (approximately 500 spores each) 

drawn off for germination tests after 7# 149 21 and 28 days of treatment. 

All/ 
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All spores were thoroughly washed in distilled water before testing. 

Experiment (R): Use of Commercial Nutrient Solutions 

McKay (1966) found that Oxoid Nutrient Agar No. 2 stimulated germination 

in basidiospores of Paa_, 
_, 

thvrella ammophila. 

Treatment of Teleutospores. 

Duplicate samples of "01ga toleutoopores were soaked at room temperatta^e 

in 10 mi. portions of each of the following solutions. - 
(i) Supernatant from 28g. Oxid Nutrient Agar No. 2 Shaken with 

250 mle. distilled water for 10 minutes. 

(ii) 2.5% Oxoid Nutrient Eivth No. 3. 

(iii) 1% Oxoid Yeast Extract. 

(iv) 1% Difoo Yeast Extract. 

Small oamples of spores were withdrawn at intervals of 7j, 11+j 21 and 

28 days and tested for germination after thorough washing in distilled water. 

Duplicate samples of spores were also floated on /+ ml. aliquots of the 

above solutions and observed for germination as in Experiment (b)(i). 

Ix-P-. 
___erirnent 

(h): Uto o uraldehyde. 

Sussman,, Lowry and Tyrrell. (1959) found that furfuraldehyde in low 

concentrations could stimulate germination of asoospores is Heurospora 

tr@Tt, ras 1©ma, 

Treatment of Spores. 

Aqueous and alcoholic solutions of furfuraldehyde were used. In the 

case of the alcoholic solutions, spores were left in solution for half an 

hour/ 
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hour only and then washed. It was hoped that the alcohol would dissolve 

part of the lipid fraction of the wall and thus assist penetration of the 

stimulant. Spores in aqueous solutions were left to germinate in situ as 

in Experiment (b)(i). In both oases, the following series of ooncentratiow 

-3 -5 -6 was used: 10 2M, 10 M, 10-4. , 10 M, 10 M. 

The experiment was repeated using spores abraded as in Experiment (a). 

It was thought that abrasion: might aid penetration of the furfuraldehyde. 

Experiment (i): Use of Lysozyme. 

Lowry, Sussman and Heidenhain (1956) suggested that permeability of 

N? ospora tatrasperma ascospores to water is affected by lysozyme. Since 

Permeability of teleutospores of P. phragmitie to water is considered a 

factor involved in dormancy, attempts were made to induce water uptake and 

therefore germination by treatment with lysozyme. 

Treatment of Spores. 

065% solutions of lysozyme (Sigma) were made up in "066M phosphate 

buffer at the following pH valuess 5.0# 6.3# 703. "01g. samples of spores 

were incubated in enzyme solutions at 25°C. and portions of the samples re- 

moved after 12 hours and 24 hours of treatment. The spores were washed 

after withdrawal and tested for germinability. 

Experiment (i)s Use of Lysozyme on Abraded spores. 

Since both lysozyme and mechanical abrasion have been shown to affect 

Permeability of spore walls or of seed coats respectively, it was hoped that 

both treatments applied successively might induce germination in dormant 

teleutospores. 

Treatment of Spores. / 
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Treatment of 22ores. 

Experiment (i) was repeated using spores abraded as in Experiment (a). 

Experiment (k)t Use of Furfuraldehyde on Lysoz_vme-Treated Spores. 

It was thought that pretreatment of material with lysozyme might aid 

penetration of furfuraldehyde. Lowry, Sussman and Heidenhain (1956) found 

that exposure to iysozyme gave increased sensitivity to furfuraldehyde in 

ascospores of Neurosnora tetrasperma. 
rrrý+r+.. r rrr 

Treatment of Spores. 

Experiment (h) was repeated using spores exposed to lysozyme as in 

ExPeriment W. 

922-19XLmLent (i) t IIae of Wettier Agents. 

Wetting agents, such as bile salts, have been found helpful in inducing 

spore germination in Myxomycetes (Gilbert 1929, Smart 1937, Elliott 1948, 

1949). In work carried out previously (1964), the writer found that a very 

low percentage germination (less than 1%) could sometimes be obtained by 

soaking dormant spores in 1% solutions of the following wetting agents: 

Brij 35, Bile Salts, Cetyl Trimethyl Ammonium Bromide (C. T. A. B. ) and Kodak 

Photographic Wetting Agent. 

It was later found that certain wetting agents, e. g. Brij 35, C. T. A. B., 

can cause chromosome breakage in higher plants even at concentrations as low 

as '1% (Cruickshank, 1965)" Thus$ the very low percentage germination in- 

duced by 1% wetting agent solutions could be explained by chromosome break- 

age taking place in most cases where spores became potentially germinable. 

An/ 
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An alternative explanation is toxicity. It was hoped that by using lower 

concentrations of wetting agent, a higher percentage germination would be 

induced. 

Treatment atment ofSores. 

"01g. samples of detached teleutospores were soaked in "1% and "2% 

solutions of the following wetting agents: C. T. A. B., Brij 35, C®tyl 

PYridinium bromide, sodium lauryl sulphate. 

Samples of about 500 spores were removed from each solution at intervals 

of 2 days, washed thoroughly in several changes of distilled water and 

attempts made to germinate them in distilled water. The experiment was 

abandoned after 20 days. 

EXDerlment (m)s Use of Far-red Light and Cold Treatment. 

It was suggested by Professor C. G. C. Cheaters (personal oommuaication, 

1966) that exposure to "black light" combined with cold treatment might 

break dormancy. "Black light" was assumed to be equivalent to far-red 

light. Far-red light was found by Sibalia (1930) to stimulate teleuto- 

spores of P. Rraýis. 

Treatment of Teleutospores. 

The table overleaf gives the various combinations of light exposure and 

cold treatments used. Temperature shocks were applied by freezing the spores 

suspended in a few drops of liquid (distilled water or hydrogen peroxide) at 

-12°C. on a cavity slide and thawing at 70°C. for a short period. Twelve 

successive shocks were applied before exposure to light stimulus. After the 

final period at freezing temperature, the material was allowed to thaw slowly 

at/ 
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at room temperature (approxdmtely 200C. ). Spores were. finally incubated 

for germination at 220C. after aU treatments. 

Bleached spores were also used. Bleaching of the melanin was achieved' 

by soaking in 10 volume peroxide (Barka and Anderson., 1963). Since H202 is 

suggested by Raeder and Bever (1931) as a possible stimulating agent for 

teleutospores, the material was left in this solution for subsequent light 

treatment. It was hoped that bleaching would increase light sensitivity of 

the spores. It had previously been found by the writer (1964) that 11202 did 

not stimulate teleutospore germination in P. phraagmitis but in view of the 

comments by Raeder and Bever (1931) it was not considered that it would have 

any detrimental effect on induced germination possibly taking place due to 

light and cold treatment. 

Bleached Spores. 

Temperature Shocked Not Temperature Shocked 

Duration of Far-red Light Exposure Duration of Far-red Light Exposure 
(minutes) (minutes) 

1 1 
2 2 
5 5 

10 10 
0 0 

Unbleached Spores= 

Temperature Shocked Not Temperature Shocked 

Duration of Far-red Light Exposure Duration of Far-red Light Exposure 
(minutes) (minutes) 

1 1 
2 2 
5 5 

10 10 
0 0 

ixpe Mment in 
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Experiment (n)s Use of Red Light and Cold Treatment. 

Since there are a number of instances where near-red light has been 

found to stimulate and far-red light to inhibit seed germination it was hoped 

that exposure to red light might break teleutospore dormancy. Borthwick et 

al (1952) found that germination of lettuce seeds was stimulated by near-red 

light and inhibited by far-red light. 

Treatment of Spores, 

Experiment (m) was repeated using a near-red instead of a far-red light 

Source, 

_ 
raiment (o)t Use of Light and Cald TrBatment on Dry Spores. 

The majority of the spores in Experiments (m) and (n) were submerged in 

liquid since only a few remained floating on the surface of the drops. It 

was thought that the passage of the light through liquid might diminish its 

stimulating properties by alight changes in the wavelength due to refraction. 

Thus, spores were subjected to temperature shocks and light treatment when 

dry# I. e. Experiments (m) and (n) were repeated using dry, unbleached spores 

on cavity slides. After treatment, a few drops of distilled water were 

added to each spore sample and germinability tested as usual. 

Results: No germination was induced in any of the experiments (a) to (o) 

described above. 

Discussions Various other attempts had been made by the writer during a 

Previous research project (1964) to break teleutospore dormancy. No 

success had been attained by means of temperature ehooke, light/dark shocks, 

vet/ 
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wet/dry shocks and soaking in solutions of various organic acids and in 

growth hormones. The slight degree of success achieved with wetting agents, 

has already been mentioned. A number of stimuli, other than those quoted 

above, have been found by other workers to break dormancy in spores. 

Sussman (1965) lists a large number of chemicals shown to be capable of 

stimulating germination in various fungal spores. This writer also quotes 

various temperature treatments which other workers found induced spore 

germination in some types of spores. The only methods thought applicable 

to the problem of P. phramitis teleutospore dormancy but not used were 

X-ray exposure, said by Line (1962) to give apparent stimulation of teleuto- 

spores of P. graminis var. tritici and exposure to U. V. light, found by 

Sibalia (1930) to stimulate teleutospores of P. graminis. 

It was concluded that research on artificial stimulation of germination 

was unlikely to lead to an elucidation of the mechanism of teleutospore 

dormancy. 
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Section 6. 

The Effect of Micro-organisms on Teleutocpore Dormancy, 

It is known that micro-organisms can affect the germinaticn of spores 

in certain species of fungi, e'. g. Rhodotorula mucilaginosa (Jb`rg. ) var. 

san___g ea (Schiaon) Lodder can induce a low percentage of germination in 

spores of species of Lycoperdon and of other puffball genera when the two 

organisms are grown in co-culture (Bulmon 1964). 

Bacteria have been found as constant cohabitants in the rust sori of 

some speoiesi e. g. In Uronºyces sci i uredosori (MacDonald# 1965) and in 

uredusori of P. graminiD (French, Novotny and Searles, 1964). However, it 

has not been ascertained whether these bacteria have an; effect on spore 

goraination in the rusts. 

It gras thought possible that attack by micro-organisms on the oporo wan 

or stimulation of the spore metabolism by accretions from the micro-organisms 

might act in breaking teleutospore dormancy. Thus, the following exporbaerts 

were carried out. 

p_riment (a)* storage-of-Sterilised and Unsterilised Sor., 

A sample of newly collected Phragmites leaves infected vith P. 

Phranaitts teleutosori was surfaoe sterilised by rinsing briefly in "1% 
mercuric chloride then steril© distilled water and dried by hanging up in a 

sterile room. A second sample was left unsterilised. A few leaves of each 
type were stored in sterile distilled water, the others being stored in dry, 
sterile/ 
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sterile bottles. All bottles were left outside so that the spores were ex- 

posed to normal winter temperature fluctuations. The experiment was begun 

in October, 1963. In all cases, germination tests were made at intervals 

of approximately two weeks throughout the winter. The control consisted of 

infected leaves collected at the same time and stored outside as described 

in Section 2. 

Results: No germination was ever observed in spores stored under water even 

in the spring period when the control showed 90% - 95% germination. Spores 

stored in the other conditions (sterilised and unsterilised leaves in dry 

bottles) gave about 60% germination but only in the spring period. 

Discussion: From the results of this experiment, it appears that, in break- 

ing toleutospore dormancy, no part is played by micro-organisms at least by 

those occurring externally. This does not preclude the possibility of 

organisms acting on the spore from within. Such organisms would not be 

killed by surface sterilisation. The fact that the spores stored dry had a 

lower percentage final germinability than the controls may be because wettirg 

and drying of the spores throughout their dormancy period is perhaps one 

factor necessary to give a high degree of germination in spring. Damage by 

the mercuric chloride could part'. y explain the decrease in germinability in 

the sterilised sample. In the case of the spores stored under waters an 

adverse effect on the respiration possibly taking place throughout the winter 

may occur due to the anaerobic conditions of storage. This adverse effect 

could explain the lack of spring germination in such spores. 

Experiment (b) a/ 
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Experiment (b) s Isolation of Chitinas e-Producing Micro-organisms. 

This experiment consisted of an attempt to isolate chitin-digesting 

micro-organisms from the soil under infected plants, from the surface of 

leaves bearing teleutosori and from the sori themselves. The area of study 

was the Phraamites bed at the Eden Estuary. 

Methods: 

(i) Soil Sampling. 

Soil under infected Phra mites plants was sampled by taking portions of 

approximately 200g. from each of six random points and mixing these portions 

thoroughly together in a container which had previously been sterilised by 

autoclaving for 15 minutes at 121°C. and 15 pounds per square inch pressure. 

Only the top 2" of soil was sampled as it was thought that this was the only 

Part likely to contain organisms which could affect spores on fallen leaves 

lying on the soil surface. 

(ii) Leaf Sampling. 

Separate random collections of infected leaves from the ground and from 

the plants were made and placed in sterile containers. 
(iii) Preparation of Inoculum. 

Soil extracts were prepared by the method given on page 175 (Appendix). 

Preparation of inoculum of leaf-surface micro-organisms was made by 

Placing approximately 5g" of infected leaf tissue, without sort, in a 250 mL 

sterile Erlenmeyer flask, adding 20 mis. of sterile distilled water, plugging 

with non-absorbent cotton-wool and shaking on a Griffin Wrist Shaker for an 
hour. / 
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hour. Four 5g. portions of fallen leaves and four of aerial leaves were 

extracted in this way. 

Sori from aerial leaves only were removed with a sharp sterilised 

scalpel and kept in a sterile McCartney bottle until required. 
(iv) Isolation of Chitin-digesting Micro-organisms. 

The method used-was that of Reynolds (1954) adapted as follows. 

Six flasks of chitin/mineral liquid medium were inoculated with 5 mis. 

of each soil dilution. 5 ml. aliquots of each leaf extract were similarly 

inoculated into sets of six flasks of medium. Approximately 20 detached 

Bora were used to inoculate a further six flasks of medium. 

Results: Observations at 3 day intervals over a period of 28 days gave no 

indication of any chitinase production o. f. Reynolds (1954) who found 41 

colonies of chitin-digesting organisms in extracts from 8 garden and forest 

soils. 

Discosalon: Considaring the number of chitinase-producing micro-organisms 

isolated by Reynolds (1954), it seems unlikely that no chitin-digesting 

organisms occur in the soil at the Eden Estuary although none were discovered 

by the writer. However, it is possible that the high salinity of the soil 

in this area (see page 95 ) is unfavourable to the existence of such 

organisms. 

It is concluded that no chitin-digesting micro-organisms occur on the 

leaf surface or sori. Sori removed from liquid culture after use as 

inoaulum during 14 days of incubation showed no sign of the spore walls 

having/ 
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having been digested. Similarly, spores collected in the field shortly be-, 

fore spring germination was due, to take place appeared to be morphologically 

identical to spores observed the previous October, apart from a slight lose 

of pigmentation in the region of the germ-pore. 

Chitosan teats (Roelofsen and Hoettei 1951) showed no obvious loss of 

chitin either in spores which had been used as inoculum or in spores nearing 

the end of their dormancy period. 

If chitinase action were involved, it seems unlikely that micro-organisms 

acting externally would attack only the germ-pore plug unless the wall were 

Protected from enzyme action in all other parts except this plug. Since 

the evidence from spore wall analysis indicates no auch construction of the 

wall, it is concluded that digestion of the teleutospore wall by chitinase 

from micro-organisms is not involved in breaking dormancy. 

However, since there is some evidence that glucan may be present in 

alternating layers with the chitin (sea page 49 ) it is possible that 

glucanase-producing organisms may be involved. Time did not permit screen- 

ing of soil and leaf samples for the presence of such organisms. 
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Section 7. 

Analveis of Lipid Reserven. 

Lipids have been found to be the chief components mobilised during 

germination of uredospores of P. graminia tritici (Shuj Tanner and Ledingham, 

1954). Since large amounts of lipid have been extracted from teleutosporea 

of P. phi is (see page 42 ) and since Sudan Black B is taken up euch less 

strongly by the protoplast of germinated teleutosporea of this species,, it 

was thought that mobilisation of lipids might be important in terminating 

dormancy. Therefore, more detailed analysis of lipid extracts was attempted 

by thin-layer chromatography on Silica Gel G (Merck'ap from Anderman and Co. 

Ltd., London). This work was carried out under the supervision of Dr. D. 

Thirkeli, Department of Biochemistry. 

Proc cedure: 

(a) Chromatography of Spore Extracts. 
- 

15g. detached spores were extracted in a vet-crushing mill in 20 mis. 

of a mixture of 3 parts chloroform :1 part methanol. Debris was removed 

by centrifuging and the extract was concentrated by evaporation in a vacuum 

oven at 200C. until only about 2 mle, remained. 

Chromatograms were run using the following solvents: 

Chloroform t Methanol s Water 
64 25 4 

Hexane t Acetone 
95 5 

Three/ 
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Three sprays were tried - DragendorffIa (Meunier modification), 0.05% 

Rhodamine G in absolute alcohol (Randerath, 1964), 2,1. sulphuric acid followed 

by iodine vapour. Beat results were obtained using the last of these spraye. 
Results: From Plate XI, it can be seen that at least 7 different lipid spots 

separated out in each solvent. Rf values of these spots are given in the 

table overlent. 
(b) Chromatography of Standards. 

Commercial preparations of the folloving lipids were procured from the 

Sigma Chemical. Company, Londons DL - oC - cephalin� ergosterol and 

L -c< - lecithin. Samples of cholesterol and glycerol tristearate were 

supplied by the Department of Biochemistry. 

Saturated solutions of the standards were prepared in 3 chloroform s1 

methanol solution and the Rf values for these standards found by running each 

compound separately in the two solvents (Plates XII and XIII) and by running 

all five compounds together to observe the pattern of separation (Plate XIV). 

Re_ 5.., ultas Rf values of the individually run standards and of the spots 
(i) - (iv) (Plate XIV) obtained by running all five compounds together in 

chloroform/methanol/water solvent are given in the table overleaf. 

No Rf values could be found when the standards were run together in 

hexane/acetone solvent as there was very little separation except in the 

case of ergosterol which moved to very near the solvent front. All the 

other lipids remained near the point of origin and did not separate out in 

this solvent. 
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Rf Values of Spore Extract Spots. 

1. In Chloroform : Methanol t Water. 2. In Hexane s Acetone. 
64 25 s4 95 s5 

Spot No. Ri. 

1 "04 
2 "07 
3 "12 
4 "17 
5 "28 
6 "33 
7 "46 
8 "76 

Spot No. Rf. 

a "04 
b "09 
a "13 
d @20 
e "40 
F " 63 
g . "74 
h ". 60 

Rf Values of Standard Linid Spots when Run Separately. 

I. In Chloroform s Methanol : Water. 
64 s 25 =4 

Compound Rf. 

L .. o(- Lecithin "26 
DL -- oephalin "55 
Cholesterol 978 
Ergosterol 987 
Glycerol tristearate "71 

2. In Hexane z Acetone, 
95 5 

Compound ßf. 

L- °ý - Lecithin "055 
DL -o( - cephalin "068 
Cholestbrol "082 
Ergosterol "76 
Glycerol tristearate "068 

Rf Values of Standard Lipid Spots Whan Run All Together. 

In Chloroform s Methanol s Water. 
64 25 :4 

Spot Rf, 

(i) "31 
(11) *57 

(iii) "76 
(iv) '91 
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Discussion: Considerable assistance was given in the interpretation of 

chromatograms by Mr. C. Bond, Department of Biochemistry. As few standards 

were available, much of the interpretation is based on reference to standard 

texts, e. g. Randerath (1964). 

On the standard plate for hexane - acetone (Plate XIII), D is probably 

a sterol ester and not ergosterol. Ergosterol is similar to cholesterol 

and should have a low Rf value very near to that shown by cholesterol c. f. 

values seen in table on page 79. 

The Rf value for spot S (Plate XIII) is rather lower than would be ex- 

petted. This spot should have run further. 

In the spore extraots run in chloroform s methanol s eater solvent, 

galaotolipids are probably present in the upper spots of the chromatogram. 

Spot 7 (Plate XI, 1) may be sterol or more likely either galactosy1diglyoeride 

or sterol glyceride which would run in this region. Phospholipids are 

certain to occur in the lower spots. From the Rf value found, spot 5 may 

be lecithin. Lecithin and other phospholipids have been found in a number 

of fungi by Thomas (1930) and three different phosphatides have been isolated 

by Takata (1929) from mycelium of Asperaillus oryzae. 

The following suggestions are made to identify the pattern of spots 

found when spore extracts were run in hexane s acetone solvent (see Plate 

XI: 2): 

a and b- polar lipids (probably phospholipids). 
0 - sterol. 
d - fatty acid. 
e - triglycerides. 
f - fatty acid ester. 
g - Possibly wax. 
h - sterol ester. 

The/ 
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The largest spot (a) on this chromatogram is probably triglyceride. 

Glycerides of unsaturated fatty acids have been found in fungal mycelium, 

e. g. by Frill at al (1935) who found that such glycerides comprised the bulk 

of lipid in Aspergillus fischer_i. Ergosterol has been found in mycelium of 

many fungi, e. g. in 30 species of Asbenitllus, 20 species of Penicillium and 

15 other species of fungi by Pruess at al (1932). Sterol, possibly not 

identical with ergosterol, has been purified from spores of Aspergillus 

oryzae (Semi, 1926). 

It thus appears that in dormant teleutospores of P. phramitis a number 

of lipids are present, chiefly phospholipids} triglycerides, fatty acids and 

their esters and sterols and their esters, 

It has been shown that environmental conditionap e. g. pHp 
C/N 

ratio can 

affect the sterol content in Asperpillus fischeri (Wenck et al 1935)" Also 

Prill et el (1935) found that nitrogen sources pH eta. had an effect on the 

fatty acid content of A. fis cheri and that when fatty acids increased (the 

increase being mainly in the form of glycerides), the sterol content decreased. 

It is possible that changes in the pHp C/N ratio and othor factors with. 

in the leaves of infected Phragmites plants may occur throughout the summer. 

These changes could lead to a difference in proportions of the various 

lipids in teleutospores formed in mid-summer and in late summer. Such a 

difference could account for the apparently longer period of dormancy in 

spores formed earlier in the season (see page 30). Slower breakdown of the 

food/ 
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food preserves in spores formed in mid-summer may occur due to a higher pro- 

portion of less easily assimilated fats. Fatty acids and their esters are 

the most easily assimilated. 

Comparative studies on the lipid content of spores formed in mid-summer 

and late summer and on the progressive changes in lipid concentrations pre- 

sumably occurring throughout the winter may lead to a discovery of the 

mechanism of dormancy. 

Summary- 
-and 

Conclusions. 

1. Storage at oonatant temperatures ranging from -12°C, to 225°C. was found 

to have an adverse effect on retention of taleutospore viability in P. 

phragmitis and P. magnusiaýna. Exposure to temperatures fluctuating in the 

range of approximately 17°F. (= -8'3°C. ) to 68°F. (= 20°C. ) permitted 

retention of a high degree of viability until spring in spores of P. 

magnusiana but was not instrumental in shortening the dormancy period. 

2. Dormancy is not a period of fixed length in P. macnusiana and P. 

phragmitis teleutospores. Spores formed in mid-summer germinate at the same 

time the following spring as do spores formed in late summer. 

3. Chitinase was not found within teleutosporos nor was production of 

exocellular chitinase by micro-organisms in the environment detected. 

Digestion of the spore wall by this enzyme is probably not the mechanism 

whereby dormancy is finally broken. 

4. Results from analyses involving chemical and enzymic digestion, X-ray 

diffraction and fluorescence microscopy indicate that the wall of the 

teleutospore of P. phra nitis consists of at least four layers an outer 

narrow/ 
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narrow layer, probably of glucan, a wider layer of fairly loosely packed 

chitin with glucan and lipid embedded, a dense layer of closely packed 

chitin microfibrils and a narrow inner glucan band. The germ-plug consists 

of very loosely packed chitin with glucan and possibly lipid embedded. 

There is a distinct gap always present in the dense chitin layer at the 

germ-pore. The inner giucan layer sometimes has a gap in this position. 

The outer glucan layer and the germ-plug become eroded as the dormancy 

period progresses. 

5. Teleutospores of P. phragmitis are very difficult to section for 

electron microscopy as impregnation in embedding is very poor. This is 

probably due to the high chitin content of the wall rendering it more or 

less impermeable to the Araldite used in embedding. It is suggested that 

use of Veatopal W as embedding medium may give better results, 

6. Attempts to break dormancy by treatments with the following physical 

and chemical agencies were unsucoessfuls abrasive, thiourea, potassium 

nitrate, aqueous plant extracts, furfuraldehydej, commercial nutrient 

solutions, lysozyme, wetting agents, far-red and near-red light with cold 

treatment, 

7. Analysis of lipids in dormant spores by thin-layer chromatography in- 

dicated that phospholipids, triglycerides, fatty acids and their esters and 

sterols and their esters are probably the principal lipids present. A 

mechanism is suggested to account for the longer period of dormancy in spores 

formed in mid-summer than those formed in late summer. This mechanism is 

based/ 
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based on variation in lipid proportions due to environmental differences 

during spore formation. It is suggested that studies on respiration of 

lipids in dormant teleutospc. ires may lead to discovery of the mechanism of 

dormancy. 
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CHAPTER III. 

Teleutosoore Germination. 

Section 1" 

The Effect of pH and Temperature on Teleutospore Germination. 

In April 1965 the effects of pH and of temperature on the germination 

of teleutospores of P. phrag itis and P. maanusiana were studied. Pre- 

liminary work during winter 1964 was carried out to determine the pH and 

principal ions present in the ground water, open water, rain water and 

vegetation drip water at the following localities: Tentsmuir, Morton Lochs, 

Eden Estuary, Boarhills, Kilconquhar Loch at the Hercules Pond area and at 

the boathouse area. The buffers used in controlled experiments on the 

effect of pH on germination were selected aooording to thei, ons found by 

analysis. 

Temperature readings taken in 1964 (page 25 ) gave a very approximate 

indication of the temperature range likely to occur in the field during the 

normal germination period. 

Part 1. Water Analysis. ' 

(a) Collection of Samples. 

(i) Rain Water and Vegetation Drip Water. 

Collecting jars were prepared as follows. Wide-necked stone jars were 

lined with polythene bags and closed with polythene sheeting tied over the 

mouths. Collection in polythene containers was recommended by Mackereth 

(1963). / 
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(1963). The polythene sheeting was not tightly stretched and was shaped 

into a funnel with a1 cm. diameter hole in the middle. This was intended 

to facilitate entry of the water while excluding unwanted material, e. g. 

leaf debris and bird-droppings. 

In each of the above localities, one jar was placed in the open and one 

among Phragmites plants. After about 200 mis. of water had accumulated in 

each, the samples were transferred to suitably labelled polythene containers 

and stored at 4°C. (Maokezeth, 1963). 

(ii) Ground Water. 

Samples were collected by making six small holes at random under infect- 

ed Phra mites at each collecting area and allowing ground water to accumulate 

in the holes. Since the soil was waterlogged in all the Phraag ites beds, 

the holes dug were very shallow, i. e. only about 2" deep. The final sample 

of water consisted of a mixture of six portions of 30 mis. each, one being 

taken from each hole. 

(iii) Open Water. 

Storage was as in (i). 

200 ml. samples of water from the open loch, pond or burn were taken at 

all localities. Storage was as in (i). 

fib) Analysis. 

(i) 12H Determinations. 

In the Field. At a number of different times of the year, determinatiabs 

of the pH of the ground and open water were made in the field, using a Pye 

Universal portable pH meter. Little variation was found between readings 

taken/ 
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taken in October, January and March. 

In the Laboratory. Readings were taken of all water samples using a 

Pyre Dynacap pH meter. 

Resultss Good agreement was found between field and laboratory readings in 

the case of the ground water and open water samples. In the tables below, 

each reading represents the mean of fifteen readings, five being taken in 

Ostober, five in January and five in March. 

(1) Rain Water and Vegetation Drip t,., later. 

Rain Water Vegetation Drip Water 

Locality PH of Sample PH of Sample 

Tentsmuir 701 6.8 
Morton Loahs 6.3 6.7 
Motray Burn 6.2 6.7 
Eden Estuary 7.1 6.8 
Boarhilis 6.7 6.8 
Kiloonquhar Loch (Hercules) 6.5 7.1 
Kilconquhar Loch (boathouse) 6.7 7.0 

(2) Ground Water. 

Locality PH in Field PH in Laboratory 

Tentsmuir 6.5 6.6 
Morton Lochs 6.6 6.6 
Motray Burn 6.3 6.6 
Eden Estuary 6.9 7"I 
Boarhills 7.3 7.3 
Kilconquhar Loch (Hercules) 7.1 7.2 
Kilconquhar Loch (boathouse) 7.4 7.3 

(3i/ 
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(3) open water. 

Locality PH in Field pH in Laboratory 

Tentsrnuir 7.2 7.2 
Morton Lochs 7.5 7.4 
Motray Burn 7.1 700 
Eden Estuary 8'9 8'8 
Boarhills 9.0 8.9 
Kilconquhar Loch (Hercules) 7.1 7.1 
Kilconquhar Loch (boathouse) 7'2 7.3 

(ii) Spot Tests for Principal Ions. 

In all water samples, spot tests for the following ions were carried 

out by methods of Spence (1962) (pages 175 to 177 of the Appendix): 

carbonate or bicarbonate, nitrate, phosphate, sulphate, sulphide, chloride, 

ferrous, ferric, aluminium, calcium, ammonium, magnesium, sodium and 

potassium. 

Results: Results were all negative except in tests for chloride, sodium and 

potassium which gave reactions positive in varying degrees in all samples. 

(iii) Determination of Sodium Content. 

Since sodium, potassium and chloride were the only ions detected in 

(ii), a detailed analysis of all samples was carried out for these ions. 

Only the samples taken in January 1965 were analysed. 

Sodium content was determined using an Eel Flame Photometer. Standard 

solutions were made by diluting from a stock consisting of 00634g. Na Cl. 

dissolved in 500 mis. distilled water in a volumetric flask. The stock 

contained 500 p. p. m. Na*- Dilutions were made to give the following range 

(p. p. m. ): 20,15,10,5,2.5,1. Five readings were taken at each con- 

centration. / 
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Qentration. The readings given in the tables belog are also each the mean 

of five. The concentration of Na* in p. p. m. was found by reference to the 

standard graph (Plate XV) and the content in grams per litre calculated for 

each sample. 

Results$ 

(1) Rain Water and Vegetation Drip Water. 

Rain Wat3r. 

Locality 
Mean 
Scale 

Reading 

Na+ 
concentration 

(P. P. m. ) 

Na'' 
concentration 

(g. /1. ) 

Tentsmuir 27.6 303 00033 
Morton Loahs 36.0 401 '0041 
Motray Burn 36.3 4'2 '0042 
Eden Estuary 32.0 308 '0038 
Boarhills 54.6 6.6 "0066 
Kilconquhar Loch (Hercules) 60.8 7.6 "0076 
Kilconquhar Loch (boathouse) 75.2 10.6 "0106 

Vegetation Drip Water 

Locality 
Mean 
Scale 

Reading 

Na 
concentration 

(P"P"m") 

Na* 
concentration 

(N"/1") 

Tent smuir 27'0 3.0 *0030 
Morton Lochs 36.0 4.2 0040 ' 
Motray Burn 36.4 4.3 '0043 
Eden Estuary 19.4 2.3 "0023 
Boarhills 99.0 19.6 "0196 
Kilconquhar Loch (Hercules) 82.8 13.0 "0130 
Kiloonquhar Loch (boathouse) 8192 12.5 "0125 

(2)/ 
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(2) Ground Water. 

Locality 
Mean 
Scale 

Reading 

Na; 
concentration 

(p. p. m. ) 

Na+ 
concentration 

(g. /10) 

Tentsmuir 46.0 5.5 "0055 
Morton Lochs 4x2.0 5.0 "0050 
Motray Burn 41.0 4.8 00048 Eden Estuar 84.0 100 x 13.4 100 x "0134 
Boarhills 55.5 6.7 "0067 
Kiloonquhar (Hercules) 48.0 5.8 "0058 
Kilconquhar Loch (boathouse) 54.0 6.6 "0066 

'Sample diluted 100 times. 

(3) Open Water. 

Locality 
Mean 
Scale 

Reading 

Na+ 
concentration 

(P"P"n") 

Na+ 
concentration 

(g"/l. ) 

Tentsmuir 44.0 5.2 "0052 
Morton Lochs 4010 4.7 "0047 
Motray Bum 40-0 4 47 0 
Eden Estuary" 85.0 100 x 1,3.8 0138 100 x 
Boarhille 52.2 6.2 90062 
Kilconquhar Loch (Hercules) 19.0 6.0 "0060 
Kilconquhar Loch (boathouse) 52.0 6.2 "0062 

(iv) Determination of Potassium Content. 

Potassium content was determined using an Eel Flame Photometer. 

Standard solutions were made by diluting from a stock consisting of 0.4770g. 

dried analar K Cl. dissolved in 500 mis, distilled water in a volumetric 

flask. The stock contained 500 p. p. m. K'. Dilutions were made to give 

the following range (p. p. m. )s 202 15,10,51,2.5s, 1. Calibration of 

standards was done as for sodium. Concentration of potassium was found in 

unknowns/ 
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unknowns by reference to the standard graph (Plate XVI). The content of 

potassium in grams per litre was calculated for each unknown. 

Results: 

(1) Rain Water and Vegetation Drip Water. 

Rain Water. 

Locality 
Mean 
Scale 

Reading 

+ 
concentration 

(P"P"m") 

K+ 
concentration 

(B"/l") 

Tentsmuir 5.2 1.2 "0012 
Morton Lochs 15.0 2.3 "0023 
Motray Burn 20.0 3.2. "0031 
Eden Estuary 21.0 363 "0033 
Boarhills 800 1.3 "0013 
Kilconquhar Loch (Hercules) 28.0 4.5 "0045 
Kilconquhar Loch (boathouse) 9.0 1.5 "0015 

Veizetation Drip Water. 

Locality 
Mean 
Scale 

Reading 

K+ 
concentration 

(p. p. m. ) 

K+ 
concentration 

(g. /l. ) 

Tent=air 10"0 1.6 "0016 
Morton Lochs 39.0 6.4 "006.4 
Motray Burn 37.5 61 "0061 
Eden Estuary 30.0 4-8 "001.8 
Boarhills 77.0 1401 "0141 
Kilconquhar Loch (Hercules) 98.9 19.7 "0197 
Kilconquhar Loch (boathouse) 900 1.5 "0015 
(2) Ground Water. 

Mean K+ K+ 
Locality Scale concentration concentration 

Reading (P"P"m") (B. /1. ) 

Tentemuir 21.0 3.3 "0033 Morton Lochs 17.0 2.6 "0026 
Motray Burn 1960 24? "0029 Eden Estuary 84.0 15.9 00159 Boarhills 47.0 70,9 "0079 Kilconquhar Loch (Hercules) 38.0 6.2 "0062 Kilconquhar Loch (boathouse) /+1.0 6.8 "0068 
OW 
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(3i Open Water. 

Mean K+ K+ 
Locality scale concentration concentration 

Reading (P"P. ra. ) (g. /1. ) 

Tentsmuir 19.0 209 "0029 
Morton Lochs 13.0 3.0 "0030 
Motray Burn 13'5 3.1 "0031 
Eden Estuary 80.2 15.1 "0151 
Boarhills 43.0 7.1 110071 
Kilconquhar Loch (Hercules) 34.5 506 "0056 
Kilconquhar Loch (boathouse) 3 7.0 6.0 "0060 

(v) Determination of Chloride Content. 

For detenuina"tion of chloride, an Eel Chloride Meter was used. The 

procedure given in the manufacturers' handbook for estimation of chloride in 

the chloride concentration of aqueous molutionß was followed. Five readings 

were taken of each sample and the chloride concentration calculated in grams 

per litre as below. 

Calanlation of Chloride Content. 

Stock solution : Mean reading = 13700 

Blank s Ilean reading = 2.5 

Calculation t Chloride content of unknown 

(Reading--of unknown Reading of blank) x -R-82 n. eg. /1. 
134.5 

(Reading of unknown - Reading of blank) x 2.82 x 35_5 g. /1: 
134.5 x 1000 

Resultat 

(1) Rain ter and Ve! etation Drip Water. 

Rain Water. / 
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Rain Water. 

Locality Mean Chloride Chloride 
Reading Content Content 
on Mater (m. eq. /1. ) (g. /l. ) 

Tentsmuir 12 "20 `0071 
Morton Lochs 8 "11 "0039 
Motray Burn 19 "35 "0124 
Eden Estuary 13 '22 '0078 
Boarhills 21 "39 "0139 
Kilconquhar Loch (Hercules) 26 '49 . 0171; 
Kiloonquhar Loch (boathouse) 27 951 00181 

Vegetation Drip Water. 

Locality 
Mean 

Reading 
on Meter 

Chloride 
Content 

(m. eq. /1. ) 

Chloride 
Content 

Tentsmuir 12 "20 "0071 
Morton Lochs 16 "28 "0100 
Motray Burn 19 035 9012/; 
Eden Estuary 6 "073 . 0026 
Boarhills 55 1010 "0383 
Kilconquhar Loch (Hercules) 52 1004 . 0369 
Kilconquhar Loch (boathouse) 55 1+10 "0383 

(2) Ground Water. 

Mean Chloride Chloride 
Locality Roading Content Content 

on Meter (m. eq. /1. ) (g. /1. ) 

Tentsmuir 57 1.15 "0408 
Morton Lochs 47 "94 "0334 Motray Bum 45 069 "0316 Eden Estuary 25 12 52.59 1.6669 
Boarhills 84 1.71 "0607 
Kilconquhar Loch (Hercules) 69 1.39 "C493 
Kilconquhar Loch (boathouse) 14 "86 00305 

(3)/ 
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(3} Open Water, 

Mean Chloride Chloride 
Locality Reading Content Content 

on Meter (m. sq. /1. ) (g. /1. ) 

Tentsmuir 60 1'62 "0431 
Morton Loche 49 "98 00348 
Motray Burn 47 "93 "0330 
Eden Estuary 20493 54.42 149334 
Boarhilla so 1; 6 "0568 
Kilconquhar Loch (Hercules) 70 1"41 '0501 
Kilconquhar Loch (boathouse) 55 1.10 "0383 

Discussion: From the results obtained in water aralysie, the following 

conclusions were drawn. 

The pH of ground water, rain water and vegetation drip water is 

approximately 7 at all the collecting areas in Fife. The pH of open water 

is usually also about 7 in all areas except Boarhills and the Eden Estuary 

where pH values of almost 9.0 were consistently recorded. The principal 

inorganic ions in all samples were found to be Na*, K+ and Cl'. 

The conoentration of Na" is low in all samples of rain water and 

vegetation drip water, the highest reading in vegetation drip water being 

that at Boarhills (0.0196 g. /1. ). In all canes, the Na* concentration is 

higher in open water and is highest of all in ground water, except at the 

Eden Estuary and Kilconquhar Loch (Hercules) where the Na+ content in the 

open water is highest. The Na+ content of both ground and open water at 

the Eden Estuary is exceptionally high, mean values of 1934 g. /1. and 1938 

g. /1, respectively being found. These high values may be explained by 

seepage/ 
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seepage of sea water having taken place through the bank on the shore aide 

of the bed. 

The K+ content in most cases is much less than the corresponding Na+ 

content. Highest K+ concentrations were recorded at Kilconquhar Loch 

(Hercules), the vegetation drip water containing "0197 g. /i. and at the Eden 

Estuary, where the ground water and open water gave readings of "0159 g. /l. 

and "0151 g. /1. respectively. This high K+ content at the Eden Estuary may 

also be due to sea water seepage. 

In most localtiea, the 01- content of the vegetation drip water is 

equal to or considerably greater than that of the rain water sample. In 

all cases, the ground water and open water has higher concentrations of Cr 

than the vegetation drip water or rain water. Extremely high 017 readings, 

in the region of 2 g. /1. were taken at the Eden Estuary, this concentration 

again being due probably to sea water infiltration. 

Part 2. Experiments to Determine the Effects of pH and of Temperature on 

Germination. 

(a) pH. 

(i) Buffers Used. 

Since all water samples had K4# Na* and Cl' as their principal inorganic 

ions, an attempt was made to select the buffers used in pH experiments 

according to these ions. The following buffers, each with Na* or 017 pre- 

sent were chosen as most suitable. As the K+ content was fairly low in all 

casesd 
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cases, it was not considered likely that this ion would have a significant 

effect on the pH of the germination medium in the field and it was therefore 

ignored in the selection of buffers. Buffers (1), (2) and (3) were made up 

according to the methods given by Dawson, Elliott, Elliott and Jones (1959). 

Cole and Fergus (1956) used malt agar buffered with "5 N. sodium hydroxide 

and "5 N. hydrochloric acid in their germination studies. It was therefore 

thought that medium (4)(see below) would be suitable for studies on the 

effect of pH on teleutospore germination. 

(1) 0.2 M. sodium acetate - acetic acid buffered to pH 3.6,3.8 "". """"" 3.8. 

(2) 0.1 M. disodium hydrogen phosphate - sodium dihydrogen phosphate 

buffered to pH 5.8,600 ............... 8.0. 

(3) 0.005 M. triethanolamine - hydrochloric acid buffered to pH 7.1, 

7.3 ............. 8.7. 

(4) 0.1 M. sucrose buffered with 0.5 N. hydrochloric acid and 0.5 N. sodium 

hydroxide to pH 3.0,3.2 .............. 9.2 

(ii) Method. 

Four cavity slides at each pH were prepared for each of the two species 

by pipetting approximately "5 mis, of buffer into the cavity and scattering 

teleutospores over the surface of the drops. Care was taken to ensure that 

spores still adhering in sort were not used as this would make subsequent 

germination counts much more difficult. 

Twelve controls in distilled water were also set up. All slides were 

incubated in humidity chambers in the dark at 220C9 for 24 hours, after 

which/ 
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which period germination was stopped by adding a drop of cotton blue in 

lactophenol to the drop of germination medium and mixing well. It had pre- 

viously been determined that germination would not take place in this stain. 

Scoring of germination was carried out using a Watson Bactil microscope 

with X 10 eyepieces and X 10 objectives. Six fields were scored for each 

slide by counting the numbers of cells germinated and of those ungerminated. 

Cells rather than whole spores were counted as it had been found previously 

by the writer (1964) that each cell of the teleutoapore could germinate 

independently and it was thought better to regard the two as separate 

entities rather than as one germination unit. Whenever possible, scoring 

was done on spores scattered at a concentration of 50 - 100 per field. 

Res ults: In both species, germination in all control slides was consistently 

approximately 95%. Germination in both rusts was very poor in phosphate 

buffer and in sodium acetate - acetic acid buffer, only a few cells with 

germ-tubes being seen at one or two of the lower pH values in each case. 

P. ph_ ragmitis teleutospores germinated very well in triethanolamine - hydro- 

chloric acid buffer while those of P. magnusiana showed no germination at 

all in this medium. Spores of both species germinated in buffered sucrose. 

Results of germination in sucrose and in triethanolamine - hydrochloric 

acid buffer are presented in table form overleaf and in histograms on Plates 

XVII. to XIX. Results were analysed by the (2 test and fiducial limits 

are indicated on the histograms thus: [. 
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Percentage Germination of Teleutosporee in Buffered Sucrose. 

P. phragmitia. ma usia. na. P. 
___________ 

pH. Mean % germination Pilo Mean % germination 

3.0 0 3.0 0 

3.2 0 3.2 0 

3.4 0 3.4 0 

3.6 0 3.6 0 

3.8 0 3.8 0 

4.0 1% 4.0 1% 

4.2 1% 4.2 6% 

4.4 10% 4.4 10% 

4+6 17% 4.6 18% 

4.8 15% 4.8 24% 

5.0 5.0 30% 

5.2 24% 5.2 35% 

5.4 21% 5.4 47% 

5.6 26% 5.6 44%- 

5418 30% 5.8 56% 

690 31% 6.0 61% 

6.2 40% 6.2 71% 

6.4 48% 6.4 

6.6 57% 6.6 70% 

6.8 56% 6.8 62% 

7.0/ 
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P. phrarmitis. Pb mat? nusianao 

pH. Mean % germination pH. Mean % germination 

710 67% 7.0 51% 

7.2 65% 7.2 32% 

7.4 69% 7.4 27% 

7.6 47% 7.6 12% 

7.8 30% 7.8 5% 

8.0 15% 8.0 1% 

8.2 5% 8.2 0 

8.4 1% 8.4 0 

8.6 0 g. 6 0 
8.8 0 8'8 0 

9.0 0 9.0 0 

9.2 0 9.2 0 
Pe tosnores in Tri 

P. phragmitie. 

pH. Mean % germination 

7. l 57% 

7.3 84% 

7.5 87% 

7.7 96% 

7.9 95% 

8.1 95% 

8"Y 
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P. phra itis. 

8.7 94% 

(b) Temperaturei 

The medium for all temperature experiments was distilled water. Eight 

slides were prepared as in (a)(ii) for each temperature and allowed to 

equilibrate within humidity chambers at the appropriate temperature for 

eight hours to ensure that the liquid was at the temperature of incubation 

at the start of the experiment. Four slides at each temperature were seed-, 

ed with P. phrajmitis teleutospores and four with those of P. magnu liana. 

All elides were incubated for 24 hours in darkness in humidity chambers. 

Germination was stopped and scoring carried out as in (a)(ii). 

Res cults: Results were as tabulated below. A statistical analysis was 

carried out (i- 2 test) and results are presented in histogram form (Plates 

XX and XXI). 

P. phragmitia. P. magnusiana. 

Temperature (°C. ) Mean % Germination Temperature (°C. ) Mean % Germination 

120 120 
160 43% 160 38% 
18 64% 1B 60% 
200 73% 20° 75% 
23° 72% 230 78% 
25° 31% 25° 40% 
280 1% 28° 1% 
37° 0 37° 0 

It/ 

PH* Mean % gerTntnation 

8.3 94% 

8.5 92% 

8.7 94% 

zý 
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It was observed that, at by temperatures, in those spores that did 

germinate, very long gen tubes liiere produced and no basidiospores were 

visible after 24 hours,, whereas germinated spores at higher temperatures 

had much shorter germ-tubes and had produced basidiospores in most cases 

after 24 hours. 
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Concentration of Na" and C1 in Buffers. 

(1) Na+ concentration in 0.1 M. CH3 COO Na - CH3 COO H butter. 

PH, Na* (6. /1. ) PH. Na; (8. /1. ) 

3.6 "3455 4.8 2.7140 
3.8 "552D 5.0 3.2200 
4.0 '8280 5.2 3.6340 
4.2 1.2190 5.4 3'9560 
4.4 1.7020 5.6 4.1860 
496 2.2540 5.8 4.3240 

(2) Na* concentration in '3. M. Nat H P04 - Na H2 P04 buffer. 

pry. Na" (g. /1. ) PH. 

508 2.4840 7.0 3.7030 
6.0 2.5920 7.2 3.9560 
602 2.7117 7.4 4.1630 
6.4 2.9695 7.6 4.2310 
6.6 3.1625 7.8 4.3050 
6.8 3.1713 8.0 4.4771 

(3) 01" concentration "005 M. in N(CH2. CH2 OH)3 -H Cl buffer. 

PH* C17 (g. /l. ) pH. 017 (g. /l. ) 

7.1 "1669 7.9 "7207 
7.3 '1278 8.1 "5432 
705 "1083 8.3 "3621 
7.7 "0912 8.5 "1811 

(4), 
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ýk} Na" and Cr concentrations in buffered suorose. 

Notes Figures here are approximate as buffering done directly on 
a pH meter and not by mixing of standard volumes as in acetate, 
phosphate and triethanolamine buffers. 

pH. Na+ (K. /1. ) C1 (8. /1. ) 

3.0 - "1780 
3.2 - . 1690 
3.4 - "1600 
3.6 - "1530 
3.8 - "1460 
4.0 "1370 
4.2 - "1290 
4.4 - "1210 
4-6 - *1150 

- "1060 
5.0 - "09so 
5.2 - "0890 
5.4 - "0810 
5.6 - "0720 
5.8 - "0650 
6"o - "0570 6.2 - . 0500 
6.4 - . 0420 
6.6 - '0350 
6.8 - "0270 
7.0 - "0180 
7.2 "0100 - 
7.4 "0230 - 
7.6 "0310 - 
7.8 . 0420 - 
8.0 "0540 - 
8.2 "0620 - 
8.4 . 0750 - 
8.6 "0830 - 
8.8 "0910 - 
9.0 "1040 
9.2 "1130 - 
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Discussion: The extremely poor germination of teleutospores of both rusts 

in sodium acetate - acetic acid buffer and in sodium phosphate buffer may 

be due to toxicity caused by the high concentration of Na+ (see tables on 

page. 102 ). Both rusts were found to germinate in sucrose buffered 

with sodium hydroxide and hydrochloric acid over the following ranges of 

Na} and Cl- concentrations. 

P. metmusiana. Na", 0- e0540 s. /le 

C17.0 - 61370 g. /1. 

P. phracgmitis. Na;. 0- "0750 g. /1. 

C1'. 0- 01370 g. /1. 

The Na" content of most of the water samples collected in the field was 

much less than the apparent upper limit of tolerance of the spores except in 

the case of the ground and open water at the Eden Estuary which had 1.34 g. 4. 

and 1038 g. /1. respectively. However, since the Ilan` content of the rain 

water and vegetation drip water at this locality was well below the upper 

limit of tolerance, it is considered that Na* toxicity is unlikely to have 

much effect on teleutospore germination in the field. Although spores may 

be unable to germinate when wet with the ground water at the Eden Estuary, 

those on the surface will germinate in rain water. Numbers of teleutospores 

are so great trat a slight decrease in the number germinating would not be 

of importance. 

From the results of germination experiments in triethzinolamine - hydro- 

chlorie acid buffer, it may be suggested that P. phra oitie teleutospores axe 

less sensitive to high 017 concentration than those of P. marnusiana. This 

could/ 
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could account for the failure of P. magnusiana spores to germinate at pH 7.1 

where the concentration of C1' is 91669 g. /1, but, since P. mapnusiana 

spores had already been shown to tolerate concentrations of Cl' as high as 

'1370 g. /l., it is probably the triethanolamine component of the buffer 

which prevents germination in this species. As chloride contents in all 

water samples were well within the range of apparent tolerance of both 

species, except in the open and ground water at the Eden Estuary, this ion 

probably does not have a significant effect on teleutospore germination in 

the field. 

The optimum plis for P. magnusiana and P. phragmitia in buffered suorose 

were found to be 6-2 and 7.1 respectively. Approximately 60% - 70% 

germination occurred in P. magnusiana over the range 6.0 - 6.8 and in P. 

phragmitie over the range 6.6 - 7.4. As the pH of most water samples was 

about 7. O, it is unlikely that the effect of pH on teleutospore germination 

has any significance in determining the relative distribution of the two 

species in any area. 

It must be pointed out that the results obtained in sodium acetate and 

phosphate buffer may be due to toxic effects caused by the other ions present 

and not necessarily to the sodium ions. 

The cardinal temperatures for teleutospore germination were found to be 

as follows: 

P. magnusiana, 

P. phragmitte. 

Maximum 

28 

28 

optimum 

23 

20 

Minimum 
12 

12 
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In both species, there is a very sharp drop in percentage germination 

when the temperature is raised from 23°C* to 25°C. and another sharp drop 

when the temperature is further raised to 28°C. The range over which 

appreciable germination occurs in both 3peoies is narrow (16°C. - 25oC. ) and 

is to be compared with the wider range over which uredospores of the two 

rusts germinate (see page 141) and the higher optima of these latter spores. 

Since spring temperatures during the teleutospore germination period range 

from about 10°C. to 22°C., the teleutospores of both species seem to be well 

adapted in their temperature requirements for germination. The slightly 

higher optimum in P. maQnusiana may account for the somewhat later appear- 

ance of aecidia of this rust in the field. 
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Section 2. 

Prolongation of Germination Period and Revival of Teleutospores. 

(a) Storage of Germinable Spores. 

Since previous experiments (Stewart, 1964) had indicated that the 

normal spring period of teleutospore germination lasted only about two weeks, 

attempts were made to induce spores to retain their germinability for a 

longer period. As soon as germination was observed in tests on stored 

material (see page 309 Chapter II), samples were placed in closed bottles at 

a range of different temperatures. The range was as follows. 

(i) "12°C. 

(ii) 400. 
(iii) 16°C. 

(iv) Outside. 

(v) 2000. 

(vi) 2500. 

(vii) 37°C. 

Germination tests were carried out on samples of approximately 500 

spores taken from each portion of stored material every two days. 

Re suits: Samples taken of material stored for 2 days at 37°C. did not 

germinate. Those kept at 25°C. showed a very low percentage germination 

( 1%) after 2 days and after l+ days in storage and thereafter did not 

germinate at all. Spores stored at all other temperatures gave approxi- 

mately 60% germination during the normal 2-week period but in no case, ex- 

cept in spores kept at 4,, was there any evidence of prolongation of the 
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normal germination period. At 4000., spores retained a low % germinability 

(5% - 7%) for about 3 days longer. Spores kept outside were regarded as 

controls since they were exposed to temperatures approximating to those in 

the field and were therefore expected to have a germination period near to 

that occurring naturally. 

(b) Light and Temperature Treatment of Spores. 

Immediately the samples stored at 4CCa and -12°C. ceased to germinate, 

attempts were made to revive them by exposure to near-red and far-red light. 

The times of exposure and use of bleached spores were as in experiments (um) 

and (n) (pages 68-70). 

Res uitss Spores did not revive after any of the light treatments given. 

(c) Treatment with Extracts from Germinating Spores. 

Since water-soluble extracts from germinating uredoapores in some rusts. 

have been found to stimulate germination of other uredospores (e. g. Allen, 

1955, in P. graminie f. op., tr itii), it was thought that extracts from 

germinating teleutospores might be capable of reviving other teleutospores. 

A large number of teleutospores of P. magnusiana and P. phragmitis were 

germinated separately in as small a volume of distilled water as possible in 

closed polythene dishes. The spores were removed by centrifuging at 1000 

r. p. m. in an M. S. E. Bench Centrifuge and the supernatants refrigerated in 

small tightly-stoppered polythene bottles at 4°C. 

Approximately 500 spores from each batch were tested for germination in 

these supernatants before the batches were stored at the temperatures given 

on/ 
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on page 107, Immediately after samples from any batch gave negative results 

when tested in distilled water in the 2-day tests during storage, attempts 

were made to germinate the samples in supernatant. 

Resultst There was no evidence of the supernatants reviving spores after 

the end of the normal germination period nor was any inhibition of germinable 

spores found. 

Discussions Since the writer was unable to prolong the germination period 

by any of the methods described above, it seems unlikely that this period in 

nature lasts more than two or three weeks. The results are in agreement 

with Sibalia (1930) who was unable to prolong the period of germination in 

teleutospores of P. grami_nie by any of a number of methods including traat- 

ment with organic acids and exposure to far-red light. 

The results from experiments on storage at different temperatures 

indicate that by temperature is favourable to the retention of teleutospore 

germinability and that temperatures of 25°0. and above have an adverse effect. 

Since it is very unlikely that temperatures as high as this ever occur in the 

field in spring, reduced teleutospore germination due to high temperature 

damage is not considered probable. As spring temperatures are normally in 

the region of 10°0* to 18°C. during much of the germination periods it is 

possible that in some years, the germination period may be slightly pro- 

longed by the intervention of a cold spell after the onset of this period. 

Summa 
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Summary and Conclusions: 

(1) Samples of rain water, vegetation drip water, ground water and open 

water from six infected Phragrnitea beds in Fife were analysed. The pH in 

most cases was approximately 7$ except in the open water at Boarht is and 

the Eden Estuary where the pH was around 9. The principal inorganic ions 

Pound were Na+, K+ and Cr. The Na+ and Cl- concentrations in the ground 

and open water at the Eden Estuary were very high, i. e. about 1.3 g. /1. 'and 

2 g. /1. respectively. 

(2) Germination experiments using buffers selected according to the ions 

found showed that no germination took place in teleutospores of either P. 

magnusiana or P. phragmitis in 0.2 M. CH3 COO Na - CH3 COO H buffer or in 

0"I M. Nat H P04 - Na H2 PO4 buffer. Only P. phra mttiis spores germinated 

in 0005 M. N(CH2. CH2 OH)3 -H Cl buffer. Both rusts germinated in 0.1 H. 

sucrose buffered with 0.5 N. H 01 and 0.5 N. Na OH. The ranges in this 

latter buffer were as follows: 

Maximum PH. Minim 

P. magnuaiana. 8.0 4.0 

P. phragmitis. 8.4 4.0 

The optima in this buffer were 6.2 (P. mar? nusiana) and 7.4 (P, phrainitie). 

Toxicity due to Na'' or to other components of the buffers may explain the 

failure to obtain germination in acetate and phosphate buffers. pH is not 

considered important in determining the distribution of the rusts in the 

field. 
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(3) The cardinal temperatures for teleutospores germination in distilled 

water were found to be as followas 

Maximum 0. ntimum M nimum 

P. magnusiana, 28 23 12 

P. phraami. tis, 28 20 12 

(4) Storage of germinable teleutospores in the range -120C. to +37°C, did 

not prolong the retention of germinability in spores of either species nor 

did exposure to near-red or far-red light or treatment with extracts from 

germinating spores, It is considered unlikely that the period over which 

germination can take place in the field is more than two or three weeks. 
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CHAPTER IV. 

Survival and Germination of Aecidiospores. 

Section 

Survival of Dryi 

Plocxight (1$$9) states that rfaecidiospores ----- are apt to lose their 

germinative powers, unless used iaaaediately� from becoming too dry on the one 

hand, or on the other, if kept in too moist an atmosphere during their transit, 

from many of theca having already germinated before they are employed. " A 

consideration of this statement: coupled with the previous lack of success 

of infection experiments: especially with E. phragmitis (see page 12 ), led 

to studies on the effect of storage conditions in transit on aecidiospore 

germination in P. phrarmitis and P. ma_gnusiana and on the effect of drying 

on germinability of aecidiospores of the two rusts. 

(a) Storage of Aecidia in Transit and Effect on Germination. 

(i) Storaae Vethod. Leaves bearing aecidia were collected in the 

field and kept in transit in closed containers with the sides lined with a 

thick layer of filter-paper soaked in distilled water. The atmosphere in 

such containers was considered saturated with water vapour as the containers 

were prepared 24 hours before required and kept closed until used. Transit 

time was approximately 20 minutes. 

(i) Germination After Short Storage Period. Germination tests were 

carried out on this material immediately on arrival at the laboratory i. e. 

after the spores had been in storage only 20 minutes. Tests were made by 

gently shaking spores on to wet semi-permeable cellophane discs laid in 
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Petri dishes. It was hoped that gentle shaking would remove only the 

mature spores. The closed dishes were incubated for 12 hours at 20°C. 

90% - 95% germination took place in spores of both species. 

(iii) Germination After Long Storage Period. After approximately 

6 hours of storage in the high-humidity containers, it was found that a 

heavy deposition of spores took place in the base of the containers. 

Samples of these spores were removed with a camel-hair brush to prevent 

damage and examined under the microscope to find if germination had taken 

place in this atmosphere of high humidity. No germination was seen in 

either' species. Thus, it would appear that aecidiospores of these species 

do not germinate in transit in a very moist atmosphere c. f. Plowright, l889. 

This was not due to the temperature of storage or to the time being too 

short to permit germination as briefly-stored spores put on wet cellophane 

at the same temperature (approximately 1$°C) were found to be germinating 

within 6 hours. 

Further samples of deposited spores were removed and attempts made to 

germinate them on wet semi permeable cellophane. These tests gave entirely 

negative results. 

Discussion: The results obtained in (a) (ii) indicate that storage of 

leaves bearing aecidia in moist atmosphere for short periods in transit 

(20 minutes) permits retention of at least 90% - 95% germinability of 

aecidiospores of P. phra itis and P. rn pnusiana. Storage for a longer 

period (6 hours) results in shedding of spores but no germination of these 
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spores either in an atmosphere of high humidity or on wet cellophane. 

It is possible that the very high maisture content leads to water uptake, 

swelling and shedding of immature spores. This would explain the inability 

of such spores to germinate in conditions under which aecidiospores had 

been previously shown capable of giving a very high percentage germination 

(see (a) (ii)). Deposited spores were not noticably different 

morphologically e. g. in size from spores removed by gentle shaking and 

assumed to be mature (a) (ii). It is unlikely that all the spores shed 

in deposition would be immature as the leaves used in (a) (iii) had not 

already had their mature spores removed for use in the germination tests 

described in (a) (ii). Some germination would thus be expected to take 

place but, since none at all was observed in these deposited spores, it 

seems that storage at high humidity for periods as long as 6 hours has an 

adverse effect on the retention of aecidiospore viability. Since 

uredospores are also adversely affected by storage at high humidity (see 

page 132 ) it is concluded that exposure to conditions of high humidity 

results in a reduction in the retention of aecidfospore germination in 

P. ma nusiana and L. phragmitis. 

(b) Drying of Aecidiosnores. 

(i) Field Experiments. 
_ 

Experiments on the ability of aecidiospores 

to survive drying were carried out in the field as follows. 

A nwrber of Petri dishes were prepared, each with a dry cellophane 

disc in the bottom. Spores were shed directly on to these discs in the 
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field and allowed to dry for timed periods during which several readings 

of the relative humidity were taken. Six tests were made for each period. 

The experiment was repeated three times, each time on aw, sunny day, 

When the survival period was judged to be minimal. Little variation was 

found between successive readings of R. H. taken on the same day in each 

locality. The mean R. H. gras calculated in each case on the basis of 12 

readings. 

After drying, the spores were tested for germinability by pipetting 

enough distilled water under the cellophane to give uniform wetting without, 

ha, Kever, causing immersion of the spores. The lids were then replaced, 

labelled and sealed with sellotape. The dishes were placed in a dark boat 

and taken to the laboratory where they were incubated for 12 hours at 

20°C in darkness and then examined under the microscope. 

A few plates with various percentages of germination were scored by 

doing field counts and were used as standards when, estimating roughly the 

percentage of survival in other plates. 
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Repeated checks showed that spores of P. phragmitis shed directly on to 

wet cellophane by shaking from the host leaves in the field gave little or 

no gemination. A brief period of drying seemed necessary to permit 

germination in spores of this species c. f. P. na' usimna. An attempt was 

made to determine the mini=, n length of drying necessary. 

Results: 

P. phragmitis. Mean R. H. - 74% 

Crying time (mies. ) Approximate % Gemination 

0 0%-1% 

2 20%-30% 
5 5 
7 50% 

10 50% - 70% 
12 80% - 100% 

15 80%-100% 

In the plates exposed for 2 minutes, germination occurred mainly round 

the edges of the spore scatter and in plates exposed for longer periods., 

germination occurred progressively further in towards the centre of the 

disc 

(c) Determination of the Water Content of Aecidiosvores. 

The water content of aecidiospores of both species was calculated by 

the method of Yarwood (1950). Spores were collected in the field and were 

in transit in humidity containers for only about 15 mutes. 

The water content in each case was found to be about 2% - 3% only. 

(d) Wall Structure of Aecidiospores. 

Chitosan sulphate tests (Roelofsen and Hoette, 1951) showed that the 
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wall of the aecidiospore in both species consisted of a thin layer of 

chitin with at least 2 germ-pores. 

Disýsion: Under the conditions of relative humidity (approximately 70%) 

prevailing during the field experiments, little germination occurred in 

aecidiospores of either species after 2 hours of exposure to drying at 

this F4 H. Since the spore water content was found to be only 2% - 3% 

(see (c) above) and the wall structure thin., there seemed to be little 

protection against metabolic damage due to drying out of the spore 

cytoplasm. Inability of aecidiospores to survive long periods of drying 

must be a property peculiar to this spore type in the heterokaryotic stage 

of the rust since uredospores were later found to be capable of surviving 

under much drier conditions for several weeks (see page 132 ) Since 

aecidiospores are wind-distributed, it is considered that the maximum 

period of survival in the field would be much less than 2 or 3 hours. 

In view of the short period of survival, it is surprising that 

aecidiospores of P. 
_phrspitis seem to require a brief period of* drying 

before germination can take place. This preliminary drying does not 

P-npear to be necessary in aecidiospores of P. `usiana. One possible 

explanation of this phenomenon is that some metabolic process may be` 

triggered by this drying out followed by the wetting when put on wet 

cellophane, such as occurs in the germination of teleutospores of P. 

phrag Itis and P. r. n tangy after alternate wetting and drying (Klebahn, 

1914). However, it is noticable that aecidiospores of P. n pnunusianare 
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orange and those of P. phi white. It is possible, therefore 

that light exposure and not drying might be the factor involved. The 

pigmented spores are probably less light-sensitive. than the non-pigmented 

ones and it is conceivable that a light-operated germination trigger might 

exist in the latter species but not in the former. However, in other 

instances there light has been found to stimulate germination., the periods 

required were much shorter than those needed in aecidiospores e. g. Kincaid 

(1935) found that as little as "01 seconds of sunlight stipulated tobacco 

seeds. The explanation based on drying rather than that based on light 

exposure seems to be the more likely to account for the phenomenon observed 

in P. phragnnitis aecidiospores. The process involved may be similar to 

the apparent "after-ripening" found in uredospores by I: ains (1924) who 

observed that drying of the spores for a few days increased their 

germination percentage. 

The discovery of this necessity for a brief period of drying seems 

to contradict the results obtained in (a) (ii) where 90% - 95% germination 

was obtained in spores kept for 20 minutes in an atmosphere of high 

humidity and then shed directly on to wet cellophane. However, sufficient 

drying may take place during the removal of the leaves from the host. 

Opening of the container in order to add further collections of leaves in 

the field may lead to loss of humidity in the atmosphere inside so that 

some drying may still take place during the 20-minute period of transit. 

This obligate drying period in P. phragmitis spores but not in those 
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Of P. mamusiana may partlyr explain ui-q infection experiments fail when 

spores of the former species and techniques El - B3 (Appendix, page 167 } 

are used while similar experiments are more successful nahen spores of the 

latter species are used. 
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Section 2. 

Germination. 

I4iiltar (1964) found that aecidiospores of Crones ribicola 

germinated very poorly vdien imersed in water. Therefore' it was thought 

that poor germination due to imnersion might account for the failure of 

infection experiments with P. rhra ^3tis aecidiospores using techniques 

Hi - B3. 

(a) Effect of immersion. 

The effect of immersion on germination was tested by making a-'suspension 

of spores of this species in distilled water, using a Griffin Wrist Shaker 

to ensure that all spores were immersed. A little of this suspension was 

poured into each of six Petri dishes. Controls consisted of spores shaken 

on to the surface of distilled unter and on to wet cellophane discs. The 

use of cellophane was suggested by Millar (1964). All spores were left to 

germinate at 200C for 12 hours and then examined for germination. 

Germination in controls was about 90% but in suspended spores was 

less than 1%. 

(h) Tests for Leaching of Germination Factor. 

It was thought that immersion might cause leaching of some factor 

essential for germination. To test this theory, a very heavy suspension 

of spores was shaken in distilled water for an hour, the spores removed 

by centrifuging and the supernatant used to make a suspension with fresh 

spores at a concentration of about 100 spores per ml. It was thought that, 
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if any factor was leached out, the supernatant would contain this in a 

high enough concentration to compensate for loss by solution in the second 

suspension i. e. spores from the first suspension should germinate poorly 

uMle those in the second should germinate well. A sample of both types 

was germinated in solution., in the first case in distilled water and in 

the second in supernatant liquid prepared as described above. Samples of 

freshly-collected spores were also shaken on to distilled water or on to 

supernatant. These were the controls. It was not possible to float 

"Leached" spores on the surface of supernatant and distilled vr. ter - such 

spores always sank. A control of "leached" spores on wet cellophane was 

set up. 

Germination in all cases was poor (< 23) except in the "unleached" 

controls which had 90% - 95%. In "leached" spores on het cellophane, 

germination was 2% - 3%. Since no stimulation of germination was observed 

in spores immersed in supernatant, there was thus no evidence that a 

water-soluble germination stimulator was present in the "leachate" in which 

they were immersed. The very low percentage of germination in controls 

of "leached" spores may be due to damage caused by anaerobic respiration 

during "leaching" and not to removal of any component necessary for 

germination. 

(c) Use of Nutrient Solutions and Plant Tctracts. 

Aecidiospores of P. phragmitis icimersed in water soluble extracts of 

Phra ites leaves and in the nutrient solution given in the Appendix (page 

178) also showed poor germination. Controls consisting of spores on cellophar 
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wetted with these solutions gave very good germination (90% - 95? ý"_. 

(d) Use of Hydro7en Peroxide. 

Duplicate samples of aecidiospores of P. phrs itiis were immersed in 

10-volume hydrogen peroxide and distilled water and observed for 

germination. 

No germination was found in spores immersed in distilled water and 

only about 3% germination was seen in those im. nersed in peroxide., , 
Discussion: Chester (1946) found that uredospores germinated better on 

the surface, of water drops than when i=ersed and said that this was due 

to "oxygen response". It is possible that the poor germination of 

aecidiospores of p. 
-Phra under water and the high percentage of 

germination of these spores on the surface of wet cellophane is also due 

to "o ygen response" i. e. lack of oxygen may prevent germination of 

submerged spores. The results from (d) indicate that slightly better 

germination takes place in spores immersed in hydrogen peroxide where some 

offen is supplied. Further experiments involving different concentrations 

of 11202 and aerated solutions may give more evidence in support of this 

theory. 

Thus, failure of submerged aecidiospores to germinate due to oxygen 

deficiency may explain the failure of infection experiments using spores 

of P. phraPmitts and techniques El - B3 (Appendix, page 167). 

Surre rand Conclusions. 

1. Storage of leaves bearing aecidia of P. 
, 

hz ttis or '. 3_rmusa in 

containers/ 
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containers with the atmosphere saturated with water vapour allows. 

retention of at least 90% - 95% germinability of aecidiospores if the 

storage period is short (20 minutes). Storage for longer periods (6 hours) 

results in a heavy deposition of s pores which are not germinable. It 

is suggested that high hmmidity has an adverse effect on the long-term -F 

retention of aecidiospore viability. 

2. Spores exposed to drying experimentally at approximately 70% R. H. in 

the field retained little germinability in either species after 2 hours 

of exposure. Under the conditions of 'wind-distribution normally taking 

place, the survival period is probably even shorter. A brief period of 

drying (12 to 15 minutes at 74% R. HH. ) was necessary in spores of 

P. phra itts but not in those of P. maunus#ana to give a high percentage 

germination. 

3. Aecidiospores of P. phramitis did not geminate when innersed in 

distilled water, nutrient solution or Phra'ites plant extracts. Failure 

to germinate may be due to oxygen deficiency. 
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cHAPT}n V. 

Studies on Ured os, ore Stages. 

It was hoped that observations and experiments carried out on the 

uredospore stages of P. rnagnusiana and P. phra n1tis might lead to possible 

explanations of some previous findings. First, a reason for the distribu- 

tion of the two rusts at Kilconquhar Loch (see Plate XXII) was sought by 

comparing the survival capacity of their uredospores. Secondly, since it 

had proved fairly easy to infect Phra rnttes using uredospores of P. maFnusiana 

as inoculum and impossible using uredospores of P. phra itis and employing 

the same techniques it was decided that a study of the factors governing 

spore germination and establishment of infection in the two species might 

provide an explanation of this difference. 

Observations on the morphology of uredosori and spores and on the 

effect of the credo-stage on the host were made in all the Fife and Angus 

localities. The effects of temperature, light and humidity on survival 

and germination of uredospores were studied in the laboratory and, in the 

case of desiccation survival, also in the field. Tests were made for 

self- and cross-inhibition of uredospore germination in the two rusts. 

Some attempt was made to determine the effect of temperature and light on 

establishment of infection. 

Section 1. 

Field Observations and Coliectirn of Material. 

(a)/ 
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(a) Morphology of Uredospores and Sori and Effect on Host Tissue. 

It was noted that ursdosori of P. n rusiana are small and yellow- 

orange in colour whereas those of P. phram-mitis are larger, more conspicuous 

and dark red-brorn. Spores viewed under the microscope were correspondingly 

coloured. This description agrees with that given by Plowright (1$$9). 

P. phragmitis was seen to have a much more adverse effect on the host than 

did P. nagnusiana. (sea Chapter I# page 16 )" 

(b) Collection and Stowe of Material. 

Phra -mites leaves bearing uredosori were placed gently in plastic 

boxes with tightly-fitting lids and stored in a refrigerator at 80C. 

Use of boxes prevented spores being detached by the leaves being shaken 

or brushed in transit and also reduced subsequent drying of the spores. 

Material was used within two days of collection although test samples 

showed 90% - 95% germination for at least a week. 

Section 2. 

Survival of Uredospores. 

From the map on Plate'XXIII it can be seen that P. maF; nusiana 

predominates on the north and north-west sides of Kilconquhar Loch. Since 

the infection on the south side is of P. phragmitis and no aecidia of this 

rust were ever found there, it was concluded that the disease spread from 

the other side of the loch by uredospores and that infection was either 

re-introduced every year from the north side or perpetuated by overwintering 

uredospores on the south side. However, it is surprising that P. phr s 

rather/ 



127. ., 

rather than P, ma liana should have spread as the latter rust, is the 

dominant species on the north side. It was thought that this pattern of 

distribution might be due to a greater capacity for survival during 

dispersal in spores of the former species. Since uredospores of 

F. ma*nusianaa are the more lightly pigmented, it was thought that these*r 

would be more susceptible to light darage. Experiments were carried out 

to test this hypothesis. Capacity to survive drying was investigated 

in uredospores of the two rusts and, in relation to the ability of 

uredospores of the species to overwinters temperature effects on uredospore 

survival were studied. 

(a) Effect of Light. 

Dillon-Weston (1931a) found that visible white light., light in the 

red end of the spectrum and ultra-violet light reduced viability in 

uredospore samples of races of P. praminis tritici. Those with white and 

orange uredospores were'found to be more susceptible to damage by exposure 

to light than those with red or grey spores. Light damage to uredospores 

has also been found by other workers in a number of species e. g. by 

Hwang (1942) and by Gassner and Straib (1928). 

(3) Effect of thite Light. Slides of P. magnusiana and P. phrarmitis 

were prepared by shaking a single layer of fresh mature uredospores on 

to them. The spores were exposed to white light from a bank of four 

eight - foot Osram Day-light Fluorescent Light Tubes placed 30 centimetres 

away. Samples were removed every 6 hours and tested for germination in 
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water. Controls were of similar slides placed in Petri dishes covered 

with a triple layer of black paper. It was not possible to control the 

R. H. and temperature during exposure but frequent readings indicated that 

these were 65% and 20°C respectively. 

Results: In both species, 90% - 95% germination was obtained in controls 

and in spores irradiated for periods of up to 24 hours. Since no damage 

apparently resulted in either species even when the light source was moved 

as close as 15 centimetres� there was thus no evidence that spores of 

magnusiena are more sensitive to injury by white light than those of 

P. phra mitts. 

(ii) Effect of Near-red and Far-red Lipht. - Spores distributed on slides 

as in (i) were exposed to near-red and far-red light for the fo11owirg 

periods: 1 minute, 2 minutes, 5 minutes, 10 minutest 15 minutes, 30 minutes, 

I hour, 2 hours, 3 hours ... 12 hours. For the above times, three slides 

of each species were irradiated dry and three with a few drops of distilled 

water added. Spores irradiated when dry were floated in distilled water 

at 20°C in the dark and examined for germination after 32 hours. In the 

ca, e of those irradiated wet., the following procedure was adopted. If the 

time of irradiation was less than 1 hour, all slides of each set were 

incubated before examination. if light exposure was greater than one hour, 

one slide of each set of three has examined immediately after irradiation 

to find if germination had already taken place while the other two slides 

in the set were incubated as usual. 

Results: 
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Results: No inhibition of germination was seen in either species after 

any length of exposure to near-red or far-red light. Spores irradiated 

when wet showed 90% - 95% germination in all slides examined i=ediately 

after 6 Fours' exposure or longer. All other slides showed approxi rrately 

95% germination after incubation. 

found in either species. 

No loss of germinability was therefore 

(iii) Effect of Light of Various Colours. Dillon -Wes ton (1931a)ß 

using Kodak Wratten Filters to produce light of different wavelengths, 

found that red, orange, yellow and purple light inhibited germination in 

uredospores of P. P-raminig f. sp. tritici, while green and blue allowed 

as good germination as was obtained in darkness. 

The writer used Eel Calorimeter Filters inserted in spaces left in 

black paper coverings on the lids of 10 c=. Petri-dishes. Slides of both 

species were prepared as in (i) and exposed to the various colours of 

light by plating them in the dishes and turning the lids until the coloured 

part of the filter was directly above the spores. Samples were exposed 

dry and in an atmosphere of high humidity achieved by lining the dishes with 

water-soaked filter paper. Exposure times were up to 48 hours and light 

was provided by a bank of four eight-foot Osram Daylight Fluorescent Light 

Tubes placed 30 arcs. directly above the dishes. Germination tests were 

carried out as in (i). The filter colours and numbers were as follows: 



1r`ß. .} 

Filter ? 30. colour. Filter No. Colour. 

41110 Dark blue. ! OGR1 Greenish-yellow. 

621 Mid-blue. 626 Amber. 

622 Dark turquoise. 607 Deep orange., 
_ 

623 1 Dark green-blue. 608 Very deep red. 

624 Dark green. OR1 Deep red. 

625 Mid-green. 

The relative humidity in the dishes where the spores wert exposed dry 

was about 60X. In the case of spores placed in humid atrnespherej, the R. H. 

was assumed to be nearly 100%. Dark controls were also set up. The 

temperature during irradiation v: -as 20°C - 24°Ct readings being taken on 

a max. /rain. then . ometer. . 
The experiment was repeated using dishes with the lids covered with 

cellophane of the following colourst dark blue,, Light blue� dark green,, 

light green, orange, red. 

Results: There was no evidence that exposure to light of any of the above 

colours caused decrease in germinability in spores of either of the rusts, 

as 90; - 95% germination was obtained in light-treated spores and in controls. 

(iv) Effect of U. Y. Light. Dillon-Creston (1931b) and Hwang (1942) found 

that exposure to U. Q. Light caused a marked decrease in germination in forms 

of P. pr&mints tritici and in triticina respectively. Irradiation of spores 

in water was found by the former worker to be far more harmful than 

exposure/ 
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exposure of dry spores. 

Irradiation of spores of the tu%. 'o rusts of Phrarmites was done with a 

Hanovia Model 16 U. V. lamp placed at a distance of 20 cris. from uredospores 

placed in single layers on slides. One series of slides was exposed to 

U. V. light at- room R. H. (65', approximately) and the other series exposed 

at high R. H. (95 - 98X), created as in (iii)p excepted that the lids were 

not replaced on the dishes since U. V. light does not pass through glass. 

Results: Preliminary caý"periments showed that no apparent loss in viability 

occurred after periods of up to an hour of irradiation. Prolongation of 

treatment up to 22 hours and moving the lamp as close as 10 cros. gave no 

decrease in germination in either species cf. Dillon-Weston (1931b) who 

found a marked decrease in percentage germination after 30 minutes' 

irradiation of uredospores of P. pramninis tritici. 

Discussion: Since no evidence was obtained that light of a: q wavelength 

can kill uredospores of either species, even ruhen the time of exposure 

is 48 hours (white light) or when U. Y. light is used, it is not considered 

that difference in capacity of uredospores to survive light damage is 

important in determining the distribution of the two rusts on the Phhrraaimites 

at Kilconquhar Loch. 

(b) Effect of Humidity. 

Survival of uredospores under different conditions of humidity has been 

studied by a number of workers e. g. Raeder and Bever (1931), Iohamed (1960) 

and Hobbs (1960). In general,, it has been found that uredospores survive 

longer/ 
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longer in conditions of intermediate R. H. i. e. around 50i, than at very 

high or very low humidities. 

(i) Storage of Uredospores under Different Conditions of Relative Humidity. 

Freshly collected samples of uredospores of P. magnusiana and P. phr raitJ 

were gently detached from the leaves by brushing with a camel hair brush into 

open glass dishes. Gentle brushing was intended to remove only mature spores, 

The open dishes were placed in the following conditions of relative humidity 

at 200C: 

(1) 20% (in a vacuum desiccator). 

(2) 60% (in a Fison's Plant Growth Cabinet). 

(3) 90% (in a box lined with wet filter paper. This R. H. fluctuated 

over 5% in either direction and the paper required frequent dampening). 

All spores were stored in darkness. Samples were withdrawn every two days 

and tested for germinability. 

Results: AU samples gave 90Z - 95% germination before storage. In both 

species, after 2 days' storage at 90% R. H., there was a sharp decrease in 

percentage germination to 40% - 45%. After 4 days at this LH., germination 

hac dropped to approximately 1%. Subsequent tests were abandoned as the 

spores of both rusts were contaminated wit'i an overgrowth of a species of 

Bis, arrn bearing micro-conidia. The uredospores kept at 20% F. H. showed a 

steady decrease in germination, down to about 5% after 14. days in storage. 

Thereafter, samples in both showed less than l_= germination up to 28 days in 

storage. After 28 days, only a few spores of each species were capable of 

germinating/ 
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germinating. Spores in the dishes at 60% R. H. gave approximately 32% 

germination in both species after 14 days, decreasing to less than 10% 

7 days later. Finally, after 28 days in storage, only a few spores of each 

rust could still germinate. 

(ii) Survival of Uredospores Allowed to Dry in the Field. 

Tests for survival of uredospores subjected to drying under field 

conditions were carried out as for aecidiospores (Chapter IV, page 114 ). 

The R. H. during exposure to drying was around 56%. This value is based 

on the mean of 16 readings taken throughout the experiment. The maximum 

temperature was 20°C, the minimum 16°G. Since it had already been found 

that light had no significant effect on germinability, this factor was not 

taken into account. 

Results -Spores exposed to drying for periods of up to 8 hours in sunlight 

showed little decrease in percentage germination in either species. At 

least 90% gemination took place in all samples of each species. 

L"iscussions On consideration of the results above, it seem unlikely that 

decreased germinability of uredospores due to drying can explain the lack 

of infection on much of the ? hhra rites bed on the south side of Kilconquhar 

Loch. Periods of high humidity rather than of very low humidity will more 

probably occur frequently in the field. Since uredospores of both species 

survive only a few daps at high humidity, loss of germinability at high R. H. 

could explain the apparent lack of spread of either rust. This., however, 

does not account for the preferential spread of F. phrapiitts. 

(c)! 
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(a) Effect of Temperature. 

Temperature has been found to be an important factor in determining 

the time of survival of uredospores of other rusts e. g. Chester (1946) 

found that spores of P. tri icing kept at 5°C gave 18% germination after 

1020 days' storage, while Schaal (1925) and Mehta (1929) respectively found 

a low percentage survival in spores of the same species kept for 10 minutes 

at -53°C and for more than 4 hours at 52°C. 

Samples of uredospores of P. rn gnusiana sind P. rhra. itis were stored 

in a number of closed tubes at the fo owing temperatures: 

ti). 12°C. 

(ii). 4°C. 

(iii). lA°C. 

(iv). 15°C. 

W. Fluctuating. (in Fison's Plant Growth Cabinet. For ranges of 

fluctuations, see tables below). 

The experiment was set up in late September and spore samples withdrawn 

weekly for germination tests. 

Rem Results were as tabulated below. Only times when a marked 

decrease in germinability was observed are given. 
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After 212 days in storage, all samples showed less than 1% germination 

Le. by- the time Phranmites was appearing in the field, the percentage 

survival of uredospores stored at any of the temperatures given above was 

very, low. 

Discussions At -12 
°CII P. ghra pri1tis uredospores appear to have a greater 

capacity for survival than those of P. mapnusi tna. However, since 

temperatures as low as this are very unlikely to occur for long periods 

in the field, this capacity is not considered to be an important factor 

in the comparative overwintering ability of the two species. A very 

marked difference was seen in the survival of the two rusts at 4 °C. spores 

of P. phrarmitis retaining their viability for a much shorter time than those 

of P. macnnustana. Survival at 10°C seemed a little better in the former 

species but at 15°C uredospores of P. phrar itis did not retain their 

viability as long as those of P. mapnusiana. No appreciable difference 

between survival capacity of the two species was seen when kept at 

texperatures fluctuating in the ranges. indicated# spores of both rusts 

retaining a high degree of germinability for about 212 clays. At all 

temperatures,, less than 1% of the stored uredospores were still germinable 

after 212 days in storage i. e. at the time when Phra mi tes plants would be 

available for infection in the field. Winter temperatures at Kilconquhar 

Loch were found in 1964 to vary between 1$°C and -9°C (see page 25 ). 

The results obtained above indicate that both rusts can probably ovezwinter 

in this temperature range by means of uredospores. Overwintering by 

uredospores/ 
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uredospores has been observed in P. ghrac itis by Professor J. A. Macdonald 

( 1957 ) at Tentsazuir and in P. r. ̂ap_nusiana by the writer at Norton Lochs 

(see page 14 ). Thus, it seems unlikely that either rust has a 

selective advantage due to a greater capacity to survive by overwintering 

uredospores. 

Conclusions: The distribution of P. magnusiana and P. phraptitis at 

Kilconquhar Loch cannot be explained on the basis of different degrees of 

survival of injury by light and drying during dissemination of uredospores 

of the two species. Both rusts are capable of overwintering by means of 

uredospores and it is therefore considered unlikely that P. phracmitis 

rather than P. narr usiana should survive solely by this means on the south 

side of the loch. 

Lack of susceptibility -to, P. _ pnu Tana on the part of the reeds on 

the south side cannot account for the absence of infection by this rust, 

since collections of Phhrrapm. ites from this side have been infected 

experimentally using as inoculun either aecidiospores or uredospores of 

P. mapnusiana collected on the north side. However, as stated in Section 1, 

the reeds seem to be much more adversely affected by P. phracmitis than by 

P, ma. Pnusiana. If this may be taken as an indication of a greater degree 

of susceptibility of the reeds to the f ozmer rvstt it is possible that, 

under field conditions, this rust will establish itself more readily than 

the latter species in a new area. From the map (Plate XXII), it appears 

that P. Phramitis has spread round the loch from the main infection area 

by/ 
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by a series of fairly short "hops" and that long-range dispersal of 

uredospores directly across the loch does not take place. The direction 

of the prevailing winds across tie loch is south west during the period of 

uredospore production. This may explain the apparent lack of spore 

dissemination directly across the loch. There is no obvious reason whey 

P. 
, phrammitis rather than P. r: -. arnusiana should be the rust Involved in 

short-range dispersal. 
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Section 3. 

Germination of Uredospores. 

The germination requirements of uredospores of both species were 

studied. It was hoped that some differences between the two would be 

found which might explain the failure of infection experiments using 

P. phra, ardtis and might also account for the distribution of the rusts 

at iCilconquhar Loch. The factors considered first were light, humidity 

and temperature. Results of temperature experiments led to a study of 

the sensitivity of the uredospores to other external factors such as 

components of the agar and germination inhibitors produced by the spores 

themselves or by infected leaf tissue. 

(a) Effect of Light. 

- Experiments (i) - (iv) in Section 2. (a) were repeated, using spores 

floated on drops of distilled water in cavity slides. 

Results: Excellent germination (95% - 98%) took place in all cases. There 

was, -therefore, no evidence of light inhibition of gemination in either 

species. 

(b) Effect of Humidity. 

Small samples of freshly collected uredospores of E. ma nusta a and 

P. phra; mitis were placed in open Petri dishes in a Fison's Plant Growth 

Cabinet at the following relative humidities, separate samples being used 

for each experiment : 95Z-, 977,99Z, 104%. No light was provided. A 

constant/ 
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constant temperature of 24°C was maintained. The spores were examined 

after 2.4 hours of incubation. 

Results: No germination occurred in any sample except in those at 99% 

and 100% R. H. where a few spores in both species germinated. Germination 

gras slightly better at 100% R. H. than at 99% R. H. but in no instance did it 

exceed 1L%. These findings are in accordance with those of Mains (192) 

and Stock (1931) who obtained a very low percentage germination in uredospores 

of P. triticina at 100% R. H. c. f. Heaami and Abbe (1933) who found 

"profuse germination" in saturated air but only 4.29% at 99% R. H. 

(c) Effect of Temperature. 

The effect of temperature on uredospore germination was studied by sowing 

uredospores on 2% water agar (Difco Bacto Agar) and on distilled water. 

The plates were poured in sterile conditions and care taken that any 

moisture condensing on the lids did not fa1l on the surface of the agar. 

All plates were left for at least 8 hours at the appropriate temperatures 

before seeding in order to ensure that the medium was at the same temperature 

as the enviror=ent (Cochrane, 1945). Seeding was done by brushing the 

spores very gently from the host leaves, producing as unifcrue a deposition 

as possible. 

(i} Preliminary 'Experiments. Preliminary tests were made to determine 

roughly the range over which germination would take place in the two species. 

Three agar plates and three plates containing distilled water were seeded 

at each of the following temperatures (°c) : 4°, 6°, 11°, 13°, 15°, 17.5°, 

20°/ 
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200,22°, 25°, 28°, 30°, 32°, 35°" After 12 hours, the plates were 

examined for germination. 

Results: 

1. On Mar. 

No germination took place at 40 in either species and very little 

(< 5) took place at 8°# 11° and 13°. At 15° - 32°x, fairly good gemination 

(50% - 20%) was touted in P. magnusiana and at 150 - 300 in P. ghrarmitis. 

No germination was seen in either species at 35°" 

2. On Water. 

Germination on water was better in every case than on agar at the same 

temperature. This was especially noticable at the limits of the range 

and a slight extension was found of both the upper and the lower limits of 

the temperature range in both species i. e. germination now took place in 

all plates except those at 35°. It was noted that the rate of germ-tube 

growth at 40 was very much slower than at higher temperatures. 

(ii) Estimation of Percentage Germination. Six agar plates were storm 

with spores of each species at the following temperatures (°C) : 13°v 15 0, 

1"11050,9 20°, 22°, 25°f 28°s 30°' 32°, After 10 hours' incubation,, the 

plates were placed at 4°C to stop any further germination taking place. 

During germination scoring, a little cotton-blue in lactophenol was added 

to each plate. This prevented germination while counts were being made. 

A spore was taken as germinated when the germ-tube was as long as it was 

broad (Manners and Hossain, 1963, French, 1961). Counts were made using 

A/ 
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a Vatson Eactil Binocular Nicroscope with 110 eyepieces and 16 objective. 

Fields with about 50 spores were chosen where possible (Fanners, 1949). 

Sic fields per plate were scored. 

Results s 

P. magnusiana. P. phragmitis. 

Temperature (°C). Mean % Germination Temperature (°C). Man % Germination. 

13° 2.3% 13° 6.4% 

15 0 5.4% 15 0 11.5% 

17.5° 8' 3% 17.5° 14 5% 

200 W. 0% 200 406% 

22° 14% 22° 6422 

25° 14.2% 25° 4809% 

28° 24% 28° 26.1; 

30° 15.6% 30° 14'0% 

32° 11.12% 32 ° 41% 

(d) Technical Difficulties. 

(i) Effect of Washing Agar and Glass,, mre. From the above table, it is seer 

the germination in spores of P. msgnusiana was rather low and never exceeded 

45% at any of the temperatures used. It was thought that this might be due 

to impurity of the agar or lack of sufficiently thorough cleaning of the 

glassware. Lige (1963) found that, in uredospores of P. striiformis West, 

germination/ 
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germination on agar could be improved from 6% to 61`ß by washing. the agar 

three times with distilled water and finally with redistilled water and 

rinsing the dishes with acid prior to a water rinse. 

20g. -of Difco Bacto Agar were washed in 6x1,000 m1s. distilled 

water by thoroughly stirring; at each water change and centrifuging the 

agar down at 1, $00 r. p. m. in an M. S. E. centrifuge. Forty eight 5 cm. 

diameter Petri dishes were washed in chromic acid and rinsed in eight 

changes of distilled water before sterilising at 180°C. Pre-incubation 

and seeding of plates has as in (c) (ii). Both species were studied 

and controls consisted of a parallel series on plates of unwashed agar. 

The temperatures used were as given below. 

Refits: 

F. mapnus1aM. 

Temperature (°C). Mean % Germination. 
on Washed mar. 

Mean % Germination 
on Unwashed Agar. 

Time of 
Incubation. 

17° 37.6% 35-2% 12 hours. 

22° 62-9% 54.2% 12 hours. 

30 0 20"3% 16.4% 12 hours. 

30 ° 56.9% 39.7% 24 hours. 

P. phragmitis. / 
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. 

P. Ehrapmitis. 

Temperature (°C). Mean % Germination Mean % Germination Time of 
on hashed Agar. on Unwashed Agar. Incubation- 

13 0 22.5% 11.5% 12 hours. 

22° 65'1% 61.2 12 hours. 

30° 162% 190l% 12 hours. 

Discussions 

Although the difference in percentage germination on washed and 

unwashed agar is not significant at all temperatures, the fact that the 

percentage germination is always lower on unwashed than on washed agar 

indicates that unwashed Difca Bacto Agar contains some component which 

may have an adverse effect on uredospore germination, especially at the 

lower limit of the temperature range in P. phraQmitis and around 220C in 

magnusiana. The results obtained with P. mapnustana spores at 30oC 

suggest that the effect may be one of retarding of germination as the 

difference in percentage germination is not significant after 12 hours but 

" is significant after 24 hours. 

To test whether unwashed agar delayed uredospore germination, the 

above series of germination tests was repeated but in this latter experiment 

the plates were removed for scoring after only 10 hours of incubation. 
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I Res ltst 

I P. mm nusiana. 

Temperature (°C). Mean % Germination on rean i Germination on 
1': ashed Agar. Unwashed Agar. 

17° 39-3% 20-1% 

220 29.4% 15- 8% 

300 42.0% : Lo. o% 

P. phra : nitis. 

Temperature (°C). Kean % Germination on 
Washed Agar. 

Mean % Germination on 
Unwashed Agar. 

32- 0 5.4% Trace. 

22° 31.5% 34-8% 

30 o Trace. Trace. 

(ii) Germination on Different Brands of Agar. Uredospore germination 

tests were carried out in both rusts on 2% water agar made with unwashed 

agars of the following co=ercial brands : Oxoid Agar No. 3f Oxoid Ionagar 

'o" 2 and Difco ßacto Agar (control). Both of the Oxoid agars were much 

darker toben in solution than the Difco agar. Incubation was for 10 

hours at 22°C. 

Results s 
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Results: 

P. nagnusiana. P. phragritis. 

Agar Brand. ',! lean % Ger-aination. Agar Brand. Yean % Germination. 

Oxoid Agar 47' 5% Oxoid Agar 50.4% 
No. 3. No. 3. 

Ionagar No. 2. 477% Ionagar No. 35.97. 

Difco Bacto 41.7% Difco Bacto 21.9% 
Agar. Agar. 

It was noted that the germ-tubes of P. lhrapTnitis spores on Difco 

Facto Agar were very short compared with those produced on the other two 

brands of agar. 
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Typical Analysis for Oxoid Agar No. 3# I onagar No. 2 

and Difco Bacto Agar. 

(Supplied by Oxoid Ltd., London. ) 

ßxoid Agar 
No. 3 

Ionagar 
No. 2 

Difco 
Bacto Agar 

Ash 2.5% 2.1% 3.9% 

Acid Insoluble Ash 0.23% 0.1% 0.46% 

Sulphate 1.2% 0.09% 2.0% 

Chloride 0.31% 0.08% 0.21% 

Calcium 0.34% 0.07% 0.18% 

Magnesium 0.16% 0.7% 0.07% 

Iron 233 p. p" ©" 125 p. p. m. 21 p. p. m. 

Total Nitrogen 0.24% 0.1% 0.09% 
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Discussions 

It appears frans the results that temperature and humidity are the 

principal factors governing uredospore gemination in F. Ehra7mitis and 

P. rn pnusisna, the relative h, inidity determining the absolute point of 

germination and the temperature determining the degree of germination taking 

place. Light seems to have no appreciable effect on germination of 

uredospores of either species. 

fluiidity seems to be the 'chief factor governing ger--dnation. Since 

little germination takes place even at 100% R. H. the presence of liquid 

water'is necessa27 before germination can proceed to any significant degree. 

The results of experiments to determine the effect of temperature on 

germination of uredospores on agar are shorn in the form of histograms 
X 

(Plates XXIII and XXN). Data was subjected tot tests and the fiducial 

limits are indicated thus s E. The range of terperature over ich 

spores of the two species germinate is approximately the sacs, though 

p. magnu siena shout a higher optimum (around 25°C) and maxim= (7 32°Cy 

than P. rhrE. nitis whose corresponding cardinal temperatures are approximately 

22°C and 32°C. A change of temperature of 3°j from 22° to 25°x caused an 

increase of about 30% germination in P. 
_jiis 

iana. Gemination in this 

species., according to statistical analysis of the results, is very sensitive 

to temperature change in the range 22°C to 28°C but outside that range the 

percentage germination is low and insensitive to temperature change. In 

P, phramitis, temperature sensitivity extends over the ränge 17.5°C to 32°C 

arid/ 
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and ,a 
hich y significant increase in germination takes place when the 

temperature is raised from 20°C to 22°C. It is not known haw far these 

results can be, applied to germination of spores in nature as the findings 

which are true for spores germinated on agar are probably not strictly true 

for spores germinating in water in the field. Results from experiments 

in. (c) (i) indicate that the temperature range over wich germination takes 

place in wrter is wider and that a higher percentage germination takes 

place at all temperatures in this medium in both species. 

From Plates XXV - XXVIII, it seems that Difco Bacto agar contains some 

factor which is unfavourable to germination of uredospores of both rusts,, 

although a significant reduction in percentage germination was obtaind 

in the 12-hour series only in 
. 
E. rhra mitis spores incubated at 13°C. In 

the case of P.. irna uredospores incubated for 24 hours at 30°Cv the 

difference was also significant. Since the, increase in percentage 

germination taking place at all temperatures in the 10-hour series of 

p. magnusiana was significant at each temperature, it was concluded that the 

effect exerted by the factor or factors in the unwashed agar was one of 

delay in germination rather than of absolute inhibition. This "delay" 

theory is suggested to account only for the results obtained with P. maºnusi_ 

The differences in germination percentages on washed and urntimshed Difco 

Bacto Agar in the P. Phrs itis 10-hour series were not significant- at any 

of the tenperature3 used. 

plate XXIX shows the results of germination experiments with uredospores 

of both rusts on different brands of agar. There was no significant effect 

of/ 
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of-agar type on spore germination in P.. rnaanusiana but germination of 

P.. phra ýrnitts spores on Oxoid Agar No. ý 3 was - significantly greater than on 

Ionagar No. = 2 vdich, inturn, shored a percentage germination significantly 

higher than that on un=3hed Difco Bacto Agar. An analysis of typical 

sa les-of the three brands. of agar was kindly provided by Qxoid Limited, 

London. (see page 147). It may be postulated that the higher proportions 

of iron, calcium and magnesium in Oxoid Agar No. 3 and tongar No. 2 are 

favourable to germination of P. rh rR? mrttts uredospores. Hoc-., ever,, since 

none of the agars seemed to affect P. =Qnust nt spores to any great extent, 

this analysis does not point to the particular component or components - 

involved in the delaying effect caused by Difco agar. It is possible that 

an organic compound is involved. In conclusion, it is considered that the 

technical difficulties involved in determining cardinal temperatures for 

uredospore germination in the rusts studied were such that the results 

obtained on agar cannot be regarded as an accurate representation of the 

pattern of germination taking place in the field. 

(e) Tests for Uredospore Self-inhibitors-or Stimulators. Low percentage 

germination frequently occurs in uredospore tests due to production of. an 

inhibitor by the spores themselves. Auen (1955) and, Forsyth (1955) found 

that spores of P. arsminis f. sp. tritici formed an inhibitor which could 

be removed from the spores by floating them on an aqueous solution. Later,, 

Allen (1957) and French ssey and Weintraub (1957) also found a substance 

(pelargonaldehyde) produced by the spores which overc&mo the effects of the 

inhibitor/ 
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inhibitor. 

It was thought that production of an inhibitor might partly explain 

the erratic and rather poor germination of uredospores especially of 

P. r gnusitýna. 

Tests were made by the method of Allen (1955), modified, as indicated 

in the Appendix (page 178 ). 

In germination testing, spores of both species were floated on 

extracts from their own spores and from spores of the other species at 

temperatures from 5°C to 32°C in plastic containers with tightly fitting 

lids. Controls in distilled water were similarly set up. All samples 

were observed for germination after 10 hours. 

Rcsultst 

Percentage gern nation on extracts and on distilled. water was very 

similar at each temperature. There eras thug no evidence for production 

of either an Inhibitor or stimulator in either species. 

Discussion? 

Although no evidence was obtained of the presence of inhibitor or 

stimulator, this result cannot be regarded as conclusive. Nilson (1958) 

found that the conditions under which uredospores were produced in L Tr 

phaseoli affected the production of stimulator and inhibitor. Temperature 

and humidity were the principal factors involved in this effect. It is 

possible., therefore, that under different environmental conditions,, 

uredospores/ 
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uredospores äf. phracitis and P. r. jnriusiana do produce inhibitor` or 

stimLlator. The conditions of production of the spores used in the above 

tests by the writer were those of high R. H. (approximately 80%) and low 

temperature (approximately 15°C). Lcr-q R. H. and high temperature may be 

necessary for inhibitor/stimulator production in these species. 

{f} Tests for Inhibition of Uredosnores 12 Rusted Tissue, 

Since no explanation could be found to account for the distribution of 

the rusts at Kilconquhar Loch in terms of different survival capacity or 

different germination requirements, of uredospores of the two rusts,, it iss 

thought that some degree of cross-inhibition of, uredospores might occur 

between the two species i. e. tissue infected with one species night produce 

a substance inhibiting germination of uredospores of the other species so 

that some advantage. eight thus be gained by the first rust. infecting a fresh 

host. 

Although it was possible to find sort of both species on the ssze 

Phraerrites leaf, the infected areas were usually some distance apart so 

that it seemed that infection of a host already diseased could not take 

place near to pustules of the first rust attacking it. This observation 

was based an examinations of Phra mites leaves near Kilconqu ar village 

fiere =st leaves bore P. r. ̂ pnusian!. 

(i) Tests for Inhibitors Mffüsin! r from Tissue. The method used as 

that of'Wilson (195$)" Controls consisted of diffusion plates set up 

using leaf pieces taken from within 1.5 cm. of uredosori but not themselves 

bearing/ 
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bearing spores. In the case of P. phra ittis., these areas were markedly 

necrotic. Controls of tissue which, as far as could be determined, bore 

no infection were also set up. Any inhibitor diffusion taking place was 

ailowed to proceed for 3 hours at 22°G and then, the plates were seeded fairly 

thinly with uredospores of each species and incubated for 12 hours at 22°C. 

Both washed and unwashed agar were used. The plates were examined under a 

v atsan Barnet Microscope with 17 eyepieces and X6 objectives. 

Results: 

Germination in all controls was very good (about 50% in P. m usiana 

and, 60% in P. hrrap itis . here P. w u'nusiana - infected zones with sari 

were used as test-tissue, an inhibition zone was seen in the "lawn" of 

germinating, uredospores of both rusts, especially well-marked in the case 

of P. r nusiana spores on washed agar. No inhibition was found when the 

test tissue was the area including P.. phra iitis sari., It thus appeared 

that the leaf zone i ediately surrounding uredosori of P. r nusiana 

produced an agar-diffusible substance which inhibited germination in 

uredospores both of P. maon siena and P. rahm i tis. 

(u) Effect of Increase and Decrease of Diffusion Tiere. Experiment (i) 

was repeated, allowing diffusion to proceed for the following times before 

seeding the plates % zero., 1 hour., 2 hours, 3 hours, 6 hours, 9 hours, 

12 hours. 

Results 
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Results: 

Uredospores sown on to the plates at zero diffusion time were not 

inhibited. Slight inhibition occurred over the tissue pieces with 

p.: ýrnusiana sort after 1 and 2 hours of diffusion. This inhibitory 

zone became progressively wider untilp after 9 hours, total inhibition of 

the "laun" of uredospores was seen. No sign of this inhibition being 

overcome in the 12-hour plates was seen. No inhibitor was apparently 

produced in the tissue surrounding P. rhra7*nitis sori. 

(iii) Effect of Temperature on inhibition. Experiment (i) was repeated 

at 17°CO 20°C, 22°Cs 28°C and 30°C. 

Res 

There was still no inhibitor produced apparently in the case of 

P. nhrarinitis infections. Inhibition by P. rragnusiana - infected tissue 

'Zones took place in all plates but was less well-marked in those incubated 

at 170 and 200 than in those at higher temperatures. The width of the 

inhibition zone was also greater in the case of high temperature incubation 

than low. Similar effects were seen on P. phragmmitis spores, although 

germination at 30° was too poor to permit any conclusion to be drawn 

regarding inhibition at this temperature. 

(iv) Duration of Inhibitor r Effect, The plates from experiments (i) - 
(iii) showing inhibition were incubated for a further 12 hours and re-examined 

Results/ 
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Fest: 

Except in the case of the plates incubated at 17° and 20 °, germination 

was observed all over the plates. Thus., the inhibition seemed to have 

been overcome, Areas. with. little or no germination were still found in 
4 

some parts of the plates at 170 and 20 0Ct 

These results indicate that, the effect is one of temporary inhibition 

and not of killing of the spores. 

(v) Tests for Inhibitor Production bySpores end Sori; Although it had 

already been found that uredospores of neither of the two rusts produced 

germination inhibitors (see (e)s page 150)s further tests were made as in 

(i) above using mature spores and sari with the mature spores removed as 

diffusion test material. Possible diffusion was allowed to proceed for 

9 hours at 22°G before plates w ; re seeded. 

Resuits j 

No inhibitor was apparently produced by mature spores or by sori with 

mature spores removed. " 

Discussion: 

From the results above, it appears that, from the leaf tissue 

immediately surrounding uredosori of P. marnusiana, a substance is produced 

which inhibits uredospores strongly in this species and less strongly in spores 

of P. phrapmitis. This is in agreement with the results of Wilson (1958) 

Vh-O found that inhibitors produced from tissues infected with a number of 

rusts including P. graminis f. sp. tritici, P. helianthi and Uromyces rhaseoli 

each/ 
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each acted on sporos of the other species and also on those of 

Cronnar`viui ribicola whose uredospores did not produce self-inhibitors. 

It is possible that failure to detect inhibitor in the case of P. 

hhraýitis was due to the state of the material as the sort used all con- 

tained a high proportion of teleutospores, indicating that the infection 

was rather old. It may be that inhibitor is produced only when the 

uredial Infection is at its height as was the case with the P. magnusiana 

material used at this time. However, as the results stand, it is 

suggested that uredospores of P. magnusiana being shed to directly within 

the vicinity of either the parent sores or of another uredosorus of the 

same ruct will not germinate since it is. probable that diffusion of 

inhibitors is continuous. It is thought that the inhibitory effect is 

of greater importance in the dissemination of the rust than in prevention 

of cross infection since the area of tissue producing the inhibitor is 

fairly small (< 1.5 cm2) and the effect would thus be important in this 

latter aspect only in very heavy infections. By preventing further 

infection in leaf areas already bearing uredosori, this mechanism reduces 

wastage of inoculum of P. magrn ssiana since spores thus prevented from 

germinating can be redistributed and infection may take place, thereby 

giving greater spread of the disease. It thus seems that P. marnusiana 

operates at an advantage by means of this self-inhibitor mechanism. The 

results, then far from clarifying the situation at Kilconquhar Loch 

render it even more puzzling. 
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. 
Section 

Effect of Light and Temperature on Development 

of Infection in F. phrapmitis. 

Light and temperature have been shout by a number of workers to 

influence the development of uredial infections in various rusts. Hart and 

Forbes (1933) observed that light influenced the degree of infection in 

certain rusts e. g. in some varieties of E. r=inis tritici. darkness at 

the time of inoculation and throughout the early stages of infection reduced 

the prevalence and severity of infection. Riksh and Dickson (1957) found 

that light and temperature affected the response of 'öcuu" to P. sorghi, the 

latter factor having a more obvious effect than the former. Lange et al 

(1958) found that temperature influenced infection in P. Praminis var. 

trittci,, the optimum infection temperature being 75°F, the minimum 60°F and 

the maxiauim 66°F. 

It was thought that the failure of infection experiments with 

P. Phragnitis might be due to the fact that, in many cases, light was 

excluded from the infection areas of the leaves during the early period of 

attempted inoculation owing to the infection techniques used. Unfavourable 

temperatures were also considered as a possible bar to development of 

infection in this species. Experiments were carried out to test these 

hypdthese3. 

(a) Effect of Lipht_/ 
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(a)tEffect of Light. 

Six plants of Phrites were inoculated with uredospcres of 

P. phra; mitt.. On each., 3 leaves were inoculated with spores placed on 

wet, transparent, cellophane discs and 3 with spores on a double layer of 

wet filter paper so that in the first case the infection area was exposed 

to light and in the second case it was in darkness. All leaves were 

enclosed for 48 hours in transparent polythene bags. Plants were exposed 

to the temperature ranges in (b) below, 2 plants being in each place, and 

were examined daily for infection over a period of 28 days. 

Results: 

No infection developed on any of the leaves. 

(b) Effect of Temperature. 

It was not possible to grow the host plants at a number of different 

constant temperatures. Variation in temperature was obtained by placing 

some of the plants in a greenhouse, some in the shaded space between two 

greenhouses and some in an exposed pond. A number of infections were 

attempted on each set of plants using all the techniques given in the 

Appendix (pages 167x8). Va. /min. temperatures were read daily over a period 

of 21 days and the plants examined daily for infection. The experiment 

was begun in late July and carried on till mid-August. 

Temneraturest/ 
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Results: 

No infection developed on any of the plants. Further observations'a 

week later showed still no sign of infection. 

Discussions 

From the results obtained in (a) and (b) above, the failure of 

infection experiments with P. phrarnitis uredospores cannot be accounted 

for by the suggestions made on page 157 Since the spores used in all 

experiments were capable of giving a very high percentage germination when 

floated on distilled water, low viability cannot explain this failure. 

Experiments involving pre-germinated spores may be unsuccessful because 

of low inoct4um potential of the spores. Inoculum potential may be defined 

as "the energy of growth of the parasite available for infection of a host 

at the surface of the host organ to be infected" (Garrett, 1966). Pre- 

germinated spores may have a low inoculun potential in P. ghragrnitis since 

the germ-tubes were of considerable length before the material was used and 

it is possible that infection takes place only in the earlier stages of 

growth of the parasite. In cases where ungerminated spores were kept 

under wet sponge pads etc., it is possible that no germination took place 

due to lack of sufficient aeration. Chester (1946) has observed that 

uredospores under water; `germinate less well than do those on the surface 

and says that this is evidently due to oxygen lack. 

Summary and oncluu3lonss 
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Swary and Conclusions: 

1. Uredospores of both P. miusiana and P. rhra itis have a highcbgree 

of resj. stance to damage by light., desiccation and temperature. No reduction 

in percentage germination is caused by exposure to U. Y. light for periods 

of at least 12 hours. A few spores of both species were still germinable 

after 28 days in storage at 20% R. H. Best preservation was obtained in 

both at 60% R. H. Approximately 10% germination still took place in samples 

stored for 21 days at this latter R. H. 

2. The cardinal temperatures for uredospore germination on 2% water agar 

(Difco i3acto) were found to be as follows: 

P. magnusianA : Minimum, 80C. Optimum, 25°C. X aximum, 32°C+( < 35°C) " 

P. rhragmitls s1 inimuni, 8 °C. Optimum, 22°C, Maximum� 32°C. 

The minimum temperature of both species in distilled water was 40C and 

the maxims between 32°C and 35°C. 99 - 100% J LH. was the minimum. 

humidity required to allow germination in either species. There as no 

evidence of inhibition of germination by light. Even U. V. light had no 

apparent effect. 

3. Some water-soluble factor present in Difco Bacto Agar can cause delay 

in germination of uredospores of P. manusiana. Iron, calcium and 

magnesium may exert a favourable effect on germination of P. phra mitis 

uredospores. Self-inhibition of uredospore germination was not found in 

either species. A substance or substances produced in PhraPmites leaves 

in the immediate vicinity of uredosori of P. manusiana can delay germination 

both/ 
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both in uredospores, of this rust and in uredospores of P. £hrar tis. * 

4. No explanation is offered in terms of differential requirements for 

uredospore germination or survival in the two rusts to account for the 

distribution of infection observed at Kilconquhar Loch. The direction 

of the prevailing winds (S. W. ) may partly explain this distribution. 

5. Failure of infection experiments with P. Phrarmtis uredospores may be 

due to low inoculum potential of the material used or to lack of germination 

awing to oxygen deficiency caused by immersion of the spores in water during 

inoculation. 
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GENERAL SUMMARY AND CONCLUSIONS. 

1. The life cycles of Puccinia ragnuslana and P. phragmitis were found by 

field studies and infection experiments to be as follows: 

P. magnusiana. , 00 1 on Ranunculus repens, R. bulbosus and R. 

flammula subsp, mi nimus. 

(Late May until late June). 

III III on Phravmitea communis. 

(Early June until late April or early May of the 

following year). 

P. phragmitis. 00 1 on Rumex crispust Rumex obtusifolius and 

Rheum officinale. 

(Mid-May until mid-June). 

III, III on Phragmiter3 communia. 

(Late May until late April or early May of the 

following year). 

No aeoidia of P. magnusiana could be produced experimentally on Ranunculus 

lingua, R. flammula eubsp. flammula or Anemone gy indrica. No aecidia of 

phragmitis could be produced experimentally on Rumex accetosa" 

2. Studies on the mechanism of teleutospore dormancy in P. phraºled 

to the following conclusions. 

(a) Storage of dormant teleutospores at constant temperatures ranging 

from -12°C* to 25°C. has an adverse effect on the retention of viability. 

Spores/ 
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Spores kept at temperatures fluctuating from -8.3°C. to 20°C. retain a high 

degree of viability but there is no evidence that exposure to such 

fluctuations shortens the dormancy period. 

(b) The period of dormanoy is not of fixed duration. 

(o) No ohitinase was detected, either within'the teleutospores them- 

selves or produced by micro-organisms in the environment. 

(d) The teleutospore wall in P. phrammitis is composed chiefly of 

chitin, lipid and another component which is suggested to be glucan. 

(e) All attempts to break dormancy by physical and chemical agencies 

failed. 

(Y) Preliminary analysis of the lipid content of dormant spores 

suggests that the principal lipid reserves present are phospholipida, tri- 

glycerides, fatty acids and their esters and sterols and their eaters. 

It is concluded that further studies on the lipid reserves carried out 

throughout the dormancy period may lead to discovery of the mechanism of 

dormancy. 

3. No germination of teleutoapores of either species took place in 0.2 M 

CH3 COO Na - Chi COO H buffer or in 0.1 M Nat HPO4 - Na H., P04 buffer. 

Only P. phýtis spores germinated in "005 M N(CH2 CH, OH)3 -H C1 buffer. 

In 0.1 M sucrose buffered with 0.5 NH Cl and 0.5 Na OHS the following 

ranges and optima were found. 

P. magnusiana. 

P. phýtis. 

Maaievum AH. 

8.0 

804 

Optimunf PH" 

6.2 

7.4 

Minimum-PH. 

4.0 

4.0 
The/ 



165. 

The cardinal temperatures for teleutospore germination in distilled water,.. 

were as follows. 

Maximum Optim Minimum' 

P. ma, nusiana. 28,23 12 

P. phragmitis. 28 20 12 

The germination period of teleutospores could not be prolonged by storage of 

spores at temperatures from -12°C, to 37°C., exposure to near-red or fur-red 

light or treatment with extracts from germinating spores. It is concluded. 

that the period over which germination can take place in the field is pro- 

bably not more than two or three weeks. 

`T'emperature is probably a more important factor than pH in governing 

germination of the teleutospores of the two rusts. 

4. Storage of aecidia of both rusts at 100% R. H. for 20 minutes allows at 

least 90% - 95% retention of viability of aecidiospores. Storage at this 

R. H. for 6 hours results in a heavy deposition of spores which are not 

germinable, The maximum length of the survival period of both rusts at 

70% R. H. is 2 hours. 

A brief period (about 15 minutes) of drying of freshly shed aecidio- 

spores of P. phraagmitis is necessary in order to obtain a high percentage 

germination. 

Aeoidiospores of neither species germinate when immersed. 

5. Uredospores of both rusts have a high degree of resistance to damage by 

light, desiocation and temperature. 

Uredoopores/ 
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Uredospores were found to survive longest at 60% R. H. 

Cardinal temperatures for uredospore germination on 2% Difoo Baoto 

water agar were as follows: 

Minimum Optimum Maximum 

P. manusiana. 8°C. 25°C. 32°C. + (< 35°C. ) 

P. phrajzmitis. 8°C. 22°C. 32°C. 

The range for both in water was 4°C. to 32°C. + (t 35°0. ). 

Some water soluble factor in Difco Bacto Agar can delay germination of 

uredospores of P. maiiu iana. 

No uredospore self-inhibitors were found. Uredospore inhibitors were 

detested in the tissue surrounding uredosori of P. magnusiana. 

It is concluded that the direction of the prevailing winds (S. W. ) may 

partly explain the distribution of the rusts at Kilconquhar Loch. 

Low inooulum potential or lack of germination owing to oxygen defioienc7 

may explain the failure of infection experiments where P. phramiti 

uredospores were used as inoaulum. 
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APPMNDIX. 

Infection Techniques. 

A. Techniques for Infection of Secondary Host. 

1. Piece of teleutospore-bearing material attached with sellotape to leaf 

of prospective host plant. Plant watered well and kept enclosed in 

polythene bag for not more than 48 hours (MacDonald, 1963). 

2. "Sponge pad" technique. Set up as in Plate II. Pad sprayed 

thoroughly with water at least once a day. Pads may be left on for up 

to a week. Technique modified from the method of Funk (1965). 

B. Techniques for Infection of Phragmites using, Aecidiospores. 

1. Leaf painted with suspension of aecidiospores in distilled water. 

Plant leaf enclosed in polythene bag for not more than 4ß hours 

(MacDonald, 1963). 

2. As A. 11 using aecidia instead of teleutosori. 

3. Aa A. 2, using aecidia instead of teleutosori. 

4. As A. 2, using aecidiospores germinated on damp, semi-permeable cello- 

phane as inoculuin. 

C. Techniq ues for Infection of Phragmites using Uredospores. 

1" As A. 19 using uredospores germinated on wet cellophane as inoculum. 

2. As A. 21 using uredospores germinated on wet cellophane as inoculum. 

3. Uredospores germinated on damp filter paper strip. Strip stuck on the 

Phrap, nites leaf with sellotape. Leaf enclosed in polythene bag for 48 

hours/ 
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hours (modified from the method of Geis, Futrell and Garrett, 1958). 

4. As C. 3, using filter paper strips impregnated with 2% water agar. 

5. Spore ausperision in distilled water injected into growing apex of 

Phragmites plant (Zehner and Humphrey, 1929). 

6. As B. 1, using uredospores instead of aecidiospores. 

7. Patches of infected leaf tissue transplanted from. one Phrarmites plant 

to another prospective Phrsgmites host plant (Sharp and Emge,, 1958). 

Methods of -Attempted 
Teleutosnore Rupture. 

(i) Spores suspended in buffer and subjected to shearing in a Quick-fit 

test-tube tissue homogeniser. 

(ii) Spores ground in buffer in a mortar and pestle with abrasives, e. g. 

carbor=dtua powder, or acid-washed powdered glass (Smith and Waygood, 

1963). 

(iii) Spores ball-milled dry with steel balls in a Glen Creston Stanmore 

Mill. 

(iv) Buffer mixed with fine carborundum powder and spores ground in this 

mixture with a flat-ground plunger in the bane of an Anambra Petri 

Dish. 

(v) Spores exposed to sonic oscillation in a Raytheon Sonic Oscillator. 

(vi) Suspension of spores in buffer passed several times through a wet- 

crushing mill (Booth and Green, 1938, as modified by Stanton, 1964). 

Eistochemica7, / 
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Histochemical and Microchemical Tests carried out on 
Teleutosnore Extracts and Residues, 

Test Specificity Reference 

Schweitzer's Reagent Cellulose Koch and Hanke (1953). 

I- KI and H2SO4 Cellulose Rawlins and Takahashi 
(1952). 

Zinc - chloriodide Cellulose Siegel (1953). 

Chlorine - sulphite Cellulose Rawlins and Takahashi 
(1952). 

Molisch's Test Carbohydrates Koch and Hanke (1953). - 

Benedict's Test Reducing Sugars Koch and Hanke (1953). 

Fehling'a Test Reducing Sugars Rawlins and Takahashi 
(1952)" 

Raybin's Diazouracil Test Sucrose Pigman and Goepp (1948). 

Tauber's Test Pentoses and Hexoses Koch and Hanke (1953): 

Tollen's Orcinol Test Pentoses and Hexoses Koch and Hanke (1953): 

Tollen's Phioroglucinol Pentoses and Hexoses Koch and Hanke (1953). 
Test 

Indole Reaction Pentoses and Hexoses Jenson and Ashton (1960). 

Biuret Test Proteins Koch and Hanke (1953). 

Ninhydrin Reaction Proteins and Koch and Hanke (1953). 

- amino acids 

Xanthoproteic Test Tyrosine and Koch and Hanke (1953). 
Tryptophane 

Millon's Reagent Tyrosine Koch and Hanke (1953). 

Vanillin Reaction Trytophane-contain- Rawlins and Takahashi 
ing Proteins (1952). 

Phloroglucinol/ 
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Test Specificity Reference 

Phloroglucinol Lignin Siegel (1953). 

Chlorine - Sulphite Lignin Siegel (1953). 

Schiff's Reaction Lignin McElean and Cook (1941). 

1 ule Reaction Lignin Rawlins and Takahashi 
(1952). 

Ruthenium Red Pectins Conn (1953). 

Resorcin Blue Callose Rawlins and Takahashi 
(1952). 

Chitosan sulphate Chitin Roelofsen and Hoette (19511 
Test 

Acrolein Test Glycerol Koch and Hahke (1953)" 

Salkowski's Test Cholesterol and Koch and Hanke (1953). 
Ergosterol 

Rosenheim's Reaction Cholesterol and Koch and Hanke (1953). 
Ergosterol 

Sudan Black B. Lipids Lison (1934)" 

Oil Red 0. Lipids Lillie and Ashburn (1943). 

Nile Blue Sulphate Neutral and Acidic Barka and Anderson (1963). 
(1st Technique) Lipids 

Nile Blue Sulphate Phospholipids Menschik (1953). 
(2nd Technique) 

Baker's Acid Hematin Phospholipids Baker (1946). 

Feulgen and Voit Acetalphosphatides Barka and Anderson (1963). 

Periodic acid - Schiff's Some Unsaturated Barka and Anderson (1963). 
Lipids 

Molybdate Reaction Phosphate Koch and Hanke (1953). 
Ferric/ 
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Test Specificity Reference 

Ferric Chloride Melanin Koch and Hanke (1953). 
Precipitation 

H2O2 bleaching Melanin Lillie (1954). 
KMnO4 bleaching Melanin Lillie (1954). 

Solubility in saturated Melanin Barka and Anderson (1963). 
aqueous KO H. 

Oxidation of Ag N03. Melanin Lillie (1957)" 

Nile Blue Melanin Lillie (1956). 

Methylene Blue Melanin Lillie (1955)" 

Turnbull Reaction Melanin Lillie (1957). 

Schnorl Reaction Melanin Barka and Anderson (1963). 

Solubility in concentrated Melanin Thomas (1955). 
HNO 

Preparation of Spore Wall Samples for X-ray Diffraction. 

(modified from the method of Bartnicki - Garcia and Nickerson, 1962). 

1. Approximately "1 g. spores made as free as possible from debris then given 

washing with distilled water to remove grit. 

2. Spores suspended in 5 mis. 1 N. KOH and crushed by successive passage 

through wet-crushing mill for 30 minutes. 

3. Material centrifuged down and washed 3 times with 3x2 m1s. 1 N. KOH. 

4. Residue heated for 30 minutes at 1000C. in 1 N. KOH and then washed 3 

times with 1 N. KOH then once with water. 

5. / 
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5. Residue heated for 15 minutes at 1000C. with 1 N. H Cl.., washed 3 times 

with 1 N. H Cl. and then washed very thoroughly with water. H Cl. supez 

natants retained. 

6. Residue lyophilized. 

7. H Cl. 
"supernatants 

tested for chitosan by precipitation with 1 N. KOH. 

No precipitate formed in any of the spore samples used. 

Technique for Treatment of Spores with Optical Bri hteners. (Wilson, ' 1967). 

Reagents. 3% solutions of "Tinopal" or of the disodium salt of 4,41 

4- anilino -6 bis (hydroxyethyl) - amino -S- triazin -2- ylamino' 

2,21 - stilbene disulfonia acid. 

Method. 

1. Approximately "1 g. spores immersed in 5 mis. brightener and agitated 

over a magnestirrer overnight. Care taken not to allow material to splash 

up sides of container. 

2. Spores spun down using an M. S. E. bench centrifuge and brightener decant- 

ed. 

3. Material washed 3 or 4 times with distilled water until no fluorescence 

seen in washings when observed under U. V. light. 

4. Mounted in saline mountant. 

Saline 
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Saline Mountinp* Medium. 
(Wilson, 1 67 . 

Components. A. Buffered Saline. 

Na Cl .................... 8.5 g. 

Na2 H P04 (anhydrous) 
.... 1.07 g. 

Na H2 P04.21120 ........... 0.39 g. 

Made up to 1 litre and buffered to pH 7.1 with 001 M phosphate solution. 

B. Glycerol. 

Mounting Medium: 90 mis. B+ 10 mis. A. 

tions of Lvconerdon Spec 

1. Young fructifications of Lycoperdon species, e. g. L. saccatum, L. 

riforme, collected while flesh still moist and spores not yet fully formed. 

2. Flesh cut into small pieces and wrung through three layers of butter 

muslin. Expressed liquid, containing chitinase, collected and kept at 400. 

until required. 

Fixation and Embedding, of Material for Ultra-thin Sectioning. 

Fixative Time of Fixation Embedding Technique 

2% o snic acid 2 hours 
2% K Yn 04 - hour 
If it 1 hour Technique A. 
It It 1- hours 
5% gluteraldehyde 4 hours Technique B. 
3% glyceraldehyde 3 hours 

41- hours 
6 hours 

Fixation was carried out in B. E. E. M. 6 m. m. diameter polythene tubes with 
4-sided pointed bases. 

Technique A. 
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Technf ue A. 

if Spores spun down using an M*S#E, Bench Centrifuge with spaces for tubes 

packed with tissue to fit the polythene tubes used. After centrifuging, 

spores are in the tip of the basal point. Fixative withdrawn using a finely 

pointed pipette. 

2. Material dehydrated by passing through 10 minute changes of the follow.. 

ing concentrations of ethanol: 10%# 30%$ 70%t 90%, 95% and then through 3 

twenty minute changes of absolute ethanol. At each change, material 

centrifuged down an in 1. 

3. Material initially impregnated overnight in equal parts of'absolute 

alcohol and "activated" araldite. Activated araldite consists of 171 - 20 

parts araldite s1 part accelerator. 

4. material centrifuged down and further impregnated with activated 

araldite alone for 24 hours at room temperature. 

5. Step 4. repeated and block allowed to harden for 3 days at 60°C. 

Teehniaue R. 

1. Step 1. as in A. 

2. Material dehydrated by passing through ten minute changes of the follow- 

ing concentrations of ethanol: 2-1%9 5%, 7'ßi 10%, 121%p 15b, 17j%# 20%$, 25%, 

30%$ 40%, 50%, 60%, 70%, 80%,, 90% and 95% and then through three changes of 

absolute ethanol, the last change having been dessicated with a little 

phosphorus pentoxide in order to ensure complete dehydration of the material. 

i., 4. and 5. As in technique A. except that blocks left to harden at 10°0. 

for approximately six weeks. 

Preparation/ 
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Preparation of Soil Extracts (Duncan, 1964 

1; Soil sieved and a sample dried at 37°C. until no further change in 

weight occurred: 

2.25 g: dry soil placed in a measuring cylinder and sterile-distilled 

water added until total volume 250 mis: Suspension made by inverting 

cylinder and transferred to 1000 ml. Erlenmeyer flask and shaken vigorously 

on a Griffin Wrist Shaker for 30 minutes: 

3. Using sterile pipettes and sterile distilled water, the following 

series of soil suspension dilutions made: 1s 1#000s 1: 5,000,1 1 10*000s 

1s 100,000,1 : 1,000,000. Suspensions shaken prior to transfer and 

actually in motion while pipette samples being drawn. 

Spot Tests for Ions. (Spence, 19621. 

(a) Anions. 

Test Result, if Positive Specificity of 
Test 

Dilute H Cl. added. Colourless, 'odourless gas C03r or HC03 . 

evolved turning lime water 

milky. 
3 m1s. cond. H2804 then I ml. Blue coburation. N03-* 

diphenylamine solution added 

to I ml. unknown. 

Slight/ 
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Test 
r_ .f 

.t 
Result, if Positive Specificity of 

Test 

Slight excess of ammonia Canary yellow precipitate. H2P04 , HP04 or 

added to solution of unknown P04 . 

then cone. HN03 added until 

strongly acid. Ammonium 

molybdate added and solution 

heated until tube could just 

be held with comfort. 

Solution not boiled. 

Solution made acid with White precipitate. S047* 

dilute H Cl. and barium 

chloride solution added. 

Dilute H Cl. added to un- Gas evolved smelling of Sr. 

known solution. rotten eggs. 

Unknown acidified with HNO3 White precipitate 017. 

and silver nitrate solution soluble in ammonia, 

added. 

(b) Cations. 

Test Result, if Positive Specificity of 
Test 

Ammonium thiocyanate added Blood-red co]auration. Fe+++,, 

to unknown. 

Add H202 to solution contain- Red colouration. Fei'+. 

ing ammonium thiocyanate. 

To/ 
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Teat Result, if Positive Specificity of 
Teat 

To unknown, a little H Cl. White precipitate soluble in Al... 

added, then ammonia added warm Na OH from which it can 

dropwise till just alkaline. be reprecipitated by acidify 

ing with H Cl. and adding 

ammonia till alkaline. 

To unknown, a few drops of White precipitate.. Ca+*. 

bromocresol green added and 

solution made alkaline with 

ammonia. Glacial acetic 

acid added till solution just 

yellow then excess ammonium 

oxalate added and solution 

boiled. 

Flame test. Lilac flame visible through K'`* 

blue glass. 

Flame test. Yellow flame invisible Na+. 

through blue glass. 

Unknown boiled with excess Ammoniacal smell and gas NH4'. 

Na OH solution. turning damp red litmus 

blue evolved. 

Nutrient 
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Equal parts of 0.1 M solutions of the following. 

Ca (N03)2. Mg SO4. 

Ca C12. KH2 PO 4. 

K NO3. Na H2 P04. 

K Cl. Fe EDTA. 

mg cl 2* 

Test for Production of Self-inhibitors in Uredos oxes. 
modified from the method of Allen, 1 

1. Portions of uredospores floated on "01 M phosphate buffer at pH 5.0, ' 

5.5,600# 6.5 and 7.0 at a concentration of 1 mg. -5 mgs spores per ml. 

Plastic dishes with tightly-fitting lids used. 

2. After 6 hours at room temperature (1800. ), solution removed by pipette. 

This solution should contain crude inhibitor, if any produced. 

3. This solution used as test germination medium for fresh samples of 

spores. 
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