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STJMMARY

The incidence and survival of Ophiobolus graminis Sacc. under

a range of conditions was studied. Enphasis was placed on the use of

natural rundisturbedt soil; field soils being studied in situ and as

soil cores in controlled environments.

Levels of viable O. g¡aninis in soil were determined by growing

wheat seedlings in soil cores for 4 weeks; an estinate of the 0. grarninis

present was made by recording the percentage of roots infected per core.

Viable 0. graminis in wheat stulrble was detected by growing wheat seedlings

in contact with the renains of individual plants.

A nethod of using grain yield to estimate the incidence of

0. graminis in the field was developed. It was found that a map based on

yield alone r¡nder-estirnated the real incidence. However when incídence

and yield were coupled by the use of an rincidence-yieldr regression

established on a few sites, a nap showing estínated levels of O. granlnls

was obtained without destroying the experinentaL area. Bioassrrys of

stubble or cores were used to establish incidence, but the forner gave

better results.

Incidence-yieldt regressions liere used to study the incidence

of 0. graninis in consecutive crops of wheat at Turretfield and Cedu¡a.

At both locations there were only small differences between the 2 yeats,

although at Turretfield (third. and fourth crops) there htas a tendency

for high incidence areas to contract, while at Cedr¡na (second and third

crops) incidence appeared to increase.
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urvival of O. grarninis in the field was studied using the

bioassay of stubble and of cores containing stubble. There were narked

differences in suruival between the 2 localities investigated. At

Túrretfield the percentage of sites with crou¡ns containing viable

0. grarninis dropped fron 96 in late-January to 30 ín late August, while

at Ceduna the drop was from 90 in early February to 82 in nid Novenber.

Cores were used to study the survival of 0. grarninis in

naturally infested soiI. There was only a sna11 drop in the incidence

of 0. graminis in cores removed at regular intervals"frorn a take-all patch

at Ceduna over a period of nearly 1 year. l4lhen cores renoved from a take-

all patch at Ceduna in mid-surnner hrere stored, there was no change in the

incidence of 0. graninis when the soil was naintained in a cool dry or

cool rnoist condition. Even when rnaintained in a hot dry or cool wet con-

dition there was considerable viable fungus renaining after 45 weeks of

storage. As these periods of survival were generally longer than those

reported using artificially colonized straws, a cornparison was rnade using

the latter buried in naturally infested soil. The fungus in the naturally

infested soil generally sun¡ived better than the fungus in the straws.

A conrparison was also made of the survival of 0. graninis in

artificially colonized straws stored in similar soils frorn the same area,

but with different cropping hj.stories. Generally, sr,rrvival decreased with

increasing nunrbers of consecutive crops. It is hypothesized that a

I factorr antagonistic to the saprophytic survival of 0. grarninis in

artificially colonized straws is induced by continuous ctoPPing to wheat.

The irnporr-ance of this rfactorr is unknown, but it rnay have no significance

in the field.
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LIBRARY

INTRODUCTICN

When reviewing the incidence and iurportance of cereal root rots

in A¡rstralia, McKnight (1960) concluded that the irnportant pathogens were

Ophiobolus g-rarninis Sacc., Rhizoctonia solani Ktlhn, Fusarium gramlnearum

Swabe, F. culnorun (W.G.Sm.) Sacc., lielqlLllglPorium sativurn Panmel, King

and Bakke, Curvularia ramosa (Bainier) Boedij n and the nematode Heterodera

avenae Wollenweber. Of these, O. graninis aPpears to cause the greatest

reduction in yield (Butler, 1961), The diseaçe rtake-allr, caused by

O. graminis, has been recorded in all states of Australia (McAlpine' 1904;

Musson, 1907; sr:rtton, L920; Sinnonds, 1955; Anon., 1959), but is of minor

inportance in Queensland (McKnight, 1960).

Take-all has been knon'n to exist in South Australia since 1852

(Anon., 1868), but it was not until early in this century that McAlpine

(1904) proved the causal organism to be 0. gramilis. Since that tine

various workers (Richardson, 1910; Gtay, 1913; 0sborn, 1919; Sanuel, 1923,

L924; Griffiths, L933; Sanuel and Garrett, L933; Garrett, 7934a, b, ci

Banyer, f966) have studied or reported on asPects of the disease and its

incidence. Despite this (a¡d the work of nany others throughout the

world), take-all is still a rnajor problem jn South Australia.

The nost recent survey of the incidence of cereal diseases in

South Ar¡stralia was conducted by Banyer (Pers. Corm.) in 1964. He found

that of 70 crops inspected in the Lower North region of the wheat be1t,

57 pet cent had rseverer take-all (estinated 20ea or more of field showing

visual symptoms), a further 19 per cent were rmoderatelyr affected (10 to
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2O%), while the renainder had litt1e or no take-all (less than 10%). This

type of survey gives only a general inpression of the extent of the pro-

blem. There is a need fornore intensive studies to provide detailed

infornation about losses caused by L graminis.

A request was rnade to the Conference on root rots of wheat held

at Wagga Wagga in 1960 (Anon, 1960) for linited but very detailed surveys

to be conducted in selected wheat growing areas in consecutive years. It

was suggested that ttthe enphasís on detail and thoroughness shor¡ld not be

lost by attempting to cover too wide an area in the surveys. In addition

to providing accurate infornation on the incidence of disease a¡d its

cause, such surveys, if selectively carried through in detail, could give

infornation on the effects of certain farming practices on the incidence

of disease, and yield nost helpful leads to control'rl

The need for* intensive field studies was the starting point for

the investigations reported in this dissertation. My aim has been to

study the incidence and survival of O. graninis in the field or ín natural

soil rernoved from the field.

In the field, O. graminis is not evenly distributed. A number

of attenpts (usually with only limited success) have been made to overcome

this by the introduction of artificial inoculun (Kirby, 1925; Fellows and

Ficke, lg14, 1939; Cr,:nninghan, 1967). llnevermess of incidence is inevit-

able in the field where 0. graninis survives in organic debris of various

sizes, ranging from intact sten bases and straws to snall root fragments

(Flornby, 1969b). These infective units tend to be concentrated along the

drill row (Hornby, 1969b) and not distributed rarrdonly. Thus even if all
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wild types present have sinilar virulence (Charnbers, 1970), the varying

distance of the inocuh¡n fron the host will lead to unevenness of infec-

tion (Fellows and Ficke, 1939). The patchiness of O. graninis incidence

in the field and the problen of reliably estinrating the level of inoculun

present, have nade research difficult. However' aS crops are grown in the

field, time spent on the study of the ecology and biology of 0. graninis

in that situation is justifiable, despite the difficulties. New techniques

are required for this t¡pe of study; some of the work that folbws des-

cribes rny attenpts to develop and use techniques for the study of

0. grarninis in the field.

A logical extension v¡as to study survival in the field over a

period of 12 months with the assessment of incidence being made under con-

troll-ed conditions. The renoval of intact soil cores from the fie1d, Ðd

the study of both survival and incidence in such cores kept in controlled

environments hras a further developrnent. Finally, a study tras made of the

survival of 0. graminis in artificially colonized straws buried in

naturally infested soil stored in controlled envirorunents.

It was hoped that these investigations would contribute to an

understanding of 0. graninis in its natural environrnent, thereby leading

to the possibility of more ef,fective disease control'
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LITERATURE REVIEW

A. Methods of ass the effect of O. grarninibessinq

on wheat

Nilsson (1969) has given a conprehensive review of rnethods of

testing pathogenicity and measuring disease severity and host resistance'

It seerns sufficient here to review the more corunon techniques used'

The testing of the effect of 0. graninis on wheat seedlings in

test-tubes u¡as first carried out by llaters (1920) and subsequently by

nany others. Due to linited size, test-tubes have usually been confined

to seedling tests for specific purposes such as production of perithecia;

infectiyity of ascospores (Garrett, 1939); oll the effect of aeration on

infectivity (Garrett, Lg37). Nilsson (1969) has used large tubes (2'5

to 7.5 c¡n dianeter and uP to 150 cm long) for host resistance. investiga-

tions. Although in such tubes observation of root growth, disease symP-

toms and spread of 0. graminis along roots can be nade on plants frout

seedlings to ¡naturity, consíderable equipment is required to handle them'

Most other seedling tests have been performed in various sized Pots or

boxes under glasshouse conditions orc in controlled environnents. Although

seedling tests have the disadvantage of generally not Teflecting the

expected field results (Butler, 1961), they have found wide acceptance,

especially as pathogenicity and virulence tests (Garrett, 1936).

Nunerous tests for rneasuring t.he incidence of 0. granínis in the

field are nentioned in the literature. There appear to be 2 ¡nain

approaches used. In the first, the host is grown in the field and then
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attenpts are made to detect the presence of O. grarninis and to estirnate

its effect on the host (Kirby, 1925). Most i.nvestigato-is enploy solDe

type of ra¡dom sarnpling to renove the host from the field for assessment

of the selected Pafameters. The second nethod is to renove soil from

the field and then exanine it for the presence of 0. graminis. only a

lirnited number of investigations have been reported. Warcup (1957)

isolated 0. granínis directly fronr wheat-field soil by thyphal isolatj-onf

and more recently Hornby (1969a, b, c) has developed rnethods of extracting

and bioassaying organic debris for the presence of 0. graninis.

To deter¡nine the effect of o. graminis on hosts, methods lange

from disease ratings or subjective ty?es of assessnent to objective

measurelnent of specific parameters. In the former, scaled ratings,

usually based on visual assessments of síze, colour, amount of dead

tissue, etc., are generally expressed as a co¡nPosite disease index' lt{any

indices are calculated by the formula devised by McKinney (1923):-

Sun of all nuneral ratings x 100
(Disease rating)Yo

Total nunber of Plants assessed
x highest rating

Apart fron the obvious disadva¡tages of subjective assessments

(i.e. bias with tiure or between individual assessors), there are problerns

with analysis of the results. For instance, analysis of variai¡ce is based

on the assumption that the population is part of a norrnal distribution;

once a scale with distinct inten¡als has been introduced, the above assumP-

tion is destroyed and the results should not legitinately be analysed by

analysis of variance.

objective nethods of measuring pararneters avoid the pitfalls
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of personal judgenent and the bionretrical disadvantage nentioned above.

Most workers employ norre than 1 parameter. Pailr+ick (1936) used an

t injury indexr based on leaf length, the index being the difference in

height between the infected plant and the control, exPressed as a Percen-

tage of the control. Turner (1940) used growth of runner hyphae along

the 3 oldest roots, toP weight, length of discoloured root and on some

occasions the percentage of roots infected. Slagg a.nd Fellows (L947)

measured the length of the 3 oldest roots and the length of diseased

root, expressing the latter as a percentage of the forner. Chanbers and

Flentje (1967a) rneasured fresh leaf weight, and total length, length dis-

coloured and length of runner hyphae along the 3 oldest seminal roots.

In the field, 1 of the rDost conmon parameters used to estirnate

the effect of.O. grarninis on wheat is to measule grain yield. This is

usually associated with either a record of the percentage of plants' or

parts of the plants, infected (Chanbers, 1962) or a disease severity

rating based on s¡mptoms (Ni1sson, 1969).

One forrn of neasurement originally used by Garrett (I934a) is

to record the length of runner hyahae along the root. Garrett considered

that infection never lagged more than I or 2 cells behind the apices-of

the hyphae. Nilsson (1969), however, rePorted that: rrvery extensive

internal spread of runner hyphae was observed in the vascular cylinder

without any corresponding external runner hyphae spread along the outside

of the roots.rr Also, Russell (1934), Turner (1940), &d others have re-

ported rrmner hyphae growing along roots of plants other than wheat or

barley without any evidence of infection. It would apPear' as admitted
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by Garrett (1941), that measurement of external runner hyphae rnay not

always be a good indication of the extent of infection.

Another coÍmon nethod of dete:mining disease severity has been

to rneasure the length of discoloured root tissue. The nain disadvantage

with this nethod is that it is difficult to deternine whether discolora-

tion is due to infection by L graminis or to sone other organism or fac-

tor; this is particularly so with nature plants. However, with practice,

workers assessing seedling roots should be able to correctly interpret the

cause of discoloration. Padwick (1936) used the amowlt of discoloration

to make infection ratings and found the results generally agreed rvith

injury indices based on plant height.

Garrett (1941) recorded the ntmber of seninal roots infected;

roots with 1 or nore lesions causing-typical vascular discoloration were

held to be infected. No indication of actual severity of infection is

-given by this method, and there is always the possibility that recent in-

fections without discoLoured tissue nay be missed. Despite these disad-

vantages, this forrn of assessment is suited to the purpose to which

Garrett put it, viz. estimation of the relative amount of 0. grarninis

inoculum in different soils.

Measurement of leaf length (Padwick, 1936) has the advantage

that it can be assessed without destroying the host. But recording leaf

length is tine-consuning, especially in older plants, ild some decision

has to be made as to whether tota1- length or length of the longest leaf

iq to be used. The ¡rain disadvantage is that there is no way of being

sure the host is infected without removing the plant from the soil, thus



nullifying the advantage mentioned above.

Leaf weight has the advantage that leaves are easily cleaned

and weighed, but the disadvantage of host destruction. There is also

the fact that considerable leaf grorrrth can be produced even after plants

have sustained substa¡tial root pruning (sinnonds and Sallans, 1930, 1933).

However, if infection danages the tissue of the leaf base, as is the case

with seedling tests using scutellar-node inoculation, then this latter

objection is no longer valid.

Total root length is very difficult to neasure but some inves-

tigators, using seedlings, have settled for the measurement of a rePÎesen-

tative nunber of roots (Turner, 1940; Charnbers and Flentje' L967a).

Measurement of root weight; like root length, is destructive but has the

advantage of ease of measurement provided the adhering soil can be

removed. This is irnpossible in mature plants and very difficult in seed-

lings grown in undisturbed natural soi1. With seedling tests in soil free

of gross organic matter this should not be a problern. One advantage of

recording root weight rather than root length is that the roots do not

have to be untangled.

Measurement of grain yield is a sinrple matter in pot experinents

with nature plants and in the field (where the only problem is deciding

the sarnple size to be collected). Grain yield has the very real advantage

that it is the pararneter of rnost interest to the farrner. However, grain

yield alone reveals nothing about the factors, pathogenic or othervise,

i;¡at nøy be present and influencing yield. For this reason it is usually

necessar.¡ to associate yield with other paraneters. The problem then
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arises that the host needs to be removed for examination, thus destroying

the host and the field situation. For this reason, yield often needs to

be correlated with subsampling for the assessnent of other Paraneters

(Chanbers, Lg62). Suzuki et a1. (1957) in field experiments, n'ere able

to show a close relationship between average yield per plant and infection

ratings. Nilsson (1969) has shown that a very strong correlation exists

between disease rating (based upon degree of root discoloration) and de-

crease in grain yield. Slope (1967) and Rosser and Chadburn (1968) have

established significant regression coefficients for grain yield and

percentage of plants infected.

B. Incidence of 0. graninis in the field

Incidence of 0. graninis in the field is influenced by 2 prinary

factors: * the spread of the fungUs during the parasitic phase, and sut-

vival during the saprophytic phase. Secondary factors, like clinatic con-

ditions, field narìagenent, etc., will influcnce the primary factors, nthich

in turn will affect incidence and subsequently yield'

If conditions are favourable for both phases throughout 1 seas-

onal cycle, the incidence of O. rylnis will increase from I crop to the

next. Iúgch early work concentrated on factors affecting increase in

0. graninis but since the 1930rs, interest has been in situations vrhere

conditions are tulfavourable to both phases (or at least heavily biased

against 1 phase) and there is a subsequent decline in 0. grarninis incid-

ence (Fellotvs and Ficke, L934; Glynne, 1935).

. There is also a possibility of what rnight be called a 'state of
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equilibriunt. Although this is difficult to define, it is probably

achieved with the balancing out of the 2 phases mentioned above. Garrett

(Ig42) drew attention to this state of equilibriun when pointing out that

the anount of 0. grarninis in the scil at any tine will be the result of

Itthe rmrltiplication and spread of the fungus nr¡'celitur on the underground

parts" of íts host plant, a¡d the gradual exhaustion and death of this

mycelium in the absence of living host plantsrr. Any factor which causes

an upset in this equilibriurn could result in an increase or decrease in

incidence (Fellows and Ficke, 19393 Garrett, L944.

While the investigations reported in this dissertation are con-

ce:rned with the incidence of O. graminis in the field, enphasis has been

ptaced nainly on the survival phase. Interest in the parasitic phase i-s

confined to a study of the anount of, rather than the met.hod of spread,

however it is appropriate to briefly review the latter subject at this

point.

(1) Spread of 0. grarninis in the field.

There are several ways the fungus can spread inter-field and

intra-fíeld. One possibility is aerial dissemination of ascosPores

(Sannel and Garrett, 1933; Garret, I934c). Laboratory experiments con-

ducted by Garrett (1939) and Padwick (1939) threw doubt on the ability of

ascospores to cause infection of wheat in tmsteríIized soi1. lrlore recently

Salt and Hirst (1956) obtained infection of wheat seedlings grol{rn in r:n-

sterile soil by ascospores of O. graminis and Btooks; (1964, 1965) de¡non-

strated infection of exposed roots on the sulface of r.msterile soil by

ascospores, while Gerlagh (1968) clairns inter-pot infection of wheat by
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ascospores in glasshouse trials..

Although Gregory and stedrnan (1958) were able to tTaP ascos-

pores in the field, doubt reuiained about the funportance of ascospores, as

Gregory and Henden (7967) were unable to denonstrate infect.ion of exposed

roots of seedlings in boxes placed in a wheat field containing sporulating

perithecia. Gerlagh (1968) presents strong circunstancial evidence that

air-borne ascospores are responsible for the infection by 0. graninis of

grasses on recently reclained polders.

Another form of spread is distribution of infected plant

rnaterial. l'{cAlpine (1904) suggested that O. graninis-infected material

could be spread by wind and Sarm.reL (1924) observed wind dispersal of in-

fected pieces of grass. Fellow and Ficke (1939) frlurd that any agency

which could transport pfant rnaterial or soil partic-L':s was likely to

spread 0. gra¡ninis, although they found the establishrirent of 0. graminis

in new areas v¡as slow and uncertain. Butler (1948) warned against the

cultivation of take-al1 patches in dry dusty soil; this being a possible

forn of dispersal of infested plant naterial.

probably the nost irnportant form of spread is along the root

Systens of hosts (Garrett , L934a), æd in some instances non-hosts

(Russe1.1 , Ig34; Turner, 1940; Chambers, I97Ia). It has been de¡nonstrated

by padwick (1935) that O. graurinis is unable to spread to any extent in

bare unsterilized soii, although Warcup (1957) recovered 0. graninig fron

field soil containing wheat plants by his thyphal isolationr nethod on a

few occasions.

The spread of 0. graninis along a root systen is by the groruth
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of dark-coloured runner hyphae oveï the surface of the roots (Garrett,

I934a) and in sone instances, in the vascular cylinder (Nilsson, 1969).

The soil and climatic factors affecting the rate of extension of runner

hyphae along the root have been reviened by Garrett (1942)

Rates of growth equivatent to 5.2 to 3.7 nm per day have been

reported by Garrett (L934a, 1936). Winter (1940) observed a gror'rth rate.

equivalent to 6.4 urm per day on wheat seedlings groml in sterile humus-

sand and 3.7 nm per day in unsterile soiI. Nilsson (1969) reported an

internal rate of extension equivalent to 8.6 run per day ovel a 12 week

period, while the external growth on the same root was equivalent to 1.8

run per day.

with wheat plants growing in boxes of field soil kept in the

glasshouse, Fellows and Ficke (1939) denonstrated that 0. grarninis could

spread 25 to 30 cm frorn infested soil into non-infested soil during 1 -

season. In the field, Adan and Colquhoun (1936) were able to denonstrate

that spread during a growing season was affected by soil type and plant

spacing. They recorded spread of 51 cn a.long the row fron the inoculun

when the seedlings were 5 cm apalt but no spread when they were 30.5 cm

apart. Wehrle and ogilvie (1956) for.rrd infected r,¡heat plants up to 150 crn

fron the source of inoculrrn. They also found considerable spread across

rows. Suzuki et ?I. (1957) formd a spread along the rows of 60 cn, while

they recorded a spread across the row of. 2 m or noïe. They suggested the

latter spread may have been associated with the prevailing wind, however

details of the type of proBagules spread by the wind was not given in

their English surrunary.
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t{hite (1945) studied the distribution of diseased seedlings in

the field a¡d concluded that there was a t'locality factorrr favouring the

occurrence of diseased plants. He found that clustering of diseased

seedlings along the rows was produced when the rows cut across these loca-

lities. He suggested that the locality factors were foci of inoculun.

White (1945) also napped, in consecutive years, an area of crop

containing take-a11 patches. He found tht although the patches did shift,

there was a tendency for the areas to be associated in successive years.

In the third consecutive crop, WÏrite was unable to map well-defined

patches, because most plants were diseased. Although l\trite did not

suggest any particul,ar nrethod of dispersal, he considered the foci of

0. gran,inis inoculum had becorne dispersed over the entire area. The dis-

persal of foci was presumably by nechanical spread and root contact. How-

ever, spread by ascospores cannot be disnissed, as lttrite found that the

fungus on at least 64 per cent of the plants from the take-all patches

had the potential to produce rnature perithecia.

(2) Survival of 0. graninis.

In his scherna for soil fungi, Garrett (1956) described 0. graminis

as a root inhabita¡t, because it is confined almost entirely to the host

during bcth its parasitic and saprophytic phases. During the latter phase,

the fungus appears to be nearly always confined to the host tissue it

invaded during the parasitic phase; being unable to spread to other host

residue, even r+'hen this debris is in contact with the occupied tissue

(Lucas, 1955). However, Warcup (1957) has found 0. graninis hyphae in

wheat field soil, rr-hile Brown and Hornby (197f) have established thal in
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some circunstances 0. graninis can glow through soil. Although the fungus

is usually confined to the tissue of its fo:ner host, it does not remain

passive, but continues to grol slowly within the debris (Garrett, 1940) '

Garrett (1970) has provided a synopsis of current thinking on

saprophytic survival of rroot-inhabitantsf. It will suffice here to

discuss briefly the rnain factors affecting survival of 0. grarninis'

Although early work (Davis, L925; Russell , L934; Hynes, L937)

established the ability of 0. graninis to survive for periods of up to

25 months, Garrett (1938; 1940 and Ig44) was the first to supply critical

data on survival in natural soil. Using artificially colonized straws,

Garrett (1938) was able to establish that the fungus disappeared most

quickly under soil conditions (such as good aeration, nediun to high ten-

peratures and adequate noisture) favouring general micro-biological

activity. This was confirmed by Fellows (1941) using soil oaturally in-

fested with 0. graminis. He for¡nd that O. graninis could survive for

nore than 2 years in either noist or dry soil stored in a l{tarm glasshouse.

The fr.urgus survived best in coo1, conpact ' noist soil '

probably the rnost interesting discovery on sur'¡ival nade by

Garrett (1938) was that the rate of decline in viability r^Ias reduced by

the addition of nitrogen-rich naterial to the soil. Seeking to explain

this, Garrett (1940) hypothesised that survival depended rnainly upon the

supply of available food in the straw. He thought that addition of nitro-

gen prolonged the viability of 0. g¡aminis in the colonized straw, by

allowing the fungus to assimilate nore of the undeconrposed carbohydrate

in the straw. Mrere nitrogen is linited, other organisns courpete with
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0, graninis depriving it of food reserves essential for its survival.

This is in conrrast to Garrettrs (193e) first hypothesis, that lirniting

nitrogen allowed other soil organisns to actively decompose the

0. graninis mYcel-iun.

After studying the cellulose-decornposing abllity of several

cereal root-rotting fi:ngi, Garrett (1963, 1966, 1967) further nodified

his h¡pothesis, giving other soil nicro-organisms an even more subsidiary

role than previously. He postulated t]nalL individual hyphae of L grarninis

die of starvation as they exhaust their zone of enzyntic erosion, but that

adequate nitrogen al1ows the production of new hyphal branches.

other authors have confirrred the tN effectr discovered by

Gartett. Butler (1953, 1959) found this effect in nitrogen-arnended soil

and in naturally fertile soi1. Chambers and Flentje (1967b) denonstrated

that, although strongly pathogenic fonns of g: grarninis were able to sur-

vive longer than weakly pathogenic isolates, the tN effectt sti1l applied

to both types of isolates. Chambers and Flentje (1968) have shor"n that

nitrogen enrichnent also Pr.omotes survival in granineous SPecies other

than r.r,heat. Decline of viability of O. graninis in irradiated soil is

very slow (Charnbers and Flentje, 1969), but even here, nitrogen anend-

rnent inproves sur.vival. Scott (1969) found that nitrogen added as an

anendrnent to soil, or to strav¡ prior to cotonization, prolonged survival

when compared with untreated strav¡s in unamended soil.

Van der Watt (1965) found that the tN effectr tr¡as operative in

some South African soils only in the presence of Rhizoctonia solani.

Chanbers and Flentje (1963) demonstrated the tN effectr on the survival
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of O. graninis in South AustraLian lr4a11ee soils where R. solani Ís a

cereal pathogen. Recently, Chanrbers (1971a) has denonstrated the sarne

effect in soil from the Victorian lr{allee where the population of R. solani

was negligible.

With the exception of the work by Davis (1925), Russell (L934)

and Fellows (1941), all the survival studies discussed above v¡ere rnade

using artificially colonized straws. Garrett (1938) established the use

of this type of standardized survival unit because of convenience of pre-

paration. Although titis practice has lead to uniformity of rnedium, the

work of Charnbers and Flentje (1967b) has shown that the virulence of the

isolate used in suwival studies has a narked effect on the results.

Chanbers (1g71b) also fou¡d that the method of straw sterilization will

affect the survival cf 0. graminis.

(3) Changes in the incidence of 0. graminis and Take-all in the field.

As nentioned previously, changes in the incidence of 0. graminis

in the field are governed by the relationship between the parasitic and

saprophytic phases. It has been demonstrated that an equilibrium between

these 2 phases nay be reached with continuous tt'heat or barley culture

(Buddin and Garrett, 1941).

Fellows and Ficke (1934) studied take-all Patches in the field

over a period of 5 yea.rs. They found that patches that appeared in the

crop in the first year increased in size and take-a1l severity in the

second year, decreased in size in the third year and often disappeared in

the fourth year. However, wheat seedlings grown in soil removed fro¡n the

area v¡her.e a patch existed previously became infected with 0. graninis.
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Fellotvs and Ficke (1959) also reported another exanple where take-all was

severe in 1924 but did not aPpea't again during the next 10 1'ears of con-

tinuous wheat.

Glynne (19gS; 1965) also reported that continuous wheat rotation

caused a decrease in take-al1 incidence. Glynne (1935) suggested that

take-all tdeclinet rnay be due to an tauto-intoxicationt, oI dying out of

the O, gfarnini-s as it becomes more abundant. However, as her assessr¡ent

nethod was based on the percentage of plants infected per unit length,

Glynne suggested her results nnay have reflected the disappeatance of

plants severely infected at an early stage. Take-alL rdeclíner has been

reported by a nr.unber of other authors (slope , 7963; Slope and cox, 1964;

slope, L967; Lenaire and coppenet, 1968; Rosser and chadburn, 1f68; slope,

Etheridge and Palner, 1969) -

In Australia, take-al1 was reported to have rrpractically tdied

outf after the first four yearsrr of continuous cropping on an aTea at

the Waite Institute, S.A. (Anon, 1941). Chambers (L962) conpared 1, 2

and 3 years of continuous wheat on 4 experimental Stations in Western

Australia: on 2 stations continuous wheat was accompanied by a decrease

in the incidence of 0. graminis while on the others, the nunber of crops

had no effect on incidence. Price (1970) formd that 4 consecutive crops

of wheat nvirtually elininated O. .graminisrf from a field trial in Victoria.

lltrite (1945 , Lg47) however, fou.nd that both 0. gramrnrs- and take-all

increased with 4 consecutive wheat cloPs on an expelimental plot in A"c'T'

By the fourth crop about 75 per cent of the plants in the plot were in-

fected and the entire area becaine part of a talie-all patch.
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Take-a1l rdecliner is now well documented. An equilibrÍurn

situation appears to be reached after the initial decline; 0. graminis

is present in the crop, but does not cause marked reduction in yield

(Buddin and Garrett, 1941). However, sudden increases in take-all can

occur in the field when conditions are favourable for the disease (Buddin

and Ganett, 1941).

With the move totrlards intensive cropping attention has been

directed to deterrnining the cause of take-all rdecliner. Cox (19ó3) and

Glynne (1965) suggest that some unknown inhibitory factor prevents

establishrnent of new lesions after initial infection has taken place.

Leuraire and Coppenet (1968) consider take-al1 fdecliner night be related

to the production by other micro-organisms of substances antagonistic to

.0. graminis. Pugh and Van Enden (1969) consider that an increase of

fungal antagonists on reclairned land rnay cause a decline in 0. graminis;

the pathogen having become established in the early years of cultivation

prior to the colonization of the new soil by antagonistic micro-organisns

(gort, 1965). Etheridge (1969b) was unable to identify rnicro-organisns

inhibitory to L grarninis in either the rhizosphere or rhizoplane. A

technique for studying the inhibition of the parasitic phase of

0. graninis in field soil was óeveloped by Lester and Shipton (1967).

The test shows there is widespread inhibition of 0. graninis in soils

carrying continuous wheat or barley rotations, but gives no indication

of what causes the inhibition. Lapierre, Lemaire, Jouan and Molin (1970)

have proposed that take-all 'decline' may be associated with a loss in

virulenc: of O. graninis caused by progressive contanination of the fungus
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by a virus,

Gerlagh (1968) proposed 5 hypotheses that could explain take-all

rdecliner: induced biological antagonism; production of harnful by-

products by L graminis; loss of virulence; escaPe due to improved

grorrth on nutrients left by previous poor' cIoP; and reduction in the

level of inoculum in soil due to deconposition of diseased plants.

Gerlagh considered biologica1- antagonism the nost 1ikely explanation for

rdecliner. He found that the antagonistic capacity of the soil could be

removed by heating (SOoC for 30 minutes) or by application of some chemi-

cal fumigants. Antagonistic soil could be diluted (logarithmically) by

the addition of non-antagonistic soil. The growth of 0. graninis in

rrirro, but not in vitro, could be reduced by a sterilized aqueous-extract

of the soil. Gerlagh, hohrever, was unable to find any difference in the

nicroflora of antagonistic and non-antagonistic soil.

0f particular interest to me is the discovery by Gerlagh (1968)

that antagonistic soils affect both the parasitic and sapropb$ic phases.

He found that the survival of O. graminis in colonized straws l\ras reduced

in soils with artificially induced antr.gonislt. The only other reference

to cropping history affecting survival is in Van der ltratt (1965, Table 3) ,

but there are insufficient data to draw firn conclusions.
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GENERAL MATERIALS AND METHODS

A. Isolates of O. graninis

Ophiobolus grarninis hlas isolated from infected root tissue by

the method ernployed by Charnbers ancl Flentje (1967b). Surall pieces of

root were irn¡nersed in 1 per cent s:i,lver nitrate for 30 seconds followed

by 3 rinses in sterile distilled water. They lvere then placed (3 or 4

pieces per plate) on potato-rtMarrniterr-dextrose agar'* (PMDA) containing

30 ppn Aureonrycin hydro-chloride. After incubation at 20oC for 2 to 4

days, hyphal tips from typically n-horled hyphae were transferred to

glucose-asparagine nedium (Lilly and Barnett, 1951). 0f the isolates

obtained, only I was selected for further use.

Details of the isolates used for experimental purposes are as

follows: isolate 2c was a single ascospoÏe culture origin:'¡rl1' obtained

fron isolate Wl and classed as strongly pathogenic (Chani:crs a¡d. Flentje,

Ig67b). This isolate was originally obtained fron wheat stubble at Alford,

140 kin north-east of Adelaide. Isolate 044 was obtained from a wheat

seedling grown in soil taken fron a wheat-stubble field at Cedr¡na in

August 1969. It produced perithecia in glucose-asparagine cultures left

in the light at room tenperature (2L to ZSoCl. Ascospore size (B3U;

sta¡dard erÌoT of mean, i0.B6U; Iange, 70-92V), pathogenicity and viru-

lence to wheat seedlings identify this isolate as 0. graminis.

* Details of the composition of thi.s and other ¡redia used in this
investigation are given in Appen<lix A.
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Stock cultures were rnaintained on glucose-asparagine medium.

It has been shown (Russell, 1934, 1939; and Chanbers, 1970) that continued

naintenance on artificial nedia rnay result in loss of virulence for sone

O. graninis isolates. Tests carried out at various times showed that both

isolates used retained their virulence throughout the period of these in-

vestigations.

B. Deterrnination of sical and chenical Properties

of rimental soils

The rnoisture characteristic curves (drying curve bor¡ndaries) of

the soils used in this investigation were deterrnined as follows. Thorough-

ly urixed samples (conposed of 4 ranóomly selected large cores, 9'8 cn x

10.5 cn deep) of each soil were sieved (2 nrm), packed into brass rings

(1 cn deep, 3.5 crn diarneter) to a predeterminecl bullt density and then

placed under various moisture tensions. Moisture content v¡as determineci

on an oven-dry weight basis (Schofield, 1935). Three replications hrele

used at each determination .':::

Moisture tensions were applied in the following rnanner:

(1) Tensions of 10 to 158 cïn of water suction (pF 1.0 to 2.2) were applied

to soils on a fine ceranic tile in the apparatus described by de Beer (1965) '

This equipnent is a ¡rodification of the rpressure plater apparatus designed

by Richards and Fireman (1943). Suction hTas applied to the soils for 5 to

7 days.

(2) Tensions equivalent to 300 to 600 crn of water suction (pF 2'47 to

2.78) were obtained by applying pressuïe to the soil samples on a fine

ceramic tile. Pressure was applied for I to 10 days by the use of a
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bubble tower (Richards an-rl Firem.a-n, Ig43) connected to a conPressed air

supply.

(3) Tensions equivalent to 51000 to 15'000 cn of t¡ater suc'tion (pF 3'a8

to-4.18) were obtained with pressure rnembrane aPparatus (Richards' 1941)'

The soil was placed on a high pressure "Viskingtt membrane and pressure

applied fro¡n a conpressed air cylínder for 5 to 7 days'

(4) Tensions equivalent to 230,000 cn and 1'000,000 cn of water suction

(pF 5.36 and 6.00) were applied by the use of saturated salt solutions

(Griffin, 1963). Soils were allowed to equilibrate for 3 uonths at 25oC

above a saturated solution of KCl (relative hunidity, tiï%') or a saturated

solution of ca(NOr)r.+uro (relative hunidity, 50.5%) (I'Jinston and Bates,

1s6o) .

The soil moísture in u¡rdisturbed coles held at 100 cn tension

(pF2) was determined using nethod (1) above. cores v¡ere collected and

transferred to bottonless cans prior to placenent on the ceramic plate'

Although it is difficult to establish soil moisture equilibrium with large

cores (Danfors, Pers. Cornrn.), provided the soils are physically sirnilar

and received the same suction for the sane tirne, they would have approxi-

rnately equal moisture tensions.

Mechanical analysis of the experinental soils was nade by the

hydrometer nethod (Piper, 1950). Hydrogen ion concentration, conductivity'

and soluble sarts were deternined according to the methods described by

Piper (1950). A soil-water ratio of 1:5 was used to prepare suspensions

for the required detenninations. Total nitrogen, total phosphorus and

total, I carbon were detennined by staff of the south Australian Departnent
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of Agriculture. Soil colours were defined using the revised Standard

Soil Charts of Oyana and Takehora (L967).

C. Experimental areas in the field

Three locations representing a range of soil types, wele chosen

for field experinents (Fig. 1). One area was located on the property of

Mr. R. Wilsdon, 8 km south-east of Keith. The soil is a sandy, alkaline

grey soil (Northcote, 1960). DetaiLs of sorne of the physical and chenical

properties of the soil fron the area are given in Table l, while the rnois-

ture characteristic (drying boundary) curve is shown in Figure 2. The

experirnentaL area is close to the 51 cn mean annual -rainfal1 isohyet

(Anon, 1965).

The field containing the experirnentaL area vlas sown to wheat in

1964 and 1968, with pasture in the intervening years. The experinental

area was sown with wheat in 1969, but work at this location was subsequen-

tly abandoned because the root-attacking strain of R. solani was prevalent.

The second experimental area was located on the Ttrretfield

Research Station of the South Australian Departnent of Agriculture, 10 kn

north-east of Gawler. The soils at this location are cla-ssified as hard-

setting loany soils with red clay subsoils (Northcote, 1960). The soil

in the experinental area is a du1l reddish brown loam, subject to cracking

when dry: Further details of the soil properties are given in Table 1

and Figure 2. Turretfield is close to the 51 cn mean annual rainfall

isohyet (Anon, 1965).

The experinental area was part of a field that contained

lucerne fron 1957 to 1966. It was fallowed in August 1966 and sown to
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TABLE T.

Physical and chenical properties of field and experinental soils

Name

Particle size distribution

pH Colour ttue<2v

(Clay)

%

2-20u

(silt)
%

>2ov

(Sand)

%

Keith 5 2 95 6.9
grayish
yel lottt
brown

lOYR
(6/2)

Turretfield 22 18 60 7.0
dul1
reddish
brown

5YR
(4/ 4)

Ceduna T7 8 75 8.5 du11
brown

7.sYR
(s/ 4)

I soil
mixturef

7 4 89 8.0 dul1
brown

7.sYR
(s/ 4)

CoIden
Grove
Sand

4 I 9s 7.2
duI1
yel1ow
orange

lOYR
(7 /4)

Gawler
loam L4 6 80 8.0 dark

broh¡n
7. sYR
(s/ 4)



FIG. 2

DRYING BOUNDARY CURVES FOR FOUR EXPERIMENTAL SOILS
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wheat in L967 and 1968; in the lattef year take-al1 Patches appeared' The

experinental area was sown to u'heat in June 1969. Take-all patches were

again observed in this crop (Fig. 3). Details of air temperature (screen)

and rainfal¡ at Turretfield during the period of experinents are given in

Table 2.

The remaining experimental a1.ea was on the property of t{r. E.

Miller, approximately 22 km east of Cedtma. Soils in the ¿-re¿' ltave been

classified as brown calcareous earths (Northcote, 1960). 'fl.e ex1:erirnental

area has a dull brown sandy loarn soil containing scattered line nodules;

further detaíls are given in Table 1 and Figure 2. The experimental area

is close to the 30 cm nean afinual rainfall isohyet (Aaon' 1965).

The field containing the experimental area was pasture in 1965

and 1966 and prepared for sowing to wheat in 1967, but due to drought it

viras not planted that year. wheat was grown in 1968 and 1969; in both

years the crop contained considerable 0. graninis, with severe take-all

in 1969 (Fig. 3). Details of screen air tenperature, rainfall a¡d soil

lnoisture are given in Table 2. (Soi1 moisture was calculated on the top

9 to 10 cn. of soil).

The cores used in experinents studying the survj-val of 0. grarninis

in stored natural soil v¡ere all removed fron the Ceduna area. Chenical

properties other than those described in Table 1 are as follows: total

nitrogen, 0.L%; total phosphorus, 248 ppm; total carbon, 0.99%; C:N

ratio, 9,9; NaCl equivalent, 0.6%.

D. Standard soil nixture

The soil used in all tests requiring standardized con'iitions has
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TAKE- ALL IN EXPERIMENTAL AREAS, 1969
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TABLE 2

Irbnthly ¡nean maxirnum and mean nininun screen air tenperatures and

rainfall for Turretfield a¡d Ceduna. Soil moisture figures for
Ceduna.

* pF4.2 = 8.8% soil moisture, date of field sanpling in brackets.

Month

Turretfield Ceduna

Tenrperature
Mean Mea.n

rnonthly uronthly Rainfaltr
naximum minirnrmoc oc (cm)

Tenperature
Mean lr{ean Soil*

rnonthly nonthly Rainfall rnoisture
max]-tnun nln]-rlumoc oc (cm) o-

19ó9
enber

ber

er

1970

anuary

February

March

1

v

1y

Septernber

0ctober

November

15.6

23.3

24.8

24.9

4.s

8.6

10.6

LL.3

s.44

0. 13

2.2r
3.86

27.5

31. 8

25.9

23.4

16. 9

15.9

L4.7

T4.L

15 .9

2L.4

25.5

13. 1

L4.6

LL.4

11. s

8"0

7.5

4.7

4.L

6.2

6.6

LT.2

2.74

0

0. 38

6. 1s

4.88

5. r8

4.tL
9. 68

s.74

0. 58

3.18

L9.2

28.2

27 .4

30.8

7.5

13.5

L4.3

L6.2

0.76

2.57

2.06

0

32.3

35. B

29.4

25.8

19.6

19. 0

L7.6

17.5

19. I
26.8

29.L

17.2

20.5

r6. 0

L2.7

9.2

0.05

0

0.03

0. 18

0. s6

0.53

0.0s

2.L8

2.62

0.89

0.10

L.s (6/2)

1. s (11/5)

L.s (L7 / 4)

s.3(r4/s)
7 .s (24/6)

6.3(2e/7)
6.9

4.7

5.6

8.1

11.9

s.8 (1/e)

4.2(s/Lo)
1.4 (10/11)L4.7
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been called tsoil mixturer. This mixture was made frorn eo¡ral parts (v/v).

of Gawler loam a¡d Golden Grove sand. Enoughrsoil mixturerto last at

least 2 yeats vras rnade as follows: the 2 ingredient soils were thoroughly

mixed, spread on the floor to dry a¡d then sieved (4.5 rnrn mesh), prior to

being stored in covered bins. Details of some of the physical and chenical

properties of the rsoil mixturet and the ingredient soils are given in

Table 1. The moisture characteristic (drying boundary) curve for the

rsoil nixturer is shou'n in Figure 2.

E. Seeds used in investi tion

Wheat seed of the variety tGabor was used in all laboratoly

experinents. Seed from the previous season was replaced annually with a

new sample obtained about 3 nonths after harvest. All discoloured or

shrivelled seeds were discarded.

In al1 laboratory experinents unsterilized seeds were used.

preliminary tests with mercuric chloride sholed that residues, inhibitory

to frrngal growth, could be detected on the seed even after thorough lvash-

ing. Sterilization with sodiun hypochlorite soaks was excluded because

of possible loss of seed exudates. Schroth, Toussoun and Synder (1963),

Flentje and Saksena (1964) and Kerr (1964) have shown that seed exudates

can stinulate fungal growth in the vicinity of the seed, a¡rd Brown and

Hornby (1969) have repolted that I'new nyceliun gror+th (of 0. grarninis)

was stinulated by gerrninating v¡heat seedsrt.

In field expeÎiments rHeronr wheat (67 kg per h) was sown at

Turretfield while 'Sabar wheat (59 kg per h) was used at Cedrma.

F. Statistical ana lyses enployed during investigation

Analysis of variance and regression analysis were performed by
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using the C.S.I.R.0.-lrraite statistical program system GENSTAT (l{ilkinson,

1970) and executed on the C.S,I.R.O. Control Data 320C Conputer. Another

prograrn used rrras the Waite Biometry section program for chi-square analysis.

I also developed several FORTRAN prograns, including 1 to calculate re-

gression coefficients for paired sets of values, Ðd 2 to calculate and

tabulate the results fron the ccre bi-oassay and crown bioassay. The

Latter 2 prograrns were coupled to a plotting and rnapping Pr'ogram developed

by Mr. R. Larnacraft of the Waite Biouretry section. All these plograns

were executed on the University of Adelaide Control Data 6400 conputel.
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EXPERIMENTAL

PART I

ANALYSTS OF INCIDENCE OF OPHIOBOLUS GRAMINIS IN THE FTELD

A. Bioassay of soil for the pre sence of 0. graninis

If intensive field studies of the incidence of O. grarninis are

to be nade, ways of measuring its distribution and persistence are needed.

Workers at Rotharnsted have recently reported 2 approaches to this problen'

The first (Slope, Henden and Etheridge, 1969), uses an ?-scay that rneasures

the intensity <if attack on plants in terms of an 'infection jndexr. The

second (Hornby, 1969c) studies the forn and distribution of survivíng

inoculun, estinating the m¡r¡ber of rinfective unitsrper unit volu.me of

soil.

For the finfection indexr soil cores (5 crn x 15 cn deep) were

taken at randon fron the field and assayed for the presence of 0_ grtlilis.

It is not specifically stated that the soil is removed fron the core, but

as the standard test had 16 wheat seeds sown in 350 crn3 of test soil in

a pot, it seerns likely that thl soil was rernoved and presumably mixed.

- Sixteen pregerminated seeds were son'n and the seedlings harvested 35 days

later. After washing, the roots were trimned to 6 crn below the seed and

then scored. The index is equivalent to the percentage of the first 5

seninal Toots infected.

Slope, Henden and Etheridge (1969) and Anon (1969) suggested that

the above approach to the study of 0. gramir,is in field soil was success-

ful, but Hornby (1969b) mentioned that it was considered unreliable for

advisory purposes because of lack of correlation with the incidence of
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0. gra¡ninis in crops. .lrlhen I cornmenced this investigation early in 1969,

I was unaware of the work of Slope, Henden and Etheridge (1969) and the

problems they were encountering.

The second approach (Hornby, 1968, 1969a, b, c) uses a series

of volunetric dilutions (1969c) of either whole soil or of organic debris

removed from soil by a sedinentation and sieving procedure (1969b). By

growing wheat seedlings in the series of soil dilutions, it is possibl-e

to estimate the number of infective units of 0. graininis in the soil being

examined.

In the investigations reported in this dissertation the tech-

nique for detecting O. grarninis in field soils is sinnilar to that of

Slope, Henden and Etheridge (1969). Investigations leading to the develop-

ment of the method of bioassaying soil for the presence of 0. graminis

are described below.

(1) Collection and use of soil cores.

Llndisturbed soil cores wer-e rernoved frorn the field as fo11ows.

A steel cylinder (9.8 cni ínternal dianeter and 14.5 cm loi'.g)'.v:'-l; dtit'en

into the soil to a depth of approximately 10.5 crn. Remor¡al ot a snall

quantity of soil fron I side allowed the soil column to t¡e broken at the

base of the cylinder and the intact soil core to be removed. The core

was then pushed by a plunger (Fig. 4) into a can. The cans (interrral

dia¡neter 9.9 cm arrd L2.4 cn deep) were previously painted on the inside

with ilBlack BiJuurínous Paint" (British Paint Ltd.) to prevent rusting.

On return to the laboratory all plants present in the cores

were clipped to surface level and any surface trash removed. The cotes



FIGURE 4

Core ejector used for pushing soil core into

container. The handle operates a detachable

plunger which is slightly srnaller in diameter

than the steel cylinder and contaíner.
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were then r^ratered with distilled water to a rnoisture content equivalent

to pF2.B. (Distilled r,Jater v.'as used in all experinents v"here watering

was required because of the high salt content in the untreated water

supply). Except in the initial experiments, 7 wheat seeds htere soi^m at a

depth of 2.5 cm in each core (1 central hole surrounded by 6 holes all

placed so that evely seed was 3.2 cm from its neighbours). Cores were

then placed in a controlled environrnent (16 hours of fluorescent light

L7,200-Lg,300 Imln2 ¡fOOO-f700 ln/sq.ft.) and 15oC constant temperature)

and brought to constant weight with wateî every second day. After 4 weeks,

the seedlings were washed free of soil and the roots exarnined for the

presence of 0. graminis. Examination was rnade in rva.ter with a white back-

ground (Garrett, 1941)

(2) Selection of parameters.

Initially, the ain rvas to see whether undisturbed cores could

be used to estiniate the leve1 of 0. graninis in field soi1. If the

result was affirmative, a secondary aim was to select the best parameters

to assess the level. To caTTy out the primary ain, a transect was made

at the experinental area at Keith, in such a way as to cÎoss a take-all

patch observed in the previous spring.

At each site on the transect, 4 cores were taken side by side

and at right angles to the direction of the transect. Site 1 n¡as on a

bare, graded fire break. Site 2 u¡as on a snall, uncultivated area under

a hoarding, and contained several species of grass (!""tho"i" tp. and

Vulpia sp.) and Erodium botrys (cav.) Bentol. Cereals had not been

planted on this site for at least 4 years and possibly 9 years. The
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ïemainder of the transect cores were taken at 3 m intervals across the

stubble (which had recently been lightly cultivated). Sites 7, 8 and 9

!ûere considered to be rr¡ithin the patch recorded in the previous season.

In this initial experiment with coTes, 9 seeds wele sown per

core and the soil moisture content was 9 per cent or pF2. From the 4

cores from each site, 2 were harvested after 4 weeks of growth and the

following parameters were recorded Per cor'e: emer.gence; number of

seedlings infected; total leaf length; total nunber of seninal roots;

total number of seninal roots infected; total length of discoloured

seminal roots.

The results are shown in Table 3. (Site 5 was elininated

because some of the seedlings were infected by the root-attacking strain

of Rhizoctonia solani). The pïesence of O._ graninis was established, but

before the selection of paraneters could be rnade, it was necessary to

establish that the leveLs of 0. gr4injå within the cores represented an

expected result.. It was assumed that the number of seminal roots infec-

ted was likely to be a reliable neasure of the presence of 0. gram1n].s

and as the total nunber of seminal roots per site was no'[ significantly

different, the various sites could be compared.

There was no 0. grarninis present at Site 1. The bare nature of

the site, being a graded fire break and thus grass free, would nean this

was the anticipated result. The nunrber of roots infected at Site 2 was

significantly higher tha¡r at Sites 3, 4,6, 8, t0 and 11. It was found

that the species of Danthonia and VulFia growing at Site 2, when the cores

were coli-ected, were infected with 0'. graminis. This would account for
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TABLE 3

Parameters recorded from wheat seedlings grohrn in cores taken from a

transect acïoss an 0. graliinis infested field at Keith (nean of 2

repl ications)

Site Vegetation Emer-
gence

Nunber
of

seedlings
infected

Total
leaf
length

(cn)

Total
number
of

seni-nal
roots

Total
number
of

seninal
roots
infected

Total
length

of
seninal.
root
disco 1 -
onred

(cn)

I Bare

2 Grasses
& Eroditm

5 1968 Ìtrheat
stubble

4

6

7

I

9

il

il

ll

il

tt

10

11

lt

tt

8.0 0 23r 30.0 0* 0*

9.0 8. 5 220 59.5 30.0 79.0

8.5 7.0 24+ 33. 0 13. 0 26.0

8.5 6.5

6.5

9.0

5.5

9.0

7.0

7.0

243 34.s L2.0 18 .5

18.5

35.5

L2.5

40. 5

15.5

25.0

8.0 303 32.s 11.0

8.5 258 38.0 30.0

8.5 254 34.5 9.5

9.0 252 39.s 53.5

8.0 244 30.0 13.0

8.s 273 56.0 20.O

Standard eiror
LSD'P = 0.05

= 0.01

37.9
NS

5.1 8.6
19.8
29.3

NS

3.6
8.3

LL.2

* not inclu<ied in analysis of varia¡ce
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the high incidence of O. graminis at Site 2. Sites 3, 4, 6' 10 and 11

had noderate levels of infection r.r'hich were not significantly different.

Although these sites were outsíde the take-all patch recorded in the

previous season, there was obviou-cly considerable 0. graninig present in

the crop debris surrounding this patch.

Sites 7 and 9, which were within the patch, had significantly

nore roots infected than the surrounding stubble sites, while Site 8 was

not significantly different from the sites outside the patch. The l'eason

for the low reading for Site I is unknonm.

The bioassay of the cores from the transect gave, with the *. 
o

exception of Site 8, a reasonable indication cf the anticipated levels

of O. graninis in the transect area.

The parameters chosen for the bioassay of cores need to indicate

the relative amount of 0. graminis present. As the roots will be explor-

ing the soil nass and are likely to come into contact with scattered

inoculun, the nunber of. lesions on the root system r.rrculd appear to be the

best nethod of estimating the number of propagules. Hovrever, the possibi-

lity of lesions coalescing rvith tir,re (Slope, Henden and Etheridge, 1969)

nakes it difficult to assess this pararneter if enough time is given for

the roots to explore a considerable vohme of soil. For this reason, the

use of the length of discoloured root is possibly a reasonable compronise.

Unfortunately the length of discoloured root has the disadvantage of

being very tedious to measul'e, since areas of discoloured tissue may be

scattered over the entire root systen. In a similar situation, Garrett

(1941) recorded the nuniber of seninal roots infected. This is more con-
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venient and as there is a highly significant conelation (Fig. 5) between

the nunber of roots infected and the length of root díscoloured, I de-

cided to use this as the nain parameter. In later experirnents, it became

obvious that there üras some variability in eniergence and it was thus rnore

accurate to use percentage of roots infected.

The only other paraneter recorded in all later experiments was

percentage of seedlings infected peï core. This result gives an indica-

tion of the possible result at naturity. If it is assuned that any infec-

tion on a seedling less than 4 weeks o1d is likely to cause severe take-

all later in the growing period (and evidence is produced later to

support this assunption), then this parameter is of interest, although of

limited value, because of the snall nurnber of results possible fron only

7 seeds.

In the transect there was no significant difference be^uv¡een

leaf length of seedlings grown in cores fron any of the sites (Table 3).

In other experiments, there were obvious relationships between leaf grorrth

and incidence of O. graminis, but even in the exanple shown in Figure 6

(taken from a later experinent) the vigorous plant growth in Core 68 gave

no indication of the extent of infection on the roots. Leaf growth is

affected significantly only in those cor.es v,'he:le there is a severe

O. graninis infection. Leaf weight and root rveight were thus recorded

only in those experinents where the treatments were likely to affect plant

growth as well as the incidence of 0. graninis.

(3) Variability between cores from the same site.

Although there is sone variability between col'es taken together



FIG.5

RELATIONSI{IP BETWEEN NUMBER OF ROOTS INFECTED (X)

AND LENGTH OF ROOTS DISCOLOURED ( Y ) FOR SEEDLINGS

GROWN IN CORES FROM A TRANSECT AT KEITH
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FIGURE 6

Wheat seedlings, grov,rn ilr unóisturbed cores, showing a

range of effects of 0. gra¡ninis on p1-ant height. Although

seedlings in Core 68 were large and viþorous, most were

infected (see Table belorv)

Core Number

s6 20 72 68

Percentage of seedlings infected 100 100 100 7L

Percentage of roots infected 100 100 89 ?,3

Average top fresh weight (g) 0.16 0.2L 0.2"/ c.33



ìIt

(olr)

)!



44

in the transect conducted at Keith (Tab1e 4), the differences are not

large enough to nake the betwe"n-si-te results ¡6n-significant (Tab1e 3).

However, at Ceduna, another prelininary transect was taken at 3 m inter-

vals across an area which had been generally infested with 0. graminis

in the previous season. ft can be seen-(Table 5) that there was con-

siderable variability between the triplicate cores in this instance-

Therefore, although the transect established the Plesence of 0. graninis,

it seems tj¡¡at a large nr¡mber of cores j.s necessary to establish the

possible incidence in the follorving crop.

If cores are to be used for the study of survival of 0. graninis in

natural soil under various environnental conditions, a collection of cores

with rnuch less variability than obtained in the Ceduna transect would be

necessary. In an attempt to overcoure this problem a series of cores was

taken along a row containing plant remains in a take-all patch at Ceduna.

Fifteen cores v,¡ere selected at random and planted with seed. The results

are given in Table 6 and show that there is considerable variability,

both in percentage of infected seedlings (57 to 100%) and percentage of

infected roots (29 to 100%). To calculate the estimated nagnitude of

differences betv¡een treatments necessary to obtain a significant difference

at p = 0.05, the following general fo¡rnula was employed:

(r*) 2

Diff. = t )r 2x ExZ

n-1

n

n

where n .' the number of replicatio:rs. The available controlled environ-



45.

TABLE 4

Comparison of number of infected roots, length of discoloured
rool and number of infected seedlings in duplicate cores from

a transect made at Keith

Site lfumber of infected
roots per

cole

ab

Length (cn) of
discoloured root

per core

ab

Nunber
of infected seedlings

per core

ab

I

2

3

4

6

7

8

9

10

11

0 0

25

L6

I

9

30

35

10

16

L3

30

L2

33

L4

24

7

34

L2

16

0 0

64 94

34 18

L2 25

L4 23

30 4L

10 15

34 47

T2 19

16 34

0

I

I

5

5

8

4

9

6

6

0

9

5

I

8

9

7

9

8

8
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TABTE 5

Conparison of nunber of infected roots, length of discoloured
root and nunber of infected seedlings in triplicate cores

from a tlarisect made at Ceduna.

Site Number of
infected roots

Per core

abc

Length (cm) of
discoloured root.

Per cole

abc

Ifurnber of
infected seedlings

per cole

abc

1

2

3

4

5

6

7

I

0

0

0

0

2

0

1

0

20 15

0

0

5

2

0

0

0

0

0

1

4

0

4

2

0

0

0

0

2

0

2

0

36 24

0 0

0

6

5

0

6

4

0

10

3

0

0

0

0

0

0

0

2

0

I

0

7

0

0

4

2

0

0

0

8

0

0

4

2

0

4

2
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Conparison of the incidence of L gra¡rinis in wheat, planted
ín êores taken along a drill row in a take-all patch at

Ceduna.

TABLE 6

* Difference necessary for si-gnificance with 7 replications
(see text)

Core
Percentage of
seedlings infected

Arcsine
(degrees)

Percentage of
roots infec-ued

Arcsine
(degrees)

1

2

3

4

5

6

7

8

9

10

11

T2

t3

L4

15

57

100

100

100

100

7I

80

67

80

100

100

85

100

100

100

49. 1

90. 0

90.0

90.0

90.0

s7.7

63.4

54.8

63.4

90.0

90.0

65. 9

90.0

90. 0

90. 0

s2

100

59

96

100

52

57

29

59

73

97

77

94

79

83

4s.9

90.0

50.2

78.2

90. 0

46.2

48.2

J¿ .5

s0. I

58.7

79.4

61 .3

76.3

62.4

65. s

Mean

Diff. *

89 77.6

17.L L8.7

74 62.3

24 .5 19.9



ment space dicta-r.ed a maxinum of 7 replications. Tt. can be seen (Table 6)

t]¡at a difference of. L7 per cent in percentage of infected seedlings and

25 pet cent in percentage of infected roots t^/ou1d be necessaty for a

significalt difference at P = 0.05 with 7 replícations' In a later ex-

perinent it was found that variability between cores could be reduced

(Table 7) by naking sure each core was taken over a plant or its renains.

Although variability between cores r\Ias a problern, the evidence

suggested that cores could be used to study the incidence of 0. graminis

in natural soil.

(4) Selection of conditions for bioassay.

(a) Effect of mixing or sieving the soil. Ð

The core bioassay is based on the assurnption that the roots are

exploring the soil mass sufficiently for a unit of inoculun to have an

opportunity to infect a root. If this assunption is correct., mixing the

soil in the core should not affect the percentage of roots itrr"ected,

although severity of attack (especially in the seed region) nay be reduced

because of the dilution of the inoculum frorn the surface soil.

The effect of nixing and sieving on the inciderrce of 0. gram]-n]-s

was investigated in cores taken fron 2 sites in the experinental area at

Ceduna. At I site all plants exhibited take-all, while at the other

there vrere no symptons of take-alI. Twentyfive cores were taken at each

site, consisting of 5 cores, side by side, taken in 5 consecutive drill

rows to form a latin squaÌe. The treatments were r:¡disturbed cores'

thoroughly nixed cores a¡d 3 degrees of sieving: 5.0 rrn, 2.0nn or 1.0

mm. Cores were then bioassayed for the presence of O. graninis. Dt.r
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TABLE 7

Conrparison of the incidence of 0. graminis in wheat planted
in 7 cores taken over plant rentin;-Iñ--ã-Lake-a11 patch at

Ceduna

Core Percentage of:

seedlings
infected

roots
infected

1

2

3

4

5

6

7

83 36

75

89

B9

69

76

100

L00

100

100

100

100

100

Mean 98 76

SE 2.4 7.8
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weights of tops and roots were also recorded.

Mixing the soil from the take-all patch had no effect on the

percentage of seedlings infected (Table 8), but did reduce (P = 0.05)

the percentage of roots infected. This result suggests that nhere inoculum

a:rd seed are clcse together, as in rmdisturbed cores, some lesions nay

extend over nore than 1 root. Thus the use of undisturbed cores may over-

estimate the arno¿nt of O. graminis presen! but as the difference was only

snall, it was considered unnecessary to go to the extra trouble of nixing

cores.

As expected, sieving the soil fron a core reduced the anount of

inocu¡m (Table B). The use of a 5.0 nm nesh sieve ca¡.sed a significe.nt

reduction (p = 0.05) in the percentage of infected seedlings, but no"u

infected roots, lr,hen conpared with the mixed soi1. The reduction in rnesh

size to 2.0 and 1.0 rrun significantly reduced the percentage of infected

seedlings and of infected roots, but díC not eliminate infection. Sinil-

arLy, Hornby (1969b) found that a 0,42 wn sieve removed nost of the

organic debris containing 0. graminis, but even at that nesh size, the

ftmgus renained on sorne occasions. It is apparent, therefore, that the

removal of large trash including croh'ns sti1l leaves a snal1 reservoir of

O. graminis in the soi1, and as will be shovrn Later, this inoculun can

have a considerable effect on the mature plant.

Results from the experiment using soil fron the site where

there were no sFnptoms of take-all, again raised the problern of variability

(Table 9). Ther.e was too nuch variability betleen replications for sig-

nificant differences between treatnents. All treatments, excePt sieved
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TABLE 8

The effect of nixing ard siev;.ng on the incidence of 0. graininig-,
and on top and root weight of seedlings g3oì{n in cores from an

area at Cèduna with high incidence of take-all (mean of 5 repli-
cations as a Latín-square)

Core
Treatment

Percentage of:
seedlings infected

Arcsine
(degrees)

roots infected
Arcsine
(degrees)

Dry weight per
seedling (mg)
top roots

Undisturbed

Mixed

Sieved (5. On¡n)

Sieved (2 . Orun)

Sieved(1.0mn"r)

100 90

90

79

0 95 78.s

100 0 85 67 .8

91 1 76 61.5

67 s8. 3 35 55.9

50 45.2 16 23.4

50

31

35

43

43

L7

24

3L

38

42

Standard
erroï

LSD p=S.95

=0.01

4.8 4.0

10. 4 8.8

L4.6 L2.3

2.4 3

6

9

2

5

7

2 I

2 7
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TABLE 9

The effect of nixing and sieving on the incidence of
0. graninis, and on the weight of seedlings grown in
cores Tãken frorn an à:.ea at Ceduna with no s)înptons
of take-all (nean of 5 replications as a latin-square)

Core
Treatrnent

Percentage of:
seedlings infected

Arcsine
(degrees)

roots infected
Arcsine

(degrees)

Dry weight per
seedling (mg)
top roots

Undisturbed

Mixed

Sieved (5 . Ornn)

Sieved (2.Omm)

Sieved (1. Onn)

2L 18. 6 10 L2.0

43 40.4 40 36.0

3 4.4 L 2.L

23 20.0 9

0

10. 5

0 0 0

36

35

39

44

4s

33

29

38

38

33

Standard
ETrOT

LSD P=Q.95

11. 9 10. 0

NS ns

2

4

2

9

2.4

ns
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1.0 mm, l¡ad a few cores containing hea.rily infected seeCli;gs l;l-rile th-e

remaining cores contained no infected seedlings.

The results of these 2 experiments shol that the renoval of

cores fron a take-all pa+,ch can give reliabLe results in experim€nts where

the cores are subject to different treatments. Hovrever, j-n the a-pparentiy

lrealthy axea, the presence of scattered infected plarìts makes it dif,fi-

cult to obtain reliable replicaticn of either coles free of 0. gramir is

or cores with low levels of 0. grarninis.

The significant reduction in top and root growth appears -uo be

correlated v¿ith disease inci-denc.e (Table 8) rather tha:r the treatnìents

(Table '9).

(b) Effect of soil rnoisture.

Two experirnents ruere conducted; the first being desi-gned to

indicate the likely water loss from cores during a bioassay test, the

second to determine n'hether changes in moisture content were 1ikel1' to

affect the anotnt of 0. graninis detected.

For the first experinent, 16 coles likely to include soil both

infested with and free fron 0. grarninis were obtained frcr,r tl^e (ledrnra ex-

perinrenta¡ a'rea. All cores v¡ere treated as previously 'Jes:r:-l;:â except

that water loss was recorded. 0f the 16 cores, 6 contained seedlings

free of 0. grarninis, 6 contained severely diseased seedlings, and the

remainder contained seedlí-ngs with interrnediate levels of infection.

There was no difference in noisture loss båtl'een cores with diseased and

healthy seedlings. During the 48 hour period betw-een watering, the mois-

ture content fe1l fron 16 per cent (pF2.8) to about 13 per cent (pF3.35).
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In the second experirnent, cores taken from a take-all pa'cch at'

Ceduna were bioassayed as usual except that 4 soil nioisture regines (19e;,

I6eo, 13% and 10%) were used. To rninimize variability in moisture content

the cores vJere hlatered every 24 hours rather than every 48 hours.

The results in Table 10 show that soil rnoisture in the rangr:13

to 19 per cent had no effect cn the percentage of infected seedf ings o::

on the percentage of infected. roots. At 10 per cent soil noisture, emer-

gence was affected by crusting of the soil surface. The poor ger:inination

at 10 per cent reduced the nunber of roots available to explore the soil-

which nay account for the reduction in the percentage of infected seed-

lings and roots; on the other hand, the reduction rnay be a real soil

rnoisture effect. I{j.thout further investigation it is i.mpossible to sa¡'

lvhether the reduction in incidence at 10 per cent is due to lack of ex-

ploration of soil or to an effect associated with soil noisture, or both.

Soil moisture had no effect on average root grovrth, but a re-

duction in top growth was associated with a reduction in scil moisture.

It is apparent that this is an effect of soil rnoistir.re on the host rather

than on the pathogen.

This experinent provides e.¡idence to show that 16 per cent

noísture (pFz.B) is sufficient to give good plant growth and adequate

levels of infection to determine 0. graninis incidence. Tlte results

suggest watering should be perforned regularly enough (i.e. every 2 days)

to pïevent the soil ¡roisture dropping below about 13 per cent (pFs.35).

(c) Effect of period of plant growth.

Experiments were designed to find out if there u/as a correlatj.c¡n
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Effect of soil moisture on the incidence of 0'
and on weight of seed.lings grown in cores from
all patch ãt Ceduna (mean of 7 replications)

TABLE 10

PercentagÇ ofl
seedlings infected ïoots infected

Arcsine
(radians)

Arcsine
(radians)

Dry weight Per
seedl ing

(ne)
top 1'oot

Emer-
gence

Yo PF

Soil
noisture

15

38

T7

1520

46

1B

25

19 2.34

16 2.80

13 3.35

10 3. 95

ns5

7

1.82.4

L.575.9 100

1006.4

1.505.3

0.7647

0. 10

0.18

0.25

97

90 L.36

T.S7 85 T.zL

77 1.15

25 0.495. t

0. 09

0.2L

0.28

Standard
er]|0r

LSD

P=0.05

=0. 01
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between 0. grarninis incidenôe on ,"ådtirrg, in cores at.4 weeks and plant

yield at maturity. In the first instance, an observational trial was con-

ducted rvith the renaining coles fron the transect at Keith (:l¡¡e 37).

After 4 weeks in the controlled environment these cores were transferred

to an open-sided glasshouse. Each core was r.emo\red fron its ca¡ and

placed in an 11,5 litre plastic bucket containing rsoil mixturer. All

buckets were watered to 17 per cent (approxirnately pFL.7) soil noisture

once a week. The plants v¡ere placed in the giasshou.se in June and reached

rnaturity in late November.

During the period of growth, consíderable variation in plant

height developed betleen plants within buckets, between replicati.ons and

between sites. In some ins[ances, 1 or 2 plants dominated, tillering

and growing vigorously; a sinj lar lesult was reported b)' Gerlagh (1968).

By late Septenber and early November, r.r'hite-heads began to appear amongst

the plants.

Although there were considerable differences in plant height

between replications and sites, excluding Site 1, exarnination of yield

(Table 11) shows that differences in production of plump grain v¿ere sma.ll.

Although it was possible to differentiate between different sites on the

transect by the bioassay, at maturity only Site I was different from the

remainder.

The following season a¡other experiment r,¡as co;tcitrctr:..-1 rtith what

was hoped would be a wide range of inoculun 1eveLs. Thus undisturbed

cores from a take-all patch and cores with 3 leve1s of sieving (5.0 rnn,

1.0 rmr and 0.5 ¡nm) were used. Tn'o series of all treatments were grc't¡n
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TABLE 11

Conparison of number of plants with heads, nu.nber of plants
with white-heads, and yield from wheat plants grown to
maturity in cores transferred to large containers- Two

cores per site from a transect made at Keith.

0

1

1

0

0

1

2

3

3

9

8

4

I

5

5

7

6

4

5

9

0

9

3

9

7

5

4

6

7

0

0

0

I

I

1

3

I

1

J

7.5 7 2 4.9

0

0

0.1

0.6

1.1

0.7

L.4

0.1

0.3

5.2

0.5

0.5

0

1.1

0.9

0.7

0.4

0

0

0 L.7

L.4 1.3

0.8 1 .0

3.9 2.0

2.7 L. 8

1.6 2.4

2.r 1. 5

0.4

0.3

0

0

6

6

* All treatments had 9 plants except Site 2, c1 (B plants) and Site 9,
c (7 plants). All plants except those fron Site 1 were infected.

Total phmp
grain (g)

dc

Total grain
yield (g)

dc

Number* of plants
with heads

dc

Nu:nber of
white-heads
(no grain)

cd
Site

I

2

3

4

6

7

8

9

10

11
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sinultaneously for 4 weeks, then I series was harvested and the other

transferred to the open-sided glasshouse. At the time of transfer, the

only paraneters that could be rneasured for both series were leaf length

(longest leaf only) ald nunrber of rhealthyt seedlings (i.e. those showing

no yellowing or less than 0.5 crn of leaf tip yellorving). Comparison of

these paraneters between the 2 series is shovm in Table 12 aLong with the

infection percentages for the harvested series. As there were only 2

parameters for conparison, analysis of variance rr'as performed on the data

for the nurnber of thealthyt seedlings. It can be seen that for the co¡n-

parable palameters, only the seedlings in undisturbed cores were signifi-

cantly different frorn those of other treatments. The similarity of the

standard error for both series (in both paraneters) suggests that the bio-

assay results for percentage of infected seedlings and percentage of in-

fected roots may be sirnilar in bo+.h series. Further, the range of infected

roots (3-Aøu"7 show that a v¡ide range of initial infection has been

achieved.

In the remaining cores the nunber of plants wes reduced to 6 to

remove some variation in emergence. The growth patterns wel'e símilar to

those observqd in the previous season with 1 or 2 plants dominating the

bucket in sone instances. At the tirne of harvesting all plants were

rated for severity of disease on the follor+ing scale:

Very low - PLants large and vigorous; no obvious 0. graminis

infection of roots, but presence later detected by

growing wheat seedlings in contact with roots.
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TABLE 12

Conparison of average leaf length and nunrber of rhealthyr
seedlings after 4 weeks growth for undisturbed alrd sieved
cores harvested for bioassay or groh'n to naturity. Also
incidence of O. graminis on seedlíngs from the harvested
coïes (nean oF7 replications) .

Core treatment

Average leaf
length
(cm)

A* Brr

Nuinber of
rhealthyr
seedlings

AB

Harvested selies of cores

Percentage of:
seedlings in-
fected

Arcsine
(radians)

roots infected

Arcsine
(radians)

tlndistu-rbed

Sieved (5 . 0rurr)

Sieved(1.Omn)

Sieved (0. Stmn)

L4 .9 L2.2 5. I 3.7

16.8 15.3 5.1 5.4

L7.3 16.8 6.0 6.6

18.0 16.7 6.1 6.4

98 1. sl 86 L.29

90

55

1.56 66 0.99

0.88 26 0. 50

7 0.t8 i o.ro

Standard
ETTOT

LSD P = 0.05

= 0,01

0. B 0.7 0. 5 0.5

L.7 1.5 1.0 1.0

2.3 ns I.4 L.4

0. L0 0.08

0.2r 0.L7

0.29 0.23

* A han¡ested at 4 weeks

B grohrr to naturity
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Moderate - Plants large and vigorous;

roots easilY observed.

Severe - Reduction in Plant size;

0. grarninis infection on

stem blackening; head formed'

Very
Severe - Plant very reduced in sLze; considerable ste¡n blacken-

irg; no head forned.

The results of this assessrnent are shown in Table 13. The results for the

undisturbed cores and the 0.5 rnm sieved cores (lor^rest level of inoeulun)

are of particular interest. As anticipated, nost of the plants in tire for-

mer treatment were severely infected, but an unexpectedly high number of

plants (72%) from 0.5 rnnr sieved col'es were in the severe category' To a

lesser extent, the sarne is true of the 1.0 mrn sieved ccre results. Exani-

nation of plant growth and yield (Table 14) indicates that the nr.in'rber of

tillers produced followed the patteïn expected, but the yield (especi-ally

the yield of plurnp grain) was quite different from that expected. Although

the differences in yield are large, they are not significantly different

because of the variability of the replic.atj-oltl; (Table 15) cauåed by scat-

tered vigorous plants. However, the over-aI1 impression was that disease

severity in the sieved coïes was opposite to that expected. Without fur-

ther investigations it is impossible to determine whether the infection

in the 0.5 nmr sieved soil was due to all cores having at Least 1 root

infected at the 4 week stage, or whether with extra tine the roots were

able to explore more soil and thus cone into contact r^Iith rûore inoculun.

The possibility of cross contarnination in the glasshouse, a's noted by

Gerlagh (1968) can be discounted as check plants grohn in rsoil rnixture!

as part of r:he replicated trial- were all disease-f::ee'
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TABLE 13

lfumber of plants out of 42 i.n 4 disease rating categolies.
Plants grol..'n to naturity in undisturbed and sieved coles
which were transferred to large containers.

Disease rating

Core treatnellt

Undisturbed

Sieved (5.0nm)

Sieved (1.Omn)

Sieved (0.smn)

0 4 4 34

7 16 1B 1

4 11 27 0

0 L2 30 0
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TABTE 14

Number of tillers and grain production for plants grovm to
maturity in undisturbed and sieved cores transferred to
large containers (nean of 7 replications).

Core treatment

Nunrber of
tillers

per bucket
(6 plants)

Total grain
yield

(e)

Total yield
plunp grain

(e)

Undisturbed

Sieved (5.Omm)

Sieved (1.O¡nn)

Sieved (0.stnr¡)

8.3 1.8 r.3

L3.3 7.6 6.7

16.3 7.5 4.4

16.0 5.6 2.6

Standard error

LSD P = 0.05

= 0.01

0.7 1.5 1.6

1.5 ns ns

2.0



TABLE 15

Conparison of yield per replication for plants grown to maturity in
undisturbed and sieved cores transferred to large containers

Mean
yield

of grain
(e)

1..8

7.6

'7Ê

5.6

YieLd of grain per replication (g)

L2 3 45 6 7

0 3. e 
(1) 1.8

(2) 00 3.5
(2) 3.7 (2)

10.4 13.8 3.1 13.9 10.L 0.1 2.2

9.7 7.3 8.6 4.2 2.4 r2.3 B.l.

2.7 L.4 6.2 rz.s 6.s(3) 7.r 2.8

Core
Treatment

Undísturbed

Sieved(5.0mrn)

Sieved (I . Omrn)

Sieved (0. smn)

(1)

(2)

(3)

3.5g from I plant

All from 1 plant

5.0g fron 1 plant

o\
(/i¡
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It is possible that sieving affected soil texture and consequen-

tly aeration. Garrett (1936, 1937) demonstrated that iniproved aeration

encoulaged h¡phal growth along the root surface, and j-t is known that

take-al1 is; favoured by light textured soils (Griffiths, L933i Garrett,

L934a). Crn the other hand, while sieved soil is initially nore rfluffyr,

after continued watering, it conpacts nore than undisturbed soil, and

this would reduce aeration. l'Jithout further investigation it is irnpossible

to determine why early levels of infection could not be correlated i,/ith

yíeld at naturity.

B. Bioassay of wheat stubble for the Þresence of

0. graninis,

Many authors have assesscd the incidence of 0._ graminjs in the

field by the nu¡nber, oT percentage, of plants inr"ected (Itrhite, 1945;

Chambers, Lg62; Chambers and F1ent,je, 1968; Etheridgê, 1969a; Ebbels' 1969).

These assessments are generally nade by visual exanination of the root

or foot regíon of the plant and sone have been confirned by production of

perithecìa (htrite, 1945) or by isolation (Chambers , 1962).

Although syrnptoms of 0. graminis infection may be obvj-ous on

ir¡mature or recently mature pI-ants, they are difficult to detect on old

wheat stubble. Visual examinatio:r of stubble also gives no indication

of whether viable 0. graninis is sti11 present. As isolation of

O. grani,nís frorn old wheat stubble ís difficult (White, 1945), a bioassay

to detect the presence of 9. grarnjnis was developed. The bioassay is

based on a test developed by Garrett (1938) and is sirnilar to that used
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by Hornby (1969b).

After collection cf the stubble, adhering soil was renoved frorn

each crorrrn (taken to include attached roots),which tcas then placed inside

an rassay tuber (rrCanelecil polyuinyl chloride, internal diametet 1 crn,

and length 4 cm). Each was threaded through the bssay tube'and the roots

packed down against the base of the crotun. Any stern straw extending

beyoncl the botto¡i of the tube was removed. If the crown was so l.arge that

it v¡as di-fficult to insert in the tube, some tillers were broken off and

discarded. If the crorrn vJas veïy snall, i*. was ro1led into a ball and

inserted into the tube.

Two wheat seeds were placed on top of the crotll in the rassay

tubet, covered with rsoil nixturer and grown for 4 weeks. A snall pre-

limi-nary trial dernonstrated that groruing of a wheat seedling on top of

infected naterial could detect the presence of O. graminis. This applied

to stubble from the'current and previous season. It was noticed that the

confined natgre of,the system sometimes caused the leaf of the seedling

to grolv down the tube. For this rea-son, and to ¡ninirni-ze germination

failures, 2 see<ls vÍere sown Per tassay tuber.

rGroilLh cylinderst (t'Clipsalrr Class A Rigid 1 inch poJ,yuinl'l

clrloride Conduit, internal díanieter 2.25 cm and length 8 cn) were packed

into a box and filled with tsoil mixturer to about 1 crn from the top.

The 'assay tubet was inserted in the rgro',rrth cylindert (Fig. 7). After

watering, the box was covered rvith a plastic sheet and placed in the con-

trolled environroent described previously. The plastic sheet nas removed

as soon cs seedlings started to emerge. The box rvas watered daily to



FIGURE 7

Method used to detect the presence of 0- graminis in wheat

stubble. Two wheat seedlings are grown on crowns inserted

in rassay tu-besr. These tubes are placed in soiL inside

rgrowth cylindersr. Seedlíngs on left disease free. Seed-

lings on right infected fron crowns containing viable

0. graninis.
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saturation and allor,¡ed +-o drain freely. After 4 lveeks the seedlings ite::e

removed and assessed for 0. grarninis infection, The number of seediings

showing vascular discoloration of 1 or ¡nore roots h?as r'ecorded.

To deterrnine the tine needed for seedlings to become infectecl

when grown above an infecied crorrll, 20 se-us of seedlíngs were assessed at

21 3 or 4 r./eeks. Treatnents in the rassay tubest were (1) obvíously in*

fected crov,Tts, (2) doubtfully infected cro¡rns from the sarne crop and (3)

no plant naterial present. HaIf the rassay tubes' tnlere ptraced in rsoil

mixturer in cups (SS cms) and the renainder in soil in a seerl box to

assess the likelihood of cross-infection. þiithin the boxes the time

treataents were separated, but cther treatnents I'iere inserted randomly

in the soil to a depth of about 2 cm at 2.5 cm centres on a square g::id.

Separating rgrowth cylinclersr t,'ere not used in this experinent. All cther

conditions for the experiment \rlere as described above,

The results are shorrn ín T¡-ble 1.6. It can be seen that 4 tçeelis

t{¡ere necessaïy for B0 per cent or norê (ìf 'úh3 test seedlings to beconie

infectecl by 0- gra:ninis fron those clot\rrìs visù.al1y assesseC as infectecl;

the discrepancy betr.reen the cro-vrms visually assessed as positive and tire

bioassay may have been due to íncorrect assessnent, lack of v:lable fungus,

or the possibility that inore than 4 weeks is needed for seedlings to

beccme infected" These possibilities were not investigated, but 4 v¡eeks

for seedling gronth was adopted as standard practice.

It can be seen (Table 16) that there was some cross-infection

anongst the seedlings vrithin the box. In some instances v¡here seedlings

were infucted f::r>rn a source external to the material in the tassal' tuber,



TABLE 16

Effect of harvest interval on the number of wheat seedlings infected
with O. graminis. SeedLings grown in tassay tubesr, !"ith or without

infected plant material. .

No plant
material
(max 20)

weeks

234

004

Plant nateriai. visualLY
assessed as:

infected doubtfuLly infectecl
max 20 20

2

weeks

3 4

238

6710

000

2

weeks

3 4

3L219

7L216

002

Nurnber of
seedlings
infected
from:

material in
I assay tube I

naterial in
rassay tubet

source outside
rassay tubet

Treatnent

I Assiry
tubes I

in cups

I Assay
tubes I

in
seed
boxes

o\(o
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discoloration of roots extended up into the tube. To rninirnize the

possibility of incorrect assessment (without the extra trouble of r-rsing

individual cups), rgrowth cylindersr weTe enrployed to keep roots seps'rate

until they reached the botton of the seed box'

0f the group of crorrrrs assessed as doubtfully iní'ected, abou.t

half contained viable L graminis (Tab1e 16). This demonstrates the

difficulty of determining the ptesence of O.- g-I.14ill.: in stui'rble 'uy visu;al-

assessment. This problem was further investigated. A large number of

mature u,heat plants were collected fron the experinenta]- atea at Cech¡na.

These were assessed for the pre,sence of 0. gtariinis, both visually ancl

by the bioassaY.

Table 17 shor^ls that of the croir'ns vis,:aiìy assessed as infec'ue'j ,

less than 4 per cent were incorrectly assigned, but of those consid'er:ed

to be free of infection, 41 pel cerrt were incorrectly assigned' Thi-s

discrepancy could be due to ny inability to detect all lesj-ons present

on the cTowns or the presence of 0. graminis in a forn difficul-t to de-

tect macroscopically, It is also possible that the bioassay H'ould d-etect

0. graninis v¡hich l{as present on the stubble as runner hyphae (Wa'rcup,

Pers. Connir.), but rr'hich hacl not invaded the plant. The detection of

O. Eraminis that h¿.d n<¡í- inr¡aded the plant v¡oul-d not affect the stuCríes

envisaged, as I an intelested in the surv-ival of the fungus, rather than

detecting where it is surviving on the plant remains or debris.

C. Relationship of íncídence of 0. gramínis a_nd

grain yield

For intensive studies cf a linited area in the field over a long
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TABLE 17

Comparison of visual assessnent and bioassay for the
detèction of O. graniniå in mature wheat stubble.

Visual
assessment

Bioassay
Nr.¡mber

Percentage
of crowns
in visual
categories

Percentage
of total
number

of cror^ms

of
croulns

+

+

+

+

339 96.6 :i5.3

L2 3.4 1.9

168 59.0 26.4

LT7 41. 0 18.4
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periodoftine,itisnecessaÏ}'tcdevelopnethcrisofassessingthe

incidence of O. glaninis with minímun disturbance to the location.

lrfethod.s based on an above ground part of the host , that is those parts

(e.g. grain yield, plant height, straw weíght, etc.) r,rhj-ch na¡'portray

the 1evel of take-a]l vrould be advantageous. The problerns a.re, howôveL,

to correlate take-all lr'ith indices rneasuring the incidence of 0-.gt**iåi-l

(e.g. number of plants infecteC, length of disc.olotired root tissue), aud

secondly, to be sure that differences in growth aTe a refl-ection of

0. graminis alone and not some other factor'

Grain yield, rr'hich is more convenierrt to recolcl than plant

height or straw yield, has been shorn to be negatively correlated v¡ith

O. graminis incidence. Suzulti et al. (1957) dernons'crated a significarrt

correlation between average grain yield per plant and infection based on

an incidence scale ranging from 0 to 4. Slope (1967) has shor¡rl ihat for

each 1 per cent increase ín the nurnber of tillers infected there lJas an

0.3 cwt decrea-se in grain peï acre (or approxímately 0.6',). Rosser and

Cha-dburn (19681 found, ovel a period of 3 years, that the regression

equation was:

Y=36.55-0'I27x

where y = yield in clr't per acre and x = per cent of tillers infected with

0. gramini.s. Nilsson (1969) demonstrated that a relationship bettr'een

yield anci 0. graniinis incidence for the spring rvheat variety Kírn II could

be expressed by the equ-ation:

Y=36.51-0'346x

In this expression y = the yield (1000-kernels dry weight in g), r'r'hiie
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x = the nean disease index composed of the disease index of the seminal

roots (%), the disease index of the cror!'n roots (%) and the disease index

of the straw base (%). In this study 1'800 plants we:ce examined. He

found sinilar equations when measuring the sarne parameters for a snalle::

number of plants (300) for 2 other spring wheats. Unfortunately the

disease indices used by Nilsson (1969) are based on a conplicated systen

of visual asse.ssment.

The investigations reported below v¡ere designed to study the

possibility of using yield to estirnate 0. graninis incidence. The aim

was to correlate yield with incidence, and to develop a nethod of finding

the latter with the minimu¡n of lsork and disturbance to the field l-ocation.

(i) At Turretfield.

. In the first experiment, at the TurretfieLd experimental area,

3 blocks (4, B q C in Fig. 5, page 28) within the 1969 crop rvere chosen

at the end of the growing season for detailed investigation. The only

apparent differences betleen the blocks was the íncidence of take-a1l and

sone soil cornpaction where take-all was severe due to insufficient U"ottd

coveï to protect the soil surface from rain.

Block A was chosen to represent a location without take-all.

Nearly all plants wele vigorous, being even in height and producing grain-

filled heads. Block B was sítuated in a take-all patch. All plants l'rere

snall conpared to those in Block A and niany had failed to produce heads.

Block C contained both vigorous and small plants, a take-all patch exten-

ded down rnost of the western side and there also appeared to be a smal1

patch in the north-east corner.
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Each block contained L2 drill rows 3.6 m long and divided into

12 sites 30 cm in length. The heads from each site +¡ere coilecteC,

threshed and the grain weighed, Detailed results are sirorrn in Appencii.x B.

Itlithin each block, the plants h¡ere renoved from 12 site:: (1 s:te seleci:ed

at random per dril1 row) and the cïov,Trs bioassayed for the pr:sence of

0. graninis. These results are giverr in Tables 18, 19 and 2t.

aim was to determine ¡'hether the yield lesults from Block Â

and B could be used to predict the incidence of 0. gr?Ininis in Bl-ock C.

Two approaches H,ere employed. They ttere, f;-rstly, to exani-ne the vatia-

bility of yield v¡ithin Blocks A and. B to deternine the sarnple size

necessatfy to differentiate between A and B; and then to nap the 0' g?a.n1:liiS

incidence in C based on the yields in A and B. In the second apltrr:a-ch

the regression of the incidence of .0. ryryrys and yieicl was establishi;d,

and then used to piedict the yieJ-d at selected levels of incideirce- The

rnaps obtained by this niethod a¡rd the forner nethod were then comparecl.

To exaini.ne the varia-bility in yield, it was assunied th:rt A v¡as

a unifornly high yield, low incidelrce block, rr'hile B was a unifo-rrtly low

yield, high inciclence block" If this assunrption was correct it v¡ould be

possible to clivide C into Païts similar to both A and B, and possibl¡'

some sections ínterne<iiate to both. However, exa¡nination of the rletailed

yield results in Appendix B reveairs that there is considerable r¡a:rj-abil-ity

of yield between sites within both A and B.

The range of the distribution lr,ithin which the;'i6;r¿ tl'r:n 95 per

cent of the sites t{eïe expected to fall, was calculated for ea-ch bl-ock .

The 95 per cent range was estirnaterl by the foilowing equation:
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TABLE 18

Number of plants, yield and leve1 of infe':tion :Îrorn

12 randon sites in Block A at Turretfiel;i.

Percentage
of infected

crokIIls

Average
yield

(e)

Total
yield

(e)

Nunber of
plantsRow Site

0. B3

I .40

L.62

r.25

0. 85

0.7 3

1 .88

0.7s

0. B2

0.68

t.22

0.76

3A1923

10

1515

3B

10L720

11

1315

L2

3611

10L319

3311

T317

20T4

B

648

8

I

o

24

2L

10

9

I

I

2

3

4

5

6

7

8

9

10

11

L2

T2

10

L2

10

6

L

9

4

10

7

1

9

25.rL3.3L3.4 L.07

t.7

Mean
Standard
erfroll
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TABLE 19

Nurnber of plants, yield and level of infection from
12 random sites in Block B at Turretfield.

Row Site Nr.¡mber of
plants

Total
yield

(e)

Average
yield

(e)

Percentage
of infected

crowns

I

2

3

4

5

6

7

8

9

10

11

I2

4

10

7

T2

L2

7

8

5

L2

7

8

o

10 3

0

I

L

4

1

2

0

0

4

1

1

0. 30 60

T4 0 100

10 0. 10 90

8

o

9

7

9

0

0

L3 100

44 100

0. L1 100

0.29 100

0

0

100

L2 100

6

8

0.67 100

0.13 100

I4 0.07 95

Mean

Standard
er10ï

o7 1.s 0. 19 95.3

0.7
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TABLE 20

ñlnber of pl-ants, yield and level of infection from
12 random sites in Block C at Turretfield.

Average
yield

(g)

Total
yield

(e)
Row Site Number of

plants

Percentage
of infected

crowns

18 7

0

4

2

0. 38

0

0.40

0.09

L.33

0.20

1 .56

0.73

1.08

0. B9

0

0.80

'/t

L3 100

10 100

23 100

L2 16 92

10 2 100

9 L4 67

11 8 55

L2 15 5B

9 B 56

11 0 100

15 L2 93

1

2

3

4

5

6

7

B

I

10

11

L2

t0

10

11

6

I

8

5

1

8

7

1

B

Standard
error

Mean 83.37.3L2.8 0.62

L.3
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95%range=i- tS.D.xt

where F = the rnean for the total yield for all sites in each block,

S.D. = the standard deviation of the mean and t = rrtrr value at p = 6.65

for the number of sites (n). The standard deviation was deterniined by

the fomula:

S.D
(x*) 2l

"J
1 2

XxnT

The results of verious st-eps in the calculation are included in Table 21.

The results for 144 sites (I2 x 12) shov¡ that the linits for the 95 per

cent ranges for A and B overlap (i.e. 4.5 to 20.L anð 0 to 6.6). This

¡neans that the use of sites of this size (i.e. 1drill lot\' x 50 cm) to

establish O. graminís incidence linits for Block C is impractical, as

the sites within the so-called uniforn Blocks A and B v"ere too variable.

Hovrever, if 4. sites are combined to make I rnac.ro-site (2 fuiJ-l

rows x 60 c¡r long) and the )'ield results are remapped (Table 22), ít can

be seen that variability is reduced. This is confirmed by examination of

the results for the 36 macro-sites (6 x 6) in Table 21. The range for

A and B in which the yield f:r'om 95 peï cent of the rnacro-sites is expected

to fal1, do not overlap (34"I +,o,64.1 and 0.6 to 16.8 respectivell'). All

¡nacro-sites with a yield of 17g or less are considered to be similar to

Block B (based on the upper limits of the 95 per cent distribution range)

and therefore have a high O. graninis inciderce. Sites with yields greater

than 34 g axe considered to be sinilar to A (ba.sed o:-t the lower línrit).

If the above results are applied to Block A (TabLe 22) it can
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TABLE 21

deviations x rrttr

AREA A AREA B AREA C

Mean (Ð
yield (L2 x L2)

yield (6 x 6)

12.3 -2.2 8.1

32.649.L 8.7

Standard
devia-
tion
x iltll

yield (LZ x LZ)

yieid (6 x 6)

7.8 4

B

4 9.4

15.0 I 27 .0

9s%
range

(ltsDx"t')

yield (I2 x Lz)

yield (6 x 6)

4.5 20.L 0

0

6.6 0 17. .c,

34.L- 64.L 6 -16.8 5.6- se.6
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TABLE 22

Grain yield (g) fron each of 3ó macro-sites for B.locks Ë

A and B at Turretfield

i-

BLOCK B

6 81111 3 10

16 812 5 3 6

11 L2 7 5L419

L4 6 5

2

I

11 11

7 L4 '... 9 8 3

L3 2 7 11 6

58

53

6T

s6

50

58

51

60

4E

37

40

50

3L

61

4s

50

49

51

s4

52

53

4s

47

51

60 46

35

57 s2

42

42

38

52

42

43

49
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be seen that 1 rnacro-site would be placed in the intermediate incidence

division and the remaining 35 in the low incidence type. One rnacro-site

in Block B (Table 22) is classed as internediate, while the remainder

are classed as high incidence macro-sites.

With this information it was possible to again examine Block C.

The rnacro-site yields for C (6 x 6) are sholrrn in Figure Ba. Superirnposed

are 3 levels of 0. graminis incidence. The urap produced is sinilar to the

visual assessment of the situation niade prior to harvest., Hovrever, a

large r¡unber of nacro-sites are"classed as low incidence areas and, as

can be seen fron Table 20, this is probably not the case. The inference

is therefore that napping 0. gramin:þ by yield alone is underestirnating

the true incj.clence. The nap based on yield alone possibly gives an indi-

cation of early 1evels of 0. grarninis rather than incidence at the end of

the season.

In the second approach the correlation of 0. graninis and yield

was studied. Correlation coefficients and analyses of variance for the

regressions comparing percentage of infected crowns with nunber of plants,

total yield and average yield per site were comPuted (TabLe 23). In no

instance was incidence correlateJ r'¡ith the number of plants per site and

only in Block C was incidence and average yield correlated, with a sig-

nificant variance ratio at p = 0.05.

As all blocks are located in the same vicinity, and as there

arce no obvious differences in soil type, and no pathogens of inportance

other than O. grarninis, examínation of the regres-cion using the combined

data fron all sites can be undertaken. Table 23 shows that the percentage



FIGURE 8

MAPS SHOWING GRAIN YIELD FOR MACRO_SITES WITHI}I BT,OCK C

AT TURRETFIELD. SUPERIMPOSED ARE MAPS SHOWING THE

ESTIMATED INCIDENCE OF O. GR.AIIINIS

(a) Incidence urap based on yield results from adjacent

take-all a¡d non-take-all blocks

High incidence :

Internediate incidence :

Low incidence :

less than 17 g

LBto53g

more than 34 g ..*

(b) Incidence map based on the regression of infected

crordns and yielc.

High incidence

Intermediate incidence

less than 30 g

31to60g

'ft.
, -,,i]',1.
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TABLE 25

Results of the regression a-nalysis for the comparison of
percentage of crov¡ns infected with the nunber of plants
per site, Ðd yield per site for Blocks A, B and C (in-
dividually and combined) at Turretfield.

Parameters Block Variance
ratio

Correlation
coefficient

rrl

Percentage infected
crowns

vs
Nunber of plants

A
B

C

Cornbined

0.8
0.2
1.1
2.6

0.2805
0.r4s4
0.3L37
0.266s

Percentage infected
CTOhTìS

vs
Total yield

A
B

c
Combined

3"2
0.9
4.2

56, 0***

0.4909
0.2793
0.5428
0.7888

Percentage infected
crowns

vs
Average yield

A
B

c
Conbined

0.5
0.1
6. 1*

34.2**x

0.2187
0. 1 094
0.6169
0.7rlB1
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of infected crolrTrg is significan'uly (p = o'001) cor-related with botll

total yield and average yield. The relationship bettveen infection and

total yielcl is shown in Figure 9. It is of interest that the correl.ation

coefficient for the percentage of infected crowns is higher r,¡ith totaL

yielC than with average yield (Table 23). Calculation of average yield

is a problern because of the difficulty in counting tlie number of plants

per site (i.e. deterrûining rvhich are plants and which are tílIers) and

the work involved in making and recording the count. It is pcssible thai

'tillering rexrìoves gaps caused by r¡a.ríaii.on in nrmber of plants, and this

may be the reason why total yiel<i j.s better than average yield f-cr rnaking

comparisons v¡ith incidence.

From the regression equation estalilished (Fig. 9), r tvas able

to calculate the expected yield for an¡'- leveL of incidence of 0. 9""9-"it.

From this it was possible tc again map Block C. To delimit boundaries

fc-r incide.nce categories, 2 atbitrary leveLs were selected. All sites

wj.t.h 67 per cent or more of the crowns irrfected. were ca1led iiigh inci-dence

sites, while those rr¡ith 33 per cent or less were cal1ed lol. If these

points are applied to the regression in Fip¡-lre 9, it can be calculated

thai hígh incj-dence nacro-sites would.have a yield of 30 g or less

(7.5 x 4 to bring site yield to nacro-site equivalent). Simj-lar:ly those

macro-sites with a yield of 619 or tnore would be in the low incidence

category.

Usíng the above categories all of Block A, except 2 macro-sites,

would be rnapped as inte,rmerliate inciclence (Table 22) . The 2 exceptions

¡r'ould be lol,r incidence nncro-sites. Although visually, Block A was



FIG. 9

RELATIONSHIP BETWEEN PERCENTAGE INFECTED CROWNS

AND TOTAL YIELD FOR 36 SITES AT TURRETFIELD 1969
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apparently disease-free, the bioassay of cror,ns suggests that about 25

per cent of the plarrts were infected (Tab1e iB). All of Block B i,¡oulC,

be in the high incidence category.

When the above incidence levei.s are super:inposed on the ¡yiel<ir

rnap for Block C (Fig. Bb) o only high ancl interrnediaie incidence tnacro-

sites are obtained. Examina-ticn of results for Block C (Tab1e 20) suggests

that, although the yield rnean is interniediate to A and B, the percentage

of infected crowns is hea-vily biased towards B. This in turn irLC.,j-c.ates

that all of C should be in either high cr interrnediate categories " The

nap (Fig. 8b) based on the axbit.rary categoríes for levels of infection

appears t.o best porttay this condition.

In conclusion, it seens that. rnapping by yieltl (sampl e size,

2 dril1 rovrs x 60 cn) could be used to obtain a nìap shotving the e.stimated

incidence of 0. gramínis but it neecls t-o be assocrated wiih actual incj.-

dence by obtaining an tincidence-yieldr regression.

(2) At Ceduna.

In the experiment at Tutretfj-eld only a sna1l uumj¡er of sítes

were used to deterrnine the percentage of infected cronns. In an e>lperi-

ment, conducted at the Ceduna experi-rnental atea, the regression of

incidence and yield v¡as established using a l-atqe nurnber of sarnples" The

experiniental block (F on Fig. 3, page 28) contained part of a poorly de-

fined take-all patch and a smal1 section in the south-east corner lçith

relatively vigorous plants (Fig. 10J. The irlock had .16 arif f rorus each

4.8 m 1ong, nhich v;ere divided into 16 sites 30 crn 1ong" Fron eacir site

the grain yield wa.s recorded. From ever)'seccnd site in the drill rotr'



FIGURE 10

General vlew of experirrental atea- at Cedu.na shoir'ing

0. grauìnis infecl.ed l¡ireat crop" Bloclt F pegged cu'u

(Iooking south)
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(even nurnbers in rorv 1, odd nurrbers in ro',v 2 and so on), all the plant-s

were removed and the crowns bioassayed for the presence of 0. graminis.

Fron all the remaining sites a soil core (9.8 cm) tvas reìnol¡ed frorn the

centre of the 30 cm length of row ancl bjoassayed for the presence of

0. graninis. The detailed results for this experirnenl are given i-n

Appendix C.

Details of the regression analysis for the cornparison of the

percentage of infected crowns rr'ith number of plants , tota1- i'ield and

average yield per site are given in Table 24. The percentage of infecterl

crohryts per site was not influenced by the number of plants per site. As

previously, (Table 23) the corr"elation betr,r"een the percentage of infected

crohrns and total yield was superior to that for the percentage of infected

crokrns and average yield. This again suggests that total yi e1d lemoves

sone of ùhe variability caused b)' the differences in numbers of plants

per saniple site. The regressicn details for the comparison of the percen-

tage of infected seed.lings and the percentage of infected roots per core

rr'ith total yield are given in Table 24. There is a highly significa.nt

correlation between yield a.nd both these paraÍìeters, with the percenta.ge

of infected r-oots being the better"

I¡Iith these regression equations established, a selies of rnaps

were prepared based on (1) the relationship of incidence and yie1d, and

(2) incidence alone. These maps were tlien compared.

If the arbit'rary points selected previously (i.e. 33% and 67%)

are used in that part of the e>.perinent ernploying the percentage of infec-

ted crowns (per site) , it can be calculated fron the regression cu-we in



TABLE 24

Results of the regression analysis for conparison of (1) the percentage
of infected crowns per site with nr:mber of plants and yield from every
second site; (2) the percentage of infected seedlings or loots per
core with yield frorn the aLternative sites. From Block F at Ceduna.

Variance Ratio
Correl at ion
coeffi.cien-urr:

Regression
equation

3.7 0.1766

139.7t(** 0 .7 377 v 100.69-9. 95x

79. B*** 0.6368 y = 97.45-41..90x

37 .stc** 0.4642 y = 94.59-6.33x

53.4*** 0.5470 v 78.61-7.5lx

x

% crowns
infected

Number of
plants per site

il Total yield
per site (e)

Ir Average yield
per site (e)

% seedlings
infected

Total yield
per site (g)

% roots
infected

To"cal yield
per site (g)

Type

Plants

Cores

ro
F
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Figure 11a, that 1ow incidence nacïo*site-s rvoulci have a yield of 27g or

more while high incidence macro-sites would have a yield of 14.g or 1ess.

If these categories are superirnposed on the ryieldt map sholrn in Figure

IZa, a nap predi-cti.ng the incidence of 0. glg.rrrrrs is obtained. This

t¡pe of nap vri1l be calLed an f incidence-yieldr map. If the actual

sincidencer rnap based on the percentage of infected ciow:rs per site is

drawn (Fig. 12b) with the same delinjting points (33% and 67%) it can be

seen that the rnaps are veïy similar. The rirrcidence-yiel.d' map has under-

estimated the parts shown as low incidence in Figure I2b, but othen'¡j.se

Figures I2a and 12b show a good correlation.

The regression fo:r the percentage of infected roots per core and

total yield per site intercepts the y axis at 78.ó per cent (Fig. 11b).

If the arbitrary poi-nts of deli.uritation are again selected to represent

3 equa-l portions of the y axi.s, the upper limit for low incidence would

be 26.2 per cent a¡d the l.ov;er Linit for high incidence rt'ould be 52.4 per

cent. As these points are difficult to fit into the computer mapping pro-

granr used, the limiting points rvere chosen as 25 and 50 per cent respec-

tively. If these points arer applied to the regression (Fig. tr lb), the

upper yield limit for the hi-gh incidence macro-sites would be 1-5g and the

lorr'er limit for the 1ow incidence nacro-sites r,¡ould be 2Bg. llhen these

li¡nits are used to superimpose the estimated 0. granlry incídence on the

yield results (Fig. I1a), the resulting 'incidence-yieldr niap is similar

to the map slro'wn ín Fígute I2a. l,riren the actual rincidencer rnap is d.rar"'li

(Fig. 13ll), it is siniLar to its rincidence-)'ield' counterpart Figure I3a.

However therincidencetrnap shor,,¡n in Figure 13b is nore patchy than that
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FIGURE 1].

ITNCIDENCE-YIELDT REGRESSTONS FOR BLOCK F AT CEDUNA,

196

(a) Relationship between percentage of infected

crowns and total grain yield per site.

(b) Relationship between percentage of infected

roots per core and total grain yield per site.
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(a)

(b)

FIGURE 12

I INCTDENCE-YIELDr MAp CEDUNA, 1969

Map showing grain yield per ¡nacro-site.

Superirnposed is an incidence nap based

on regression of percentage of infected

croü¡ns per site and yield per site.

High incidence : less than 14g

Intermediate incidence : 15 to 269

Low incidence : ilþle than 27g

TINCIDENCE' IvIAP CEDLiNA, 1969

Map showing incidence (percentage of

infected crowns per site) based on every

second site.

High incidence. : (5 = 68 to 83%, 6 = 84 to L00%)

Internediate incidence : (3 = 34 to 50%, 4 = 51 to 67e")

lo¡¿ incidence : (1 = 0 to L6%, 2 = L7 to S3ro)
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FIGURE 13

(a) TINCIDENCE-YIELDT MAP CEDUNA, 1969

lufap shorr'ing grain yield per nacro-site.

Superimposed is irn incidence nap based

on regression of percentage infected

roots per core and yield per site.

High incidence : less than 15g

In_ternediate incidence : 16 to 27g

(b) | INCIDENCET MAP CEDUNA, 1969

l,lap showing incidence (percentage of

infected roots per core) based on 1 core

taken from the centre of every second

site.

High incidence (7 = 76 to B7%, 8 = 88 to L00%)

(5 = 51 to 62%, 6 = 63 to 75e")

Intermediate incidence | (3 = 26 to 37%, 4 = 38 to 50%)

Low incidence (1 = 0 to 12%, 2 = 13 to 25%)
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shown ín Figure 12b. This indicates that L or both methods are giving

an incorrect estimate of the incidence of 0. graminis. As exactly half

the entire area (30cm in every 60cn) was sampled using the percentage of

ínfected crov/ns, rvhile slightly less than a sixth of the entire area

(9.8cm in every 60crn) h'es sampled with the cores, it could be expected

that the cro'Èas v;ould give a better indication of incidence than the cores

The tincidencet map based on the percentage of infected roots peï core has

probably underestimated true incidence.

In conclusíon, it can be seen that the percenta-ge of infected

crohrts per site and to a lesser extent, the percentage of infected roots

per core show a good correlatíon with yield when iniensive sarnpling of a

limited area is undertaken. Such sampling destroys the area. For this

reason there was a need to l<now the number of samples required to give a

consistent regression equation.

(3) Deternination of rincidence-yieldt regression.

A series of regression analyses rras performed on the results of

the Ceduna experiinent. For both the bioassay of crot{ns änd cores, a lan-

dom selection of 1, 2, 3 o'r 4 sanples Per Tolv (4.6 n) was conpaled v¡ith

the yield from the sane sites. The regression equations obtained were

then conrpared with the original regression eopation based on the maximum

number of sites per rorv (B). A regression anal¡'sis tcas also performed on

8 sanrples fron the take-all patch and 8 from that part of the block with

vigorous plants. The sites chosen rvere the 8 nost north-west and the B

rnost south-east for both types of assavs. The results are shown in

Table 25 and Figure 14. At lea-ct 2 sites per 4.6 n row are needed for



TABLE 25

ResuLts of regression analysis comparing incidence and total grain yield per
site for 1, 21 5, 4 or B samples pel rohr in a take-all area at Ceduna. Also
regression analysis based on B take-aLl and B non take-all sites.

Regression equation

y=100.27-6.7êx
y = 98.50 - 10.56x

y=101.81-10.18x
y= 99.44 -10.40x
y=100.69- 9.95x

I=100.50- 9.03x

81.11 - \r.24x
84.02 - 8.39x

78.92 - 6.72x

78.I2 - 7.53x

78.61 - 7.51x

y=
v-
y=
y=
y=

y= 81.04-10.55x

Correlation
coefficient

lrl

0.5423

0.7977

0.7666

0. 7530

0.7377

0.7873

0.7001

0.5561

0.5695

0. s068

0.s470

0.8150

Variance
ratio

5 .4*

45 .5**tr

62.7t *x

73.3***
139.7*ìr*

17 .9**rr

L3.4**

13 .4t(**

2I.6x**
2I.4***
53 .4*tr*

ac 1***

Number of sanples

L sanrple per row (16)

2 samples per row(32)

S n rr rr (49)

4 ü il il(64)
g r n r(129)

B take-all ancl B non

take-aI1 sites (16)

I core per row (16)

2 cores per row" (32)

Snrrn(49)
4rrrn(64)
Bnnn(IZB)
B take-all and 8 non

take-al1 sites (16)

Relationship

Percentage
of crowns
infected
per site (y)

vs,
total yield
per sit.e (x)

Percentage
of roots
infected
per core (y)

VS
total yield
per site (x)

ts
O
O



FIGURE 14

EFFECT OF NUMBER OF SAT{PLES PER ROW ON IINCIDENCE-

YIELDI REGRESSION.

(a) Relationship between pelrcentage of infected

crowns per site and total grain yield per site.

(b) Relationship betvreen percentage of infected

roots per core and total grain yield per site.

Note: Figures equal ntmber of sanples per rou¡.

rTr equals 8 take-all and 8 non-take-all

saurples.

.:
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both types of assa-y to obtain a regression similar to that obtained from

B sites peï rohr. The take-a1l and non-take-aIl sites gave a regression

similar to the B sites per ror{ for the percentage of infected crot'.'ns, but

an unsatisfactory regressi.on with the percentage of roots infected per

cole.

These observations l,rould inCicate that the nunber of sanples

taken in the Tumetfield experir:nent (1 per 3 n of row) may have been in-

sufficient to establish the correct regression. Horvever, the use of

sarnple sites from take-al1 and non-take-al1 blocks at Turretfield would

have conpensated for the lolv number of sanples per row.

These results suggest that mapping the incidence of 0. gram]-nl-s

by yield can be undertaken provided 2 important. crite'ria are observed.

Firstly, close obserr¡ation of the experimental area must be rnaintained

to establish that no other najor pathogens are influencing yie1d. Secondly,

areas rvithil or adjacent to the trial, ntust be kept and used to establish

the rincidence-yielclr regression on each occasion that the experinent is

planted

A difficulty with this mapping technique, however, could be

the establishment of the rincidence-yieldr regression when all the area

is relatively healtlty or rutiformll' diseased' Also if the equilibriun

situation reported by Fellows and Ficke (1934, 1939) and Buddin and

Garrett (1941) is established, there could be the problem of obtaining a

meaningful rincidence-yieldr regression (i.e. incidence nay be relatively

high with 1ítt1e effect on yielcl).
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D. Incidence of 0. c'T'aminis and take-all in

consecutive v;heat crops

It is important to study the incidence of 0. gram].n1s 1n con-

secutive props and fo1low the spread or contraction of take-al1 patches

with continuous cropping. Ideally these studies shou-ld be carried out

over a period of several years lvith the idea of recording inc-leases in

0. graminis incidence and take-all during the early yea,rs and the possible

take-al1 tdeclinet with continued cropping. Although time allorved the

exanination of consecutive crops in only 2 seasons, 2 experiments vere

conducted using the mapping technio,ue described above. It v¡as also hoped

that aerial photography could be used to follorv changes in take-alI inci-

dence during the growing period.

(1) At Turretfield.

Block D (Fig. 3, page 28) vras chosen for this experiment. A

large part of the block contained plants shovring take-a7l. The experi-

nental block (40 dril1 roh's, 7.2 m long) r,ras composed of 240 macro-sites,

which r,,'ere harvested at the end of the 1969 growing season. The yield

results fol the 1969 crop are sho-nrn in Figure 15. If the regression

obtained previously (Fig. 9), is applied to these results, the estinated

0. graminis incidence can be superimposed on the tyieldt maP, to give the

rincidence-yieldt nap shoun in Figure 15.

The block was burnt at the end of sunmer 1969-1970 and sotr'¡r in

early June 1970. As the position of another experirnent preverrted a straight



FIGURE 15

0. cRr\lvtINIS' INCIDENCE-YIELD' MAP TURRETFIELD'

1969

Map showing yield per macro-site. Superimposed

is an incidence map based on the regression of

percentage of infected crowns and yield'

High incidence :

Inteirnediate incidence :

less than 50g

31 to 609 :
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ïun r^rith a big drill, the block t{a-s sovrn l.'ith a 9 row drill. Unfortunately

a gap was left on either side of the run, second frorn the eastern side of

the p1ot. This rneant i dril1 ToiÁ¡ ?,,as missing from the tenth, eleventh and

sixteenth macro-rows (Fig. 16).

Aerial photographs v¡ere taken of the block on Septenber 30 an<i

October 15. On the first occasion, technical problems with the equipment

prevented the taking of a satisfactory photograph which included all of

the experimeni;a1 block. Areas of infected plants were obvious, but no

attempt rças made to develop a composite photograph. On the second occasion,

a photograph taken r"roïn a height of 18 m gave a successful print (Fig. 16).

Take-a1l areas appear a glreen colour in the print and areas t¡ith 't¡igorous

plants appear red" From the photograph, ít appears that the eastern half

of the plot is relatively healthy, t'rhi1e nost of the lenainder contains

nai.nly stunted plarrts.

The yield results for the 1970 crop are shoym in Figure 17.

Because tnacïo-ïows 10, 11 and 16 had only one dri11 rol{ each, they have

been elj-minated fron the map. As tìre block,-tvas not going to be used again,

the rincidence-yieldt regression for 1970 rr'as obtained from within the

block. Previously, it was erstablished that 2 sites (each 1 dri1l low x

30 cn) per 4.6 in of drill row vlas necessary to establish an rincidence-

yieldr regression. 0n this occasion ttre plants from a random selection

of 2 macro-sites per macro-Iow ÌJeIe bioassayed for the presence of

! graminis. This is an assessment of the plants from one-sixth of every

7 .2m dxil-l rovr, a higher portion of the row -uhan lvas assessed by the

above inethod. Although the portion assessed rvas greater, the scatter of



FIGURE 16

Aerial photograph of Block D (4 white markers) at

Turretfield. Recl coloured ateas relatively healthy

wheat plants and green coloured areas take-all patch'

Area within markers is free of all weeds. Photograph

v¡as taken using a Pentax Spotmatic 35 run camera sus-

pended from 3 hydrogen-filled 800 g 10 PCS Weather

Balloons. Kodak fnfra-red Aero 8443 filn was used

with a Hoya Y (K2) yellow filter.





FIGURE 17

O. GRA},ÍINIS IINCIDEÌ{CE-Y]ELDI MAP TURRETFIELD,

1970

Map showing yield per macro-site. Superinposed

is an íncidenêe rnap based on the regression of

percentage of infected cro¡¡ns and yie1d.

High incidence :

Intermediate incidence :

less thair 23 g

24to48g
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samples rï,as reduced. This may have reduceC the charlce of obtaining ex-

trenes of incidence an<1 yield due to a reduction in the variability that

could be expected from snaller sites. The nu¡nber of plants, total yield'

average yietd and percentage of infected cronns per nacÏo-site are given

ín Table 26,

Details of the analysis of variance of the regression coärparing

the percentage of infected croir'ns with number of plants , total yielci and

average yield per nacro-site are given in TabIe 27. In contrast to the

pr.evious experinnents, there wa-s a significant (p = 0.05) relationship

between incidence and the number of plants per site. Once again the cor-

ïelation of íncidence and total yield per site was superior to average

yield per site.

The rincidence-yieldr regression is shown in Figure 18' As

previously, the portion below the line on the y axis was divided into 3

equal parts, thus the delimiting poi-nts for the 1970 season h'Ìere 27 pet

cent or belov¡ for the low incidence category and 54 per cent and above

for the high inciclence category" Fligh incidence aleas have a )'ield of

23 g or less per macro-site rrhile intermediate aleas irave a yield of 24

to48gpelmacro-site.Theestimatedincidenceof0. qraminis based on

this calculation is superimposed on theryieldtmap to give therincidence-

yieldt map shotrrn in Figure 17.

comparison of the tyietr.dr or rincidence-yieldf rnaps for 1969

and 1970 (Figs 15 and 17) revea.l that the sane general pattern of take-

all and O. graminis applied in both seasons. As shotr'ri in the aerial

photograph the westel'n half of the block still had a high level of take-alI
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TABLE 26

Details of nunber of plants, yield and percentage
of croruns infected per macro-site fron Block D at

Turretfield

1

1

2

2

ó

3

4

4

5

5

6

6

7

7

8

I

3

8

1

5

7

23

2B

37

25

2B

27

30

34

3L

28

27

32

4L

24

4L

32

9

10

16

4

T2

10

22

26

20

22

L7

2L

31

2L

34

30

0.39

0.36

0.43

B5

86

78

B3

43

86

50

56

38

L4

57

38

50

67

10

75

B

2

7

10

40

39

25L2

o'1u

0.43

0.37

0.73

0.76

0.65

0.77

0.63

0.66

0.76

0.88

0.83

0. 94

27

24

19

t7

L2

26

26

31

34

2

10

3

7

9

2

B

2

4

Total
yield
I 969

(e)

Number
of

plants
pel

site

Total
yield
I970

(s)

Average
yield
1910
(e)

Percentage
of

clorfns
infected

Macro-
site

Macro-
roüI

30
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TABLE 26 (cont.)

Macro-
row

Macro-
site

Number
of

plants
per

site

Total
yield
r970

(g)

Average
yield
I 970

(e)

Percentage
of

crol\rns
infected

Total
yield
1969

(e)

9 4

9 11

T2 o

L2 10

I3 4

L3 10

T4 5

9

3

L4

15

15 T2

L7 2

6

5

4

8

L7

18

1B

19

19 10

20 5

20 11

29

28

24

3B

33

29

34

32

34

34

33

36

4T

5B

32

40

2B

30

43 1.48 7I

43

50

33

3B

43

22

25

56

56

11

7S

30

60

T3

40

100

T3

24

28

43

37

30

32

35

34

50

32

3L

28

31

35

42

19

39

0.86

L.L7

1.13

T.L2

1 .03

0.94

1.09

1 .00

r.47

0.97

0. B6

0.68

0.82

1 .09

1 .05

0. 68

I .30

35

22

33

32

49

33

47

5B

44

51

53

30

38

50

48

36

s4

3t



TABLE 27

Results of regression anaLysis for conparison of O, graminis incidence and yield
per nacro-site for the 1970 crops at Turretfield and Ceduna. A1so. conparisons
of 1969 and 1970 yield at Turretfield.

Regression equation

I=104.81 -L.73x

y = 79.62 - 1.10x

y=78,30 -54.00x

y=16.70 +0.56x

y=105.90-62.80x

Correlation
coefficient

0.35s1

0.4876

0.4291

0.4675

0. 1579

0. 3141

Variance
ratio

4 .62*

9.98**

1 aa*

8.95**

ns

26. 06**

x

Number of plants 1970

Total grain yield
1e70 (e)

Average grain yield
1e70 (e)

Total grain yield
Ie70 (e)

Tota1 dry top weight
Le70 (e)

Average dry top
rveight 1970 (g)

v

Percentage of
infected crowns
r970

il

il

Total grain
yield 1969(g)

Percentage of
infected
plants 1970

il

Location

Turret-
field

Ceduna

H
ts
U1
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(Iow yield), r^rhile in the renainder the plants were relatively vigorous.

The rincidence-yield' nap shor,¡s that there hras an estimated high incid-

ence of 0. graminis in the rr'ester:n par:t of the p1ot, while the remainder

was nainly in the interrned.iate categoxy. However, exanination of the

tincidence-yieldrrnaps for bcth years shorts that there vJas a reduction

(46% to 34%) in the number of rnacro-sites considered to be in the high

incidence category. As the 1970 sowing was the fourth consecutive wheat

crop, there is the possibility that the take-alI area was contracting.

To check the above possibility the 'incídence-yield' map for

1970 uas redrarlt in Figure 19 with the a-ctua1 incidence reading (percen-

tage of irfected cïohris) fron random rracro-sites included. A number of

incidence figures aïe not in the appropriate categories (i.e. loi'; incid-

ence areas 27 per cent or less and high incidence areas 54 per cent or

rnore). This indicates that the rincidence-yieldr ¡nethod of rnapping is

reducing the variability of actual occurrence of 0. g:ryll and allowing

scattered pockets of severely infected plants within intermediate incid-

ence areas (and t'ice-versa) to go rindetected. However, the general

pattern of incidence suggests that -uhe classification of the whole block

as either high or intermediate 0. graminis macro-sítes i.s a correct

estimate of the situation. The experiments lvould need to be contirrued

to determine vthether the apparent contraction in take-al1 areas l'Ìas a

real eff,ect or due to seasonal conditions.

Total grain yield per macro-site for 1969 and 1970 were sig-

nificantly correlated, confirning that there lvere no marked- shifts in

the position of take-all aleas betv,reen t}re 2 seasons (Table 27). Wf ite



FIGURE 19

O. GR,AMINIS ' INCIDENCE-YIELD I IVIAP TURRETFIELD,

797 0

rlncidence*yieldt map redrawn from Figure L7.

Superimposed on selected macro-sites are the

percentage of infected crou¡ns per nacro-site.
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(1945) also reported that take-al1 patches tend to be associated in con-

secutive years.

(2) At Ceduna.

Most of the block (G in Fig. 3, page 28) chosen for this experi-

ment was part of a take-al1 patch. The experimental block ri¡as the sarne

size a:rd contained the sane nu"rnber of macro-sites as that used at Turret-

field. The yield results for 1969 are shown in Figure 20. Using the

regression obtained previously (Fig" IIa), the estimated incidence of

0. graminis was superimposed on thetyieldtrnap to give thetincidence-

yieldtrnap shorrrr in Figure 20. Although this was only the second consecu-

tive year of wheat, a latge part of the experimental block ruas placed in

the high incidence category.

The experinental block lr'as fire harrowed at the end of suTnmer

and la-uer prepared for sowing. As drought conditions prevailed throughout

the fírst 6 rnonths of the year (Table 2), tlne block l,Jas not sotm urrtil

August 4q L970. The seed gernninated, but plant growth v,'as very s1ow. By

October 5, the plants r+ere srtill too small to shol in an aerial photograph,

The area was examined again on November 10. Most plants stil1 had some

green tissue, but were in \¡ery poor condition; the rnaximurn height reacheC

was about 25 cn. The poor growth was probably dr.ie to late planting, low

rainfall and the presence of 0. graminis" As the experi¡rent could not be

continued the follolving season, and as the plants were unlikely to reach

naturity, they were removed, placed in plastic bags and returned to the

laboratory rr,here they were stored at soC until they could be assessed.



FIGURE 20

O. GRAMINIS IINCIDENCE-YTELDI MAP CEDTTNA, 1969

Map showing yield Per maclo-site. Superinrposed

is an ineidence map based on the regression of

percentage of infected crowns and yield.

Fligh incidence

Internediate incidence

Low incidence

less tharr 14 g

15to26g

nore than 27 g
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Plants from each macro-site were v¡ashed and their roots exainined

under water over a rvhite background. As the plants l{ere ilünature, this

nrethod was chosen rather than the cror{Tr bioassay. The percentage of infec-

ted plants, total a¡d average top dry weight per macro-site are shown in

Appendix D.

The I incidencet rnap based on the percentage of infected plants

is shown in Figure 21. When this map is cornpared v¡ith the 1969 'incidence-

yielcl' rnap (Fig. 20), it is evident that there is an incr*ease in the area

in the high incidence category. Hol,,'ever, the srnallness of the jnter-

mediate incidence area in 1969 and the lack of a grair-r yield map fcr 1970

means that no defínite conclusions can be drawn about changes jn the

incidence of 0. graninis or take-al1.

The percentage of infected plants per macro-site was rrot c,orrela-

ted with the total top dry weight per macro-site, but was correl.ated with

average top dry weight (Table 27). In previorrs experirnents at both

Ceduna and Turretfield, where mature plants h'ete examinecl, the percentage

of infected crorr'ns correlated better with total grain yieLd per site than

average yield per site. In this experirnent, grotuth was so poor that most

plants failed to produce tí11ers and filling out of plants to take up gaps

caused during seeding did not occul.

****r**

In Part I, methods of assessing the 1evel of 0. graminis in soj-1

and the incidence of 0. graninis in wheat stubble have been described.

Both techniques have been employed to study the correlation of the incid-



FIGURE 21

o. GRAr{rNrs 'TNCIDENCE' MAP CEDLINA, 1970

Map showing incidence based on percentage

of infected plants per macro-site.

High incidence (5 = 68 to B3eo, 6 = 84 to 100%)

Internediate incidence (3 = 34 to 50'o, 4 = 5L-67eo)

Low incidence (1 = 0 to L6eo, 2 = L7 to 33%)
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I

ence of O. graninis with take-all and yield. Using the ¡nethods developed

ín the comelation studies, an investigation of the incidence of

0; grarnj-nis and take-alI in consecutive wheat crops was undertaken. fn

Part II, the techniques developed in Part I are again enployed to stud.y

the survival of O. graninis in v¡heat-field soil "
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PART II

SURVIVAL OF OPHIOBOI,US GPJJ'{IN]S IN FIELD SOIL

A. Survival under field conditions

The next step in this seríes of investigations i^¡as to study the

survival of O. grarninis in the field, assessing 11ts 1erre1 of vj,able fungus

uncler controlled conditions. Both crown and core bioassays vrere errpi-oyed

for this purpose. Change in the plopoltion of stubble containing viable

O. gra¡ninis would be detected by the former, while i-he laiter would detect

change in the 1eve1 of viable 0. greminis in soil. With tine, erxhaustion

of nutrients rvithin stubble or soil and the ¡;ossibility of conpetiticrl

from other organisms, the amoimt of O. gra¡iirris* coulcl be expect-ed to de-

cline. Horr,ever, the presence of grasses and seLf-sov¡n r't-heat corrld lead

to further gror,rth of the fungus during the winter months. The experitnents

described belotv are designed to investiga-te these possibilities'

(1) Sun'ival of 0. graninis i:r wheat stubble at Turretfielcl.

A block (E in Fig. 3, page 28) within part of a tal<e-all patch

was chosen for this experinent. tVith the exception of 3 sna1l parts, i+ltete

the plants weïe relatively vigorous, the experinental block contained

nainly str¡nted plants. The block r,¡as coutposed of 36 drill rows eacli 4.8 nl

long and was divided into 96 macro-sites. For this and tlne 2 foll.orving

experinents the macro-site size was increased to 3 drill r'ows x 60 crns,

thus each nacro-site contained 6 -.ites each 1 dri1l rot'/ 30 cm 1ong. The

1969 yield results for the rnacrc-sites are given in Appendix E.
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ûn 4 occasions in 1970 (January 28, lvfarch 1"9, Ma1'28 and

August 20) , aIL wheat stubble from l site per macro-site t^¡as removed and

bioassayed for the presence of 0. grarninis. As the previous crop was irar:-

vested in the third week of Decernber 1969, the above dates are about ó, 13u

23 and 35 rveeks fron'r that time.

The results for the frequency distributicn of the percentage cf

crowns containing viable 0._ graminis at each tíne of removal are given in

Table 28, (The contribution of each element to the chi-square is shol.m

in Appendix E). There was a reduction in the ntrnber of croLrns containlng

viable O. graninis throughout the period of the experi.ment; the rate of

reduction accelerating between t4ay 28 anò, August 20. By August 20, cro'ans

in 70 per cent of the sites did no*- conta-in viable 0. granln a->

tsurvivalr rnaps for.Ta¡uary 28 and March 19 are shov"n in Figure

22, and for May 28 and August 20 in Figuxe 23. In tlie rsurt'ívalr meps,

areas with similar levels of surviving 0. graminis have been sumcu-rrded

with a free-hand line. For ease of observation, categories L and 2,3

and 4n 5 and 6 have been coinbined. Occasionally a ferv sites containecl

no stubble or only'l crorr'n. These sites have been eliminated f::on tlie

calculations and replaced on the map with a black spot.

From the series ofrsurvivalt maps it can be seen that reduction

in the percentage of crorrrns containing viable 0. grarninis_ was n,ot associa-

ted with any particular part of the plot. There rvas little change in

survival betv¡een January 28 and March 19. This was follor^Ied by a general

disappearance of both high and intermediate survival areas during the

following 5 nonths.
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TABLE 28

The frequency distribution of percentage of
crorlns containing viabJ.e 0. graminis per site
for 4 tines of rernoval from Block E at Turret-

fieLd, I970

Date

Time
fron
1969
harvest

(wk)

Survival Category

0-L6%

I
L7 -33%

2

34-s0%

3

5L-67v"

4

6B-Bseo

5

84 -1 00?

6

0% rc0%

Jan.2B 6

Mar.19 13

May 28 23

Aug.20 35

I 18 18 24 15 L3

I2 10 2l 2I 26 6

51 29 L7 10 7 0

80 10 3 I 0 0

47

s2

16 0

66 0
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'SURVIVALI MAP OF O. GRAI'4INIS AT TURRETFTELD,

BLoCK E, 1970.

(a) January 28

(b) March 19

rsurvivalr categor (Percentáge of cr.owns infected per site)

High survival (5 = 68 to 83%, 6 = 84 to 100%)

Intermediate sulvival (3 = 34 to 50%,4 = 51 to 67e,)

Low survival (1 = 0 to L6%, 2 = L7 to 33%)
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FIGURE 23

'SURVTVALI I,IAP OF O. GRAMINÏS AT TUP.RETFIELD,

BLOCK E, L970

(a) May 2B

(b) August 20

rsurvivalr category (percentage of clowns infected per site)

High survival (5 = 68 to 83eo, 6 = 84 to 100%)

Interrnediate survival (3 = 34 to 50%, 4 = 5L to 679,)

Low survival (1 = 0 to L6%, 2 = L7 to 33e,)
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To prevent grazing stock t.raapli:ng the stubble, the experi-

rnenta-l block rvas fenced . As a- conseqLrence the bl ock beca-me overgrov¡n

during the winter of 1970 lvith a lush grottth of Afrícan CapeweerJ (Cr)'sto-

stemna calendula Druce). There was also a considerable number: of self-

sorìn lrheat plants and a few I'Jir¡¡nera Ryegrass (Lolíu.m rigidum Gaud.). The

adequate rainfall and the ground cover helped to naintain moist condj-tions

on the soil surface, and this may have rnade conditions unfavou.r¡ible for

the survival of O. granini-s. Although the decline in viable 0. giarninis

was rapid, there would still have been a reservoir'cf fuagus ar¡a.ilable

to infect croils sown in Late MaTr or early Jttne of 1970'

A planned core reaoval experíment at Turretfield tvas alrancioned

because the harCness of the soil- during the sununer nonths made it extreneJ-y

difficult, to re¡nor¡e cores.

(2) Survival of O. graninis in wheat stul¡ble at Ceduna.

This experirnent rças conducted in a sinilar marlner and rr'ith the

sarne size block as the experíment at Turretfield. The experinental bl.ock

(FI ín Fig. 3, page 28) was situated in a take-a11 patch where nicst plants

weïe stunted, although the plants towarCs the easterrr side of the block

were inore vígorous. The )'ield results for the 1969 crop are sholim in

Appendix F.

on 5 occasions (February 3, Apríl 14, Jure 23, Septenber 1 and

November 10, 1970) all lvheat stubble r^ras removed from l site per nacro-

site and bioassa-yed for the presence of 0. graminis. As the 1969 clop

was harvested in the last weeli of'November 1969, the above dates are 10,

20, 30, 40 and 50 weeks after harvest. The frequency distribution for
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the percentage of crowns contaj-ning via-bJ-e 0" g:glinis, for the -uimes of

removal, is given in Table 29. (The contribution of each element to'uhe

chi-square is shoh.'n in Appendix F). Examination of the results shoi"'s

that there was a reduction in the nunber of crorr'ns containing viabl e

0. graminis during the period of the experinent.

The I survival r naps for Februa'ry 3 and June 23 a're shotrn in

Figure 24 and for September 1 and Novenber 10 in FigLire 25. The map for

April 14 was very sinilar to that for February 3 and has not been inchrded"

From Figute 24a it can be seen that a la:rge proportion of the

macro-sites in the experimental block contained cror.ms carrying 0. PTAJÌì11ì1S

By April 14, the position had not cha-nged narhedly. Tire situa-uion t'ras

nruch the same on June 23 (Fig. 24b) though the number of macro-si.tes in

categories 1 and 2 had increased" In paiticular, the area of lorv sutr¡ir¡al

along the northern edge of the block had extended further south. .An area

of low surr¡ival lnad also developed along the southern bounclary of the

b1ock. There was a considerable reduction in the number of nacro-sites in

the 2 highest survival categories betleen. June 23 and September 1, but no

reduction betrrreen September 1 and lrovember 10 (Table 29). I am unabie to

explain the narked difference ín the central regions of Figures 25a and b.

It seerns unlikely there would be an increase in viable 0"_ graninis within

stubble in the region; a nore 1ikely explanation is that the discrepancy

is due"to natural variabi1it1.. In the central region, where the dj-fference

is nost rnarked, the low survival rrracro-sites in Figure 25a axe in

different dril1 rows from the hígh sun'ival nacro-sites in Figure 25b.

As 0. graminis tends to spread along the rcw (Adan and Colquhoun, 1936)



TABLE 29

The frequency distribution of percentage of crowns containing viable
O. graninis per site for 5 tines of removal from Block H at Ceduna,

1,970

Survival category

l0jeo

955

846

L3 43

L6 28

17 33

09o84-r00e"

6

10 4

5

B

5

6

6

7

3

8

5

4 5 60

10 B 15 4B

15 7 11 51

19 15 15 30

20 L2 T4 36

68-83%

5

sr-67e"

4

34-50%

3

17 -33%

2

0-L6eo

1

Tine
from
I 969
har-
vest
(wk)

Feb" 5

April 14

June 23

Sept.1

Nov. 10

L0

20

50

40

50

Date

ts
or
o\



FIGURE 24

rsuRvrvAlr I{AP 0F 0. GRAt4rNrS AT CEDI'NA, BLoCK H,

L970

(a) February 5

(b) June 23

rSurvivalr category (percentage of crowns infected per

site. )

High survival (5 = 68 to B3eo, 6 = 84 to 100%)

Internediate survival (3 = 34 to 50%, 4 = 51 t.o 67e")

Low survival (1 = 0 to L6%, 2 = 77 to 23%)
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FIGURE 25

ISURVIVATI MAP OF O. GRAMINIS AT CEDIINA, BIOCK H,

1970

(a) Septenber I

(b) Novenber 10

tSurvivalt category (percentage of crov¡ns infected per site)

High survival

Intermediate survival

Iow survival

(5 = 68 ta 83eo, 6 = 84 to 100%)

(3 = 34 to 50%, 4 =.SI to 67%)

(1 = 0 to L6eo, 2 = L7 to 23%)
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and infected plants tend to be clustered along the rotr¡ (l^5fite, 1945), it

is possible tlnal' the plants in some rcr¿s rvould all be infected, i+i-ríle

plants in adjacent rows could be free of O. gramlnis-. This possibil.ity

emphasises a technica-l problem associated tr'ith this type of rnapping.

The results shor+ that over all there tlras a gtadual- reduction jn

the number of crol*ns containing viable 0. graminis during the peri-od of

the experinent. Hower¿er, on Novernber 1 stubble frour 82 per cent o'f the

rnacrojsites sti1l contained viable O" gramini-s, and in 55 per cent of the

74i

in contrast

v,rrs froirr

graninis.

macTo-sites all cïowns stì11 contained viable frrngus. This is

to the results obtained at Tur:retfield, where by August 20 cxo

only 50 per cent of the rnacro-sites still contained viable 0.

(3) Survival of 0. graninis in soí1 at Ceduna.

The block used in this experirnent [l( in Fig. 3, page 28) was

the same size and directly south of that used in the previous expefine:nt.

The block was in a take-alI pa.tch but contained several regions toirar'cis

the eastern boundary which contained relativel¡'vigorous plants. Yield

results for 1969 are given in Appendix G.

As it was planned to remove samples at S-weekly intervals

throughout most of 1970, the 96 macro-sites were each divided in.ö 12

core-sites (1 dril1 row x 15 cm). One core h'as taken on each occasicn

from the centre of 1 randomly selected core-site per macro-site. Samples

virere renoved on February 3, March g, April 13, \\ay 19, June 24, Jul-y 29'

September 1, October 5 and Novenber 10, 1970, and bioassayed for the p::e*

sence of O. graminis. The first saniple was ta-ken 10 weeks after the i969
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harvest.

The frequency distribution for the percentage of infected r:oots

for seedlings g:rol^,n in the cores is shor^rrr in Ta-ble 30. To increase the

frequency per incidence category to greater than 5, to allorv chi-so.uare

analysis, the nurnber of categoríes was reduced from 8 to 4. The coi:tri^

bution of each elernent to the chi-square for the 4 incidence catsgories

and the frequency distribution witirin the 8 íncidence categoríes a.r.e

shown in Appendix G. The average percentage of seedlings and roots inf:cc.-

ted per core is sholr'n in Table 31.

tlncidence-survi',ra1t rnaps for Februaty 3, lvfay 19, Septenber L

and November 10 (10, 25, 40 and.50 weeks respectively) are shoti,n in

Figures 26 and 27 , and those for tire remaining dates are given in Ap;oen-

dix G. As the core bioassay deternines the 1er¡el of 0. grarninis in i;he

soil, on the basis of disea-se incidence on seedlings, the maps have been

ca1led rincj.dence-survival' maps to differentiate then from the tsurvivalr

naps obtained by the crown bioassay. Incidence 1er¡els groupeci in these

ßìaps were: 1ow, 0-25 per cent of roots infected per core; interned-iate,

26-50 per cent; and high, 51-100 per cent. These <ielim1-ti-ng points a:re

the sane as those used ín the experilnent at Ceduna conça::ing the incirieiicc

of 0. grarninis and yield (Figs. l1b and 13b).

An examínation of the average percentage of roots infected per

core (Table 31) for the period of the experirnent shot^rs that there lr,as ân

overall decline in the leve1 of 0" graninis detected in the soi1. From

February 5 to July 29, there was no consistent change in incidence, but

bet¡r¡een JuLy 29 and Nove;nber 10 there was a reduction in incidence. It



TABLE 50

The frequency distribution of the percentage of infected roots on
wheat seedlings grolrn in cores removed at intervals fron Block K

at Ceduna, 1970

Incidence category

0-25eo 26-5}eo s1-75eo 76-100%

31

2B

4T

39

34

40

50

52

58

11

9

I
I2

18

T2

T2

l3
L3

26

2L

19

L6

10

t0
L4

16

T3

2B

3B

28

29

34

34

20

15

72

Tine fron
1969

harvest
(wk)

10

15

20

25

30

35

40

4S

50

Date

Feb.

March

April
ir{ay

June

July
Sept.

Oct.

Nov.

J

9

13

19

24

29

t

5

10

tsÞ(/ì
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TABLE 51

The incidenie of ! Braninis on wheat seedlings
grol\rn in colès removed at intervals fron Block K

at Ceduna, 1970 (average of 96 cores)

Date
Tirne fron
1969 harvest

(wk)

Percentage of:

seedlings infected roots infected

Feb. 3

March 9

April 13

ItIay 19

June 24

July 29

Sept. I

Oct. 5

Nov. 10

10

15

20

25

30

55

40

4S

50

68

7T

59

59

63

60

51

45

40

48

s6

44

44

46

45

35

37

¿/



FIGURE 26

IINCIDENCE-SURVIVAL' MAP OF O. GRAMINIS AT CEDUNA,

BLoCK K, 1970

(a) February 3

(b) May 1,9

I Incidence-survivalr category (percentage of roots

infected. per core)

High incidence (7 = 76 to 87%, 8 = 88 to 100%)

(5 = 51 to 62eo, 6 = 63 to 75%)

Internrediate incidence (3 = 26 to 37%, 4 = 38 to 50%)

Low íncidence (1 = 0 to LTeo, 2 = L3 to 25%)
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FIGURE 27

IINCIDENCE-SURVIVALI MAP OF O. GRAMINIS AT CEDIJNA,

BLoCK K, 1970

(a) September I

(b) November 10

rlncidence-survivalt category (percentage of roots

infected per core)

High incidence (7 = 76 to B7%, 8 = 88 to 100%)

(5 = 51 to 62%, 6 = 63 to 75%)

Internediate incidence (3 = 26 to 37%, 4 = 38 to 50%)

low incidence (1 = 0 to L2%, 2 = L3 to 25%)
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appears that environmental conditicns irere most unfavourable for the

survir¡al of q. graminis during the nonth of August.

Exa¡lination of the rinci,Jence-survival' naps (Figs . 26 and 27)

reveals that regions of lorv incidence appeared on tbe easter:n e.Jge anCr

gradually expancled across the bloclt cluring the period of the experíinent "

By Norrember 10 the high incidence area was confined to the south-westen:

corner of the block.

In this and the previous experiment at Ceduna, it was noted

that the arreas ín the plot rtrith consistently high levels of viable

0. graninis v¡ere the sanie areas in rshich the least vigorous plants tvere

obser:ved the previous season. This observation adds support to Gerlaghfs

(196S) contention that take-all ¡declinet is rrot du-e to a reduction in

the inoculum level in the soii caused by a rapid raîe of. deco:lposition

of severely infected and less vigorous plants.

My hypothesis that there rvould be a gradual reduc.tion in the

leve1 of 0. graminis during surnner and early tviriter, follorçecl by an

increase during late v¡ini:er r{¡as no"u fu1fill.ed. The dry condition.s at

Ceduna du:ring the first half of the year nay account for the survival

during that períod, while the scarcity of grasses and self-sov,m v¡heat in

the experirnental block rr'ould not encourage a build-up of q._ gram:l-nls

during the latter part of v,'inter. (Although the block rva-s fenced, the

dry season prevented a lush groltth of vegetation. The doninant species

v,¡as Harbinger luledic (tvfe4içago litIsr?1i-s Rhode c.v. Harbinger) *'itli a few

Ittimmera Ryegrass (Lolium tig:99* Gaud.) and self-sov¡n r,¿-heat plants).

The above experiments have investigated the survival of
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O. gïarninis in the field. Studies on the sun'ival of 0. granilnl-s 1n un-

disturbed cores stored under controlled conditions are reported in -uhe

next section.

B. Survival under controll.ed conditi-ons

The effect of moisture and ter,lpereture on the survival of

O. graininis in naturall¡' infested soi-1 v,'as investigated. Incidence of

O. grarrrinis after different periods of tine was assessed using the core

bioassay. Cores were collected along the dril1 row from a take-all patch

at Ceduna in February, 1970. It was planned to remove cores from the

experirnentaL area at Turretfield, but the hardness of the soil in nid-

suruner nrade their renoval so difficult that this part of the investigation

v¡as abandoned"

The storage conditions chosen were moisture tensions of pF2

and pF6 and teniperatures of 15oC and 35oC. These lvere used in all 4 coni-

binations. The tensícn of pF2 was chosen to represent the noisture tension

in field soil in ¡rid-winter. Hot;ever, recordings of soil noisture at

Ceduna revealed that this was too high (Table 2). Fol this reason a fifth

experiment (pF3.6 and 15oC) h,as lateï included using cores that had been

collected at Ceduna in April 1970. The soil moisture tension of pF6 (1.5%)

rt'as the sane as that in the field at Ceduna in rnid-sumner (Table 2) .

Fifteen and 35oC were used to represent winter and sunimer te¡l-

peratures respectively. Surface soil tempera-tures in South Australian

v¡heat gror*,ing al'eas are belorl, 15oC for nost of the time in nid-winter

(Table 32). Although it may have been preferable to have storage conditicns



TABLE 32

Soil temperatures at Waite Institute in
bare soil at a depth of 2.5 cn.
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Date Day

MTWTF SS
Total

Hours

above

350C

Dec. 30

1967

to

I'farch 2

1968

6

10

10

7

10

9

8

10

2

0

q

10

9

11

8

10

0

0

6

7

10

I
L2

8

9

3

2

I
7

11

B

9

6

9

7

6

8

B

0

I
I
8

10

8

2

9

9

0

10

8

I
10

9

6

10

8

I
10

10

8

10

B

6

47

5B

42

61

68

55

66

45

24

Hours

above

150C

June 3

1968

to

JuIy 29

1968

4

0

7

0

0

4

J

3

0467
7770
0000
0504
0004
004s
00s6
5200

54
7

3

0

6

4

1

0

6

4

0

5

2

0

4

30

34

L4

7

15

20

15

74
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with daily i-eßÐeratui:e fluctuations sinilar to ihose in the fiel<i, these

conditions vJere not available. Constant 1soC H,as einployed because storage

space was available at tha,t ternperature. In mid-summer, surface soil

temperatures in the South Australian lr-heat belt are above 35oC for a corl-

siderable part of the ti¡re (Table 32). As there v¡as storage space avell^

able at constant 35oC, this terirpera-ture rr,as used. Ternperatures in tht:

mid-thirties ale near the upper: linit for the growth of many mesopiiílic

micro-organisms (Alexander, 1961). I ruanted to knolv" whether this tn¡ould

affect the survival of O. graminis in natural soil.

(1) Survival in undisturbed coles stored at pF2 and 15oC.

In this experiraent the cores were v,;atered fortnightl¡' to a con-

stant rveíght equivalent to pF2 (24.4%). Avelage loss in rr'eight per core

during storage rr'as 45g per fortnight. This is equi-r;alent to a rise in

soil moisture tension from pF2 to pF2.3. Seedlings that appeared in the

cores during sto::age wete remcved.

At intervals of 9 lveeks, 1 set of cores (7 replications) was

removed and bioassayed. The ::esults are shoun in Table 35. Although

there was a significant recluction in the incidence of 0. gtrni-ni:, there

was sti1l viabi.e ftingus renaining after 45 weeks of storage. In this

experirnent there vras anple moisture for rnic.robiological activitl'. l\rith-

out further investigation it i.s inpossible to determine rvhether the r:e-

duction in incidence is due to exhaustion of nutrient supply, the produc-

tion of substances antagonistic tc 0. gramini: or some other factor.

(2) Survival in undisturbed coïes stored at pF6 and 15oC.

An exa:nination of Table 2 inðjcates that the soil moisture con-
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TABLE 33

The effect of storage at pF2 and 15oC on the
incidence of 0. graminis on rr¡heat seedlings
grown in corel-renõffi-from a take-all patch
at Ceduna (mean of 7 replications)

Period
of

storage
(wk)

Percentage of:
seedlings infected

Arcsine
(radians)

roots infected
Arcsine

(radians)

0

9

1B

27

36

45

87 r.33

90 L.33

74 1. 0B

29 0.4s

26 0.41

3T 0.52

76 L.T2

1 .09

0.78

75

51

16 0.32

13 0.27

72 0.28

Standard
eI:ror

t. s.D.
p=0.05

'=0.01

0.L37

0.28

0.38

0.107

0.22

0.29
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tent renrained about 1.5 per cent (or pF6) for 6 months during 1969-1970

at Cedlllìe" This combination of moisture tension and temperature may be

encounteïed for short periods in rnost years and in drought years very dry

conditions could extend beyond the end of April in to the cool t^Jinter

nonths.

During storage, the colres receiveci no treatrnent. The relat.ive

humidity in the place of storage r{as greater than 7C per cent, consecpently,

the soils absorbed a smal1 amount of rnoísture. They gained an arterage of

5 g during the 45 weeks of the experirnent; this is equivalent to a drop

in soil moisture tension from pF6 to pF5.4. The results of the bioassay

are shorrin in Table 34. There was ììo significant change in the incidence

of O" gla:nínis during the period of the experirnent. Chen and G::iffin

(1966) fcund that rnicrobiologicai activity in soil ceases belov¡ pF5.6

(relative hunidity 75%): In this experiment, uhere the activity of other

rnicro-organisns rr'ould be ninimal,the sunrival of 0. graminis was prolonged,

possibly due to the cool conditions.

(3) Suruival in undisturbed cores stored at pF6 and 35oC.

At the time of collection, the cores used had a soil moi-sture

content of about 1.5 per cent or pF6. The average loss of moistuTe per

core during the 45 tveek period of s'corage was 9 g, thus soil r'roisture

dropped from 1.5 to 0,7 pet cent. During storage the cores received no

treatment "

The results of this experinent are shol'n in Table 55. There

was a significant reduction ín 0. grarninis during the period of the experi-

ment. The reduction in incidence r^ras greater than that obtained in cores
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TABLE 34

The effect of storage at pF6 and 15oC on the
incidence of 0. graninis on wheat seedlings
grown in coreF-rernoved fron a take-a11 patch
at Ceduna (nean of.7 replications)

Period
of

storage
(wk)

Percentage of:
seedl ings infected

Arcsine
(radians)

roots infected
Arcsine

(radians)

0

9

18

27

36

45

87

69

98

7L

69

91

L.33

1" 03

1 .51

1.16

t.02

1 .40

76 L.I2

47 0.72

67 1. 00

49 0.77

40 0.64

55 0. B5

Standard
errol

t. s.D.

0. 165

ns

0.1,25

NS
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TABLE 35

The effect of storage at pF6 and 35oC on the
incidence of 0. granninis on wheat seedlings
grourn in corelrernoveã-Frorc a take-all patch
at Ceduna (nean of 7 replications)

Period
of

storage
(wk)

seedlings

Percentage of:
infected r roots
Arcsine I

(radians) 
|

infected
Arcsine

(radians)

0

9

18

27

36

45

87 I.33

64 0.93

60 0. 96

39 0. 59

55 0. s2

4T 0. 69

76 T.L2

34 0.58

45 0.72

30 0.48

20 0. 35

24 0.44

Sta:rdard
error 0. 161

L. S.D.
P=0. os 0.33

=0.01 0.44

0. 128

0.26

0. 35
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renoved'from the field at Cedrma duri.ng the sun¡ner mcnths (Tabi e 3i) .

In the fi,eld experinent there was only a snall change in the leveL of

víable 0. graninis. present in the soí1 during the su;rìmer months. AltÌrough

the soil moistur:e conditions r\¡ere similar in both experinents, tenperatuies

at Cedurra would not be as ccnsistently high (Table 2). This suggests that

temperature was the r'rain factor affecting survival i¡i this experirnent. It

is unlikely that reduction in the leve1 of vi.able O. gttlt"Þ can be

attributed to the activity of other micro-organisms (Chen and Griffin,

1966).

(4) Sun¡ival in uncListurbed coles stored at pFZ and 55oC.

This combinaticn of moi-sture tension and tenperature is uniil<eiy

to exist for more than a very short time in any part of the l'"heat growing

aïeas of South Australia. Hov¡ever attenipts hal'e been niade to grott wheat

in tropical parts of Western Australia (Beech and Ncrman, 1966). High

soil noisture and soil temperatures are also experienced duri:rg sunner in

the wheat grorvíng areas of the Darling Dottrts ín Queensland (Purss, 1971).

The cores were r,¡atered to a constant weight equivalent to pF2

(2+.+u"7 ever)r third day. Average loss in weight per core during this

period was 44.g. This is equivalent to a pF rise f,ron 2 ta 2.3. All

seedlings that appeared during sto::age were re¡noved'

A bioassay was performed on l- set of cores after 4 H'eeks storage

and another after 9 weeks. As in both instances, al-l- seedlings in the

bioassay r{ere free of infection, the experinent t";as terminated. The c¿r-use

of the rapid el.imination of 0. graminis is unknovm. There is the possi-
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bility that 55oC is letha1 for o. graininís maintained in tr'et soil. Fur-

ther investigation lrould be requirecl to deterrnine the factors involved.

It r,uould be of interest to cleternine rr,-hether the poor survival of the

fturgus in hot wet soil rias a contributing fac""or to 0. granj.nis being of

rninor inportance in Queensland (lvfcKnight, 1960).

(5) Survival in undisturbed cores stored at pF3.6 and 15oC.

The cores used in this experi¡nent were u'atered to constant

weiglrt (L2% soil noisture) once a fortni ght. The average loss ili rr'eight

per core r{âs 16 g per fortnight. Tiris is eqrrivalent t.o an increase in pF

fron 3.6 to 3.85. The cores receit¡ed no other treetnent apart fi:om the

remor¡al of any seedlings that appeated.

Cores were removed and bioassayed for the presence of C. gTarn1nl-s

at S-weekly intervals. Results are recorded in Table 36. There v'âS rlo

significa-nt change in incidence of the fungus throughout the period of the

experinent. This is in contrast to the results obtained tchen naturally

infested soil rr,as rnaintaine d at pFZ and 15oC (Table 33) . The relative

dryness of the soil at p93,6 apparently had a restricting effect on. the

factor, (s) reducing the survival of 9. graminis in the wet scil (pF2).

*** * + * **

Most studies on the survival of 0. grarninis in naturally infested

soils have shown that this fungus remains viable for periods of 2 or rnore

years (P"usse1l , 1934; Fellovrs, I94I), although Clark (1942) reported that

O" gra,ninis disappeared after 3 nonths storage under rrnoisture and tempera-

ture condítions favou.rable for uiicrobial activityr'" Clark did not specify
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TABLE 36

The effect of storage at pF3.6 and 15oC on the
incidence of 0. gralninis on wheat seedlings
grown in corelremoved from a take-all patch
at Ceduna (mean of 7 replications)

Period
of

storage
(wk)

Percentage of:
seedlings infected ¡ roots

Arcsine 
I(radians) 
|

infected
Arcsine

(radians)

0

5

10

15

20

25

31

9B 1. 51

1. 31

r.57

1.4s

1.51

7.2L

1. 3s

85

100

92

98

76

86

76 1. 10

0.94

r.33

r.27

1.18

0.87

1.11

65

91

83

82

59

IJ

Standard
erlor

L. S.D.

0.118

NS

0.119

ns
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what these condítions were"

Studies on the surl'ir¡al of 0. graminis in naturally infested

soil are reported in Part II. At Turretfield there tùas a srnall reduction

in the ler¡el of 0. gra-minis during suûuner. The percentage of sites r¡ith

cïoftTls containing viable fungus droppeci from 96 in late January to 83 at

the end of lr{ay. Hoviever, during the rsinter there rr,as a rapid reduction

in inoculum, so that by the end of August only 30 per cent of the sites

contained crokns l,;ith viable 0. graminis. This is in contr-ast to the

results from Ceduna where the percentage of sites nith crol,ns containing

viable fungus dropped fron 90 in early February to 82 in mid Ncve:nber.

There r{as a sna1l drop in the incidence of 0. graniinis in cores

remot'ed at regular intervals from the experimental area at Ceduna. The

average percentage of roots infec.ted per core rerlained about 45 from eaLll'

February to late JuIy. From the end of July it gradually fell to 27 it't

nid Novenber. IVhen cores removed from Cedr¡ra in suirmer hrere stored, there

was no significant change in the incidence of 0. grarninis if the soil was

naintained in a cool dry or cool n:.cist condition. Even when rnaintained

in a hot dry or cool rvet condition there rr¡as considerable viable fungus

remaining after 45 lr¡eeks of storage. Only'when the soil reinained hot and

wet did 0. gramj-nis disappear rapidly.

It is unfortunate that the hal'dness of the soil at Turretfiel.ci

prevented core experiments at that location. The differences in the

survival of 0. s-raninis at Turretfield and Ceduna revealed by the crovm

rernoval experinients nay have given some interesting results in core er:peri-

ments.

The levels of survival reported in Part II are in contrast to
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those reported in rnost studies using strans a¡Êificially colonízed by

0. grarninis. The longest period of survival in artificíally colonized

straw appears to be that recorded by Butler (1959), when only 3 per cent

of the straws contained viable 0. graminis after 52 weeks of burial in

soil. To clarify this situation I rmdertook an inr¡estigation using arti-

ficially colonized straws buried in naturallf ittt"tted field soi1. These

studies, reported in Part III, alloht a comparison of the survival of

O. graninis in both artificially colonízed plant niaterial and natur:al1y

infesied debris in soiL.
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PART III

SURVTVAL OF OPHIOBOTUS GM}ÍI¡¡IS TTÍ ARTIFICIALLY COLONIZED

STRAIi]S BURTED II'1 FIELD SOIL

Garrett (1938) introducecl the use of stanclarclizeí artificia,l-1y

colonized stran¡ for the study of the su.rvival of 0. graminis. Since then,

this convenient rnethod has been used in most studies. However, Charnbers

(1971b) has drawn attention to sone of the problems of using artificially

colonized straw in survival studies. For insiance, he found that tlie

method of sterilization and the type of straw used both influenced sur-

vival.

The results in Part II indicate that there is a case fcr conduc*

ting more survival investigations using naturally infested soil. The in-

vestigations reported here conbine both artificially colonized straws and

naturally infestecl soil. Althcugh the primary aim was to study the sur*

víva1 of g: gr4_1nl:, the opportunity was taken to broaden the scope of

the investigation to inclu-de a study of the effect of cropping history on

survival. Inoculun potential and virulence of the surviving fungus tva-s

also investigated.

The most connonly used survival test (Garrett, 1938) is based

on the assumption that no infection indicates no surviving 0. gralì1n1s

present in the straw. In Garrettts test the seed is placed in the iurnen

of the strarv to give naximum opporturrity for the roots of the test seeC-

ling to cone in contact with the fungus. In the field the fungus rarely
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has such favourable conditions for contact rvith roots of a host. In the

survival test used in ny inr¡estigations, a seedling is grown in contact

with, but no*, in the lumen of, a colonized straw. The fungus and the straiç

is treated as a unit v¡ith the potential to cause disease to a t;hea.t seed-

1ing. Reduction in the effect of the unit on the grorr'th of the seedling

with increasing period of burial of the unit v¡ould indícate a reduction

in inoculum" potential, a loss of i'irulence, or both. Lack of infection

would indicate that the fungus has failed to surr¡ive in the strat^¿ , tlta'L

inoculun potential has fal1en belov¡ a mininal leve1 or that the fungus

has becoine avirulent.

A. Tests to determine survival and virulence of
O. graninis

The straws used for colonization rrere clean bright nodal secti-orrs

(approximately 15 nrn long by 3 to 5 nrm diameter at the node) of the Gabo

variety. Supplies of straws were prepared by autoclaving (1% hours a.t

1 atmosphere) approximately 150 strarvs anci 30 ml of distilled tçater in

100 rnl Erlenmeyer flasks. The fungus t{as gr:or,\Tl for 6 to 8 days on e.bout

10 ml of PIIDA in a 500 nl Erlenineyer f1ask. The straws r{ere then adcled

to this flask and colonized at 20cC for 7 to 8 v¡eeks. Four weeks after

the addition of the straivs, the flasks were shaken thoroughly to nix the

straws. After colonization the stra$¿s u'ere r¡ashed in sterilized lçater to

remove any adhering myceliurn ancl blotted dry prior to use.

Soil cores were used as the storage nedia. Fifty stra-ws vJere

pressed vertically into the soil leaving about l nun of stralç showi.ng
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above the surface. -They 
h'ere inse:ted in this manner to sinn¡late the

lower sten region of infected stubble standing in soi1. Although not

completely ccvered tlie term rburiedt is used to describe the position of

the straws in the soi1. Stralr's rvere inserted at approxi-rnatel¡' 1 crn

centres on a sopare grid pattern. For aLI t'realments 4 cores (i.e. 4

replications) rvere used. Limj.ts on controlled environment space for both

storage and the survir¡a1 test p-revented the use of nore than 4 replica-

tions. For each survir¡al test, 5 stravrs were rernoved at randon from each

core.

The tests used to deterrnine survival or r¡irulence are similar.

For the survival test, colonized straws rvere renìorted frorn the core, vlashed

v¡ith_ a jei of water to remove attached soil and then used. For the viru*

lence test, straws r{reie used innediately after colonization. Five strav¡s

v;ere eveniy d.j-stributed on the surface of f soil ¡nixture t (27ig in a plas-

tic drinking cup) and pressed horizontally into noist soil to a depth of

2.5 cn. A seed ivas placed in contact wíth the strav" and the soil was

pressed around the seed and strarv. The rnoisture level of the soil was

then brought to 10 per cent of oven-dry rveight (pF 1.8). Cups were placed

in. a controlLed environnrent (clescribed previously) and covered rr'ith plas-

tic sheets for the first 5 days to nininise e\¡aporation; thereafter, they

were watered daily to constant r.ieight,

Cups were randonized within 4 replica.ted blocks. IVithin each

block, 2 extra cups containing onJ-y soil and seeds were incorporated to

act as uninoculatedrstandardsr. These were included in the tests so that

comparisons betrveen different tests could be rnade; the double nunber of
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cups tras used to ninimize the poss,-bility of the conparison being jeopar-

dízeð by a chancc failure of, or accident to, some of the cups. Tn both

survival and virulence tests, thetstandarclsrrvere not included ín the

analysis of varíance. The rstanda:dr qu-oted in the text for both tests

is a mean of B cups.

After 3 rveeks, tha seedlings were washed free of soil and the

folloleing paratneters recorded per cup: (1) nurnber of seedlings, (2)

percentage of seedlings j-nfected in tire scuteilar-node region, and (3)

total root dry weight. As there is a strong possibiTity of cross infectjon

of seedlings within the cup, estimates of survival are based on a sunrlr¡¿l

rating of positive or negative infection of seedlings per cup rat'trer tha:r

per straw. The percentage of seedlings infected in the scutellai-node

region per cup v/as ïecoïded and has been included in the text r*ith the

proviso that it be treated only as a guide to the 1evel of survivai. Root

dry weight was chosen as the païaneter to rneasure effect of the f.uugus on

the host because it was more easily obtained than length of discoloured-

ïoot. A prelirninaïy experiinent demonstratecl a high11, significaut corte-

lation (trt = 0.9136) between root dry rveight and length of discolottled

root. Seedling emergence -u¡as recorded to ensure that differences in

total we:lght were not due to differences in emergence, Analysi-s of

variance of ernergence data from all tests, a1-though not strictl-,v legiti-.

nate, rr'as pérforrned as routine throughout the investigation rvithout any

significant differences beíng obtained.

B. Survival iments

The soils used as storage media in the experírnen'Ls were obtaineð,
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from 2 adjacent farrns 16 krn rvest of Ceduna. Three areas are on the pro-

perty of l'rr. E. Hoffrichter ancl the renaining area is on Mr. Iir. Iloffrichterrs

property. Although the areas aie scattered over -yhe 2 farms (2 are in

adjacent fields, rlhile 1 is 4 kn east and the other 2.5 kn west of the

above 2) their soils a-re very aLike. The similarities of the physical

and chemical properties, and rnoisture charac-ueristic (drying boundary)

figures for the 4 soils are shown in 1a1¿7e 37. (Thei.r similaríi:y to the

soil from Ceduna is also shotr'n). All these soil.s are classifjed as

brown calcareous earths (Northcote, 1960).

The sites chosen for the collection of coles had the following

croppi-ng histories: Hoff . t had pasture 1964, ivheat 1965 and 66, pasture

1967 and 68, and wheat 1969; Hoff. 2 lnad u'heat L964, pasture !965 to 67,

wheat 1958 and 69; Hoff. 4 had ii'heat 1962, pasture 1963, ti'heat L964,

pasture 1965, v¡hea-t 1966 to 69; Hoff" I wheat 1962 to 69. Cores were

collected along the dri1l rows in February 1970 and had a. soil noisture

tension of pF6 at the time of collection.

A random selecticn of ccres from ea-cl-i site was bioassa-yed prior

to the conìiflencement of the survival experinent. The results shcinrl in

Table 38 indicate that there was viable 0.-gramínis in all soi1s. This

despite the fact that the farrners reported severe take-all in Hoff. J.,

rnoderate take-all ín Hoff. 2 and no take-all in Hoff. 4 or Fíoff. 8.

Experiment I: Soils collected after the 1969 harvest and rnai.ntained in
the open.

Strans colonized by isolates 2C o'r 044 v¡ere inserted in the soi-ls

The cores were placed on benches outside at the l{aite Institute. Soils



TABLE 37

Comparison of the physical and chemical properties, md lttoisture tensions
of 4 soiLs used to bury colonized straws. Soils also conpared with soil

from Ceduna experimental area

7. stR6/3) 7.sYR(s/4) 7. sYR(s/4) 7.sYR(4/3) 7 . sYR (s/4)I{ue

Particle size <2p(c1ay) %

2'20v(silt) eo

>20u (sand) %

pH

Specific conductivity
(reciprocal ohns)

NaCi. equivalents %

15 T7 t4 T7

6

79 77 78 77 7S

8.7 8.5 8.7 8.7 8.5

0. 00109 0. 00157 0.00147 0 " 00155 0. 00160

0.41 0.59 0.55 0.5I 0.60

B

T4

I86

ts
o,\¡

CedunaFloff. BHoff. 4Lloff,2Hoff. 1Detail s



TABLE 37 (contd.)

Ceduna

0.100

248

0. 99

9.9

3L.3

22.8

TB.7

r.6.5

2.0

1.3

24.4

Hoff. B

0.L23

245

r.s7

11.1

30. B

18 .4

13.2

10.6

2.0

1.5

2r.3

Hoff.4

0. 100

203

1.06

10.6

29.7

IB.2

15.1

L2.2

2.2

1.6

23.0

Íloff ,2

O.L2B

228

L.24

o'7

26.s

1 6.9

13.2

11.3

2.2

I.4

2L.4

Hoff. I

0. 103

140

1.38

13.4

2s.7

16. 0

L2.B

1r. .4

2.0

1.3

20.6

Details

Total Nitrogen eo

Total Phosphorus ppn

Total carbon %

C : N ratio

Moisture characteristic
Sieved soil

pF 1.73 Soil noisture %

't oo ll
L.JJ

2,47 il

2.76 il

5.36 il

6.00 il

Undisturbed core
pF 2.00 Soil rnoisture %

H
oì
oo
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TABLE 38

Incidence of 0. graniinis in cores removed from
the 4 HoffricËer sites (mean of 7 teplications)

Soil

Percentage of:
seedlings infected

Arcsine
(radians)

roots i-nfected
Arcsine

(radians)

Hoff. 1

Hoff. 2

Hoff. 4

Hoff. 8

81

74

48

58

L.24

L.T7

0.70

0. B8

59 0. B9

52 0.82

30 0.48

4I 0.62

Standard
error

L. S.D.

0.2I4

ns

0.tB5

ns
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fron different sites were separated by a distance of 4.5n to minirnj-ze

cross contarnination by rain splash. Cores were in cans lr'ith drainage

holes and the cans in turn h'ere placed in boxes and surrounded by fine

grarrel to ninimize tenperatu-re fluctuations. For each soil type, 2 extra

cores rqere included. These were weighecl at regular intervals to deternine

changes in soil moisture. The screen air temperatures and rainfall det-ails

at the Ldaite Institute are shown in Figure 28 along rvith the pF valu-es for

Hoff. 1. The other soíls had similar pF values. The cores were pla,ced

in the open on May 1, 1970 and received no treatnent other than the re-

noval of arry seedlings that appeared"

Strarr's were removed after 5, 10 , IS, 20, 27 , 32 tnd 37 weeks of

burial and used in survival tests. The number of replications containing

infected seedlings anC the nea-n percentage of infected seediings per rep-

lication are shorør in Tables 39 and 40 The results for rveeks 10, 15 and

20 were checked by isolation of 0. graninis from straws. At these times

1 extra stran was removed from each core, washed, surface st.erilized ri'ith

silver nitrate, cut longitudinally and plated surface downwarcls on PX{DA

plus 50 ppm Aureomycin hyd-ro-chloride. The number of replications from

which 0. graminis was isolated after 12 days incubatj-on at 20oC is shcr.m

ín Table 41. The results shoi,,'tha-t survivaL estimates by both infection

a¡rd isolation are similar.

After the last removal of straws at week 37, ttre cores were

bioassayed for the presence of 0. graninis. Príor to the bioassay, the

top 2 cn of soil nas reinoved a:rd sieved (2.0 rnm rnesh) to rernove any of

the original straws that may Tøve remained in the soi1. The soil tcas
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TABLE 39

Nunber of replications containing infected wheat seedlings when grown
in contact with straws artificially colonized with O. grarninis and
buried for different periods in 1 of 4 soils maintained in the open
(maximum of 4 replications)

5 10

Period of burial (wk)

15 20 27 32 37

4

4

4

4

4

4

4

4

4

4

4

4

4

4

2

4

4

4

0

4

4

4

0

4

4

4

0

4

4

4

4

4

4

4

2

4

4

4

1

1

4

4

0

0

4

2

0

0

4

2

0

0

4

0

0

0

Soil

Hoff. l-

Hoff. 2

Hoff. 4

Hoff. 8

Hoff. I

Hoff. 2

Hoff. 4

Hoff. 8

I solate

2C

044

H\¡
N)



TABLE 40

Percentage of infected seedlings per replication for wheat
seedlings grohln in contact with straws artificially colonized
wi.th O. grami-nis and buried fol different periods in l of 4

soils-maîntãined in the open (mean of 4 replications)

5 10

Period of buriaL (wk)

15 20 27 32 5/

92 95

90 94

95 75

100 100

100

1_00

59

95

84 100 94 100

100 85 95 74

15 0 0 0

B4 80 79 B2

90 100 95 BO 76 B8 95

100 B4 85 45 3B 1B 0

0

0

85 10 I3 0 0 0

100 64 ae 0 0 0

Soil

Hoff,. 1

Hoff. 2

FIoff . 4

Hoff. 8

Hoff. L

Hoff. 2

Hoff. 4

Hoff. B

Isolate

2C

044

,¡

ts\¡
3
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TABLE 41

Isolation of O. grar¡inis frorn artifícia1ly colonized
straws after Aîîferent periods of buríal in 1 of 4

soils naintained in the open.

Number of straws yielding 0: grami4Þ (nax. 4)

Isolate 044Isolate 2C

Period of burial (vik)

10 15 20

Period of burial (wk)

15 2010

Hoff. 1

Hoff. 2

Hoff. 4

Hoff. I
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then replaced. The results of the bioa-ssa)/ are shovm in Tabies 42 and

43. Both the soil and the isolate used to colonize t]ne stlat{s affected

the 1evel of viable O. grarninis surviving ín the soil. The results of

these bioassays show that in only I treatment had the native O. grarninis

cornpletely disappeared after 37 weeks of storage. This is in contrast

to the survival of the fi.rngus in artificíally colonized straws tr'here

0. grar,rinis failed to survir¡e to 37 weeks in 4 treatnents.

Details of the results for roct dry viejghts are shot','n j-n T¿-ble.s

44 and 45. There was a highly significant (p = 0.001) effect on root

grorvth du,e to period of burial, t1pe of soíl- and isolate used to colonize

the straws. These effects can be seen in Figure 29 v¡here the root weights

of the various treatrnents are shov,ryl as percentages of the rstandardr.

The rsoil effectr for isclate 2C ís evídent in Figure 29a where

the root growth of seedlings in contact v¡ith stralr's fron Hoff. 4 ís similar

to the tstandardt from r,¡eek 20 to the errd of the expei:inent; root grc-','th

fron the remaining 5 soils reached a peak at about 10 weeks and colltinued

thereafter at about the sane percentage of the rstandardr . l¡/ith isolate

044 thersoil effect' (Fig,29b) v¡as not as clear cut as with isolate 2c.

From tveek 15 onrvards only those seedlings in contact r{,'ith stratls from

Hoff. 1 were consistently different from the 'standardr.

The virulence of the surviving 0. grarninis was determined. One

reisolate per treatmeni v,'e-s obtained fron the 20-tr'eek straws' an excep-

tion being 044 in Hoff. 4, where the reisolate used was that obtaj.ned on

the last occasion 0. graniinis was isolated. The strat'¡s used in the viru-

.l)

Ience test were prepared b1' placing 20 stetilized straws on a colon)' of



TABLE 42

Incidence of native 0. graninis in cores used for burial of straws
artificially colonized with 0. gran]-nls (isolate 2C or 044)

Percentage of:
seedlings infected

Arcsine
(radians)

roots infected
Arcsine

(radians)

I so1 ate s

2C 044

0.49

0.52

0.10

0.39

0.16

0. 30

0

0.t2

0. 086

Isolates
2C 044

25 5

25 T4

a¿ 0

315

Isolates
2C 044

0. 86

0. 84

0.20

0. 84

0.24

0. ss

0

0.2s

0. L4s

fsolates
2C 044

57 11

55 34

8 0

55 T2

Soil

Hoff. 1

Hoff. 2

FIoff . 4

Hoff. 8

Standard
er]|0r

ts.{
c



TABLE 43

Results of analysis of variance (factorial) of percentage of seedLings
and roots infected shown in TabLe 42.

Soil neans (radians)

Isolate means (radians)

F SE DF

6. 3** 0. 102 3 and 2I

3 and 2I6. 3** 0.061

Hoff.
1t

Hoff.
)

Hoff.
4

Hoff.
I

0. s5

0.32

0.70

0.4i

0. 10 0. 55

0.260. 05

Parameter

Seedlings infected

Roots infected

F SE DF

t7 .2*** 0.072

14. 5** 0. 043

1 and 2I

I and 2I

Isolate
2C

I solate
044

0.69 0.26

0 JI 0. 1.4

Parameter

Seedlings infected

Roots infected

H\¡{



TABLE 44

Root dry weight (ng) of wheat seedlíngs grown in contact with straws,
artificially colonized with O. grarninis and buried for different
periods in 1 of 4 soils mainãined in the open (nean of 4 replications)

ú
0rr 5 t0

Period of burial (wk)

L5 20 27 32 37

58

3B

3B

38

67 85 B9 B3 83 B4 75

91 77 8B B5 70 73 B6

83 L07 1t_3 L33 1L7 116 IL2

59 75 B5 BO 87 B6 69

34

34

34

34

77 94 100 t07

120

LlB

130

B9

100

726

118

95

108

L22

r36

99

110

119

LI4

B9 82 IL7

96 L23 r34

104 r25

9.4

Soil

Hoff. 1

Hoff. 2

Hoff. 4

Hoff. B

Hoff. l-

Hoff. 2

Hoff. 4

FIoff . I

Standard error

I Standardl

Isolate

2C

044

t24 t33 rzs 115 ï29 lL26 r27

:Jt

* Not inclurled j.n anaLysis of variance.

I2].,



L79.

TABLE 45

Results of analysis of variance (factorial) of
ïoot dry weight (nÐ sharn in Table 44.

Period of buriai neans

5101520273237
(wk)

F SE DF

80 93 106 110 99 105 98 8. 8+r** 3.3 6 and 165

Soil rneans

Isolate rneans

2C 044

88 109

F SE DF

73.4**x L,8 1 and 165

Hoff.
I

Hoff.
2

Hoff.
4

Hoff.
I

88 93 116 97

F SE DF

23.6*** 2.5 3 and 165



FIGIJRE 29

'¡
ROOT DRY WEIGHT OF SEEDLINGS GROWN IN CONTACT

WITH STRAWS BURIED FOR VARIOUS PERIODS IN SOILS

MAINTAINED IN THE OPEN

(a) Straws colonized by isoLate 2C

(b) Straws colonized by isolate 044
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the reisolate on Pl"lDA a¡d incubating for 2 weeks at 2OoC. The results

of the test are shown in Table 46. Both 2C and 044 rnaintained their

virulence during burial.

Experi-nent II: Soils collected aftet the 1969 harvest and naintained
at pF2 and 15oC.

Straws colonized by isolates 2C or 044 were inserted in the

soils as described previously. An added storage rnedium, autoclaved coarse

sald, was included to provide a control unaffected by rnicro-organisms.

The sand was sealed in McCartney bottles. The precautions to rnaintain

sterility nade the conditions of storage different fro¡n those in the cores,

but this was unavoidable.

Cores were rvatered fortnightly to constant weight. ltlater losses

bethleen waterings were similar to those reported in a previous experinent

(page ISZ). As the soil dried beth,een waterings, srnall deposits of salts

f,'ormed on the high parts of the soil surface. The amount of depositio-n

r¡as sinilar for all 4 field soils. The cores received no treatnent other

than the rernoval of all seedlings that emerged'

Straws fron all t:ceatrnents were rernoved after 5, 10, 15 and 20

weeks of burial a¡d used in survival tests. The number of repl-ications

containing infected seedlings and the mean percentage of infected seed-

linçper replication are given in Tables 47 and 48. Tnese results v¡ere

checked by direct isolation from straws. The number of straws from which

O. graminis grew in 12 days incubation is shown in Table 49. Again there

$¡as a good correlation between host infection and direct isolation.

' Root dry rveight results are shotr'n in Tables 50 and 51. As



183.

TABLE 46

* not included in analysis of variance;
rstandardt = L24 mE.

Virulence of isolates of 0. graminis before and-

after reisolation from strawiburied for 20 weeks

in 1 of 4 soils maintained in the open.

Soil

Root dry weight (mg)

Isolate
2C 044

Original isolate*

Reisolate fron:

Hoff. I

Hoff. 2

Hoff 4

Hoff. I

27 24

24

31

3L

28

3L

27

30

34

Standard
eÉo1

L. S.D.

4.L

ns

rstandardf ]-28



TABTE 47

Nunber of replícations containlng infected wheat seedlings when_grown-in contact
wíth straws ärtificiall.y colonized with 0., grarninis and buried for different
periods in L of 5 soils rnaintained at pF7-a;tTqt(rnaxinum of 4 replications)

H
ooÞ

5

Period of buríal (wk)

10 15 20

4

4

4

4

4

4

4

4

4

4

4

4

2

4

4

4

4

1

4

4

4

4

3

4

4

4

4

0

J

4

4

4

0

2

4

4

4

0

1

4

Soil

Hoff. I
Hoff. 2

Floff.4
Hoff. 8

Sand

FIoff . 1

Hoff. 2

Hoff. 4

Hoff. B

Sand

I sol ate

2C

044



TABLE 48

Percentage of infected seedLings per replicatlon for wheat s
grîor\rn in contact with straws artificially colonízed.witlt Ot
ãn¿ uuried for different periocls'ín 1 of 5 soils naintained
and 15oc (mean of 4 repliõations)

eedlings
grarninis
at pF2

H
oo
ør

r.00

r.00

40

100

90

95

95

0

44

95

100

85

0

31

6B

83

74

0

5

61

Period of burial (wk)

10 15 205

95

100

100

100

100

100

100

55

95

94

100

90

38

95

94

1.00

95

10

100

BB

Hoff. I
Hoff. 2

Hoff. 4

Hoff. 8

Sand

Soil

Hoff. I
Hoff. 2

Hoff. 4

Hoff. I
Sand

Isolate
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TABLE 49

Isolation of 0. graninis from artificially colonized
straws afte'r ai-fFen-t periods^of burial in 1 of 5

soils naintained at pFZ and 15"C.

Soil

Number of straws yíelding 0. graninis (rnax. 4)

Isolate 2C Isolate 044

5

Period of burial (wk)

10 15 ?0 5

Period of burial (wk)

10 15 20

Hoff. I

Hoff. 2

Hoff. 4

Hoff. I

Sand

4 4 4 4

4 4 4 4

4 4 3 0

4 4 4 4

44 4

4 4 4 4

4 4 4 4

3 4 0 0

4 4 2 2

4 4 4 4
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TABLE 50

Root dry weight (rng) of wheat seedlings grohrn in contact
with straws artificially colonized with 0. grarnínis and
buried for different períods in 1 of 5 soils naintained
at pF2 and 15oC (nean of 4 replications)

Isolate Soil 0*

Period of burial (wk)

510 15 20

2C

Hoff. I

Hoff. 2

Hoff. 4

Hoff. 8

Sand

38

38

58

58

5B

48 59 r02

108

131

85

106

73

60 B2 94

77 L24 L27

48 66 87

44 B5 99

044

Hoff. 1

Hoff. 2

Hoff. 4

Hoff. I

Sand

34

34

34

34

34

64

51

100

62

82

84

92

118

104

99

104 88

110 116

125 174

108 L27

92 B9

Standard error 9.5

I Standardl L26 r27 124 L33 LzS

* Not included in analysis of variance.
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TABLE 51

Results of analysis of variance (factorial) of
root dry weight (me) shorrn in Table 50

Period of burial means

5 10 15 20

(wk)

63 91 L07 101

F SE DF

40.9*** 5.0 3 and LL7

Soil rneans

Hoff.
I

Hoff
2

Hoff.
4

Hoff. Sand

I

78 89 LL2 87 87

F SE DF

L4.7*** 3.4 4 and LL7

Isolate means

13.3*** 2.1 ,1 and 117

2C 044

9685

DFF SE
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pïeviously, there t{as a highly significant effect on root growth due to

period of burial, tFpe of soil and isolate used to colonize the strahts.

These effects can be seen in Figure 30. The virulence of reisolates at

week 20 (Hoff. 4 last occasion isclated) triâs deternined (Table 52) . The

virutrence of both isolates was naintained during survival within stral¡s

buried in atrI test soils.

As both the survival and root growth results in this experirretlt

were çimilar to those in Experirnent I, the experiment was terminated at

20 ¡eeks. The sinilarity of rnoisture and temperature (Fig. 2S) in both

experinents during the first 20 weeks could accol¡nt for the para11e1

result s.

Experi.rnent IïI: Soils collected after the 1969 harvest and naintained
at pF6 and 55oC.

trsolates 2C or 044 were again used to colonize the straws inser-

ted jn the soils. Coarse autocLaved sand in cotton-plugged McCartney

bottles was used as a control. The cores and the sand were placed in a

55oC storage cabinet and received no further treatment.

When the cores were placed in storage, the relative hurnidity

withi.n the cabinet rose fro¡n 30 to 45 per cent during the first 3 hours.

Over the next 13 hours, the relative huuridity graduaLLy returned to 30 per

cent.. As the soil moisture tension was already at pF6, thís increase in

hurnidity was due to evaporation fron the straws. This indicates that a

rapid initial drying out of the straws took place. The straws in the

coarse sand in the McCartney bottles dried out rnore slowly than those in

the cores. Half the noisture lost occurred during the first 35 hours,



FIGURE 30

ROOT DRY WEIGIJT OF SEEDTINGS GROWN IN CONTACT IÀ¡ITH

STRAWS BURIED FOR V-ARIOUS PERIODS IN SOIL MAIMAINED

AT pF2 AND 15oC

(a) Straws colonized bY isolate 2C

(b) Straws colonized by isolate 044

-
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Virulence of isolates of 0. graminis before and
after reisolation from stralnls buried fot^20 weeks

in 1 of 5 soils naintaine d at pFZ and 15oC.

TABLE 52

* not included in analysis of variance;
fstandardt = L24 mg.

Soil

Root dry weight (ng)

Isolate
2C o44

Original isolate*

Reisolate fron:

Hoff. 1

Hoff. 2

Hoff. 4

Hoff. 8

Sand

27 24

28 27

29 29

36 36

36 43

18 31

Standard error

L. S. D.

6.2

ns

t Standardl t28
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while the reinainder rvas lost during the rLext 24 days of storage.

Straws hrere removed after 5, 10, 15, 20 and 27 n¡eeks of burial

anð used in survival tests. The number of replications containing infec-

ted seedlings and the mean percentage of infected seedlings per replica-

ticn are given in Tables 53 and 54. The survival results to week 20 were

checked by direct isolations from straws. TTre results (Table 55) confirnt

t.hose obtained by host infection"

By week 27 onLy straws fron the sand contained viable 0. graminis.

The differences in the survival of o. graurinis in dry sand and dry wheat-

field soil might be attributed to microbiological activity on the sttaws

in natural soíl during the initial drying period oI to the rapid drying

of strav¡s. The short period for micrcbiol activity and the uniformity of

the rate of reduction of survival in 4 different wheat-field soils rnakes

the nicrobial interpretation seem unlikely. The exalanation appears to

involve the nethod of storage. Although both types of container were in

the same controlled environment, the rate of reduction in moisture content

of straws stored in the sand was slorver than that of the stravrs in the

cores. The slower rate of drying nay have allorved time for hyaline hyphae

occupying the freshly colonized straw to be replaced by the more resistant

(Padwick, 1936) dark hyphae. Examination of stlaws after 20 weeks of

buríal showed that dark hyphae were found only rarely in any of the stTah's,

although some thick hyaline hyphae were observed in strav¡s from the auto-

claved sand. The latter may be rncre resistant to desiccation than the

thin hyaiine hyphae. The slolel rate of drying may have also caused less

damage to the hyphae in the straw.



794.

TABLE 53

Nunber of replications containing infected wheat seedlings
when grown in contact u'ith straws artificially colonized
with 0. gr?minis and buried {o1 different periods in 1 of
5 soiF nffiFned at pF6 an<I 55"C (maxirnum of 4 replications)

Isolate Soil 5

Period of burial (v¡k)

10 15 20 27

2C

Hoff. I

Hoff. 2

Hoff. 4

Hoff. I

Sand

4

4

4

4

4

4

4

4

4

4

2

4

3

J

4

2

0

I

1

4

0

0

0

0

4

044

Hoff. I

Hoff. 2

Hoff. 4

Hoff.- 8

Sand

4

4

4

4

4

4

4

4

4

4

3

2

2

J

4

1

2

0

1

4

0

0

0

0

4
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TABLE 54

Percentage of infected seedlings per replication for wheat
seedlingã gïohrt in contact wíth stralÀIs artificially colonized
with 0.. graminis and buríed for different periods in 1 of 5

soils malntaineô at pF6 and 35oC (nean of 4 replications)

Isolate Soil
Period of burial (wk)

10 15 205 27

2C

Hoff. 1

Hoff. 2

Hoff. 4

Hoff. 8

Sand

100 61 15

35

34

28

100

L4 0

0

0

0

100 90 0

5

8

100 80

100 75

r00 95 80 89

044

Hoff. 1

Hoff. 2

Hoff. 4

Hoff. I

Sand

100 92 15 5 0

0

0

0

100 6B 30 1l_

100 73 35 0

5100 95 55

100 100 85 83 75
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TABLE 55

Isolation of 0. granrinis fron artificially colonized
straws after dfferent períods of burial in 1 of 5

soils naintained at pF6 and 35oC.

Soil

Nunber of straü¡s yielding 0. grarninis (nax 4)

Isolate 2C Isolate 044

Period of buri-al (wk)

510ls20
Period of burial (wk)

5101520

Hoff. 1

Hoff. 2

Hoff. 4

Hoff. B

Sand

4 2 3 1

4 4 2 0

4 4 1 1

4 4 0 2

4 4 4 3

4 5 0 0

4 4 I 2

4 4 1 2

4 4 J 1

4 4 4 4
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Root dry weight results are shown in Tables 56 and 57 " The

increase in root weight with period of burial r+as highly significant

(p = û.001) and can be clearly seen fron the results (Table 56). After

5 weeks of burial the root weight for each treatment was sti1l similar

to the weight recorded at zero tinre. By week 20, aIL but the sand tteat-

ments were similar to the root rveight of the standard. Examination of

the a:ralysis of the soil means, reveals significant differences. I{ovrever,

an analysis on the results for the field soils alone shows that root

weiglrts are not significantly different, thus the significant difference

shown in Table 57 can be attributed to the sand treatment. There is no

effecÊ on root weight that can be attributed to the isolates.

The virulence of reisolates at week 20 (or last occasion iso-

lated) was deternined (Table 58). In contrast to the previous virulence

tests, there were highly significant differences between reisolates in

this test. Reisolate 2C from Hoff,.2 was different fron all others at

p = 0.0S and all but 1 other at p = 0.01. When this reisolate was retested

the root dry weight was 46 mg, indicating tlnat- this reisolate had lost some

virulence either during burial or subsequent storage on glucose-asparagine

¡nedim (Table 55). All other reisolates appear to have rnaintained- their

virulence although sone from field soils were significantly different

frorn those from the sand.

Exper-inent IV: soils collected after the 1970 harvest and naintaíned
at pF2 and 15oC.

This experfunent was conducted to determine whether the difference

in the survival of isolat es 2C and A44 obserr¡ed in Experiments I and II
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TABLE 56

Standard

Root dry weight (ng) of wheat seedlings grotq
in contact with straws artificially colonized
with 0. graminis and burie9 fol different
perioõ fi, fof-S soils naintained at pF6 and

SSoC (nean of 4 rePlications)

Isolate Soil 0*
Period of burial (wk)

5 10 15 20

2C

Hoff. 1

Hoff. 2

Hoff. 4

Hoff. 8

Sand

38 51 97 122 116

113

L23

123

B4

38 58 95 t32

38 49 91 101

3B 4L L04

38 39 56 58

044

Hoff. 1

Hoff. 2

Hoff. 4

Hoff. I

Sand

34

34

34

34

s4

46 7B L37 r37

131

110

116

89

49 90 L27

51 89 118

56 85 L20

44 55 70

Standard error 9.5

1.26 L27 L24 133 r25

* Not included in analysis of variance.
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TABLE 57

Results of analysis of variance (factorial) of
root dry r.reight (mg) shown in Table 56.

Period of burial means

5 10 15 20
(wk)

4B 81 109 r14

F SE DF

99.4*** 3.0 3 and 1I7

Soil neans

Isolate neans

2C 044

87 90

F SE DF

L9.7**t< 3.4 4 and II7

F SE DF

0.9 2.L 1 and 117

Hoff.
I

Hoff.
2

Hoff Hoff.
8

Sand
4

98 99 91 91 62
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. TABLE 58

Virulence of isolates of 0. graninis before and
after reisolation from straws buried for 20

wegks in 1 of 5 soils maintained at pF6 and
3soc.

Soil

Root dry rveight [ne)

Isolate
2C 044

Original isolate*

Reisolate from:

Hoff. 1

Hoff. 2

Hoff. 4

Hoff. 8

Sand

27

29

52

33

26

20

24

35

28

3T

3B

1B

Standard error

LSD p = .05

.01

.001

3.8

7L.2

LS.2

20 -3

t Standardl L28

* Not included in analysis of variance;
fstandardt - I24 ng.
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could be confirmed. Another aim rvas to continue the study of the effect

of cropping history on survival using soils collected after another

season.

Cores were col1ècted in Novernber, 1970. The cropping histories

of the sites chosen wer.e as follows: Hoff. 1 + S was Hoff. t h'ith the

intervening season as stubble-pasture; Hoff. 4 + W was Hoff. 4 with the

intervening season tvheat; Hoff. 4 + S was near to Hoff. 4 but left as

stubble-pasture in the intervening season; Hoff. B + W was Hoff. 8 r';ith

the intervening season as wheat. Although the cr'ops on Hoff. 4 + l{ and

Hoff. 8 + W were vigorous, cïohrl bioassays revealed that 78 and 82 per

cent respectively of the stubble carried viable O. granínis. Autoclaved

coarse sand was again included as a control.

Strav¡s colonized by isolates 2C ot 044 were inserted in the

soils. Cores were watered to constant weight every 4 weeks. The average

loss in weight during this period was 108 g. This is equivalent to a

rise in soil moisture tension fron pF2 to pFZ.7. Cores received no

treatnent other than the renoval of a:ry seedlings that appeared.

Stralvs were removed after 4, 8 and 12 weeks of burial and used

in survival tests. The number of replications containíng infected seed-

lings and the neaq percentage of infected seedlings per replication are

given in Tables 59 and 60. Survival was again affected by the isolate

used to colonize the straws and the soil used to bury the straws. As

previously, isolate 2C survived better than isolate 044. The suruival of

both isolates in Hoff. 1 + S ¡.ças sirnilar to that previously recorded in

Hoff. I (labLe 47). Survival of isolate 044 in Hoff. 4 + W and Hoff" 4+S



202.

TABTE 59

Nunber of replications containing infected wheat seedlings
when grown in contact with stranr's artificially colonized
v¡ith 0. graninis and buried for $ifferent periods in 1 of
5 soiTlnãñt-ained at pF2 and 15"C (naximun of 4 replications)

Isolate Soil
Period of burial

4 8 t2

2C

Hoff. 1 + S

Hoff.4+ltr

Hoff. 4 + S

Hoff. I + W

Sand

4

4

4

4

4

4

4

4

4

4

4

4

4

1

4

044

Hoff. 1 + S

Hoff. 4 + W

Hoff. 4 + S

Hoff. 8 + W

Sand

4

4

4

2

4

4

3

4

0

4

4

3

2

0

4
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TABLE 60

replications)

Isolate Soil
Period of burial (wk)

84 T2

2C

Hoff. 1 + S

Hoff. 4 + W

Hoff. 4 + S

Hoff. 8 + W

Sand

100

100

100

100

100

100 100

100 90

100 100

85 5

100 94

044

Hoff. I + S

Hoff. 4 + W

Hoff. 4 + S

Hoff. 8 + W

Sand

100

90

95

15

100

100 9s

20

25

59

78

0 0

100 100
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was similar and was better than this isolate in Hoff. 4- Both isolates

did not suryive as well in Hoff. 8 + W as they had in Hoff. B. Although

there were some differences in survival between soils collected after the

1969 and 1970 crops, the general pattern of survival being reduced with

increased numbers of consecutive crops was maintained.

Details of the results for dry root weight are given in Tables

6I anð 62. Once again there was a highly significant effect on root

grorrrth due to period of burial , t;r1,e of soil and isolate used to colonize

the straws. These effects can be seen in Figure 51.

c. Àb 1o ca1 differences betttieen isolates used in
1s 1es

chanbers and Flentje (1967b) have shoi,n that isolates of

0. grarninis which differ in virulence may also differ in their ability

to survive. Isolates 2C and 044 have sinilar virulence but show differen-

ces in survival. An investigation rvas undertaken to determine r+hether any

norphological differences between these isolates could account for

differences in survival.

During colonization of straws for the zurvival studies, it was

observed that isol ate 2C produced abundant microconidia, while 044 pro-

duced none. This suggests that these isolates rnay be different strains.

The distance betrveen the original sources of these isolates makes this a

possibility. No atternpt n¡as made to induce 044 to produce microconidia.

young cultures of both isolates were norphologically similar

when grom on PMDA. Old cultures of isolate 044 were slightly flatter

and darker than those of isolate 2C. Bc,th isolates were examined for

strands containing 2 or nore dark hyphae. Two subcultures of each isolate
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TABLE 61

Root dry weight (urg) of wheat seedlings groi'rn in
contact with strav¡s artificially colonized with
0. graminis and buríed for different geriods in.
Ioffiirs maintained at pFZ and 15"C (nean of
4 replications).

Soil
Period of burial (wk)

0*48 I2

2C.

Hoff. 1 + S

Hoff. 4 + W

Hoff. 4 + S

Hoff. 8 + W

Sand

50 30

43

43

36

28

43

39

36

90

46

55

30 73

30 64

30 L44

30 46

444

Hoff. 1 + S

Hoff. 4 + lrtr

Hoff. 4 + S

Hoff. 8 + W

Sand

34

34

34

34

34

52 64

98

101

r33

33

6s

87 135

77 135

L25 138

34 54

Standard error 9.7

I Standardl t29 t25 L29 r32

* Not included in analysis of variance.
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TABLE 62

Results of analysis of variance (factorial) of
root dry weight (ing) shown in Table 61.

Period of burial means

4 I L2

(wk)

55 66 92

F SE DF

38.3*** 5.1 2 alod 87

Soil rneans

Hoff.
1+S

Hoff.
4+W

Hoff.
4+S

Hoff,. Sand

8+W

51 79 76 110 40

F SE DF

47.6**x 4.A 4 and 87

solate means

91.9*** 2.5 I and 87

0442C

s4 88



FIGURE 51

ROOT DRY WEIGHT OF SEEDLINGS GROI{N IN CONIACT

WITH STRAWS BURIED FOR VARIOUS PERIODS IN SOII

MAINTAINED AT pF2 Al'{D 15oc.

(a) Straws colonized by isolate 2C.

(b) Straws colonized by isolate 044.
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were grown on PMDA for 15 days at 23oC. Six sites at 30 degree angles

and at 1 and 2 cm from the centre cf each subculture were chosen. At

each site the nunber of strands crossing a 0.375 nn line was recorded.

The results are shovm in Table 63. fsolate 044 produced more coÍrmon

strands of dark hyphae than isolate 2C. This is in contrast to what

happens on straws stored in nioíst autoclaved gnd. In sand, isolate 2C

produced a mat of dark hyphae over the surface of the st-raw, while the

surface of straws containing 044 renained free of dark hyphae. The dark

h1çhae from isolate 2C advanced into the surrounding sand and grew over

some parts of the inside of the bottle below the leve1 of the soil sur-

face.

Chanbers and Flentje (1967b) reported differences in the devel-

opment of hyphae in straws colonized by highly virulent and weal<ly viru-

lent isolates of 0. graminis. The former produced dark hyphae in the

internodal segment during storage, r'¡hi1e the latter did not. Other work

of Chanbers and Flentje (1968, 1969) also suggests that the production of

dark hyphae and survival are related.

An investigation kras made of the production of hyphae in straws

colonized by isolates 2C or 044. Straws were homogenizecl in 75 per cent

glycerol and observed rnicroscopically. An examination of freshly coloni-

zed straws revealed that both isolates produced thin hyaline hyphae, a

small amount of thick hyaline h¡rhae, but no dark hyphae.

Straws from Experinent IV were exarnined after 12 weeks l¡urial.

There were no consistent differences in the number of thin hyaline hyphae,

but there were differences in the nunbers of thick hyaline h1çhae an:l dark
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TABTE 65

l.lumber of strands with 2 or nore dark hyphae
crossing an 0.375 nrn line (nean of 12 obser-
vations)

Isolate 2C

Range

lcm

2 csn

I 2 0-5 2.5 1-5

r.3 0-2 2.3 L-4
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hyphae. The straws stored in autoclaved sand contained low nurnbers of

dark hyphae but high numbers of thick hyaline hlpha-e. This maf indicate

that thick hyphae had forrned but pigmentation had fail.ed to clevelop to

the same extent as in hyphae in the natural soi1s. There were no observed

differences in the number of dark h1-phae in strat¡s in 3 of, the natural

soilsthat ruould-account for the differences in the survival of isolates

2C and 044. The exception was in Hoff. 8 + W, where isolate 2C produced

nore dark hyphae than isol ate 044. As the survival of these isolates

v¡ithin this soil was rnarkedly different (Table 59), further detailed

examinations of straws frorn this soil were nade.

One strar^r per replication per tine of burial rr'as selected at

randon fron preserved straws from Hoff. I + l\I and exanined. The nurnber

of quadrats (0.375 x 0.375 mm) out of 40 containing datk hy¡lhae rvas

recorded for each straw. The results are shown in Table 64. Straws

colonized by isolate 2C contained sígnificantly more dark h¡phê-e 'tl:ran't

those colonized by isolate C44.. The number of dark hyphae in straws

colonized by isolate 2C increased with time white the nu¡nber of dark

hyphae in straws containing isolate 044 remained unchanged. There was

no t{ay of deterroining whether the dark hyphae counted were viable, hovielrer

if isolate 2C is able to produce rnore darË, hyphae and produce them over

a longer period than isol a:.e 044, thís nay account for the differences

in survival in Hoff. 8 + W.

Preserved straws removed from Experirrent I after 27 and 37

weeks of burial were also examined. Straws froni Hoff. B containing iso-

Lat.e 2C had significantly nore dark hyphae than those containi.ng isolate

044 (Table 65). In this exarnination it was evident that nany of the dark

tt
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TABLE 64

Number of quadrats out of 40 containing dark hyphae.
Artificially colonized strav¡s buried for variou;
periods in iloff. B + ltl rnaintained at pF2 and 15oC
(rnean of 4 replications)

fsolate Period of burial (wk)

84 T2

2C

044

13. 5

10. 5

19. 0 24.0

8.89.5

Results of analysis of variance (factorial)

Period of burial means

4 8 L2

L2.0 I4.2 16.2

FSEDF

2.2 I.4 2 and LS

Isolate neans

2C 044

18.8 9.6

FSE DF

30.7***1.2 1 and 15
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TABLE 65

Nr.mber of quadrats out of 40 containing dark hyphae.
Artificially colonízed sictaws buried for 27 or S7 weeks
in Hoff. B rnaintaíned in the open (rnean of 4 replications)

fsolate Period of burial (wk)
27 37

2C

044 :

8

5

5

2

8.0

5 0

Results of analysis of variance (factorial)

Period of burial mea¡s

27 37

6.9 6.5

FSE DF

0.1 0.8 I and 9

Isolate means

2C 044

8.5 5.1

FSE DF

8.4* 0.8 I and 9
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hyphae, especially in strar,¡s colonized by isola'ce A44, were disintegrating

or had collapsed. But even after 37 weeks some da-rk hyphae in strat{s con-

taining 044 were still intact. These differences in numbers of dark

h¡rhae may harre contributed to the marked differences in survival of the

2 isoLates in Hoff. 8 (Table 39). The reason for the differences in

mrmbers of dark hyphae is unknov,n.

***tr * * *

In Part III a comparison has been made of the survival of

0. graninis in artificially colonized stratqs and in naturally infested

soil. There were some rnarked differences; the fungus in the naturally

infested soil generalLy suryivèd better than the fungus in the straw.

This suggests that there is a case for using natural media for the study

of the survival of 0. graminis.

The effect of cropping history on the survir¡al of 0. gramln]-s

in artificially colonized strah,s was also studied. l'4arlced differences

in the survival of the fi.rngus in sinilar soils with different cropping

histories r¡ere obseryed. Generally survival was negatively correlated

with increasecl numbers of continuous crfops. It was also found that 1 of

the 2 isolates of 0. grarninis used in these investigations alttays survivecl

better than the other.

During these investígations i.t rqas found that 9. graminis sur-

viving ín buried straws maintained its original virulence. Hotvever tvhen

stratvs containing viable fungus were maintained in cool wet soil, the

inocu¡¡m potential of the infection unit [i.e. strav¡ containing 0. graminis)
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dropped during the first 10 to 15 t,¡eeks of bu.rial. Thereafter the

inoculurn potential could remain constant, in some soi1s, for as long as

a further 27 weeks.
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D]SCUSSION

Throughout the investigations reported in this dissertation, I

have placeci emphasis on the use of natural soil ancl inoculun. In the

literature there are ïeports of studies of the incidence of O. gra-minis

in the field (White, 1945 , Ig47), and of its survival in naturally infes-

ted soil (Fe1lows, 1941). However, many of the investigations of

O. graninis have been nade using artificial inoculum either in the field

(Kirby, L925; Cunningham, L967) or in the glasshouse and laboratoty

(Davis, !925; Garrett, L934a). Many of the studies on the survival of

0. graminis have been conducted using artificially colonized straws

(Hynes , Ig37; Garrett, 1938; Gerlagh, 1968). Although there is a place

for laboratoïy experirnents, I have endeavoured to work from the general

towards the specific; fron the field to the use of natural soil in con-

trolled environments. To undertake these studies several teêhniques were

developed.

one of the techniques, the core bioassay, was based on the

assunption that the roots of wheat seedlings will explore a large part

of the soil mass rvithin the core. However, it seens unlikely that there

would have been enough root exploration in 4 weeks to ensure contact with

every piece of debris containing viable 0. graminis. This would be

especially so if 0. grarninis was unable to grow from debrís as suggested

by Lucas (1955). Even if 0. graminis can grow from its habitat to meet

approaching roots (Brorm and Hornby, l97I), the bioassay should only be



216.

treated as a relative estinate of 0. grarninis incidence in the soíl.

Hornby (1969a, b, c) separated infested soil into its various

components, and estinated the nurnber of infective units present. Although

this approach r^/i11 girre a comparison of the nurnbers of infectirre units in

various soi1s, the usefulness of the cornparison is limited by the La'rge

variation in size of the rxrits colonized by the fungus; these range fron

whole cro¡,,Íts to-small pieces of debris. In the field, a large infective

unit nay provide the infection point for several roots or even several

plants.

In the approach used by S1ope, Herrden and Etheridge'(f969) and

independently by me, no attempt v¡as rnade to calculate the number of ínfec-

tive r¡nits present, but rather to treat each core as a unit with a poten-

tial for causing a certain level of disease. The level of disease trTas

caIled rtinfective indexrr by Slope, Henden and Etheridge (1969) and has

been designated incidence of 0. graminis by me. The results of the bio-

assay should be sirnilar to those obtained by growing seedlings in the

sarne unit of soil in situ, although in the field roots frpm seedlings

outside the tmit may also explore the soi1. The environnrent will also

influence the results, but the differences betv¡een the ler¡el of infection

in the field and in the bioassay rtay not be very large in a short period.

of growth (4 weeks). However, the effect of the environment on symptom

expressions, between the time of the bioassay and rnaturiti, could be

considerable.

Workers at Rothamsted found that the rtinfection index'r l{as un-

reliable for advisory pur?oses (Hornby, 1969b); there h'as a lack of cor-
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relation between the index and the anount of disease in the crop. I was

unable to correlate differences in 0. graninis incidence at the tinie of

the bioassay vrith yield fron plants in cores transferred to soil in the

glasshouse and gïohrt to naturity. It was aPparent that any leve1 of in-

fection at the tine of the bioassay led to a marked reduction in yield at

naturity. The buckets used in the glasshouse may have placed a limit on

nutrients that would not be encountered in the field where roots would

not be so confined. Lack of nutrients may a11ow a similar level of infec-

tion in seedlings to'cause marked differences in yield between the glass-

house and fie1d. However my mapping experirnents suggest that at least

some of the variation in yield within take-all patches was due to differ-

ences in tine of infection of the plants by 0. graminis rather than the

1evel of infection on the seedling.

Variability in levels of infectíon in cores fron the sane site

was possibly a reflection of the natural variability in the fie1d. filis

suggests it would be difficult to use the bioassay to sanple broad-acres

for the prediction of disease incidence in the following crop. liorvever

víith intensive salnpling in a snall block, as undertaken in the survival

study at Ceduna, the bioassay proved to be a useful tool.

The use of cores from take-all patches, to study the effect of

different treatments on 0. graminis, has nany possibilities. Howevet,

when using naturally infestld soifs, rather than artificially inoculatecl

soi1s, there was the problem of lack of uniforrnity in leve1s of inoculum'

The use of cores taken over plant renains helped to minimize variability

of inoculun 1evel. This allor^red high, and reasonably uniform, 1evels of
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inoculum to be obtained. However, cores with a reliable and predictabLe

range of inoculul 1evel, were not obtained.

A¡other problen with the use of cores ís to express the soil

moisture level in neaningful terms. The nioisture-characteristic curve

is the best nethod of expressing soil moisture (Griffin, 1963), but the

establishnent of culfves using large cores is diffícu1t. TheoreticaLly,

at tensions greater than pF3, soil stnrcture should have no effect on

moisture characteristic (Salter and Wi11ians, 1965). Sone ti-ne rvas spent

in prelirninary erperinents trf ing to establish the drying boundary cul've

(belorv pF3) for soils in cores, but rnoisture eo¡.rilibrium was not obtained.

The possibility of using tensiometers to measure suctions below pF 2.9

(lr{arshall, 1959) was not investi.gated.

Another technique, the bioassay of wheat stubble for tl're pres-

ence of O. graminis, v¡as shor,¡n to be suitable for the study of both the

incidence and survival of the fungus in the field. However results ob-

tained by this bioassay revealed nothing about the type and location of

propagules present or the amount of inoculurn present. The intensity of

infection in terms of effect on seedling gror,rth was recorded in a pre-

lininary experinent, but the assessrnent was too time-consumi-ng to be

ernployed in large scale experirnents.

The other rnajor technique developed was the rincidence-yieldr

regression. This was based on the assumption that yielcl is a reflection

of incidence. Correlating yíe1d with incidence could be confounded by

other pathogens, and by variability of the soil and differences in nois-

ture stress. The sane leve1 of incidence ¡nay give diff,erent yields in
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different years. There may' al5o be differences in an individual crop

due to soil and noisture variability. The first of these problems rvil1

be ol'ercone by adhering to the 2 principles mentioned earlier, viz. close

scrutiny of the experimental area to establish that no other major patho-

gens are affecting yie1d, and. establishment of the rincidence-yield'

regression fron sites within or around the experimental area on each

occasion the experinient is conducted. The problem of variability of soil

t¡pe H'ì-thin the experimen-yal area is more irnportant. The area selected

for experiinents should have a uniform soil type. If different soil t¡pes

are present, it r+ould be preferable to conduct separate experinents on

each soil type. If there is considerable ''¿ariability and the different

soil types are too diverse to conduct índividual experiments, the

rincidence-yieldt approach should not be employed.

It was unfortunate that the consecutive cropping experinents

at Turretfield and Ceduna could not be maintained for nore than 2 seasons.

To determine wl'rether the rincidence-yieldt technique is a satisfactory

nethod of studying changes in the incídence of take-all and 0. graminis

a triaL period of 4 or 5 seasons niay be necessary. This would a1low

testing u¡rder a range of clinatic conditions and possibly a range of

take-al1 and 0. graminis relationships.

The survival experiments in the field at Turetfield and at

Ceduna revealed an interesting contrast betlveen the survival of 0. graminis

at both places. The reason for the difference $¡as not established, but roay

have been due to factors like differences in climate or soil type. A

sinilar study over a period of several years could give valuable infor-
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mation about the possibility of take-al1 rdecline' being associated r,¡ith

factors affecting the survival of 0. graminis. These studies cou1d be

profitably linked nith a study of the type and condition of the fungus

occupying the crorm and root tissue of stubble renaining in the field.

For short term survival erperinents, the removal of wheat

stubble is more convenient than the removal of. cores. In long terrn experi-

nents, extending ol¡er several'seasons, ít would beconie increasingly

difficult to locate the remains of the plant. Althcugh cores r,;ouLd be

superior in long tern experiments, there are clisadvantages in usi-ng then

in survival studies. Firstly, cores are very difficult to ¡ernove from

heavy soils, thus limiting the scope of the study; seconcily the survir¡al

studies may be confounded by the presence of grasses a¡d self-solrn cereals

rr'hich gror+ during the rr'inter. T'he lattet could be overcome with irerbi-

cides, but these might affect survival (lttilkinson, 1969). Despi.te the

difficulties, cores appear to be a useful niethod for studying the survival

of O. graninis in the field.

Studies on the survival of 0. gramínis in naturally infested

soils and in artificially colonized straws buried in naturally infested

soil raísed the question of why the fungus generally survived best in the

natural medium. Although this was not answered in these investigatíons,

survival appeared to be linked to the type of hyphae within the 2 nedia.

An exanination of naturally infected plant remains from the field shor'.ed

that they contained mainly dark hlphae, while freshly prepared, artífi-

cially colonized straws con-uained no dark tr¡phae.

The frmgus established as resísta.nt dark h¡ahae (Padrr'ick, 1936)
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prior to tTeatnent, would har¡e an advantage o\rer the fungt-rs that had to

form dark hyphae after the treatment conunenced. In cool wet soi1, dark

hyphae may be more resistant to attack by micro-organisrns or less affec.ted

by antagonistic substances than hyaline hlphae. In hot dry soil where

rnicro-organisms are unlikely to be involved, the resistance of dark

hyphae to desiccation would girre the fungus in natural mediurn an advantage

Differences in hyphae and in the way the habitats are colonized, coutld be

expected to cause differences between the survíval of 0. graninis in a,iti-

ficially colonízed straws and in natural debrj-s

The results of ny experin',ents suggest that the results from

other experinents (rr'here only artificially colonized strals trere used)

nay need to be re-examined. Use c,f artificially colonized strai{s may

reveal survival patterns that have no applieation in the field. The use

of cores allov¡ed the study of 0. graninis in a natural form.

The results of ny survival experiments using artificially

colonized straws, necessitate explanations for the following: (1) r.'hy

there lvere marked differences in sun¡ival in the different soi1.s; (2)

why isolate 2C a1wal'5 survived better than isolate 044 and rthy this

difference was so narked in Hoff. 8 and Hoff. B + 11¡; (3) vrhy in sorne

instances the inocuhln potential of 0. graminis dropped during the first

10 to 15 weeks after burial, but thereafter rernained constant for the

rest of the experiment.

Differences in survival did not appear to be associated r.''ith

differences in breakdown of the siraws. Visua1ly, the rate of disinteg-

ration of the straws containing either isolate 2C or 044 was sinilar in
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aI\ 4 field soi1s. Comparison of the physical and chemical properties

of the soils used in these experinents suggested that differences in

survival of 0. eraninis coul-d not be attributed to differences in these

properties (Table 37). Althougli there v¡ere sma1l differences betrr'een

the soils there was no correlation betv¡een survival and any other property.

Unless there were subtle interactions of ph1'5isa1 or chenical properties,

differences in survival. associated H'ith the soils were rnost likely due to

the cropping historl' of the soi1s.

In the experiments reported by Butler (1959) where strav,'s

colonized by 0. graminis Ì{ere stored in natural soi1, differences in sur-

vival were attribu-ued to differences in soil fertility. Although the

fertile soil (6 years of legune 1ey) had a total nitrogen content of 0.13

per cent conpared to 0.07 per cent in the adjacent infertile area (50

years of cereal pasture rotation), the C:N ratio for both areas hras

similar" There is a possibility that the reduction in survival. i-n the

infertile soil was associated with cropping history rather than fertility.

Gerlagh (1968) found that continuous cropping led to a build up

within the soil of an rantagonismr to 0. grarninis. This rantagonismr v,ras

induced in soil in the glas;shouse by adding 0. graninis inoculurn (coloni-

zed rr'heat-seed and wheat-straw mixture) to the soil on each occasion that

a consecutive crop was sorl,rl (3 monthly) . He also found that the survival

of 0. graninis in artificially colonized straws stored in soil with

induced rantagonismi was reduced with increasing nurnbers of consecutive

crops. The soils used in my experiments v¡ere natural soils. Any

ðifferences between the soils in 1evels of antagonism or other factor(s)
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contributing to a reduction in survival of 0. graminis, appear to be

associated with cropping history and not vrith any addition to the soi1.

The hypothesis is advanced here that continuous cropping causes

a lfactor'to develop in the soil which affects the saprophytic survival

of 0. graminis in artificially colonized straws. This rfactorr rnay be

antibiotic antagonism as suggested by Gerlagh (1968) but could be sorne-

thing else. For instance, Lapierre et al. (1970) have found a virus that

affects the parasitic phase of 0. graminis. tn". sane or other viruses

rnay affect saprophytic survival. The rfactorr causing a reduction in

survir¡a1 in ny experiments is not necessarily renoved by a L year break

in the crop (Table 59). Results fron Experiments I, II and IV indicate

that the tfactort nay not continue to increase in intensity. It reached

a maximun after 3 or 4 consecutive crops a¡d thereafter varied slíghtty

in effect between seasons.

The above hypothesis may explain the differences in survival

betweån the soils, but there renains the question of why isolate 2C suî- -

vived better than isolate 044. Part of the explanation appearecl to be

related to production of dark hlphae. Sone evidence was found that

isolate 2C produced nore da-rk hlahae in strav¡s buried in Hoff. B or

Hoff. B + W tha¡ isol ate 044. It is also possible that the isolates are

different strains. A conpletely satisfactory explanation for the Ð

difference in the survival of the 2 isolates has not been'found. A more

detailed investigation of the genetic nake up of the 2 isolates and a

nore exhaustive study of their production of dark hyphae nay provide an

answer.
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I have been unable to find an explanation for the drop in

inoculun potential of the infection unit during the fjrst 10 to 15 weeks

after burial in sone soi1s. The d::op in inoculun potential did not appeaÍ

to be due to a reduction in vinrlence of the ísolate.s surviving in the

strarvs. One possibility that could be investigated ir'ould be to stutiy

the effect of the ratio of thin hyaline h¡phae to dark hyphae on j.noculun

potent,i-al. It could be proposed that the initial high inoculum potenl;ial

obtained v¡ith freshly colonized straws is due to the hyaline hlphae.

During the first 10 to 15 weeks after burial in v;heat-field soil there

is a natural reduction in the nurnber of viable hyaline hyphae in the straws.

This is accompanie<l by a reduction in inoculum potential. During this

period the production of resistant dark hyphae coÍmences, and the drop in

inoculum potential is halted as the dark hlphae take ovel fron the iiya-line

hyphae. In the autoclaved se-nd the saae s.equence of events nay tali.e pl.ace.

with the thick hyaline hlphae acting in the sâÍrê Dânrrer as the d.ark h¡çhae.

The effect of the presence of isolate 044 on the survíval of

native 0. graryllis (Table 42) remains unexplained. Possible explanations

night include: (1) the introduction of isolate 044 into natural soil

stirnrlated the production by soil nicro-organisms cf a substance (s) irhich

reduced the saprophytic survival of 9. gra:ninisf Q) isolate 044 producerl

an auto-toxin(s) rrhj-ch also affecteci native 0._ graminis; (3) in natutal.

soil isolate 044 produced or stinulated the production cf a substance(s)

r+liich inhibited the parasitic phase (or infection Prccesses) and. the

results were thus an artifact unrelated to survir¡al; (4) isolate 044

contained an entit¡'which affected suryival and this factor tuas passed
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to the native O. graininis.

In ccnclusion, it has been establisheC that continu.ous cropping

at Ceduna caused a build up of a rfactort antagonistic to the saprophytic

survival of 0. graminig in artificial.ly colcnized straws. The intpori:ance

of this observation is unknorrn, but possibly i-t has no significance in

the field. The antagonistic rfactort may only affect the su-rvival of

hyaline hyphae as found in artificially colonized strav/s. It ma-y hat'e:ro

effect onrparasitict hyaline hyphae" By the ti¡ne the survh¡a1 phase js

reached in the field, hyaline hyphae will have been replaced witli dark

hypirae. The level of native 0. graminis in all the soils frour Cedura

(Table 38 a¡d page 201) suggests that continuous cropping did not elimj -

nate the fungus. However, there may have been another rfactorr present,

rirhich prevented the fr.rngus causing severe take-a11. in those fielcis lçitir

4 or more consecutive crops. The talce-all rdecliner obsen'ed at Cecluna

may have been caused by inhibition of infection or prevention of lesion

extension (Cox, 1963; Glynne, 1965), rather than reduction in gror'rth

during the parasitic phase or elinination during the sapropirytic phase

(Gerlagh, 1968). This matter needs further investigation.

Even íf it can subsecluently be shourn that continu-cus croppiltg

affects the su-rl.ival of native 0. grarninis, this may be of only linriied

significance in South Australia. The dryness of the soil during the

srrnìmer in South Australia and in most Australian wheat grorving areas rr'ou1d

prevent the antagonístic rfactorr affecting survil'al (Table 53). In those

parts of the world v¡here the soil remains noist for most of the year,

antagonism to the saprophytic phase could be of considerable ímportance.
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This may be pa.rt of the reason ruhy take-a11 rdecline' is reported so fre-

quently frorn European countrj.es ancL so seldorn in liustralian literature.
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APPENDICES
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APPET.IDIX A

Prepatation of

culture media

The following culture media rvere used in this inves'cigatio¡t:

Glucose-asparagine medium (Lil1y æð Barnett, 1951)

Ingredients: glucose 10 g

2gasparaglne

reIzPO4 1 g

It{gsoo.7V2o 0.5 g

Fe*** (as citrate) 0.2 ng
¿¿

Irtr' ' (as sulphate) 0.1 ng
LL

Zn' ' (as sulphate) 0 .2 mg

biotin 5 ug

thiamíne 100 ug

ãgar 20 g

distil led lr¡ater " 1000 n1

Ifelt agar ín r+ater, add cther constituents, make volunne

up to 1 litre, dispense and autoclave.

Potato - t ]l'farmit et t-dextrose aqar (PÌ!rDA)

Method:

Ingredients: Non-nilk tlpe instant

nashed potatoes (r'Debrr Brand,

Rosella Foods Pty. Ltd.,

Melbourne)

229
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Method:

rfMaflniterr (concentrated yeast

extract, Sanitariurr Health

Food-Co., Aust.) 1 g

agar (Davis) 15 g

distilled ll/ater 1000 nl

Autoclave potato in 1 litre of water at 1 atmosphere for

10 ninutes, filter through macerat,ed filter paper, melt

agar in filtrate, disperse trMarmiteil and dextrose in

snal1 quantity of water, add dispersion to filtrate,

nake up voh¡ne to 1 litre, dispense and autoclave.
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APPENDIX B

Data f.or Part I,

Section C. (1).
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TABLE 81

GRAIN YIELD (g) FROM EACH 0F 144 SITES

FOR BLOCK A AT TURRETFIELD

Dri11 rows

L234567 8 9 10 1l 12

I 11162L8382071576129

L4L7L75101016117221510

14152082215L4L2914L412

12L2151715912L4s71313

L318L46111116t41122L211

1911L711121191414101415

101461slsL414911,1311L2

L22088101111999910

L310L71051113510L31210

157249L71615L46131110

201522L212181419109L213

9L48810111539101014

t/)
o
{J.-t
(n

2

J

4

5

6

7

I

9

10

1I

L2
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TABLE 82

GRAIN YIELD (g) FROM EACH 0F 144 SITES

FOR BLOCK B AT TURRETFIELD

L234

Drill ¡ows

s 6 7 B 9 10 11 t2

Ø
a)
+J.r{
(n

I

2

3

4

5

6

7

I

9

10

11

L2

4

2

4

ó

2

1

2

2

1

2

4

6

05113302022

02243801024

54021202011

4311803L004

s4104100113

3672104LL2114

3L32112L4L4

7Ll1L2624L2

41910321111

05101224201

2L02132L641

10L4111"0401
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TABLE B3

GRAIN YIELD (e) FROIí EACH oF I44 SITES

FOR BLOCK C AT TURRETFIELD

r234
Dril1 rows

567 8 9 10 il 12

U)
q)
P

. r'l
U)

I

2

)

4

5

6

I

I

IO

1t

T2

16280L2L43270t7

45t36722396379

L3116L4322121499917

9 11 2 L0 11 7 9 19 'r3 13 16 15

19s716467r014816

7221610681178116

4 0 6 2 7 3 10 11 9 B 9 10

r453s139111s71472

5272254915L2913

334322417116ls11

3552485813lsL311

7Lr47L36911161511
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APPENDI}: C

Data for Part f,

Section C. (2).
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TABLE C1

GRAIN YIELD (g) FROM EACH 0F 2s6 SITES

FOR BLOCK F AT CEDI.JNA

Drill rows

I 2 3 4 5 6 7 8 9 I0 tI t2 t3 14 15 16

ta
o
.lJ
.r{
u)

I

2

3

4

5

6

7

I

9

t0

t1

l2

13

t4

l5

2

0

0

2

3

I

0

1

6

5

4

4

4

5

2

6

0

t

0

0

0

I

0

0

L

4

4

4

5

7

2

4

0

0

0

0

0

0

0

0

1

2

2

5

6

7

4

7

0

0

0

0

0

0

0

I

6

2

5

7

3

4

4

3

0

0

0

0

0

0

1

1

I

5

3

5

7

2

3

3

0

0

1

0

0

0

0

1

3

3

0

2

7

3

4

5

0

0

0

1

0

0

0

0

I

0

0

2

0

3

1

2

0

0

1

3

0

0

I

0

3

1

2

2

4

2

2

2

0

0

0

0

0

0

0

0

0

0

2

I

0

3

I

4

2311302

48014L9

11L2L24

07341q4

05453?,4

0277727

0085604

026453s

0177768

0169263

0465763

2435463

4387477

L 6 s10 2 5 2

4s4s336

1 5 2 B 11 5 516
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TABTE C2

PERCENTAGE OF CRCI{NS INFECTED WITH O. GRAMINIS FROM

EACH OF 128 SITES I.'OR BLOCK F AT CEDUNA

Drill rows

I23r+5678 9 t0 1l tz 13 14 i5 16

vt
d)
+J
.Fl
v)

I

2

3

k

5

6

7

I

I

10

11

I2

l3

14

15

1Ct0 100 100 100 100 100 100 100

100 82 100 r00 1c0 100 50 20

100 100 75 100 100 50 100 50

89 100 100 100 100 40 100 0

100 100 100 100 100 50 25 100

100 100 100 r00 100 20 50 67

100 100 100 100 100 100 75 100

L00 100 100 100 100 0 20 0

100 r00 100 100 100 100 0 57

100 80 100 86 100- 0 83 0

7s 100 86 100 75 60 50 40

75 100 55 67 100 50

100 100 40 33 25 92 33

100 80 10t) 50 100 25 0 0

100 100 80 50 75 0 0 100

67 100 60 0100 36 67 2Ll6
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TABLE C3

BIOASSAY OF SOIL CORES (PERCENTAGE OF SEEDLINGS

INFECTED PER CORE) TAKEN FROIvI THE CENTRE OF EACH

OF 128 SITES FOR BLOCK F AT CEDUNA

72345
Drill Rows

6 7 I 9 10 11 12 13 14 15 16

lf)
c)
+,.rI
u)

1

2

3

4

5

5

7

I

9

10

11

72

13

I4

t5

I6

100 100 100 100 100 100 100 100

100 100 100 100 100 100 100 100

100 43 86 100 100 100 29 14

100 100 100 100 100 0 0 71

100 100 100 60 100 0 100 0

100 100 100 100 100 100 43 67

100 100 100 100 100 100 29 1C0

100 100 100 100 100 100 83 43

100 100 L7 100 100 100 29 86

100 100 43 100 57 0 100 43

100 100 100 86 100 100 r00 0

100 100 100 43 100 100 33 57

100 86 100 0 100 67 22 29

86 100 100 100 50 0 0 0

7L L4 100

0100 100 72 29

0

100

7L

0

L4

43

43 33
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TABTE C4

BIoASSAY 0F SoIL CoRES (PERCENTAGE 0F TNFECTED

ROOTS PER CORE) TAKEN FROI'Í THE CENTRE 0F EACH

OF 128 SITES FOR BLOCK F AT CEDI.JNA

L .-2 3 4 5

Drill rows

6 7 I 9 r0 ll t2 13 14 ls 16

vt
o
+)
.F{
(t)

I

2

3

l+

5

6

7

I

9

t0

1t

l2

l3

14

15

t6

97 95 58 88 91 100 77 100

91 79 83 69 72 88 92 97

79 10 27 68 100 100 8 3

00 81 87 76 96 0 0 33

100 66 86 53 93 0 61 0

93 s2 70 100 46 77 11 33

100 73 90 83 7T 54 91

90 84 90 70 97 100 3B 13

94

68

78

30

B7 8 100 97 38 7 36

B6 77 10 88 30

7L

25

93

0 82 l1

79 67 42 100 38 38 0

7L 77 93 13 65 L7 JI

4L 91 70 32 L7 7

79 59 95 100 0 0 0

097 74

11

44

67

7

0 55

0

3

10

27 L2
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APPENDIX D

Data for Part I,

Section D. (2).
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TABLE D1

PERCENTAGE OF INFECTED PIANTS, TOTAL TOP DRY WEIGFTT, AND AVERAGE

ToP DRY TVEIGHT PER MACRO-SITE FROt"t BLoCK G AT CEDIJNA, 1970. TOTAL

GRAIN YIELD FOR TTIE 1969 CROP FROM TI{E SAME BLOCK ALSO SHOWN.

I 1

2

3

4

5

6

7

I
9

l0
11

L2

L3

L4

15

16

L7

18

19

20

Percentage
of

plants
infected

B5

100

98

100

100

B2

94

100

100

96

100

97

88

46

29

7S

40

57

59

36

Total
toP
dry

weight
(e)

3.5

3.8

8.0

4.9

2.9

5.5

4.0

5.4

2.r
5.7

8.1

6.9

5.8

6.3

7.8

8.2

6.8

0.8

9.5

7.2

Average
top
dry

weight
(e)

Grain
yíe1d

previous
yeaT

(e)

5

I
J

I
I
0

I
0

7

0

1

3

8

6

L2

24

18

19

24

l6

.18

.24

.19

.t4

.18

.24

.25

.23

.2L

.2L

.27

.18

.24

.29
')<

.26

.27

.11

.32

.22

Macro-
10w

Macro-
site
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2 I
2

3

4

5

6

7

B

9

10

11

L2

T3

L4

15

16

L7

18

19

20

I
2

3

4

5

6

7

I

96

100

100

97

100

100

100

100

100

100

100

100

100

84

82

s6

58

29

58

50

97

100

100

1.00

100

100

100

100

.27

.30

.L4

.15

.24

.29

.16

.22

))
.33

.29

.L4

.25

.24

.27
.,,7

.28

.51

.25

.30

.18

.23

.10

.15

.25

.23

.32

.¿J

6

1

4

8

J

5

0

0

2

I
3

2

7

6

I2

15

L7

16

16

28

L3

I
6

0

I
5

2

1

TABTE Dl (cont.)

7.2

3.9

7.2

6.0

6.1

7.L

3.4

6.6

4.4

7.0

7.6

6.0

7.L

4.6

7.5

6.8

8.7

3.6

6.4

11 .4

6.3

2.7

5.6

4.9

4.8

6.1

8.2

6.8

+

5

Macro-
TOItI

Macro-
site

Percentage
of

plants
infected

Total
top
dry

weight
(g)

Average
top
dry

weight
(e)

Grain
yíe1d

previous
year

(e)
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3 9

10

11

L2

L3

T4

15

16

17

1B

19

20

I
2

3

4

5

6

7

8

9

10

11

TZ

13

L4

15

16

92

95

94

100

97

74

58

63

76

29

93

72

100

100

100

100

95

100

94

100

93

96

100

100

80

7L

78

63

.23

.26

.24

.12

.19

.26

.23

.26

.25

.26

.28

,39

.25

.3L

.11

.11

.L4

.55

.28

.22

.25

.28

.22

.18

.20

.32

.27

.29

1

I
3

5

10

5

10

L3

16

L3

L4

16

I
2

0

0

1

2

I
0

I
0

5

1

15

L2

7

10

TABLE D1 (cont.)

2.7

4.9

8.0

3.2

5.6

7.0

6.2

6.1

1.8

7.6

7.0

5.7

4.4

2.6

2.6

5.5

4.2

4.8

8.2

7.3

6.2

5.1

6.9

4.9

6.7

2.4

10.0

4

lvlacro-
row

Macro-
site

Percentage
of

plants
infected

Total
top
dry

weight
(e)

Average
top
dry

weight
(e)

Grain
yield

previous
yeall

(e)
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4 L7

18

l9
20

I
2

3

4

5

6

7

8

9

10

11

t2

L3

L4

15

16

L7

18

19

20

I
2

3

77

56

96

60

100

100

100

100

100

100

100

r00

80

94

91

100

B8

65

69

73

80

81

95

72

100

100

100

.26

.27

.19

.25

.24

.22

.15

.11

.11

.16

.27

.25

.50

.23

.28

.22

.27

.22

.29

.32

.24

,24

.19

.20

.2t

.36

.18

11

L4.

t7
l3

0

0

0

4

0

1

3

1

6

2

3

4

11

2t

L7

9

22

L7

22

19

0

0

0

TABLE D1 (cont.)

5.7

2.4

4.7

6.2

6.0

2.9

4.0

4.8

1.9

3.2

6.0

6.0

2.5

7.2

5.8

5.6

6.9

5.1

8.5

8.2

5.9

6.2

4.2

5.0

3.6

2.5

6.6

5

6

Macro-
row

Macro-
site

Percentage
of

plants
infected

Total
top
dry

weight
(e)

Average
toP
dry

weight
(e)

Grain
yield

previous
yeaT

(e)
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6 4

5

6

7

8

9

10

11

L2

L3

L4

15

16

77

18

19

20

I
2

J

4

5

6

7

8

9

10

11

100

100

100

.100

100

100

95

100

98

93

100

78

84

B8

88

100

95

100

100

100

100

100

100

96

100

80

9s

100

.t3

.L4

.L7

.24

.24

.40

.JJ

,28

.16

.24

.2L

,21

.26

.23

.17

.23

.24

.L7

.18

.14

.13

.L3

.22

.23

.25

.15

.4r

.J5

0

0

0

3

1

I
q

9

5

L7

10

8

19

11

L4

L3

19

0

0

0

0

0

J

1

0

2

2

8

TABLE Dl (cont.)

6.6

3.7

5.1

7. 1.

4.5

3.2

7.0

9.1

6.4

6.5

4.4

4.9

8.3

6.0

2.7

5.9

5.4

4.2

2.9

7.3

8.2

1.8

5.8

5.9

s.7

1.5

9"1

5.9

7

Macro-
row

Macro-
site

Percentage
of

plants
infected

Total
top
dry

weight
(e)

Average
toP
dry

weight
(e)

Grai-n
yield

previous
year

(e)
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t

7 12

13

L4

15

L6

t7
1B

19

20

1

)

3

4

5

6

7

8

9

10

11

L2

t3
L4

15

16

T7

18

100

100

86

100

95

97

100

100

97

100

100

100

9B

100

96

100

96

100

100

100

100

96

90

92

100

91

100

TABLE D1 (cont.)

8.5

2.7
a)

6.8

7.7

9.1

4.4

4.9

6.4

3.5

¿.J

3.3

7.r
1.9

4.4

5.0

5.5

2.3

8.6

4.s

4.2

5.5

4.7

6.6

6.2

7.8

0.5

.19

.2I

.33

.23

.55

.28

.15

.20

.19

.12

.15

.11

.15

.10

.18

.18

.20

.19

.28

.15

.14

.20

.16

.28

.26

.34

.25

5

18

11

5

7

6

10

10

14

2

1

2

0

0

0

0

0

3

i
(r

6

L4

6

7

12

10

16

B

Macro-
row

I{acro-
site

Percentage
of

plants
infected

Total
top
dry

weight
(e)

Average
top
dty

weight
(g)

Grain
yield

previous
year

(e)
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8

9

19

20

1

2

3

4

5

6

7

B

9

10

11

L2

L3

L4

15

16

L7

18

19

20

I
2

J

4

5

6

76

64

100

100

100

100

100

o?

100

100

100

96

100

100

92

75

100

100

96

100

95

82

100 _

100

100

94

96

100

.32

.28

.14

.31

.16

.L3

.18

.25

.20

.16

.25

.29

.16

.16

.25

.18

.25

.30

.34

.36

.3L

.23

.L7

.15

.L3

.11

.10

.23

17

24

I
3

2

2

0

2

0

0

0

1

2

4

I
3

2

0

13

L3

o

15

I
I
I
1

I
E

TABLE Dl (cont.)

8.1

6.2

2.8

4.3

5.0

8.0

4.L

7.L

5.1

5.1

3.2

6.3

5.7

5.8

5.9

3.6

5.0

6.8

7.4

2.5

5.9

6.3

4.2

2.0

4.7

7.8

2.L

Percentage
of

pla-nts
infected

Total
top
d-ry

weight
(e)

Average
top
dry

weight
(e)

Grain
yield

previous
yeaT

(e)

Macro-
roltl

It{acro-
site

10

7.4
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11

7

8

I
t0

11

t2

13

74

15

16

L7

18

19

20

I
2

3

4

5

6

7

8

9

10

11

l2
T3

L4
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Macro-
row

Macro-
site

Percentage
of

plants
ínfected

Total
top
dry

weight
(e)

Average
toP
dry

weight
(g)

Grain
yield

previous
yeaT

(g)

100

100

100

88

100

100

100

77

77

96

87

91

96

60

100

100

100

96

100

96

r00

100

100

90

100

97

100

95

TABLE Dt (cont.)

5.9

3.7

L.7

7.5

8.6

s.4

4.8

3.7

5.5

4.9

4.7

2.9

6.6

8.2

4.8

2.7

4.7

7.6

2.4

6.9

6.5

4.0

1.6

9.4

5.3

4.8

s.2

4.4

.25
)a

.L1

.31

.28

.16

.L7

.L7

.2L

.22

.16

.L3

,29

.4r

.19

.27

.11

.t4

.10

.28

.24

.09

.23

.32

.19

.15

.L7

.23

4

I
2

2

10

10

11

1

I
7

4

7

B

7

7

2

2

3

0

4

5

I
I
0

L4

t4

11

6
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TABLE Dl (cont.)

Macro-
row

N{acro-
site

Percentage
of

plants
ínfected

Total
top
dry

weight
(e)

Ar¡erage
toP
dry

weight
(e)

Grain
yielcl

previous
yeaï

(e)

11 1s

16

L7

18

19

20

I
2

3

4

5

6

7

8

I
10

11

L2

13

t4
15

16

L7

18

19

20

L2

100

100

100

77

96

76

100

100

100

100

100

100

100

100

100

96

100

100

91

95

100

100

97

100

95

100

7.0

7.L

3,L

1.6

3,9

4.2

5.6

3.2

3.0

7.4

1.8

6.6

7.s

7.9

2.1

8.4

8.9

3.9

5.3

3.4

9.3

6.7

9.9

2.6

3.5

2.4

.59
)2

.i7

.18

.16

.L7

.¿5

.23

.08

.L4

.15

.19

.31

.28

.19

.31

.29

.L3

.23

.L7

.25

.26

.28

.29

.18

.L4

3

4

.5

L4

I3
73

2

0

1

0

0

3

6

0

1

0

9

11

6

0

0

t4

11

7
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APPENDIX E

Data for Part fI,

Section A. (1).



TABLE E1

GRAIN YIETD (e) FROM EACH 0F 96 MACRO-SITES FOR BLOCK E AT TURRETFIELD,

1969

L2 J 4 5 6
.|

8 9 L0 Ll 12

1

¿

3

4

5

6

7

8

¿5 4L

¿5

13

16

16

11

L7

38

28

42

42

24

32

29

44

57

2B

43

33

5

20

2T

57

48

z1

45

2T

L7

27

40

37

33

39

15

32

24

L4

23

44

25

28

15

22

L7

15

27

10

25

63

20

39

1"7

t9

15

23

23

4B

55

29

32

2I

¿J

L29

54

39

22

39

39

41,

53

42

6s

55

âa
¿,L

50

40

64

45

5/

55

36

22

25

16

26

4I

s6

4s

10

9

1B

19

T2

15

20

t$



TABLE E2

THE CONTRIBUTION OF EACH ELEMENT TO THE CHT-SQUARE FOR THE FREQUENCY

DTSTRTBUTION 0F CRoWNS CoNTATNTNG VTABLE O. SBAUIUS pER SITE FoR

4 TTIIES OF REI'IOVAL FROM BLOCK E AT TUP.RETFiELD, L97A

Survival Category

The value of chi-square is 205.53*** with 15 degrees of freedorn.* The actual expected frequency for individuat tirnes varies slightly due to rnissing
sites.

N)ø
O

84 -100%

6

L9.2s7

13.656

0.I20

66. 939

0. 087

2.748

9.224

2.748

0.697 7.072

3.45s' .

1.090

12 . 108

0.733

T6.2IB

2.022

L2.03L

12.725

0. 194

5. 013

5.013

2.609

0.382

9.397

33 T7 1s L4 L2 5

68 -85%

5

sL-67eo

¿+

34-50%

3

L7 -33%

2

0-I6e"

1

Tine
fron
1969

harvest
(wk)

6

13

23

35

Chi-square
expected frequency*

å

Date

Jan. 28

Mar. 19

May 28

Aug. 20
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APPENDIX F

Data for Part II,

Section A. (2).



å

TABLE Fl

GRAIN YIELD (g) FROM EACH 0F 96 MACRO-SITES FOR BLOCK H AT CEDLJNA, 1969.

L2 3 4 5 6 7 I 9 10 Ll L2

I

2

ó

4

5

6

7

I

a
Ä

0

1

0

0

0

0

0

3

5

6

3

L

2

t.

0

ó

3

9

1

4

3

3

ó

L2

13

10

L4

6

8

11

8

I
6

3

L7

T2

16

20

L7

I

B

4

4

L7

T7

15

23

13

6

3

L7

22

28

24

21

7

4

9

T5

8

13

l2

19

11

I2

I4

L4

9

ö

26

24

'18 29

19

20

10

L2

20

11

3

6

9

4

13

11

L3

16

4

9

18

13

20

11

16

19

¡

r\)(/r
t\)



TABLE F2

THE CONTRIBUTION OF EACH ELEMENT TO THE CHI-SQUARE FOR THE FREQUENCY DTSTRIBUTION

OF CROIVNS CONTAINING VIABLE O. GRAMINIS PER SITE FOR 5 TIMES OF REMOVAL FROM BLOCK

H AT CEDUNA, 1970

The value of chi-square is 37.48* with 20 degrees of freedom.
* The actual expected frequency for individual tirnes varies slightly due to missing

s ites .

N)
(/¡
(N

Ê

Survival category

0-L6%

1

L7-33%

2

34-5}sa

5

51,-67eo

4

68-83%

5

84-100%

6

L.270

r.607

0. 003

L.234

L.749

0. 360

0.072

0.873

0. 0s9

0.023

0. 031

0.23L

r.472

0. B57

0.L20

2.667

O.T7L

0. 639

3.723

0. 811

3.72L

0.707

0. 14s

0. 780

0.306

6.400

0.162

0.484

4.892

1 .906

15 6 6 I L2 45

Time
fron
1 969

harvest
(wk)

10

20

30

40

50

Chi- square
expected frequency*

Date

Feb. 3

Apr. L4

June 23

Sep. I

Nov. 10
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APPENDIX G

Data fo:: Part II,

Section A. (5).



¡

TABI,E Gl

GRAIN YIELD (g) FROM EACII 0F 96 IvÍACRO-SITES FOR BLOCK K AT CEDUNA, 1969

t7.\û
L234s678910 11 L2

I

2

3

4

5

6

7

I

0

0
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1

2

2

5

1

2
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4

5

3

4

3

4

4

2

1

2

.,

1.

1

0

1B 11

19

10

15

I2

16

i.0

16

T7

1.7

L2

15

72

10

7

L6

16

29

15

15

15

20

20

16 27

19

34

5¿

23

23

T7

23

2L 7

19

20

50

24

30

¿+

t7

22

L9

22

L4

24

T2

19

L7

5

4

2

2

3

2I 2B

1B 72

19 9

16 2A

9 11

L2 9 72

3 20 I6

N)
lJ1
lJ1



TABLE G2

THE CONTRIBUTION OF EACH ELEMENT TO THE CHI.SQUARE FOR THE FREQUENCY DISTRIBUTION OF THE

PERCENTAGE OF INFECTED ROOTS ON WHEAT SEEDLII,IGS GROWi\i IN CORES REMOVED AT INTERVê.LS FROM

BLoCK K AT CEDUNA, 1970
I

N)
ur
o\

76-r00%sL-7s%26-s0%

Incidence category

0-2s%

2.632

4.36I
0.005

0.r44
7.337

0.050 '

r.766

2.688

6.613

0. 750

L.333

0. 000

3. 000

0. 000

0. 000

0. 038

0. 038

6.070

T.484

0.518

0. 001

2.3L8

2.3L8

0.277

0. 0c1

0. 601

5.049

0.092

0.247

2. 159

2.r59
1.570

4.953

7.890

26076

0. 083

L24L

0. 092

Tine
fron
1969

harvest
(wk)

Date

Mar. 9

Apr. 13

May 19

June 24

JuIy 29

Sep. I
Oct. 5

Nov. 10

10

15

20

25

30

35

40

45

50

Feb.3

cted frequency
-square

The value of chi-square is 62.73*** wíth 24 degrees of freedon



TABLE G3

THE FREQUENCY DISTRIBUTION OF THE PERCENTAGE OF INFECTED ROOTS ON WHEAT SEEDLINGS
GRoWN IN CoRES REMoVED AT INTERVALS FRoM BLCCK K AT CEDUNA, 1970

Incidence Category

BB- 1 00%

8

29

23

32

55

33

34

45

4B

51

5

5

9

4

I
6

7

4

7

2

3

4

6

3

5

8

)

6

7

5

4

6

T4

7

4

t1

7

L3

B

T2

10

3

6

B

1"1

B

L3

13

7

6

7

4

6

9

6

T3

9

L2

9

18

13

7

5

15

29

16

20

16

2T

I3
8

6

76-87%

7

63-7s%

6

5I-62eo

5

3B-s0%

4

26-37%

J

L3-2s%

2

0-\2%

1

Tine
fron
1969

harvest
(wk)

Feb. 3

Mar. 9

Apr. 13

May 19

Jwte 24

JuJ.y 29

Sep. 1

Oct. 5

Nov. 10

10

15

20

25

30

35

40

45

50

Date

N)
tJl{



FIGURE G4

IINCIDENCE-SURVIVAL' MAP OF O. GR.AMINIS AT CEDTJNA,

BtocK K, 1970

(a) lvlarch 9

(b) April 13

f lncidence-survivalr category (percentage of roots
infected þer core)

High incidence (7 = 76 to 87%, 8 = 88 to 100e")

(5 = 51 to 62%, 6 = 63 to 75%)

Intennediate incidence (3 = 26 to 37eo, 4 = 38 to S0%)

Low incidence (1 = 0 to 12%, 2 = L3 to 25eo)



FIG. G4
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FIGI]RE G5

IINCIDENCE-SURVIVALÍ I{AP OF O. GRAMINIS AT CEDI.JNA,

BLoCK K, 1970

(a) June 24

(b) JuIy 29 "t
a

I Incidence-survivalr category (percentage of roots
infected per core)

High incidenie (7 = 76 lo 87%, I = 88 to f00%)

(5 = 51 to 62%, 6 = 63 to 75e")

Internediate incidence (3 = 26 to 37e,, 4 = 58 to 50%)

Iow incidence (1 = 0 to 72eo, 2 = L3 to 25%)



FIG, G5
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FTGI'RE G6

IINCIDENCE-SURVIVAL' I,,í.\P OF O. GRAI',IINIS AT CEDTINA,

tsLûCK K, 7970

October 5

tlncidence-survivalr categoay (percentage of roots ,

infected per core)

High incidence (7 = 76 to 87%, 8 = 88 to 100%)

(5 = 51 to 62eo, 6 = 63 to 75%)

Inter¡nediate incidenee (3 = 26 to 37%, 4 = 38 to 50%)

' Low incidenee (1 = 0 to 12Y", 2 = L3 to 25%)



FIG. G6
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