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ABSTRACT

The pathogenicity of Pyrenophora teres Drechs., the 

causal agent of net blotch disease of harley (Hordeum 

vulgare L.), has been investigated. The cultural 

characteristics (mycelial growth, colour, sporulation) of 32 

isolates collected from England and Wales were determined. 

The reactions of winter barley cv. Sonja to 18 isolates of 

_P. teres using a mycelial disk inoculation method on leaf 

segments were studied as well as the reactions of 15 barley 

cultivars (spring and winter) to P_. teres, isolate PC 215, 

by inoculating whole plants with spore suspensions. The 

virulence of 10 isolates of P. teres (provided by Dr. B.C. 

Clifford, The Welsh Plant Breeding Station, Aberystwyth in 

November 1984) on barley cv. Sonja and the reactions of 

non-host plants to a virulent isolate of P. teres (Pt 80-12) 

from Aberystwyth have also been studied. The non-host 

plants included two species of wild barley (Hordeum murinum, 

Hordeum jubaturn), 41 lines of Hordeum spontaneum, three 

species of wheat, Triticum aestivum (spring cv. Maris Dove), 

T r i t i cum monococcum, Triticum turgidum, three species of 

oat, A vena sa t i va cv. Milo, cv. Peniarth, Avena fatua, Avena 

strigosa, rye (Secale cereale cv. Rheidol) , and 17 species 

of grasses belong to 11 genera of Gramineae, including 

Agrostis, Arrhenatherum, Alopecurus, Agropyron, Cynosurus,

Dactylis, Festuca, Holcus, Lolium, Phleum and Poa.
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The pathogenicity tests were done in the laboratory by 

inoculating leaf segments with a droplet of a spore 

suspension at 21 ± 1 °C, in the constant temperature room at

21 ± 1°C using whole plants inoculated with spore suspensions 

by spraying, and in the field by spraying whole plants with 

spore suspensions. Pathogen/host and pathogen/non-host 

interactions were studied in inoculated leaf segments by 

microscopic examinations for spore germination, method of 

penetration and growth of the pathogen in leaves. The 

relationship between leaf age and susceptibility to net 

blotch was examined. Induced resistance and susceptibility 

using virulent and less virulent isolates on leaf segments 

in the laboratory and on whole plants in the constant 

temperature room at 21 ± 1°C were also investigated.
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INTRODUCTION

Pyrenophora teres (Died.) Drechs.), the causal organism 

of net blotch disease of barley (Hordeum vulgare L.), was 

first described in its conidial form (Helminthosporium teres 

Sacc.) in 1881 (Butler, and Jones, 1955).

Net blotch is a common disease of barley wherever the 

crop is grown in the temperate, humid regions of the world 

(Dickson, 1956; CMI map No. 364, Ed. 2, 1968). The disease 

has assumed increasing importance as a destructive pathogen 

in the United Kingdom during the past few years, particularly 

in the south and west of England, (Clifford and Jones, 1981; 

Jordan, 1981). In the U.K. net blotch disease was reported 

in epidemic form in 1930, and in 1932 it was prevalent in 

East Anglia and the Isle of Wight (Moore e_t sQ. , 1934).

The disease was again apparent in 1933 and 1941 (Moore, 

1943). James (1967) did not record net blotch in his survey 

of foliar diseases of spring barley in England and Wales in 

1967. But Evans (1969) reported the disease to be prevalent 

in West Sussex in 1968 on some crops of spring barley. King 

(1972, 1977) reported for the years 1967-1970, 1972-1975, 

that net blotch was infrequent and generally not severe, and 

that the disease was most common in 1972 and 1973 when the 

months of May and June were wetter than in 1974 or 1975. 

According to Jordan (1982), net blotch was seen frequently 

on early sown winter barley in the Cotswolds;in 1978, it 

was commonly found in southern England. In 1979, it was
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widespread throughout the U.K. and locally severe in 

1980, and by 1981 it had become epidemic in all regions of 

the U.K. Data from the 1981 ADAS National Winter Barley 

Diseases Survey (King, 1982) have shown that net blotch 

is the most common and severe disease on winter barley 

in the U.K. In 1981, yield losses of up to 11% were 

demonstrated in fungicide field trials, (Jordan, 1982).

There have been attempts to explain the great increase 

in net blotch disease and why it has become a major problem 

on winter barley.

Jordan, in collaboration with Evans and Locke (1982) 

and Hessayon (1982), attributed the great increase to the 

expansion in winter barley acreage by adoption of new 

cultivars such as Sonja and Igri which are more susceptible 

to net blotch than the more widely grown older cultivar 

Maris Otter, to favourable weather conditions, continuous 

cropping, decreased ploughing, and possibly to a change in 

the fungus itself. There is also the recent discovery that 

carbendazim and triadimefon widely used for control of 

certain foliar diseases of cereals were ineffective against 

net blotch and exacerbate the disease by increasing spor- 

ulation twofold (Jordan and Best, 1981). Nitrogen fertili­

zers used on winter barley stimulate growth of the pathogen 

and there appears to be a close link between the amount of 

nitrogen used and the severity of the disease (Hessayon,

1982 ) . The initial sources of infection are barley seed, 

debris from diseased crops and infected volunteer barley



plants (Locke, 1981; Jordan, 1981). The research described 

in this thesis was initiated with the objective of examining 

the reactions of host and non-host plants to different iso­

lates of Pyrenophora teres. In the first section, the 

cultural characteristics of 32 isolates of P_. teres collected 

from England and Wales were determined. In Section 2, the 

reactions of winter barley cv. Sonja to 18 isolates of 

P_. teres using a mycelial disk inoculation method on leaf 

segments were studied. In Section 3, the reactions of 13 

barley cultivars (spring and winter) to _P. teres isolate 

PC 215, by inoculating whole plants with suspensions of 

spores were examined. In Section 4, the virulences of 10 

isolates of P_. teres (provided by Dr. B.C. Clifford, The 

Welsh Plant Breeding Station, Aberystwyth, in November 1984) 

on a highly susceptible barley cv. Sonja were studied. In 

Section 5, the reaction of host and non-host plants to 

infection by P_. teres was studied, by inoculating leaf 

segments with droplets of suspension of spores; by inoculating 

whole plants (three leaf growth stage seedlings) by spraying 

with spore suspension in a C.T. room at 21 ± 1°C and in the 

field. The sporulation of P_. teres on host and non-host 

plants was estimated in the C.T. room and in the field.

The non-host plants included two species of wild barley 

(Hordeum murinum, _H. jubatum) ; 41 lines of Hordeum spon taneum; 

three species of wheat (Triticum aestivum spring cultivar 

Maris Do ve, _T. monococcum, _T. turgidum) ; three species of 

oat ( A vena sat i va cv. Milo, cv. Peniart h , _A . f at ua and 

_A. st rigosa) ; rye (Secale cereale cv. Rheidol); and 17
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species of grasses belonging to 11 genera of Gramineae 

including: Agrostis , Arrhenatherum, Alopecurus , Agropyron , 

Cynosurus, Dactylis, Festuca, Holcus, Lolium, Phleum and 

Poa .

Pathogenicity was studied by inoculating leaf segments 

with droplets of spore suspension; spraying whole plants 

(three leaf growth stage seedlings) with suspension of 

spores in the C.T. room at 21 ± 1°C and similarly in the 

field. Section 6, gives the results of experiments aimed 

at establishing whether non-host plants serve as alternative 

hosts for the fungus in the absence of the normal host 

(cultivated barley). Section 7 describes experiments on 

induced resistance and susceptibility (systemic and local), 

by using virulent and less virulent isolates of the pathogen.

In Section 8, pathogen/host and pathogen/non-host interactions 

are described on inoculated leaf segments in terms of spore 

germination, penetration and colonization of leaves. In Sec­

tion 9, a possible role of pseudothecia in the epidemiology of 

net blotch was studied. Section 10 is on the relationship 

between leaf age and susceptibility of barley (cv. Sonja) 

to net blotch. Section 11, deals with the viability of 

_P. teres conidia at low temperatures. These investigations 

are focussed therefore on the following:

1. The cultural characteristics of a range of isolates 

of P_. teres.

2. The development of methods for studying pathogenicity 

on leaf segments and on whole plants.
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3. The pathogenicity of selected isolates to cultivars

of barley, to other cereals and to grasses, representing 

host and non-host plants.

4. The behaviour of isolates on host and non-host plants

5. Effect of leaf age on susceptibility.

6 . Induction of resistance and of susceptibility.



DISTRIBUTION MAP of Pyrenophora teres Drefch.

COMMONWEALTH MYCOLOGICAL INSTITUTE. Map No. 364 (edition 2, Issued 1. vii. 1968).



List of countries in which net blotch disease has been recorded.

(COMMONWEALTH MYCOLOGICAL INSTITUTE, Appendix to Map No. 364).

AfRICA
Egypt [xxxvii, 279]
Kenya [xxxv,358]
South Africa [xxxiv,324]
Tanzania . [Wallace ( x x v i i i , 47 2 ) p . 3 ]
Tunisia[ xi v , 429 ]

ASIA
Afghanistan [xx,234]
China (Nanking, Hangchow) [Wei (xxii,327 )p.42 ]
India (U.P., Pusa) [xv.8 6 ; xiv,80]
Iraq (Mesopotamia) [i,5 4 ]
Israel [xxxvi,8 ]
Japan [Fuiioka (xxxii,278 )p.19 ]
Nepal [xv , 86 ]
Turkey [xxxvi,576]
U.S.S.R. (Tashkent) [Zaprometoff (xi.123)p.34 ] 

EUROPE
Austria [xxxvii,405]
Bulgaria [Atanasoff (x , 210 ) p .23]
Cyprus [xxxvi,95]
Denmark [xxxiv,71l]
England [vi,714 ]

?France [xiv,424]
Germany [xxviii,268]
Holland [Westerdiik & van Luiik, Ned. kruidk. Arch.

1016,p.111 ]
Italy [xxxvi,18]
Malta [Herb. I.M.I. No. 70477]
Norway [Jorstad (xxv , 184 ) p.25 ]
Romania [Herb. I.M.I. No. 9807]

EUROPE (Cont. )
Scotland [xxxvii, 223 ]
Sweden [xxiii,127]
U.S.S.R. (European, Latvia) [viii.165;

Smarods (x,223)p.7]

NORTH AMERICA
Canada (Alta, B.C., Man., N.B., N.S., Ont., 

P.E.I., Que., Sask
[Rep. Canad. Plant Dis. Surv. 1920-57] 

United States (widespread) [Weiss Cxxx,112) 
p . 446 ]

SOUTH AMERICA
Argentine [xxxiv,775]
Uruguay [De Brotos & Boasso (xxxv , 751 ) p . 13 ]

Syn. Helminthosporium teres Sacc.
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LITERATURE REVIEW

1. The host plant 

A- Origin and distribution

Barley (Hordeum vulgare L.) is among the most impor­

tant cereals; its origin remains largely unresolved. It 

has been dated as far back as 8000 BC. Barley is a self- 

pollinating diploid (2n = 2x7 = 14) which probably originated 

from the two-rowed, wild type Hordeum spontaneum. The six- 

rowed, naked grain types appeared by about 6000 BC and are 

believed to have originated from Hordeum agriocrithon which 

is found wild in Tibet (Jones and Clifford, 1978). Barley 

is grown in most temperate regions of the world, but it 

grows best where the ripening season is long and cool, 

rainfall is moderate, and soils are well drained (Mathre, 

1982 ) .

B- Classi ficat ion

Barley (Hordeum vulgare L. emend. Bowden), belongs 

to the grass family Gramineae, tribe Hordeae. Most cul­

tivated barleys have either a winter or a spring growth 

habit. The spring cultivars do not require a cold dormant 

period before they will head (Mathre, 1982).

C- Economic importance

Barley grains are very nutritious, having on average 

more protein than maize, considerably less oil and a high 

fibre content. The largest use, over half of world pro­

duction, is for animal and poultry feed. It is also used



for production of malt for brewing and in many parts of 

the world, barley is consumed in soups and dressings 

and as a milled product in bread or breadlike foods (Jones 

and Clifford, 1978; Mathre, 1982). Hessayon (1982) 

reported that the total area of barley cultivated in 

England and Wales in 1980/81 was 1.844 million hectares; 

1.044 million hectares for spring barley and 0.799 million 

hectares for winter barley, which represented 30.5% and 

23.4% of the total cereal acreage respectively. The 

estimated yield of barley in the U .K . ranges between

4.3 - 4.5 tonnes per hectare.

2. The pathogen and the disease

A- Origin and names

The generic name of Helminthosporium was given by 

Link (1809) as proposed initially by Persoon (1801).

The genus Helminthosporium is now represented by many 

species widely distributed, and including many species 

parasitic on Gramineae. The species which causes net 

blotch disease of barley was first described in 1881 by 

Saccardo in its conidial state and named Helminthosporium 

teres (Ellis, 1971). The perithecial stage was not dis­

covered until 1919 by Drechsler at Madison, Wisconsin; 

U.S.A., on straw, stubble and infected spikelets of barley 

and later recognized as the ascigerous stage of HI. teres 

and named Pyrenophora teres (Drechsler, 1923). Later,

Pyrenophora teres was shown to be heterothallic because

mature perithecia are formed only when opposite mating
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types are crossed, (Mathre, 1982; Western, 1971). Perithecia 

have been reported on culms, straw, stubble and spikes of 

barley in many countries. In the U.K., it has been reported 

by Smith (1925); and in Canada in Quebec by Crowell (1941); 

in Alberta by Piening (1961); and in Denmark by Smedegard- 

Petersen, ( 1972). _P. teres produces conidia profusely on

infected debris of barley after harvest; they are considered 

to be important sources of primary infection in the 

autumn (Jordan, 1981; 1983). Webster (1951), reported 

that conidia are also produced from sclerot ia on barley 

stubble. Berdugo, (1968), has reported synonymous names 

for the fungus as follows:-

Helminthosporium teres Saccardo, 1882

Helminthosporium hordei E idam, 1891

Pleospora teres Diedicke , 1903

Pyrenophora teres Drechsler , 1923

Drechslera teres 1 1 o , 1930

B- Sources of inocula and main features of the pathogen 

The initial sources of inocula are barley seed and 

straw debris from previously diseased crops, and infected 

barley volunteer plants (Mathre, 1982; Hessayon, 1-982; 

Jordan, 1981). Infection of barley seedlings from seed- 

borne inoculum is greatest at low temperatures (10 - 15°C) 

and rarely occurs at 20°C and above (Machacek and Wallace, 

1942; Mathre, 1982). Webster (1961) believed that seed- 

borne inoculum was probably the most freguent source of 

infection in the U.K., and Piening (1968) stated that even 

1 percent of infected seed could be significant in the
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development of disease in the field. After sowing infected 

seeds the primary phase of attack may develop on the first 

leaf as streak symptoms which usually are not found on 

later leaves. The first leaf becomes infected from the 

fungus in the coleoptile (Western, 1971; Jordan, 1983).

The severe autumn net blotch symptoms that developed in 

1979 on a field observation site in Cornwall, U.K., in 

which barley had not been grown for at least four years 

was attributed to seed-borne infection (Jordan, 1981). 

Seed-borne inoculum probably serves to introduce the patho­

gen into areas previously free of net blotch.

Pycnidia have been found under natural conditions on 

plant tissues such as straw debris, chaff, senescent leaves, 

culms, stubble, spikes and seed of barley (Eriksson, 1914; 

Smith and Putterill, 1932; Western, 1971). They are glo­

bose to pear-shaped, yellow to brown in colour, 64-172pm 

in diameter with a thin fragile wall. They have also been 

produced in cultures (Mathre, 1982). Kenneth (1962) found 

that spores from pycnidia were unable to infect barley 

leaves and considered them to be spermatia. Other attempts 

by Berdugo (1968) and Jordan (1981), to infect barley 

leaves with pycnidiospores were unsuccessful. Helmintho- 

sporium teres produces sclerotium-like bodies on straw and 

dead leaves during the winter. They are 1-2mm in diameter 

and develop beneath the epidermis, bursting through as 

elongate black bodies. Two months at 10-15°C are required 

for maturation. Fertile sclerotium-like bodies develop
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only when pairs of thalli of _P. teres of compatible mating 

type come together. At maturity they produce protoperi- 

thecia which later develops to perithecia in late summer. 

Non-fertile sclerotium-like bodies remain immature and 

later become functional sclerotia, sometimes called 

pseudoperithecia, which may produce conidiophores bearing 

conidia in the spring (Butler and Jones, 1955; Webster,

1961; Berdugo, 1968). Perithecia which form in late summer 

release their ascospores in autumn/winter and are dispersed 

to infect newly-emerging barley seedlings (Jordan, 1983).

The conidia which are produced profusely on straw debris 

after harvest, are dispersed throughout the autumn and are 

of major importance as primary inocula for infection of 

leaves of crop seedlings or volunteer plants, which then 

become further reservoirs of inocula (Jordan, 1983).

Conidia produced on the primary lesions then cause 

secondary infection of the developing foliage (Putterill, 

1954). Net blotch secondary infection occurs at 8 to 33°C, 

with an optimum at 25°C, declining sharply at 33°C and 

with none at 35°C in artificially inoculated plants. In­

fection occurred with a minimum moist period of 5 -hours. 

Moist period requirements for optimum infection were found 

to differ and ranged between 10 to 30 hours depending on 

the isolate of the pathogen.

Pre-inoculation wetting of leaves resulted in increased 

net blotch symptoms. Susceptibility depended on cultivar,
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age of plant at infection, and isolate of the pathogen.

It also depended on age of the culture producing the ino- 

cula with maximum infection from 10 day old inoculum and 

very much less infection from 20, 25 and 35 day old ino- 

cula (Singh, 1963). The rate at which net blotch develops 

in crops is influenced by the amount and source of inocula, 

the crop structure and density, and the weather. Although 

most severe disease develops in wet weather, net blotch 

can also develop in periods without rain when occasional 

new lesions ensure the continued availability of inoculum 

(Jordan and Royle, 1983).

C- Economic importance

Net blotch disease is considered to be one of the most 

important factors influencing barley production especially 

in areas of high humidity and rainfall. The severity of 

the disease is related to the susceptibility of barley 

cultivars, and yield losses can approach 1 0 0 % in severely 

affected fields of highly susceptible cultivars. More 

typically, losses range between 10 and 40% (Mathre, 1982). 

Shipton (1973), showed that reduction in yield depended on 

the nutrient status of the soil; losses were less than 

c_. 13% for fertile soils compared to losses of £. 43% in 

a poor soil. Grain yield and weight (1,000 kernel weight) 

are reduced when barley plants are severely infected with 

net blotch whereas number of grains seems to be little 

affected (Smedegard-Petersen, 1976; Mathre, 1982). But 

Jordan (1981) reported that the severe disease of winter
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barley during tillering decreased both the number of 

grains per ear and grain weight. Other responses to 

disease include premature ripening and shrivelling of 

the grain. In severe attacks, infected leaves wither from 

the tip leading to early death of leaves which can 

seriously reduce the yield (Hessayon, 1982).

Many countries have reported much greater incidence 

of net blotch in the past two decades or so. In the U.S.A 

Gray (1966) has estimated an annual reduction in barley 

yield of up to 20 million bushels. In Europe, net blotch 

is known to cause grain yield losses of 1 0 to 40% in some 

years (Hessayon, 1982). In Denmark, the disease may 

reduce grain yield by up to 11% (Smedegard-Petersen, 1976) 

In Germany, Rintelen (1969), reported that infection of 

spring barley which occurred before tillering caused 30 

to 40% yield loss on diseased shoots, and 20% on entire 

plants, whereas infection between tillering and flowering 

decreased whole plant yield by £. 10%. In Egypt, net 

blotch disease caused 5 - 1 0 % reduction in the grain yield 

(Selim, 1973). A serious outbreak of net blotch in Iraq 

was reported in December 1979 in the Khalas area (c. 73 Km 

from Baghdad) by Wilson e_t a_l. , (1981); over 60% infection 

was recorded on the barley cultivar Arivat which is grown 

extensively in this area.

Net blotch has only recently become a serious threat 

to winter barley in the U.K. The reasons for the sudden 

outbreak of the disease in 1979 are discussed above. King
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(1982), in the National Leaf Disease Levels Survey of 

winter barley in England and Wales in 1980/1981 reported 

that the average loss of leaf area due to net blotch 

disease was 14.2% on leaf 2 and 6.7% on the flag leaf 

at GS 71-73. In the Regional Leaf Disease Levels Survey 

of winter barley, net blotch was the most severe disease 

at GS 71-73 in all regions of England and Wales, occurring 

at the highest mean levels of 27.2% in the south-west and 

2 2 % in the south-east and diminishing towards the north at 

less than 3%, leaf 2 area affected. In the Varietal Leaf 

Disease Levels Survey, net blotch was most severe on Sonja 

(2 2 .1 % average percentage leaf 2 area affected) in all 

regions of England and Wales except the east of England 

where cv. Maris Otter contributed most of the samples, 

and on which disease was least severe (2.9% Average Per­

centage leaf 2 area affected).

3. Host range of Pyrenophora teres

Knowledge of the host range of any pathogen is im­

portant from an epidemiological standpoint. Butler and 

Jones (1955) mentioned that graminaceous hosts may play 

an important role in the epidemiology of net blotch in 

one region and not in another. Butler and Jones (1955) 

and Kenneth (1962), reported that the net blotch pathogen 

is commonly found on the wild barley grass (Hordeum murinum). 

Sprague (1955), reported that specimens of wild barley 

(Hordeum brachyantherum) collected from Alaska in 1952 

were infected by teres. The wild barley grass (Hordeum
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dist ichon) has also been found infected by P_. teres 

(Sprague, 1950; Putterill, 1954; Shoemaker, 1962). Kenneth 

(1962), reported that wild barley grass (Hordeum murinum) 

was susceptible to infection by P_. teres. Braverman (1960) 

Kenneth ( 1962), and Kenneth et_ a_l. ( 1967 ), found that 

under the conditions of natural infection, most evidence 

suggests that IP. teres is specifically pathogenic on 

Hordeum species. Kenneth (1962) examined the reaction 

of numerous species of Hordeum to infection of P_. teres 

and reported the infectivity of isolates from wild species 

including Hordeum leporinum on their cultivated relatives 

and vice versa. Kenneth ( 1967 ), concluded that Hordeum 

spontaneum (an ancestral progenitor of cultivated barley) 

serves as a host reservoir of different pathogenic forms 

of P_. teres and hence plays an important role in the 

epidemiology of net blotch in Palestine. Khan and Boyd 

(1968), reported that Hordeum hystrix and Bromus diandrus 

were susceptible to infection by _P. teres. Hosts other 

than Hordeum spp. harbouring P_. teres include oat (Avena 

sativa) in Finland (Talvia, 1966) and Bromus gussonii , in 

western Australia (Khan and Boyd, 1968).

Winter (1977), reported that out of 24 rye (Secale 

cereale) seed samples collected from different regions of 

Argentina, 21 showed infection by P_. teres. Singh ( 1962 ), 

examined the reaction of twenty two species belonging to 

16 genera of Gramineae to P. teres, and classified them

in groups according to the degree of susceptibility.
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A- light infection on:

Alopecurus pratensis > Avena sativa

Festuca elatior > Hordeum jubatum

Lolium perenne > Panicum miliaceum

Phalaris arundinacea 5 Secale cereale

Sorghum vulgare 5 Triticum durum

Triticum vulgare

B- moderate infection on:

Agropyron repens J Bromus inermis

Triticum diococcum

C- Heavy infection on:

Avena fatua > Hordeum vulgare

Triticum monococcum

D- No infection on:

Dactylis glomerata > Phleum pratense

Poa pratensis Zea mays

Kenneth (1962) and Khan and Boyd (1968) have suggested 

that the limited growth of P_. teres on many graminaceous hosts 

must not be overlooked in the epidemiology of the disease. 

Keeling and Banttari (1965) indicated that in detached 

leaf culture, the fungus may sporulate on leaves of field 

resistant barley. Therefore it is possible that limited 

sporulation may occur on the surface of lesions on resistant 

grasses in nature, so that the grasses could be a significant 

source of primary inoculum.
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4. The symptoms

Net blotch is named for the well-known net-like 

symptoms produced on barley leaves and leaf sheaths, 

flowers and even on the hulls. They are most common on 

leaves (Jordan, 1981; Mathre, 1982). Butler (1953), 

reported that symptoms of net blotch on barley are not 

easily discernible in the earlier parts of the season 

because the primary lesions on the first leaves of the 

seedling almost always appear as small spots or as streaks 

not more than 1 mm in length.

Jordan (1981), has described the development of 

symptoms on different parts of barley plants. Leaves of 

young shoots of barley are infected by conidia or ascospores 

during winter or early spring to produce small brown lesions 

within two days. As the lesion expands, a dark brown 

reticulation develops on a light brown background. A zone 

of chlorosis usually surrounds the lesion. The symptoms 

of seedling infection, also seen on volunteer barley plants, 

first appear either as a single, water-soaked strip ex­

tending up the first seedling leaf, or as a pale, greyish 

white lesion in the centre of the lamina. Both types of 

lesion later turn brown and develop a central, reticulate 

pattern. Infection of flag leaves and the second youngest 

leaves of mature plants appear as short, narrow, brown 

lesions arranged in interrupted parallel stripes. The 

spot symptoms of this disease were first recorded by 

McDonald in Canada in 1967. Later Smedegard-Petersen (1971),
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described two forms of P_. teres which differ only in the 

symptoms caused on barley. They have been identified as 

_P. teres Drechs. forma teres Smedeg. which produces dark 

brown, longitudinal and transverse necrotic streaks which 

usually form a characteristic, net-like pattern on leaves 

of infected barley, and P_. teres Drechs. forma maculata 

Smedeg., which produces well defined dark brown circular 

or elliptical lesions without netting. Common to both is 

that affected tissue becomes chlorotic often with areas of 

water-soaked tissue.

Smedegard-Petersen (1976) has obtained four different 

classes of lesion types in the progeny from crosses between 

the spot and net form of JP. teres. The four classes were 

designated and defined as:

1. Spot lesions which are well defined, dark brown, 

elliptical or circular lesions identical to those 

induced by the spot form of _P. teres (parental type).

2. Net lesions which are dark brown, longitudinal and 

transverse streaks of varying length, typically 

forming a net-like pattern (parental type).

3. Intermediate lesions which are dark brown elongated 

spots or short necrotic streaks but with no net pattern, 

in lesions that are intermediate between spot and net 

lesions ( recombinant type).

4. Fleck lesions which are limited dark brown necrotic 

flecks which do not enlarge, often few in number and 

hardly recognizable (recombinant type).
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A1 — A1i ( 1978 ) described six different types of lesions 

caused by P_. teres on non-ident i f ied volunteer barley 

plants in south-west France (Toulouse region). The lesion 

types are of net, oval, pin-head, rectangular, linear and 

irregular form. Each lesion type comprises a necrotic zone 

surrounded by a chlorotic halo zone. Smedegard-Petersen

(1977) reported that chlorosis and water-soaking are 

important in the symptom complex of net-spot blotch of 

barley. Thus, certain highly pathogenic isolates cause 

a blight-like reaction characterized by chlorosis and a 

diffuse general water-soaking appearing three to four days 

after inoculation and followed by rapid necrosis of affected 

tissue but often with no or weak expression of the usual 

necrotic lesions. The symptoms caused by highly pathogenic 

isolates of IP. teres indicate that a toxin might be in­

volved in pathogenesis. This assumption was supported by 

histological investigations of barley leaves inoculated 

with such isolates.

After infection, chlorosis and water-soaking developed 

rapidly in advance of the hyphae, indicating the effects 

of diffusible toxic substances. Furthermore, excised 

barley leaves immersed in a desalted liquid medium in which 

the pathogen had grown, developed symptoms similar to those 

caused by the pathogen itself whereas no symptoms developed 

on leaves immersed in a desalted medium in which the fungus 

had not been grown.



Similar necrotic lesions were obtained by Al-Ali

(1978) when seedlings of barley (cv. Monlon) at the three 

leaf stage were treated with 25 y ft droplets of filtrates 

from cultures of seven isolates of P. teres. The results 

indicated that there were differences between the isolates 

in toxin production. The most virulent of the seven iso­

lates which cause net-like lesions when conidial suspensions 

are sprayed on seedlings, produced necrotic spot lesions 

in 36 hours. The moderately virulent isolates produced 

necrotic spot lesions in 42 hours and the less virulent

isolates in 65 hours.
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MATERIALS AND METHODS

1 . Plants and their growth 

1 .1 Host plants

Seeds of winter and spring oarley were obtained from 

Dr. P. Hewitt (National Institute of Agricultural Botany,

Cambridge) in 1983, including 10 cultivars of spring barley 

(Carnival, Atem, Golf, Goldmaker, Tasman, Egmont, Koru,

Kym, Midas and Triumph), and 3 cultivars of winter barley 

(Tipper, Athene, Maris otter, Igri and Sonja). Two spring 

barley cultivars (Zephyr and Vada) were provided by Dr.

S.G. Evans (National Agricultural Advisory Service, Kent) 

in 1984. A set of 13 differential cultivars (lines) of 

barley were provided by Dr. B.C. Clifford (Welsh Plant 

Breeding Station, Aberystwyth) in 1983, including 10 spring 

lines (C.I. 5401; C.I. 6311; C.I. 9820; C.I. 739; C.I. 1243;

C.I. 4795; C.I. 4502; C.I. 4979; C.I. 9214; Proctor) and 

3 winter lines (C.I. 9518; CODE 65; TENN 61-119). These 13 

differential cultivars (lines) were used in the 1980, 19 81 ,1982and 1983 

UK cereal pathogen virulence surveys at The Welsh Plant Breeding Station.

ND 3112 spring barley cultivar which has good resistance 

to strains of P_. teres in North Dakota State University 

(USA) was provided by Professor Vernyl Pederson in 1985.

1 . 2 Non-host plants

The non-host plants which were used in the study of 

the host range of JP. teres (isolate 80-12) included wild 

barley, wild oat, cultivated oat, rye, wheat, corn, rice 

and wild grasses.
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1.2.1 Wild barley

A ) Wall barley (jjordeum murinum)

Wall barley (H_. murinum) was collected from Silwood 

Park, Ascot, and at Sunninghill and Sunningdale during 

July and August. It resembles cultivated barley so closely 

that it is often called wild barley.

B ) Hordeum jubatum

H. jubatum was provided by Dr.

1985 .

B.C. Clifford, in

C) Hordeum spontaneum

Forty one samples (lines) of Hordeum spontaneum were

provided by Dr. J.G. Robin (Genetic Resources Unit, Plant 

Breeding Institute, Cambridge) in 1985. They were arranged 

in accession order with an identity code as follows:

Accession number Identity Code

01517 063-0-5-002

01520 063-0-7-004

01536 064-0-4-001

05732 063-0-1-005

05733 063-0-1 -006-

05735 963-0-2-006

05738 063-0-5-003

05739 063-0-6-009

05742 063-0-6-012

05743 063-0-7-005

05744 063-0-7-006

05745 063-0-8-007
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Accession number Identity Code

03747 063-0-8-009

03750 064-0-1-013

05753 064-0-1-015

05761 064-0-3-010

06200 090-0-1-016

06206 090-0-2-013

06207 090-0-2-014

0621 0 090-0-3-013

08330 005-1-2-003

09242 063-0-7-003

1 3786 005-1-1-004

1 3787 005-1-3-004

1 3789 005-2-3-004

14293 063-0-2-007

14296 063-0-6-013

1 4298 063-0-8-010

14301 064-0-1-017

14302 064-0-1-018

14303 064-0-1-019

14304 064-0-2-012

14305 064-0-2-013

14309 064-0-4-005

14411 005-1-3-005

1 4586 090-0-1-021

14589 090-0-2-015

14590 090-0-2-016

14591 090-0-3-014

14593 090-0-4-005

14595 090-0-5-012
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D ) Wheat

The cultivated wheat (Triticum aestivum) spring cv. 

Maris Dove, was obtained from the Plant Breeding Institute, 

Cambridge. T_. monococcum and T_. turgidum were provided by 

Dr. B.C. Clifford in 1985.

E) Oat

Avena sativa cv. Milo (Spring Oat), Avena sativa cv. 

Peniarth (Winter Oat), and Wild Oat Avena strigosa, were 

provided by Dr. B.C. Clifford in 1985. Wild Oat, Avena 

f at ua was collected from Silwood Park in 1985.

F) Rye

Forage rye (Secale cereale) cv. Rheidol, was provided 

by Dr. B.C. Clifford in 1985.

G) Grasses

Seventeen species of grasses belonging to 1 1 genera of 

Gramineae were provided by B and S Weed Seed suppliers - 

Nottingham; and The University of London, Botanic Garden, 

Egham, Surrey, and Plant Ecology Section, Silwood Park.

The 17 species are:

Agrostis gigantea 

Agrost is stoloni fera 

Agrost is tenuis 

Agropyron repens 

Cynosurus crist atus 

Dactylis glomerata
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F estuca pratensis

F estuca rubra

Holcus lanatus

Lolium perenne

Phleum pratense

Phleum bertoloni i

Poa annua 

Poa trivialis 

Poa pratensis 

Arrhenatherum elatius

H) Rice

Five cultivars of rice (Pryza sativa ) , Malaysian 

origin, were provided by Dr. D. Mills, ICI Ltd., Jealott's 

Hill Research Station, Bracknell in 1986. The cultivars 

are :

BAHAPIE line 0/81/978; TNI, SMII,

81979; and MR33 (2 Kepol).

I) Sweet Corn

F̂  hybrid of sweet corn (Zea mays) was bought from 

Suttons Seeds Ltd. (Torquay-England) in 1986.

1 . 3 Growing of seedlings

Stocks of seed of barley, wheat, oat, rye, corn, rice 

and wild grasses were kept in an incubator at c_. 5 °C.

Samples were taken immediately before sowing. Seeds were 

washed for 3 minutes in 10% sodium hypochlorite, then 

washed twice in sterile distilled water and kept on sterile
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moist filter paper on a germination tray (37 x 25cm) at 

20°C until emergence of roots, generally after 3 days 

for cultivated barley, wheat, oat, rye and corn and after 

3 to 7 days for wild grasses and rice. Germinated seeds 

were then sown at c_. 2cm deep in plastic pots (1 1 cm dia­

meter) containing John Innes No. 1 compost or UC-type 

soil mixes. Germinated seed of wild grasses were sown 

£. 1cm deep in a plastic tray (36 x 22 c 5cm). Pots and 

trays were kept inside filtered-air cabinets designed to 

exclude fungal spores (Finney, 1973).

The cabinets were placed on a self-watering sand 

bench in a glasshouse at 18 ± 2°C and 70 - 9 0 ?o R H . Cabinets 

were illuminated to a light intensity of 8000 lux at plant 

level provided from fluorescent tubes with a photoperiod 

of 16 hours daily. Seedlings with abnormal or mis-shapen 

leaves were removed to give a uniform stand, usually 5 to 

8 seedlings per pot.

1.4 Soils

a) UC-type soil mixes

A UC-type soil mix (Matkin and Chandler, 1957-) was 

used for growing barley, wheat, oat, rye, rice, corn and 

wild grasses for glasshouse experiments. The composition 

of the mix was:

Peat 7 5L

Sand 25L

k n o 3 15g

K2S°4 15g
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Superphosphate 1 2 0g

Magnesium limestone 295g

Calcium carbonate 235g

Frit 37g

b) John Innes No. 1 Compost

2. Fungi and their culture 

2 . 1 Origin of £. Feres isolates

Sources of isolates of P_. teres were:

A) Silwood Park isolates

Two isolates were obtained from an infected, unidentified 

cultivar of barley (H.t.SP.) with net form symptoms and 

from wild barley (H_. murinum) (H.t.WB.) with spot form

symptoms in Silwood Park, in 1983 (See Table 3). The 

cultivated and wild barley were growing close to each 

other.

B) Bristol isolates

Twenty isolates of P_. teres were provided by Dr. J. 

Hargreaves (Long Ashton Research Station, Bristol) in 

1983. The isolates had been kept under oil for two 

years in Bristol and carried the following code numbers: 

PC215, PC724, PP30C, PP36, PP50G, PC673, LARS, PC719,

P P 27 , PP32 , P P 2 3 , P P 3 3 , PP44, PP50C, PC216, PP29, PC1 067, 

PP4Q-41, PP46, PP26.

C) Aberystwyth isolates

Ten isolates of P_. teres in the form of diseased 

barley leaf fragments, were provided by Dr. B.C.

Clifford (Welsh Plant Breeding Station at Aberystwyth),
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in 1983. The isolates were numbered by Dr. B.C. 

Clifford as follows:

BNS-82-58, BNS-82-59, BNS-82-88, BNS-82-19, BNS-82-23, 

BNS-82-70, BN5-82-103, BNS-82-5, BNS-82-63, BNS-82-209. 

The highly virulent isolate (Pt.80-12) provided by 

Dr. B.C. Clifford in November 1984, was used in studies 

of the host range of the pathogen and of induced 

resistance and susceptibility.

D) Kent isolates

Seven isolates of P_. teres were provided by Dr. J.M. 

Davies, Mrs. Angela Berrie and Miss Rachael Farley, 

(MAFF, ADAS, Kent) in October 1984. They had been 

collected from barley fields in West and East Sussex. 

The samples were from winter barley volunteer plants 

(cv. Igri) with net blotch symptoms and they were 

numbered as follows:

PC3152, PC3133, PC3154, PC3155, PC3170, PC3199, PC3135.

2.2 Culture media 

A) Potato Carrot agar (PCA)

The medium as recommended by Langeron and Vanbreuseghem 

(1952) and by the Commonwealth Mycological Institute, 

was as follows:

Grated potato 2 0g

Grated carrot 2 0g

Agar 2 0g

Distilled water 1

The grated potato and carrot were boiled for one hour 

in distilled water, filtered through muslin and agar
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was dissolved in the extract before autoclaving at 120°C 

for 20 minutes. The pH was adjusted to 5 with 10?o 

sodium hydroxide before autoclaving.
B ) V- 8 agar

V - 8 agar medium as recommended by Miller (1955)

contained:

V- 8 (vegetable juice) 200 ml

Agar 20 g

Distilled water 800 ml

Agar was dissolved in distilled water, V- 8 vegetable 

juice was added and the pH adjusted to 5 with 10% 

sodium hydroxide before autoclaving for 20 minutes

at 1 20 0 C .

C) Water agar medium 

The medium was:

Agar 20 g

Distilled water 1 L
The agar was dissolved in distilled water, the pH 

was adjusted to 5 with 10% sodium hydroxide, before 

autoclaving for 20 minutes at 120°C. This medium was 

used to obtain monospore, pure cultures.

D) Lima bean agar (LBA)

The medium comprised:

Lima bean agar (Difco) 23 g

Distilled water 1 L
The lima bean agar was dissolved in distilled water, 

pH was adjusted to 5 with 10% sodium hydroxide, then 

medium autoclaved at 120°C for 20 minutes.
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2 .3 Isolation of pure cultures

A spore dilution method was used to obtain monospore 

culture isolates from infected barley leaves.

2.3.1 Van Tieghem humid chamber method

Samples of infected barley leaves were cut into 

small segments (£. 1 cm long), immersed in 90?o ethanol 

for 1 0 seconds then in 1 % sodium hypochlorite solution 

for 90 seconds and rinsed finally in sterile distilled 

water (Clifford and Jones, 1980). The segments were placed 

in Petri dishes containing PCA and incubated at 21 ± 1°C 

under near-ultra violet (black) light with a 1 2 hour photo- 

period. Suspensions of spores were obtained from 10 day 

old cultures by flooding the agar with 23 ml sterile dis­

tilled water, and gently rubbing the agar with a sterilized 

paint brush. The suspension of spores was then filtered 

through muslin. The concentration of the suspension was 

diluted to give 103 spore/ml using a haemocytometer. One 

3y& droplet of this suspension from an Agla micrometer 

syringe contained one or two conidia. Three separate 

droplets were placed in the centre of a sterile cover slip 

which was gently inverted on to the previously sterilized 

humid chamber van Tieghem. The droplets were examined 

under the microscope, and one containing a single conidium 

was directly absorbed with a sterilized piece of filter 

paper which was placed on PCA in a Petri dish and incubated

at 21 ± 1°C.
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2.3.2 Dummy objective method

A few drops of the suspension (103 spore/ml) were 

spread over plates of 2% water agar which were incubated 

for 2-3 hours at 21 ± 1°C. An isolated germinating spore 

was removed by cutting the agar around the spore with a 

sterilized dummy objective fitted on a microscope. The 

agar block with the single spore was transferred with a 

sterile needle to a plate of PCA and then incubated in 

21 ± 1 °C to give a single spore culture.

2.4 Induction of sporulation

Four methods were used to increase sporulation of 

_P. teres isolates.

2.4.1 Pellet formation method

Lukens'(1960) technique was used. Mycelial discs,

3mm diam. from growing margins of 10 day old colonies of 

_P. teres on PCA were placed in 100 ml, 20% V- 8 juice liquid 

medium containing small sterilized glassbeads, in 230 ml. 
conical flasks and then were shaken using a Griffin Flask Shaker continuously for 8

days at 21 ± 1 °C. Mycelial pellets from the cultures 

were then distributed over a dry sterilized filter paper 

in Petri dishes. Some Petri dishes were then incubated at 

1 2 hour photoperiod (cool light) and 1 2 hour dark cycle. 

Others were placed under 1 2 hour near ultra violet and 

1 2 hour dark cycle.

A third group were incubated in full darkness. All



45

plates were incubated at 21 ± 1°C for 7 days.

2.4.2 Autoclaved barley leaves method

Srinivasan jrt a_l. (1971 ) technique for seed borne fungi 

was used. Young leaves of barley seedlings (cv. Sonja) 

were cut into 2 cm long segments which were suspended in 

distilled water and autoclaved at 120°C for 20 minutes. 

Single segments were transferred to the surface of 2% 

water agar in Petri dishes. A mycelial disk, 5 mm diam. 

from the growing margin of a 10 day old culture of P_. teres 

on PCA, was placed on the surface of each segment. Plates 

were then incubated as above.

2.4.3 Moistened filter paper method

A moistened filter paper technique (Kilpatrick, 1966) 

was used. A mycelial disk, 5 mm diam. from the growing 

margin of a 10 day old colony of P. teres on PCA, was 

placed on the surface of sterilized moist filter paper, and 

then incubated as above.

2.4.4 12 — h near ultra violet and 12-h dark cycle method

A mycelial disk, 5 mm in diam. from the growing margin 

of a 10 day old culture of teres on PCA was placed on 

a plate of PCA. Some plates were incubated in darkness at 

21 ± 1°C for 7 days, others were exposed to 12-h. near 

ultra violet and 12-h darkness at 21 ± 1°C for 7 days.

2.5 Preservation of cultures

Three methods were used.
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2.5.1 Preservation on agar

Isolates were grown on PCA and also on 20% V-8A slants 

in test tubes and then stored at 5°C. They were trans­

ferred to fresh agar every 3 months.

2.5.2 Preservation under mineral oil

Isolates were grown on PCA slants in vials and covered 

with sterile mineral oil to a depth of 1 cm above the top of 

the slant. Cultures were stored at 5°C.

2.5.3 Preservation on infected leaf segments of barley 

Three leaf growth stage seedlings of barley cv. Sonja

were infected with P_. teres (virulent isolate, 80-12).

Leaves with good net form symptoms were cut into 1 cm long 

segments which were immersed in 90% ethanol for 10 seconds 

and then in 1% sodium hypochlorite for 90 seconds before 

washing twice in sterile distilled water. The segments 

were then placed on sterilized moist filter papers in Petri 

dishes (30 segments per plate).

The plates were incubated for 3 days at 21 ± 1°C in 

darkness, then transferred to a near ultra violet . (black) 

light cabinet set to give a 12-h. photoperiod at 21 ± 1°C. 

Seven days later, spores were produced abundantly over the 

upper surface of the segments. Plates were then stored at 

1°C for up to one year with little loss of spore viability.

2.6 Preparation of suspensions of spores

Monospore isolates of P_. teres were cultured on plates
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of LBA or PCA at 21 ± 1°C under 12 h. near ultra violet 

and 12 h. dark cycle for 10 days. Spores were produced 

abundantly and harvested by adding 25 ml. sterile distilled 

water to the surface of the cultures and brushing the 

surfaces gently with a sterile smooth paint brush. Sus­

pensions of spores were then filtered through muslin and 

concentrated by centrifuging in a refrigerated centrifuge 

for 6 minutes at 5920 rpm at 2-5°C (Thomas, 1984).

Spore pellets were resuspended in the required volume 

of sterile distilled water, and a few drops of 0.05% Tween 

20 were added to disperse the spores into homogeneous 
suspensions. Concentrations of the suspensions were adjusted 

by using a haemocytometer. The same procedure was followed 

for preparing suspensions of spores from barley leaves 

(cv. Sonja) infected by _P. teres and with net form symptoms 

after exposure for 10 days under a 12 h. near ultra violet 

and 12 h. dark cycle at 21 ± 1°C.

3. Inoculation of plants 

3 . 1 By mycelial disks

Leaf segments 5 cm long were taken from first-leaves 

of 3 leaf growth stage seedlings of winter barley (cv. Sonja), 

highly susceptible to net blotch (King, 1982). Segments were 

placed floating on 4 ml. of a 50 ppm benzimidazole solution 

inside plastic boxes (5.5 x 3.5 x 2 cm). Three small wounds 

were made equidistant ly, 1.5 cm. from each other by means

of a sterilized needle on the ventral surface of the segments.
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Each wound was then inoculated by a mycelial disk, 1 mm diam. 

taken from the growing margins of 7 day old cultures of 

isolates of _P. teres. Three segments were used for each 

isolate. Wounds were left uninoculated in the controls.

Boxes were kept closed by their lids for the first 24 h., 

and incubated at 21 ± 1°C. Lesions were measured 7 days 

after inoculation.

3.2 By spore suspension droplets
4Suspensions of 5 x 10 spore/ml were prepared (see

2.6). Segments 5 cm. long from fully expanded first leaves, 

taken from 3 leaf growth stage seedlings were placed floating 

on 4 ml. of a 50 ppm benzimidazole solution in small plastic 

boxes (5.5 x 3.5 x 2 cm). Droplets of spore suspension from 

an Agla micrometer syringe were placed on the ventral 

surface of the segment 1.5 cm. from each other. The boxes 

were then treated as above.

3.3 By spraying whole plants in a C.T. room with suspensions

of spores

Seedlings with three fully expanded leaves of host and 

non-host plants were grown in a glasshouse as described in

1.3. The plants were: cultivated barley, wheat, rye, oat, 

corn and rice; 41 lines of wild barley (Hordeum spontaneum) , 

wall barley (Hordeum mu r i n urn) and eighteen species of grasses 

belong to eleven genera of Gramineae. They were sown in a 

plastic pot (11 cm. diam.), containing a UC-type soil mix (1.4,a). 

Seedlings were transfered into plastic boxes (46 x 25 x 26 cm)
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wi th tap wa t e r  £. 2 cm. deep. The s e e d l i n g s  were s p r a y e d

4wi th  a s u s p e n s i o n  5 x 1 0  s p o r e / m l  of P_. te re s  - v i r u l e n t  

is o l a t e  80 - 1 2  us ing  a s p r a y e r  ( Cr ow n I n d u s t r i a l  P r o d u c t s  

C o m p a n y )  a t t a c h e d  to an a e r o s o l  p r o p e l l a n t  (S IG M A spray;

S I G M A  C h e m i c a l  C om p a n y,  USA). The bo xe s were then c o v e r e d  

by th ei r lids and kept at 21 ± 1°C in a c o n t r o l l e d  t e m p e r a t u r e  

room, wit h f l u o r e s c e n t  t u b e s  (cool light) and a p h o t o p e r i o d  

of 16 h. daily. The lids of the b o x e s  were r e m o v e d  24 h. 

a ft er  s p r a y i n g .

3.4 By s p r a y i n g  w h o l e  p l a n t s  in the field w i t h  s u s p e n s i o n s

of s p o r e s

Seeds of host and n o n - h o s t  p l a n t s  were sown in a 

fi eld  plot at S i l w o o d  P ar k  (see Table  1). The main 

plot (20 x 24 m) was d i v i d e d  into six p lot s (4 x 4m). Each  

plot c o n t a i n e d  10 ro ws  w h i c h  w e r e  p r o t e c t e d  w it h a net a ft er  

s o w i n g  the seed. S e e d l i n g s  w i t h  t hr e e  fully e x p a n d e d  l e a v es  

we re s p r a y e d  with s u s p e n s i o n s  (5 x 10^ s p o r e / m l )  of s p o r e s  

from 10 day old c u l t u r e s  of P_. t e r e s  v i r u l e n t  i s o l a t e  

80-12. They were e n c l o s e d  in p o l y t h e n e  bags c o n t a i n i n g  a 

wad of wet c o t t o n  wo ol  for 24 h. Whe n the bags w ere  r em o v e d ,  

the t e m p e r a t u r e  at the t ime  of the i n o c u l a t i o n  was £. 16°C.

L e a v e s  we re a s s e s s e d  for d i s e a s e  15 days a ft e r  the i n o c u l a t i o n
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I able— 1 : D i a g r a m  of field pl ot s c o n t a i n i n g  h ost  and n o n - h o s t

p l a n t s  s p r a y e d  w ith  s u s p e n s i o n s  of s po r e s  of 

P.* t e r e s . S ixt y rows of s e e d l i n g s .

CN

4 20 m
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4. A s s e s s m e n t  of i n f e c t i o n

4.1 On leaf s e g m e n t s

4.1.1 P r e - p e n e t r a t i o n  stage: s p o r e  g e r m i n a t i o n  and g r o w t h  

of ge rm tu bes

S e g m e n t s  w er e t r e a t e d  as in 3.2 with t h r e e  (5 yil) 

d r o p l e t s  of sp or e s u s p e n s i o n  (5 x 10^ s po re / m l ) .  The 

s e g m e n t s  w er e r e m o v e d  16 h. a f t e r  i n o c u l a t i o n  and p l a c e d  

on gl a ss  slides . A p ie ce  of a c le a r  d o u b l e d  face a d h e s i v e  

c e l l u l o s e  tape was p r e s s e d  fi rm l y on the i n o c u l a t e d  s u r f a c e  

of the se g m e n t s ,  p e e l e d  off and then fixed on a g la ss  slide.

A drop of 0.1 % l a c t o p h e n o l - c o t t o n  blue was a d d e d  to the s u r ­

face of the tape. G e r m i n a t e d  s p o r e s  in w h i c h  g erm  t ub es  

was lo ng er  than the s po r e  were c ou nt e d.  G r o w t h  of germ 

tu b es  was m e a s u r e d  16 h. a ft e r  i n o c u l a t i o n .  Ten m i c r o s c o p i c  

fi e ld s of view (40 x 15X) w er e e x a m i n e d  for e s t i m a t i n g  the 

me an  of the n u m b e r  of g e r m i n a t e d  s p o r e s  and the l e n g t h  of 

the ge rm tu bes  on host and n o n - h o s t  plants.

4 . 1 . 2  P o s t - p e n e t r a t i o n  stage: a p p r e s s o r i a l  f o r m a t i o n  and 

p e n e t r a t i o n ,  us i n g  a w h o l e  m o u n t  m e t h o d .

Five cm. long s e g m e n t s  w e r e  i n o c u l a t e d  w i t h  th re e  (5 y£) 

d r o p l e t s  of sp o re  s u s p e n s i o n  (5 x 10^ s p o r e / m l  ) as d e s ­

c r i b e d  above, then we re  i n c u b a t e d  in c l o s e d  b o x e s  at 21 ± 1°C.

The lids we r e r e m o v e d  16 h. a f t e r  the i n o c u l a t i o n .  S e g m e n t s  

we re ta ken  24 h. af t e r  i n o c u l a t i o n ,  and fixed on a g la s s  

slide, a drop of 0 . 1  % l a c t o p h e n o l - c o t t o n  blu e was added .

Ten m i c r o s c o p i c  f i el d s  of v i ew  (40 x 15X) w er e e x a m i n e d  for 

e s t i m a t i n g  the p e r c e n t a g e s  of a p p r e s s o r i a l  f o r m a t i o n  and 

the p e r c e n t a g e s  p e n e t r a t i o n s  (the p e n e t r a t e d  s po re s ) .
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4. 1 . 3  A s s e s s m e n t  of dead and b r o w n i n g  c el ls  of leaf s e g m e n t s  

S e g m e n t s  we r e t a k e n  120 h. af te r i n o c u l a t i o n  w ith  

5 y A d r o p l e t s  of sp or e  s u s p e n s i o n  (5 x 10^ s p o r e / m l ) ,  then 

were cut into 2 cm. long s e c t i o n s  and c l e a r e d ,  then s t a i n e d  

by a m e t h o d  b a s e d  on that of S h i p t o n  and B r o w n  (1962). 

A l c o h o l i c  l a c t o p h e n o l - c o t t o n  blue was used for s t a i n i n g .

The leaf s e c t i o n s  w er e b o i l e d  in the s ta i n  in a test 

tube for 90 sec. then left for 48 h., then r e m o v e d ,  w a s h e d  

twice in w a t e r  and t r a n s f e r r e d  to c h l o r a l  h y d r a t e  s o l u t i o n  

(5g/2 ml.) and left for 2-3 days. S e c t i o n s  w e r e  then 

re moved, w a s h e d  in d i s t i l l e d  w at e r  and m o u n t e d  in 5 0 % 

g l y c e r i n e  on a gl a ss  s l i d e  and e x a m i n e d  m i c r o s c o p i c a l l y .  

N u m b e r  of dead, b r o w n i n g  and u n a f f e c t e d  c e l l s  per m i c r o ­

s c o p i c  field of vi ew (40 x 15X) wer e a s s e s s e d .  The m ean  

of the p e r c e n t a g e s  in ten f iel ds  of view of d e ad  and b r o w n i n g  

ce lls  was d e t e r m i n e d .  As r e g a r d s  the l e s i o n s  p r o d u c e d  on 

leaf s e g m e n t s  of rye g r a s s  (L o l i u m  p e r e n n e ) , oat (A v e n a  

sat i va cv. P e n i a r t h )  and rye (S e c a l e  ce re a 1 e cv. R h e i d o l ) ,  

the ce l l s  we re not o b v i o u s l y  dead or brown, but w e re  dark 

gr ee n  in c o l o u r  (d a r k e r  than n or ma l ) .  The m e a n  of p e r ­

c e n t a g e s  in 10 fi el ds  of view of the dark g r e e n  c e l l s  were  

d e t e r m i n e d .

4 . 2  A s s e s s m e n t  of i n f e c t i o n  on w h o l e  p la nt  l e a v e s

4.2.1 A s s e s s m e n t  of net form l e s i o n s

S e e d l i n g s  wi t h t h r e e  fully e x p a n d e d  l e a v e s  of p l a n t s  

wi th net form s y m p t o m s  a ft e r  s p r a y i n g  w ith  a s p o r e  s u s ­

pe ns io n , we re ta k e n  from the field and from the g l a s s h o u s e  

and a s s e s s e d  in the l a b o r a t o r y  by the MAFF (1984) m e t h o d
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F i g u r e  1 D i s e a s e  a s s e s s m e n t  key 

net b l o t c h ,  s h o w i n g  the 

of l ea f  a r e a  a f f e c t e d

of bar l ey  

p e r c e n t a g e  

(MAFF, 1984).
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as s h o w n  in F i g u r e  1 .

4 . 2 . 2  D e t e r m i n a t i o n  of the c o r r e c t i o n  factor for l e s i o n s  

(Table 2 ) .

1. Tw ent y five l e s i o n s  were t a k e n  r a n d o m l y  from the g r o u p  of 

le s i o n s  p r o d u c e d  by 18 i s o l a t e s  of _P. t e r e s  a ft er  i n o ­

c u l a t i n g  w i t h  m y c e l i a l  disks , first lea f s e g m e n t s  of 

ba r l e y  cv. Sonja. For l e af  s e g m e n t s  of h ost  and n o n ­

host p l a n t s  i n o c u l a t e d  w it h s po re  s u s p e n s i o n  d r o p l e t s

of P t . 80-12, ten l e s i o n s  w e re  taken r a n d o m l y .  I n o c u l a t i o n  

m e t h o d s  and l e s i o n s  d e v e l o p m e n t  were d e s c r i b e d  in 

(3.1, 3.2) .

2. The g re a te st  l e n g t h s  (L ^ , L^) of l esi on p a r a l l e l  and at 

right angles to the l eaf  v e i n s  were m e a s u r e d .  The m ea n 

of two l e n g t h s  was d e t e r m i n e d ,  then the d i a m e t r i c a l  

area (AD) was c a l c u l a t e d  from this mean. M ean  of ten 

d i a m e t r i c a l  a r e a s  was d e t e r m i n e d .

3. The o u t l i n e  of each l e s i o n  w as drawn on t r a c i n g  paper, 

th en c o p i e d  on to gr ap h p a p e r  from w h i c h  a r e a s  w ere  

m e a s u r e d  (AM). M ean  of ten a r e a s  by m e a s u r e m e n t  was 

d e t e r m i n e d  .

4. The mean of ten a r e a s  by m e a s u r e m e n t  (AM) was d i v i d e d  

ov er the m ea n  of ten d i a m e t r i c a l  area (AD), to give the 

c o r r e c t i o n  fa ct o r to be a p p l i e d  to (AD), ( Tab le  2).

5. D i a m e t r i c a l  are a (AD) was t hen  m u l t i p l i e d  by the 

c o r r e c t i o n  f a ct o r  to give the area of l e s i o n  s i m i l a r  to 

that o b t a i n e d  by m e a s u r e m e n t  (AM).

6 . This m e t h o d  was used for e s t i m a t i n g  the a r e a s  of 

le s i o n s  from th e i r l e n g t h s  and widths.



Table 2 : C a l c u l a t i o n  of the c o r r e c t i o n  f ac to r for l e s i o n s  d e v e l o p e d  on host and n o n - h o s t

p l a n t s  i n o c u l a t e d  by m y c e l i a l  disks, or s u s p e n s i o n  of s p o r e s  of d i f f e r e n t  i s o l a t e s

of P. teres.

Host and n o n - h o s t  
pl an ts

I n o c u l a t i o n
m e t h o d

N u m b e r  of
l es i o n s
m e a s u r e d

L e n g t h  (L ) 
(m m )

M e an  ± SD

L e n g t h  ( L )  
(m m )

Mean ± SD

D i a m e t r i c a l  
a re a (A D )

(mm 2 )
M ea n ± SD

Area by 
m e a s u r e ­
ment
M e a n  ±SD

C o r r e c t i o n  
fa c t o r  
(C.F. )

B a rl ey  c v . Sonja 
first leaf s e g m e n t s

M y c e l i a l
di sk s 25 * 9.3 ± 2 3.7 ± 1 3 5 ± 1 3 2 7 . 6  ± 1 2 0 .7 9

Ba rl e y  c v . Sonja 
first leaf s e g m e n t s

D r o p l e t s  o f 
s u s p e n s i o n  of 
s p o r e s

10 * 11 .4 ± 1 .5 6 . 6  ± 1 64 ± 14.8 4 8 . 6 ± 1 3.5 0 .7 6

Wild barley  
H o r d e u m  m u r i n u m  
first lea f s e g m e n t s

D r o p l e t s  of 
s u s p e n s i o n  of 
s p o r e s

10 * 4 . 9 ± 0 .6 2 . 5 ± 0 .34 1 0.4 5 ± 2.1 8 .6±1 . 84 0.82

Wh e at  . c v . Ma ris  
Dove
first leaf s e g m e n t s

D r o p l e t s  of 
s u s p e n s i o n  of 
s p o r e s

10 * 3 . 8  ± 0.46 2 . 1 ±0 .2 8 6 .9±1 . 34 5 . 6 ± 0 .9 0.81

C o m m o n  rye grass  
L o l i u m  p e r e n n e  
first leaf s e g m e n t s

D r o p l e t s  of 
s u s p e n s i o n  of 
s p o r e s

10 ** 2 . 6  ± 0.7 3 1 . 4 ± 0.3 3.3 ± 1 . 6 2 .9 ± 1 .3 0 . 8 8

* Spot form n e c r o t i c  l e s i o n s  
** da r k  green le s i o n s
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4. 2 . 3  A s s e s s m e n t  of spot form l e si on s

Areas w e r e  c a l c u l a t e d  from linear  m e a s u r e m e n t s ,  and 

the c o r r e c t i o n  fa ct or  was a p p l i e d  to give e s t i m a t e d  t ota l 

ar eas  of le s io ns .  This was e x p r e s s e d  as a p e r c e n t a g e  of 

leaf area w h i c h  was m e a s u r e d  by d r a w i n g  the o u t l i n e  of 

the leaf on a t r a c i n g  pa pe r  and then on to c o p y i n g  gr ap h  

paper.

5. A s s e s s m e n t  of s p o r u l a t i o n

5 . 1 A s s e s s m e n t  of s p o r u l a t i o n  on l es i o n s  on l ea f  s e g m e n t s  

Leaf s e g m e n t s  5 cm long from the first l e a f  of s e e d ­

lings were i n o c u l a t e d  w ith  2 0 d r o p l e t s  of s po r e  s u s p e n ­

si ons  as in 4.2. S e g m e n t s  w it h  l e s io ns  w e r e  p l a c e d  a se p -  

ti c a l l y  on s t e r i l i z e d  m oi s t  f ilt er p a p er s in s t e r i l e  P etr i 

di sh e s  and w e r e  kept at 21 ± 1 °C under  a 12h n ea r  u l t r a ­

v io let  and 12h da rk cy c l e for 10 days. S p o r e s  w ere  r e m o v e d  

from the l e s i o n s  wi th  an a r t i s t ' s  b rus h into 25 ml s t e r i l e  

water. A few d r o p l e t s  of T w e e n  20 were a d d e d  to the s u s ­

p e n s i o n  to d i s p e r s e  the spo r es .  N u m b e r s  in 5 y & d r o p l e t s  

of the s u s p e n s i o n  w er e  c o u n t e d  m i c r o s c o p i c a l l y  on a g la s s  

slide.

5.2 A s s e s s m e n t  of s p o r u l a t i o n  P y r e n o p h o r a  t e r e s  i s o l a t e s  

c u l t u r e d  on d i f f e r e n t  m e d i a  and e x p o s e d  to d i f f e r e n t  

s o u r c e s  o f light

I s o l a t e s  of _P. t e r e s  in the m y c e l i a l  fo rm s  were 

c u l t u r e d  on: s t e r i l i z e d  f il t e r  paper, a u t o c l a v e d  b a r l e y  

leaf s e g m en t s,  s t e r i l i z e d  m o i s t  filter paper, and on PCA
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( 2 . 4 . 1 - 4 ) .  The c u l t u r e s  w ere  then i n c u b a t e d  at 21 ± 1°C 

for five days in c o n t i n u o u s  d a r k n e s s ,  then t r a n s f e r r e d  

and e x p o s e d  for 10 d a y s  at 21 ± 1°C to, 24h of c o n t i n u o u s  

d a r k n e s s ,  1 2 h of cool l ig ht  f o l l o w e d  by 1 2 h d a r k n e s s ,  or 

1 2 h of ne ar UV light f o l l o w e d  by 1 2 h d a r k n e s s .  S p o r e s  from 

3 r e p l i c a t e s  (3 Pe t r i  d is h c u l t u r e s )  w er e s u s p e n d e d  in 

25 ml s t e r i l e  d i s t i l l e d  w a t e r  and a few d r o p l e t s  of T we e n  

20 we re added. D r o p l e t s  of 5 y &  of s u s p e n s i o n  of s p o r e s  

were  ta k e n  in an A g l a  m i c r o m e t e r  s y r i n g e  and p l a c e d  on 

a gl a s s  sl i d e  and th en  e x a m i n e d  m i c r o s c o p i c a l l y .  For e ac h 

iso la te , n u m b e r s  of s p o r e s  were c o u n t e d  from five s e p a r a t e  

5 y& d r o p l e t s  ( r e p l i c a t e s )  t ake n from the c u l t u r e s  i n c u b a t e d  

at 24h c o n t i n u o u s  d a r k n e s s ,  1 2 h cool l igh t f o l l o w e d  by 12h 

d a r k n e s s ,  1 2 h near UV l ig h t  f o l l o w e d  by 12h d a r k n e s s .  The 

me an of the n u m b e r  of s p o r e s  per 5 y &  was d e t e r m i n e d ,  then 

m u l t i p l i e d  by two h u n d r e d  to o b t a i n  the n u m b e r  of s p o r e s  

per ml. The i s o l a t e s  w e r e  then c l a s s i f i e d  into four g r o u p s  

a c c o r d i n g  to the n u m b e r  of s p o r e s  per ml, nam e ly , no s p o r -  

u l a t i o n  (-); s p a r s e  ( + ), 5 0 0 - 1 0 0 0  spores,* m o d e r a t e  (++), 

1 0 0 0 - 5 , 0 0 0  spores; and d e n s e  s p o r u l a t i o n  (+++), 5 0 0 0 - 1 0 , 0 0 0 .
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EX PE Rl  M E N T A L  

SECTION 1

C H A R A C T E R S  OF 32 I S O L A T E S  OF _E. T ERE S 

C O L L E C T E D  F RO M E N G L A N D  AND W A L E S  

H e l m i n t h o s p o r i u m  t e r e s  Sacc. s h o w s  m o r p h o l o g i c a l  

v a r i a b i l i t y  in c u l t u r e  e x p r e s s e d  as a m o un t of m y c e l i a l  

g r ow t h,  zo n at io n , co l o u r ,  a m o u n t  of s p o r u l a t i o n ,  s c l e r o t i a l  

and n o n - s c l e r o t i a l  and in o p t i m u m  t e m p e r a t u r e  for g r o w t h  

(Pon, 1949; Sh e od ha n ,  1962). The m a i n t e n a n c e  and s u c c e s s i v e  

t r a n s f e r  of P_. te res  c u l t u r e s  on m e d i a  such as PDA, C z a p e k  

agar or ma lt e x t r a c t  agar, r e s u l t e d  in c u l t u r e s  w h i c h  l a c k e d  

c o n i d i a  and had lost t he ir  p a t h o g e n i c i t y  ( Pi en ing , 1963). 

M c D o n a l d  (1967) c o n s i d e r e d  that the d i f f e r e n c e s  in c u l t u r a l  

a p p e a r a n c e  in w i l d - t y p e  i s o l a t e s  of P_. t ere s from i n f e c t e d  

b a r l e y  we re w i t h i n  the r an g e  n o r m a l l y  e x p e c t e d  in a h e t e r -  

o t h a l l i c  s p e c i e s  of a fungus. C l i f f o r d  and Jones (1980) f 

e x a m i n e d  s e v e n t y  two i s o l a t e s  of _P. t er es  w h i c h  w e r e  foun d 

to vary c o n s i d e r a b l y  in t he i r  c u l t u r a l  c h a r a c t e r i s t i c s  and 

a g g r e s s i v e n e s s .  Some i s o l a t e s  f a i l e d  to s p o r u l a t e  on agar, 

o t h e r s  f a il e d to p r o d u c e  s y m p t o m s  or p r o d u c e d  o nly  l i m i t e d  

s y m p t o m s  on the d i f f e r e n t i a l  c u l t i v a r s .  They found  that 

the c u l t u r e s  wh i c h  w e r e  i s o l a t e d  d i r e c t l y  from b a r l e y  l ea f 

i n f e c t e d  s a m p l e s  in 1 980  s p o r u l a t e d  b e t t e r  and w e r e  mor e 

a g g r e s s i v e  than c u l t u r e s  o b t a i n e d  from the f iel d in

1979 and s u b s e q u e n t l y  m a i n t a i n e d  on PDA. The f o l l o w i n g  

r e p o r t s  r e s u l t s  of s i m i l a r  e x p e r i m e n t s .

E x p e r i m e n t  1 : M y c e l i a l  g r o w t h  of 32 i s o l a t e s  of _P. t e r e s .

Of the th i r t y  two i s o l a t e s  of _P. t e r e s , used in this



60

study, t w e n t y  were o b t a i n e d  as m y c e l i a l  c u l t u r e s  kept 

u n d e r  oil from Long A s h t o n  R e s e a r c h  Sta t io n,  B r i s t o l  

(2 .1. B);  ten were r e c e i v e d  as d i s e a s e d  b a r l e y  leaf 

f r a g m e n t s  from The W e l s h  P lan t B r e e d i n g  S t at io n , A b e r y s t ­

w y t h  (2 .1. C),  and two w e re  i s o l a t e d  from n a t u r a l l y  i n ­

f e c t e d  l e a v e s  of b a r l e y  and w i l d  b a r l e y  (H o r d e u m  m u r i n u m ) 

at S i l w o o d  Park, Ascot,  ( 2 . 1 . A). The i s o l a t e s  w ere  s u b ­

c u l t u r e d  on PCA, and from a 7 day old colony, m y c e l i a l  

di sks , 7 mm diam. we re  t ake n and c u l t u r e d  on PCA in Petr i 

d i s h e s ,  and i n c u b a t e d  in c o n t i n u o u s  d a r k n e s s  at 21 ± 1°C.

Ni n e da y s af t er  i n o c u l a t i o n ,  the d i a m e t e r s  of c o l o n i e s  w e re  

m e a s u r e d .  R e s u l t s  are s how n in Ta bl e 3.

E x p e r i m e n t  2 : C o l o u r  of c u l t u r e s  of 32 i s o l a t e s  of P. t e re s  

M y c e l i a l  di s k s  7 mm in diam. from 7 day old c u l t u r e s  

of t h i r t y  two i s o l a t e s  of P_. t e r e s  w e r e  p l a c e d  on PCA in 

P e t r i  d i s h e s  and i n c u b a t e d  in c o n t i n u o u s  d a r k n e s s  at 

21 ± 1°C. The c o l o u r s  and z o n a t i o n  w ere  r e c o r d e d  9 days 

a f t e r  i n o c u l a t i o n  (Tabl e 4).

E x p e r i m e n t  3 : S p o r u l a t i o n  of 32 i s o l a t e s  of P. t ere s

The m y c e l i a l  p e l l e t s  or d i s k s  5 mm in diam. o'f t h i r t y  

two i s o l a t e s  of _P. t e r e s  o b t a i n e d  from B r is to l , A b e r y s t w y t h  

and S i l w o o d  Park at Ascot, (see 2 .1 .A,B,C), w ere  d i s t r i b u t e d  

on s t e r i l e  dry fi l t e r  p ape r (see 2 .4 . 1 )  c u l t u r e d  on a u t o ­

c l a v e d  b a r l e y  (cv. Sonja ) l ea f s e g m e n t s  (see 2.4.2 ) d i s ­

t r i b u t e d  on s t e r i l e  m o i s t  f il t e r  p a p e r  (see 2.4.3 ),  or 

c u l t u r e d  on PCA (see 2.4.4) in P e t r i  dishe s,  t hen  w ere
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Ta ble 3: M y c e l i a l  g r o w t h  of i s o l a t e s  of P y r e n o p h o r a

teres af t e r  9 days i n c u b a t i o n  at 21 ± 1°C on PCA

Is o l a t e s D i a m e t e r  of c o l o n y  J 
(m m ) * J

Mean
O r i g i n Code n u m b e r

PC 215 64 ± 1 . 7
PC 724 62 ± 1 .7
PP 50C 55 ± 2
PP 36 28 ± 2 . 6
PP 5 0 G 63 ± 1.7
PC 673 52 ± 1
LA RS 64 ± 1 .7
PC 719 56 ± 1

B r i s t o l PP 27 31 ± 1 54.4
PP 32 65 ± 1 . 7
PP 23 44 ± 3
PP 33 74 ± 2
PP 44 55 ± 0.6
PP 50e 63 ± 1 .7
PC 216 60 ± 2 . 6
PP 29 43 ± 2
PC 1067 6 6 ± 2 . 6
PP 40-41 48 ± 3
PP 46 64 ± 0.6
PP 26 30 ± 2

N B - 8 2 - 5 68 ± 1 . 2
N B - 8 2 - 1 9 70 ± 1
N B - 8 2 - 2 5 84 ± 0.6
N B - 8 2 - 5 8 78 ± 2.6

A b e r y s t w y t h N B - 8 2 - 5 9 75 ± 1 74.9
N B - 8 2 - 6 3 81 ± 1

I N B - 8 2 - 7 0 80 ± 1.7i
i N B - 8 2 - 8 8 67 ± 1
| N B - 8 2 - 1 03 74 ± 1.7
i
i N B - 8 2 - 2 0 9 72 ± 2
i
i
ISilwood Park
j

H.t. SP 
H.t. WB

69 ± 1.2 
56 ± 1 62.5

* Mean ± SD of th re e r e p l i c a t e s



62

Ta ble  4 : C o l o u r s  of c u l t u r e s  of i s o l a t e s  of P y r e n o p h o r a

t e r e s .

C o l o u r Z o n a t i o n C u l t u r e s

D ar k  gr e en + PC 215, PC 724, PC 216, PC 1067, 

PP 46, (B - 5)

D ar k  gr e en PP 5 0 C , LARS, N B - 8 2 - 1 9, N B- 8 2 - 2 5 ,  

N B - 8 2 - 5 8 , N B - 8 2 - 5 9 , N B - 8 2 - 6 3 ,  
N B - 8 2 - 1 03, N B - 8 2 - 2 0 9 , H.t . sp , 

H . t . W B  (B-2, A - 7 , SP-2)

L i g h t  gr e en + N B - 8 2 - 5 , N B - 8 2 - 7 0 , N B - 8 2 - 8 8 ,  (A-3) .
L i gh t  gr e en PP 36, PP 5 0 G , PC 673, PC 719, PP 27, 

PP 23, PP 33, PP 44, PP 5 0 e , PP 29,

PP 40 -4 1 , PP 26 (B-12)

Li gh t  br ow n - PP 27 (B - 1  )

B - Br i s t o l A - A b e r y s t w y t h ,  SP - S i l w o o d  Park.

e x p o s e d  d i f f e r e n t l y  to light at 21 ± 1°C (see 5.2).

E s t i m a t i o n  of s p o r u l a t i o n  a f t e r  10 d ays  was as d e s c r i b e d  

in 5.2. The r e s u l t s  are s ho wn  in T ab le  5 .

D i s c u s s i o n

The r e s u l t  in T a b l e  3 s ho w s  that the r a t e s  of m y c e l i a l  

g r o w t h  of B r i s t o l  i s o l a t e s  (see 2.1 . B) ,  w er e less tha n of 

A b e r y s t w y t h  (see 2. 1 . C)  and S i l w o o d  Park i s o l a t e s  (see 

2 .1 .A), p r o b a b l y  b e c a u s e  the i s o l a t e s  had b een  kept u nd e r  

oil for two ye a r s  ( l e t t e r  from Dr. John H a r g r e a v e s ,  3rd 

F e b r u a r y ,  1983), w h e r e a s  the A b e r y s t w y t h  and S i l w o o d  Park 

i s o l a t e s  had be en o b t a i n e d  r e c e n t l y  from i n f e c t e d  b a r l e y  

l e a f  s am p le s.  Al s o the long p e r i o d  of B r i s t o l  i s o l a t e s
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Table 5: S p o r u l a t i o n  of  32 i s o l a t e s  of  P_. t e r e s  c u l t u r e d  on 4 media (A,B,C and D1 a f t e r  10 days  a t  21 ± 1°C under
d i f f e r e n t  l i g h t  c o n d i t i o n s .

P . t e r e s Cont inuous
!

Cont i nuous 1 2h coo 1 l i g h t  j 1 2h ne ar  UV l i g h t Cont inuous

i s o l a t e s I! cool  1i gh t
!

da rkn es s 1 2h d a r kn es s
i

1 2h d a r kn es s near  UV l i g h t

Medium ! A B C D A B C 0 A B C iD A B C D A 8 C D

PC 215 PC 724 PP 50c PP 36 PP 50G PC673 LARS PC 719 PP 27 PP 32 PP 23 PP 33 PP 44 
PP 50e PC 216 PP 29 PC 1067 PP 40-41 PP 46 PP 26
MB-82-5NB-82-19NB-82-25NB-82-5RNB-82-59NB-82-63NB-82-70
IMB-82-88NB-82-10 3NB-82-209
H . t . sp H.t.WB

++++-*-

++ + -*-+++ + ++■
+ +  +  - t - +

++
++
++

* A - m y c e l i a l  p e l l e t s  d i s t r i b u t e d  on s t e r i l i z e d  dry  f i l t e r  paper
* B - m y c e l i a l  d i s k s  c u l t u r e d  on a u t o c l a v e d  b a r l e y  ( c v .  Son ja )  l e a f  segment s .
* C - m y c e l i a l  d i s k s  d i s t r i b u t e d  on s t e r i l i z e d  moi s t  f i l t e r  pape r .
* D - m y c e l i a l  d i s k s  c u l t u r e d  on PCA.
1. B r i s t o l  i s o l a t e s  Sc a l e  o f  s p o r u l a t i o n
2.  Aberys twyth  i s o l a t e s
3.  Si lwood Park i s o l a t e s No s p o r u l a t i o n

+ s p a r s e  s p o r u l a t i o n  (500-1000 s po r e  pe r  ml] 
++ modera t e  s p o r u l a t i o n  (1000-5000 s po r e  : / / >  

dense  s p o r u l a t i o n  (-5000-10,000 s po r e  / /  >4- + +
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u n d e r  oil, p r o b a b l y  d e c r e a s e d  the a b i l i t y  of some i s o l a t e s  

to s p o r u l a t e  and c a u s e d  o t h e r s  to lose the a b i l i t y  to 

s p o r u l a t e .  Ta ble  5 s ho ws  that c o n t i n u o u s  c ool  l igh t or, 

c o n t i n u o u s  da r k n e s s ,  had l i t t l e  e f f e c t  on i n d u c t i o n  to 

s p o r u l a t e ;  only a few i s o l a t e s  s p o r u l a t e d  s p a r s e l y .  T w e l v e  

h o u r s  cool light f o l l o w e d  by 12h of d a r k n e s s  had more e f f e c t  

on s p o r u l a t i o n  of A b e r y s t w y t h  i s o l a t e s  but had less or no 

e f f e c t  on B r i s t o l  is o l a t e s .  T w e l v e  hours  of n ea r  UV light  

f o l l o w e d  by 12h of d a r k n e s s  i n d u c e d  good s p o r u l a t i o n  of 

ma ny iso la te s.  Only a few B r i s t o l  i s o l a t e s  did not s p o r ­

u l a t e  un der  th e se  c o n d i t i o n s .  The c o n t i n u o u s  n ear  UV ligh t 

had li ttl e e f f e c t  on t w e l v e  B r i s t o l  i s o l a t e s  but had m ore  

e f f e c t  on all A b e r y s t w y t h  and S i l w o o d  Park i s o l a t e s .  In 

su m ma r y ,  the 12h of near UV li gh t  f ol lo w e d  by 12h of d a r k n e s s ,  

i n c r e a s e d  g r e a t l y  s p o r u l a t i o n  by m an y  i s o l a t e s  and s p o r u ­

l a t i o n  was best on a u t o c l a v e d  b a r l e y  leaf s e g m e n t s ,  f o l l o w e d  

c l o s e l y  by s p o r u l a t i o n  on PCA.

Table 4 sh o ws  the c o l o u r s  w i t h  or w i t h o u t  z o n a t i o n  

of 32 i s o l a t e s  of P_. t er es  c u l t u r e d  on PCA. M o st  of the 

B r i s t o l  i s o l a t e s  (2.1.B) had p r o d u c e d  light g r e e n  c u l t u r e s  

w h e r e a s  mo st A b e r y s t w y t h  i s o l a t e s  (2.1.C) and S i l w o o d  Park 

i s o l a t e s  ( 2 . 1 . A) had p r o d u c e d  d ar k  g ree n c u l t u r e s .  In 

g e n e r a l  it is c o n c l u d e d  that, the i s o l a t e s  o b t a i n e d  r e c e n t l y  

from host p l a n t s  at A b e r y s t w y t h  and S i l w o o d  Park, were 

d a r k e r  gr een  in c o l o u r  than w e r e  t hos e kept for long p e r i o d s  

un d e r  oil as had been the B r i s t o l  isola te s. A l s o  it was 

o b s e r v e d  d u r i n g  this r e s e a r c h  tha t c o n t i n u o u s  s u b - c u l t u r i n g



65

of the dark g r e e n  fresh i s o l a t e s  on PCA for a long p e r i o d  

w i t h o u t  p a s s i n g  t h r o u g h  the n o r m a l  host plant, c a u s e d  

the c u l t u r e s  to fade in colour .



SECTION 2

P A T H O G E N I C I T Y  OF 18 I S O L A T E S  OF P. TERES; M Y C E L I A L  

DI SK I N O C U L A  ON A H I G H L Y  S U S C E P T I B L E  C U L T I V A R  OF 

B A R L E Y  (SONJA) LEAF S E G M E N T S .

_P. te r e s  can p e r s i s t  from one g r o w i n g  s e a s o n  to the 

next as s e e d - b o r n e  m y c e l i u m  w h i c h  p r o b a b l y  s e r v e s  to i n t r o ­

duce the p a t h o g e n  into fi el d s p r e v i o u s l y  free of net 

b l o t c h  (Ma thre, 1982). The i n o c u l a t i o n  of b a r l e y  l eaf  

s e g m e n t s  by m y c e l i a l  i n o c u l a  was used by R a p i l l y  and 

P o n c h e t  in 1962. P i e n i n g  (1963), used m y c e l i a l  di sk s of 

P_. te r es  as in o cu la ; he found that, the m y c e l i a l  i n o c u l a  

i n d u c e d  a f l e c k - t y p e  l e s i o n  on Olli and G a t e w a y  barley.

This m e t h o d  was us ed for t e s t i n g  the p a t h o g e n i c i t y  of the 

i s o l a t e s  w h i c h  e i t h e r  s p o r u l a t e d  p o o r l y  or not at all.

This m e t h o d  gave ra p i d  t es t s  of the p a t h o g e n i c i t y  of the 

i s o l a t e s  A to 7 days a ft e r  i n o c u l a t i o n .

E x p e r i m e n t  : P a t h o g e n i c i t y  of 18 i s o l a t e s  of _P. teres.

The p a t h o g e n i c i t y  of 18 i s o l a t e s  of _P. t e r e s  was 

t e s t e d  by i n o c u l a t i n g  l e a f  s e g m e n t s  of a s u s c e p t i b l e  

c u l t i v a r  of b a r l e y  (Sonja) w ith  m y c e l i a l  d i s k s . Five 

s e g m e n t s  we r e left u n i n o c u l a t e d  as a c o n t r o l .  The t e c h ­

n i q u e  for i n o c u l a t i o n  and i n c u b a t i o n  is d e s c r i b e d  in 3.1.

The a s s e s s m e n t  of the size of the l e s i o n s  and the 

p e r c e n t a g e  of the n e c r o t i c  area per s e g m e n t  w e r e  d e t e r m i n e d  

by the m e t h o d  d e s c r i b e d  in 4.1.3. The m ea n  of nine r e p l i c a t e s



67

of n e c r o t i c  le s i o n s  for eac h i s o l a t e  was e s t i m a t e d  120h 

af t e r  i n o c u l a t i o n  (T ab l e  6). The m e a n  of the p e r c e n t a g e s  

of s e g m e n t s  with l e s i o n s  for the 18 i s o l a t e s  w ere  a lso  

d e t e r m i n e d ,  (Table 7, F i g u r e  2).

R e s u l t s

Da r k br o wn  n e c r o t i c  l es io ns,  s u r r o u n d e d  by a c h l o r o t i c  

zone d e v e l o p e d  in all the i n o c u l a t e d  s e g m e n t s ,  120h 

a f t e r  i n o c u l a t i o n .  G e n e r a l l y ,  the l e s i o n s  w e r e  oval 

in sh ap e (Plate 1).

A c c o r d i n g  to the s i ze  of the n e c r o t i c  l e si on s , the 

i s o l a t e s  were c l a s s i f i e d  into four groups (see Ta bl e

6 ) .

Ta b le  6 : E s t i m a t i o n  of l e s i o n  size on l eaf  s e g m e n t s  of

b a r l e y  cv. Sonja, i n o c u l a t e d  w it h  m y c e l i a l  d i s k s  

of 18 i s o l a t e s  of P. t er e s

G r o u p s N u m b e r  of 
l e s i o n s

S ize  of 
l e s i o n s  (mm 2 )

I s o l a t e s

1 9 32 - 34.7 B N S - 8 2 - 5 , B N S - 8 2 - 7 0  
B N S - 8 2 - 6 3 .  (A - 3)

2 9 21 .6- 2 9. 7 B N S - 8 2 - 5 8 , B N S - 8 2 - 5 9 , 
B N S - 8 2 - 1 03, B N S - 8 2 - 2 0 9  
B N S - 8 2 - 1 9 ,  B N S - 8 2 - 2 5 , 
PP 33 ( B - 1 , A - 6 )

3 9 1 7 . 0 - 1 9 . 9 PC 724, B N S - 8 2 - 8 8 ,
PP 46, PC 1067, PC 213 
(B - 4 , A - 1 )

4 9 9 . 6 - 1 2 . 3 PP 5 0 e , PP 23, PP 50c (B-3)

B B r i s t o l , A - A b e r y s t w y t h



Ta bl e 7 : E s t i m a t i o n  of the p e r c e n t a g e  of the n e c r o t i c  l e s i o n s  on b a r l e y  cv. S o n j a  l e a f

s e g m e n t s  i n o c u l a t e d  by m y c e l i a l  d is ks  of 18 i s o l a t e s  of P. t er es

I s o l a t e s
Se

gm
en

tj D i a m e t r i c a l  
are a of 
l e s i o n s  (mm 2 ) 
M ea n  ± SD

E s t i m a t e d  
area of 
l e s i o n s  ( m m 2 ) 
M e a n  ± SD

Total  area 
o f l e s i o n s  
(mm 2 )

% of s e g m e n t  
w i th  l e s i o n s

M e an  % of 
s e g m e n t  w i th  
l e s i o n s  
M e a n  ± SD

1 21.9 ± 5.3 1 7 . 2 ± 4 . 2 51.7 21.1
PC 215 2 2 5 . 4 ± 5.5 2 0 . 1 ± 4 . 4 60.1 24.5 20.8 ± 3.8

3 1 7.4 ± 5.7 1 4 . 7 ± 4 . 5 41 . 1 16.8
1 2 9.1 ± 3.7 2 2 . 9 ± 2 .9 68.9 28 . 1

PC 724 2 21 ±2.4 16.6 ± 1 .8 49.6 20.2 24.3 ± 3.9
3 25 ±6.9 2 0 . 1 ± 5.4 60.3 24.6
1 1 0 . 8 ± 4 .6 8 ±3.5 25.7 10.5

PC 50c 2 1 4.2 ± 6.5 11 . 2±5 33.6 13.7 11 .7±1 . 7
3 11 . 2 ± 3.7 8.9 ± 2.9 26.7 10.9
1 10 ±4.7 7.9 ± 3.6 23.7 9.7

PP 23 2 1 5 . 4± 2.6 1 2. 1 ± 3 36.4 14.9 1 2.5 ± 2.6
3 1 3.2 ± 3.2 1 0.4 ± 2.6 31 . 3 12.8
1 2 6 . 9 ± 4 .6 21 . 2 ± 3 .7 63.5 25.9

PP 33 2 30 ±5.1 2 3.7 ± 4 71 29 2 6 . 5 ± 2 .3
3 2 5 . 4 ± 4 .8 20 ±3.7 60 24.5

1 9.7 ± 2.8 7.7 ± 2.1 23. 1 9.4
PP 50e 2 19 ±2.9 15 ±2.3 45 18.4 1 5.1 ± 4.9

3 18 ±5.6 1 4.2 ± 4.4 42.6 17.4
1 2 3 . 1 ± 3 . 2 1 8.2 ± 2.5 54.7 22.3

PC 1067 2 2 0.5 ± 5 1 6 . 2±4 48.5 19.8 21 . 7 ± 1 .7
3 2 3 . 9 ± 4 . 3 1 8.8 ± 3.4 56.5 23.1

1 2 5.6 ± 6.9 20.2 ± 5.4 60.5 24.7
PP 46 2 22 ±7.6 1 7 . 4± 6 52.2 21 . 3 2 2.8 ± 2.4

3 2 3 . 1 ± 3.2 1 8 . 2 ± 2 .5 54.7 22.3
*Area of each segment 245 mm2. Table continued
^Correction factor for area of lesion 0.79.



Table 7 (continued)

I s o l a t e s

Se
gm

en
ts D i a m e t r i c a l  

ar ea of 
l e s i o n s  ( m m 2 ) 
Me an  ± SD

E s t i m a t e d  
area of 
l e s i o n s  ( m m 2 ) 
M ea n  ± SD

Total  area 
of l e s i o n s  
(mm 2 )

% of s e g m e n t  
w i th  l e s i o n s

M e a n  % of 
s e g m e n t  w i th  
l e s i o n s  
M e an  ± SD

1 2 6 . 7 ± 1 .3 2 1 . 1 ± 1 63.3 25.8
B N S - 8 2 - 2 5 2 31.5 ± 3.8 2 4 . 9± 2.9 74.7 30.5 2 8 . 8 ± 2 .6

3 3 1 . 1 ± 8 . 5 24.5 ± 6.8 73.5 30
1 3 7 . 8 ± 2 .8 2 9 . 8 ± 5.3 89.3 36.4

B N S - 8 2 - 1 9 2 3 0 . 7 ± 2.4 2 4 . 2±2 72.7 29.7 3 3.2 ± 3.4
3 3 4. 8 ±4 . 1 2 7.5 ± 2.7 82.4 33.6
1 44 .2  ± 3 3 4 . 8 ± 2.4 104.5 4 2. 6

B N S - 8 2 - 5 2 4 3 . 4 ± 4 .3 34.2 ± 5.7 102.6 41 . 9 4 2.4 ± 0.5
3 4 4 . 4± 3.3 35 ±2.6 105 4 2 .8
1 3 6 . 7 ± 1.3 2 8 . 9±1 . 2 86.7 35.4

B N S - 8 2 - 5 8 2 3 5 . 1 ± 4 . 7 2 7.6 ± 5 . 1 83 33.9 3 6 . 4± 3
3 41.3 ± 2.8 3 2.5 ± 2.2 97.6 39.8

1 37 ±4.6 2 9.2 ± 2.6 87.7 35.8
B N S - 8 2 - 5 9 2 3 2.4 ± 3.8 2 5.5 ± 3 76.6 31.3 3 3.9 ± 2 . 3

3 3 5.8 ± 3.6 2 8.1 ± 2 . 1 84.5 34.5
1 4 1 . 4±5 3 2 . 6±4 97.8 39.9

B N S - 8 2 - 6 3 2 4 0 . 8 ± 2.7 3 2 . 1 ± 3.6 96.4 39.3 3 9 . 1 ±0 .9
3 39.5 ± 5.7 3 1 . 1 ± 4 . 5 93.4 38 . 1
1 4 6 . 6 ± 2 .4 32 ±2.3 96. 1 39.2

B N S - 8 2 - 7 0 2 4 2 . 3 ± 4 . 4 3 3.3 ± 3.5 100 4 0 . 8 4 0 . 6 ± 1 .3
3 4 3 . 3 ± 3 .4 34 ±2.7 102.2 41 .7
1 27 ±2.9 21.2 ±4.6 63.7 26

B N S - 8 2 - 8 8 2 21 .8±4.1 17.2 ±4.2 51 . 5 21 2 3.3 ± 2.5
3 2 3.8 ± 2.2 18.7 ± 1 .7 56.2 22.9

Ta b l e  c o n t i n u e d



Table 7: (continued)

I s o l a t e s
Se

gm
en

ts D i a m e t r i c a l  
ar ea  of 
l e s i o n s  ( m m 2 ) 
M ea n  ± SD

E s t i m a t e d  
are a of 
l e s i o n s  (m m 2 ) 
M e a n  ± SD

Total  area 
of l e s i o n s  
(m m 2 )

% of s e g m e n t  
w i t h  l e s i o n s

M e an  ?o of 
s e g m e n t  w i t h  
l e s i o n s  
M e a n  ± SD

1 38 ±3.3 2 9.8 ± 3.2 89.6 36.6
B N 5 - 8 2 - 103 2 3 9 . 5 ± 4 .3 31 . 1 ± 3.4 93.3 38 3 3.7 ± 6.2

3 27.7 ±4.9 21.8 ± 3.9 65.3 26.6

1 3 5 . 9 ± 3 .3 2 8 . 3 ± 4 .2 84.9 34.6
B N S - 8 2 - 2 0 9 2 3 6 . 9 ± 6 .8 29 ±5.3 87.2 35.6 3 5.8 ± 1 .3

3 3 8 . 5 ± 2.7 3 0 . 3 ± 2.2 91 37. 1
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F i g u r e  2 . Mean % of s e g m e n t s  w i t h  l esi on s, 120h a ft er

i n o c u l a t i o n  with m y c e l i a l  d isk s of 18 i s o l a t e s

of _P. t e r e s , on first l e a f  s e g m e n t s  of b a r l e y

c v . Sonj a .

N u mb e r
9

I s ol at e 

BNS 82-5 A
15 B N S - 8 2 - 7 0 - A
14 B N S - 8 2 - 6 3 - A
12 BNS 82-58 - A
18 B N S - 8 2 - 2 0 9 - A
1 3 B N S - 8 2 - 5 9 - A
17 B N S - 8 2 - 1 0 3 - A
10 B N S - 8 2 - 1 9 - A
1 1 B N S - 8 2 - 2 5 - A
5 PP 33 - B
2 PC 724 - B

16 B N S - 8 2 - 8 8 - A
8 PP 46 - B
7 PC 1067 - B
1 PC 215 - B
6 PP 50e - B
4 PP 23 - B
3 PC 50c _ B

B - Bristol A - Aberystwyth
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Plate  1. D e v e l o p m e n t  of n e c r o t i c  l e s i o n s  on

ba rl ey  (cv. Sonja) s e g m e n t s ,  i n f e c t e d  

with m y c e l i a l  d isk s of 18 i s o l a t e s  

o f P y r e n o p h o r a  teres
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D i s c u s s i o n

Each of the 18 i s o l a t e s  of P_. t er es  was able to 

i n f e c t  b a r l e y  (cv. Sonja)  leaf s e g m e n t s ,  i n d u c i n g  n e c r o t i c ,  

oval le s io ns .  A l m o s t  a l w ay s the l e s i o n s  i n d u c e d  by the 

A b e r y s t w y t h  i s o l a t e s  were b i g g e r  t han  the l e s i o n s  i n d u c e d  

by the B r i s t o l  i s o l a t e s ,  p o s s i b l y  b e c a u s e  of the two y ea rs  

of p r e s e r v a t i o n  c o n t i n u o u s l y  u n d e r  oil w i t h  p a r t i a l  loss 

of v i r u l e n c e ,  w h e r e a s  the A b e r y s t w y t h  i s o l a t e s  w e r e  used 

m u c h  s o o n e r  af te r  i s o l a t i o n  from d i s e a s e d  b a r l e y  leaf 

f r a g m e n t s .  N e v e r t h e l e s s ,  it is s u r p r i s i n g  that the d i f f e r ­

en c e s  in v i r u l e n c e  w er e  so c o n s i s t e n t .
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SECTION 3

R E A C T I O N  OF 13 C U L T I V A R S  OF B A R L E Y  TO S E L E C T E D  

I S O L A T E S  OF P Y R E N O P H O R A  T ER ES  

Ca dd el  and W i l c o x s o n  (1973) e x a m i n e d  the r e a c t i o n  of 

2608 c u l t i v a r s  of b a r l e y  ( Wor ld  B a r l e y  C o l l e c t i o n ) ,  to 

_P. t e r e s . They fo u n d  that m o st  c u l t i v a r s  r e p o r t e d  to be 

r e s i s t a n t  to net b l o t c h  in o t h e r  p ar ts  of the w o r l d  were 

s u s c e p t i b l e  in M o r o c c o .

The e v a l u a t i o n  of 140 c u l t i v a r s  of b a r l e y  o b t a i n e d  

from the M i d d l e - E a s t  (Iraq, Syria, L eb an on,  and Turkey), 

for net b l o t c h  r e a c t i o n  with C a n a d i a n  i s o l a t e s  i n d i c a t e s  

that C a n a d a  c o u l d  be a good s o u r c e  of r e s i s t a n c e  to _P. t er es  

( M e t c a l f e  _et_ al_. , 1977 ). A l - A l i  e_t a_l. ( 1 979  ) e x a m i n e d  

the r e a c t i o n  of 20 c u l t i v a r s  of b a r l e y  o b t a i n e d  from France, 

Iraq, Syria  and Jo r d a n ,  to a F r e n c h  i s o l a t e  of _P. teres 

(RS2), and found t ha t  two c u l t i v a r s  from S y r i a  and one 

from Iraq we re m o d e r a t e l y  r e s i s t a n t  w h e r e a s  they had been 

r e p o r t e d  to be s u s c e p t i b l e  in the c o u n t r i e s  of ori g in .  

C l i f f o r d  e_t eQ .  ( 1984) e x a m i n e d  the r e s p o n s e  of 17 c u l t i ­

va rs of s p r i n g  b a r l e y  and 16 c u l t i v a r s  of w i n t e r  b a r l e y  to 

two i s o l a t e s  of P_. t e r e s , B N S - 8 2 - 5 ,  a v i r u l e n t  i s o l a t e  and 

B N S - 8 2 - 3 8 ,  a less v i r u l e n t  i s o l a t e .  The c u l t i v a r s  s h o w e d  

a s i m i l a r  or d e r  of r e s p o n s e  to the two i s o l a t e s  but ther e 

w e r e  e x c e p t i o n s  n o t a b l y  with c u l t i v a r  A t h e n e  w h i c h  was 

h i g h l y  s u s c e p t i b l e  to i s o l a t e  B N S - 8 2 - 5  but was muc h 

le ss s u s c e p t i b l e  to i s o l a t e  B N S - 8 2 - 3 8 .  W i n t e r  c u l t i v a r
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So n ja  and s p r i n g  c u l t i v a r s ,  T a s ma n  and C a r n i v a l  w ere  

h i g h l y  s u s c e p t i b l e  to both i s o l at es . A w id e r a n g e  of 

s u s c e p t i b i l i t y  was o b s e r v e d  in both the w i n t e r  and 

s p r i n g  c u l t i v a r s .

E x p e r i m e n t : R e a c t i o n  of 13 c u l t i v a r s  of b a r l e y  to £,. t er es

i s o l a t e  PC 213

Five w i n t e r  and ten s p r i n g  c u l t i v a r s  of bar l ey , w ere  

gr o w n  in pots in a g l a s s h o u s e  (see 1.3). The first l e a v e s  of 

the ten r e p l i c a t e s  of the t h r e e  leaf stage s e e d l i n g s  (21 day 

old) of each c u l t i v a r ,  w ere  i n o c u l a t e d  by the s pr a y  m e t h o d  

witha s u s p e n s i o n  of s p o r e s  (5 x 10^ s p o r e /m l)  of _P. t e r e s , 

i s o l a t e  PC 213 (see 3.3). The p e r c e n t a g e  of l eaf  d a m a g e  was 

e s t i m a t e d  10 days a f t e r  i n o c u l a t i o n  by the m e t h o d  d e s c r i b e d  

in 4.2.3.

R e s u l t s

Spot form l e s i o n s  s u r r o u n d e d  by c h l o r o t i c  h a l o e s  

d e v e l o p e d  in all w i n t e r  and sp ri n g c u l t i v a r s ,  96h af t e r  

i n o c u l a t i o n .  G e n e r a l l y ,  the spot l e s i o n s  on w i n t e r  

c u l t i v a r s  we re b i g g e r  t han  those in s p r i n g  c u l t i v a r s ,  

so that the to t al  of n e c r o t i c  areas in the first l e a v e s  

of the w i n t e r  c u l t i v a r s  was g r e a t e r  than in s p r i n g  

c u l t i v a r s  (Table  8).

Sp ri ng  c u l t i v a r s  were legs s u s c e p t i b l e  t ha n w i n t e r  

c u l t i v a r s  e x c e p t  for two c u l t i v a r s ,  C a r n i v a l  and Tasman 
wh ich  were s i m i l a r  to the w i n t e r  c u l t i v a r s  in t hei r 

r e ac t io ns .  The s p r i n g  c u l t i v a r s ,  G o l d m a r k e r ,  Koru 

and At em we re mu ch  m ore  r e s i s t a n t  than the o t h e r  s p r i n g
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F i g u r e  3 : R e a c t i o n  of 15 c u l t i v a r s  of b a r l e y  to i s o l a t e

PC 215 of P. teres

1. Son j a (W)

2 . A t h e n e (W)

3. C a r n i v a l (S)

4 . Ta s m a n (S)

5 . I gr i (W)

6 . M a r i s  O tt er (W)

7 . T i pp er (W)

8 . T r i u m p h (S)

9 . M i d a s (S)

10. E g m o n t (S)

1 1 . Ky m (S)

12. Go l f (S)

13. G o l d m a r k e r (S)

14. Koru (S)

15. At em (S)

w - W i n t e r c u l t i v a r

s - S p r i n g c u l t i v a r
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c u l t i v a r s .  The w i n t e r  c u l t i v a r s ,  Sonja, A t h e n e  and 

the s p r i n g  c u l t i v a r s  C a r n i v a l  and Tasman w ere  the 

most s u s c e p t i b l e .  Igri, M ar is  Ot te r  and Tippe r,  were 

the most r e s i s t a n t  a mo n g  the o the r w i n t e r  c u l t i v a r s  

(Table 8; F i g u r e  3 ) .

Table 8 : R e a c t i o n  of c u l t i v a r s  of b a r l e y  to i s o l a t e  PC 213

of P y r e n o p h o r a  t ere s

B a rl e y c u l t i v a r s of n e c r o t i c  area per lea f * 

(Mean ± S D )

Sonja (W)* 39.0 + 2.6
A t he ne (W) 32.5 + 3.4
C a r n i v a l (S)* 28.0 + 2.3
T as man (S) 25.0 ± 2.6
Igri (W) 24.4 ± 2.4
Ma r i s  Otter (W) 20.5 ± 2.9
T ip per (W) 19.0 ± 1 . 7
T ri um ph (5) 17.5 + 3.2
Mi da s (S) 16.0 + 2
Eg mo nt (S) 15.2 ± 2.2
Ky m (S) 15.0 ± 1 . 8
G ol f (S) 12.0 ± 2
G o l d m a r k e r (S) 11.0 ± 1 . 5
Ko ru (S) 10.5 ± 1 .5
At em (S) 10.3 ± 1 .6

* first leaf
(W) W i n t e r  c u l t i v a r
(S) Sp ri ng  c u l t i v a r
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D i s c u s s i o n

The spot form l e s i o n s  w hi c h  d e v e l o p e d  in the first 

l e a ve s  of w i n t e r  and s p r i n g  c u l t i v a r s  i n o c u l a t e d  by PC 215, 

i n d i c a t e  that PC 215 is a low v i r u l e n t  i s o l a t e  c o m p a r e d  

with the P.t. 80 - 12  i s o l a t e  r e c o r d e d  in the n ex t e x p e r i m e n t s  

and w h i c h  i n d u c e d  net form s y m p t o m s  on s u s c e p t i b l e  c u l t i v a r s  

such as Sonja and A t h e n e .
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S E C T I O N  4

V I R U L E N C E  OF 2. T FR F S  I S O L A T E S  ON B A R L E Y  

Is o l a t e s  of P_. te re s  d i f f e r  s h a r p l y  in t he i r  p a t h o ­

g e n i c i t y  on b a r l e y  v a r i e t i e s  (Pon, 1949; Singh, 1962;

Gray, 1966). C e r t a i n  i s o l a t e s  fail to i nd uc e the t y p i c a l  

net b l o t c h  effect , (M c Do n a l d ,  1967; S m e d e g a r d - P e t e r s e n ,

1971). C l i f f o r d  and J one s (1980), e x a m i n e d  the v i r u l e n c e  

of 72 i s o l a t e s  of _P. t e r e s ; 40 i s o l a t e s  were o b t a i n e d  

d i r e c t l y  from i n f e c t e d  l e a v e s  in 1980, and 32 i s o l a t e s  

were r e c e i v e d  as pl at e  c u l t u r e s  from an A . D. A. S . F i e l d  

S u r v e y  in 1979. The 72 i s o l a t e s  v a r i e d  c o n s i d e r a b l y  in 

th e ir  a g g r e s s i v e n e s s .  Some i s o l a t e s  failed to p r o d u c e  

s y m p t o m s  and o t h e r s  p r o d u c e d  o nly  l i m i t e d  s y m p t o m s  on the 

d i f f e r e n t i a l  c u l t i v a r s .  The i s o l a t e s  o b t a i n e d  d i r e c t l y  

from 1980 i n f e c t e d  l e a v e s  w e re  m o re  a g g r e s s i v e  than w e re  

the c u l t u r e s  from A . D . A . S .  o b t a i n e d  from the field  in 

1979 and s u b s e q u e n t l y  m a i n t a i n e d  on PDA. The e x p e r i m e n t  

r e c o r d e d  be l o w  i n v e s t i g a t e d  the v i r u l e n c e  of a r an ge  of 

i s o l a t e s  on b a r l e y  cv. Sonja.

E x p e r i m e n t : V i r u l e n c e  of 10 A b e r y s t w y t h  i s o l a t e s  of P.. t e r e s

on b a r l e y  cv. S on ja

S e g m e n t s  3 cm long from first leaf s tag e s e e d l i n g s  of 

ten day old b a r l e y  cv. Sonja, w ere  i n o c u l a t e d  wit h 10 of 

s u s p e n s i o n  of s p o r e s  (5 x 1 0 ^ s p o r e / m l ) ,  t ake n from ten 

day old c u l t u r e s  of 10 i s o l a t e s  of JP. t e r e s . The l e af  

s e g m e n t s  we re p l a c e d  f l o a t i n g  on 4 ml of a 50 ppm b e n z i ­

m i d a z o l e  s o l u t i o n  in s ma ll  p l a s t i c  b oxe s and i n c u b a t e d
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at 21 ± 1°C (see 3.2, P lat e 2). Each s e g m e n t  was i n o c u l a t e d  

with th r ee  s e p a r a t e d  d r o p l e t s  and 3 s e g m e n t s  w e re  used as 

r e p l i c a t e s  for each is ol a t e .  Five s e g m e n t s  t r e a t e d  w ith  

10 d r o p l e t s  of s t e r i l e  d i s t i l l e d  w at e r  w e r e  used as a 

co nt r ol . Size of l e s i o n s  was m e a s u r e d  six day s a fte r 

i n o c u l a t i o n  by c o p y i n g  the o u t l i n e  of the l e s i o n s  over 

a t r a c i n g  pa p e r  and th en  m e a s u r i n g  a r e a s  w ith  the use of 

gr ap h pa pe r .

R e s u l t s

The ten i s o l a t e s  of JP. teres s h o w e d  d i f f e r e n c e s  

in t he i r  v i r u l e n c e .  I s o l a t e s  B N S - 8 2 - 5  and B N S - 8 2 - 7 0 ,  

s h o w e d  a hi gh level  of v i r u l e n c e  w h e r e a s  the i s o l a t e s  

B N S - 8 2 - 6 3 , B N S - 8 2 - 5 8  , B N S - 8 2 - 2 0 9 ,  B N S - 8 2 - 5 9 ,  B N S - 8 2 - 1  03, 

B N S - 8 2 - 1 9  and B N S - 8 2 - 2 5 ,  were m o d e r a t e l y  v i r u l e n t .

I s ol a te  B N S - 8 2 - 8 8  s h o w e d  a low level of v i r u l e n c e  

(Table 9). G e n e r a l l y ,  the l e s i o n s  w er e  oval in s ha pe  

(F ig ur e 4). The in n er  a re a s  w er e dark br ow n  in c o l o u r  

and we re s u r r o u n d e d  by a n a r r o w  c h l o r o t i c  zone.
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Plate 2. Ag la m i c r o m e t e r  s y r i n g e  used for 

i n o c u l a t i n g  l ea f  s e g m e n t s  with 

d r o p l e t s  of s p o r e  s u s p e n s i o n s .

A. Agla m i c r o m e t e r  s y r i n g e

B. B a r l e y  l e a f  s e g m e n t s  and p l a s t i c  

bo x es  .
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Fi gu re  4 : T r a c i n g s  of l e s i o n s  ca us e d by 10 i s o l a t e s  of

P y r e n o p h o r a  t e r e s , on leaf s e g m e n t s  of b a r l e y  

cv. Sonja, 6 d ays  a fte r i n o c u l a t i o n  w ith  

10 y ft d r o p l e t s  of s u s p e n s i o n  (5 x 10^ s p o r e / m l  ) 

of sp ore s.  All A b e r y s t w y t h  i s o l a t e s .

1 . B N S - 8 2 - 5

2 . B N S - 8 2 - 7 0

3 . B N S - 8 2 - 6 3

4 . B N S - 8 2 - 5 8

5 . B N S - 8 2 - 2 0 9

6 . B N S - 8 2 - 5 9

7 . B N S - 8 2 - 1 03

8 . B N S - 8 2 - 1 9

9 . B N S - 8 2 - 2 3

1 0 . B N S - 8 2 - 8 8
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Ta b l e  9 : V i r u l e n c e  of 10 i s o l a t e s  of P y r e n o p h o r a  teres

on b a r l e y  cv. Sonja. All A b e r y s t w y t h  i s o l a t e s

P . te r e s  
I s o l a t e s

S e g m e n t s Total area 
of 3 
l e s i o n s  
per s e g m e n t

% of s e g m e n t  
w i t h  l e s i o n s

Mea n ?o of 
s e g m e n t  
wit h 
l e s i o n s

1 151 61 . 6
2 141 57.5

B N S - 8 2 - 5 3 138 56.4 57 ± 3.5
4 1 26 51 .4
5 142 58.0

1 97 39.6
2 88 35.9

B N S - 8 2 - 7 0 3 114 46.5 4 2 . 5 ± 5 .8
4 123 50.2
5 98 40.0

1 80 32.6
2 83 33.9

B N S - 8 2 - 6 3 3 85 34.7 34.9 ± 1 . 8
4 89 36.3
5 91 37.1

1 90 36.7
2 80 32.6

B N S - 8 2 - 3 8 3 81 33.0 34.1±1 . 6
4 84 34.3
5 83 33.9

1 67 27.3
2 76 31 . 0

B N S - 8 2 - 2 0 9 3 74 30.2 30 ± 1 . 5
4 75 30.6
5 76 31 .0

1 79 32.2
2 67 27.3

B N S - 8 2 - 3 9 3 73 29.8 2 8 . 3 ± 2 .9
4 68 27.7
5 60 24.5

1 64 26.1
2 74 30.2

B N S - 8 2 - 1 03 3 73 29.8 27.9 ± 1 .9
4 6 6 26.9
5 65 26.5

1 63 25.7
2 70 28.6

B N S - 8 2 - 1 9 3 64 26.1 26.9 ± 1 . 1
4 6 6 26.9
5 67 27.3
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Ta ble  9 : ( C o n t i n u e d )

P . te res  
I s o l a t e s

S e g m e n t s Total  area 
of 3 
l e s i o n s  
per s e g m e n t

% of s e g m e n t  
w it h  l e s i o n s

M ean  % of 
s e g m e n t  
with 
l e s i o n s

1 43 18.4
2 53 21 . 6

B N S - 8 2 - 2 5 3 71 2 8.9 24.3 ±4.3
4 63 25.7
5 6 6 26.9

1 39 15.9
2 43 17.5

B N S - 8 2 - 8 8 3 42 17.1 1 7.7 ± 2
4 52 21 . 2
5 41 16.7
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D i s c u s s i o n

The ten i s o l a t e s  of P. teres c a u s e d  l e s i o n s  of 

d i f f e r e n t  si z es  on s e g m e n t s  of l eav es of b a r l e y  cv. Sonja. 

These d i f f e r e n c e s  w e r e  p r e s u m a b l y  r e l a t e d  to d i f f e r e n t  

l e ve l s of v i r u l e n c e  of the iso la t e s.  Si ng h  (1962), 

a t t r i b u t e d  such d i f f e r e n c e s  in v i r u l e n c e  to the m u l t i -  

n u c l e a t e  c o n d i t i o n  of c o n i d i a  of _P. t e r e s , so that n u m e r o u s  

v a r i a n t s  and ra ce s  of v a r y i n g  v i r u l e n c e  a r i s e  f o l l o w i n g  

g e r m i n a t i o n  of and g r o w t h  of h y p ha e  from c o n i d i a .
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S E C T I O N  5

R E A C T I O N  OF HOST A N D  N O N - H O S T  P L A NT S TO P Y R E N O P H O R A  TERE S

A c c o r d i n g  to the l i t e r a t u r e ,  P. teres may i n f e c t  a wide 

range of g r a m i n a c e o u s  hosts . S eve n s p e c i e s  of w ild  b a r l e y  

b e l o n g i n g  to genus  H o r d e u m  were found n a t u r a l l y  i n f e c t e d  by 

P_. te res  in the field by S h i p t o n  et_ a_J_. (1 97 3).

The p a t h o g e n  was f oun d c a u s i n g  a light, m o d e r a t e  or 

he avy  i n f e c t i o n  of 18 s p e c i e s  b e l o n g i n g  to 16 g e n e r a  of 

G r a m i n e a e  by Singh (1962). H ost s o the r than H o r d e u m  spp. 

h a r b o u r i n g  P_. teres h a v e  a lso  been r ec or ded , i n c l u d i n g  oats 

(Talvia, 1 966 ), and two s p e c i e s  of B r o m u s ; B_. g u s s o n i i  and B_. 

d i a n d r u s  (Khan and Boyd, 1968). K n o w l e d g e  a bo u t  the host 

rang e of P_. teres is very i m p o r t a n t  from the s t a n d p o i n t  of 

the e p i d e m i o l o g y  of the d i s e a s e  it c a u se s  and the life cy c l e  

of the pa t ho ge n . W i t h  t his  in mind, a s tud y was m ad e  in a 

c o n t r o l l e d  t e m p e r a t u r e  r oom  and in the field of the r e a c t i o n s  

to P_. te res  of 17 s p e c i e s  of g r a s s e s  found g r o w i n g  n a t u r a l l y  

w i t h i n  or a r o u n d  f i e l d s  of barle y,  and of o t h e r  g r a m i n a c e o u s  

crops, three s p e c i e s  of wheat,  three s p e c i e s  of oat, one of 

rye, three  of wi ld b a r l e y  and of rice and corn. S u s c e p t i b l e  

g r a s s e s  and c e r t a i n  c r o p s  c o u l d  serve as r e s e r v o i r s  of the 

p a t h o g e n  and as c o n t i n u o u s  s o u r c e s  of i n o c u l u m  in the field 

t h r o u g h o u t  the year c o u l d  play an i m p o r t a n t  role in the 

e p i d e m i o l o g y  of net b lo t c h .
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E x p e r i m e n t  1 : R e a c t i o n  of host and n o n - h o s t  p l a n t s  to P.

te res  u si n g  l ea f seg me nt s .

S e g m e n t s  5 cm. long w er e t a k e n  from the first l e a f  of 

22 day old s e e d l i n g s  of b a r l e y  cv. Sonja, b a r l e y  cv. ND B112, 

wh e at  cv. Ma ris  Dove, Oat (A v e n a  s a t i v a  cv. P e n i a r t h ) ,  rye 

(S e c a l e  c e r e a l e  cv. R h e i d o l ) ,  wall b a r le y (H o r d e u m  m u r i n u m ) , 

c o m m o n  rye gr ass  (L o l i u m  p e r e n n e ) and C o c k ' s  foot g ra s s  

(D a c t y l i s  glome r a t a ) . The s e e d l i n g s  were g ro w n  in the 

g l a s s h o u s e  (1.3). The s e g m e n t s  w ere  p l a c e d  f l o a t i n g  on 4 ml 

of a 50 ppm b e n z i m i d a z o l e  s o l u t i o n  in small  b ox e s  (3.2).

Each s e g m e n t  was i n o c u l a t e d  by th re e s e p a r a t e  d r o p l e t s  

of a s u s p e n s i o n  of s p o r e s  (5 x 10^ s p o r e / m l  ), of P. te re s 

v i r u l e n t  i s o l a t e  P t . 80-12. five s e g m e n t s  w ere  used as 

r e p l i c a t e s  for each host plant. The i n o c u l a t e d  s e g m e n t s  were 

then i n c u b a t e d  at 21 ± 1°C. L e s i o n s  were m e a s u r e d  120 h. 

af te r i n o c u l a t i o n  by the m e t h o d  d e s c r i b e d  in (4.2.3). Five 

s e g m e n t s  for each host and n o n - h o s t  plant had been t r e a t e d  

w it h  5 pit of s t e r i l e  d i s t i l l e d  w a t e r  as c o n t r o l s .

R e s u l t s

The r e a c t i o n s  of the host and n o n - h o s t  p l a n t s  to the 

v i r u l e n t  i s o l a t e  ( P t . 8 0-1 2)  of P. te re s  are g i v e n  in T ab le  10 

and F i g u r e  5 . B a r l e y  cv. S o n j a  and cv. ND B 112 s h o w e d  a high 

level of s u s c e p t i b i l i t y .  W i l d  b a r l e y  ( H o r d e u m  m u r i n u m ) ,  was 

s u s c e p t i b l e ,  w he r ea s,  w he a t  cv. M a r i s  Dove s h o w e d  a m o d e r a t e  

level of s u s c e p t i b i l i t y  (Plat e 3). Rye ( Sec al e c e r e a l e  cv.

Rheidol)and c o mm o n rye g ra s s  ( L o l i u m  p er e n n e )  were r e s i s t a n t .
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Ta ble  1 0 : M e a n  p e r c e n t a g e s  of s e g m e n t s  with l e s i o n s  on

ho st and n o n - h o s t  p l a n t s  i n o c u l a t e d  with 

s u s p e n s i o n s  of s p o r e s  of P_. t e r e s , v i r u l e n t  

i s o l a t e  ( P t . 80-12). L e s i o n s  w ere  m e a s u r e d  five 

da ys af ter  i n o c u l a t i o n .

P l a n t s
Host

Mean % of 
s e g m e n t  with 
l e s i o n s

S y m p t o m s

C u l t i v a t e d  ba r l e y  

c v . Son j a
49 ± 2.4

O v a l - i r r e g u l a r  
l e s i o n s  w ith  
c h l o r o t i c  h a l o e s

C u l t i v a t e d  ba rl ey  

cv . ND B 112
42 ± 2.3

O v a l - i r r e g u l a r  
l e s i o n s  w ith  
c h l o r o t i c  h a l o e s

W il d  b a r l e y  

H o r d e u m  m u r i n u m
32 ± 2.7

Oval n e c r o t i c  
l e s i o n s  with 
n a r r o w  c h l o r o t i c  
z on es

N o n - H o s t
C u l t i v a t e d  wh e at  

cv. M a r i s  Dove
23 ± 2.5

Oval n e c r o t i c  
l e s i o n s  w it h n a r r o w  
c h l o r o t i c  z one s

C u l t i v a t e d  rye 
S e c a l e  c e r e a l e  

c v . R h e i d o l
14.3 ± 1.7

D ar k g re e n  sp o t s 
( d ar ke r than n o r m a l )  
at p o i n t s  of 
i n o c u l a t i o n s

C o m m o n  rye gr ass  
L o l i u m  p e r e n n e 12.4 ± 1.8

D a r k  g r e e n  s po t s  
( d a rk er  than n o r m a l )  
at p o i n t s  of 
i n o c u l a t i o n s

C u l t i v a t e d  oat 
A v e n a  s a t i v a

cv. P e n i a r t h
9.3 ± 1.3

D ar k g r e e n  s po t s  
( d a rk er  than n o r m a l )  
at p o i n t s  of 
i n o c u l a t i o n

C o c k ' s  foot gr a ss  
D a c t y l i s  g l o m e r a t a L igh t c h l o r o s i s

L i g h t e r  g re e n  than 
n o r m a l  at p o i n t s  of 
i n o c u l a t i o n s



94

Fi gu re  5: S u s c e p t i b i l i t y  of host and n o n - h o s t  p la n t s

to P_. te r e s  ( v i r u l e n t  iso l at e  P t . 8 0-1 2) 

by i n o c u l a t i o n  of lea f s e g m e n t s  w i t h  d r o p l e t s  

of s p o r e  s u s p e n s i o n .

1 . B a r l e y  c v . Sonja

2. B a r l e y  cv. ND B 112

3. W i l d  b a r l e y  (H o r d e u m  m u r i n u m )

4. W h e a t  cv. M ar i s  Dove

5. Rye c v . Rhe idol

6 . Rye g r a s s  (L o 1 ium p e r e n n e )

7. Oat cv. P e n i a r t h
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Pl a te  3. L ea f  s e g m e n t s  of h ost  and n on -h o s t  

plant s,  i n o c u l a t e d  w it h 5 of 

s u s p e n s i o n  of s p o r e s  of _P. t e r e s , 

v i r u l e n t  i s o l a t e  ( P t . 80-12). 

P h o t o g r a p h  t ak e n  3 d ays  after 

i n o c u l a t i o n  .

A. Wh e a t  cv. M a r i s  Dove

B. W i l d  b a r l e y  (_H. m u r i n u m )

C . B a r l e y
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Oat (A v e n a  sa ti va  cv. P e n i a r t h )  s h o w e d  a high level of 

r e s i s t a n c e ,  w h e r e a s  C o c k ' s  foot g ra s s  ( D a c t y l i s  g l o m e r a t a )  

s h o w e d  only a light c h l o r i s i s  ( l i g h t e r  green than n o r m a l )  at 

p o i n t s  of i n o c u l a t i o n s .  The c o r r e s p o n d i n g  s y m p t o m s  w h i c h  

d e v e l o p e d  on the s e g m e n t s ,  1 2 0 h. a ft e r  i n o c u l a t i o n  w e r e  oval 

to i r r e g u l a r  n e c r o t i c  l e s i o n s  s u r r o u n d e d  by a c h l o r o t i c  halo 

on the b a r l e y  c u l t i v a r s  (Sonja, ND B112); small n e c r o t i c  

sp o ts  s u r r o u n d e d  by a n a r r o w  c h l o r o t i c  zone on w il d b a r l e y  

and wheat , small dark g r e e n  sp ot s (da r ke r than n o r m a l )  at 

p o i n t s  of i n o c u l a t i o n s  on rye, c o m m o n  rye g ra s s  and oat and 

l i g h t l y  c h l o r o t i c  s p o t s  ( li gh t e r  g r e e n  than n or m a l ) ,  on 

C o c k ' s  foot grass. No l e s i o n s  or c h l o r o s i s  a p p e a r e d  on the 

u n i n o c u l a t e d  se g m e n t s .

E x p e r i m e n t  2: R e s p o n s e  of host and n o n - h o s t  p l a n t s  to

i n f e c t i o n  w ith  £. t er e s  in a c o n t r o l l e d
0

t e m p e r a t u r e  room at 21 ± 1  C.

Two c u l t i v a r s  of barle y,  t hre e s p e c i e s  of w he at , t hr ee  

s p e c i e s  of oat, two s p e c i e s  of w i l d  barle y, 41 lines  of wi ld  

b a r l e y  ( H o r d e u m  s p o n t a n e u m ) ,  rye, five c u l t i v a r s  of rice, 

sw eet corn, and 17 s p e c i e s  of g r a s s e s  b e l o n g i n g  to 11 g e n e r a  

of G r a m i n e a e  (1.2), w e r e  g row n in a g l a s s h o u s e  at 1 5 - 1 8 ° C  

e x c e p t  for rice w h i c h  was g row n in h igh  h u m i d i t y  in a 

g l a s s h o u s e  at 25°C (1.3). Three l ea f g r o w t h  s ta ge  s e e d l i n g s  

were t r a n s f e r r e d  to l a r g e  p l a s t i c  b o x e s  c o n t a i n i n g  a 2 cm. 

deep la yer  of wa te r  (3.3). The s e e d l i n g s  w ere  s p r a y e d  w i t h  a 

s u s p e n s i o n  (5 x 10^ s p o r e / m l  ) of s p o r e s  of P. teres,
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v i r u l e n t  i s o l a t e  ( P t . 80-12) so that each leaf r e c e i v e d  a 

s i m i l a r  vo lu me  of s u s p e n s i o n .  T her e were ten s e e d l i n g s  in 

each t r e a t m e n t .  The b oxe s were c l o s e d  by th ei r lids to
0

m a i n t a i n  a hu m id  a t m o s p h e r e  d u r in g i n c u b a t i o n  at 21 ± 1 C in

a c o n t r o l l e d  t e m p e r a t u r e  room w ith  a p h o t o p e r i o d  of 12 h. 

da il y for the first 24 h. Then the lids were r em ov e d .

S t e r i l e  d i s t i l l e d  w a t e r  was used in the c o n t r o l s .  L e s i o n s  on 

host and n o n - h o s t  p l a n t s  were r e c o r d e d  and m e a s u r e d  to give 

the me an p e r c e n t a g e s  of the leaf w i t h  lesions, ten days af te r 

i n o c u l a t i o n  (4.2.1, 4 .2 .3 ) . D e g r e e  of s u s c e p t i b i l i t y  and the 

r e s i s t a n c e  in C.T. r o om  and in the field, o F host and 

n o n - h o s t  p l a n t s  we r e r ate d by u si n g  the scale  of d i s e a s e  

a s s e s s m e n t  gi ven  in T ab l e  11.

R e s u l t s

These  are s u m m a r i z e d  in T ab l e s  12, 13, 14. The r e a c t i o n s

of ho s t and n o n - h o s t  p l a n t s  to i n f e c t i o n  by P_. t e r e s

( v i r u l e n t  is ola te,  P t . 80-12 ) in the c o n s t a n t  t e m p e r a t u r e  room 
□

at 21 ± 1  C, s h o w e d  that  the c u l t i v a t e d  b a r l e y  c u l t i v a r s

Sonja, ND B 112, we r e h i g h l y  s u s c e p t i b l e  and d e v e l o p e d  a net 

form s y m p t o m  (T abl e 12). Two s p e c i e s  of w ild  b a r l e y  (H o r d e u m  

m u r i n u m , H. j u b a t u m )  w e r e  m o d e r a t e l y  s u s c e p t i b l e ,  d e v e l o p i n g  

o v a l - i r r e g u l a r ,  n e c r o t i c  l e s i o n s  w i t h  c h l o r o t i c  h a l o e s  (Table 

1 2 , P 1 a t e 4 ) .

Three s p e c i e s  of wh ea t  ( T r i t i c u m  a e s t i v u m  cv. M a r i s  

Dove, T. m o n o c o c c u m ,  T. t u r g i d u m )  w e r e  r e s i s t a n t ,  d e v e l o p i n g
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D i s e a s e  A s s e s s m e n t  Scale

The f o l l o w i n g  s c a l e  was u sed  in S e c t i o n  5 for the 

a s s e s s m e n t  of the d i s e a s e  on host and n o n - h o s t  p l a n t s  

and was ba s ed  on the p e r c e n t a g e  of the leaf w i t h  n e c r o t i c  

l e s i o n s  (net, spot forms); dark g ree n s pot s ( d a r k e r  than 

n or ma l );  p r o n o u n c e d  c h l o r o s i s  and light c h l o r o s i s .

T a b l e  1 1 ;

1 . Hi gh ly  s u s c e p t i b l e  (HS) - % of l e a f  w ith  l e s i o n s  
(50-75%)

2 . S u s c e p t i b l e  (S ) r % of l e a f  w ith  l e s i o n s  
(25-50%)

3. M o d e r a t e l y  s u s c e p t i b l e  (MS) = % of l e a f  w i th  l e s i o n s  
(13-25%)

4. R e s i s t a n t  (R ) = % of l e a f  w i t h  l e s i o n s  
(10-15%)

3 . Hi gh ly  r e s i s t a n t  (HR) r % of l e a f  w it h l e s i o n s  
(1 - 1 0 %)

6 . R e s i s t a n t  c h l o r o t i c  (RC) - P r o n o u n c e d  c h l o r o s i s  (++)

7 . Hi gh ly  r e s i s t a n t  c h l o r o t i cH _ ) = L igh t c h l o r o s i s  ( s o m e w h a t  
l i g h t e r  g r e e n  t han  n o r m a l )

8 . No s y m p t o m s  (NS ) - le av e s a p p a r e n t l y  h e a l t h y  
(-)
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Table 12 Mean percentages of leaves with lesions on seedlings of host and non-host plants, 

sprayed with suspensions of spores of te res. virulent isolate (Pt.80-12) in a 
C.T. room at 21 * 1°C. Assessment 10 days after inoculation.

Plants Mean % of leaf with lesions Symptoms Reaction *
1st leaf 2nd leaf | 3rd leaf i 1st leaf 2nd leaf *3rd leaf

Hordeum vulqare 
cv. Sonja

74 i 5 55*4 j 3813.2 Net form necrotic ' HS 
lesions I

HS , S

Hordeum vulgare 
cv. ND 0112

62i3.8 44*3.3 30± 2 . 5 Net form necrotic I HS 
lesions ]

S S

Triticum aestivum
cv. Maris Dove

15*2 8*1.1 j 3 ± 0.7 Spot form necrotic ! MS 
lesions j

HR HR

Triticum monococcum 13*1.7 9 i 1 . 5 4.5*0.6 Spot form necrotic ! R 
lesions i

HR j HR
I

Triticum turoidum 10*1.4 5 10.9  ̂ * Spot necrotic lesions R 
on 1st.2nd leaf, 1 
pronounced chlorosis on i 
Ird leaf !

HR RC

Avena sa t i va 
cv. Milo - - - Pronounced chlorosis on i RC 

1st leaf, light on 2nd ! 
and 3rd leaf !

HRC HRC

Avena fa t ua + + + Pronounced chlorosis on j RC 
1st leaf, light on 2nd I 
and 3rd leaf I

HRC HRC

Avena strigosa 8 1 1 4±0.4 + + Dark green spots on 1st, HR 
2nd leaf, pronounced 
chlorosis on 3rd leaf ,

HR RC

Avena sat iva
cv. Peniarth

5*0.6 3.5 ±0.5 + Dark green spots on 1st | HR 
2nd leaf, light chloro- | 
sis on 3rd leaf 1

HR HRC

Seca 1 e cereale
cv. Rhe i do 1

7 ± 0.9 4.5 ± 0.7 Dark green spots on 1st, 
2nd leaf, pronounced 
chlorosis on 3rd leaf

HR HR RC

Hordeum murinum 2412.5 13.5*1.7 7.5 ± 1 .2 Spot necrotic lesions | MS
I

R HR

Hordeum jubatum 17±2 11*1.3 5 10.8 Spot necrotic lesions MS HR HR

Oryza sat iva
cv. Bahapie

+ + Light chlorosis on 1st, 
2nd and 3rd leaves

HRC HRC HRC

Oryza sativa 
cv. T N1 - + + + Pronounced chlorosis on 

1st leaf, light chlorosis 
on 2nd and 3rd leaves

RC HRC HRC

Oryza sativa 
cv. SM2

Light chlorosis on 1st 
2nd and 3rd leaves

HRC HRC HRC

Oryza sativa
cv. 81979 + I + Light chlorosis on 1st . 

2nd and 3rd leaves
HRC HRC HRC

Oryza sativa
cv. MR 35

+ + + Pronounced chlorosis on 
1st leaf, light chloro­
sis on 2nd and 3rd leaves

RC HRC HRC

Zea mays + Light chlorosis on 1st 
2nd and 3rd leaves.

HRC HRC HRC

see disease assessment scale 
(Table 11)
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Table 15: Mean percentages of leaves with lesions in three leaves growth stage seedlings of

17 species of grasses sprayed with suspensions of spores of teres. virulent 
isolate (Pt.80-12) in a C.T. room at 21 * 1°C. Assessment 10 days after inoculation

Mean % of leaf with lesions Reaction *
Plants 1st leaf 2nd leaf 3rd leaf Symptoms 1st

leaf
2nd
leaf

3rd
leaf

Agrostis qigantea - - - No symptoms
I - - -

Aqrostis tenuis + + Light chlorosis HRC HRC HRC

Aqrostis stolonifera - - No symptoms - - -

Aqropyron repens * + «♦* Light chlorosis HRC HRC HRC

Alopecurus mvosuroides - - - No symptoms - - -

Cynosurus cnstatus - - - No symptoms - - -

Oactylis qlomerata - - No symptoms - - -

festuca pratensis 5.5 ±0.8 Dark green lesions on 1st 
leaf, pronounced chloro­
sis un 2nd and 3rd leaves

HR RC RC

Festuca rubra 4±0.5 Dark green lesions on 1st 
leaf, pronounced and light 
chlorosis on 2nd and 3rd 
leaves

HR RC HRC

Holcus lanatus
- - - No symptoms - - -

Lolium perenne 1 3 ± 2 10±1 .5 4±0.6 Oark green lesions on 1st 
2nd and 3rd leaves

R R HR

Phleum pratense - - - No symptoms - - -

Phleum bertolonii - - - No symptoms - - -

Poa annua 4 tO. 4 + '*‘ Dark green lesions on 1st 
leaf, pronounced and light 
chlorosis on 2nd, 3rd 
leaves

HR RC HRC

Poa trivialis - - * No symptoms - -

Poa pratensis - - No symptoms - - -

Arrhenatherum elatius + + Light chlorosis on 1st, 2nd 
and 3rd leaves

HRC HRC HRC

See disease assessment scale 
(Table 11)



T ab l e  1 4 ; Mean p e r c e n t a g e s  o f  l e a v e s  w i t h  l e s i o n s  on t h r e e  l e a f  g r o w t h  s t a g e  s e e d l i n g s  o f

41 lines of jH. s p o n t a n e u m  s p r a y e d  w i th  s u s p e n s i o n  of s p o r e s  of P. t e r e s  ( v i r u l e n t  

is o l a t e  P t . 80-12 ), in a C.T. room at 21 ± 1°C. A s s e s s m e n t  10 days a f t e r  i n o c u l a t i o n .

H. s p o n t a n e u m  
lines

Me an % of leaf with l e s i o n s
S y m p t o m s

R e a c t i o n *

1 st leaf 2 nd leaf 3rd leaf 1 st
le af

2 nd
leaf

3rd
leaf

HS. 15 17 45± 3 36±4 2 5 ±4 net form S S S
H S . 1320 34±4 2 8 ± 3 2 2 ± 3 net form S S MS
H S . 1536 42 ±6 . 32±4 24 ± 2 net form S S MS
H S . 57 32 42 + 4 30 ± 3 23 + 3 net form S S MS
HS . 5733 40 ± 3 3 5 ± 5 2 8 ± 3 net form S S S
H S . 5735 54± 6 41 ±5 3 3 ± 3 net form HS S S
H S .5738 44 ± 5 4 0± 4 3 2 ± 3 net form S S S
H S . 57 39 43 ±4 32 ± 3 24 ± 2 net form S S MS
H S .5742 3 2 ± 3 2 7 ± 3 2 2 ± 3 net form S S MS
H S .5743 48 ±4 39 ± 5 2 7 ± 3 net form S S S
H S . 5744 1 9 ± 4 1 4± 3 1 1 ±2 spot form MS R R
H S . 5745 54 ± 5 4 2 ± 3 2 9 ± 5 net form HS S S
H S. 57 47 20± 3 1 5 ± 3 1 1 ±2 spot form MS MS R
H S . 5750 2 2 ± 3 1 4 ± 2 8 ± 2 spot form MS R HR
H S . 5753 2 7 ± 3 1 9±4 1 5 ± 2 spot form S MS MS
H S .5761 5 3 ±4 3 9 ± 4 2 5 ± 3 net form HS S S
HS . 6200 29±4 2 2 ± 3 1 6 ± 2 net form S MS MS
HS . 6206 2 3 ± 2 1 7 ± 3 1 0 ± 2 spot form MS MS R
HS . 6207 3 7 ± 2 30±4 26±4 net form S S S
H S .6 21 0 41 ±4 28 ± 3 24 ± 4 net form S S MS
H S .8 33 0 3 5 ± 3 21 ±2 2 2 ± 3 net form S S MS
H S .9242 2 0 ± 4 1 5±3 1 2 ± 2 spot form MS MS R

C o n t i n u e d
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Tab l e  14:  ( c o n t i n u e d )

H. s p o n t a n e u m  
lines

Me an % of leaf with l e s i o n s
S y m p t o m s

R e a c t i o n *

1 st leaf 2 nd leaf 3rd lea f 1 st
l e a f

2 nd
l ea f

3rd
leaf

H S . 13786 3 7 ± 3 31 ±5 2 3 ± 2 net form S S MS
H S . 13787 44 ± 5 3 6 ± 3 2 6 ± 2 net form S S S
H S . 1 3789 2 3 + 2 1 6 ± 2 12 + 3 spot form MS MS R
H S . 14293 48 ± 3 41 ±4 30± 3 net form S S S
H S . 14296 2 2 ± 3 20±4 1 3 ± 2 spot form MS MS R
H S . 14298 43 ±4 40 ± 2 31 ±3 net form S S S
HS. 14301 47 ± 3 40 ± 3 3 0 ± 3 net form S S S
HS. 14302 46 ±4 3 7 ± 3 2 8 ± 4 net form S S S
H S . 14303 5 2 ± 4 36±4 2 7 ± 3 net form HS S S
H S . 14304 5 6 ± 5 44 ±4 29 ± 2 net form HS S S
H S . 14305 1 9 ± 3 1 2 ± 2 8 ± 1 spot form MS R HR
HS. 14309 1 7 ± 3 1 3±2 8 ± 1 spot form MS R HR
H S . 14411 3 3 ± 3 2 2 ± 3 1 3±2 net form S MS R
H S . 14586 5 0 ± 5 4 2 ± 3 2 9 ± 4 net form HS S S
HS. 14589 27 ±3 20 + 2 15 + 2 spot form S MS MS
H S . 14590 4 3 ±4 36 ± 3 2 8 ± 2 net form S S S
H S . 14591 56 + 5 45±4 3 7 ± 3 net form HS S s
H S . 14593 54 + 5 3 7 ± 6 30 + 3 net form HS S s
H S . 14595 48 ± 3 39± 3 30±4 net form S S s

* See d i s e a s e  a s s e s s m e n t  sc a l e (Table 1 1) .

VO
l
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spot n e c r o t i c  l e s i o n s  (Table 12, Plate 5). Two s p e c i e s  of oat 

(Avena st r i g o s a ,  A. s a t i v a  cv. P e n i a r t h ) ,  and rye ( Se ca le 

c e r e a l e  cv. R h e i d o l ) ,  were h i g h l y  r e s i s t a n t ,  d e v e l o p i n g  dark 

green  sp ots  ( d ar k er  than n o r m a l ) ,  at p o i n t s  of i n o c u l a t i o n  

(Table 1 2 , Pl a te  6 ). Two s p e c i e s  of oat (Aven a fatua and A. 

s a t iv a cv. Milo) s h o w e d  r e s i s t a n t  c h l o r o t i c  r e a c t i o n s  

d e v e l o p i n g  only a p r o n o u n c e d  or light c h l o r o s i s ,  (Table 12). 

Five c u l t i v a r s  of rice (Oryza sat i va ) and c orn  (Zea mays), 

were h i g h l y  r e s i s t a n t  c h l o r o t i c  (H R C ^ d e v e l o p i n g  l igh t c h l o r o s i s  

(Table n . , D i s e a s e  a s s e s s m e n t  scale). The r e a c t i o n s  of 17 

s p e c i e s  of g r a s s e s  s h o w e d  that two s p e c i e s  of F es tu c a,

(F e s t u c a  p r a t e n s i s ,  F. rubra), and Poa annua, w ere  h i g h l y  

r e s is t an t,  d e v e l o p i n g  dark g ree n s pot s ( d ar ke r  than n o r ma l )  

on the first leaf, p r o n o u n c e d  c h l o r o s i s  on the s e c o n d  leaf  

and light c h l o r o s i s  on the t hir d l eaf  (Table 13). Rye g r as s  

(L o 1 iurn p e r e n n e ) , was r e s i s t a n t ,  d e v e l o p i n g  dark g re e n  

l e s io ns  (da rk e r than n o r ma l)  on the first, sec o nd , and t h i r d  

le ave s (Table 13, Pla te 7).

A g r o s t i s  t e n u i s , A g r o p y r o n  r e p e n s  and A r r h e n a t h e r u m  

e l a t i u s  s h o w e d  a h i g h l y  r e s i s t a n t  c h l o r o t i c  r ea c t i o n ,  

d e v e l o p i n g  only a light c h l o r o s i s  (Table 13). Ten s p e c i e s  of 

g r a s s e s  (A g r o s t i s  g i g a n t e a ,  A g r o s t i s  s t o l o n i f e r a ,  A l o p e c u r u s  

m y o s u r o i d e s ,  C y n o s u r u s  c r i s t a t u s ,  D a c t y l i s  g l o m e r a t a ,  H o l c u s  

l a n a t u s , P h l e u m  p r a t e n s e ,  P h l e u m  b e r t o l o n i i ,  Poa t r i v i a l i s  

and Poa p r a t e n s i s ) ,  did not s how  any s y m p t o m s  (Table 13). As 

r e g a r d s t h e  r e a c t i o n  of 41 lines of w ild  b a r l e y  ( H o r d e u m
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Pl ate  4. S y m p t o m s  on first l e a v e s  (21 day old) of 

wild b a r l e y  (H o r d e u m  m u r i n u m ) i n o c u l a t e d  

by s p r a y i n g  in a CT room at 21 ± 1°C 

with a s u s p e n s i o n  (5 x 10^ s p o r e / m l  ) of 

s p or e s of _P. t e r e s , v i r u l e n t  i s o l a t e  

(Pt. 80 - 1 2 ) .

P h o t o g r a p h  taken 10 days after i n o c u l a t i o n .

Pl ate 5. S y m p t o m s  on first l e a v e s  (21 day old) 

of w h e a t  cv. M ar is  Dove, i n o c u l a t e d  by 

s p r a y i n g  in a CT r oom  at 21 ± 1°C w i t h  

a s u s p e n s i o n  (5 x 10^ s p o r e / m l  ) of 

s p o r e s  of _P. t e r e s , v i r u l e n t  i s o l a t e  

( P t . 8 0 - 1 2 ) .  P h o t o g r a p h  t ake n 10 d ay s 

af ter  i n o c u l a t i o n .
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Pl at e 6 . S y m p t o m s  on first l e a v e s  (21 day old) 

of rye (S e c a l e  c e r e a l e  cv. R he id ol) , 

i n o c u l a t e d  by s p r a y i n g  in a CT r oo m  at 

21 ± 1°C, w it h a s u s p e n s i o n  (5 x 10^ s p o r e / m l  ) 

of s p or e s of P_. t e r e s , v i r u l e n t  i s o l a t e  

( P t . 80 -12 ).

P h o t o g r a p h  t ake n 10 days after i n o c u l a t i o n .

Pl a t e  7. S y m p t o m s  on first l e a ve s (21 day old) of 

rye gr as s  (L o l i u m  p e r e n n e ) i n o c u l a t e d  by 

s p r a y i n g  in a CT room at 21 ± 1°C, w it h  

a s u s p e n s i o n  (5 x 10^ s p o r e / m l  ) of s p o r e s  

of P. t e r e s , v i r u l e n t  i so l a t e  ( P t . 8 0 -1 2) .

P h o t o g r a p h  ta ke n  10 days after i n o c u l a t i o n .
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s p o n t a n e u m ) , 30 lines w ere  s u s c e p t i b l e ,  d e v e l o p i n g  net form 

s y m p t o m s  on their first, s e c o n d  and third leaves, w h e r e a s  11 

lines s h o w e d  m o d e r a t e  le ve l s of s u s c e p t i b i l i t y  on the first, 

and s e c o n d  leaf, and a r e s i s t a n t  r e a c t i o n  on the t hi r d  leaf, 

d e v e l o p i n g  spot n e c r o t i c  l e s i o n s  (Table 14).

E x p e r i m e n t  3: R e a c t i o n  of host and n o n - h o s t  p l a n t s  to

P y r e n o p h o r a  t e r e s , i so l a t e  ( P t . 80-12 ) in the 

field

S e v e n t e e n  s p e c i e s  of host and n o n - h o s t  p l a n t s  b e l o n g i n g  

to e l e v e n  g e ne r a of G r a m i n e a e  w ere  s e l e c t e d  to e x a m i n e  t he i r  

r e a c t i o n s  in the field to i n o c u l a t i o n  w ith  P. teres, v i r u l e n t  

i s o la te  ( P t . 80-12). Host and n o n - h o s t  p l a n t s  wer e s e l e c t e d  

on the r e s u l t s  of th e i r  r e s p o n s e s  to P. t er es  in e a r l i e r  

e x p e r i m e n t s  (Table 12 ,13  and 14).

The se eds  were s ow n in p l o t s  (Table 1 ), in m i d - M a r c h

1987. S e e d l i n g s  at the t hr ee  leaf g r o w t h  s ta ge  were s p r a y e d

with s u s p e n s i o n s  (5 x 1 0 ^  s p o r e / m l  ) of s p o r e s  at 10 am so

that l e a v e s  r e c e i v e d  s i m i l a r  v o l u m e s  of s u s p e n s i o n s .  Ten

s e e d l i n g s  were used as r e p l i c a t e s  for each host and n o n - h o s t

plant Af t er  i n o c u l a t i o n ,  s e e d l i n g s  w ere  e n c l o s e d  by

p o l y t h e n e  bags c o n t a i n i n g  w a ds  of wet c o t t o n  w ool  for 24 h.

wh en the bags were r e m o v e d  (3.4). The t e m p e r a t u r e  at the
0

time of the i n o c u l a t i o n  was c. 16 C. C o n t r o l  s e e d l n g s  of 

each host and n o n - h o s t  p la nt  w ere  s p r a y e d  w i t h  s t e r i l e  

d i s t i l l e d  water. D i s e a s e  on the l eav es  was a s s s e s s e d  10 days



af ter  i n o c u l a t i o n  by the m e t h o d  d e s c r i b e d  in 4 . 2 . 3  and 4.2.1 . 

(Table 11).

R e s u l t s

These are gi v en  in Table 13. B a r l e y  c u l t i v a r s  Sonja, ND 

B 1 12 and wi l d b a r l e y  ( Ho r d e u m  s p o n t a n e u m  line 14591 ), were  

s u s c e p t i b l e  but r e a c t i o n s  were less s u s c e p t i b l e  than
o

c o r r e s p o n d i n g  s e e d l i n g s  in a C.T. room at 21 ± 1 C (Table 

12, 14)• H o r d e u m  s p o n t a n e u m  lines 6200, 5753 and 14309; 

H o r d e u m  m u r i n u m  and JH. ,j u ba t u m , w ere  m o d e r a t e l y  s u s c e p t i b l e ;  

net form l e s i o n s  d e v e l o p e d  on _H. s p o n t a n e u m  line 6200 and 

spot n e c r o t i c  l e s i o n s  d e v e l o p e d  on _H. s p o n t a n e u m  line 5753 

and 1 4309, _H. m u r i n u m  and _H. j u b a t u m  (Table 1 5 ). Two s p e c i e s  

of w h e a t  (_T. aest i vum cv. M ar i s  Dove, _T. m o n o c o c c u m ) , A vena 

s t r i q o s a , L o 1 ium p e r e n n e  and S e c al e  c e r e a l e  , w er e m o d e r a t e l y  

r e s i s t a n t .  Spot form l e s io ns  d e v e l o p e d  on the w h e a t  s p e c i e s  

and dark gr e e n  l e s i o n s  (dark er than n o r ma l)  d e v e l o p e d  on 

Av en a  s t r i q o s a , L o l i u m  p e r e n n e  and S e c a l e  c e r e a l e . A v e n a  

f a t ua and _A . sa t i va cv. Milo e x h i b i t e d  a high level of 

r e s i s t a n c e  d e v e l o p i n g  only a light c h l o r o s i s  ( l i g h t e r  than 

no r ma l)  on their first, s e c o n d  and t hi r d  leaves, w h e r e a s  Poa 

an nua and F e s t u c a  p r a t e n s i s  d e v e l o p e d  h eav y c h l o r o s i s  on 

their first le av es  and light c h l o r o s i s  on th ei r  s e c o n d  and 

th ird leaves. No s y m p t o m s  were d e t e c t e d  on D a c t y l i s  

glome r a t a , A r r h e n a t h e r u m  e l a t i u s , P h l e u m  b e r t o l o n i i

and C y n o s u r u s  c r i s t a t u s  (Table 1 5 ).



Table 15: Mean percentages of first, second and third leaves with lesions on host and non-host 

plants, sprayed in the field with suspension of spores i5 x 10 spore/ml ) of 

P_. teres, virulent isolate (Pt.80-12). Assessment 10 days after inoculation.

Host and non-host plants Mean % of leaf with lesions Symptoms Reaction *
1st leaf 2nd lea f I 3rd leaf 1st 1 

leaf i
2nd

leaf
3rd

leaf
Hordeum vulqare 

c ■ v . Sonia 6 3 ±4.6 42± 3.8 27±4.3
Net form necrotic 
lesions HS S S

c.v. ND H 1 1 7 5 2 ±4 2913 2 1 ± 2.7 Net form necrotic 
les ions HS S MS

Hordeum murinum 15.5-2 8 tO. 7 4.510.8 Sma 11, spot form 
necrotic lesions MS HR HR

Hordeum lubatum 11.5*1.7 5.7i0.8 3.210.5 Sma11, spot form 
necrotic les ions R HR HR

Hordeum spontaneum 
line 1 A 309 13*2.2 8 1 0 .9 4.7*0.6 Small, spot form 

necrotic lesions R HR HR
1ine 6200 2 5 ± 3 20±2.2 1 2i2.4 Net form necrotic 

les ions S MS R
line 5753 17*2.5 1 411 9*0.9 Small, spot form 

necrotic lesions MS R HR
line 16591 4 3 ± 3.5 28 ±2.5 22 ± 2 Net form necrotic 

lesions S S MS
Triticum aestivum 

c.v. Maris Oove 9.5*1.4 5.5 ± 0.5 3 ± 0.4
Sma11, spot form 
necrotic lesions HR HR HR

Triticum monococcum 8 ± 1 . 1 5 ±0.6 3t0.35 Small, spot form 
necrotic lesions HR HR HR

Avena striqosa 4.6 ±0.8 2.4±0.4 Small, dark green 
spots (darker than 
normal) light 
chlorosis (3rd leaf)

HR HR HRC

Avena fatua - -
Light chlorosis 
(lighter green than 
norma 1 )

HRC HRC HRC
'

Avena sativa 
c.v. Milo - -

Light chlorosis 
(lighter green than 
norma 1 )

HRC HRC HRC
Secale cereale 

c.v. Rheidol 5.5i0.6 -
Dark green spots on 
1st leaf, light 
chlorosis on 2nd 
and 3rd leaf.

HR HRC | HRCii
Lolium perenne 9±1 .6 Dark green spots on 

1st leaf, pronounced 
chlorosis on 2nd, 
and light chlorosis 
on 3rd.

HR RC 1 HRC

Poa annua + + + +
Pronounced chlorosis 
on 1st leaf, light 
chlorosis on 2nd and 
3rd.

RC HRC HRC

Festuca pratensis - - -
Pronounced chlorosis 
on 1st leaf, light 
chlorosis on 2nd 
and 3rd.

RC HRC j HRC
I

Dactylis qlomerata - - - No symptoms NS NS NS
Arrhenatherum elatius - - - No symptoms NS NS NS
Phleum bertolonii - - - No symptoms NS NS NS

I Cynosurus cristatus - - - No symptoms NS NS NS

See disease assessment scale 
(Table 11 )
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Experiment 4: Sporulation of P. teres virulent isolate 

(Pt.80-12) on host and non-host plants, in 

the field and in a constant temperature room. 

Infected first leaves of host and non-host plants were 

collected from seedlings in the field or in a constant 

temperature room, four weeks after inoculation. Three leaves 

were cut into small segments and suspensions of spores from 

them were prepared. Spore number per leaf were estimated as 

described earlier. 

Results 

These are shown in Table 16. P. teres sporulated to 

different degrees on host, non-host plants, both in the field 

and in a constant temperature room. Moderate to d~nse 

sporulation was obtained on barley cv. Sonja in a C.T. room 

whereas it was moderate in the field. Sporulation on barley 

cv. ND 8112 was moderate in the C.T. room and sparse in the 

fie I d . As reg a-tds s po r u I a t ion 0 n wi I d bar ley (H 0 r d e u m 

murinum) it was sparse to moderate in the C.T. room and 

sparse in the field. Sparse sporulation in the' C. T. room, 

and very little in the field was observed on leaves of 

Hordeum jubatum. Moderate sporulation was estimated in the 

C.T. room for Hordeum spontaneum line 14591 whereas sparse to 

moderate was estimated in the field. For~. spontaneum line 

5753, sparse to moderate sporulation were estimated in the 

C.T. room, with sparse sporulation in the field. Two species 

of wheat(T. aestivum cv. Maris Dove, T. monococcum), one 



Table 16: Estimation of sporulation on first leaves of host and non-host plants, inoculated

i n  a c o n t r o l l e d  t e m p e r a t u r e  r oom a t  2 1  ± 1 ° C ,  a n d  i n  t h e  f i e l d .  S p o r u l a t i o n  e s t i m a t e d

4 w e e k s  a f t e r  i n o c u l a t i o n .

P l a n t s
S p o r u l a t  i o n  
i n  C . T . r oom 
1 2 h p h o t o -  
p e r i o d  a t  
2 1  ± 1 ° C

( 2 )R e a c t  i o n  
i n  C . T . r oom 
( T a b l e s  9 ,  
1 0 , 11 )

S p o r u l a t i o n  
i n  t h e  f i e l d

R e a c t i o n  i n  ^ ) 
t h e  f i e l d  
( T a b l e  1 2 )

1 s t
l e a f

2 nd
l e a f

3 r d
l e a f

1 s t
l e a f

2 nd
l e a f

3 r d
l e a f

Ho r de um v u l q a r e + + / + + + HS HS S ++ HS S S
c v  . S o n j a  

Ho r de um v u l g a r e ++ ' HS S S + HS S MS
c v  . ND B 1 1 2

Ho r de um mu r i n u m MS R HR + MS HR HR
Ho r d e u m j u b a t u m + MS HR HR + - R HR HR
Ho r d e u m s p o n t a n e u m ++ HS S S S S MS

l i n e  1 4 5 9 1
Ho r d e u m s p o n t a n e u m S MS MS + MS R HR

l i n e  5 7 5 3
T r i t i c u m  a e s t i v u m + MS HR HR + - HR HR HR

c v .  M a r i s  Do v e
T r i t i c u m  mo n o c o c c u m + R HR HR + - HR HR HR
A v e n a  s t r i q o s a + HR HR RC + - HR HR HRC
F o l i u m  p e r e n n e + R R HR + - HR RC HRC
F e s t u c a  p r a t e n s i s - HR RC RC - RC HRC HRC
Po a  a n n u a - HR RC HRC - RC HRC HRC

( 1 )  -  No
+ -  Few 

++
+ + / + + +

+ S p a r s e  -  1 , 0 0 0 - 5 , 0 0 0  s p o r e s  p e r  l e a f
F e w e r  t h a n  1 0 0  s p o r e s  p e r  l e a f  + / + +  S p a r s e  t o  m o d e r a t e  -  5 , 0 0 0 - 1 0 , 0 0 0  s p o r e s  p e r
M o d e r a t e  -  1 0 , 0 0 0 - 2 5 , 0 0 0  s p o r e s  p e r  l e a f  
M o d e r a t e  t o  d e n s e  -  2 5 , 0 0 0 - 4 0 , 0 0 0  s p o r e s  p e r  l e a f

l e a f

( 2 )  S e e  d i s e a s e  a s s e s s m e n t  s c a l e  ( T a b l e  1 1 ) .
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s p e c i e s  o f  o a t  ( A v e n a  s t r i q o s a ) a n d  r y e  g r a s s  ( L o l i u m  

p e r e n n e ) , s p o r u l a t e d  s p a r s e l y  i n  t h e  C . T .  r oom a n d  o n l y  a f e w 

s p o r e s  w e r e  o b t a i n e d  i n  t h e  f i e l d .  No s p o r e s  w e r e  o b t a i n e d  

on l e a v e s  o f  F e s t u c a  p r a t e n s i s  a n d  P o a  a n n u a  e i t h e r  i n  t h e  

C . T .  r oom o r  i n  t h e  f i e l d  ( T a b l e  1 6 ) .

D i s c u s s i o n

One p u r p o s e  o f  t h e s e  e x p e r i m e n t s  wa s  t o  c o m p a r e  

r e a c t i o n s ^ f o l l o w i n g  i n o c u l a t i o n  w i t h  a v i r u l e n t  i s o l a t e ^ o f  

s e g m e n t s  and-of l e a v e s  o f  s e e d l i n g s  g r o w n  i n  t h e  a r t i f i c i a l  

c o n d i t i o n s  o f  a c o n s t a n t  t e m p e r a t u r e  r oom a n d  i n  t h e  f i e l d .  

T h e s e  c o m p a r i s o n s  a r e  s u m m a r i z e d  i n  T a b l e  1 7  a n d  1 8 .

H i g h l y  s u s c e p t i b l e  b a r l e y  s h o w e d  mor e  s e v e r e  s y m p t o m s  i n  

t h e  C . T .  r oom t h a n  i n  s e g m e n t s  ( T a b l e  1 7 )  b u t  t h e  r e v e r s e  

o c c u r r e d  i n  t h e  l e s s  s u s c e p t i b l e  a n d  r e s i s t a n t  p l a n t s .  B u t  

i n  b o t h  g r o u p s  t h e  d i f f e r e n c e s  w e r e  n o t  p r o n o u n c e d  i n  t e r m s  

o f  a r e a s  c o l o n i z e d .  S y m p t o m s  d i f f e r e d -  i n  c h a r a c t e r  i n  

b a r l e y  i n  t h a t  n e t  b l o t c h  f e a t u r e s  i n  t h e  C . T .  r oom d i d  n o t  

d e v e l o p  i n  s e g m e n t s .  T h e y  w e r e  mo r e  s i m i l a r  i n  t h e  o t h e r  

p l a n t s .

T a b l e  1 8  s h o w s  t h a t  r e a c t i o n s  i n  t h e  C . T .  r oom a n d  i n  

t h e  f i e l d  w e r e  v e r y  s i m i l a r  i n  t e r m s  o f  c o l o n i z a t i o n  o f  

l e a v e s ,  t y p e  o f  s y m p t o m  a n d  i n  t h e  g e n e r a l  a s s e s s m e n t  o f  

r e a c t i o n  v a r y i n g  f r o m  h i g h l y  s u s c e p t i b l e  t o  h i g h l y  r e s i s t a n t .  

B u t  a l m o s t  i n v a r i a b l y  a n d  f o r  t h e  f i r s t ,  s e c o n d  a n d  t h i r d



T a b l e  1 7:  C o m p a r i s o n  

( T a b l e s  1 0 ,

o f  r e a c t i o n s  o f  l e a f  

1 2 , 1 3 )

s e g m e n t s i n o c u l a t e d  I n  t h e  C / T .  r oom

P l a n t s
Mean 

w i
?o o f  s e g m e n t  
th__l e s i o n s . ______________ S y m p t o m s

1 s t  l e a f 2 nd l e a f 3 r d  l e a f

Ho r d e u m v u l g a r e A 9 _ _ O v a l  -  i r r e g u l a r  n e c r o t i c  l e s i o n s
c . v . S on j a ( 7 4 ) * ( 5 5 ) ( 3 8 ) ( n e t  f o r m  n e c r o t i c  l e s i o n s ) *

Ho r de um v u l g a r e 42 _ _ O v a l  -  i r r e g u l a r  n e c r o t i c  l e s i o n s
c . v .  ND B 1 1 2 ( 6 2 ) ( 4 4 ) ( 3 0 ) ( n e t  f o r m  n e c r o t i c  l e s i o n s )

Ho r de um mu r i n u m 3 2 — _ O v a l  -  i r r e g u l a r  n e c r o t i c  l e s i o n s
( 2 4 ) ( 1 3 . 5 ) ( 7 . 5 ) ( s p o t  n e c r o t i c  l e s i o n s )

T r i t i c u m  a e s t i v u m 2 3 _ O v a l  n e c r o t i c  l e s i o n s
c . v .  M a r i s  Do v e ( 1 5 ) ( 8 ) ( 3 ) ( s p o t  n e c r o t i c  l e s i o n s )

S e c a l e  c e r e a l e 1 4 . 3 _ — D a r k  g r e e n  s p o t s .
c . v .  R h e i d o l ( 7 ) ( 4 . 5 ) ( + + ) ( d a r k  g r e e n  s p o t s  on 1 s t ,  2 nd l e a v e s ,  

p r o n o u n c e d  c h l o r o s i s  on 3 r d  l e a f . )

L o l i u m  p e r e n n e 1 2 . 4 — — D a r k  g r e e n  s p o t s
( 1 3 ) ( 1 0 ) ( 4 ) ( d a r k  g r e e n  s p o t s )

A v e n a  s a t i v a 9 . 3 — _ D a r k  g r e e n  s p o t s
c . v .  P e n i a r t h ( 3 ) ( 3 . 5 ) ( + ) ( d a r k  g r e e n  s p o t s  on 1 s t ,  2 nd l e a v e s ,  

l i g h t  c h l o r o s i s  on 3 r d  l e a f . )

D a c t y l i s  g l o m e r a t a + 4- + L i g h t  c h l o r o s i s
( - ) ( - ) ( - ) (No s y m p t o m s )

* L e a v e s  i n o c u l a t e d  i n  t h e  C . T .  r oom a t  2 1  ± 1 ° C .
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tT a b l e  1 8 : C o m p a r i s o n  o f  r e a c t i o n s  o f 1 i n o c u l a t e d  i n  a C . T .  r oom a n d  i n  t h e  f i e l d  ( T a b l e s  9 , 1 0 , 1 1 , 1 3 ) .

host and non-host plants

P l a n t s
Mean % o f  l e a f  w i t h  l e s i o n s

S y mp t o ms
R e a c t  i o n * * * *

1 s t  l e a f 2 nd l e a f 3 r d  l e a f 1 s t
l e a f

2 nd
l e a f

3 r d
l e a f

H. v u l a g e  c v .  S o n j a 7 4 ( 6 3 ) * 5 5 ( 4 2 ) 3 8 ( 2 7 ) n e t  ( n e t ) * HS ( HS ) HS ( S ) S ( S )

H. v u l q a r e  c v .  ND B 1 1 2 6 2 ( 5 2 ) 4 4 ( 2 9 ) 3 0 ( 2 1  ) n e t  ( n e t ) HS ( HS ) S ( S ) S ( MS )

H. mu r i n u m 2 4 ( 1 5 . 5 ) 1 3 . 5 ( 8 ) 7 . 5 ( 4 . 5 ) s p o t  ( s m a 11  s p o t ) MS( MS) R ( HR) HR( HR )

H. j u b a t u m 1 7 ( 1 1 . 5 ) 1 1 ( 5 . 7 ) 5 ( 3 . 2 ) s p o t  ( s m a l 1 s p o t ) MS ( R ) HR( HR ) HR( HR )

H. s p o n t a n e u m  l i n e  1 4 3 0 9 1 7 ( 1 3 ) 1 3 ( 8 ) 8 ( 4 . 7 ) s p o t  ( s m a l l  s p o t ) MS ( R ) R ( HR ) HR( HR )

H. s p o n t a n e u m  l i n e  6 2 0 0 2 9 ( 2 5 ) 2 2 ( 2 0 ) 1 6 ( 1 2 ) n e t  ( n e t ) S ( s ) MS ( MS ) MS ( R )

H. s p o n t a n e u m  l i n e  5 7 3 3 2 7 ( 1 7 ) 1 9 ( 1 4 ) 1 5 ( 9 ) s p o t  ( s m a 11 s p o t ) S ( MS ) MS ( R ) MS ( HR )

H. s p o n t a n e u m  l i n e  1 4 5 9 1 5 6 ( 4 3 ) 4 5 ( 2 8 ) 2 7 ( 2 2 ) n e t  ( n e t ) HS ( S ) S ( S ) S ( MS )

T.  a e s t i v u m  c v .  M a r i s  Do v e 1 5 ( 9 . 5 ) 8 ( 5 . 5 ) 3 ( 3 ) s p o t  ( s m a l 1 s p o t ) MS ( HR) HR( HR ) HR ( HR )

T.  mo n o c o c c u m 1 3 ( 8 ) 9 ( 5 ) 4 . 5 ( 3 ) s p o t  ( s m a l 1 s p o t ) R ( HR ) HR( HR) HR( HR)

A v e n a  s t r i q o s a 8 ( 4 . 6 ) 4 ( 2 . 4 ) + + (  + )
D a r k  g r e e n  1 , 2  , P C 3 * *  
( d a r k  g r e e n  1 , 2 ,  L C 3 ) * * * HR( HR) HR( HR ) RC( HRC)

S e c a l e  c e r e a l e  c v .  R h e i d o l 7 ( 5 . 5 ) 4 . 5  ( +  ) + + (  + )
D a r k  g r e e n  1 , 2 ,  PC3  
( d a r k  g r e e n  1 ,  LC 2 , 3 ) HR( HR) HR( HRC) RC( HRC)

Poa  a n n u a 4 ( + + ) + + ( + ) + ( + )
D a r k  g r e e n  1 , P C 2 ,  LC3  
( P C 1 , L C 2 ,  3 )

HR( RC) RC( HRC) HRC( HRC)

F e s t u c a  p r a t e n s i s 5 . 5 ( + + ) + + ( + ) + + ( + )
D a r k  g r e e n  1 , P C 2 , 3  
( P C 1 , L C 2 , 3  ) HR( RC) RC( HRC) RC( HRC)

* ( ) -  l e a v e s  i n o c u l a t e d  i n  f i e l d .  * *  PC -  p r o n o u n c e d  c h l o r o s i s .  * * *  LC -  L i g h t  c h l o r o s i s
*  *  *  *  S e e  d i s e a s e  a s s e s s m e n t  s c a l e  ( T a b l e  1 1 ) .
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l e a v e s ,  mo r e  o f  t h e  l e a v e s  w e r e  c o l o n i z e d  i n  t h e  C . T .  r oom 

t h a n  i n  t h e  f i e l d .  B u t  t h e  d i f f e r e n c e s  a g a i n  w e r e  n o t  

p r o n o u n c e d  a n d  d i d  n o t  r e s u l t  i n  s u b s t a n t i a l  d i f f e r e n c e s  i n  

t h e  g e n e r a l  a s s e s s m e n t s  o f  d i s e a s e  r e a c t i o n ,  a n d  d i d  n o t  

a l t e r  t h e  r a n k i n g s  i n  o r d e r  o f  s u s c e p t i b i l i t y .

A f e a t u r e  w h i c h  e m e r g e s  f r o m a l m o s t  a l l  t h e  d a t a  i n  

T a b l e s  1 3 ,  1 4 , a nd  1 3  i s  t h e  d i f f e r e n c e  i n  s u s c e p t i b i l i t y  o f  

f i r s t ,  s e c o n d  a nd  t h i r d  l e a v e s .  T h i s  i s  w e l l  s h o w n  by  T a b l e  

1 7  ( b a s e d  on T a b l e  1 4 )  f o r  r e a c t i o n s  o f  4 1  l i n e s  o f  H.  

s p o n t a n e u m . D i f f e r e n c e s  w e r e  s i m i l a r  f o r  n e t  b l o t c h  a n d  s p o t  

l e s i o n s  a n d  f o r  b o t h  t o g e t h e r  w e r e  1 0 0 ,  78 a n d  38  f o r  f i r s t ,  

s e c o n d  a n d  t h i r d  l e a v e s .

A l m o s t  i n v a r i a b l y  t h e r e  w e r e  s i m i l a r  d i f f e r e n c e s  f o r  

o t h e r  p l a n t s  b o t h  i n  t h e  C . T .  r oom a n d  i n  t h e  f i e l d .  T h i s  

c l e a r  c u t  r e s u l t  l e d  t o  a n o t h e r  e x p e r i m e n t  d e s c r i b e d  l a t e r .

T a b l e  1 9  a l s o  s h o w s  t h a t  n e t  b l o t c h  l e s i o n s  a l w a y s  w e r e  

a s s o c i a t e d  w i t h  c o n s i d e r a b l y  mor e  c o l o n i z a t i o n .  F o r  f i r s t ,  

s e c o n d  a n d  t h i r d  l e a v e s  t h e  r a t i o s  w e r e  2 0 4 ,  2 2 1  a n d  2 3 6  

w h e r e  1 0 0  r e p r e s e n t s  s p o t  l e s i o n s .  H o w e v e r ,  t h e  m a i n  p u r p o s e  

o f  e x p e r i m e n t s  1 ,  2 a n d  3 w a s  t o  i n v e s t i g a t e  t h e  r e a c t i o n s  o f  

a w i d e  r a n g e  o f  g r a m i n a c e o u s  p l a n t s  t o  i n o c u l a t i o n  w i t h  _P. 

t e r e s  a nd  r e g a r d i n g  c u l t i v a t e d  b a r l e y  (_H. v u l g a r e ) a n d  

r e l a t e d  s p e c i e s  o f  Hor deur n a s  n o r m a l  h o s t s  a n d  o t h e r  s p e c i e s  

a s  n o n - h o s t s .  The f o l l o w i n g  s u m m a r i z e s  t h e  mo r e  i m p o r t a n t  

f i n d i n g s  b a s e d  on r e s u l t s  i n  T a b l e s  1 2 , 1 3 ,  1 4  a n d  1 5 .
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T a b l e  1 9 : Mean o f  m e a n s  o f  p e r c e n t a g e s  o f  l e a f  w i t h

l e s i o n s  o f  30  l i n e s  ( n e t  b l o t c h  l e s i o n s )  

a n d  11 l i n e s  ( s p o t  l e s i o n s )  o f  Ho r d e u m 

s p o n t a n e u m  ( T a b l e  1 4 ) .

Ho r d e u m s p o n t a n e u m  

l i n e s

Mean o f  m e a n s  p e r c e n t a g e s  o f  
l e a f  w i t h  l e s i o n s

1 s t  l e a f 2 nd l e a f 3 r d  l e a f

Ne t  b l o t c h  l e s i o n s 4 4 . 3 ± 7 . 3 3 5 . 1  ± 6 . 7 2 6 . 4 ± 4 . 8
( 3 0  l i n e s ) ( 1 0 0 ) ( 7 9 ) ( 6 0 )

S p o t  l e s i o n s 21 . 7  ± 3 .2 1 5 . 9  ± 2 . 8 11 .2  ± 2 . 6
(11  l i n e s ) ( 1 0 0 ) ( 7 3 ) ( 5 2 )

B o t h  f o r m s 3 8 . 3  ± 1 2 3 0 . 0 ± 1 0 . 2 2 2 . 3  ± 8
( 4 1  l i n e s ) ( 1 0 0 ) ( 7 8 ) ( 5 8 )



1 .  N e t  b l o t c h  l e s i o n s  w e r e  c h a r a c t e r i s t i c  o f  s u s c e p t i b l e  

r e a c t i o n s  a n d  t h e  mo s t  e x t e n s i v e  c o l o n i z a t i o n . S p o t  

l e s i o n s  w e r e  a s s o c i a t e d  w i t h  much l e s s  c o l o n i z a t i o n  a n d  

o f  l e s s  s u s c e p t i b l e  t o  m o d e r a t e l y  r e s i s t a n t  r e a c t i o n s .  

S t i l l  mor e  r e s i s t a n t  r e a c t i o n s  w e r e  c h a r a c t e r i z e d  by  

c e l l s  t h a t  w e r e  d a r k e r  g r e e n  t h a n  n o r m a l .  T h i s  i s  an 

u n u s u a l  f o r m  o f  r e s i s t a n t  r e s p o n s e  a n d  i s  s u p e r f i c i a l l y  

s i m i l a r  t o  g r e e n  i s l a n d  r e s p o n s e s  i n  many o t h e r  

d i s e a s e s .  B u t  h e r e  t h e  i s l a n d  i s  g r e e n  i n  a b a c k g r o u n d  

o f  l e s s  g r e e n  o r  c h l o r o t i c  t i s s u e  a n d  i s  a l a t e  a n d  n o t  

an e a r l y  r e s p o n s e  t o  a p a t h o g e n .  F i n a l l y ,  t h e  mo s t  

r e s i s t a n t  r e s p o n s e s  e x h i b i t  a p r o n o u n c e d  o r  l i g h t  

c h l o r o s i s  s i m i l a r  t o  t h a t  o f  p l a n t s  h i g h l y  r e s i s t a n t  t o  

o t h e r  p a t h o g e n s ,  e s p e c i a l l y  b i o t r o p h s  ( a n d  a l s o  t o  

v i r u s e s ) ;  o r  e x h i b i t  no s y m p t o m s  v i s i b l e  t o  t h e  n a k e d  

e y e .

2 .  The  r a n k i n g  o f  s u s c e p t i b i 1 i t y  wa s  a p p r o x i m a t e l y  a s  

f o l l o w s :

R e a c t i o n  P l a n t

H5 Ho r d e u m v u l g a r e  ( t w o c u l t i v a r s  )

HS IH . s p o n t a n e u m ( c e r t a i n l i n e s  )

MS H . s p o n t a n e u m ( c e r t a i n l i n e s )

MS _H. mu r i n u m

MS HI. j  ubat ur n

MS T r i t i c u m  a e s t i v u m  ( M a r i s  D o v e )

R T . monococcum
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R e a c t i o n

R

R

HR

HR

HR

HR

HR

HR

RC

RC

RC

RC

HRC

HRC

HRC

HRC

HRC

P l a n t

T . t u r g i d u m  

L o 1 i um p e r e n n e

A v e n a s t r i g o s a

Se  c a 1 e c e r e a l e  ( R h e i d o l )

A v e n a s a t i v a ( M i l o )

F e s t u c a  p r a t e n s i s

F e s t u c a  r u b r a

P o a  a n n u a

A v e n a s a t i v a ( P e n i a r t h )

A v e n a f a t  ua

Or y  za s a  t  i  va ( T N I )

O. s a t i v a  ( MR35 )

CL s a t i v a  ( B a h a p i e ,  S M I I , 8 1 9 7 9 )

Z e a  ma y s

A g r o s t i s  t e n u i s

A g r o p y r o n  r e p e n s

A r r h e n a t h e r u m  e l a t i u s

A g r o s t i s  s t o l o n i f e r a

A l o p e c u r u s  m y o s u r o i d e s

C y n o s u r u s  c r i s t a t u s

D a c t y l i s  g l o m e r a t a

H o l c u s  l a n a t u s

P h l e u m  p r a t e n s e

P . b e r t o l o n i i  

P o a  t r i v i a l i s

P . p r a t e n s i s
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HS -  h i g h l y  s u s c e p t i b l e ,  MS -  m o d e r a t e l y  s u s c e p t i b l e ,  R -  

r e s i s t a n t ,  HR -  h i g h l y  r e s i s t a n t ,  RC -  r e s i s t a n t  c h l o r o t i c ,  

HRC -  h i g h l y  r e s i s t a n t  c h l o r o t i c ,  -  -  no s y m p t o m s .  Of  t h e  3 3  

p l a n t s  t e s t e d ,  24  r e a c t e d  w i t h  v i s i b l e  s y m p t o m s .  Of  t h e  2 4 ,  

1 5  a l m o s t  h a v e  r e a c t e d  w i t h  v i s i b l e  c o l o n i z a t i o n  o f  l e a v e s  

r a n g i n g  f r o m 4 t o  7 4 % i n  t h e  CT r o o m ;  1 3  r e a c t e d  s i m i l a r l y  i n  

t h e  f i e l d .  E i g h t  o f  t h e  3 3  p l a n t s  r e a c t e d  w i t h  c o l o n i z a t i o n  

o f  1 0 ?o o r  mor e  i n  t h e  CT r oom a n d  i n  t h e  f i e l d .  The  q u e s t i o n  

now a r i s e s  a s  t o  t h e  u s e  o f  h o s t  a n d  n o n - h o s t  i n  r e l a t i o n  t o  

p a r a s i t i s m  by P .  t e r e s .  C e r t a i n l y  i t  s e e m s  t h a t  T r i t i c u m  

a e s t  i v u m , _T. m o n o c o c c u m ,  T.  t u r g i d u m ,  A v e n a  s t r i g o s a ,  S e c a l e  

c e r e a l e  a nd  L o l i u m  p e r e n n e  c o u l d  be  r e g a r d e d  a s  h o s t s ,  a l b e i t  

h i g h l y  r e s i s t a n t ,  o f  P .  t e r e s .

I n  r e l a t i o n  t o  t h e  s p e c i e s  o f  T r i t i c u m  i t  i s  s u r p r i s i n g ,  

t h e r e f o r e ,  t h a t  A g r o p y r o n  r e p e n s  r e a c t e d  w i t h  no mo r e  t h a n  a 

l i g h t  c h l o r o s i s .  T h e s e  r e s u l t s  a r e  o f  i n t e r e s t  i n  r e l a t i o n  

t o  s p e c i f i c i t y  o f  p a r a s i t i s m  by  P .  t e r e s  w h i c h  c o m m o n l y  i s  

r e g a r d e d  a s  a r a t h e r  s p e c i f i c  p a t h o g e n  o f  c u l t i v a t e d  b a r l e y  

a n d  r e l a t e d  s p e c i e s  o f  H o r d e u m . T h e i r  s i g n i f i c a n c e  i n  t h e  

e p i d e m i o l o g y  o f  n e t  b l o t c h  i n  t h e  f i e l d  w o u l d  d e p e n d  on t h e  

e x t e n t  t o  w h i c h  t h e  p a t h o g e n  s p o r u l a t e d  on l e s i o n s  o f  

r e s i s t a n t  a nd  h i g h l y  r e s i s t a n t  p l a n t s  g r o w i n g  c l o s e  t o  c r o p s  

o f  b a r l e y .  B u t  i t  d o e s  s e e m  p o s s i b l e  t h a t  t h e y  c o u l d  be 

s i g n i f i c a n t  i n  o v e r w i n t e r i n g  b e c a u s e  r e s t r i c t e d  c o l o n i z a t i o n  

a n d  l i t t l e  o r  no s p o r u l a t i o n  i n  g r o w i n g  p l a n t s  c o u l d  be 

f o l l o w e d  by f u r t h e r  c o l o n i z a t i o n  a n d  mor e  o r  l e s s  e x t e n s i v e
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s p o r u l a t i o n  i n  m o r i b u n d  o r  d e a d  t i s s u e s .  The  p r e l i m i n a r y  

r e s u l t s  g i v e n  i n  T a b l e  1 6  do s h o w  t h a t  a l t h o u g h  t h e r e  w a s  

v e r y  much mor e  s p o r u l a t i o n  on l e a v e s  o f  i n f e c t e d ,  h i g h l y  

s u s c e p t i b l e  p l a n t s  t a k e n  f r o m  t h e  C . T .  r oom a n d  f r o m  t h e  

f i e l d ,  s p o r u l a t i o n  on l e a v e s  f r o m  r e s i s t a n t  a n d  h i g h l y  

r e s i s t a n t  p l a n t s  wa s  s t i l l  on a s c a l e  t h a t  c o u l d  be  

s i g n i  f i c a n t .
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S ECTI ON 6

ROLE OF CERTAI N GRAMI NACEOUS PLANTS AS AL T E R NA T I VE  HOSTS

FOR PYRENOPHORA TERES

I t  h a s  b e e n  r e p o r t e d  t h a t  c e r t a i n  g r a m i n a c e o u s  p l a n t s  

o t h e r  t h a n  b a r l e y  ( Ho r d e u m v u l g a r e ) ,  c a n  h a r b o u r  P .  t e r e s  

( S p r a g u e ,  1 9 5 5 ;  K h a n ,  1 9 7 3 ) .  W i n t e r  ( 1 9 7 7 )  o b t a i n e d  l e a f  

s p o t s ,  s e v e r a l  c e n t i m e t e r s  l o n g  on c e r t a i n  s u s c e p t i b l e  

c u l t i v a r s  o f  r y e  a f t e r  a r t i f i c i a l  i n o c u l a t i o n .  I n  t h e  l i g h t  

o f  t h e  r e s u l t s  o b t a i n e d  i n  S e c t i o n  5 ,  on t h e  r e a c t i o n  o f  many 

g r a m i n a c e o u s  p l a n t s  t o  i n o c u l a t i o n  w i t h  an i s o l a t e  P t . 8 0 - 1 2  

o f  P .  t e r e s  v i r u l e n t  on c u l t i v a t e d  b a r l e y ,  t h r e e  s p e c i e s  o f  

w i l d  b a r l e y  a n d  t h r e e  s p e c i e s  o f  w h e a t ,  o n e  m o d e r a t e l y  

s u s c e p t i b l e  a n d  t wo  r e s i s t a n t ,  a n d  o n e  s p e c i e s  o f  o a t  w h i c h  

wa s  h i g h l y  r e s i s t a n t ,  a n d  r y e  g r a s s  w h i c h  w a s  r e s i s t a n t ,  w e r e  

f u r t h e r  s t u d i e d  f o r  t h e i r  r o l e  a s  a l t e r n a t i v e  h o s t s .

E x p e r i m e n t : H o s t  a n d  a l t e r n a t i v e  h o s t  p l a n t s  f o r  P v r e n o p h o r a

t e r e s

Two g r o u p s  o f  f i v e  s e e d l i n g s  o f  b a r l e y  c v .  S o n j a  a t  t h e  

t h r e e  l e a f  g r o w t h  s t a g e  w e r e  i n o c u l a t e d  by  s p r a y i n g  w i t h  a 

s u s p e n s i o n  o f  s p o r e s  f r o m  t h e  n o r m a l  h o s t  a n d  f r o m  n i n e  

n o n - h o s t  p l a n t s  a s  i n  e a r l i e r  e x p e r i m e n t s  ( T a b l e  1 5 ) .

C o n t r o l s  w e r e  s p r a y e d  w i t h  s i m i l a r  v o l u m e s  o f  s t e r i l e  

d i s t i l l e d  w a t e r .  The mean p e r c e n t a g e s  o f  f i r s t ,  s e c o n d  a n d  

t h i r d  l e a v e s  w i t h  n e t  f o r m  l e s i o n s  i n  p l a n t s  g r o w n  i n  a
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c o n t r o l l e d  t e m p e r a t u r e  r oom o r  i n  t h e  f i e l d  w e r e  a s s e s s e d  t e n  

d a y s  a f t e r  i n o c u l a t i o n  ( 4 . 2 . 1 ) .  The me a n s  w e r e  o b t a i n e d  f r o m  

f i v e  r e p l i c a t e s  e a c h  o f  o n e  l e a f .

R e s u l t s

T y p i c a l  n e t  f o r m  s y m p t o m s  d e v e l o p e d  on a l l  l e a v e s  o f  

b a r l e y  c v .  S o n j a  i n o c u l a t e d  w i t h  s p o r e s  f r o m  e a c h  o f  t h e  n i n e  

n o n - h o s t  p l a n t s  ( T a b l e  2 0 ) .  T h e r e  w e r e  no s i g n i f i c a n t  

c h a n g e s  i n  t h e  v i r u l e n c e  o f  i s o l a t e  ( P t . 8 0 - 1 2 )  o f  P .  t e r e s  

a f t e r  p a s s a g e  t h r o u g h  t h e  n o n - h o s t  p l a n t s .  The  r e s u l t s  s h o w 

c l e a r l y  t h e  d e c r e a s e  i n  s u s c e p t i b i l i t y  f r o m  f i r s t  t o  s e c o n d  

t o  t h i r d  l e a v e s  b o t h  i n  p l a n t s  g r o w n  i n  t h e  c o n s t a n t  

t e m p e r a t u r e  r oom a n d  i n  t h e  f i e l d .  T h e y  a l s o  s h o w t h a t  

p l a n t s  g r o w n  i n  t h e  f i e l d  w e r e  s o m e w h a t  mo r e  r e s i s t a n t  t h a n  

w e r e  p l a n t s  g r o w n  i n  t h e  c o n s t a n t  t e m p e r a t u r e  r o o m .

D i s c u s s i o n

The r e s u l t s  s u m m a r i z e d  i n  S e c t i o n s  5 a n d  6 c o n f i r m e d  

t h a t  P_. t e r e s  c a n  i n f e c t  a c o n s i d e r a b l e  n u m b e r  o f  n o n - h o s t  

p l a n t s ,  ( p l a n t s  n o t  u s u a l l y  r e g a r d e d  a s  h o s t s )  b u t  i n  w h i c h  

i t  c a u s e s  s y m p t o m s  d i f f e r e n t  f r o m  t h o s e  p r o d u c e d  i n  b a r l e y ,  

i t s  common h o s t .  T h e y  a l s o  s h o w e d  t h a t  _P. t e r e s  c a n  

s p o r u l a t e  on l e a v e s  o f  t h e s e  n o n - h o s t  p l a n t s  a n d  on s o me  i n  

a m o u n t s  t h a t  c o u l d  be  s i g n i f i c a n t  i n  t h e  e p i d e m i o l o g y  o f  t h e  

d i s e a s e  i n  b a r l e y  c r o p s .  R e s u l t s  a l s o  c o n f i r m  t h a t  s p o r e s  

f r o m  i n f e c t e d  n o n - h o s t  p l a n t s  r e a d i l y  i n f e c t  b a r l e y  p r o d u c i n g  

t y p i c a l  n e t  f o r m  s y m p t o m s  b o t h  i n  t h e  c o n s t a n t  t e m p e r a t u r e



Table 2G : Mean percentages of leaves with net form lesions on barley cv. Sonja, inoculated in

c o n s t a n t  t e m p e r a t u r e  r oom a n d  i n  t h e  f i e l d  by  s p r a y i n g  w i t h  a s u s p e n s i o n  o f  s p o r e s  o f  

P_. t e r e s  f r o m  h o s t  a n d  n o n - h o s t  p l a n t s .  D i s e a s e  a s s e s s m e n t  1 0  d a y s  a f t e r  i n o c u l a t i o n .

S o u r c e  o f  s p o r e s Mean % o f  l e a v e s  w i t h  n e t  f o r m  l e s i o n s

I n  C o n s t a n t  t e m p e r a t u r e  r oom I n  t h e  f i e l d

1 s t  l e a f 2 nd l e a f 3 r d  l e a f 1 s t  l e a f 2 nd l e a f 3 r d  l e a f

Ho r d e u m v u l q a r e  c v .  S o n j a
Ho r d e u m mu r i n u m
Ho r d e u m j u b a t u m
Ho r d e u m s p o n t a n e u m  l i n e  1 4 5 9 1
Ho r d e u m s p o n t a n e u m  l i n e  5 7 5 3
T r i t i c u m  a e s t i v u m  c v .  M a r i s  Do v e
T r i t i c u m  mo n o c o c c u m
T r i t i c u m  t u r g i d u m
A v e n a  s t r i q o s a
L o l i u m  p e r e n n e

7 7 + 4 . 5  
7 4 ± 3 . 9  
7 1  ±4 
7 9 ± 3 . 5  
7 5 ± 3
7 3 ± 2 . 9
8 0 ± 5 .6 
7 7  ± 3 . 2  
7 2 ± 3 . 9  
7 6 ±4

6 0 ± 4 . 3  
6 3 ± 2 .6 
6 2 ± 2 . 7  
6 8 ± 4 . 5  
6 5 ± 2 . 6  
5 9 ± 5 . 4  
7 0 ± 5  
67  ±4 
6 3 ± 3 
7 0 ± 4 . 3

5 2 ± 2 . 7  
4 5 ± 3 .6
4 7 ± 3 . 2  
5 6 ± 4 . 2
5 0 ± 2 .8 
4 5  ± 3
5 5 ± 3 .8 
5 8 ± 3 . 4  
5 4 ± 2 . 5  
5 8 ± 2 .8

65  ± 4 . 2 
5 9 ± 4 . 7  
6 2 ± 5 . 3  
70  ±4 
6 8 ± 2 . 8  
6 5 ± 4 . 1  
7 2 ± 4 . 8 
6 5 ± 3 .6 
6 0 ± 4  
62  ± 3

4 8 ± 4 . 7  
4 5 ± 4 . 5  
5 1  ±4 
5 8 ± 3 . 7  
60 ± 2 
5 4 ± 4 . 3  
60 ± 3 
5 0 ± 4  
4 8 ± 3 . 7  
50  ± 3 . 5

4 3 ± 4 . 1  
4 0 ±  3 .6
4 2  ± 3 
4 8 ± 2 . 7  
5 0 ± 5
4 2 ± 4 . 4  
4 7  ± 2 . 5  
4 1  ±3  
40  ± 3 . 4
4 3  ± 3

Mean o f  me a n s 7 5 . 4 6 4 . 7 5 2 6 4 . 8 5 2 . 4 4 3 . 6

D i f f e r e n c e  o f  mean o f  mean i n  
* C . T .  Roopi a n d  i n  t h e  f i e l d  

( 1 s t ,  2 nd  a n d  3 r d  l e a v e s )

1 s t  l e a f  2 n d  l e a f  3 r d  l e a f

8 5 . 9  8 1 . 0  8 3 . 8

* Me a n  i n  C . T . Room 100

12
6
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r oom a n d  i n  t h e  f i e l d  e x p e r i m e n t s .  A g a i n  t h e s e  r e s u l t s  may 

be  s i g n i f i c a n t  i n  t h e  e p i d e m i o l o g y  o f  n e t  b l o t c h  d i s e a s e  

b e c a u s e  t h e s e  n o n - h o s t  p l a n t s  c o u l d  be  i m p o r t a n t  s o u r c e s  o f  

p r i m a r y  i n f e c t i o n  o f  b a r l e y  c r o p s  i n  t h a t  s ome  c o u l d  o c c u r  

n a t u r a l l y  n e a r  f i e l d s  o f  b a r l e y .  F u r t h e r  r e s e a r c h  i s  

r e q u i r e d  t o  a s s e s s  t h e  i m p o r t a n c e  o f  n o n - h o s t  p l a n t s  a s  

a l t e r n a t i v e  h o s t  o r  a s  o v e r w i n t e r i n g  h o s t s  f o r  P .  t e r e s  i n  

t h e  a b s e n c e  o f  b a r l e y  a n d  e s p e c i a l l y  s p e c i e s  o f  w i l d  b a r l e y  

w i l d  o a t s  a n d  r y e  g r a s s  w h i c h  a r e  common a n d  w i d e l y  

d i s t r i b u t e d  w h e r e  b a r l e y  i s  g r o w n  i n  t h e  U . K .  a n d  e l s e w h e r e



SECTI ON 7

INDUCED R E S I S T A NC E  AND S U S C E P T I B I L I T Y  TO PYRENOPHORA TERES

A n u mb e r  o f  i n v e s t i g a t o r s  w o r k i n g  w i t h  p o w d e r y  m i l d e w s  

c l e a r l y  h a v e  d e m o n s t r a t e d  t h a t  p r e - i n o c u l a t i o n  w i t h  a 

c o m p a t i b l e  p a t h o g e n  r e n d e r e d  t h e  p l a n t s  s u s c e p t i b l e  t o  a 

p r e v i o u s l y  i n c o m p a t i b l e  p a t h o g e n .  T s u c h i y a  a n d  H i r a t a  

( 1 9 7 3 )  s h o w e d  t h a t  p r e l i m i n a r y  i n f e c t i o n  o f  b a r l e y  w i t h  a 

c o m p a t i b l e  r a c e  o f  E r y s i p h e  q r a m i n i s  made t h e  l e a v e s  

s u s c e p t i b l e  t o  42  s p e c i e s  ( o u t  o f  4 3  s p e c i e s  t e s t e d )  o f  

p o w d e r y  m i l d e w  f u n g i  p a t h o g e n i c  t o  d i c o t y l e d o n s .

O u c h i  a nd  Oku ( 1 9 8 1 )  r e p o r t e d  t h a t  when t h e  a b a x i a l  

s u r f a c e  o f  b a r l e y  l e a v e s  w a s  i n o c u l a t e d  w i t h  a c o m p a t i b l e  

r a c e  o f  E_. g r a m i n i s  h o r d e i  , s u s c e p t i b i l i t y  i n  t h e  a d a x i a l  

e p i d e r m i s  t o  i n c o m p a t i b l e  r a c e s  o f  t h e  s a me  p a t h o g e n  w a s  

e s t a b l i s h e d  w i t h i n  t h r e e  d a y s  a n d  h a d  r e a c h e d  a max i mum 

w i t h i n  f i v e  d a y s  a f t e r  t h e  p r i m a r y  i n o c u l a t i o n .  O u c h i  e_t 

a 1 . ( 1 9 7 4 ,  1 9 8 2 )  e x t e n s i v e l y  s t u d i e d  i n d u c e d  s u s c e p t i b i l i t y

a nd  r e s i s t a n c e  u s i n g  t h e  b a r l e y  a n d  w h e a t  -  E_. g r a m i n i s  

s y s t e m s  a n d  made t h e  f o l l o w i n g  i n t e r e s t i n g  o b s e r v a t i o n s :

1 . S u s c e p t i b i l i t y  t o  an o r i g i n a l l y  a v i r u l e n t  r a c e  o f  E_. 

q r a m i n i s  o r  r e s i s t a n c e  t o  an o r i g i n a l l y  v i r u l e n t  r a c e  

w a s  i n d u c e d  i n  b a r l e y  l e a v e s  by  p r i o r  i n o c u l a t i o n  o f  a 

v i r u l e n t  o r  an a v i r u l e n t  r a c e  r e s p e c t i v e l y .

2 .  S u s c e p t i b i l i t y  o f  b a r l e y  l e a v e s  i n d u c e d  by  p r i o r  

i n o c u l a t i o n  w i t h  a v i r u l e n t  r a c e  o f  E_. q r a m i n i s  w a s



e f f e c t i v e  i n  p r o m o t i n g  a d d i t i o n a l  d e v e l o p m e n t  n o t  o n l y  

o f  a v i r u l e n t  r a c e s  o f  t h a t  f u n g u s  b u t  a l s o  o f  o t h e r  

p o w d e r y  m i l d e w  f u n g i  a nd  o f  n e c r o t r o p h i c  n o n - p a t h o g e n i c  

f u n g i .

As  r e g a r d s  i n d u c t i o n  o f  r e s i s t a n c e  i n  p l a n t  by 

p a t h o g e n ,  L i t t l e f i e l d  ( 1 9 6 9 )  f o u n d  t h a t  i n f e c t i o n  o f  f l a x  by  

M e l a m s p o r a  1 i n i  w a s  r e d u c e d  by p r e - i n o c u l a t i n g  t h e  l e a v e s  

w i t h  an a v i r u l e n t  r a c e  o f  t h e  s a me  f u n g u s .  E l l i s t o n  e t  a l .  

( 1 9 7 1 )  r e p o r t e d  s i m i l a r  i n d u c t i o n  o f  r e s i s t a n c e  i n  l e a v e s  o f  

b e a n  P h a s e o l u s  v u l g a r i s  by a c u l t i v a r  n o n - p a t h o g e n i c  r a c e  o f  

C o l l e t o t r i c h u m  1 i n d e m u t h i a n u m  a g a i n s t  a c u l t i v a r  p a t h o g e n i c  

r a c e  o f  t h e  s a me  f u n g u s .

T h e r e  a r e  many  o t h e r  e x a m p l e s  i n  t h e  l i t e r a t u r e  o f  

i n d u c e d  r e s i s t a n c e  b u t  many f e w e r  e x a m p l e s  o f  i n d u c e d  

s u s c e p t i b i l i t y .  I n  b o t h  c a s e s  t h e  e f f e c t s  do n o t  e x t e n d  f a r  

b e y o n d  t h e  p o i n t  o f  f i r s t  i n o c u l a t i o n  t h a t  i s ,  t h e  e f f e c t s  

a r e  l o c a l ;  s y s t e m i c  e f f e c t s ,  a t  a d i s t a n c e  f r o m  t h e  f i r s t  

i n o c u l a t i o n  h a v e  b e e n  r e p o r t e d  much l e s s  f r e q u e r , t l y .  The 

o u t s t a n d i n g  w o r k  on i n d u c e d  s y s t e m i c  r e s i s t a n c e  i s  t h a t  o f  

Kuc  a n d  h i s  c o - w o r k e r s  w i t h  C o l l e t o t r i c h u m  l a g e n a r i ' u m  

i n f e c t i n g  C u c u m i s  s p p ,  a n d  P e r o n o s p o r a  t a b a c i n a  i n f e c t i n g  

t o b a c c o  ( K u c ,  1 9 8 2 ) .

I n  t h e  l i g h t  o f  t h e  a b o v e - m e n t i o n e d  i n v e s t i g a t i o n s ,  

i n d u c e d  r e s i s t a n c e  a n d  s u s c e p t i b i l i t y  b o t h  l o c a l  a n d  

s y s t e m i c  i n  b a r l e y  u s i n g  v i r u l e n t  a n d  l e s s  v i r u l e n t  i s o l a t e s  

o f  P y r e n o p h o r a  t e r e s  w e r e  s t u d i e d .



E x p e r i m e n t  1 : S y s t e m i c  i n d u c t i o n  o f  r e s i s t a n c e  a n d

s u s c e p t i b i l i t y  i n  l e a v e s  o f  b a r l e y  c v .  S o n j a .

T h r e e  l e a f  s t a g e  s e e d l i n g s  ( 2 2  d a y s  o l d )  o f  b a r l e y  c v .  

S o n j a  w e r e  u s e d  i n  t h i s  e x p e r i m e n t  w i t h  t wo  i s o l a t e s  o f  

P y r e n o p h o r a  t e r e s . A l e s s  v i r u l e n t  i s o l a t e  ( B N S - 8 2 - 7 0 )  

w h i c h  c a u s e s  a s p o t  l e s i o n  on b a r l e y  c v .  S o n j a  ( P l a t e  8 ) w a s  

u s e d  t o  i n d u c e  r e s i s t a n c e ,  a n d  a v i r u l e n t  i s o l a t e  ( P t . 8 0 - 1 2 )  

o f  P .  t e r e s  w h i c h  c a u s e  n e t  f o r m  s y m p t o m s  on b a r l e y  c v .

S o n j a  ( P l a t e  9 ) ,  w a s  u s e d  t o  i n d u c e  s u s c e p t i b i l i t y .  

I n o c u l a t i o n  a n d  i n c u b a t i o n  o f  t h e  s e e d l i n g s  ( s e e  3 . 3 ) ,  w e r e  

d o n e  i n  a c o n s t a n t  t e m p e r a t u r e  r oom a t  2 1  ± 1 ° C ,  p r o v i d e d

w i t h  a 1 2  h .  c o o l  l i g h t  p h o t o p e r i o d  d a i l y  c y c l e .  E a c h  

t r e a t m e n t  c o m p r i s e d  1 0  s e e d l i n g s .  I n t h e  f i r s t  g r o u p  o f  

s e e d l i n g s  ( F i g u r e  6 ) ,  f i r s t  l e a v e s  w e r e  p r e - i n o c u l a t e d  w i t h  

s u s p e n s i o n s  ( 3  x 1 0 ^ s p o r e / m l  ) o f  s p o r e s  o f  a l e s s  

v i r u l e n t  i s o l a t e .  The  s e c o n d  a n d  t h i r d  l e a v e s  w e r e  e n c l o s e d  

by p o l y t h e n e  b a g s  d u r i n g  t h e  p r e - i n o c u l a t i o n .  I n  t h e  s e c o n d  

g r o u p  o f  s e e d l i n g s  f i r s t  l e a v e s  w e r e  s p r a y e d  w i t h  s t e r i l e  

d i s t i l l e d  w a t e r  c o n t a i n i n g  T we e n  2 0 ,  a nd  w e r e  u s e d  a s  

c o n t r o l s .  F i v e  d a y s  l a t e r  t h e  s e c o n d  a n d  t h i r d  l e a v e s  o f  

t h e  t w e n t y  s e e d l i n g s  w e r e  i n o c u l a t e d  w i t h  a s u s p e n s i o n  ( 5  x 

1 0 ^  s p o r e / m l  ) o f  s p o r e s  o f  t h e  v i r u l e n t  i s o l a t e  ( P t . 8 0 - 1 2 )  

o f  P_. t e r e s . I n  t h e  t h i r d  g r o u p  o f  s e e d l i n g s  f i r s t ,  s e c o n d  

a nd  t h i r d  l e a v e s  w e r e  i n o c u l a t e d  s i m u l t a n e o u s l y .

The  f i r s t  l e a v e s  w e r e  i n o c u l a t e d  w i t h  t h e  l e s s  v i r u l e n t  

i s o l a t e  a nd  t h e  s e c o n d  a n d  t h i r d  l e a v e s  w e r e  i n o c u l a t e d  w i t h
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P l a t e  8 . S p o t  f o r m  s y m p t o m s  on f i r s t  l e a v e s  

( 2 1  d a y  o l d )  o f  b a r l e y  c v .  S o n j a ,  

i n o c u l a t e d  by  s p r a y i n g  i n  a CT r oom 

a t  2 1  ± 1 ° C ,  w i t h  a s u s p e n s i o n

( 5  x 1 0 4 s p o r e / m l  ) o f  s p o r e s  o f  

_P. t e r e s  , l e s s  v i r u l e n t  i s o l a t e  

( B N S - 8 2 - 7 0 ) .  P h o t o g r a p h  t a k e n  1 0  

d a y s  a f t e r  i n o c u l a t i o n .

P l a t e  9 .  Ne t  f o r m  s y m p t o m s  on f i r s t  l e a v e s  

( 2 1  d a y  o l d )  o f  b a r l e y  c v .  S o n j a ,  

i n o c u l a t e d  by s p r a y i n g  i n  a CT r oom 

a t  2 1  ± 1 ° C ,  w i t h  a s u s p e n s i o n

( 3  x 1 0 4 s p o r e / m l  ) o f  s p o r e s  o f  P_. t e r e s , 

v i r u l e n t  i s o l a t e  ( P t . 8 0 - 1 2 ) .  P h o t o g r a p h  

t a k e n  10  d a y s  a f t e r  i n o c u l a t i o n .
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F i g u r e  6 : I n d u c e d  S y s t e m i c  R e s i s t a n c e  a nd S u s c e p t i b i l i t y  

i n  S e e d l i n g s

S c h e me  o f  i n o c u l a t i o n

I n d u c e d  R e s i s t a n c e  ( S y s t e m i c )

1 s t  g r o u p

Vi  r u l e n t  —  
( A f t e r  1 2 flh )

2 nd g r o u p  C o n t r o l

V i r u l e n t  —  
( A f t e r  1 2 fl h )

S i m u l t a n e o u s  i n o c u l a t i o n

3 r d  g r o u p
V i r u l e n t

V i r u l e n t

L e s s  v i r u l e n t

I n d u c e d  s u s c e p t i b i l i t y  ( s y s t e m i c )

4 t h  g r o u p
e s s  v i r u l e n t  
( A f t e r  12  n h )

/ — L e s s  v i r u l e n t  
( A f t e r  1 2 D h )

V i  r u l e n t  
( f i r s t

5 t h  g r o u p C o n t r o l  L e s s  v i r u l e n t  
--------------  ( A f t e r  1 2  H h )

_L e s s
( A f t e r

v i r u l e n t  
1 2 0 h )

w

W a t e r  
( f i r s t  )
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v i r u l e n t  i s o l a t e .  The  l e a v e s  r e c e i v e d  s i m i l a r  v o l u m e s  o f  

s u s p e n s i o n  o f  s p o r e s  a n d  t h e  s a me  c o n c e n t r a t i o n  o f  s p o r e s  i n  

a l l  i n o c u l a t i o n s  w i t h  t h e  t wo  i s o l a t e s  o f  _P. t e r e s . I n  t h e  

f o u r t h  g r o u p  o f  s e e d l i n g s ,  f i r s t  l e a v e s  w e r e  p r e - i n o c u l a t e d  

w i t h  t h e  v i r u l e n t  i s o l a t e  a nd  t h e  s e c o n d  a n d  t h i r d  l e a v e s  

w e r e  i n o c u l a t e d  l a t e r  w i t h  t h e  l e s s  v i r u l e n t  i s o l a t e .  I n 

t h e  f i f t h  g r o u p  o f  s e e d l i n g s ,  f i r s t  l e a v e s  w e r e  s p r a y e d  w i t h  

s t e r i l e  d i s t i l l e d  w a t e r  c o n t a i n i n g  Twe e n 2 0 ;  f i v e  d a y s  l a t e r  

t h e  s e c o n d  a nd  t h i r d  l e a v e s  w e r e  i n o c u l a t e d  w i t h  s u s p e n s i o n  

o f  s p o r e s  o f  t h e  l e s s  v i r u l e n t  i s o l a t e .  The mean 

p e r c e n t a g e s  o f  l e a v e s  w i t h  n e t  o r  s p o t  l e s i o n s  w e r e  a s s e s s e d  

t e n  d a y s  a f t e r  i n o c u l a t i o n ,  u s i n g  t h e  m e t h o d  d e s c r i b e d  i n  

4 . 2 . 1  a n d  4 . 2 . 3 .

E x p e r i m e n t  2 : L o c a l  i n d u c t i o n  o f  r e s i s t a n c e  a n d

s u s c e p t i b i l i t y  i n  l e a f  s e g m e n t s  o f  b a r l e y  c v .  

S o n j a  .

E i g h t y  s e g m e n t s  e a c h  3 cm l o n g ,  w e r e  t a k e n  f r o m  t h e  

f i r s t  l e a v e s  o f  t h r e e  l e a f  s t a g e  ( 2 2  d a y s  o l d )  s e e d l i n g s  o f  

b a r l e y  c v .  S o n j a .  E a c h  t r e a t m e n t  c o m p r i s e d  t e n  s e g m e n t s .  I n 

t h e  f i r s t  g r o u p ,  s e g m e n t s  w e r e  i n o c u l a t e d  a t  t h e  c e n t r e s  

w i t h  a d r o p l e t  ( 1 0  y J l ) o f  s u s p e n s i o n s  ( 5  x 1 0 ^ s p o r ' e / m l  ) 

s p o r e s  o f  t h e  l e s s  v i r u l e n t  i s o l a t e .  S t e r i l e  d i s t i l l e d  

w a t e r  c o n t a i n i n g  Twe e n  2 0 ,  w a s  u s e d  i n  t h e  s e c o n d  g r o u p  a s  

c o n t r o l s  ( f i g u r e  7 ) .  The  s e g m e n t s  w e r e  f l o a t e d  on 4 m l .  30  

ppm b e n z i m i d a z o l e  s o l u t i o n  i n  p l a s t i c  b o x e s  ( s e e  3 . 2 ) ,  a nd

incubated at 21 ±1 °C in the incubator.
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F i g u r e  7 : I n d u c e d  L o c a l  R e s i s t a n c e  a nd  S u s c e p t i b i l i t y  i n

S e g m e n t s

I n d u c e d  R e s i s t a n c e  ( l o c a l )

1 s t  g r o u p 2 nd g r o u p  ( c o n t r o l )

@ ------ V i r u l e n t  ( A f t e r  7 2 h ) ©

0 -------- L e s s  v i r u l e n t  ( f i r s t •

@ -------- V i r u l e n t  ( A f t e r  7 2 h ) @

—  V i  r u l e n t  
( A f t e r  7 2 h )

— W a t e r  
( f i r s t )

____V i r u l e n t
( A f t e r  7 2 h )

I n d u c e d  S u s c e p t i b i l i t y  ( l o c a l )

3 r d  g r o u p & t h  g r o u p  ( c o n t r o l )

0 L e s s  v i r u l e n t  ( A f t e r  7 2 h ) 0

0 --------V i r u l e n t  ( f i r s t ) •

0 ---------L e s s  v i r u l e n t  ( A f t e r  7 2 h ) 0

L e s s
-  v i r u l e n t  
( A f t e r  7 2 h )

W a t e r

L e s s
. v i r u l e n t

( A f t e r  7 2 h )

S i m u l t a n e o u s  i n o c u l a t i o n

5 t h  g r o u p

@

o

• V i r u l e n t  

• L e s s  v i r u l e n t

V i r u l e n t

6 t h  g r o u p  ( c o n t r o l )

__Virulent

___ Wat e r

Virulent

S i m u l t a n e o u s  i n o c u l a t i o n

7 t h  g r o u p

o

o

• L e s s  v i r u l e n t

V i r u l e n t

L e s s  v i r u l e n t

S t h  g r o u p  ( c o n t r o l )

o

o

L e s s
v i r u l e n t

. Wa t e r

. L e s s
v i r u l e n t
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S e v e n t y  t wo  h o u r s  l a t e r ,  t h e  s e g m e n t s  w e r e  i n o c u l a t e d  

s e p a r a t e l y  1 . 5  cm.  f r o m  t h e  f i r s t  i n o c u l a t i o n  w i t h  t wo  

d r o p l e t s  ( 1 0  e a c h )  o f  s u s p e n s i o n s  ( 5  x 1 0 ^  s p o r e / m l  ) o f  

s p o r e s  o f  t h e  v i r u l e n t  i s o l a t e .

I n  t h e  t h i r d  g r o u p  o f  s e g m e n t s ,  t h e  v i r u l e n t  i s o l a t e  

wa s  u s e d  f i r s t  a n d  t h e  l e s s  v i r u l e n t  i s o l a t e  w a s  u s e d  7 2  h .  

l a t e r  a nd  t h e  f o u r t h  g r o u p  o f  s e g m e n t s  w e r e  t h e  c o n t r o l s  i n  

w h i c h  w a t e r  w a s  u s e d  f i r s t .  The f i f t h  and s i x t h  g r o u p  o f  

s e g m e n t s  c o r r e s p o n d e d  t o  t h e  f i r s t  a nd  s e c o n d  g r o u p s ,  a nd  

t h e  s e v e n t h  a n d  e i g h t h  g r o u p  c o r r e s p o n d e d  t o  t h e  t h i r d  a nd  

f o u r t h  g r o u p s  b u t  w i t h  s i m u l t a n e o u s  i n o c u l a t i o n .  A r e a s  o f  

l e s i o n s  w e r e  a s s e s s e d  7 2  h .  a f t e r  i n o c u l a t i o n  by  t h e  m e t h o d  

d e s c r i b e d  i n  4 . 2 . 1  a n d  4 . 2 . 3 .

R e s u l t s

T h e s e  a r e  g i v e n  i n  T a b l e s  21 a nd  22  a n d  a r e  s u m m a r i s e d  

i n  T a b l e  2 3 .  I n  s e e d l i n g s , p r e - i n o c u l a t i o n  w i t h  t h e  l e s s  

v i r u l e n t  i s o l a t e  i n d u c e d  1 7 % a n d  9 % r e s i s t a n c e  t o  t h e  

v i r u l e n t  i s o l a t e  i n  s e c o n d  a n d  t h i r d  l e a v e s  r e s p e c t i v e l y .  

P r e - i n o c u l a t i o n  w i t h  t h e  v i r u l e n t  i s o l a t e  i n d u c e d  24% a n d  

1 8% s u s c e p t i b i l i t y  t o  t h e  l e s s  v i r u l e n t  i s o l a t e  i n  s e c o n d  

a n d  t h i r d  l e a v e s  r e s p e c t i v e l y .  T h e r e  wa s  l i t t l e  o r  no 

i n d u c t i o n  o f  r e s i s t a n c e  o f  o f  s u s c e p t i b i l i t y  wh e n  t h e  l e s s  

v i r u l e n t  a nd  v i r u l e n t  r a c e s  w e r e  i n o c u l a t e d  t o g e t h e r .  

I n d u c t i o n  o f  r e s i s t a n c e  o r  o f  s u s c e p t i b i l i t y  d i d  n o t  c h a n g e  

t h e  s p o t  o r  n e t  f o r m  o f  t h e  l e s i o n s  c a u s e d  r e s p e c t i v e l y



i s o l a t e s  o f  P .  t e r e s

Table 21: Induction of resistance and susceptibility in seedling of barley cv. Sonja with

L e a v e s
I n o c u l a t i o n I n o c u l a t i o n

1 2 1 2 1 2 1 2 1 1 1 1

L V 3 V4 W a t e r V V L V W a t e r LV LV V V L V

1 s t l e a f 3 7  + 2 - 0 7 7 ± 4 - 0 3 5 ± 2 . 4 - 8 0 ± 5

2 nd l e a f - 5 0 ± 3 . 5 - 6 0 ± 3 . 3 - 3 1  ±3 - 2 5 ± 2 . 3 - . 6 2 ± 3 .8 - 2 7 ± 2 . 4

3 r d l e a f - 3 2  ±2 - 3 3  ± 2 . 5 - 2 0 ± 2 . 1 - 1 7  ± 1 . 7 - 3 5  ±3 . 2 - 1 8  ± 1 . 5

1 , 2 -  F i r s t ,  s e c o n d  i n o c u l a t i o n  1 2 0  h .  l a t e r  '̂-j
V-  v i r u l e n t  

L V-  l e s s  v i r u l e n t

3 -  Mean p e r c e n t a g e  o f  1 0  l e a v e s  w i t h  s p o t  l e s i o n s

4 -  Mean p e r c e n t a g e  o f  1 0  l e a v e s  w i t h  n e t  l e s i o n s



Table 2 2 : Induction of resistance and susceptibility in leaf segments of barley cv. Sonja with

i s o l a t e s  o f  P .  t e r e s

I n o c u l a t i o n I n o c u l a t  i o n

L e a v e s 1 2 1 2 1 2 1 2 1 1 1 1

L V 3 V W a t e r V V LV W a t e r LV LV V V LV

C e n t r e 1 3
± 0 . 9

- 0 - 2 7 . 8  
± 2 . 9

- 0 - 1 3 . 1  
± 0 . 3

- 2 8 . 7  
± 1 . 5

-

Top - 20
± 1 . 4

- 28
± 1 . 3

- 1 7
± 1.1

- 1 3 . 3  
± 0 . 9

- 2 9 . 4  
± 3

- 1 3 . 8  
± 0 . 6

B o t t o m - 1 8 . 6
± 1 . 8

- 2 6 . 8
± 1 . 2

- 1 6 . 5  
± 1 . 2

- 1 2 . 9
± 1.1

- 2 9 . 2
± 1 . 3

- 1 3 . 2  
± 0 . 4

1 , 2 -

3

f i r s t ,  s e c o n d  i n o c u l a t i o n  7 2 h  l a t e r .  

Mean a r e a  (mm2 ) o f  1 0  l e s i o n s .

13
8



i n o c u l a t i o n  a f t e r  an i n t e r v a l  a n d  s i m u l t a n e o u s l y  o f  l e a v e s  a n d  l e a f  s e g m e n t s  o f  

b a r l e y  c v .  S o n j a  w i t h  i s o l a t e s  o f  _P. t e r e s . S u mma r y  o f  r e s u l t s  f r o m  T a b l e s  2 1 ,  2 2 .

Table 2 3: Percentage of induced resistance and susceptibility systemically and locally by

% o f  i n d u c e d  r e s i s t s  

on 2 n d  a n d  3 r d  l e a v e

n e e  a n d  s u s c e p t i b i l i t y  

s o f  s e e d l i n g s .

% o f  i n d u c e d  r e s i s t a n c e  a n d  

s u s c e p t i b i l i t y  on l e s i o n s / s e g m e n t s

I n o c u l a t i o n  a f t e r  
i n t e r v a l

1 2 0 h

I n o c u l a t i o n
s i m u l t a n e o u s l y

I n o c u l a t i o n  a f t e r  
a f t e r  i n t e r v a l

7 2h

I n o c u l a t i o n
s i m u l t a n e o u s l y

2 nd l e a f 3 r d  l e a f 2 nd l e a f 3 r d  l e a f L e s i o n  s i z e L e s i o n  s i z e

I n d u c e d

R e s i s t a n c e
- 1 7 - 9 - 3 0 - 3 0 7

I n d u c e d

S u s c e p t i b i l i t y
24 1 8 8 6 28 3

13
9
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f o l l o w i n g  i n o c u l a t i o n  w i t h  t h e  l e s s  v i r u l e n t  o r  t h e  v i r u l e n t  

i s o l a t e .  I n  l e a f  s e g m e n t s , p r e - i n o c u l a t i o n  w i t h  t h e  l e s s  

v i r u l e n t  i s o l a t e  d e c r e a s e d  t h e  s i z e  o f  l e s i o n s  c a u s e d  by  t h e  

v i r u l e n t  i s o l a t e  by  a b o u t  3 0%. P r e - i n o c u l a t i o n  w i t h  t h e  

v i r u l e n t  i s o l a t e  i n c r e a s e d  by  a b o u t  t h e  s a me  f i g u r e  t h e  s i z e  

o f  l e s i o n s  c a u s e d  by  t h e  l e s s  v i r u l e n t  i s o l a t e .  When t h e  

i s o l a t e s  w e r e  i n o c u l a t e d  t o g e t h e r  t h e r e  w a s  l i t t l e  e f f e c t  on 

s u s c e p t i b i l i t y  t o  t h e  l e s s  v i r u l e n t  i s o l a t e  a n d  a s l i g h t  a nd  

a n o m a l o u s  i n c r e a s e  a n d  n o t  t h e  e x p e c t e d  d e c r e a s e  o f  a b o u t  1% 
i n  s i z e  o f  l e s i o n s  c a u s e d  by t h e  v i r u l e n t  i s o l a t e .

D i s c u s s i o n

P r e - i n o c u l a t i o n  o f  f i r s t  l e a v e s  o f  s e e d l i n g s  .and on the 
c e n t r e s  o f  l e a f  s e g m e n t s  w i t h  t h e  l e s s  v i r u l e n t  o r  t h e  

v i r u l e n t  i s o l a t e  h a d  q u i t e  d e t e c t a b l e  e f f e c t s  i n  i n c r e a s e d  

r e s i s t a n c e  o r  s u s c e p t i b i l i t y  t o  t h e  v i r u l e n t  a n d  l e s s  

v i r u l e n t  i s o l a t e .  T h e s e  r e s u l t s  a g r e e  w i t h  t h o s e  o b t a i n e d  

w i t h  o t h e r  d i s e a s e s  b u t  t h e  i n c r e a s e s  a r e  n o t  n e a r l y  s o  

s t r i k i n g  a s  a r e  many t h a t  h a v e  b e e n  r e p o r t e d .  I t  s e e m s  

u n l i k e l y  t h a t  t h e  i n c r e a s e s  a r e  s u f f i c i e n t l y  l a r g e  t o  be  

i m p o r t a n t  e p i d e m i o l o g i c a l l y  f o r  e x a m p l e  i n  c r o p s  o f  

m u l t i l i n e s  o r  m i x e d  c u l t i v a r s .  The e f f e c t s  a r e  a l s o  l i k e l y  

t o  be  l e s s  s i g n i f i c a n t  b e c a u s e  t h e y  w e r e  n o t  o b t a i n e d  whe n 

t h e  l e s s  v i r u l e n t  a n d  v i r u l e n t  i s o l a t e  w e r e  i n o c u l a t e d

t o g e t h e r  .
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SECTI ON 8

PATHOGEN/HOST AND NON-HOST I NTE RACTI ONS

I n t e r a c t i o n s  b e t w e e n  s u s c e p t i b l e  a nd  r e s i s t a n t  c u l t i v a r s  

o f  b a r l e y  a n d  P y r e n o p h o r a  t e r e s  h a v e  b e e n  s t u d i e d  by  a n u mb e r  

o f  i n v e s t i g a t o r s  a i m i n g  t o  c h a r a c t e r i z e  c e l l u l a r  r e s p o n s e  t o  

t h e  p a t h o g e n .  C o n i d i a  o f  _P . t e r e s  w e r e  f o u n d  t o  g e r m i n a t e ,  

f o r m  a p p r e s s o r i a  a n d  t h e n  p e n e t r a t e  h o s t  e p i d e r m a l  c e l l s  w i t h i n  

2 4  h .  a f t e r  i n o c u l a t i o n  ( K e o n  a n d  H a r g r e a v e s ,  1 9 8 3 ) .  E n t r y  

o f  t h e  p a t h o g e n  i n t o  t h e  h o s t  ( c v .  P a r k l a n d ) ,  r a r e l y  o c c u r r e d  

t h r o u g h  s t o m a t a .  N o r m a l  e n t r y  wa s  by  p e n e t r a t i o n  i n t o  

e p i d e r m a l  c e l l s .  A f t e r  p e n e t r a t i o n ,  t h e  f u n g u s  p r o d u c e d  a 

l a r g e  i n f e c t i o n  v e s i c l e  w h i c h  g a v e  r i s e  t o  o n e  o r  s o m e t i m e s  

t wo  i n t r a c e l l u l a r  h y p h a e  w h i c h  s p r e a d  t h r o u g h  t h e  l e a f  t i s s u e  

i n t r a c e l l u l a r l y  f o r  o n e  o r  t wo  c e l l  l a y e r s  a n d  

i n t e r c e l l u l a r l y  t h e r e a f t e r  ( V a n  C a e s e e l e  a n d  G r u m b l e s ,  1 9 7 7 ) .  

S p o r e  g e r m i n a t i o n ,  g e r m  t u b e  g r o w t h  a n d  n u m b e r s  o f  

p e n e t r a t i o n s  o f  l e a v e s  o f  r e s i s t a n t  a n d  s u s c e p t i b l e  c u l t i v a r s  

o f  b a r l e y  w e r e  f o u n d  n o t  t o  be  s i g n i f i c a n t l y  d i f f e r e n t  

( K e e l i n g ,  1 9 6 5 ) .  R e c e n t l y ,  H a r g r e a v e s  ( 1 9 8 2 ) ,  f o u n d  t h a t  

r e s i s t a n c e  o f  o a t  ( A v e n a  s a t  i  v a c v .  M a r i s  O s p r e y )  t o  _P . t e r e s  

c o u l d  be  d u e  t o  t h e  f o r m a t i o n  o f  p a p i l l a e  a n d  c e l l  w a l l  

a p p o s i t i o n s  d e p o s i t e d  on t h e  i n n e r  s u r f a c e s  o f  t h e  c e l l  w a l l s  

a d j a c e n t  t o  a p p r e s s o r i a .

I n  t h e  l i g h t  o f  t h e s e  o b s e r v a t i o n s ,  r e a c t i o n s  o f  h o s t
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a n d  n o n - h o s t  p l a n t s  t o  i n f e c t i o n  by  P.  t e r e s  ( v i r u l e n t  

i s o l a t e ,  P t . 8 0 - 1 2 )  w e r e  s t u d i e d  u s i n g  d e t a c h e d  l e a f  s e g m e n t s .  

S p o r e  g e r m i n a t i o n ,  g e r m t u b e  growth and n u mb e r  o f  p e n e t r a t i o n s  

w e r e  e x a m i n e d  on b a r l e y  ( s u s c e p t i b l e  a n d  r e s i s t a n t  

c u l t i v a r s ) ,  w i l d  b a r l e y ,  o a t ,  r y e ,  w h e a t  a n d  r y e  g r a s s  

( L o l i u m  p e r e n n e ) .  P e r c e n t a g e s  o f  d a r k  g r e e n ,  b r o w n i n g  a n d  

d e a d  c e l l s  w e r e  a l s o  e s t i m a t e d  m i c r o s c o p i c a l l y .

E x p e r i m e n t :  P a t h o g e n / h o s t  a n d  n o n - h o s t  i n t e r a c t i o n s .

S e g m e n t s  5 cm.  l o n g  w e r e  t a k e n  f r o m t h e  f i r s t  l e a v e s  o f  

t h r e e  l e a f  g r o w t h  s t a g e  s e e d l i n g s  o f  h o s t  a n d  n o n - h o s t  p l a n t s  

( T a b l e  2 1  ) .  S e g m e n t s  w e r e  i n o c u l a t e d  w i t h  5 y fl, d r o p l e t s  o f  

s u s p e n s i o n s  ( 5  x 1 0 ^  s p o r e / m l  ) o f  s p o r e s  o f  _P. t e r e s , 

v i r u l e n t  i s o l a t e  ( P t . 8 0 - 1 2 ) ;  s e g m e n t s  w e r e  i n c u b a t e d  on 

s u r f a c e s  o f  4 m l .  50 ppm b e n z i m i d a z o l e  s o l u t i o n  i n  p l a s t i c  

b o x e s  a t  2 1  ± 1 0 C ( 3 . 2 ) .  G e r m i n a t e d  s p o r e s  a n d  l e n g t h s  o f  

g e r m t u b e s  w e r e  e s t i m a t e d  p e r  t e n  m i c r o s c o p i c  f i e l d s  ( 4 0  x 

1 5 X ) ,  1 6  h .  a f t e r  i n o c u l a t i o n  ( 4 . 1 . 1 . ) .

Nu mb e r s  o f  a p p r e s s o r i a  a n d  p e n e t r a t i o n s  w e r e  e s t i m a t e d  

2 4  h .  a f t e r  i n o c u l a t i o n  ( 4 . 1 . 2 ) .  The  p e r c e n t a g e s  o f  d e a d ,  

b r o w n i n g  a n d  d a r k  g r e e n  c e l l s  w e r e  e s t i m a t e d  p e r  t e n  

m i c r o s c o p i c  f i e l d s  ( 4 0  x 1 5 X ) ,  1 2 0  h .  a f t e r  i n o c u l a t i o n

( 4 . 1 . 3 ) .  S p o r u l a t i o n  on c e r t a i n  h o s t  a nd  n o n - h o s t  p l a n t s  

w e r e  e s t i m a t e d  a f t e r  i n c u b a t i n g  l e a f  s e g m e n t s  on s t e r i l e  

m o i s t  f i l t e r  p a p e r  i n  a P e t r i  d i s h  u n d e r  1 2  h .  n e a r  UV l i g h t  

a t  2 1  ± 1 ° C  f o r  t e n  d a y s  ( 5 . 1 ) .
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R e s u l t s

On i n o c u l a t e d  s e g m e n t s  o f  h o s t  a n d  n o n - h o s t  p l a n t s ,  m o s t  

c o n i d i a  h a d  g e r m i n a t e d  f r o m  o n e  t o  t h r e e  c e l l s  o f  t h e  

c o n i d i u m  i n c l u d i n g  i n  m o s t  o b s e r v a t i o n s  t h e  e n d  c e l l s  o f  t h e  

c o n i d i u m  ( P l a t e  1 0 ) .  The g e r m t u b e s  h a d  g r o w n  t o  v a r i o u s  

l e n g t h s  b e f o r e  p r o d u c i n g  a p p r e s s o r i a .  U s u a l l y ,  p e n e t r a t i o n  

o c c u r r e d  24 h .  a f t e r  i n o c u l a t i o n ,  a n d  m o s t l y  o c c u r r e d  t h r o u g h  

t h e  e p i d e r m a l  c e l l  w a l l  b u t  s ome  p e n e t r a t i o n s  o c c u r r e d  

t h r o u g h  s t o m a t a  ( P l a t e  1 1 ) .  The  p e r c e n t a g e  o f  s p o r e  

g e r m i n a t i o n ,  l e n g t h  o f  g e r m t u b e s  a n d  a p p r e s s o r i a l  f o r m a t i o n  

on h o s t  a nd  n o n - h o s t  p l a n t s  l e a f  s e g m e n t s  w e r e  n o t  

s i g n i f i c a n t l y  d i f f e r e n t  e x c e p t  i n  r y e  a nd  r y e  g r a s s  w h e r e  

t h e y  w e r e  l e s s  ( T a b l e  2 4 ) .  As  r e g a r d s  t h e  p e r c e n t a g e  o f  

p e n e t r a t i o n  2 4  h .  a f t e r  i n o c u l a t i o n ,  b a r l e y  a n d  w i l d  b a r l e y  

(JH. s p o n t a n e u m  l i n e s  1 4 3 9 1 ,  3 7 5 3  ) s h o w e d  h i g h e r  p e r c e n t a g e s  

t h a n  d i d  w i l d  b a r l e y  ( H.  m u r i n u m ) ,  w h e a t ,  o a t ,  r y e  a n d  r y e  

g r a s s  ( T a b l e  2 4 )  .

P a p i l l a e  w e r e  o b s e r v e d  f r e q u e n t l y  i n  o a t  a n d  w h e a t ,  on 

t h e  i n n e r  s u r f a c e  o f  t h e  c e l l  w a l l s  a d j a c e n t  t o  t h e  

a p p r e s s o r i a  ( P l a t e  1 2 ) ,  a n d  r a r e l y  on b a r l e y  a n d  w i l d  b a r l e y .  

D a r k  g r e e n  c e l l s  w e r e  o b s e r v e d  i n  t h e  s u b - e p i d e r m a l -  t i s s u e  o f  

r y e ,  r y e  g r a s s  a n d  o a t  a s  a r e s p o n s e  t o  t h e  e n t r a n c e  o f  

t h e  p a t h o g e n .

De a d  a n d  b r o w n i n g  i n v a d e d  c e l l s  o f  b a r l e y ,  w i l d  b a r l e y  

a nd w h e a t  w e r e  d i s r u p t e d  a n d  d i s o r d e r e d  w i t h  a c o m p l e t e  l o s s



Table 24: Percentages of germinated spores, lengths of germ tubes, appressoria and

p e n e t r a t i o n s  f r o m  a p p r e s s o r i a  on d e t a c h e d  l e a f  s e g m e n t s  o f  h o s t  a n d  n o n - h o s t  

p l a n t s  i n o c u l a t e d  w i t h  P_. t e r e s  v i r u l e n t  i s o l a t e  ( P t - 8 0 - 1 2 ) .  E s t i m a t i o n s  f o r  

10  f i e l d s  o f  v i e w

P l a n t s

1
M e a n % 
g e r m i n a t e d  
s p o r e s  a t  1 6 h

2
Mean l e n g t h  
o f  g e r m  t u b e s  
( y ) a t  1 6 h

3
Mean % 
a p p r e s s o r i a  
a t  2 4 h

4
Mean % o f  
p e n e t r a ­
t i o n s  f r o m  
a p p r e s s o r i a  
a t  2 4 h

5
Numb e r  o f  
p e n e t r a ­
t i o n s  a s  % 
o f  s p o r e s

B a r l e y  c v . S o n j a 8 1  ± 3 . 7 1 1 2 5  ± 1 3 . 5 69 ± 3 . 2 58 ± 4 40
B a r l e y  c v .  M a r i s  o t t e r 7 7  ± 2 . 3 1 1 3 7  ± 1 7 60 ± 4 4 7  ± 3 . 3 28
B a r l e y  l i n e  Cl  9 8 2 0 74  ± 3 . 8 1 0 7 3  ± 1 1 . 2 63  ± 3 . 4 5 0  ± 3 3 2
B a r l e y  l i n e  Cl  4 7 9 5 7 2  ± 3 . 5 1 0 8 1  ± 1 4 56  ± 3 4 4  ± 3 . 5 25
Ho r de um s p o n t a n e u m  l i n e  1 4 5 9 1 76 ± 3 1 0 9 3  ± 1 3 . 3 61  ± 3 . 9 5 6 ± 4 . 1 3 4
Hor de um s p o n t a n e u m  l i n e  5 7 5 3 7 3  ± 2 . 2 1 0 8 7  ± 1 6 59 ± 4 . 1 5 1  ± 3 . 7 30
Hor de um mu r i n u m 7 0 ± 3 . 9 1 0 7 9  ± 1 2 . 4 54 ± 3 . 2 3 3  ± 3 . 6 1 8
Whe a t  c v .  M a r i s  Do v e 68  ± 4 . 2 1 0 8 2  ± 1 4 . 7 49 ± 3 2 7  ± 2 . 1 1 3
Oat  c v . P e n i a r t h 7 2  ± 3 . 3 1 0 7 2  ± 1 5 5 5  ± 2 . 6 20  ± 2 . 8 1 1
Ry e  c v .  R h e i d o l 64 ± 5 . 7 1 0 6 7  ± 1 1 . 8 3 7  ± 2 . 5 1 2  ± 2 . 3 4
Ry e  g r a s s  ( L o l i u m  p e r e n n e ) 6 1  ± 3 . 1 1 0 6 1  ± 1 0 . 5 3 6 ± 2 . 3 1 7  ± 1 . 2 6

1 .  G e r m i n a t e d  a s  % t o t a l  s p o r e s .
2 .  L e n g t h  o f  g e r m t u b e s  f r o m  g e r m i n a t e d  s p o r e s .
3 .  S p o r e s  w i t h  a p p r e s s o r i a  a s  % t o t a l  s p o r e s .
4 .  P e n e t r a t i o n  a s  % a p p r e s s o r i a .
5 .  Number  o f  p e n e t r a t i o n s  a s  % o f  s p o r e s .

*7*
71
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Pl ate  10. F o r m a t i o n  of a p p r e s s o r i a  on s u r f a c e  of 

leaf s e g m e n t  of w i ld  b a r l e y  (H o r d e u m  

m u r i n u m ), 24h a ft er  i n o c u l a t i o n  w ith

a dr o p l e t  (5 p ft ) of s u s p e n s i o n  

(5 x 1 0 4 s p o r e / m l  ) of s p o re s  of 

_P. t e r e s , v i r u l e n t  i s o l a t e  ( P t . 80-12 ).  

M a g n i f i c a t i o n  X600.

A . C o n i d i u m

B . Germ tube

C . A p p r e s s o r i u m
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Pl ate  11. P e n e t r a t i o n  from s p o r e s  t h ro ug h  a s tom a 

on a leaf s e g m e n t  of b a r l e y  cv. Sonja, 

24 h. af t er  i n o c u l a t i o n  with _P. t e r e s , 

v i r u l e n t  i s o l a t e  ( P t . 80-12). 

M a g n i f i c a t i o n  X400.

A . C o n i d i u m

B. Germ tube

C . A p p r e s s o r i u m

D. P e n e t r a t i o n  t h r o u g h  stoma
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Plate 12. F o r m a t i o n  of p a p i l l a  on the inner s u r f a c e

of the cell wall a d j a c e n t  to an a p p r e s s o r i u m  

on leaf s e g m e n t  of w he a t  cv. M ar i s  Dove,

24 h. a f t e r  i n o c u l a t i o n  w ith  _P. t e r e s , 

v i r u l e n t  i s o l a t e  (Pt. 80-12) .

M a g n i f i c a t i o n  X400

A . C o n i d i u m

B. Ge rm tube

C . A p p r e s s o r i u m

D . P a p i l l a
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of m e m b r a n e  i n t e g r i t y ,  120 h. a ft er  i n o c u l a t i o n  (Pl a te s 13, 

14). The p e r c e n t a g e  of dead and b r o w n i n g  c e l l s  were h i g h e r  

in b a rl e y th an in w i l d  b a r l e y  and wheat  ( T a bl e  25).

P_. t e r e s , v i r u l e n t  i s o l a t e  80-12 was o b s e r v e d  to 

s p o r u l a t e  a b u n d a n t l y  on l ea f  s e g m e n t s  of b a r l e y ,  m o d e r a t e l y  

on wi ld b a r l e y  and wh e a t and p o o r l y  on rye g ras s, when the 

i n o c u l a t e d  s e g m e n t s  were i n c u b a t e d  under 12 h. near UV li ght 

f o l l o w e d  by 12 h. of d a r k n e s s  at 21 ± 1°C for 10 days ( Ta bl e 

26) .
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b a r l e y  cv. Sonja, 120 h. after i n o c u l a t i o n  

wit h P_. t e r e s , v i r u l e n t  i sol at e 

(Pt. 80 -12 ).  M a g n i f i c a t i o n  X400.

Plate 13. Dead and browning invaded cells of

Pl a te  14. H e a l t h y  c e l l s  of b a r l e y  cv. Sonja ( c o n t r o l ) ,  

120 h. a f t e r  t r e a t m e n t  with a d r o p l e t  of 

s t e r i l e  d i s t i l l e d  water. M a g n i f i c a t i o n  X400
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i n o c u l a t e d  wit h s p o r e s  of v i r u l e n t  i s o l a t e  ( P t . 80-1 2)  of P̂ . t e r e s .

O b s e r v a t i o n s  and e s t i m a t i o n s  done 120h a ft er  i n o c u l a t i o n  for 10 f i el d s  of view.

Table 2 5: Percentages of dead, browning and dark green cells in host and non-host plants

Pl an ts
M ean  of 
dead cells

M ean  of
b r o w n i n g
c el ls

M e a n  of 
dark g r ee n  
c el l s

Mean of 
h e a l t h y  
ce l l s

B a rl ey  cv. Sonja 32 ± 4 8 ± 2 none 5 ± 2
Ba r le y cv. Ma r is  Dove 20 ± 2.8 10 ± 1.6 none 12 ± 2.2
Ba r le y line Cl. 9820 14 ± 2.6 11 ± 1.9 none 24 ± 3
Ba rl e y  line Cl. 4795 10 ± 2.1 8 ± 1 . 7 none 28 ± 2.5
H o r d e u m  s p o n t a n e u m  line 14591 15 ± 1.8 13 ± 2.3 none 26 ± 3.8
H o r d e u m  s p o n t a n e u m  line 5753 12 ± 2 10 ± 1.5 none 33 ± 2.9
H o r d e u m  m u r i n u m 9 ± 1 .6 12 ± 1.4 none 27 ± 2.1
Wheat cv. Ma r is  Dove 7 ± 1.4 10 ± 1.7 none 31 ± 3.2
Oat c v . P e n i a r t h none none 19 ± 2.2 37 ± 3.2
Rye cv. R h ei d ol none none 15 ± 1.3 44 + 4
Rye grass  L o l i u m  p e r e n n e none none 11 ± 1.4 45 ± 3

Mean % of 
d e ad  and 
b r o w n i n g  
c e l l s

Mean % of 
dark g r ee n  
c e l l s

89 ±
71 ±
51 ±
39 ±
52 ±
40 ±
44 ±
35 ± 3.7

none
n o n e
none

none 
none 
none 
none 
none 
none 
none  
none 

34 ± 4 
25 ± 3 
20 ± 4

154



Table 26: Sporulation on leaf segments of host and non-host plants inoculated with

P_. te re s v i r u l e n t  i so l a t e  ( P t . 8 0- 12 ), and i n c u b a t e d  at 21 ± 1°C u n d e r  1 2 h

near U.V. light p h o t o p e r i o d  for 10 days.

N u m b e r  of s p o r e s ^ ^ N u m b e r  of s p o r es N u m b e r  o f s p o r e s
Pl ant s

per 5|n 1 d r o p l e t s per 25 ml per l e s i o n

B a rl ey  cv. Sonja 98 ± 7 49 x 1 0 4 1 2564

B a rl ey  cv. ND B 1 1 2 v_n i+

4
37 x 10 9487

Wild b a rl e y (H. m u r i n u m ) 46 ± 3 23 x 10 4 5897

Wh ea t cv. Ma r i s  Dove +i oX 4102

Rye grass L. p e r e n n e 8 ± 2
4

4 x 10 1025

(1) Sp or es  from 39 l e s i o n s  s u s p e n d e d  in 25 ml. water.

(2) Mean of 10 r e p l i c a t e s .
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D i s c u s s i o n

No s i g n i f i c a n t  d i f f e r e n c e s  w ere  o b s e r v e d  for sp or e
between

g e r m i n a t i o n  and g r o w t h  of g e r m  tu be s | h ost  and n o n - h o s t  

plants, so it is c l e a r  that, v i a b i l i t y  of s p o r e s  was not 

a f f e c t e d  by the host.

As re g a r d s  a p p r e s s o r i a l  for ma t i on , the s p o r e s  b e h a v e d  

s o m e w h a t  d i f f e r e n t l y  on both host and n o n - h o s t  plant s. Some 

s p o r e s  p r o d u c e d  only one g erm  tube e n d in g  w i t h  or w i t h o u t  

a p p r e s s o r i u m  w h e r e a s  o th e r  s p o r e s  were o b s e r v e d  p r o d u c i n g  2-3 

germ tubes e n d i n g  w i t h  1 to 3 a p p r e s s o r i a .

P a p i l l a e  w er e o b s e r v e d  f r e q u e n t l y  in l e a f  s e g m e n t s  of 

oat and wheat  but w e r e  r a r e l y  o b s e r v e d  in b a r l e y  and w i l d  

barley. Some o b s e r v a t i o n s  s h o w e d  f ai lu re of s p o r e s  to 

p e n e t r a t e  t h r o u g h  the p a p i l l a e ,  so it is p o s s i b l e  that the 

p a p i l l a e  mi ght  ha ve a role in the m e c h a n i c a l  r e s i s t a n c e  of 

thes e n o n - h o s t  p l a n t s  a g a i n s t  e n t r a n c e  of the p a t h o g e n .

An o t h e r  ty pe of c e l l u l a r  r e a c t i o n  was o b s e r v e d  on oat, 

rye and rye grass. In t h e s e , t h e  r e s p o n s e  of the c el l s  to 

en t ry  of the p a t h o g e n  was to b e c o m e  d a r ke r  g r e e n  in c o l o u r  in 

wha t could be a h y p e r s e n s i t i v e  rea ct i o n.  The c el l s  a d j a c e n t  

to the dark g r e e n  ce l l s  were l ig h t e r  gr ee n  h e a l t h y  c el l s  in 

colour. The g r o w t h  of the p e n e t r a t i n g  h y p h a e  was r e s t r i c t e d  

to the da rke r g r e e n  area.



157

S E C T I O N  9

P O S S I B L E  ROLE OF P S E U D O T H E C I A  IN THE E P I D E M I O L O G Y

OF NET B L O TC H

S c l e r o t i u m - l i k e  b o d i e s  as na me d by W e b s t e r  (1951) and 

B u t l e r  (1955), or p s e u d o t h e c i a  by M a t hr e (1982), w h i c h  are small 

blac k b o d i e s  (1-2 mm. d i a m e t e r )  c o v e r e d  with dark s e t a e  and have 
been o b s e r v e d  on r e s i d u e s  of host ti ss u e i n f e c t e d  by P. t e r e s  

and o c c a s i o n a l l y  in c u l t u r e s  of P. teres (Ma thre, 1982).

W e b s t e r  (1951) has d i s t i n g u i s h e d  b e t w e e n  two k i n d s  of 

sc 1 e r o t i a 1-1 ike b o d i e s  f oun d on p i e c e s  of b a r l e y  s t u b b l e  

i n c u b a t e d  on damp s an d  in P e t r i  dishes, one k in d p r o d u c e d  

n u m e r o u s  c o n i d i o p h o r e s  b e a r i n g  c o n i d i a  w h e r e a s  the s e c o n d  

gave rise af t er  a few d ays  to b e a k - l i k e  p r o c e s s e s  s u r r o u n d e d  

by bl a ck  ha i rs  and c o n t a i n i n g  asci with t hre e to e ig h t  

a s c o s p o r e s .  In view of t he s e  o b s e r v a t i o n s ,  a s ho r t  s t u d y  was 

made of p s e u d o t h e c i a  p r o d u c e d  by the v i r u l e n t  i s o l a t e  

( P t . 80-12) of P. t e r e s  u se d  in this res ea r c h.

E x p e r i m e n t  1: D e v e l o p m e n t  of p s e u d o t h e c i a  on PCA, s t r a w  of

b a r l e y  and on leaf s e g m e n t s  of host and 

n o n - h o s t  p l a n t s

The f o l l o w i n g  w e r e used: 10 day c u l t u r e s  of P_. t e r e s ,

v i r u l e n t  is o l a t e  ( P t . 8 0 - 1 2 )  on PCA, i n f e c t e d  s e g m e n t s  (4-6 

cm. long) of le av es  of hos t and n o n - h o s t  p la nt s, and s t r a w  (8 

cm. long) of i n f e c t e d  b ar l e y .  The leaf s e g m e n t s  and the



158

b a r l e y  st r a w  wer e well w a s h e d  w ith  s te r i l e  d i s t i l l e d  wa te r ,  

and then p l a c e d  on s t e r i l e  m o i s t  filter p ap er  in P e t r i  d i s h e s  

and i n c u b a t e d  in a 12 h. (cool light) p h o t o p e r i o d  at 21 ± 1 °C 

for t h i r t y  days. N u m b e r s  of p s e u d o t h e c i a  in five P e t r i  

d i s h e s  were c o u n t e d  as w ere  n u m b e r s  on fifty leaf s e g m e n t s  

and on fifty s t r a w s  of bar l ey . The d i m e n s i o n s  of the ten 

b i g g e s t  and the ten s m a l l e s t  p s e u d o t h e c i a  on PCA, leaf 

s e g m e n t s  and on straw, were m e a s u r e d  (Table 27).

E x p e r i m e n t  2 : P a t h o g e n i c i t y  of p s e u d o t h e c i a  on b a r l e y  cv .

S o n j a .

P s e u d o t h e c i a  w e r e  t a k e n  from leaf s e g m e n t s  of b a r l e y

(cv. Sonja), wh ea t (cv. M a r i s  Dove), wild b a r l e y  (H o r d e u m

murinurn), rye gr a s s  (L o 1 iurn p e r e n n e ) and s t r a w  of b a r l e y  (cv.

Sonja), and p l a c e d  on PCA and i n c u b a t e d  at 18 ± 1°C for five

days d u ri n g w h i c h  they g e r m i n a t e d  and p r o d u c e d  c o l o n i e s .  The

c u l t u r e s  then we re i n c u b a t e d  in 12 h. of cool light
0p h o t o p e r i o d  at 21 ± 1 C for ten days. C o n i d i a  were p r o d u c e d  

a b u n d a n t l y  by all c o l o n i e s .  S u s p e n s i o n s  (5 x 10^  s p o r e / m l  ) 

of s p o r e s  we re p r e p a r e d  (see 2.6.).from t hes e c u l t u r e s .  T h r e e  

le af  g r o w t h  st a ge  s e e d l i n g s  of b a r l e y  cv. S on j a  were 

i n o c u l a t e d  w i t h  these  s u s p e n s i o n s  in a c o n s t a n t  t e m p e r a t u r e  room 

(see 3.3). For co n t r o l s ,  s e e d l i n g s  at the same g r o w t h  s t a g e
4

were s p r a y e d  wi th s u s p e n s i o n  (5 x 10 s p o r e / m l  ) of s p o r e s  

ta k e n  from ten day old c u l t u r e s  of the o r i g i n a l  P_. t e r e s , 

v i r u l e n t  i s o l a t e  ( P t . 8 0-1 2) . Ten days af te r  i n o c u l a t i o n ,  

s y m p t o m s  and d a m a g e  on l e a v e s  w ere  r e c o rd ed .



Table 27: Numbers and dimensions of pseudothecia of P. teres virulent isolate (Pt.80-12)

on PCA, lea f s e g m e n t s  of host and n o n - h o s t  p l a n t s  and on b a r l e y  s t r a w  a f t e r  30 

days i n c u b a t i o n  at 21 ± 1°C on mo is t  s t e r i l e  f il te r p ap er

Mea n n u m b e r  of Mean ra n g e  of d i m e n s i o n s  of
S u b s t r a t e p s e u d o t h e c i a p s e u d o t h e c i a  (mm)

PCA ( 1 )168 ± 24.5 v ' ( 1.25 x 0 .9 5 ) (/4 )- ( 0 . 7 3 x 0 . 5 6  ) ( 5 )

Le af  s e g m e n t s  of b a r l e y  cv. Sonja 27 ± 8.6^ ' (0.92 x 0.81 ) - ( 0 . 4 7 x 0 . 4 1  )

L ea f  s e g m e n t s  of Wh e a t  cv. M ar i s  Dove 21 ± 7.5 (0.82 x 0.76) - ( 0 . 4 2 x 0 . 3 0 )

L ea f s e g m e n t s  of W i l d  b a r l e y  (H. m ur i n u m ) 25 ± 9.1 (0.75 x 0. 68) - ( 0 . 3 9 x 0 . 3 2 )

Le af  s e g m e n t s  of rye g ra s s  ( L o l i u m  p e re nn e ) 31 ± 8 . 2 (0.77 x 0.69) - ( 0 . 3 5 x 0 . 2 6 )

St r aw  of b a r l e y  cv. So nj a 29 ± 5 . 6 (3) (0.74 x 0. 70) - ( 0 . 4 2 x 0 . 3 5 )

(1) Mean of 5 r e p l i c a t e s  (3 Petri dishe s)
(2) Mean of 50 le af s e g m e n t s  (4-6 cm. long)
(3) Mean of 50 b a r l e y  s t r a w s  (8 cm. long)
(4) Mean of 10 l a r g e s t  p s e u d o t h e c i a
(5) Mean of 10 s m a l l e s t  p s e u d o t h e c i a
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Re s u l t s

d e v e l o p e d  on PCA (P la te 15), leaf s e g m e n t s  of b a r l e y  cv.

Sonja (Plate 16), w i l d  b a r l e y  (Plate 17), w h e a t  cv. M a r i s

Dove (Plate 18), rye g ra s s  (Plate 19) and on s t r a w  of b a r l e y

cv. Sonja  (Plate  20), a ft e r  th ir t y days i n c u b a t i o n  on s t e r i l e
0

mois t filte r pa p e r  at 21 ± 1 C. All p s e u d o t h e c i a  w er e  black, 

hard and s p h e r i c a l  in shape, v a r i a b l e  in size, b e a r i n g  stiff, 

black ha irs  all over t h e i r  sur face. There w ere  no p r o n o u n c e d  

d i f f e r e n c e s  in the n u m b e r s  and d i m e n s i o n s  of p s e u d o t h e c i a  

that d e v e l o p e d  on le a f  s e g m e n t s  of host and n o n - h o s t  p l a n t s  

and on b a r l e y  s t r a w  ( Ta bl e 27). N u m b e r s  d e c r e a s e d  in the 

f o l l o w i n g  order: rye grass, b ar l e y  straw, b a rl ey ,  w i l d  b a r l e y

(H_. m u r i n u m ) and wh ea t. The l arg es t p s e u d o t h e c i a  w er e form ed  

on PCA. They we re s m a l l e r  on the leaf s e g m e n t s  and the st r a w  

(Table 27). I n o c u l a t i o n  of b ar l e y  s e e d l i n g s  w i t h  s p o r e s  of 

the o r i g i n a l  i s o l a t e  and from c u l t u r e s  from p s e u d o t h e c i a  

ca u se d s i m i l a r  and t y p i c a l  net bl ot c h s y m p t o m s  to d e v e l o p .

Pseudothecia of P. teres, virulent isolate (Pt.80-12),



161

Plate  15. F o r m a t i o n  of p s e u d o t h e c i a  of P_. t e r e s , 

v i r u l e n t  i s o l a t e  ( P t . 80-12), on 

po t a t o  c a r r o t  agar, a fte r 30 days 

i n c u b a t i o n  at 21 ± 1°C.
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is o l a t e  ( P t . 80-12 ), on leaf s e g m e n t s  

of b a r l e y  cv. Sonja, a fte r 30 days 

i n c u b a t i o n  on s t e r i l e  filter  paper 

at 21 ± 1 °C.

Plate 16. Pseudothecia of _P. teres, virulent

Pl at e  17. P s e u d o t h e c i a  of P_. t e r e s , v i r u l e n t

i s o l a t e  ( P t . 80-12 ),  on leaf s e g m e n t s  

of w il d b a r l e y  ( H o r d e u m  m u r i n u m )

af ter  30 day s i n c u b a t i o n  on s t e r i l e  

filter p a p e r  at 21 ± 1°C.
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is o l a t e  ( P t . 80-12), on l eaf  s e g m e n t s  

of wh e a t  cv. M ar is  Dove, after 

30 days i n c u b a t i o n  on s t e r i l e  filte r 

pa per  at 21 ± 1 0C .

Plate 18. Pseudothecia of _P. teres, virulent

Plat e 19. P s e u d o t h e c i a  of P_. t e r e s , v i r u l e n t

is o l a t e  ( P t . 80-12), on l eaf  s e g m e n t s  

of rye g r a s s  (L o l i u m  p e r e n n e ) , 

af ter  30 da ys i n c u b a t i o n  on s t e r i l e  

filter p a p e r  at 21 ± 1°C.
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Plate 20. P s e u d o t h e c i a  of P_. t e r e s , v i r u l e n t

i s o l a t e  ( P t . 80-12), on s t r a w  of b a r l e y  

cv. Sonja a ft e r  30 days i n c u b a t i o n  

on s t e r i l e  filter paper  at 21 ± 1°C.
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D i s c u s s i o n

In f e c t e d  l e a f  s e g m e n t s  of host and n o n - h o s t  p l a n t s  and 

straw  of i n f e c t e d  b a r l e y  p r o d u c e d  p s e u d o t h e c i a  as f r e el y as 

did c u l t u r e s  of P. te re s  on PCA. P s e u d o t h e c i a  g e r m i n a t e d  

r ea di l y on PCA and p r o d u c e d  conid ia , w hic h w e r e  as i n f e c t i v e  

as c o n i d i a  from the o r i g i n a l  isolate. This i n d i c a t e s  the p o t e n t i a l  

for a b u n d a n t  p s e u d o t h e c i a l  p r o d u c t i o n  in the f iel d on l ea f 

f r a g m e n t s  and on s t r a w  of host and n on -h o s t  p l a nt s.

P s e u d o t h e c i a  on s t u b b l e  of b a r l e y  on the soil s u r f a c e  have 

been r e p o r t e d  by W e b s t e r  (1951) and by M a t h r e  ( 1 982 ), and recently 

J o r d a n  e_t a__L. ( 1984) s h o w e d  that when s t r a w  from a

p r e v i o u s l y  d i s e a s e d  c ro p was i n c o r p o r a t e d  int o the soil by 

c o n v e n t i o n a l  p l o u g h i n g ,  the i n c i d e n c e  and s e v e r i t y  of net 

bl o tc h in the e a r l y  s t a g e  of c rop  d e v e l o p m e n t  was g r e a t l y  

de c re as ed . F u r t h e r  r e s e a r c h  on the role of p s e u d o t h e c i a  in 

the e p i d e m i o l o g y  of net b l o t c h  seems  to be j u s t i f i e d .
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S E C T I O N  10

E F FE C T OF AGE OF B A R L E Y  L E A V E S  ON S U S C E P T I B I L I T Y  TO NET

B L O T C H

Age of b a r l e y  p l a n t s  has been found to a f f e c t  the 

i n c i d e n c e  and s e v e r i t y  of net blotch. Ravn (1900) r e p o r t e d  

that s u s c e p t i b i l i t y  to net b l o t c h  i n c r e a s e s  w i th  the age of 

the host. I b ra h im  and E l - F a h l  (1977) e x a m i n e d  the r e a c t i o n s  

of c u l t i v a r s  of b a r l e y  at d i f f e r e n t  ages to i n f e c t i o n  by P. 

te res  and found that som e c u l t i v a r s  s h o w e d  a t r a n s i t i o n  from 

s u s c e p t i b i l i t y  to r e s i s t a n c e  w i th  age, w h e r e a s  o the r 

c u l t i v a r s  b e ca m e more s u s c e p t i b l e  with age. In a t h i r d  g r ou p  

of c u l t i v a r s ,  both y o u n g  and old p la nt s w ere  r e s i s t a n t .  

However, S h e o d h a n (1 963) found  that the age of the i n o c u l u m  was 

a more i m p o r t a n t  fa ct or t han  the age of the host in 

d e t e r m i n i n g  v i r u l e n c e  and s u s c e p t i b i l i t y .  He s h o w e d  tha t ten 

day old i n o c u l u m  i r r e s p e c t i v e  of the age of the host c a u s e d  

s e v e r e  i n f e c t i o n  and d i s e a s e  and that s e v e r i t y  d e c r e a s e d  

c o n s i d e r a b l y  with ol d e r  i n o c u l a .  These c o n f l i c t i n g  r e s u l t s  

led to the f o l l o w i n g  e x p e r i m e n t s  on the s u s c e p t i b i l i t y  of 

l e av e s of b a r l e y  of d i f f e r e n t  ages f o l l o w i n g  i n o c u l a t i o n  

with s p or e s ta ken  from 10 day old c u l t u r e s  of P. teres, 

v i r u l e n t  i s o l a t e  ( P t . 8 0 - 1 2 ) .

E x p e r i m e n t : S u s c e p t i b i l i t y  of ba rl e y l e a ve s to i n f e c t i o n  by

P . teres

Three g r o u p s  of s e e d l i n g s  of b ar l e y  cv. S o n j a  w e r e  g r o w n
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in po t s in a g l a s s h o u s e  at i n t e r v a l s  in or de r to o b t a i n  a 

s e e d l i n g  w it h  each of t hr ee  l e a ve s at the same age (8 days 

old). The fourth  g r o u p  of p l a n t s  c o m p r i s e d  s e e d l i n g s  w it h 

three leaves, the first, s e c o n d  and t hir d l e af  b ei n g  22, 15

and 8 day old (Figu re  8). These four g r o u p s  of s e e d l i n g s  

were i n o c u l a t e d  by s p r a y i n g  w i th  a s u s p e n s i o n  (5 x 10^ 

s p o r e / m l  ) of s p or e s of P_. t e r e s , v i r u l e n t  i so l a t e  

( P t . 8 0- 1 2) , ta ken  from 10 day old c u l t u r e s  on PCA. L e a v e s  

r e c e i v e d  s i m i l a r  v o l u m e s  of s por e s u s p e n s i o n s  and t he r e  w er e 

fi f te en  le av es  for ea c h t r e a t m e n t .  I n o c u l a t i o n  and 

i n c u b a t i o n  of s e e d l i n g s  were as d e s c r i b e d  in 3.3. The 

p e r c e n t a g e s  of ar eas  of l e a ve s  wit h net b l o t c h  l e s i o n s  we re  

e s t i m a t e d  ten days af t e r  i n o c u l a t i o n  u sin g the d i s e a s e  sc a l e  

gi ven  in 4.2.1.

R e s u l t s

The first, s e c o n d  and t hi rd  l e a ve s  of b a r l e y  cv. Sonja, 

at the same age (8 days),  r e a c t e d  very s i m i l a r l y  to i n f e c t i o n  

by P̂ . t e r e s . D i f f e r e n c e s  b e t w e e n  m ean  p e r c e n t a g e s  of a r e a s  

with net b l o t c h  s y m p t o m s  w e re  not s i g n i f i c a n t  (Table 28). 

First, s e c o n d  and t h i r d  l ea v e s  at d i f f e r e n t  ages (22, 15 and 

8 day old), d i f f e r e d  in s u s c e p t i b i l i t y  as was e x p e c t e d  from 

the r e s u l t s  of many e a r l i e r  e x p e r i m e n t s .  The d i f f e r e n c e s  

were s t a t i s t i c a l l y  h i g h l y  s i g n i f i c a n t .  The o r d e r  of 

d e c r e a s i n g  s u s c e p t i b i l i t y  was 22 day old- 100, 15 day o ld - 8 0 ,  

8 day o l d - 4 7  (Table 28 ) .
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F i g u r e  8 ; Le a f Age of R a r l e y  and S u s c e p t i b i l i t y  to Net 

Blotc h.  D i a g r a m  of Plants.

F irst L e a f  (Age 8 days) 

O  day 15 days

(S tar t g r o w i n g )

22 days



Table 28 : Percentage of first, second and third leaves with net blotch lesions in seedlings

of b a r l e y  cv. S onj a i n o c u l a t e d  with P_. t e r e s , v i r u l e n t  i s o l a t e  ( P t . 8 0 -1 2) . 

A s s e s s m e n t  10 day s af te r  i n o c u l a t i o n .

Mean % of l eaf  w ith  net b l o t c h  l e s i o n s

L e a v e s 1st leaf 2nd leaf 3rd l e a f

Same age (8 days old) 35 ± 3.2 33.5 ± 2.7 33 ± 2.4
(100) (96) (94)

D i f f e r e n t  ages 75 ± 4 . 5 (1 ^ 60 ± 3 . 6 (2) Vn i+

(22, 15 and 8 days old) (100) (80) (47)

(1), (2), (3) - 22, 13 and 8 days old.
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D i s c u s s i o n

The s u s c e p t i b i l i t y  of the yo un g leave s (8 day s old) of 

b a r l e y  r e g a r d l e s s  of t he i r  p o s i t i o n  on s e e d l i n g s ,  to 

i n f e c t i o n  by P_. t e r e s  was very s imi la r. Y o u n g  l e a v e s  (8 days 

old), were much m or e  r e s i s t a n t  than older l e a v e s  (15 and 22 

days old). T h e r e f o r e ,  d i f f e r e n c e s  in r e s i s t a n c e  of le av es  

d e p e n d e d  on their  age and not on their p o s i t i o n  in the plant. 

It is, perha ps,  s u r p r i s i n g  that d i f f e r e n c e s  in s u s c e p t i b i l i t y  

we re so large for l e a v e s  d i f f e r i n g  in age by 15 d ays  old and 

wh en the ol der  l e a v e s  wer e still only 22 days old.



175

S E C T I O N  11

V I A B I L I T Y  OF C O N I D I A  OF P. TE RE S A FTE R LONG T ERM  P R E S E R V A T I O N

The long term s t o r a g e  of P. teres is c o m p l i c a t e d  by the

fact that c u l t u r e s  lose t hei r s p o r u l a t i n g  a b i l i t y  w i th  age,

and b e c a u s e  f r e q u e n t  m y c e l i a l  t r a n s f e r s  r e s u l t  in r e v e r s i o n

of c u l t u r e s  to n o n - s p o r u l a t i n g  forms (Pi ening, 1963). The

p r e s e r v a t i o n  of c u l t u r e s  u nd e r  p a r a f f i n  oil did not m a i n t a i n

the s p o r i n g  a b i l i t y  of the c u l t u r e s  used by K han  and Boyd

(1968). But Khan and B oyd  (1969), s u c c e s s f u l l y  m a i n t a i n e d
0

c o n i d i a  of P. teres, a ft er  s t o r a g e  at 5 C in the l y o p h i l i z e d  

st at e  for six mo nth s.  When the c o n i d i a  w ere  then t e s t e d  on 

d i f f e r e n t i a l  c u l t i v a r s  of bar l ey ,  their v i r u l e n c e  was foun d 

to be u n c h a n g e d .  A n o t h e r  m ore  c o n v e n i e n t  m e t h o d  for 

p r e s e r v i n g  c o n i d i a  of P. teres, long term s t o r a g e  at low 

t e m p e r a t u r e  on le af s e g m e n t s  of b a r l e y  was t h e r e f o r e  

e x a m i n e d .

E x p e r i m e n t :  V i a b i l i t y  of c o n i d i a  of P. t er e s  a ft er  six
0

m o n t h s  of i n c u b a t i o n  at 2 C on l e a f  s e g m e n t s  

Le a f s e g m e n t s  c. 1 cm. long of b ar l e y  cv. S on j a  w i t h  

t y p i c a l  net form s y m p t o m s  w er e t a k e n  five d ays  a ft e r  

i n o c u l a t i o n  of th ree  l eaf  s ta g e  s e e d l i n g s  in a C.T. r oo m  w i t h  

P. teres, v i r u l e n t  i s o l a t e  ( P t . 80-12 ).  The s e g m e n t s  w er e

w a s h e d  wi th s t e r i l e  d i s t i l l e d  water , then d i s t r i b u t e d  on the
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s u r f a c e  of a s t e r i l e  mo is t  filter  p ap e r  in d i s p o s a b l e  P et ri  

d i s h e s  (Plate 21). They then w ere  i n c u b a t e d  at 1 8 °C u nti l 

the e m e r g e n c e  of v i s i b l e  m y c e l i a  on the s u r f a c e  of the 

s e g m e n t s  (3 to 4 days). The s e g m e n t s  were then e x p o s e d  to a 

12 h. near UV light p h o t o p e r i o d  at 21 ± 1 °C for ten days.

D u r i n g  this p e r i o d  c o n i d i a  d e v e l o p e d  a b u n d a n t l y  over the 

s u r f a c e s  of the s e g m e n t s .  The P etr i d i s h e s  w er e then s e a l e d  

by a d h e s i v e  c e l l u l o s e  tape and i n c u b a t e d  at 2°C for six 

mo n th s.  P e r c e n t a g e  d e c r e a s e s  in s por e g e r m i n a t i o n  a fte r six 

m o n t h s  i n c u b a t i o n  at 2°C, were e s t i m a t e d  16 h. af te r 

i n o c u l a t i o n  of s e g m e n t s  (5 cm. long) taken from the first 

leaf of th ree  leaf g r o w t h  stage  s e e d l i n g s  of b a r l e y  cv. S o n j a  

(see 3.2, 4 . 1. 1 ).  C o n i d i a  10 days old taken from f r e sh ly  

i n f e c t e d  s e g m e n t s  of b a r l e y  cv. S on j a  were u s e d  as c o n t r o l s .

A c o n i d i a l  s u s p e n s i o n  (3 x 1 0^ s p o r e / m l  ) of s p o r e s  from 

six m o n t h  old c o n i d i a  was p r e p a r e d  (see 2.6), and then 

s p r a y e d  on to th re e l e af  g r o w t h  s ta g e  s e e d l i n g s  of b a r l e y  cv. 

Sonja, in a C.T. ro om at 21 ± 1°C. (see 3.3). The mean 

p e r c e n t a g e s  of first, s e c o n d  and t h i r d  l ea v e s  wit h net b l o t c h  

l e s i o n s  were a s s e s s e d  ten days a f t e r  i n o c u l a t i o n .  Ten 

r e p l i c a t e  s e e d l i n g s  w e r e  used. For c o n t r o l s ,  ten s e e d l i n g s  

of b a r l e y  cv. So nj a w e r e  s p r a y e d  w it h a 5 x 10^ s p o r e / m l  

s u s p e n s i o n  of s p o r e s  o b t a i n e d  from 10 day old l eaf  s e g m e n t  

cu l t u r e s .  Each le a f of the s e e d l i n g s  r e c e i v e d  s i m i l a r  

v o l u m e s  of s u s p e n s i o n  of spores . P e r c e n t a g e  r e d u c t i o n  in 

v i r u l e n c e  on first, s e c o n d  and t hi r d  le av e s was e s t i m a t e d  ten
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Plate 21. L e a f  s e g m e n t s  of b a r l e y  cv. Sonja  w i th  

a b u n d a n t  c o n i d i a  of _P. t e r e s , v i r u l e n t  

i s o l a t e  ( P t . 80-12 ),  on s te r i l e  fil t er  

paper. S e g m e n t s  had been s t o re d for 

6 m o n t h s  at 2°C then kept at 21 ± 1 0 C 

for 7 days .
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days af ter  i n o c u l a t i o n .

R e s u l t s

The r e d u c t i o n  in v i r u l e n c e  of _P. t e r e s , v i r u l e n t  i s o l a t e  

( P t . 80-12 ), af ter  six m o n t h s  i n c u b a t i o n  at 2°C, was 7, 10 and 

14% on the first, s e c o n d  and third leaves  of b a r l e y  cv.

Sonja, r e s p e c t i v e l y  ( Ta b l e  29). The mean p e r c e n t a g e s  of 

first, s e c o n d  and t h i r d  l ea ve s wit h net b l o t c h  l e s i o n s  were 

65, 45 and 30 r e s p e c t i v e l y  ten days after i n o c u l a t i o n  w it h 

s u s p e n s i o n  of s p o r e s  o b t a i n e d  from six m ont h old i no cu l a,  

w h e r e a s  the c o r r e s p o n d i n g  mean p e r c e n t a g e s  for c o n t r o l s  

i n o c u l a t e d  with 10 day old spo r es  were 70, 50 and 35 (Table 

29). I n c u b a t i o n  of s p o r e  i no c u l a  for six m o n t h s  at 2°C. 

d e c r e a s e d  g e r m i n a t i o n  of s po r e s  by no more t han  c_. 1%.



Table 29: Estimation of reduction in virulence and in spore germination of £. teres (Pt.80-12),

af ter  six m o n t h s  of i n c u b a t i o n  on b a r l e y  (cv. Sonja) leaf s e g m e n t s  at 2°C, in c o m p a r i s o n  

with i n o c u l a  of 10 day old, i n c u b a t e d  at 21 ± 1°C on b a r l e y  (cv. Sonj a)  l ea f s e g m e n t s .

A s s e s s m e n t  of me an % of first, s e c o n d  and t hi r d  l ea v e s  w it h net b l o t c h  l e s i o n s  10 days 

af ter  i n o c u l a t i o n .

Age of 
in o cu l a  
(s p o r e s )

Me an % wi th net b l o t c h  l e s i o n s M ea n % s p o r e  g e r m i n a t i o n

1st leaf 0'/0
r e d u c t i o n

2nd leaf 0'/0
r e d u c t i o n

3rd leaf O '/0
r e d u c t i o n

A f t e r  16 h. O '/0
r e d u c t i o n

6 m o n t hs 65 ±4. 5 7 4 5±4 10 30 ± 3.7 14 7 3 ± 2.1 7

10 days 70 ±4 - 5 0 ± 4 .3 - 3 5 ± 3 . 3 - 78 ± 3 -

% r e d u c t i o n  in net b l o t c h  les io n s,  s po re  g e r m i n a t i o n  = 100 / 6 m o n t h  va lue 
j0 days valu e ) x 100)

180
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D i s c u s s i o n

The r e s u l t s  in T abl e 29 s h o w e d  c le a r l y  that v i r u l e n c e  of 

_P. t e r e s  af ter  six m o n t h s  of i n c u b a t i o n  at 2°C. d e c r e a s e d  

very l i t t l e  and that the p a t h o g e n  c o n t i n u e d  to c au s e  t y p i c a l  

net b l o t c h  l e si o ns  on first, s e c o n d  and t hir d l e a v e s  of 

barl ey.  Also the d e c r e a s e  in g e r m i n a t i o n  of 6 m o n t h s  

c o m p a r e d  with 10 day old s p o re s  was only c_. 1 %. F r o m  t hes e 

r e s u l t s  it is c o n c l u d e d  that the p a t h o g e n  can be c o n v e n i e n t l y  

and r e l i a b l y  p r e s e r v e d  on leaf s e g m e n t s  at low t e m p e r a t u r e s  

for at least six mo n t h s .  F u r t h e r  e x p e r i m e n t s  are n e e d e d  to 

see w h e t h e r  s p or e s c o u l d  be s t o r e d  in this way for much 

l o ng e r p e r i o d s  wi th no s i g n i f i c a n t  loss of v i a b i l i t y  or 

c h a n g e  in v i r u l e n c e .  But even for six mon t hs ,  s t o r a g e  as 

i n f e c t e d  leaf s e g m e n t s  is a more n a t u r a l  and c o n v e n i e n t  

m e t h o d  than s t o r a g e  u n d e r  oil and is w or th  s t u d y i n g  f u r t h e r  

for t h e s e  and for o t h e r  rea sons.
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D I S C U S S I O N

I s o l a t e s  of P y r e n o p h o r a  teres from i n f e c t e d  p l a n t s  that 

had been s t o r e d  in aga r c u l t u r e  u nd er  m i n e r a l  oil for a bou t 

two ye ars  we r e found as a gr ou p  to d i f f e r  c o n s i d e r a b l y  from a 

gr oup of i s o l a t e s  from  A b e r y s t w y t h  o b t a i n e d  from d e b r i s  of 

r e c e n t l y  i n f e c t e d  p l a nt s,  or d i r e c t l y  from i n f e c t e d  p l a n t s  at 

S i l w o o d  Park. They g r ew  more s l o w l y  on aga r p l a t e s  and un d e r 

v a r i o u s  c o n d i t i o n s  m o st  of them s p o r u l a t e d  m u c h  less 

f o l l o w i n g  g r o w t h  in c u l t u r e .  A m uch  l ar g e r  p r o p o r t i o n  of 

them were l i g h t e r  g r e e n  in c o l o u r  than were mos t of the o t he r  

i s o l a t e s  wh i c h  we r e d a r k e r  gr ee n  in c u l t u r e  on a n u t r i e n t  

agar. Also, in t e r m s  of c o l o n i z a t i o n  of d e t a c h e d  lea f 

s e g m e n t s  and size of l e si on s ,  they w er e  as a g r o u p  

s i g n i f i c a n t l y  less a g g r e s s i v e  than w er e  i s o l a t e s  m u c h  more 

r e c e n t l y  i s o l a t e d  fro m plants. S i m i l a r  r e s u l t s  h ave  been 

r e c o r d e d  by Si ng h  (1962), P i e n i n g  (1963), Gray (1966) and 

C l i f f o r d  and Jo ne s (1980). The c a p a c i t y  to s p o r u l a t e  and 

a g g r e s s i v e n e s s  of a few of the s t o r e d  i s o l a t e s  that wer e 

e x a m i n e d  i n c r e a s e d  s u b s t a n t i a l l y  a ft e r  p a s s a g e  t h r o u g h  

s u s c e p t i b l e  b a r l e y  p l an ts .  Loss of v i g o u r  and of v i r u l e n c e  

of p a t h o g e n s  a f t e r  p r o l o n g e d  g r o w t h  in c u l t u r e  is w e l l  known, 

and so is r e c o v e r y  a f t e r  p a s s a g e  t h r o u g h  host p la n t s .  But 

the g e n e t i c a l  and p h y s i o l o g i c a l  b as i s  of t he se  c h a n g e s  are 

not kn own  and ha v e be en lit t le  s t ud ie d .

I n t e r e s t i n g  r e s u l t s  were o b t a i n e d  by e x p o s i n g  c u l t u r e s
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to a v a r i e t y  of li ght  and dark regimes. T h e r e  was l i t t l e  or 

no s p o r u l a t i o n  in c o n t i n u o u s  cool light or in c o n t i n u o u s  

da rk ne ss . S p o r u l a t i o n  of r e c e n t l y  o b t a i n e d  i s o l a t e s  

i n c r e a s e d  s u b s t a n t i a l l y  in 12 h. cool light and 12 h. 

da rkn e ss . This t r e a t m e n t  had li tt l e  e f f ec t  on s t o r e d  

i s o l a t e s  but ab o ut  h a l f  of t hes e and all the o t h e r  i s o l a t e s  

s p o r u l a t e d  a b u n d a n t l y  in 12 h. near UV light and 12 h. 

da rk n es s.  Even un d e r  t hes e f a v o u r a b l e  c o n d i t i o n s ,  t he re  was 

li ttl e or no s p o r u l a t i o n  of the other  i s o l a t e s  w h i c h  s e e m e d  

to have lost the c a p a c i t y  to s p o r u l a t e  w hi c h  is s u r p r i s i n g  in 

view of the go od s p o r u l a t i o n  by other  m e m b e r s  of the same 

group. C o n t i n u o u s  nea r UV light  had much l ess  d r a m a t i c  

e f f e c t s  in b e i n g  c o m p a r a b l e  to 12 h. cool l i g h t  and 12 h. 

d a r k n e s s .

S im i la r e f f e c t s  for a v a r i e t y  of fungi h av e  been 

r e p o r t e d  by B a r n e t t  and L i l l y  (1950), L ea c h  (1961, 1967), 

V a r g a s  and W i l c o x s o n  (1967) and by O n e s i r o s a n  and B a n t t a r i  

(1969). Again, the p h y s i o l o g i c a l  basis  of the e f f e c t s  is not 

k n o w n .

These e x p e r i m e n t s  a lso  d e m o n s t r a t e d  the s t r i k i n g  e f f e c t s  

of s u b s t r a t e  on s p o r u l a t i o n  e ven  u nde r the m os t  f a v o u r a b l e  

c o n d i t i o n s  of 12 h. n e ar  UV light and 12 h. d a r k n e s s .  By far 

the most f a v o u r a b l e  s u b s t r a t e s  w ere  a u t o c l a v e d  b a r l e y  s t r a w  

and a po ta to  c a r r o t  agar, m ed i a  w hi c h  p r o v i d e d  o nly  l i m i t e d  

a m o u n t s  of r e a d i l y  a v a i l a b l e  e n e r g y  s o u r c e s  but a m o u n t s  wh i c h



184

w o u l d  have been much g r e a t e r  than those a v a i l a b l e  from 

s t e r i l i z e d  filte r paper.

Ea r ly  te st s wi th y o u n g  s e e d l i n g s  of a r an ge  of b a r l e y  

c u l t i v a r s  and with one of the more v i g o r o u s  of the s t o r e d  

i s o l a t e s  s h o w e d  that w i n t e r  c u l t i v a r s  were g e n e r a l l y  more 

s u s c e p t i b l e  than s p r i n g  c u l t i v a r s  but the n u m b e r  of c u l t i v a r s  

t e s t e d  was too low and the range of c o n d i t i o n s  was too n a r r o w  

for this to be r e g a r d e d  as li tt l e more than an i n d i c a t i o n  of 

g e n e r a l  d i f f e r e n c e s  b e t w e e n  the two forms of c u l t i v a r .

One of the main p u r p o s e s  of the r e s e a r c h  was to s tu d y  

the ra nge  of p a r a s i t i s m  by P. t ere s w i t h i n  m e m b e r s  of the 

G r a m i n e a e  and as i n v e s t i g a t e d  e a r l i e r  by S i n g h  (1962), T a l v i a  

(1966), Khan and Boyd (1968) and S h i p t o n  et al. (1973). A 

f u rt h er  p u r p o s e  was to c o m p a r e  r e s u l t s  on p a r a s i t i s m  of a 

wi de range of p l a n t s  f o l l o w i n g  i n o c u l a t i o n  of s e g m e n t s  of 

d e t a c h e d  leaves, of l e a v e s  of 3 leaf s tag e s e e d l i n g s ,  bot h in 

r e a s o n a b l y  well c o n t r o l l e d  c o n d i t i o n s  in a c o n s t a n t  

t e m p e r a t u r e  room, and f o l l o w i n g  i n o c u l a t i o n  of l e a v e s  of 3 

le af st age  s e e d l i n g s  in the field.

A n u m b e r  of i n t e r e s t i n g  r e s u l t s  e m e r g e d  from t h e s e  

e x p e r i m e n t s  and o b s e r v a t i o n s  on s iz es  and t y p e s  of l e s i o n s  

and on p r o p o r t i o n s  of host t i s s u e  o c c u p i e d  by l e s i o n s .  The 

first point is that a l t h o u g h  t he re  were d i f f e r e n c e s  in 

s e v e r i t y  of d i s e a s e  r e c o r d e d  u nd er  the three c o n d i t i o n s ,  the
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d i f f e r e n c e s  were not s u b s t a n t i a l  and did not vary w it h  

c o n d i t i o n .  This me a n t  that r a n k i n g s  for s e v e r i t y  of 

p a r a s i t i s m  of p l a n t s  u nd e r  the t h r e e  sets of c o n d i t i o n s  we r e  

very s i m i l a r  so that the s o m e w h a t  u n n a t u r a l  but s i m p l e  ra p i d  

and c o n v e n i e n t  test of p a t h o g e n i c i t y  u sin g s e g m e n t s  of 

d e t a c h e d  l e av e s in c o n t r o l l e d  c o n d i t i o n s  gave r e s u l t s  that 

c o m p a r e d  r e l i a b l y  wi t h t hos e p r o d u c e d  by the o th e r  tests. 

Ho we ve r , le s i o n s  that d e v e l o p e d  on leaf s e g m e n t s  were 

d i f f e r e n t  in c h a r a c t e r  from t ho s e  that d e v e l o p e d  on 

s e e d l i n g s .  Ty p i c a l  net b l o t c h  l e s i o n s  did not d e v e l o p  but 

l e s i o n s  and s y m p t o m s  w ere  very s i m i l a r  in s e e d l i n g s  

i n o c u l a t e d  and i n f e c t e d  in a c o n s t a n t  t e m p e r a t u r e  roo m and in 

the field. This s u g g e s t s  that y ou n g  s e e d l i n g s  g r o w n  in 

c o n t r o l l e d  c o n d i t i o n s  c ou l d  be u s ed  with r e a s o n a b l e  

c o n f i d e n c e  in s t u d i e s  of p a r a s i t i s m  by P_. t e r e s .

A wi de ra nge  of r e s p o n s e s  to IP. teres was o b t a i n e d  in 

the ma ny p l a n t s  that w er e i n o c u l a t e d  with an i s o l a t e  from 

A b e r y s t w y t h  that was h i g h l y  v i r u l e n t  on b a r l e y  c u l t i v a r  

Sonja. The ra nge  was as f o l l o w s  in terms of d e c r e a s i n g  

v i r u l e n c e :  r a p i d l y  s p r e a d i n g  net b l o t c h  n e c r o t i c  l e s i o n s  

o c c u p y i n g  mu ch of the leaf; less r a p i d l y  s p r e a d i n g  spot 

n e c r o t i c  l e s i o n s  o c c u p y i n g  less of the leaf; l i m i t e d  l e s i o n s  

c o n t a i n i n g  a r o u n d  p o i n t s  of i n o c u l a t i o n  c el ls  d a r k e r  g r e e n  in 

c o l o u r  than s u r r o u n d i n g  cells; l i m i t e d  l e s i o n s  a r o u n d  p o i n t s  

of i n o c u l a t i o n  c o n t a i n i n g  c h l o r o t i c ,  light or p r o n o u n c e d  

cells; no s y m p t o m s  v i s i b l e  to the n ak e d  eye. T hes e five
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c a t e g o r i e s  r e l a t e d  to the p r o p o r t i o n s  of l ea f  t i s s u e  c a r r y i n g  

le s i o n s  and, t h e r e f o r e ,  to s u s c e p t i b i l i t y  and r e s i s t a n c e  w it h 

the r a p i d l y  s p r e a d i n g  net b l o t c h  n e c r o t i c  l e s i o n  t y p i c a l  of 

h i g h l y  s u s c e p t i b l e  r e s p o n s e s ,  the light c h l o r o t i c  l e s i o n s  

t y p i c a l  of h i g h l y  r e s i s t a n t  r e s p o n s e s ,  and the a b s e n c e  of 

v i s i b l e  s y m p t o m s  c o r r e s p o n d i n g  to what is o f t e n  c a l l e d  an 

im mun e r e s p o n s e  of very high r es i s t a n c e .

A g e n e r a l  f e a t u r e  w hi c h  e m e r g e d  from e a ch  g r o u p  of 

e x p e r i m e n t s  was the d i f f e r e n c e  in s u s c e p t i b i l i t y  of l e a v e s  of 

d i f f e r e n t  ag es a l t h o u g h  in fact the d i f f e r e n c e s  in l eaf  age 

were only a few days. The o lde r l e a ve s w ere  s i g n i f i c a n t l y  

more s u s c e p t i b l e  than were the y o u n g e r  l e a ve s  as also 

r e p o r t e d  by Ravn (1900) and I b r a h i m  and E l - F a h l  (1977). In 

many ot h er  d i s e a s e s  t h e r e  w o u l d  be a t e n d e n c y  to a ss um e, 

p o s s i b l y  on i n a d e q u a t e  e v i d e n c e ,  that y o u n g e r  t i s s u e s  are the 

more s u s c e p t i b l e .

A later  e x p e r i m e n t  d e s i g n e d  to r e i n v e s t i g a t e  the 

s u s c e p t i b i l i t y  of first, s e c o n d  and t hir d l e a v e s  of s e e d l i n g s  

a p p a r e n t  in e x p e r i m e n t s  on host r ang e s h o w e d  q ui t e  c l e a r l y  

that the e f f e c t  was one of age and not one that d e p e n d e d  on 

p o s i t i o n  of a le af on a plant. Again, it is s u r p r i s i n g  that 

d i f f e r e n c e s  in s u s c e p t i b i l i t y  were so large as found  b e a r i n g  

in mi nd that the ages of s u c c e s s i v e  l e a ve s d i f f e r e d  by on ly  a 

few days. Once ag a in  very li tt l e is kn ow n  a b o u t  the 

m e c h a n i s m s  a f f e c t i n g  s u s c e p t i b i l i t y  of l e a ve s of d i f f e r e n t  

ages in any dis ea se .



187

At first, and for c o n v e n i e n c e ,  c u l t i v a t e d  b a r l e y  and 

c l o s e l y  re l a t e d  s p e c i e s  of H o r d e u m  were r e g a r d e d  as host 

p l a n t s  and o t h e r  m e m b e r s  of the Gr am i ne ae , a nd o th er  p l a n t s  

were r e g a r d e d  as n o n - h o s t s .  The r e s ul ts  of the e x t e n s i v e  

s e r i e s  of i n o c u l a t i o n s  of many m e m b e r s  of the G r a m i n e a e  

s h o w e d  that this d i s t i n c t i o n  was too a r b i t r a r y  b e c a u s e  P. 

te res  grew qu i t e  s i g n i f i c a n t l y  and s p o r u l a t e d  r e a s o n a b l y  well  

on many of the n o n - h o s t  plants. The more i m p o r t a n t  p o i n t s  

ab out  the ra nge  of p a r a s i t i s m  by P. teres w e r e  as follows. 

Many  lines of H. s p o n t a n e u m  w ere  as s u s c e p t i b l e  as w e re  two 

c u l t i v a r s  of b a r l e y  r a n k e d  as h i g h l y  s u s c e p t i b l e  w it h  net 

b l o t c h  lesions. The r e m a i n i n g  lines, H. m u r i n u m ,  and H. 

j u b a t u m  were c o n s i d e r a b l y  less s u s c e p t i b l e  p r o d u c i n g  spot 

form les io n s but they still c o l o n i z e d  up to 2 0 % of a v a i l a b l e  

leaf tissue. Tri t ic u m  aest i vum , T . t u r g i d u m  and T_. 

m o n o c o c c u m  e x h i b i t e d  the same o rd er  of s u s c e p t i b i l i t y  with 

spot form n e c r o t i c  l e s i o n s  and c o u l d  well be r e g a r d e d  as 

ho s t s  of P. teres,  a l b e i t  w it h some r e s i s t a n c e .

The next g r o u p  c o m p r i s e d  A ve n a  s t r i g os a,  A. sat i v a , 

Se c al e c e r e a l e , F e s t u c a  p r a t e n s i s , F. r u b r a , L o l i u m  p e r e n n e  

and Poa a n n u a . P e r c e n t a g e  c o l o n i z a t i o n  r a n g e d  from 13 for L_. 

p e r e n n e  to 4 for F. ru b r a and P. a nnu a in r e a c t i o n s  that can 

be r e g a r d e d  as h i g h l y  r e s i s t a n t .  L e s i o n s  w e r e  u n u s u a l  in 

be i n g  a group  of c e l l s  that wer e d ar k e r  g r e e n  tha n c e l l s  of 

the s u r r o u n d i n g  t i s s u e  and thus in this r e s p e c t  r e s e m b l e d  

"g ree n i sl a nd s"  of m a ny  o the r d is e a s e s ,  p a r t i c u l a r l y  t ho s e
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gr een  isl an d s are u s u a l l y  n o r m a l  green in c o l o u r  and thus 

c o n t r a s t  wit h the c h l o r o t i c  t i s s u e  around  them. Also, g r e e n  

is l a n d s  d e v e l o p  t o w a r d s  the end of p a r a s i t i s m  w h e r e a s  the 

d a r k e r  green ce l l s  in _P. t er es  l es i o n s  are an e a r l y  r e s p o n s e  

to the pa t ho ge n . St i l l m ore  r e s i s t a n t  r e s p o n s e s  c o m p r i s e d  a 

gr ou p  of ce lls  in w h i c h  c h l o r o s i s  was light or p r o n o u n c e d .  

W i t h i n  this gr o u p  was A g r o p y r o n  rep e ns  w hi c h  is s u r p r i s i n g  in 

view of the mu ch h i g h e r  s u s c e p t i b i l i t y  of T r i t i c u m  spp. and 

Se ca le  cerea le.  Also s u r p r i s i n g  were the r e s p o n s e s  of Or y z a  

spp. and of Zea m a y s .

A point of i n t e r e s t  t h e r e f o r e  is the p r o n o u n c e d  

d i f f e r e n c e  in the r e s i s t a n t  r e a c t i o n s  w hi ch  p r o d u c e  d a r k e r  

gr een  and c h l o r o t i c  cells.

A final gr o u p  c o n t a i n e d  s p e c i e s  with no v i s i b l e  r e s p o n s e  

to i n o c u l a t i o n .  It i n c l u d e d  Poa t r i v i a l i s  and P. p r a t e n s i s  

which, t h e r e f o r e  we re st il l m ore  r e s i s t a n t  t h a n  P. annua.

C l e a r l y  from the a b o v e  r e su lt s , it w o u l d  be d i f f i c u l t  to 

d e c id e the s p e c i e s  th at are to be r e g a r d e d  as h o s t s  or 

n o n - h o s t s  of P. te r e s  d e s p i t e  the fact that P. t e r e s  is 

c o m m o n l y  r e g a r d e d  as a r e l a t i v e l y  s p e c i a l i z e d  p a r a s i t e  of 

b a r l e y  and c l o s e l y  r e l a t e d  s p e c i e s .  The q u e s t i o n  now a r i s e s  

as to the i m p o r t a n c e  of t he se  o t h e r  hosts in the i n f e c t i o n  of 

b a rl e y by P. te re s and p a r t i c u l a r l y  in the e p i d e m i o l o g y  of
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d i s e a s e  on b a r l e y  crops. It is c le ar  that a w i de  ra ng e of 

g r a m i n a c e o u s  p l a n t s  o th er  than barley, some of w h i c h  o cc u r  

w i d e l y  in the U.K., c ou l d  b e c o m e  i n f e c t e d  e s p e c i a l l y  from 

b a r l e y  crops. Wh i l e  c o l o n i z a t i o n  of these p l a n t s  w o u l d  

u s u a l l y  be limit ed,  as w o u l d  s p o r u l a t i o n  on l i v i n g  pla n ts ,  it 

is li k e l y  that the p a t h o g e n  w o u l d  s p o r u l a t e  m o r e  or less 

f r ee l y on l e s i o n s  as i n f e c t e d  l e a v e s  b eco me  m o r i b u n d  and then 

die .

E x p e r i m e n t s  did, in fact, s how  that P. t e r e s  s p o r u l a t e d  

w h e n  leaves wi t h l i m i t e d  l e s i o n s  c h a r a c t e r i s t i c  of r e s i s t a n t  

or h i g h l y  r e s i s t a n t  r e s p o n s e s  w er e i n c u b a t e d  in f a v o u r a b l e  

c o n d i t i o n s ;  s p o r u l a t i o n  was on a s cal e that c o u l d  be 

s i g n i f i c a n t  in the field. It was also shown t hat  s p o r e s  from 

l e s i o n s  on r e s i s t a n t ,  " n o n - h o s t "  p l a nt s  were as v i g o r o u s  in 

c u l t u r e  and as v i r u l e n t  on b a r l e y  as were s p o r e s  from the 

o r i g i n a l  v i r u l e n t  str ai n;  both t yp e s  c au s e d  t y p i c a l ,  r a p i d l y  

s p r e a d i n g  net b l o t c h  les io ns .  H o we ve r , the s i g n i f i c a n c e  of 

p a r a s i t i s m  of n o n - h o s t  p l a n t s  in the e p i d e m i o l o g y  of net 

b l o t c h  in the U.K. is p r o b l e m a t i c a l  and r e m a i n s  to be 

a s s e s s e d  p a r t i c u l a r l y  in the l igh t of the s c a l e  and 

c o n t i n u i t y  wi th w h i c h  b a r l e y  is g ro w n  and the p r o b a b l e  

a b u n d a n c e  of v o l u n t e e r  b a r l e y  n ear  bar l ey  crops.  But this 

p a r a s i t i s m  may be m or e s i g n i f i c a n t  in o the r b a r l e y  g r o w i n g  

c o u n t r i e s  wh ere  th e re  are long p e r i o d s  b e t w e e n  s u c c e s s i v e  

b a r l e y  crops.
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I n d u c t i o n  of s u s c e p t i b i l i t y  and of r e s i s t a n c e  by 

p r e - i n o c u l a t i o n  wi th v i r u l e n t  and a v i r u l e n t  r a c e s  of a 

p a t h o g e n  is no w we ll k no wn  for a v a r i e t y  of d i s e a s e s  

( T s u c h i y a  and Hir at a , 1973; O uc hi  et a 1. 1974, 1982; Kuc, 

1982). E f f e c t s  i n d u c e d  l o c a l l y  have been r e p o r t e d  muc h mo r e  

f r e q u e n t l y  tha n s y s t e m i c  e f f e c t s  w h i c h  are c o n f i n e d  to a few 

di sea se s.  E x p e r i m e n t s  with a v i r u l e n t  and l ess  v i r u l e n t  

s t ra i n of P. t e r e s  s h o w e d  that p r e - i n o c u l a t i o n  of the first 

leaf with e i t h e r  the v i r u l e n t  or the less v i r u l e n t  s t r a i n  did 

make s e co n d and th i r d  le av e s  m ore  s u s c e p t i b l e  or less 

s u s c e p t i b l e  r e s p e c t i v e l y  to the less v i r u l e n t  and v i r u l e n t  

s t r a i n  i n o c u l a t e d  a few days later. The e f f e c t s  were 

r e l a t i v e l y  sm a l l  c o m p a r e d  w it h th os e  r e p o r t e d  for o th er  

d i s e a s e s  and th ey did not a l t e r  the type of l e s i o n  p r o d u c e d .  

L a r g e r  e f f e c t s  we r e c a u s e d  l o c a l l y  f o l l o w i n g  p r e - i n o c u l a t i o n  

of le af s e g m e n t s .  N e i t h e r  s y s t e m i c  nor l oca l e f f e c t s  w ere  

o b t a i n e d  wh e n the v i r u l e n t  and less v i r u l e n t  s t r a i n  were 

a p p l i e d  to l e a v e s  t o g e t h e r .  This ag ai n is a r e s u l t  s i m i l a r  

to that r e p o r t e d  for many o th e r  d i s e a se s.

I n d u c t i o n  of r e s i s t a n c e  and of s u s c e p t i b i l i t y  are 

f ac to r s that c o u l d  be s i g n i f i c a n t  in the e p i d e m i o l o g y  of any 

d i s e a s e  in w h i c h  s t r a i n s  of the p a t h o g e n  d i f f e r  m a r k e d l y  in 

v i r u l e n c e  and c u l t i v a r s  of the host plant d i f f e r  m a r k e d l y  in 

s u s c e p t i b i l i t y .  But in no d i s e a s e  has their s i g n i f i c a n c e  in 

e p i d e m i o l o g y  b ee n a s s e s s e d  c r i t i c a l l y .  C o n s i d e r a b l e  r e s e r c h  

w o u l d  be n e e d e d  to do so for net b l o t c h  of b a r l e y ;  the siz e
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of the e f f e c t s  and the b i o l o g y  of the d i s e a s e  s u g g e s t  that 

n e i t h e r  i n d u c e d  s u s c e p t i b i l i t y  nor i n d u c e d  r e s i s t a n c e  are 

li kel y to be i m p o r t a n t  in the e p i d e m i o l o g y  c o m p a r e d  w i th  many 

other  f a c t o r s .

A n a l y s i s  of the b e h a v i o u r  of the p a t h o g e n  b e f o r e  and 

du ri n g  i n f e c t i o n  of h os t and n o n - h o s t  p l a n t s  p r o d u c e d  r e s u l t s  

si m i l a r  to t h o s e  o b t a i n e d  by K e e l i n g  (1965), and to t ho se  

r e p o r t e d  for m a n y  ot h e r  d i s e a s e s  in that t h e r e  were no 

s u b s t a n t i a l  d i f f e r e n c e s  in g e r m i n a t i o n  and g r o w t h  of g e r m  

tubes on le ave s. But w ith  i n c r e a s i n g  L e a f  r e s i s t a n c e ,  

n u m b e r s  of a p p r e s s o r i a  d e c r e a s e d  to a m i n i m u m  of c_. 50% 

c o m p a r e d  wi th n u m b e r s  on s u s c e p t i b l e  b ar le y, and so did 

n u m b e r s  of p e n e t r a t i o n s  from a p p r e s s o r i a  to a m i n i m u m  of 

about a th i rd  c o m p a r e d  w it h n u m b e r s  on s u s c e p t i b l e  b a r le y .

In c o m b i n a t i o n ,  t h e r e f o r e ,  as p r o p o r t i o n s  of s p o r e s  

a p p l i e d  to le ave s, p e n e t r a t i o n s  ra ng e d from 40 for 

s u s c e p t i b l e  b a r l e y  to 6 for r e s i s t a n t  rye g ra ss . These 

d i f f e r e n c e s  were, p e r h a p s ,  g r e a t e r  than e x p e c t e d  in the l i gh t  

of r e su l ts  r e p o r t e d  for o t h e r  d i s e a s e s  p a r t i c u l a r l y  th os e  

c a u s e d  by r u s t s  and m i l d e w s .  But much m or e r e s e a r c h  w o u l d  be 

r e q u i r e d  to a s s e s s  th e i r  s i g n i f i c a n c e  in the d e v e l o p m e n t  of 

d i s e a s e  in the field. B e h a v i o u r  of the p a t h o g e n  a fte r 

p e n e t r a t i o n  was s t u d i e d  o nly  to a l i m i t e d  e x t e n t  m a i n l y  

b e c a u s e  of t e c h n i c a l  d i f f i c u l t i e s  in o b s e r v i n g  g r o w t h  of 

h y p h a e  in w h o l e  leave s. P a p i l l a e  as d e s c r i b e d  by H a r g r e a v e s
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(1982) were o b s e r v e d  on r e s i s t a n t  oat and w h e a t  p l a n t s  but 

not on s u s c e p t i b l e  b a r l e y  and w ild  barley. W h e t h e r  p a p i l l a e  

in this and in ot h e r  d i s e a s e s  are the c a u s e s  of r e s i s t a n c e ,  

or the r e s u l t s  of r e s i s t a n t  r e s p o n s e s  o c c u r r i n g  e a r l i e r  

r e m a i n s  la r g e l y  to be e s t a b l i s h e d .

As m e n t i o n e d  e a r l i e r ,  t her e were s t r i k i n g  d i f f e r e n c e s  in 

c e r t a i n  h i g h l y  r e s i s t a n t  r e s p o n s e s  as b e t w e e n  host c e l l s  that 

b e c a m e  d a rk e r gr ee n  in c o l o u r  and cells that b e c a m e  

ch lo r o t i c .  Both ha ve  the c h a r a c t e r s  of h y p e r s e n s i t i v e  

r e s p o n s e s  in that th e r e was l itt le of any g r o w t h  of the 

p a t h o g e n  from the t i s s u e  c o m p r i s i n g  these c e l l s  but so far as 

could  be d e t e c t e d  few of the c ell s were n e c r o t i c  or 

d i s c o l o u r e d  in ot h er  ways. F u r t h e r  s t u d i e s  of t he se  

r e s p o n s e s  w o u l d  se em to be j u s t i f i e d  p a r t i c u l a r l y  by 

t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p y .

R e v e r t i n g  to the b i o l o g y  of the dis ea se ,  p s e u d o t h e c i a , 

s c l e r o t i u m - l i k e  b o d i e s  ( We bs t er ,  1951), w e r e  f o u n d  a b u n d a n t l y  

in c u l t u r e  on p o t a t o  c a r r o t  agar, (PCA), on i n f e c t e d  s e g m e n t s  

of le a v e s  of host and n o n - h o s t  plants, and on b a r l e y  straw. 

They g e r m i n a t e d  r e a d i l y  on PCA p r o d u c i n g  c o n i d i a  that w e re  

fully v i r u l e n t  on b a r l e y  i r r e s p e c t i v e  of the s u b s t r a t e s  (host 

and n o n - h o s t )  on w h i c h  t hey  had d e v e l o p e d .

They have been r e c o r d e d  from b a r l e y  s t u b b l e  in the fi eld 

(Webster, 1951; But le r,  1955; Mathre, 1982). This and th e i r
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d e v e l o p m e n t  on d e br i s of n o n - h o s t  p l a nt s s u g g e s t s  t hat  they 

may be of some s i g n i f i c a n c e  in the e p i d e m i o l o g y  of net b l o t c h  

in b a r l e y  c r o p s .

Fin al ly ,  and for p r a c t i c a l ,  e x p e r i m e n t a l  p u r p o s e s ,  there 

are the si mp le  e x p e r i m e n t s  on s t o r a g e  of the p a t h o g e n  for 

long per io ds . Their r e l e v a n c e  is s how n by the loss of v i go u r  

in c u l t u r e  and, more i m p o r t a n t l y ,  the loss of c a p a c i t y  to 

s p o r u l a t e  and of v i r u l e n c e ,  e x h i b i t e d  in the man y i s o l a t e s  

o b t a i n e d  from Long A s h t o n  R e s e a r c h  S t a t i o n  w h i c h  had been 

s t o r e d  as agar c u l t u r e s  u n d e r  m i n e r a l  oil for long p e r i o d s .  

P r e s u m a b l y  these c u l t u r e s  had been much more v i g o r o u s  soo n 

af te r i s o l a t i o n  and b e f o r e  long stora ge .

S i m i l a r  c h a n g e s  in c u l t u r e s  have been r e p o r t e d  by 

P i e n i n g  (1963) and B o y d  (1968). Khan and Boy d (1969) h o w e v e r  

r e p o r t e d  that c o n i d i a  c o u l d  be s t o r e d  at 3°C in the 

l y o p h i l i z e d  st ate  for six m o n t h s  w ith  no loss of v i r u l e n c e .

A s i m p l e  and e f f e c t i v e  a l t e r n a t i v e  m e t h o d  was d e v e l o p e d  

in w h i c h  s e g m e n t s  of l e a v e s  of s u s c e p t i b l e  b a r l e y  w e r e  

i n o c u l a t e d ,  i n c u b a t e d  to a l l o w  e x t e n s i v e  c o l o n i z a t i o n  and 

a b u n d a n t  s p o r u l a t i o n ,  and then kept in the d ri e d  s t a t e  at 2°C 

for six months. A f t e r  t h is  p e r i o d  t her e were no or o n ly  

sl i g h t  d e c r e a s e s  in s p o r e  g e r m i n a t i o n ,  v igo ur  of g r o w t h  or in 

v i r u l e n c e  c o m p a r e d  w i t h  10 day old spores. Time did not 

al l o w  d e v e l o p m e n t  of t hi s  m e t h o d  but it is l i k el y t h at  s p o r e s
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c o u l d  be kept muc h l o n g e r  at 2°C w ith  no s e r i o u s  loss of 

i m p o r t a n t  c h a r a c t e r s ,  and that the p e r io d of s t o r a g e  c o u l d  be 

i n c r e a s e d  g r e a t l y  by s t o r i n g  at m u ch  lower t e m p e r a t u r e s .

The main p o i n t s  from the r e s e a r c h  d e s c r i b e d  in this 

t h e s i s  are, t h e r e f o r e :  the loss of vig o ur  and of v i r u l e n c e  on

p r o l o n g e d  s t o r a g e  of agar c u l t u r e s  u nd er  m i n e r a l  oil; the 

v a r i a t i o n  in v i r u l e n c e  of i s o l a t e s  and on s u s c e p t i b i l i t y  of 

b a r l e y  c u l t i v a r s  wi th w i n t e r  c u l t i v a r s  s o m e w h a t  m ore  

s u s c e p t i b l e  than s p r i n g  c u l t i v a r s ;  the very s t r i k i n g  e f f e c t s  

of li ght  q u a l i t y  and t im es  of e x p o s u r e  on s p o r u l a t i o n ;  the 

cl ose  c o r r e s p o n d e n c e  in a s s e s s m e n t s  of r e s p o n s e s  to 

i n o c u l a t i o n  of b a r l e y  and a wid e ra ng e  of o t h e r  m e m b e r s  of 

the G r a m i n e a e  in t e s t s  u sin g s e g m e n t s  of d e t a c h e d  l e a v e s  and 

l e a v e s  of yo ung  s e e d l i n g s  in c o n t r o l l e d  c o n d i t i o n s  and in the 

field; the wide ra n ge  of r e s p o n s e s  to an i s o l a t e  v i r u l e n t  on 

c u l t i v a t e d  b a r l e y  i n c l u d i n g  h i g h l y  r e s i s t a n t  r e s p o n s e s  

c o m p r i s i n g  d a r k e r  g r e e n  cells, or c h l o r o t i c  cells ; the 

s u b s t a n t i a l  g r o w t h  and s p o r u l a t i o n  of the p a t h o g e n  on H o r d e u m  

other than c u l t i v a t e d  b a r l e y  and on p l a n t s  u s u a l l y  c o n s i d e r e d  

n o n - h o s t  such as th r e e s p e c i e s  of T r i t i c u m , and L o 1 iurn 

p e r e n n e  and wi th s i g n i f i c a n t  g r o w t h  and s p o r u l a t i o n  on a 

ra nge of ot her  c e r e a l s  and g r a s s e s ;  the s i g n i f i c a n t  

s p o r u l a t i o n  on m o r i b u n d  t i s s u e  in w h i c h  r e s p o n s e s  e a r l i e r  had 

been h i g h l y  r e s i s t a n t  w i th  very r e s t r i c t e d  g r o w t h  of the 

p a t h o g e n ;  the d e c r e a s e  in s u s c e p t i b i l i t y  from first to s e c o n d  

to t h i r d  le av es  of s e e d l i n g s  w h i c h  was shown  to d e p e n d  on age

spp.
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of leaf; the s i m i l a r  g e r m i n a t i o n  and g r o w t h  on l e a v e s  of host 

and n o n - h o s t  p l a n t s  but a d e c l i n e  in n u m b e r s  of a p p r e s s o r i a  

and p e n e t r a t i o n s  from t hem  w ith  i n c r e a s i n g  r e s i s t a n c e ;  the 

i n d u c t i o n  of m o d e r a t e  i n c r e a s e s  in s u s c e p t i b i l i t y  or 

r e s i s t a n c e ,  s y s t e m i c  and local, by p r e - i n o c u l a t i o n  (but not 

s i m u l t a n e o u s  i n o c u l a t i o n )  of, r e s p e c t i v e l y ,  a v i r u l e n t  and 

less v i r u l e n t  i s o l a t e ;  the free p r o d u c t i o n  of p s e u d o t h e c i a  on 

i n f e c t e d  t i s s u e s  of ho st and n o n - h o s t  plant s;  the m a i n t e n a n c e  

of v i r u l e n c e  af t e r  p a s s a g e  t h r o u g h  n o n - h o s t  p la n t s ;  the 

r e t e n t i o n  of v i a b i l i t y  of spores, v i g ou r of g r o w t h  from 

sp or es  and of v i r u l e n c e  of s po r e s  p r o d u c e d  on s e g m e n t s  of 

le ave s and kept at 2°C for six month s.
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