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ABSTRACT

In laboratory tests on detached lesaves wheat cultivars infected by
S. nodorum showed continuous variation in symptoms through different
degrese of necrosie, chlorosis and lesion extent. There wae a die-
appearance of surface wax under the hyphéa and appreescria. Although
surface growth was eimilar in'rasistant and susceptible cultivars,
colonisafiun within the leaf, in the former case, was less and restricted
to the area beneath the infection droplet. No structural barriers were
observed and staining’reéctidns for lignin were negative. The exéct
relationship of the hyphée to the host cells could not be ascertained.
At low inoculum concentrations lesion development was delayed, and in
the resistant cultivar lesions often failed to develop at all. The
intensity of the browning/hacrotic reaction was partly suppressed in
the dark and coalsescence uf.lesibns in the susceptible cultivar was
prevented at 25°C. Liéuid culturee of S. nodorum failed to yield any
phytotoxic principles;

In the field inoculations at later growth stages resultsd in higher
overall % infection comparad tp_tha earlier inoculations. On resistant
plants fewer lesions deualopad‘and less of these spread than on the
suscaptible ones. High.yielding cultivars had a lower % infection and
louar infection rate on.ﬁﬁa'flag leaf and ear comparsed to the lowsr
yiclding cultivars, although in the former case a high % infaction of

“the-lower leaves resulted in an'apparantly higher total % infection.

Levels of the antifungal,banzoxazolinona derivatives were shown to
decrease with age; thass substancgs could not be detectad in plants
over 2-3 weeks old. Other compounds, which remain to be identified, but
which were active againét S. nodorum, were extracted from plants at all

grouth stages. There were no qualitative differences between resistant



and susceptible cultivars, but generally speaking the extracts from
the resistant cultivar were more active. Infected tiesus extracts
were usually more inhibitory to S. nodorum than the extracts from

healthy control material.
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INTRODUCTION AND LITERATURE REVIEW

"Septoria - thse lurking threat to wheat yields"

This headline appeared in Farmers Weekly in 1973, and although
Septoria disease of wheat has been recognisad in England since 1845
(Berkeley) only recently has the extent of yield loss baeﬁ appreciated.
A tﬁraa year (1970-1972) study by the Agricultural Davelqpmant and Advisory
Service, covering 500 acres on 300 farms showed that Ssptoria spp. caused
worst diseases of wheat and were far more serious nationally than mildew
or yellow rust. Yield reductions of up to 65% havé been recorded (Jenkins
and Morgan, 1969; Bronnimann, Sally and Sharp, 19f2). Also, since grain
quality is adversely affected and quality requirements fér selling wheat
for denafuring are strict, the importance of the disease should not be
underestimated. Septoria disease is important in the wheat growing areas
of over 50 countries (CMI Plant Disease Distribution ﬁap Nd. 397).

Why has Septoria suddenly become so impurtant? Disease build-up has
resulted from a succession of mild winters and cool damp summers, combined
with an increasing wheat acreage, particularly of the mura.susceptible
dwarf cultivars (Scott, 1973). Emphésis on non-ploughing techniques which
result in less efficient stubble cultivations is another faétur.

The two most prevalent species are Leptosphaeria (Septoria) nodorum

Berk., and Septoria tritici Rob. ex Desm. The common names are leaf and

glume blotch, and leaf spot respectively. Both species are specialised

facultative parasites, which infect Triticum spp.'tu.a higﬁ degree but ..

cén be made to weakly infect a number of other ceféals and grasses (weber,

1922; Schmiedeknecht, 1967; Dereveyankin, 1969; Sheargr and Zadoks, 1972).
So far no_physiological races are knoun, only.diffefences in mycelial

growth behaviour and sporulation ability (Bronnimann, 1968a; Scharen and

Krupinsky, 1970a).



The symptoms of Septoria diseases ara difficult to distinguish and
identify, particularly in tﬁe parly stagas of infection when sporulating
bodies are absent, and can be confused with natural senescence. - - -

The species Seétoria nodorum has been used in this research. It can
attack all aerial parts of the plant, although appreciable effects on yield
. only occur when the flag leaf and.ear become hsavily infected (Bronnimann,
1968a).

Penatration is by pycﬁidiospores, directly through the cuticle, after
- which:hyphae enlarge slightly-and;grou intercellularly before-ehtening~the
cells (Weber, 1922). Houévé; the exact relationship of the fungal hyphae
with host cell walls remains to be determined, since it has proved impossible
to stain hyphae satisfactorily within the leaf (Morgan, 1974).

Lesions on the lesaves occur most uéually near the tip in natural
infections, and appear as linsar 1i§ht brown spots with a yellow margin. 1In
susceptible cultivars the lesions spread and coalesce, but they remain
limited na;rotic flecks 1hlnon-compaf1ble reactions. On the glumes, lesions
appear as dark brown/burple blotches. S. nodorum also cauyses a seedling
- blight when'it is seed transmittaed (Keitreiber, 1961). An early infection
by the pathogen results in stunting of plants and reduced tiller number,
which leads to reduction in grain quantity and quality. Sutton (1920)
-reported that on infection-of the nodes, mycelium entered the vessels and
plugged them up, so cutting bff'the upward flow of sap. Node infection
rasults in lodging 6? plants'which causes lossas at harvasting. Greatest
.yield losses howsver arise'fgﬁm'a'shrivelling of fhs grain (Becker, 1963)
due to a reduction in assimilatory area (Scharen and Taylor, 1968; Bronnimann,
1968a, 1969a; Scharen and Krupinsky, 1970b). The percentage crude protein
- of grain is unaffscted‘(Cookgfan&*dones, 1970a) as is the respiration of
infected plants. Since thers is an incrsase in yield loss over and above

that of the loss of photosynthetic area, particularly in the more susceptible
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cultivars, a toxic effect of the pathogen has been suggssted (Bronnimann,
1969a). However neithsr Thomas (1962) nor Baker (1969) wers able to demons-
trate toxin production'by S. nodorum. But Bousqust and Skajennikoff (1974)
have isolated an active compound from culture filtrate of 5. nodorum which
damaged four wheat varistiss with different reactions to.the'fungua to a
different extent.

The spidemiology of Septoria dissasss has received more attention in
racent years. Thers are several sources of primary inoculum: the seed
(Becksr, 1963; Bufhardt, 1954) and infected chaff, plant debris and
volunteer plants, upon which the fungus can overwinter (Weber, 1922; Obst,
1971; Cooke and Fozzard, 1973). The sporses, which are released cyclically,
only remain viable in pycnidia in debris on the soil surface (Scharen, 1964,
19663 Von Wechmar, 1966). Infection is greatiy influsnced by air temperature
the optimum being 18-25°C (Shipton, Boyd, Roseille and Shearer, 1971), and
by the period'of high humidify after inoculation (Renfro and Young, 1956;
Scharen, 1964, 1966; Shearer and Zadoks, 1974; Holmes and Colhoun, 1974).
The necessary dew period for-infection varies with cultivars being less for
the mors susceptible ones (Bronnimann st al., 1972).

Plant breeders are at present searching for wheat varieties which are
resistant. No present ones possess immunity to S. nodorum, all becoming
infected but to differing degrees (Baker, 1970), and the amount of infection
is often not positively correlated with yield loss (P.B.I. Report, 1968;
Bronnimann, 1968a, 1968b; Coﬁk and Jones, 1971; Sharp, Brénnimann and
McNeal, 1972). Cultivars whose yield loss is minimal are termed tolerant,
irrespective of the degree to which they become infected. The terms
*rasistance" and "susceptibility" can be applied to success of leaf in-
fection, but give no idea o% the effect of the pathogen on yisld and are

.therefors not usually used when categorising cultivars.
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Because of the small correlation with damage, estimation of attack
cannot be used as a criterion for selection. Tolerance is best estimated
by the thoﬁsand grain weight of the infected line expressed as a percentage
of the non-infected control. Difference in grain characteristics of in-
fected and healthy plants may also be used (Brénnimang 1968a). Lupton
(1971) found inoculation af growth stage 10.5 and infection assessment at
growth stage 11.1 a good indicatioﬁ of yieiq_loss;

Both the genstic and physiological basée of tolerance are largely
unknoun. That resistance of leaves to infection is heritable was demon-
strated by Laubscher, von Wechmar and van Shaikm}k (1966). Subsequent
investigations indicate a linear and additive gene effect with respect to
thousand grain weight (Brﬁnnimann, 1970). Short stem cultivars are generally
more heavily injured than normal ones. This is true for both genstically
short forms and those treated with stem shdrtening agents such as CCC
(Bannimann,KGhzliandHani,.1972). Short forms are sven more seversly
injured before heading than after, while in normal plants there is a marked
incruase in susceptibility at heading and flowering.  Early maturing cultivars
tend to be less affected than later ones (Lupton, 1971; Brénnimang 1968b),
and hard wheats are more resistant than soff wheats (Lebedeva, 1960). Since
spread of the disease is upwards by rain splash, the taller cultivars are
able ‘to some extent to 'escape' infection. 'Symptqm'éxpression is influenced
by both leaf age and position of the infectioﬁ site; although Pirson (1960)
found coloniéation less in older than younger‘leéves,.morgan (1974) reported
younger tissue to be more resistant. Scharen.(1963) could demonstrate no
effect of leaf age and concluded that environment ués more important in
symptom development. Shipton st al. (1971) suggested di%ferential wet-
tability of leaf surfaces as the factor uhderiying leaf response at

different ages.
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Research in the fifties suggested a role for preformed antifungal
compounds in reeigténce of graminaceous species to diseass. Virtanen and
Histala (1955) isolated an antifungal compound from rye seedlings, which
they identified as 2(3H) benzoxazolinon; (B0A). Maize and wheat seedlings
were later shown to contain a related compound, the methoxy.defiuative MBOA,
(virtanen, Histala and Wahlroos, 1957). They subsequently found that both
EUA'and MBOA were artefacts of the extraction procedurs, and were in fact
formed from primary benzoxazinoneglucoeidic precursors in the iétact plant.
These, on enzymatic hydrolysis, break down first to the benzoxazinone aglu-
cones, DIBOA and DIMBOA, and then on heating to the benzoxazolinones (see
fig. 1 overleaf) (Virtanen and Hietala, 1960 ; Histala and Virtanen, 1960).
. The two latter groups of compounds are highly antifungal, while the glucosides
have a negligible inhibiteory effect (Virtanen, 1958, 1961; UWahlroes and

‘Virtanen, 1958, 1959; Loomis, et al 1957; Elnaghy and Linko, 1962).

The free aglucone, DIMBOA, was thought to be a natural constituent of
plant tissue and the factor responsible for resistance against moulds
(Mahlroos.and Virtanen, 1964). Howsver, Hofman and Hofmanova (1969, 1971)
demonstrated that only the.glucoside occurred in intacf plants, énd that
thege was no free aglucone. Other 1,4 benzoxazolinone derivatives have
beeﬁ isolated from maize (Gahagan and Mumma, 1967; Hofman and Hofmanova,
1971) and it is suggested that these are possible intermediate compounds

- the biosynthesis ef the gluceoside.

‘Thus the presence of these compounds is well documented, although
Lﬁeir role in resistance remains to be determined. Release of aglucones
nay be }mportant in resistance of maize to the European corn borer (Klun
'and'Robinson, 1969). Elnaghy and Linko (1962) reporting on the role of
DINBQA-glucoside in resistance of wheat to stem rust showed a decrease in

the compound after infection by the avirulent race. They suggested that

on infection, injury to the cells releases aglucone which causes their
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Figure I:- The 1,4- benzoxazolinone derivatives ~of cereals
(o]
X o-
o
|
Y -
Benzoxazxzinone skeleton Benzoxazolinone skeleton
Key: X Y z Abbreviated Name
1. H OH C°H||°5 DIBOA - glyCOSide

(2-2,4-dihydroxy—-|,4-2H- benzoxazin-3-4H-on-B-Dglucopyrancside )

2. H H Ce Hy; O HBOA — glycoside
{2-2 hydroxy- 14-2H- benzoxazin- 3-4H-on-B-Dgluzopyrancside)

3. CH;O0  OH C4H,0; DIMBOA-glycosidc. {GDMBO)
(2-2,4-dihydroxy-7methoxy-14-2H-benzoxazin -3-4H- on -B-Pgiuc o nyrancside)

4, CH;3;0 H CeH;1O5 H MBOA - glycoside
(2~-2hydroxy-7methoxy - 1,4-2H-benzoxazin-3-4Hon-B-Dglucopyranoside)

5 H OH H DIBOA- aglucone
(2,4dihydroxy- 1,4-benzoxazinone ) ‘

6. CH,0 OH H DIMBOA —- aglucone
(2,4d hydroxy-7 methoxy- 1,4-benzoxazinone') .

A
7 H BOA
(2-3H- benzoxazolinone )
8. CH,0 | - MBOA

(6 methoxy-2-3H- benzoxazolinone)



death, and so prevents development of ths obligate parasite. Howsver,

Septoria nodorum is a facultative parasite. Elnaghy and Shaw (1966)

found that concantrations of DIMBOA-glucoside were highly negatively
correlated with the psrcentagse of rust races atéacking wheat, and that
the line with the Sr Gltemparature sensitive resistance gene had a high
content of DIMBOA glucoside at moderate tempsratures. That high pre-
inoculation tempesratures predispose leaves to attack was reportsd by
Shipton st al. (1971). The correlation mentioned above was based on
two extremes and after further investigations Knott and Kumar (1972)
could provide little svidence that the quantity of the glucoside was
involved in rust reeistance of wheat. 1In addition, although lsvels of
the glucoside are relatively high in seedlings, it has been difficult to
demonstrate its presence in older plants in the field (Chigrin and Rozum,
1969).

| With regard to the role of ths benzoxazolinone derivatives in resist-
ance of wheat to Septoria Morgan (1974) found an increase in antifungal
activity in lesions, which may have been dus to aglucone formation. He found
that glucoside was present 6nly in uninfected control tissue of the resistance
cultivar and not in the lesion. However glucoside was not detected in
the lesions on the susceptible cultivar, or in uninoculated control tissue.
Durin§ saprophytic growth the fungus is capable of hydrolysing the gluco-
side ta the aglucone.and it is therefore possible this could occur in
lesion;. In this respect the close association of the hyphae with the
cell wail, which has a bound B-glucosidase enzyme, is of interest (Chkanikov,
Tarabrin, Shabanova, Konstantinov, 1969).

Cross protection demonstrations with rust (Johnston and Huffman, 1958)

have shown that under challenge wheat leaves are capable of an induced
resiétance responss. Unlike the phytoalexin response in leguminous hosts

(Cruickshank, 1966) there were no significant differences in total or
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individual phenolic compounds in healthy and diseased plants, with or
without the gene for resistance to rust (Seevers and Daly, 1970). Baker
(1969) concluded that S. nodorum did not stimulate phytoalexin production
since pycnidiospores of the fungus germinate in drops on leaves irrespective
of tha fact that spores of the same fungus had previously germinated thers.
However §. tritici does induce a phytoalexin response (Baker; 1969; Morgan,
1974) which inhibits both S. tritici and to a lessaer extent S;_hodorum.
This wouid account for varietal differences in susceptibility in éoma cases,
but there are anomaliss. The response is affected by tamperatnre, age of
tissue and time. Morgan (1974) found a 72h incubation period nacasééry
before inhibition was detected in droplets on leaves. There are no other

reports of phytoalpxin'production in Triticum spp.,although they have been

found in barley in reaction to Erysiphe graminis (Oku et al-(1974) ‘and oats

in reaction to Puccinia coronata

The aim of this research was to investigate in detail the varistal
reactions of wheat to S. nodorum at the field, plant, lesion and biochemical
levels. Initially the exact relationship of the hyphae within host tissue
" needed to.be determined. Then the role in resistance of pre- and post-
formed antifungal compounds, in diseased and healthy wheat plants, with

particular reference to the group of 1, 4 benzoxazolinone derivatives.
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MATERIALS AND METHODS

'A. fungi

1. An isolate of Leptosphaeria nodorum Muller. (Septoria nodorum Berk.)

' (820/72) wvas obtained from the Plant Breeding Institute, Cambridge. Stock
cultures wers kept on potato dextrose agar slopes under oil in McCartnsy
bottles, while sporulating cultures were maintained on oatmeal agar under

white light..

2. Cladosporium sp., isolated by Dr. I.M. Smith, Imperial Collegs,

London, was maintained on potato dextrose agar under white light.

B. Culture Media

1. Datmeal Agar was prepared by boiling 30g rolled oats (Scots Porridgs)
in 600 ml distilled water for 20 min. After filtration through one layer
of muslin the filtrate was combined with 400 ml distilled water containing

20g Standard Agar (Davis Gelatine Ltd.).

2. Potato Dextrose Aqar was prepared by bringing to the boil 39g potato

dextrose agar (Dxoid CMI 39) in 1 litre distilled water.

50-75 ml aiiquots of the above media were placed in 150-250 ml
Erlenmeyer flasks which were then fitted with cotton wool plugs and
alumioium foil céps-ana autoclaved at 121°c (15 p.s.i.) for 15 min.

Subcultufing was carried out by placing about a ml of sterile
distilled water in the flasks and suspending in this spores of the
rcspucﬁive fungi-cdliected on a sterile nesedle from already sporulating
cultures. Cultures were maintained in an illuminated incubator (Gallenkamp

;HZBU) at 20°c. Sporulating cultures of Septoria and Cladosporium were

obtained after--7-and 4 days incubation respectively. v
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3. Nutrient Solution of the following composition was used in

bioassays:-~
NaNO, (GPR) 2g )
' )
KH2P04 (Analar) 1g ;
__m9504.7H20 (BDH lab reagent) 0.5g ) made up to one litre,
)
Sucrose (BDH lab reagent) 15g ) autoclaved for 15 min.
)
D(+) Glucose (GPR) 0.5 ) at 121°%
)
)

. Tracea alement solution . 10ml

The Trace element solution had the following composition:-

FeS0,.7H,0 0.029
Zn504.7H20 0.10g
Na, Mo, . 2H,0 0.002g
CuS0,,.5H,,0 0.002g
MAC1,.4H,0 0.002g

made up to one litre, autoclaved at 121°C for 15 min. and stored in the

darke.

4, Liquid Media used in toxin studies

(i) mModified Fries Medium (after Luke and Wheseler, 1955)

(NH4)2 C4H40¢ (Ammonium tartrate) 5g
NHNDy 1g
K,HPO, lg
Mgso,,.7H,0 0.5g
caCl,  0.13g
NaCl 0.1g
CIPLC 30g

made up to one litre in distilled water.
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(ii) Wheat kernel extract I
' 100g untreated seed of the cv Joss Cambier were boiled up in

one litre distilled water and then filtered through Whatmans No. 1 filter

paper.

(iii) Wheat kernel extract II

100g untreated seed of the cv Joss Cambier were macerated in the

Omnimixer homogeniser (Sorvall inc.), at speed 7 for one minute, made ub

- to-one -litre and filtered-through Whatmans No. 1 filter paper.. -

(iv) Wheat leaf extract

50g of leaves from 6 deek old plants of the cv Maris Ranger were
macerated in phosphate buffer, pH7, in the Omnimixer homogeniser; filtered
first through 2 layers Whatmans No. 50 filter paper and then through a

sterile 0.45 grade membrane filter (Dxoid Ltd., Southwark) under vacuum.

20 ml aliquots of the liquid media i) - iv) were added to 150 ml Erlenheyer
flasks (which had previously been sterilised in the case of medium iv)
fitted with cotton wool plugs and aluminium foil caps and autoclaved at

121°¢ for 15 min. (excluding iv)).

The flasks were incculated in a sterile flow cabinet with 0.25 ml of
a sterile 106 spores/hl Septoria spore suspension, delivered from a sterile

pipette.

C. Plant Material

Spring wheat (sw) and winter wheat (ww) (Triticum vulgare, Vill.)

seed was obtained from the following sources:-
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Plant Breeding Institute, Cambridge

Maris Ranger (uww) Cappelle Desprez (ww)
Petkus (71/64)(sw) Maris Widgeon (T518)6m0
Maris Ploughman (T7335””) Troll (T112)(su)

Kolibri (T83)(sw) Cardinal (7270)(sw)

Rothwell Plant Breseders, Lincoln

Zorba (Engelen 565) (10055)  (ww)

Maris Huntsman (ww)
Champlein (T387)(ww)

Maris Fundin (ww) -

Swiss Federal Research Station for Aqronomy, Zirich .

71806 (sw) 91442 (suw) Fortuna (sw)
91292 (sw) B519 (sw) 90951  (sw)
Svenno (su)- 90972 (sw) 91451 (su)
91414 (su) 91433 (sw)

Zenith stem length mutants 1 and 4

United States Department of Agriculture

Bounty 208 (CI 15079) (sw)

Department of Agriculture, Madrid University

Splendsur (ww) Florence Aurore (su)

D104 (Triticum durum) Champlein (uww)

Ufsa (ww) Tres enanitos (ww)
Magali (ww) Bidi 17 (Triticum durum)
Siete Cerros (suw) | Blue Bird Z (ww)

mara (ww) Safarino (wuw)

Mexipak (sw) Cajeme (uww)

Boulmiche (uww) Inia - 66R (uww)

Pans 2 (ww) " Capitole (ww)

.Atys (sw) Charles Peguy (uww)

Goya (ww)

71807 (sw)
91499 (suw)

Fletcher (sw)
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. Seed was stored in-papef or muslin sacks in a dry wooden cupboard at room
temperature. The seed was fumigated with 70 pl methyl bromide for 6 hours
to prevent weevil contamination.

In the glasshouse, seeds were sown to a depth of 4 em in John Innes
No. 1 compost, 5-10 seeds per 5" ppt, which were placed in spore fres

"cabinets (Finney, 1973), on a self-watering sand bench under six 400 watt
mercury vapour 1émps giving a light intensity at bench level of c. 6,500
1umens/'m2 Eér'lﬁh per day. Temperature rangs was 5-25°C.

~For plant matérial up to 10 'days old, seeds were placed in plastic -
germination'trayé (36 x 22.5 x 12.5 cm., Stewarts Plastics Ltd.), on damp
blotting paper supported by a plastic shelf over tap water. Strips of
15 x 2.5 em grade 90 blotting paper (Whatman) were used as wicks between

the water and shelf. Trays were kept in the laboratory at room temperature.

D. Inoculation procedure

1. Preparation of spore suspension

Steriie distilled water was poured from a Mc Cartney bottle on to
sporulating cultures, which were then stroked with a bent inoculating
needle to.disperserthe spores. The spore suspension was decanted back
into the bottle, agitated on a Fisons Whirlimixer for five seconds and
filtered through a layer of muslin. The spore concentration was estima-
ted using an_'improved' Nesubauer glass haemocytometer (Hawksley, London
B.S5.748) and. adjusted to the required concentration by dilution with
sterilc distiiled_water. The washing of spores by successive centrifugation
and resuspension (Morgan, 1974) was not practised since it was found to
have a deleterious effect on subsequent infection. This may have been
due to é nutrient ieaching effect since centrifuged spores, when're-

suspsended in a 0.1% glucose solution, were able to infect normally.
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2. Inoculation of Plant Material

(i) Detached leaves

Whole leaﬁae were excieed at the ligule with a eharp scalpel,
paseed gently through the thumb and forefinger acropetally, to remove
the wax bloom but not to damage the epidermal cells, and then floated,
adagial side uppermost upon 75 ppm benzimidazole eolution, in plastic
boxee or trays depending on leaf size.

In varietal reaction tests, leavee were cut intoc 3 cm segments
-and theee floated on 75 ppm benzimidazole in pstri dishass. - - =

. A 106 spores/hl sﬁepension applied from an Agla Micrometer syringe,

ae 20 pl droplets placed axially at 1 - 2 cm intervals along the lsaves,
gave relatively large clearly dafined lesions. Altarnatiuaiy inoculum was
applied as a spray from an atomiser (ASL Spraymist). This resulted in a
number of smallar lesions. Initially a spray gum (Shandon Scientific Co.Ltd.)
with a pressurised powsr unit at 70 p.e.i. was used, but this resulted in
_poor sympfom devalopmant, possibly due to spore damags when forced under
prassure through a small nozzle.

Control inoculation drops of sterile distilled water were applied
in the same manner as the inoculum.

In all cases lids wers sealed with sellotape in order to maintain
tha required high humidity for infection, and then incubated in an illumina-

ted incubator (Gallenkamp 1H280) at 20°C.

(ii) Whole plants

In the field clumps of about ten plants were spray inocculated
until run off, and then covered with a polythene bag, sealed at the bottom
with sellotape, for a period of 96 houre. This provided the necessary

‘high humidity for infection, independent of prevailing weather conditions.
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E. Observation of Leaf Surfaces

1. Necoloidin Strips

A Necoloidin solution was applied to the inoculated leaf surface
by drawing a rod lightly over it. After about a minute, when the leaf began
to curl, the film was stripped off and stained in 1% cotton blue in lacto-
phenol for a few minutes, rinsed in lactophenol, and then mounted in fresh
lactophenol. This techniquevenébléd clear chbservation of ths leaf surface,'
spore germination and hyphal growth.

2. 'Silcoset 105' Leaf Replication

A mixture of Silcoset 105 mixed with curing agent 'A' was poured
over the inoculated surface and peeled off when set. The mould surface
was coated with colourless nail varnish, which was removed when dry and
mounted in water for examination. Although this technique minimised dis-
turbing the surface growth, the replicas tended to be less clear, and so

method El. was preferred. .

Fe Preparation of Material for Light Microscopy

Morgan (1974) found difficulty-in staining Septoria hyphae within
leaf tisswue using the Shibton and Brown(1962) technique and chloroform and
chlorine clearing. A number of other clearing and staining regimes were
set up, but none of them proved completely satisfactory.

1. Clearing

+ - 1 cm. square pigces ofAleaF tissue were cut and clearsd in
glass vials (2" x 3" GWS) éqntaining:- .
(i) 1lactophenol
- (ii) methanol A
(iii) chloral hydrate
(iv) 1:1:1 mixture of methanol: chloroform: lactic acid
(i) resulted in considerable brown discoloration of the material while

(1) and (1ii) took up to ‘4 days. Method(iv) was the more efficient,

material being ready for staining after 1-2 days.
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2. Staining

After clearing leaf pieces were transferred to glass vials containing
stain, and placed in a desiccator which was then evacuated using a bench
B95A vacuum pump (Aerosol) to ensure that stain would enter the inter-

cellular spaces.

(1) acetic aniline blue: - 15:1:4, 5% aqueous phenol,
| 1% aqueous aniline blue,
glacial acetic acid
(ii) lactofuchsin:- 0.1% acid fuchsin in lactophenol
(iii) picric acid (chitiﬁ specific)
(iv) thionin and orange G:- 0.1% thionin in 5% phenol differentiated
in saturated orange G solution
(v) 1% cotton blue in lactophenol
(vi) 1% aqueous aniline blue

~Leaarally (vi) gave the better staining result.

To ensure that the inability of the hyphae within the leaf to take up
the stain was not due to the inability of the stain to penetrate the tissue,
thin sections were cut and a further, more specific staining technique
tried - that of the histochemical localisation of P-glucosidases which
involved the simultaneous azocoupling technique of Ashford (1950). 100 p
sections were cut on a Reichert OMP freezing microtome on a Frigistor
thermoelectric stage cooler, washed in distilled water, and then pretreated
'in a series of buffered aqueous solutions to reduce osmotic damage:-

5, 10, 15, 20% methyl alcohol - 5-10 minutes per solution. These enzy-
matically active sections were incubated in the substrate solution, 6 brom-
2 naphthyl B_D_glucopyranoside.(Cohen st al., 1951) after addition of the
diazonium salt (Fast Garnet 2 mg/ml solution) and/@ﬁgegolution had been

stirred and filtered.
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The high background activity of host B-glucosidases rendered this

method unsuitablas for locating the fungal hyphas within the laaf.

Detaction of lignin

Lignin was located using a modification of the chlorinssulphite tast
(Ride, 1975). Leaf segments wara dacolourised in hot 70% ethanol and
rinsed in water. Chlorine trsatment was achiaved by suspending lesaves
above a 1:1 mixture of 1% KI'InD4 and conc. HCl for 4h. After transfarring
to slidss, segment; ware covered with 20% sodium sulphite and gently rolled

to infiltrate the solution.

G. Preparation of Material for Stersoscan Flectron Microscopy

Where spidermal observations were to be made 9 mm2 piaces of ths
1gaf material required were cut Qith a sharp scalpal. Otherwise epidermal
strips were removed as far as possible and the remaining tissues used.
2.5% jlutaraldehyde in 0.1M phosphate buffer pH 7.0 was preferable as a
Fi;it:va to osmium tetroxide. Leaf material was placed in fixative in
small slass vials (2" x 2" GWS) which were thensvacuated in a small desiﬁ-
cator iﬁ order that the pisces should sink and the fixative infiltrate all
parts of the specimen.. 2-4 hours later the specimens were given 3 rinsss
of 15 minutes in the buffer solution and then taken through a graded ethanol/
water series:

1o, 20, 30, 50, 70 B0, 90, 95, 100%
10 mins each . 20 mins

and then 3 changses of 30 minutes sach in absolute alcohol.

Initially this was followed sither by a graded series of absolute
alcohol/amyl acetate solutions:- 6:1, 5:2, 433, 3:4, 2:5, 1:6 with a
final overnight change in amyl acetate, or by a series of absolute alcohoL/_

acetone solutionst- 1:3, 1:1, 3:1. However, these last two procedurses did

not give much improvement to the final specimen and their use was discontinued
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The specimens weré thus taken from absolute alcohol and placed
directly into the bomb of the critical point drier. Liquid C02 was
then passed through this bomb for 4 hours after which the C02 was vapor=-
ised, so leaving the specimens completely dry, and ready for mounting
onto zinc stubs using either Durafix or silver dag. They were then coated
with gold-paladium alloy in a Polaron ESDOD Diode Sputter Coater and

viewsed in a Cambridge Stereoscan Mk IIA electron microscope.

H. Extraction of Plant Material

Two basic methods were.employed, one to minimise and the other to

maximise enzymic hydrolysis.

1. Minimal Hydrolysis

Weighed excised planf material was placed at intervals into a
beaker containing boiling 95% ethanoi_or boiling water (5-10 mls per gram
tissue). ane all the tiésue was addgd the solution was boiled for a |
further 5 minutes. This tissue was then macerated in an omnimixer homo-
geniser (Sorvall Inc.) at speed 7 for 45 seconds. The slurry was filtered
through Whatmans No. 1 filter paper in a Buchner funnel and the residue

washed with further aliquots of solvent. All filtrates were combined for

rotary evaporation.

2. Maximal Hydrolysis.

Weighed excised tissue was macerated as above, but in distilled
water and then left to stand at room temperature for 3 hours. Ethyl alecohol
was then added until a 60% alcohol solution was reached, and the tissue

again macerated, after which it was filtered as in 1.

J. Separation and Purification Techniques

Rotary film evaporation

The filtrates in sach case were evaporated almost to dryness at 40°¢

on a_rota:y,Film‘evgpggatq:‘(wright Scientific Ltd.) which was fitted with

two additional double condensers in series to ensure condensation of ether.
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l. Solvent Partition

The residue in the 250 ml rotary evaporation flask was transferred
- quantitatively to a 100 ml separating funnel using 60% ethyl alcohol =

(1 m1 per g fresh wt.), and then shaken with an equal volume of petroleum
ether, (40-6000 boiling range). The petroleum ether phase was discarded
-and the partition repeated-twice more to remove the bulk of-the thlorophyll
pigments. The alcohol phase was taken almost to dryness on the rotary film
evaporator. The residue was transferred quantitatively in distilled water
to a sgparating funnel and shaken with an equal volume of diethyl ether.

The diethyl ether phases were bulked after further partition, and evaporated
to dryness. If any water droplets remained in the ether phase they were
absorbed by the addition of about a gram of anhydrous sodium sulphate, after
which the sther could be decanted quantitatively into dry glass vials which
were stored at -20°C until required for further purification. Aliquots of
total crude extract and alcohol fractions were removed when desired and " * -
stored in the deep freeze. The aqueous phase from the ether partition was
either discabded, or partitioned a further thres times against n-butanol.
The bulked butanol phases were evaporated almost to dryness and then trans-
ferred quantitatively to glass vials for storage, while the aqueous phase

was discarded.

2. Cnromatoqraphic Techniquss

£xtracts wers applied to pre-coated (20 x 20cm) thin layer chroma-
tography silica gel plates, sither glass (Camag, Muttenz, Switzerland)
or aluminium (Woelm Eschwege, Germany) or aluminium rolls 6DF254 (Merk,
Darmstadt) or plastic sheets Polygram SilG/UU254 (Camlab, Macherey-Nagel
& Co., Germany) layer thickness 0.2 mm, using draun out Pasteur pipsttes.
Samples were loaded at a rate of 0.25-1.0g fresh weight/bm, 2 cm from the
sdge of the plate and developed to a distance of 10-15 cm from the origin,

in Shandon S.P. Chromotanks containing 100 ml freshly prepared solvent.



27

The following solvent systems were used:-

(a) 3%, 5%, 10% methanol in chloroform

(b) s%, 25%, 50% acstone in chloroform

(c) 50:50 cyclohsxane : sthyl acetate

(d) 4:1:1 butanol : acetic acid : water

(e) 50:30:5:10 sthyl acetate : methyl sthyl ketone:

formic acid : water (Francis, Millington and Bailsy, 1967)

Sephadex Fractionation

This technique was tried to purify the glucoside. 1 ml aliquots
of the crude 60% ethyl alcohol extract (containing 5 g fresh weight/ml)
were laysred onto a 16 x 3 cm column of Sephadex LH - 20 (Pharmacia Fins
Chemicals, Uppsala, Sweden). The flow, 2 ml/hin, from tha‘column passed
through a Uvicord II ultraviolst absorptiomster detector unit, typs 8303A,
with a Uvicord II Control unit 8300 attached to an LKB flat bed potsntio-
meter recorder 6500 (LKB Productor AB Bromma I, Sweden) before collection
in Pyrex test tubes in 5 ml aliquots on a Radi-Rac Fraction collsctor,
with Rotator type 3401B and turptable disc type 34068 (LKB productor).

Sephadex G-10, mith water as the eluant was also tried.

Both of these processes were time consuming and neither gave good

ssparation of the glucosids.

K. Location and Estimation of Substances

1. Ultra violet absorption

Oried plates were observed directly under an ultraviolet lamp
for ansorbing and fluorescent bands or spots which were then outlined in
pencils

24 Spray Reagents

Thess were applied (in the fume cupboard) using a Shandon

chromatography spray gun.
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(i) Ferric chloride (K. Fink and R.M. Fink, 1949)

A 5%.solution of FeCl,.6H,0 in 95% ethanol was prepared
and made 0.1 normal by the -addition of concentrated HCl. Heating -
on a hotplate to 50°C was necessary for the salt to dissolve in the
alcohol. This reagent was used in the leocation of benzoxazolinone

substances, with which it gave a violet-blue rsaction.

(ii) Permanganate (0.B. Maximor and L.S. Panthinkhina, 1965)

An alkaline solution was prepared by mixing equal volumes
of 1% and 5% aqueous solutions of potassium permanganate and sodium
carbonats respectively. This general rsagent gives a yellow reaction

with reducing compounds and aromatic polycarboxylic acids.

3. Cladosporium bioassay (Bailey and Burden (1973))

In order to locate antifungal compounds directly on TLC. plates this

bioassay was used, using a non-pathogen of wheat - Cladosporium. The

pathogen, Septoria was unsuitable in this case since growth on TLC was

poor and ths transparent hyphas difficult to see, unlike the pigmented

gresn of Cladosporium.

A dense spore suspension in sterile nutrient medium B(3) from

4-7 day old Cladosporium P.D.A. cultures, was filtered through one layer

of muslin and then applied from a Shandon spray gun, directly onto strips
of developed T.L.C. plates which had been dried to,rgmdve any traces of
solvent. The plates were allowad to dry and then given a further spray
with the spore suspension to ensurs even cover. Surface mpiéture was
allowed to gvaporate and tha damp plates then incubated face down, at
tnom temperature, supported by rubber bungs 13" above damp Kimwipe papsr
in plastic trays (Stewarts Plastics Ltd.). Platas devgiopéd in butanol-
acetic acid-water mixtures could not be assayad iﬁ fﬁis way since acstic
acid residues which remain even when the plate is dried, wsers complstely

inhibitory.
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The plates were viewed after 2 days, and if spore distribution was
uneven, given another spray. After 4 days therse would be thick green growth

of Cladosporium except-inAthose areas where inhibitory substances occurred,

which remained white..

1-2 cm wide strips, cut from aluminium TLC plates were used in these
bioassays, while the remainder of the plate was stored in the deep freeze
in order to minimise decomposition which might occur in light at room
temheraturas. The inhibitory bands on the bioassay strips were matched hp
with the stored part of the TLC plates and these areas eluted for further

chrumatdgfaphy, spectral analysis and Septoria droplet bioassay.

4. Elution

The area for elution was scraped from the TLC plate into sintered
glass'funnels 2 (BTL) containing a circle of Whatmans hardened 50 filter
paper, and then washed with five ml of 95% ethyl alcohol (per 5 gm tissue).
Elution in this manner prevented any fine particles of silica gel entering

the sluate and causing light scatter in the spectrophotometer.

5. Spectral Analyses

Spectra were measured on a Bsckman 5B spectrophotometer with a Backman
Hydrogen Lamp power supply and Beckman Recorder (Beckman Instruments Ltd.,
Glenrothes, Fife) in 1 ml silica cuvettes, as 1 gm fresh weight/ml 95%
ethanpllsolutions. Measurements in the UV below 240 nm were not taken since
considerable error could arise as a result of the interference of co-
oxiracted impurities and scattered light. Errors were reduced where
possible using blanks on extracted clean silica gel taken from a point at
the same'migratipn distance from the start as the sample.

Phqtométric determinations of the benzoxazolinone substances was tried
affefxreaction with FeCls. Howsver since the ratio of reagent concentra-

tion to the amount of benzoxazolinone being estimated in the middle of the

band or spot differs from that at the edges; and on the upper surface of
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the layer from that on the underside, the colour reaction varied, par-
ticularly in the case of blanks due to uneven background colour. Also
2-3 times the volume of eluent was required to elute the coloured product,
as compared to the original substance. Thus benzoxazolinones were estima-

ted directly from their UV absorption following elution by ethanol.

6. Septoria Bioassay

The Stahdard Droplet bioassay of Purkayasta and Deverall (1965) was
used. After the method of Deverall (1967) glass slides were washed firstly
in very hot water containing the liquid detergent Divo-Lab No. 1 (Diversey
Ltd., Barnet, Herts). The slides were then rinsed in distilled water,
stood overnight in 2% acetic acid, thoroughly rinsed in distilled water,
washed in alcohol and stood for a few.hours in absolute alcohol, before
drying in a warm oven. The cleaned dried slides were then supported on
glass rods above water in plastic sandwich boxes (7% x 4% x 23") (Stewarts
Plastics Ltd.) 6 slides per box. The equivalent of 1 gm fresh weight of
the eluted inhibitor, which had been evaporated to dryness in a stream
of cold air fpom a hairdryer (Philips Type HP410 av) was taken up in 0.5 ml
sterile casamino salts medium, and 3 x 20 pl droplets applied from a 0.1 ml
glass pipette to the first slide. This gave a concentration of inhibitor
twice that in the original tissue. A serial dilution was then made, remov-
ing 3 x 20 ul droplets at each step, giving 1, x %, x %, x 1/8 concentrations.
On the remaining control slide were placed 3 x-20 pl drops of sterile
nutrient medium. To the middle of each of the drops was then added a 2 ul
droplet of 5 x 106 S. nodorum spore suspension delivered from an Agla
micrumeter éyringe. The lids of the boxes were replaced finally, sealed
with Sellotape and placed in an illuminated incubator (Gallenkamp 1H 280)
at QUot for 20 hours. Germination percentage and germ tube lengths were
then recorded on ten randomly selected spores in each droplet (giying a total

~of 30..replicates.per.concentration) using an 0Olympus microscope: (x 40 objective

fitted with an eyepiece micrometer (eyepisce x 15).
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K. Field Experiments

1. 1973-74 Season

During cultivations the seedbed was giuen‘a 15:40:40 units
per acre (N:PZUS:KZD) application and then top dressed by hand in early
May with a further 40 units per acre of nitrogen.

A split-split plot design was employed. Each of three replicate
blocks was divided into main plots for varieties (three winter wheat and
four spring wheat cultiuars).. These main plots were divided into six
treatment subplots. Two 12" diamster clumps of 10 seeds were sown in
each subplot. This clump sizé had been found convenient to inoculate and
assess in the field (Cooke and Jones, 1970). All subplots were separated
from each other by 2' wide guard rows of winter oats. (cv. Peniarth). The
whole area was surrounded by a %".mesh wire fence, dug into a depth of
18" and three feet high to axclude.rabﬁits. In order to prevent bird
damage, a f:qit cage (Agriffames Ltd. , East Grinstead, Sussex) was erected
over the plots. The main frahe of tﬁe cage was canstructed of 12' long,
" Flo-coat.steel tubing which had a special galvanised finish giving long
protection against rust. All uprights were 7'6" overall, and when the
cage was erected it stood 6'6" out of the oround, so enabling recording
to be carried out underneath. A 'Netlon' 3" plastic ultra-violet treated
net was used on all sides while the roof was in two pieces of 1" mesh,
also UV treated. Agrihooks wéfe used to hold the nets down to the ground.

The following micrometeoroiogical equipment was used:-

(1) A thermohygrograph f9154 (Cassalla, London). The chart moved
1.6 mm/hour and was changed at weekly intervals.

(2) A leaf surface wetness fegdrder.(Meteorolugical Office) with
a sensitivity of 2g.

(3) A Grant Miniture Temperature recorder, Model D. This was fitted

with 20type B tlermister praobes.
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(2) 1974-75 Season

In searly October the seedbed was given a 15:30:10 units per

acre (N:P :KZU) and in mid-April was top dressed with a further 40

205
units per acre nitrogen.

The design was that of a split plot, the six main varietal
plots being divided into four subplots. The latter were twelve feet
square, with seeds sown in rows to a 7" spacing. The area was surround-

ded by a wire maesh feﬁca to sliminate rabbits. Since yields were not

required, no attempt was made to prevent bird damage.



33

M. Statistical Analysis

In analysis of Standard droplet and toxin bioassays the following

were calculated:~

1. The Standard error of a mean was calculated by:-

..':Zf'f

when 'n' is sample size, and 's! is an estimate of the standard deviation

calculated by the working formula:-

2 = chZ-chx-.f
i’'i i1

n

n-1

2. Confidence limits were attached to means by:-

mean T 5%, 1% or 0.1% value 't' (with error degrees of fresdom)

X~ stanuard deviation divided by square root sample size:-

-+E
x -~

3. Students 't' test to compares means:-

t:Xl-Xz

d'f. n + n - 2

Thz following programs were used on the Wang advanced programming

calculator, 7208 (Wang Laboratories Inc.) in the analysis of field data.
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1. Anovars- analysis of variance for a complete factorial
design

2. Linreqs:- linear regression analysis, fifting given data
points (xl, yl) to a linear equation:-

3. Mulreg:- multiple linear regression analysis for a sat of
independent variables and one dependent variable.
Selection of different sets of independent
variables and designation of dependent variable

could bs made as often as desired

In the case of large volumes of data the CDC 6600 computer was
semployed using the BMDO 2V (-analysis of variance for factorial design -

version of July 22, 1965)
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A comparison of regression cosfficients was made by using the

following formulas-

(for this 't! is distributed as Students 't' with

(nl +n, - 4) degrees of fresdom)
t = bl - b2
2 1 + 1
5" ( & )
x112 i x212

Uhere quantities b andEi X 12 are the regression cosefficient

1l 1

and sum of squares for X from the first sample, and eimilarly

for the second sample, and

+

s* - E-Yuz " [(§ X110 i1 )2/817‘112‘-7

h 8

is the best estimate of Qariation about regression
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SECTION 1.
_VARIETAL REACTIONS ON DETACHED LEAVES

AND FACTORS AFFECTING THEIR DEVELOPMENT.
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Varietal Reactions on Detached Leaves

Varietal reaction tests were set up as described in Sect;on D2(1)
Materials and Methods. Leaf piesces were inoculated with 3 x 20pl droplets
of 106 spores/hl suspension of S.nodorum, and lesion development asseesed
after 5 days incubation at 18°C in an illuminated incubator. The relative
amounts of necrosis, chlorosis and lesion extent were recorded, and the
cultivars allotted on arbitrary disease rating. S5ee Table 1. The range of
leaf reactions is illustrated in Plate 1;

Throughout the laboratory work cultivars were selscted which damonstraQ
ted the most susceptible and most resistant reactions. Maris Ranger was
used as the susceptible variety throughout. Igitially Engelen 565 (Zorba)
" was used for resistance, but owing to difficulty in obtaining seed, Maris
Huntsman was subsequently used.

A range of cultivars was used in field trials.



Plate 1:- Varietal reactions of detached leaf segments to Septoria nodorum 5 days after inoculation

'

with 20pl droplets of 106 spores/hl suspension.

ENGELEN 565 J.CAMBIER C.DESPREZ HYBRID 46 M.RANGER CONTROL



Table 1 Varietal Reactions on Detached Leaves
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Cultivar Necrosis Chlorosis Ié::::: g;:;z:a
Engelsn 565 + - - 1
Marie Huntsman + - - 1l
91451 + - - 1
‘71806 + - - 1
Goya - + - 1l

. 8519 + + - 2
Champlein (PBI) + + - 2
Kolibri ++ + - 2
F'lai:k_l.l's~ + + - 2
71807 + + - 2
Capitole + + - 2
Mara + ++ - 2
Maris Widgseon ++ + - 3
91292 ++ + - | 3
91414 -+ + - 3
Svenno ++ + - 3
‘Bounty 208 ++ + - 3

. Troll ++ ++ + 4
Maris Ploughman 4+ ++ + 4

“¥letcher + + + 4
91433 ++ ++ + 4
91499 ++ ++ + 4

- Champlsin (Spain) + ++ + 4
Atys | + ++ + 4
Boulmiche ++ + + 4



Table 1 (Cont'd)
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Varietal Reactions on Detached Leavee

Cultivar Necrosis Chlorosis Lesion Dieeoase
Extent Rating
Splendour ++ + + 4.
Orso ++ + + 4
Charles Peguy ++ + + 4
Florence Aurora + ++ + .
Pane 2 ++ + + 4
Cappelle Desprez ++ ++ ++ 5
Joss Cambier ++ ++ ++ 5
Hybrid 46 ++ ++ ++ 5
Maris Fundin ++ ++ ++ 5
90951 N ++ + 5
Safarino ++ + ++ 5
Tres Enanitos ++ + ++ S
Cajeme + ++ ++ -5
D104 ++ + | ++ 5
INIAR =~ 66R + +++ ++ 5
Bluebird 2 + +++ ++ 5
Magali +++ + ++ 5
Maris Ranger 4+ ++ +4+ 6
904972 +++ +++ +4+ 6
Fortuna +++ +4++ -+ 6
Siete Cerros +++ ++ +++ 6
Mexipak 4+ ++ +++ ‘6
Bidi 17 ++ +++ +++ 6
+ indicate relative amounte

Disease rating 1 - 3 Resistant

4 - 6 Susceptible
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Macroecopic and Microecopic Development of the Reeietant and

Sueceptible Reactions on Detached Leavee

Hypotheeee about the biochemical procesees of reeistance can only
be evaluated effectively when coneidered in relation to obeervable
:: blological evente. The following hietological study was an attempt to-
investigate in detail the infection proceee and eubeequent leeion develop-

ment in reeietant and eueceptible cultivare infected with S. nodorum.

.-.~Studiee on the biochemical:- procesees are preeented in Section III.

Leaf piecee of the cultivare Engelen 565 and Marie Ranger were est
up ae described in Section D2(i) mMateriale and Methode, and inoculated
with 3 x 20pl droplete containing 106 eporeg/hl S. nodorum. Varioue
obeervatione were made:- .

(a) Necoloidin etripe (E(i) Materiale and Methode) were prepared
to aesese germination and eurface- hyphal growth at 2, 4, 6, 8,+24;-26;~: =
28, 30, 48, 54 and 120 houre after inoculation. See Table 2. .

(b) The leaf pieces wers obeefved for macroscopic symptom develop-
ment and then cleared and etained in aqueoue aniline blue for light -
microecopy (F1(iv) and F2(vi) Materials and Methods) 1, 2, 3, 4, 6 and
10 daye after inoculation. Four day lesione were cleared and etained
for 1ignin (F2,‘ Materiale and Methods).

(c) Transverse sections of lesions were cut and mounted in aqueoue
aniline blue for light microecopy.

{d) Entire lesione, and those with the epidermie removed were

prepared for stereoscan electron microscopy (G. Materials and Methods).
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Table 2 Surface Development of S. nodorum on Detached Leaves of

Resistant and Susceptible Cultivars

Hours after inoculation _% Germination (mean of 3 lesions
Maris Ranger Engelen 565
(Susceptible) (Resistant)
2 3 | 5
4 5 ) 5
6 6 4
8 - 6
24 98 ' -
26 98 . : 97

Distance of hyphal growth from centre of

infection site (mm)

Hours after inoculation Maris Ranger Engelen 565
2 2.16 2.16
4 ' 1.58 | 1.46
6 , 1.88 - 1.63
8 - 1.88
24 1.79 ' B}
26 1.91 2.00
28 2.04 - 2.29
30 200 2,29
48 1.73 2.08
54 2.16 - 1.81
120 - - 4,25 3.66

Thus germination and surface growth are similar for both cultivars.
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The Resistant Reaction on Detached Lesaves

24 hours after inoculation

There were no visible macroscopic symptoms. Most spores had germina-
ted producing a single, generally unbranched, hyphae of up to 300 pm.
Stersoscan elesctron microscope (SEM) observations sﬁowad disappearance of
the waxy layer of the cuticle directly under the hyphae (Plate 2), which
ramified irregularly over the leaf surface. Appressoria (Plate 3) formed
usually at the junction of epidermal cell walls. In liéht microscope
observations the appressoria were surrounded by a blue halo indicating a
greater penetration of the stain at this point. Disappearance of the

wax was also avident under apprsssoria (Plate 3).

‘48 hours after inoculation

There wers no visible macroscopic symptoms. There was now a largs
amount of branching hyphal growth. Blue haloes, indicating penstration
points were numerous. Some spidermal and subepidermal cells had completely
absorbed the blue stain, while in others only the walls appearsed darkly

stained.

72 hours after inoculation

Necrotic flecks were visible under the infection droplet. There was

no chlorosis.

Surface hyphal growth was increasing. Ths inter-cellular spaces of

subepidermal cells were beginning to show a necrosis, while the spidermal

- cells raméined intact.

g6 hours after inoculation

The necrotic flecks werse coalescing to some extent, but the necrotic

arsa was still limited to the area under the infection droplet. There

was no chlorosis.
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Plate 2:- Scanning slectron micrograph of surface of leaf piece of

wheat cv. Engelen 565, 24 hours after inoculation showing

disappearance of the waxy layer of the cuticle ben eath the

hyphae of Septoria nodorum.
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Plate 3:- Scanning elsectron micrograph of surface of leaf piece of
wheat cv. Engelen 565 showing appressorial formation,and

associated disappearance of the wax, at the junction of the

epidermal cells.
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Diecrete areas of intercellular necrosis were common particularly

in association with the veins. However thin sections showed the vascular
bundles per se to be unaffected. Owing to necrosis-and desp blue staiming,
hyphae could not be distinguished in the centre of the infection site, but
single hyphas, rather thicker than those on the surface, were visible in
the epidermal cells and beneath-at the edge of the lssion (Plate 4). The
hyphae tended to ramify in a generally longitudinal orientation with the
long axis of the leaf (Plate 5). The hyphal colonisation was not extensiva.

~(Plate 6): Lesions stained specifically for lignin gave a negative reaction.

144 hours after inoculation

Almost the whole area under the infection droplet was nacrotic. There
was & small chlorotic halo in some lesions.

Intercellular browning was extenseive, particularly in association with
the veina, and the mesophyll wae disorganised. It was not possible to

detect hyphae either within the lesion or ahead of it.

24 houre aftsr inoculation

The dark necrotic lesion was still limited and had not extended bsyond

the arsa under the infection droplet.

The whols arsa was darkly stained and no hyphae wsrs visibls.



Plate 4:-

Septoria nodorum hyphae in epidermal cells and beneath,

Engelen 565, 96 hours after inoculation.

at the edge of the lesion on

Ly
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Plate 5:- Stereoscan electron micrograph of leaf piece of wheat
cv. Engelen 565, 96 hours after inoculation. Epidermis has

been removed to expose the hyphae of S.nodorum ramifying in

a longitudinal orientation in the palisade laysr.
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Plate 6:- Stereoscan electron micrograph of cross section of leaf
piece of wheat cv. Engelen 565, 96 hours after inoculation,

showing hyphae within the epidermal cell and sparce sub-

epidermal colonisation by S.nodorum hyphae.
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The Susceptible Reaction on Detached Leaves

24 hours after inoculation

There were no visible macroscopic symptoms. Spore germination was
almost 100% and there were numerous penetration points. Large numbers

of epidermal cells had become completely blue.

48 hours after inoculation

Some chlorosis was visible undér the infection droplet, but there

was No necrosis.
Surface hyphae growth was exﬁensiue,4as was penetration. This was

evident from the large numbers of blue cells both in the epidermis and

beneath.

72 hours after inoculation

The chlorosis was extending to the gdge'of the infection droplet, but
there was still no necrosis. - - LR

Littls change had occurred since the preQious observation. It was
almost impossible to detect hyphae within the leaf by light microscope
means, however SEM observations showed extensive colonisation-within the
leaf, both inter - and intracellular (Plate 7). The hyphae were branched

and often closely associated with the cell wall (Plate 8).

96 hours after inoculation

The centre of the infection sifé wvas a beige/broun colour with a
spre&ding irregular chlorotic halo ex£ehding beyond the edge of the
infection droplset. l

The whole infection site was staining darkly biua. Complete cells
rather than the intercellular spaces\wefa_gping.dark brown and again these
were particularly associated with the veins. Owing tb the deep staining
raaction hyphae could not be veiwed in the affected area, although single

thick hyphae could be seen ahead of this. A transverse section showed
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Plate 7:~ Stercoscan electron micrograph of leaf pisce of wheat
cv. Maris Ranger, 72 hours after inoculation. Epidermis has

been removed exposing the underlying cells and showing

extensive colonisation of ths leaf by S.nodorum.
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Plate B8:- Stereoscan electron micrograph of leaf piece of wheat

cv. Maris Ranger. Epidermis has been removed exposing the

palisade and showing the close association of the hyphae

with the cell walls.




Plate 9:- Light micrograph of transverss ssctian of’ leaf piece of Maris Ranger wheat, 96 hours after

inoculation showing the necrosis to have extended through the leaf.

of the vascular bundles.

Note the apparent resistance

£S



Plate 10:-
with

-ight micrograph of transverse section

of leaf of Maris Ranger wheat, 144 hours after inoculation

S.ncdorum showing disorganisation of cell wall and deposition of blue staining material.

14°)
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the necrosis to have extended right through the leaf to the lowsr spidsrmis.
(Plate 9). The vascular bundlee appsarsd resistant in that no reaction
occurred in them and also no hyphae were visible thers. Thers was no

poeitive reaction for lignin in spsecific staining tests.

144.Hours after inocuiation

The large irregular light brown necrotic lesions with wide chlorotic
- haloeSwers beginning to coaleece along the middle esction of the leaf
pieces. '
| Obssrvation of -the infaction sits wae difficult owing to exteneive
necroesie and browning, cell disorganieation and exceseive etain retention.
Lgaf eactione tended to break on cutting. Hyphae could still be essn
‘ahead of the affected area. In soms cells which were not yet necrotic
a degradation of the wall waes occurring. The cell wall seemed disorganised

and thers wers depositions of blue etaining material. (Plate 10).

240 houre after inoculation

The lesione werse now all coalsecing and ﬁhe lpaf pisces completely
chlerotic. There was some surfacse myéelial growth and pycnidia had formed
in this substomatal cavities.

‘The cell wallg ahead of the necrosis had taken up the aniline blus
stain, but only in some caese could hyphas be seen in association with
tﬁem. Where it was poeeible to ses hyphae in the epidermal cells of the
'affected area, they appearsd granular and more branched. The veins still

remained largely unaffected. Hyphae were etill visible just ahead of the

affectad area.
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Factore Affecting the Development of Varietal Reactions on

Detached Lsaves

(a) The Effect of Centrifugation of Sporee on Subsequent Lesion

Development

During preparation of inoculum (Morgan, 1974) washed the epore
suspension twice by centrifugation and resuspeneion. Thie processe is
time consuming and was thought to daméga the sporee and eo affect their
- resultant infecting ability. The following experiment was set up to
datarmine the poseible detrimental affacta of centrifugation on spores.

Spore suspensions- of 106 sporas/hl, prepared as described in
Section D1 Materiale and Methods, were centrifuged 0, 1, 2, 3, 4 times
for 5 min at 12209 and resuspended sither in dietilled water or 0.1%
glucose solution. Leaf pieces of the cultivars Maris Ranger and Engelen 565
were . Uimn inoculated in the usual way. Lesion development was observed.
See Table 3.

The succeseive centrifugation of spores delayed ultimate lesion
development, particularly in the resistant cultivar. This effect was
overcﬁﬁe by addition of glucose to the infection droplet indicating a
nutrient leaching effect by the centrifugation.

It was therefore decided not to centrifuge sporss during

preparation of suspensions.



Table 3

Effect of Centrifugation of Spores on Subsegquent Lesion Development

Cu F BRI

Days after Spores sus-~
cv inoculation pended in 0 and x 1. x 2 x 3 x 4
4 Glucose* Necrotic Lesione Re x 1 Less necrosis and As x 3
with chlorotic : spread
halo coalescing
Water Discrete necrotic As x1 Lesion more ~ Re x 3
leeion with chlorotic
chlorotic halo _ .
« 7 Glucose All lesions Large necrotic/ As x 2 Ae x 2
8 ' coalescing chlorotic : _
E : : Yeseions a
’ Water Diecrete leeions "As x 1 Leeion more chlorotic As x 3
wn
= .
= 13 Glucose Leeions coalesced As x 1 Ae x 1 . As x 1
& No green tissue
remaining
Water Lesions bsginning Re x 1 Green margin Re X3

to coalesce. Green

margin almost gone

otherwiee as X 1

cont'd ...



Table 3 (Cont'd)

Effect of Centrifugation of Sporas on Subsequent_Lesion Davelopment

Days after Spores sus-
cv inoculation pended in . D.and x 1 x_? x 3 x 4
4 Glucoss * Discoloration under Ae x 1 Paler green
droplet : under droplet None
Water None None None None
7 Glucosse Discrete necrotic Lese nacrosie Ae x 2 lLess necrosis
u lesion than x 1 than x 2
2 Water Necrotic flecks Re x 1 Pale green None
u and pales gresn undser droplets o
[} . 2]
% 13 Glucose Necrotic lesion As x 1 As x 1 As x 1
limited o
Water " " Less necrosis Smaller lesion Rs x 3

than x 1

than x 2

*  Glucose suspension 0.1% in Dietilled Water.
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(b) The Effect of Spore Concentration on Lesion Development

The following ﬁxperimant wvae set up in order to determine the
affects of different inoculum concentrations on the development of varietal
reactiona, aﬁd to see for inetance, if the sueceptible cultivar would be
more reeietant when challenged with a lower epore concentration.- The
optimum inoculum level for lesion dsvelopment could also be found.

Leaf pieces of the cultivare Marie Ranger and Engelen 565 were
inoculated with 20 ﬁl droplete of spore euepehgione'of S. nodorum in a
10-fold dilution eeriee from 107 - 102 epofes/&l? Dietilled water wae
used ae the control. Symptom development wae observed at intervale.
Ses Table 4. | |

Thue with decreaseing spore concentration there wae a delay in
lgsion development. This was more pronounced in thé case of the resistant
cultivar in which at the lower dilutions necrotic leesions failed to develop
at all. In the susceptible cultivar lesions developed at_all spore con-
centrations. Optimum lesion qgvelopmént occurred in 4-6 daye with a 106

spores/hl suspension. There ie no added advahtage in using a higher con-

centration of spores.



Table 4. The Efféct of Spore Concentration on Lesion Development

- Spores per ml -

Daye after

- Control
inoculation 10’ 10° 10° 10* 16° 0
4 Large necrotic Similar 1U7 but Some necroeis Diecolora- As 104 None
leeion + less necrosis. under feuw tion
chlorotic halo. drope. beneath
-Beginning to some dropSe..
coalesce .
6 All lseions As 107 but less Lesion size Large As 104 None
‘coalescing necroeis. Leaf increasing. coaleecing: :
@ margin green. Lese lesion. o
[ ]
[T necrosis o
= than 106
ac
7 7 Very little Lesions coaleec- Chlorotic " " None
= gresn tiesue ing but leaf lesion
= remaining. margin grden. coalescing
margin gresn.
13 All leaf as 1U7 No pycnidia Ae 105 Some
pisce brown general
pycnidia + chloroeis.

mycelium.




Table 4 (Cont'd)

The Effect of Spore Concantration on Lesicn Development

- Spores per ml -

Days after

= Control
inaculat ion 107 10° 10° 10? 10° 0
4 Few necrotic As lD4 Paler green As 105 None Nane
flecke under under soms '
some drops. drops.
6 Limited Lese necrosis Necrotic n Nane Nane
necrotic spots than 107 flacks in
Very little some
B chlorosis.
wn
& 7 Necrotic lesion Less necrosis Necratic flecks As 105 Pale green None 3
o with pale gresn than 107 with pale no necrasis
% haloes, green haloes.
‘ 13 . Necrotic lesion As 107 Less nesrotic-- Necrotic Pale green None
~ with chlorotic than 10 lesion with slight
halo. chlorotic necrosis

halo.
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(c) The Effect of Light and Temperature on Lesion Development

It wae of intereet to determine whether the differential varietal
reaction would be sustained at varying temperaturee and in the absence of
light.

Leaf pieces of Naris'Ranger and Engelen 565, floated on 75 ppm
benzimidazole in Petri dishes, were inoculated with 20 pl droplets of a
106 spores/hl suspension of S. nodorum spores suspended in dietilled water
br 0.1% glucose. Half of the Petri dishes were covered with siluér foil
- to exclude light. Four covered and 4 uncovered Petri dishes of sach cul-
- tivar were then placed in illuminated incubatore at 18°C, 20°C and 25°c.
Subsequent lesion development was recordsd. See Table 5. Thus in the
absence of light lesion development is delayed and the necrotic reaction
pa:tly'suppresséd. This effect was overcome to some extent by glucoss.
Lesions developed more rapidly at 20°c than 18°C but coalescence was
prevented at 25°c. Throughout the experimént the control leaves in the
light remained dark green, while those controls in the dark tended to
fade and in some cases go almoet completely chlorotic.

The conditions for optimum symptom deuelopment.appear to.be at ’
20°c 5r slightly below and in the light. The absence of light confers
some degree of resistance on the leaf pisces. Throughout the experiment
‘the differential reactions of the resistant and susceptible cultivars

wors custained.



Table 5.
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The Effect of Light and Temperature on Lesion Development

(a) Maris Ranger

+ LIGHT

- LIGHT

- LIGHT + GLUCOSE®

Necrotic Flecks.
Diffuse chlorotic
haloescoalescing
along midrib.

Necrotic coalescing

lesions -with
chlorotic haloes.

Dark coalescing
lesions + large
chlorotic haloes,.

Discrete light
brown lesions,
pale diffuse
chlorotic haloes.

Discrete lesione
with chlorotic
haloes.

Light, discrete,
necrotic lesions.

Discrete necrotic
lesions.

Discrete pale
brown lesions.

Light necrbti§
lesions with
chlorotic haloes.

20°C

Dark necrotic
lesions with
coalescing
chlorotic haloes.

with less chlorosis

than 18°C.

Dark necrotic
irregular
lesions with
coalescing
chlorotic haloes.

Discrete light
brown lesions with
chlorosis between.

Discrete necrotic’
lesions, chlorotic
band coalescing.

Discrete light
necrotic
lesions.

targe light necrotic
lesions, chlorosis
between. :

Discrete dark
necrotic lesions.

Coalescing light
necrotic lesions.

25°C

Dark necrotic
irregular lesions.
Chloratic haloes
not coalescing.

Light brown necro-

Dark necraotic

tic lesions. Diffuse coalescing lesions,

chlorotic haloes,
coalescing on
midrib.

with chlorotic haloes

" - n

Tem
Day

0.1

perature
s after inoculation.

% glucose.
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Table 5 (Cont'd)

(b) Engelen 565

T DAI + LIGHT - LIGHT - LIGHT + GLUCOSE

Necrotic flecks. No reaction Discoloration under

18°C

No chlorosis.

Discrete necrotic
lesions. No
chlorosis.

Discrate dark
necrotic lesions
with tiny chloro-
tic haloes.

Some discoloration
few chlorotic
haloes.

_.Discrete light

browun lesions. .
Vague chlorosis.

some droplsts.

:Neqrotic lesions.

Diecrete larger
light brown

- lesions.

20°c Discrete Some dis- Discrete dark
. necrotic lesions. coloration - necrotic lesions.
No chlorosis. No chlorosis.
" " .. " ._ " with
some chlorosis.
Some lesions with tight brown noom
vagus chlorotic lesions with
haloes. chlorotic haloss.
25°¢ Necrotic flecks Some discolora- - Some discoloration
under some drop- tion only. only.
lets. No .
chlorosis.
Discrete necrotic Discoloration " Discrete necrotic
flecked lesions only veinal lesions.
with tiny necrosis. Veinal necrosis.

chlorotic haloes.
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To Investigate the Possible Toxic Effect of S. nodorum

The work of Bronnimann (1968a), in which he demonstrated an effect

of the pathogen over and above that of defoliation, suggested thet the

fungue was producing a toxic principle during colonisation of the host.

Since toxins are produced best by actively growing mycelial cultures , a

number of liquid media were made up in order to find the most suitable for

vigorous growth of the fungus. Subaeqyently the cell free culture filtrates

were introduced into the resistant and susceptible varieties to determine

whether the symptome could be in part or fully reproduced.

The following media were prepared (Materials and Methods 8(4)).

1.

2.

3.
4.

5.

Modified Fries medium

Above with the addition of Difco yeast D;SQ/bl 500 giving a
concentration of D.1% |

Wheat kernel extract I

Wheat kernel extract II

Wheat leaf extract

After inoculation these cultures, 4 replicates of each, were set up

in the following conditions:-

(a) 15°C still

(b) 20% still

(c) 20°c shake

Lrowth was recorded aftsr five days. Ths results are summarised

oyerlaaf in Table 6.

Thus the shake cultures of Fries medium with yeast grown at 20°C

give bcat mycelial development, while shake cultures of wheat kernel

extract grouwn at 20°C result in grsater pycnidial formation. The Fries

medium with yeast would be expected to. contain the highest yield of the

toxic principle if it is produced.



Table 6. To Show Relative Growth of S. Rodorum in Liquid Media

R
Il

Pycnidia

| Media Modified Friee _wheat  Uheat Wheat
. L Kernel Kernel Leaf
Congitions + Yeast - Yeast Extract 1 Extract II Extract
. '+ . Bacterial contam- No Grouwth
ination fromKk.ernels.
15°¢ MM MM MM MM
Still
20°c n m n m No Growth
Still
20%c MMM MMM MMPP MmPpP No Growth
Shake .
KEY M = Mycelium

99
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The 4-6 day old cultures were filtered firstly through Whatman's
No. 1, then Whatman's No. 50 hardened filter paper, and finally fhrough
a bacteriological membrane filter (0.45 p) (Oxoid Ltd. London). -.

The following assays were eet up to assess the toxicity of the cell-
free culture filtrates.

(a) The youngest fully expanded leaves of 6-week old (Maris Ranger
and Engelen 565) glasshouse grown plants were detached and then either
bruised or punctured. The leaves were floated on benzimidazole in plaatic:
boxes. The wounds, which were at 1 em intervals along the leaf:, were: .:::.
inoculated with 20 pl droplets of cell free culture filtrate, and then
incubated at 20°C in an illuminated incubator. Controls were set up
similarly{uaing liquid medium in which no fungus had grown, and also using
distilled water.

(b) cm2 leaf pieces of Maris Ranger and Engelen 565 were placed in
glaoa- vials containing the filtrate, and distilled water respectively, and
then..avacuated in a desiccator until the leaf pieces sank ; so ensuring |

all 4ntercellular spaces wers flooded with the respective solutions. The

- leaf pieces were then removed-and floated on 76 ppmnbenzimidazole in petri-

dishes in the incubator.

(¢) The cut ends of excised, youngest fully expanded leaves of 6-
wesk old plants were placed in-the filtrate, and then placed in a draught
from a hairdrier to maximise transpiration fpr about half an hour. The
filtrates were replaced with water and the vials were then placed in the
incubafor.

Assays (a) - (c) were viewed daily.

(d) Germinated wheat kernels with radicles of 5 mm werse placed
on blotting paper in petri-dishes, -§ aeedq/dish, to which was added 5§ mls. .
cultﬁre filtrate, control filtrate or distilled water. The lids wers ssaled

with sellotape and the dishes placed in the illuminated incubator at 20°c.

-Root - -1length--and--number and shoot - length were measured after 72h incubation.

Results of (a) - (d) are summarized in Tables 7 and 8.



Teble 7:~ To show seffect of cell-free culture filtrates on susceptible and resistant wheat cultivars.

~ MEDIAR =

Wheat kernel
megium 1
15 C still (mm)

Assay

Wheat kernel
megium II
20 C shake (MMPP)

Wheat kerpel-.
gadium I
20 C still (m)

Fries
medium
+ yeast (Mmm)

REACTIONS AFTER 7-10 DAYS

MARIS RANGER - SUSCEPTIBLE

Damaged leaves Light brown necrosis
under most inoculation
droplets,with small
chlorotic halo. Leaf

edges watersoaked.
CONTROL - GREEN

Little necrosis,
no chlorosis

Little necrosis
no chlorosis

_CONTROL - SOME CHLOROSIS - CONTROL - GREEN

No necrotic
reaction

CONTROL - GREEN

Evacuated leaf
pisces

Water-soaked and
some necrosis
throughout

CONTROL - GREEN

Excised leaf
tips in toxin

General chlorosis,
" tip dry. Necrotic
flecks at base.

CONTROL -~ SOME CHLOROSIS

cont'd

89
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Tabla. 7 contig t To show effect of cell fres culturs filtratee on susceptible and reeistant whseat cultivars

- MEDIA -

REACTIONS AFTER 7-10 DAYS

Wheat kernsl
mgdium I
15 ¢ still

Assay

Wheat kernel -
medium II

20°C shake(MMPP)

Wheat kernsel
mgdium I

20 C sti11(m)

Friee madium
+ yeast
(Mmmm)

ENGELEN 565 — RESISTANT

Damaged leaves Fsuw necrotic spots,
some chlorosis in
middle. Lot

mycelial growth.

CONTROL-Green with
some chlorosis

Some necrosis,
some chlorosis;
fungal growth.

CONTROL- Gresn

Very littls nsc
fungal growth,
chlorosis.

CONTROL- Yellow

rosis, No necraotic reaction.
Some chloroeis

CONTROL- Somse
chlorosis

Evacuated leaf
pleces

Only necrotic
around edges

Excised lsaf
tips in toxin

Tip darker
and necrotic

Seedlin: root

bioassay (cv. Mmaris Ranger)

Septoria filtrate

5.6cm

Culture medium

5.1cm

Water control

3,8cm

(value" are means of 60 roots)

69
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TABLE 8. Seedling Toxin Bioaeeay

(means of 3D Seedlings) ( length @ in cm ) y
‘Exp. I. Septoria Filtrate Control Filtrate Control Water
(Frise medium
+ yoeaet)
Root Lenqth 6.0 5.4 3.4.
Roat Number 4.2 - 5.4 - . 4.
Shoot Lsngth 5.0 : 5.8 . 5.
Exp. 2 (wheat kernel extract I)
Root Length 608 407 . 5.9
Root No. 5.6 6.0 ' 4.8.
Shoot Length 7.4 T.7 ' 6.3

W4
Septoria Filtrate & Tapwater Control :) Control Filtrate

Exp. 3 (wheat kernel extract II)
EXpe o

Root Length 8.4. 5.8 5.1
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Despite vigorous mycelial growth of the fungue, the Friee medium
culture filtrate failed to initiate any symptome in either cultivar.

-More-success was apparent with the wheat kernel extract media;
however in no casee were the symptoms, particularly chlorosis, satisfac-
torily reproduced within the time of normal lesion development of 4-5
days.

The susceptible cultivar did appear to be more sensitive than the
reaiatant cultivar uith‘raspect to degree of browning and necrosis when
infiltrated with the culture filtrates. -
In the root bioaésayé a stimulation of growth occurred even with the

filtrate which was toxic to leaf pieces. This reflects the relative

insensitivity of the assay.
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DISCUSSION

Tha varietal reactions of wheat to S. nodorum show continuous varia-
tion with regard to degrees of necrosis, chloroeis, and lesion extent.
No varieties tested possessed immunity to the pathogah. Moreover diffafent
parts of the plant vary in susceptibility; thus Baker (1969) showed that
although Svenno and Troll usre -suscsptible to leaf infection, they exhibi-
ted some degree of resistance towards ear and sesdling infection. This
haéerdgeneity of reaction makes ths work of the plant breeder in eelecting
cultivare very difficult.

| ‘Sdrface development of the pathogen on resistant and susceptibls
lsaves is analagous. Germination is almost 100 per cent in both casss
and subseguent gxtent of growth across the leaf similar, although on the
whole,ﬁyphae on the resistant leaf surface tend to branch less.

Ths diéappearance of the surface wax occurred in both cultivars.
fhis may arise from preesure or extracellular enzyme production by the --
hybhaa. - There are no rsports of wax-degrading enzyme production by

Visible macroscopic symptoms first became apparent in the susceptibls
cﬁltiuar as a discoloration of ths tissues directly beneath the infection
droplet. This is a general chlorosis indicating chloroplast dieintegra-
tion and chlorophyll breakdown. The apparent photosynthetic rate has
beéﬁ shéwn to have a sharp initial decreass during the first day after
inocﬁlétion,_before symptoms become obvious. (Krupinsky, Scharen and
Scﬁ;llingér, 1973). |

The difficulties of staining the hyphae within the leaf tissue made
any appraigemeﬁt of the exact relationship of the fungus and host un-
feasible. That S. nodorum produces enzymes capable of cell wall degrada-
tion was demonstrated by Baker (1969). In culture the pathogen produced
amylases,. pectic methyl esterase and polygalacturonase. Howsver, the

role of enzymes in pathogenicity remains to be elucidated. From light
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microscopy observations the cell walle appeared disorganieed. At times
hyphae were observed in close association with the cell wall, and this
may be one reason why they are difficult to stain. In some cases the

dark staining cell walle may in fact have been a cell wall and hyphae in
close association. Transmission slectron microscopy may be of value in
this réapact since it should allow a precise determination of the associa-
tion fo be made.

R necrotic and browning reaction was first visible in the resistant
“cultivar, and although it developed in the susceptible cultivar also,” the
reaction was never ss intense in the latter case. Further, the position
of the brouwning differed; tending to be intracellular in the susceptible
and intercellular in the resistant cultivars. The necrotic reaction tended
to be suppressed in the absence of light and at higher temperatﬁraa.
Benadict (1973) showed a direct relationship between decreasing light
intensity, increasing peroxidase activity and decreasing numbers of mature

pycnidia in celery infacted by Septoria apiicola. That seedling infection

ie reduced at high temperatures was reportad by Baker (1969). The larger
the inoculum concentration the faster was the development of necrosis.
This more intenss reaction at higher spore concentrations is consistent
withBronnimann's (1968a) result that higher inoculum concentrations
result in greater yield loss.

The role of the browning reaction in resistance to S. nodorum remains

open to speculation. Typhula incarnata can grow in wheat tissues which

are discoloured deep brown (Hirai, 1956) while in other host/barasita
systems there is a direct relationship between browning and resietance
(Wood, 1967). This tends to be evident in the Septoria/wheat system,
since resistance is associated with a dark necrotic reaction. For this
facultative parasite the duration of symbiosis required for the establish-

ment of a parasitic relationship is of primary importance. The rapid
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response with browning within this duration,as in Engelen 565 ; may be
the cause of reeietance. Resistance appears to depend on the relation-
ship between the spread of pathogenic activity of the parasite and the
speed of host responss.

The rapidity of lignification in wheat in response to the non-
pathogens Botrytis cinerea and Mycosphaerella pinodes and its close
association with the approach of fungal hyphae, Ride (1975) suggests
that lignin plays some part in the restriction of thasg fungi. He damon-
---strated a comparative delay in lignification in response to S nodorum ::=:.
and postulated that the ability of S. nodorum to counter host defences
could be due to the breakdown of lignified cell walls by specific enzyméa
prodqcad only by the pathogen. It was nﬁt possible to demonstrate ligni-
fication in response to infection in.tha cultivars in the present research
using Ride's’ staining technique.

" Apart from cell wall degrading enzymes the pathogen can affect the
host by production of toxic compounds. Various work has indicataﬁ the
possibiiity of toxin production; Bronnimann (1968b) demonstrated an
- affect of tﬁa pathogen over and above that of defoliation. The extensive
chlorosis of more susceptible varieties and slectrolyte leakage (Morgan
1974) also point towards this. The fact that hyphae were observed ahead
of any reaction tends to indicate that the toxin, if produced, is not
translocated.

Assays did not giva conclusive evidence of toxin production by the
fungus. in culture. The direct application of the filtrate to leaves which
had bsen damaged did to some extent reproduce symptoms, but only 5-7 days
after the time of normal lesion development. The necrotic reaction was
erratic while the chlorotic reaction was hardly ever reproduced. Houwsver
the greater sensitivity of the susceptible cultivar did dsmonstrate a

differential effect of the cell free culture filtrates.
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In seedling root bioassays the filtrates both from fungal and sterile
cultures gave a stimulation of growth over the water controls. A stimula-
tion at low concentratione by non-specific toxins has been reported pre-
viously (Bottalico, 1969; Brian, Dawkins, Grove, Hemming, Lowe and Norris,
1961; Kern, Naef-Roth and Defago, 1971). The cell free filtrates used
in the assays reported here were already‘rather viscous and were not further
concentrated. Some purification in the form of partition might have bseen
advantageous. The root bioassay is coééiderad by some to be rather insensi-
tive. With the Helminthosporium victpraa toxin a tenfold greatsr cpncantra-
tion was needed to inhibit roots over fhat‘néadad to demonstrate slectrolyts
lsakage.

The differential growth of the fungus in the various ligquid media
reflects the sensitivity to culture conditions, and possibly an effect
on tdxin production. Toxins have been shown.to.ba produced best by active
growth of mycelium. However the culfure with most mycelial growth (Fries
medium + yeast) induced no reaction ihltha leaf assays. This is of interest
since Krupinsky, st al (1973) showed that while mycelial type cultures
were more pathogenic to heads and peduncles, pycnidial type cultures wers
more pathogenic to flag lsaves.

Not only do culture conditions (asration, temperature, C and N sources,
metal ions) affect toxin production; but the state of the host plant used
for assay and the subsequent cunditiuns-uf fha assay (length of uptake
time uf.toxin, seasonal and diurnal variétions in plants, tissue age,
light intensity and type, nutrition) affect toxin effect. wﬂile these
conditions were standardised throughout this mbrk, they may have been
unsuitable for toxin production.

The one reported case of toxin production by S. nodorum in culture
comeé from France. (Bousquet st al 1974) and was published subsequently

to this work. They also used modified Fries medium with yeast, but in

the dark. Cultures were harvested after 21 days growth, which is rather
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old. Before assays they purified the filtrates by ethyl acstate parti-
tion and chromatography. This enabled thsm to obtain inhibition of
- coleoptiles and roots at 50-200 ppm toxin concentration.

Other Septoria spp have been shouwn to produce toxine; S. avanae
(Poole and Murphy, 1952) and S. linicola (Covey, 1962). In the latter
example older-cultures proved less toxic, thus ehowing that the toxin

was not a product of staling. .
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SECTION 2 :

DEVELOPMENT OF S.NODORUM INFECTION ON WINTER

AND SPRING WHEAT IN THE FIELD
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Field Experiment 1A

The experiment was set up to investigats the effects and possible

interactions of inoculation date, variety and lsaves on development

of S. nodorum infection on winter wheat

Details of the split-split plot design used are given in Materials
and Methods section L. The cultivars used were Maris Ranger, Cappelle
Desprez and Maris Huntsman: susceptible, intsrmediate and resistant
respectively to infection in detached leaf tests (Section I).

The clumps of plants were inoculated at the following stages of

growths-

Growth staqe Description

Feekes scale (Large, 1954)

. 6-7 Stem exteneion; 2nd node visible
8-9 ' Last leaf and ligule just visible
10 In boat
10.5 | Flowering (i) whole plant )
: inoculated

(41) eare only
inoculated

There werse also uninoculated controls.

The ten main culms in each clump were selected and a visual aesess-
ment of the amount of photoeynthetic area affected by lesions of S. nodorum
on the top four leaves and ear was made sach week after inoculation, using
the keye of Bronnimann (1968a). Ouration of leaf surface wetness,
maximum and minimum temperatures and humidity were recorqéd.

A measurement of temperaturss within the canopies of the three
cultivars was also made in order to obtain some idea of the microclimate.
Temperatures were recorded hourly for certain periods throughout the

season, at three levels within the crop:-
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(1) at ground level

(2) midway, betwsen the 2nd and 3rd leavee

(3) at the top, .level with the flag leaf
and also at the correeponding lsvels in the open air. The ecale on the
Grant recorder wae set to 5-2000, and although, at times readinge did
not fall within thie range, it was thought to be the most practicable.

One replicate in the winter wheat trial wae abandoned due to poor
grouwth., |

The data collected was subjected to an analysis of variance on a
whole plant and individual leaf basis. Ths raw data is presented iﬁ,tﬁe
Appendix 1A, Tables 1-18B.

The apparent infection rate, 'r' wae calculated for whole clumps and

individual variety/lnoculation stage/ieaf combinations, after the data

X
1-x _

had been transformed using the van der Plank (1963) 1loge ( ) trans-

formation. Here 'x' reprasents the proportion of foliage infected; thue
where 18% of the leaf is infected x = 0.18. '(1-x)'is a correction
factor to allow for a decreasing proportion of tissue left for infection

as the season progreeses. The apparaent infection rate 'r' ie defined so

X
1-x

that if 'r' is constant, Loge ( ) plotted against time gives a
straight line. Any deviations from straightness show 'r' has varied.

Values of 'r' are calculated as the linear regrassion coefficients of -

loge ( lfx ) on time.

ﬁean values of 100% were omittéd from the analysis since on traﬁgé
formation they become almost infinity. This unavoidably tends to a;stort'
the data since a leaf giving a value of 90% one week and 100% to the
following results in an apparent decreaseinmean infection for the whole -
plant. Generally leaf 4 reached 100% by 40 and leaf 3 by 63 days after

inobulation, and thus the anomaly is the same for all varieties.
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Further anomaliee in the data arise from the rabbit and mouee
damage which occurred in epite of netting the experimental area.
Damaged culme were replaced by nearby culme, but the level of infection
could not alwaya be reproduced. Thue where a culm with a lower level
of infection wae eubetituted, the mean ¥ infection would apparently
decreaes.

The mean weekly % infection reeulte for each traatmant/@ariaty
combination are given in Figuree 2-7. Theee are followed by the apalyeie
of variance F-valuee for the main effecte and interactione of treatmente,

cultivare and leaﬁaé in Table 9.
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The Development of S.nodorum infection

Key to Figs. 2-7

= —aR
° —oC
A AH

Treatment Ne.

Control

Field Experiment 1A

Winter wheat 1974

Maris Ranger
Cappelle Desprez

Maris Huntsman

Inoculation at growth stage

10
10.5 (whole plant)
10.5 (ears only)

uninoculated

Each point on the graph is an average % infection of 3 or 4 leaves

and the ear for up to twenty plants.
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Figure 3= Mean weekly % infection; whole plants; winter wheat, 1974
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Figure 4:- Mean weekly % infection; whole plants; winter wheat, 1974
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Figure 7:~ Mean weekly % infection; whole plants; winter wheat, 1974
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Table 9. Field Experiment 1A

Winter wﬁeat 1974

The Effects and Interactions of Inoculation Date, Varisety and Leaves

on Development of S.nodorum infection in Wintser Wheat

Analysis of variance - F values (whole plants)

Days after Variable

inoculation
Treatment (nos.) Cultivar " Leaf (nos.)
10 247.85%* (2-5) 1.62" 86.23%% (1-4, ear)
19 13.55%% (1-6) 2.47"% . 97.34%x (0w )
26 . 20.28%¢ (" ) 2.07"° 89.28%% ( " )
33\ | 16.63%% (" ) 0.46™° 88.79%% ( n )
40 19.29%% (") 0.56"° 143.74%% ()
47 ~ 34.56%* (1-3,6) 0.96"° 153.99%* (1-3,ear)
55 _ 23,96%% ( " ) 4.73** T4.43%% ( n )
63 2.73"%  (1,2,6) 1.80"° 19.92%% ( n )
70 - 47.96%% ( " ) 4,28+ 109.40%* (1,2, ear)
Treatment Treatment Cultivar
X Cultivar X Leaf X Leaf
10 0.40"3 3.60% 1.58"°
19 p.63"° 2.82"° 3.60%
26 1.26"° 2,397 0.82"°
33 . 1.6 2.79"° 1.47"®
40 2.68"° 3.217° 2.09"°
41 2.27"% 7.16%+ 2.86"°
55 6.43%% 7.25%# 1.58"®
63 4.69% 11.60%* 0.66"°
70 2.11"° 15.49%+ 2.95"°
* = gignificant at 5% level ns = not significant

3 < I " 1% n
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Infection in the early inoculation treatments 1 and 2 (Figs 2-3)
and the confrol (Fig. 7) follows a similar pattern which appears rela-
tively constant and analagous for the three cultivars (except Maris
Huntsman, treatment 1) until sarly July and then rises gradually after-
wards. Levels of infection do not sxcesd 40% and the apparent infection
rates (Table 14) are relatively low - up to 0.06 units day.'l_

On the other hanq the later inoculation treatments 3-5 (Figs. 4-6)
show a eteady increase in infection with a sharper ries in mid-July :
reaching values of 80% 1nfect;d tiesus. The apparent infection rates
are generally greater than for the sarly inoculationg - up to 0.09 unifé.‘
day -l. For Maris Ranger the levsls of infection aie gensrally higher in
treatment 5 (Fig. 6) where only heads were inoculated, in comparison to
treatment 4 (Fig. 5) where the whole plant was inoculated. The converse
is true for ths other varieties.

There is a significant differencs between treatments for all times
after inoculation (Table 9), except 63 days. Not all t;eatments are
included at esach time (as is indicated in Table 9) and this probably
accounts for the lack of significance at 63 days. At this time only
treatments 1, 2 and the control are being compared. The significant
difference at 70 days after inoculation may be due to the higher valus
for treatment 2, compared with treatment 1 and the control, which was not
apparent at 63 days.

As was stated above, the varisties had similar levels of infection
up tdrabout 4? days after inoculation, and only at the later stages of
growth, after heading, were fhere varietal differences in infection.

This is supported by the presence of a significant effect of variety on
infection at 55 and 70 days after inoculation (Table 9),Iwhen only treat-
ments 1-3 and control, and treatments 1-2 and control respectively are

being compared. This is rather surprising considering the relatively
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high values throughout for Maris Huntsman treatment 1 and Maris Ranger,
treatment 5, and ie possibly a reflection of the insensitivity of the
statistical test.

On the whole the varietiee reacted in a similar manner to the
varying dates of inoculation. This is substantiated by the absence of
a cultiuan/%reatment‘interaction for up to 47 days after inoculation
(Table 9). The rathég.high:IBUBI of infection on Huntsman for treatment 1,
in comparison with tréatﬁents 2, 3 and the control may be the cause of
the significant intaré;tion apparent at 55 and 63 days after inoculation.
(at which times only these'freatments were being recorded), Rlthough,
as can be seen in Fig. 2, this Huntsman effect is more pronounced earlier

on, it does not become significant until 55 days.

The Prevailing mgteoroldgical Conditions 1974

The establishment of a successful infection and its subsequent speed
of devalopmeqt is affacfed by the prevailing meteorological conditions.
The polythens inoculation bag provided the necessary conditions fof the
initial establishment of infection independent of the weather. The leaf
surface wetness conditions fol;owing the inoculations are given in Fig.8.
/ For treatmente 1 and 2 the inoculation bags were removed in dryweather
conditions, and similarly for Maris Huntsman and Maris Ranger, treatments
4 and 5. In contrast.fgr.treétmant 3 and forCappelle Desprez, treatments
4 and ‘5, the inoculation bags were removed in wet conditions. Thus for
the =arly 1noculations.cohdit;oﬁs folioming treatment application wers
unfavourable to S. nodorum, while for the later treatments leaf surface
wetness conditions following inoculation were more advantageous to
infection and spread of the péfhogen.

_There does not épﬁéar to be a well defined correlation of infection
uith the temperature and humidity data presented in Fig. 9. .

Howsver, throughout July the increase in % infection is steepening for



Figure 8:- DURATION OF LEAF SURFACE WETNESS 1974
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Figure 9:~ Temperature & Relative Humidity ; Maxima & Minima
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most cultivar/treatment combinations, and this coincides with the long

periods of leaf surface wetness, high minimum humidities and lower tempera-

tures of this month.

The Microclimate of the Crop Canopy

The mean hourly day temperatures for aweek early and later in the
season are presented in Figs. 10 and 11 and 12 and 13 respectively.

There is apparsently less variation in the temperature within' the
canopy of the susceptible cultivar, Maris Ranger, and temperatures are
slightly lower in comparison with the resistant Maris Huntsman,'uhiie...
Cappelle. Desprez is intermediate. .

Early in the season (Fige. 10 and 11) the effect is most apparent in
the mornings aroundIIOG hrs. when there is about a 4% difference betwesen
the ground and flag leaf level in the Maris Huntsman canopy, but only about
1% forCap.pelle Desprez and less than 1°c for Maris Ranger. | -

Later in the season, when the canopy is senescing the difference is
diminished (Figs. 12 and 13) there being less than 1°¢ variation within
gll the canopiss. Howevef the general relationship of variation ie the
same as for earlier on.

The more uniform microclimate of Maris Ranger may be a reflection
of the canopy structure since the cultivar has rather larger leaves
(average leaf area = 32 cmz) which form a more dense canopy in compérison
to Huntsman (average leaf area = 26 cm2). 0f greater interest than the
temperature reédinge per se would be the corresponding humidity levels
within the canopy. Howsver, due to lack of equipment, this paraméfer

could ngt be recorded.



Figure 10:- Témperatures at three levels within the wheat conopy; means for May 29 _ june 5th 1974
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gure ll:- Temperatures at three levels within the canopy; means for May 29th June 51h 1974
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Figure 12:- Temperatures at three Jlevels within the wheat canopy; means for July 25h'Aug, 2 1974
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Figure 13:- TYemperatures at three levels within the wheat canopy; means for July 25h-Aug 2 1974
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Differencee between parts 6f plant (averaged over cultivars

and treatments.)

The progress-of infection on different leaves and on the ear follow-

ing inoculation is given in Fig.l4. All the leavee and the ear show a

eimilaf pattern (which parallels that of whole plante Fige. 2-7) which

ie relatively low for the firet 33-40 days after inoculation (except

leaf 4) and then a riee in % infection eubsgqyently. However the absolute.
% infection valuee are very different, there being a gradient of iéﬁréas-
ing infection down the ‘plant; the ear showe the leaet and- leaf 4 the moet
infection. Thie is verified by the significant difference,betweenileadeé
for all times after inoculation shown in Table 9.

In order to obtain further information on the effects of inoculation
date and variety on dévelopment of infection on individual leaves, whiﬁh
wae not given in the whole plant analysis (Table 9), a further analysie,A.
of variance was carried out for each leaf. The F values and aigﬁificance
levels are presented in Table 10. The time of inoculation can be:éeen
to have a eignificant effect on % infection for ell parts of the plant

for all times after inoculation.



Figure 14:= Mean

weekly % infection of .purts of the c¢ulm after inoculation,

each point is a mean of 180-360 plants, covering 3-6 treatments and 3 cultivars
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Field Expeariment 1A

Table 10.
Winter Wheat 1974

The Effects of Inoculation Date and Variety on Development of S. nodorum

Infection on the Ear and Top .4 Leaves of Winter Wheat

Analysis of Variance F values (with significance levels)

(a) Inoculstion Date

Days after
inoculation Leaf
4 3 2 Flag EAR
*9% *% * % % %34
10 17.34 13.94 17.03 63.22 15.54
»% * % * 9% %9 * %
19 5.93 5.81 20.80"" . 9.38 66.79
* % *#* *% * *
26 14.94 9.50 5.95 3.82 5.49
* % *9% * *# * %
33 14.63 10.65 4.52 8.69 8.51
e * NS »»
40 23.27 4.00 3.48 12.10
P *n a NS
47 42.93 57.17 48.32 3.66
*R *9 .. * . *
55 19.30 34.10 4.86 ' 6.70
*3 Y F'eY *%
63 11.95 45.44 45.67 7.44
70 91.16 4.03N5 2.11N8
(b) Variety
Days after
inoculation Leaf
4 3 2 Flag EAR
10 1.56V8 332" 2.33N° 0.29N3 2.47M
19 3.38" 4.60"" 2.52M3 6.29" " 2.74%°
26 1.75%° 0.76N° 2.44N3 1.14N3 5.30" "
33 0.79"3 0.83N3 0.23%° 0.44N° 8.22" "
40. 0.73N3 a.30N3 4.52° " 20.55
47 2.74N3 3.01N° 0.93%5 3.50
55 0.40MS 0.31N3 14.13%" 22.63 "
63 0.86"° 0.51N8 43" 17.09" "
NS P »a
70 0.16 15.45 8.02

Continued/
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(c) 1Inoculation Dats and Varisty Intsraction

tnaeutation | Leaf
4 3 2 Flag EAR
10 1.04"8 0.70"8 1.54N8 0.56"° 3.69"
19 1.60M° 0.55"° 0.63"° 2.45" 1.60"3
26 0.84M8 1.45M5 0.96"°  1.64"3 2.32N5
33 1.47"8 2.37M8 0.82"% .0.18"8 2.550°
40 3.17"° 2.23"8 1.67"S 4.99""
47 2.55M3 4.43" " 2.60"" 1.13"8
55 1.54"8 6.20 9.05 6.02"
63 0.68"° a.61N%  2.39MS 4.10°
70 2,085 2.01M8 1.83"8

*

significant at 5% level
** gignificant at 1% level
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'The differential reaction of cultivars to infectionAat 55 and 63
days after inoculation, apparent in Tebls 9, can be seen in Table 10,
to be due largely to the reactions of the ear and flag leaf. Ip.fact
the ears of the varieties have significantly different levels of infec-
tion from 26 days after inoculation onwarde, while the flag leaves are
aijnifidantly different at 19, 40 and 55 days onwards. The nature of
lthie difference can be ascertained from Table 1l in which the progress
'ofvinfection for parts of the plant for each cultivar is giwven. '

_ For the flag leaf (Table 11) the ranking order is Marie Ranger :>>
Cappélle Desprez :)»Maris Hunteman in all cases of significance, but
the first, and in non-significant cases as well. For the ear Maris
Ranggf infection levels exceed those of(appelle Desprez and M. Huntsman
throughouﬁ, except the first, and in most cases Cappeile Deeprez infec-
fion ekceeds that of Maris Huntsman. These rankings are not apparent
on leaves 2, 3, and 4. This contrast would haﬁe been expected to show
up as a significant cultivar/ieaf interaction in Table 9. 1Its presencs
may bs obscured by the lack of interaction within leaves 2-4 and the
flag leaf and ear. Thus bulking the data for leaves 2-4 and contrasting
this with the flag leaf and sar may give Q significant interaction.

Dne'might expect the flag leaves in treatment 4 (inoculation of
the'whole plant) to be noticeably more aff9c£ed than those in treatment
5.(inoculation of ears only). The effect however seems small and only
up to 19 days after inoculation. (see Appendix 1A, Tables 4 aﬁd 5, 10
and 11,i16 and 17). This implies that there is a large movement of

inoculum downwards from the sar to the flag in treatment 5.



Table 11,

The Progress of ﬁ Infection for the different Parts of the Plant of sach Variety

(averaged over treatments)

Field Expariment 1A
Winter Wheat 1974.

Days after

inoculation Leaf 4 3 2 Flag EAR
Cultivar R c H R c H R C H R c H R c H
10 ' 34.5 37.6 51.3 30.5 12.0 25.8 16.5 5.7 15.1 7.1 5.8 9.0 5.1 2.0 6.4
19 36.4 43.5 53.0 31.3 13.8 22.2 16.1 5.4 12.1 6.0 5.4 2.5 7.8 1.6 5.0
26 48.1 49.1 61.3 34.5 24.5 30.1 22.3 9.6 19.6 14.0 6.1 9.4 8.6 1.8 12.3
33 §9.1 60.3 67.8 31.6 31.6 38.1 20.5 17.1 19.2 11l.1 10.3 7.9 15.3 3.5 4.2
40 43.8 43.2 47.2 27.2 29.0 16.8 19.3 16.8 5.7 19.3 4.9 4.1
a7 §7.0 51.8 63.0 38.7 39.8 47.9 31.8 23.8 28.2 23.2 13.1 7.1
55 51.6 46.7 54.2 35.5 32.2 23.1 28.9 17.4 3.7 19.5 3.9 5.7
63 64.2 64.3 47.3 42.5 46.7 41.5 39.6 28.4 28.4 25.3 B.4 5.4
70 5l.1 46.8 42,9 34.6 23.8 6.8 5.1

Keyt R =

Maris Ranger

C = Cappelle Desprez

21.6 8.3

H = Maris Huntsman
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Apparent Infection Rates for Individual Leaves

The apparent infection rates, 'r! for parts of plant/variety/treatment
combinations are given in Table 12 and the variety comparisons of rates in
Table 13.

The infection rates for ears are besed on late observations only, and
mostly relate to the increese from 0-20% infection. Thsy will.therefore.
be considered separatsly. It is prominent in Table 12 that maria:Huptsmah
has very low, non-significant 't' values in comparison with Narié Ranger -
and Cappelle Desprez. That these differsnces ars significant 1a4shbwn in
Tablc 13. Also of note is the fact that the sars for early 1noculéﬁion
treatments 1 and 2 and the control have higher 'r' valuss than the later
inoculation treatments 3-5. This may ariss because the plants in the
former case were inoculated sometime before the ear emsrged. Accqrdingly
the ears score zero until they bscome secondarily infected under the
favaurablé end of season conditions. 1In the latter cass, howeve;4éars
werse "icoculated just before (treatment 3) or after (treatments 4—5)
emergence,- and the first recorded values are relatively high which will
ténq to briﬁg the infection curve (and 'r') down. Hence this effsct
of sars on infection rate is an artefact of the treatments.

The ranking order of 'r'! for lsaves across all treatments is given

below (1 represents the highsst rats).

Leaf Cultivar

Ranger Cappells Huntsman
3 3 3 3
2 2 1 2
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The lowest infection rate for all cultivare ie on the 3rd leaf,
whilet the highest'r' occurs on the flag leavee of Marie Ranger and
Maris Hunteman and on the eecond leaf of Cappelle Desprez.

Ths overall ranking order of cultivare infection ratee ie Cappelle
Deeprez :> Marie Rapger :> Maris Huntsman. This difference
between cultivare is only significant (in all treatmente) for the ear.

(Table 13). The other notable significant differencee are between Maris
Ranger andCapﬁélle Desprez for treatment 4 in which the former has lower

values of 'r?,

The rankiné-ordér for leaves accross all cultivars is given below.

Leaf Treatmen£

1 : 2 : 3 4 5 Control

3 2 3 3 2 3 -3
2 3 1 2 3 2 2
Flag 1 2 1 1 1 1

On the whole flag leaves have the highest values of 'r! irrespective

of inoculation date, and the 3rd leaves the lowest values.



Table 12.
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Field Experiment 1A

Winter Wheat 1974

Apparent Infection Ratee, 'r' (unite. day -1)

Treatment . . Leaf Cultivar
Marie Ranger Cappelle Desprez Marie Huntsman
1l 3rd 0.0619 0.0600 0.0582
2nd D0.0586 0.0623 D.0698
Flag 0.1068 0.D0831 D0.0901
Ear D0.0869 0.0927 0.0125 N.S.
2 3rd 0.0325 0.0638 0.0321
2nd D0.0688 0.0795 0.0822
Flag 0.0956 0.0777 0.0600
Ear D.0988 0.1316 - 0.0105 N.S.
3 3rd 0.0493 N.S. 0.0686 0.0528
2nd 0.0501 0.0864 0.0367
Flag 0.1149 D.0654 0.0619
Ear 0.0699 D0.0648 - 0.0108 N.S.
4 3rd D0.0414 D.1287 D.0328
- 2nd 0.0339 D0.1262 D.0534 N.S.
Flag 0.0703 0.0904 0.0658 .
Ear 0.0485 0.0782 0.0304 N.S.
5 3rd 0.0653 N.S. D0.0729 0.0369 N.S.
2nd 0.0790 0.1166 0.0420 N.S.
Flag 0.0972 0.1009 D0.0248 N.S.
Ear 0.0505 D0.0523 - 0.0305
Control 3rd 0.0536 0.0408 0.0067 N.S.
2nd 0.0578 D.0568 D.0462
Flag D0.0956 0.0524 D0.0808
Ear 0.0727 0.0619 D0.0183 N.S.
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Table 13. . Field Experiment 1A

Winter Wheat 1974

Treatment  Leaf , Cultivar Comparison R
Maris Ranger . Maris Rangser - Maris Huntsman
~ and and : and

Cappelle Desprez Marie Huntsman Cappelle Desprez
1 3rd 0.111 0.205 0.093
2I'Id . 1.472 - 00626 : - 1 0618
Flag 1.361 * 0.735 - 0.297
Ear - 00341 3.381* 4.611*
2 3rd - 1.720 - 0.D42 1.847
2I'Id - 0.675 - 10257 - 00176
Flag 0.847 2.044% 0.969
Ear - 1.498 4,073% 13.865%
3 3rd - 0.837 - 0.170 1.260
2nd - 1.485 0.699 . 2.555%
Flag 1.309 1.275 0.123
Ear 0.371 4,520% 3.892%
4 3rd - 6.167* 0.975 5.152%
2nd - 7.815 © = 1,703 3.599%
Flag - 1.066 '0.269 3.258%*
Ear - 2,743 - 1.434 ' 2.850%
5 3rd - 0.205 0.477 0.583
2nd - 1.115 0.769 1.484
Flag - 0.127 2.881* 3.040%
Ear - 0.133 -~ 4.458 3.563*
Control 3rd 1.590 3.966% 2.791% .
2nd 0.111 1.160 1.137
Flag 1.835 -0.474 ~ D0.8B46

Ear D0.401 - 2.161% 2.328%

. * Significant at 5% level.
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Summary of infection data

The data for the whole season is summarised in Table 14. Cap pelle
-Desprez-and Mmaris Huntsman- show lower levels of infection ovsrall, but
the former has generally highsr infection rates. The rather high mean
value for Maris Huntsman is largsly due to the very high'léval of infec=-
- tion for this variety in treatment 1, and this tends to obscurs its
-otherwise general resistance in comparison with the other two cultivars.
Thus, although Maris Huntsman, showed a high initial level of infection
‘in most cases, this_did not increase greatly. This is reflected in the
lower values of 'r! for this variety, particularly for the ear. Signifi-
~cant differences in overall infection rates only occur in treatments 4
and 5. (Table 14).

The low levels of infection for the early inoculations and controi
é:e possibly due to a petering out of the initial 'epedemic' following
inoculation, while in the later inoculations the 'epidemic' picks up

without a break.
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Table 14 Field Experiment 1A

Winter Wheat 1974

Mean £ S. nodorum infection, and infection rates (r) for the season

Treatment Cultivar ~ Mean %
Marie
Maris Ranger Cappelle Desprez Huntsman
1 % . 17.8 8.3 32.6 - 19.6
p? 0.0646 0.0541 0.0568 .
2 % 18.0 15.8 13.7 15.8
tp! " 0.0594 0.0663 0.0467
3 % 42.9 31.8 ' 34.7 36.4
r? 0,0699 0.0634 0.0536
4 % 41.5 44,1 38.2 41.3
Ip! 0.0495 0.0912 0.0447 '
5 % 47.5 35.8 33.2 38.8
et 0.0719 0.0780 . 0.0380
Control % 16.5 15.5 9.2 13.7-
trt 0.0641 0.0455 0.0512
Mmean = % . 30.7 25.2 26.9
Comparison of overall apparsnt infection rates: _t - values »
Treatment M. Ranger & Cappelle D. M. Ranger & M. Huntsman &
M. Huntsman Cappells D.
1 0.9140 " p.641 - 0.212
3 0. 406 1.133 1.006
4 - 3.062%% D.393 2.971%%
5 - 0.434 2.038%* 2.272*%

Control 1.740 1.061 - 0.485

* gignificant at 5% lavel

** gignificant at 1% level
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Field Experiment 1B

wWithin the 1973/Z winter wheat trialA(lﬂ) a more detailed study of

infection development in naturally infected and artificially inoculated

plants was made. The relative importance of increase in leeion number

and spread of existing lesions in developmsnt of infection was of particué

lar interest.

Ten plabpé of each cultivar were selected at random: five from

treatment 3 (inoéulation at G.5.10) and five from the uninoculated

control.

The following measurements werse made weskly:-

(a) on the flag and 2nd leaves.

(1)

(2)
(3)

- (4)

(5)

(6)

(b)
(1)

(2)

(3)

(4)

Length and breadth (at the midpoint) of the leaf until
no fprther increass.

% area leaf affected by S. nodorum

‘Total number of lesions caused by S. nodorum

Number of lesions longer than 3 mm.
Internode 1eﬁgth of flag and 2nd leaf
" " 2nd and 3rd leaf

On the ear |
% glumes affected by S. nodorum

Total number of lesions due to S. nodorum

Number of lesions qreater than 3 mm.

Peduncle length.

An approximation of leaf area was made from the product of the

length and breadth measurements, and then the number of lesions per

unit area estimateds ‘The % of lesions exceeding 3 mm was also calcu-

lated, and mean‘internode lengths, for each week throughout the season.
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The expériment was repeated and extended in 1974/75.. Instead of
isolated clumps ag plots a group of plants within a normal stand was
used (sse Materials and Methods L). In addition to the 3 cultivars
mentioned a further 3 were also used:- Marie Fundin ( - a semi dwarf -
susceptible), Capitole and Goya - two resistant early maturing cultivars.
both bred in France but obtained in Spain. Data could not be collected
for ear infection owing to extensive bird damags.

The results for both ssasons follau broadly similar patterns
although absolute values for infection and lesion numbers were caonsider-
ably greater in 1973/74. Growth in this season was rather poor owing
to adverse climatic conditione and soils, while in 1974/5 the crop was
far more vigorous. It was felt that the data collected in 1974/5 was
more representative than 1973/4 and so it will be presented whilse
summaries of the data collected in 1974 for Maris Ranger, Cappelle
Desprez, and Maris Huntsman, and in 1975 for Goya, Capitole and Maris
Fundin are presented in the Appendix 1B Tables 25 and 26 respectively.

The increase in lesion number and % infection for naturally in-
fected and artifically inoculated fiag and 2nd leaves of Maris Ranger,
Maris Huntsman and Cappelle Desprez in 1975 is given in Figs. 15-18
The % lesions exceeding 3 mm is given in Table 15.

The data from which these Figures are taken is presented in

Appendix 18, Tables 19-24.
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Field Experiment 1B

Winter Wheat 1975

Detailed Study of Infection Development

Key to Figqs 15-18

Scale. Vertical axis 2 cm represents 10% infection by S. nodorum

lem ® 0.1_'lesions/bm2
Horizontal
axis 3 mm " 1 day
. AH Maris Huntsman
*— , —e C Cappelle Desprez
— —a R "Maris Ranger

Each point on the graph is an average of five lsaves on

fivé plants.



Figure 15 - Increase in % infection and lesion number for naturally infected flag leaves of winter whéuf,'l975
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Figure 16 :- |n¢;8ﬂse in % infection and lesion number for artificially inoculated flag leaves of winter wlieuf,'l975
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Flgure 17 :-

I ncrease in % infection and lesion number for naturally infected 2nd leaves of cwlnier wheat, 1975
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Figure

18:-
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Increase of lesion numbser

Maris Huntsman showed very little increass in lesion number on
either flag or second leaves which were naturally infected. Therse was
a slight rise on artificially inoculated second leaves at-the end of
the season for this varisty.

Cappelle Desprez followed a similar»pattern of slow increass
initially but always showed a steep rise in lesion number at the end
of the season. |

The susceptible variety, Maris Rahgaf,‘uéried in its response to
infection; on the flag leaves there wers ganarally more lesions
throughout the ssason and then a slightly less éteep rise at the end
compared with Cappelle Desprez. On second leaves, however the rise
in lesion number on naturally infected plants started about 3 weeks
befores the other two cultivars, while in artificiélly inoculated second

leaves there was a stesp increase in lesion numbei each wesek after

inoculation.

Increase in % infection

The increass in lesion numbers is closely paralleled by increasse
in % infection, except that for artificially inoculated Maris Ranger
- flag leaves the % infection rises befors that of lesion number, so
indicating an increase in the sizs of éxistihg lesions. The % of
lesions exceeding 3 mm is pressnted in Tabls 15 and it can be seen
that for Maris Ranger this is greater than.for the other cultivars.
Further, in Maris Huntsmaﬁ the commenceﬁent of lesion spread is

dslaysd in comparison with Maris Ranger and.Cappelle Desprez.
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E lesions exceeding 3 mm

Field Experiment 1B

Winter Wheat 1975

*Time Part + Cultivar
Days Types of Maris
infection Maris Ranger Cappelle Desprez _ Huntsman
o(o) -
6(7) Flag B
13(14) Natural
infection 1] 1]
20(21) 18.0 37.3 0
27(25) 57.1 34.8 30
34(35) 73.3 38.2 33.2
41(42) 58.0 41.6 26.4
- 48(49) 70.3 51.6 56.4
(56) 63.4 - -
~-3(0) Flag 0 0 0
3(7) Artificial 39.0 20.6 0
" 10(14) ‘Inoculation 42.6 59.2 25.0
17(21) 46.3 57.7 31.0
24(28) 59.5 38.6 36.6
31(35) 83.8 45.0 45.0
0 (o) 2nd leaf 31.6 0 0
o () Mt e 0 o
14 46.6 0 0
21 43.0 0 20.0
28 45.0 24,1 25.0
35 85.3 26.0 23.2
42 85.4 21.2 32.2
49 - 26.4 40.0
56 - 64.3 61.6
70 - 52.3 -
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TABLE 15 (Cont'd) : Fisld Experiment 1B

Winter Wheat 1975

% lesions exceeding 3 mm

*Time Part + Cultivar ,
Days Type of Maris
infection Maris Ranger Cappells Desprez Huntsman
-3(g) 2nd leaf 4 10.6 "o
3(4) artificial 46.6 54.3 0
10(14) - inoculation 33.8 49.1 0
17(21) 57.4 43.3 29.3
24(28) - 63.6 38.0
31 - 78.2 - 41.3

*Figures in brackets represent time for Maris Ranger and Cappelle Desprez.
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The Prevailing Meteorological Conditione 1975

The leaf surface wetnese.conditione, and maximum and minimum
temperaturees and humiditiee for May - July 1975 are given in Fige. 19
and 20 respectively.

The season on the whole was rather dry, with almost no rain
between mid-May and mid-July(Fig. 19). This is in sharp contrast with
the corresponding period for 1974 (Fig. B). | |

Temperaturee in May were relatively low, the minimum usually
below 7°C and the maximum not exceeding 20°C. (Fig.'20). Uhile in
June and July the maximum temperatures were mainly Eetween 20-20°¢c
and the minimum not often below 10°C.

Maximum humidity remained fairly constant around 90% rather higher
in May and July, but very low in June around 30-50% (Fig. 20).

In general the increass in leeion number seen to occur at the end
of the season (Figs. 15-18) in mid-July coincidea_mith a two week
period with some hours of leaf surface wetness anﬁ with relatively
high minimum temperatures. But in Maris Ranger the rise in the lesion
number on second leaves follows very short periods of leaf surface

wetness, and coincides with low minimum relative humidity, neither of

which are  _optimal for Septoria.
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Figure 20:- Tom;-urah;re-& Relative Humidity; Maxima & Minima 1975
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Statistical analyeis

The data were esubjected to a multiple linear regreasion analyeie
with ¥ leaf area infected the dependent variable, and leeion numbar/bmz,
% leaione greater than 3 mm, internode length and time aa independent
variablses.

Where, for example, in thp ﬁaae of the Feaiatant cultivar, there
wae little variation in infaption‘throughout the asason, a regression
analyéia was considered unjustifiad.

Homogeneity of variance pf-tha dependent variable wae determined
by comparing the root error mean aquare from the regression analysie
of variance with the obaervationa.

The partial regresaion coefficienta of lesion number/Emz, % lesiona
greater than 3 mm and internode length or plant height, on % infected
leaf area are given in Table 16.

In all cases but one fhe regresaion coefficient for leaion number
on % infection is aignificant for both flag and second leavea and in
all three cultivars. The regraasibn of increase in lesicn size on
% infection ia only significant ip artificially inoculated flag leavea
of Cappelle Desprez and naturally‘infected second leaves of Maria Ranger.
The indepéndent variable, plant height i:s significant only in naturally
infacted second leaves of Cabpalle Desprez and artificially inoculated
sacuind leaves of Maris Huntsman. In the former case the regreasion
cocsfficient is negative indibat;nQAthat taller plants have lesa infec-
tion. The converse is trie in the latter case.

‘ The significant regresaiqn coefficients for lesion number on
infection are largest for Maris Ranger, with Cappelle Deaprez inter-
mediate and Huntsman (wheré analysed) the smallest. This reflects

the larger size of the lesiona in the ausceptible cultivar, Maris Ranger.
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Field Expsriment 1B

TABLE 16
Winter Wheat 1975

Detailed Study of infection

Partial linear reqression cosfficients

Depsndent variable: % infection

Independsnt Leaf Cultivar
variable Inoculation Maris Cappells Maris
type Ranger - Desprez Huntsman
Naturally
infected
flag
1. Lesion no/cm2 110.602%* 41 .856%%* Analysis not
justified
2. % lesions >3 mm | 0.034 0.036 Yoo to 1ack
3. internods . of variabil-
length - 0.065 - 0.134 ity in
dependent
variable.
Artificially
inoculated
flag
1. Lesion no/bm2 90.702+* 23.430%* Analysis not
2. % lesions >3 mm ~ 0.087 . 0.026% Justified
3. internode
length - 0.011 - 0.641
Naturally
infected 2nd
1. Lesions no/cm? 60.066%%%  28,234%%% 12.656
2: % lesions _>3 mm 0.035* 0.045 0.012
. 3. Plant height 0.009 - 0.212%% - 0.025
Artificially
inoculated 2nd
1. Lesion no/em’ 12.155 59.043%%% 36.263
2. % lesions >3 mm 0.051 0.020 0.020
3. Plant height 0.277 -0.042 0.298%*

*x

significant at 5% level
*% n n 10% "

S *a " " 0.,1% "
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Summary of infection data

A summary of data from the detailed study of infection is given
in Table 17. |

As expected from laboratory tests (resported in Section I) Maris
Ranger shows the greatest % infection particularly in inoculated plants.
Maris Huntsman shows a relatively consistent and_much loﬁar % infection
whether inoculated or naturally infected. There is a paréllal relation-
ship for lesion number in these two cultivars. Maris Ranger shows a
3-6 fold increase in leeion number in artificially.innpuiated plants
over naturally infected ones, compared to only a 2-fold increase in
Maris Huntsman. Cappelle Desprez shows more lesions/cm2 than Maris
Ranger in naturally infected plants, but less of these exceed 3 mm.
On average about twice as many Maris Ranger lesinns‘excaed 3 mm com-
paréd with Maris Huntsman lesions.

The appareﬁt infection rates' 'r' given in Tablé 16 wereg calculated

from the mean % infection data (Appendix 1B Tables 19-24) after trans-

formation, (loge ( lfx )) as described in 1A,It is notable that in
Cappelle Dasprez, and to a lesser extent in Maris Ranger the infection
rate is higher in artificially inoculated plants than in the naturally
infected ones. This indicates an apparent increase in susceptibility
of thess cultivars after inoculation. Since both.natﬁraliy infected
and artificially inoculated plants were exposed to .exactly the same
prevailing meteorological conditions this could not be an important
factor in the reaction of 1eaveslto the pathogen. 'And the increase

in 'r' probably does indicate an increase in plant susceptlbility
(flag leaf and ear) which is particularly apparant at high inoculum

lavels for Maris Ranger and Cappelle Desprez. Tha,apparent infection

rate in Huntsman is unaffected by artificial inoculation and thus thie

variety "retains its resistance" in the presence of inoculum throughout

the season.
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TABLE 17 Field Experiment 1B
Winter Wheat 1975

Detailed study of infection

Summary Table (nqan values for whole season)

Variable Leaf Cultivar

'r* - apparent infection rate.

Flag Maris Cappelle Maris
naturally Ranger Desprez Huntsman
infected
% infection -1 . .. =.5.0 4.3 JR 1 - A
('r' units day ") - (0.0882) (0.0711) (0.0193)
Lesions/cm? 0.043 0.079 0.015
% lesions _>3 mm 36.6 25.4 18.2
Intarnode.
length A 21.3 24.3 21.7
Flag
artificially
‘ < inoculatsd _
% infection | . 9.5 3.5 . 0.9 ...

(") : (0.0864) (0.1421) (0.0103)
lasions/cm? 0.127 0.093 0.028
% lesions > 3 mm 40.8 35.2 23.0
internode

length 25.4 28.7 27.3

2nd natur-
ally
infected
% infection 6.4 4.2 0.9

{0}

(*z') (0.0851) (0.0341) (5.769)
Lesions/cm? 0.064 0.075 0.028
% lesions >3 mm . 54.0 19.4 22.4
Plant height 114.0 113.7 107.8

.2nd
artificially
» inoculated
% infection - 12.9 5.0 2.0

('z') (0.1155) (0.1412) (0.0638)
lesions/cm? 0.351 0.100 0.070
% lesions _>3 mm 44.0 45.6 18.1
Plant height 112.8 116.8 115.2
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DISCUSSION

Varistal affect on infection development

The levels of infection obtained for the three cultivars in the
field sxperiments were as expected from the detached lsaf tastsvraported
in Section I. Throughout the season Maris Ranger was thas more suscsp-
tible to infection, while Cappelle Desprez and Maris Huntsman weare mors .
rosistant. The surprising lack of statistical significance between
varieties may arise from the fact that Maris Huntsman tended teo have a
rather high initial level of infection which masks its resietance. The
rasistance of this cultivar is evident when ons considers the apparsnt
infection rates, which are lower than f&r the other cultivars, particu-
larly on the ears. Thus, notwitﬁstanding the high initial levsl of
infection on Maris Hunteman, the lavels do not increase greatly over
the season. The generally poor growth of the trial in 1974 owing to
poor soil and adverse weathsr conditions may have influenced the varietal
reactions. The vigorous‘crop obtained in 1975 tended to show a much
higher level of resistance, although a direct effect of plant nutrition
on infection cannot be assumed. Brﬁnhimann (196%) could demonstrats
no effect of high nitrogen fertilisation on damage by Septoria, although
ears of the more heavily fertilised plants were more attacked by the
pathogen. Another reason for the absence of significance between cultiuars;
could be, to some extent, due to the lack of sensitivity of the statisti-
cal. test since there were only 6-12 error degrees of freedom for varieties

in the design used.

Effect of inoculation date on infection development

The control plots and early inoculations had low levels of infection
which did not increase markedly at the snd of the season. 1In contrast

the later inoculations had higher levels of infection which ross steeply



B . 128

towards the end of the season, even though these plants had been exposed
to the disease for a shorter period of time. These high levels of
infection in the later inocdlations are & result of heavy infection on
the flag leaf and ear which were inoculated directly. The epidemic once
established picks up without a break. On the other hand, in the early
inoculations the initial epidemic peters out possibly due teo unfavourable
weather and stage of plant growth. Infection of the more susceptible
flag leaves and ears occurs naturally';nd is less effective than for the
“laté inoculations. The high leu913‘qf infection for plantS'in'whiqh only
the ears were inoculated indicates thaf an'éxchange of inoculum was
occurring downwarﬁs from the ear to the leaves below. Cooke and Fozzard
(1973) showed that glume blotch did not contribute greatly to lsaf infec-
tion since the climax of the former occurfed after leaf senescence; but
this was for naturally infected plants. |
The varieties all reacted in a Qimilar way ﬁo the different inocula-

tion dates. This was expected since ﬁhey éll matured at roughly the

same time, Cappelle Desprez being a few days later.

& infection on different parts of the plant

There was a gradient of decrsasing infect;on severity up the plant.
qu would expect leaf 4 which had been exposed to the disease for longest
to have the greatest amount of disease._‘Also.ontogenetically older leaves
senesce earlier and this is associated with increasing susceptibility.

- Brénnimann (1969a)showed that infection of the various leaves and ear
contributed in varying degrees to yield'loss; thus the flag leaf and ear
contr;buted 22.9% and 29% respectively and'the 2nd and third leaves
6.1% and 7.1% respectively. Although Jones-aﬁd Odebunmi (1971) failed
to produce a significant reduction iﬁ yield‘by inoculation of the lower

leaves only, Scharen, Schaeffer, Krupinsky and Sharpe (1975) demonstrated
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a larger loss from a combination of axial flag leaf lesions plus
excision of lower leaves indicating that early infection of lower
leaves mduld result in greater yield losses. The flag leaf and the
ear still remain the important determinzits of yield (Thorne, 1965)

and it is for these parts of the culm that real differsnces between
the cultivars exists. Further the difference is consistent throughout
the season; Maris Ranger always has the highest % infection and Maris
Huntsman usually the.lomest. This ranking is not apparent on the
lower leaves. In addition the infection rates on the flag leaves and
ears have a similar ranking, the low 'r' values on ears of Maris

Huntaman are particularly striking.

- Components of infection

The overall greater resistance of Maris Huntsman to infection is
brought out in the detailed investigation of infection development.

Not only do less infections occur on this cultivar; but fewer of thém
spread compared to the more susciptible varisties.

Inaccuracies in the measurement of parameters in the detailed study
were unavoidable. These arise from lesions coalescing and mis-identifica-
tion of lesions as they were initiated. Necrotic flecks which appeared
were not always due to S. nodorum infection. Allowing for the errors
tends to decrease apparsnt susceptibility. Howsver since a real
difference between resistant and susceptible cultivars was obtained the
error may be largely disregarded. The lack of precision in estimating
% infection at the lower end of the scale from 0-5% resulted in an
appgrent lack of variability in this parameter for the resistant cultivar,
even though lesion number and size were varying. As a result no multiple
linear regression could be carried out for this cultivar and useful

information may be lost. The greater increase in lesion number and
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infection rate on artificially inoculated plants over naturally in-
fected ones of Cappélle Desprez and Maris ﬁanger indicates an apparent
increase in éha susceptibility of these cultivars following the applica-
tion of inoculum at heading. That a low level of inoculum causee a
variety to . 'withstand' infection by having a luwer‘value of 'r' than

at a high inoculum level implies that it is acting as a kind of'immunisa-
tion. However the apparent increase in susceptibility found is more

or 1ass‘coinciding with the stage at which plants tend to become less
resistant anyway and the high level of inoculum applied may not be
causing the increase in susceptibility, but rather exaggerafihé.the.
effect. - Under natural conditions the flag leaves may be as susﬁaptible,
but will héva lower levels of infection if the weather conditions aré
unfavourable to spreéd of inoculum up the leaf.

In relating the development of infection to the prevailing meteoro-
logical conditions the optimum provisions for fhe fungus should bé |
considered. These may be assumed as those conditions in mhibh the
length of the latent period (the time from infection to pycnidiospore
release) is minimised. Investigations (Scharen, 1964; Shearer and
Zadoks, 19723 1974; Holmes and Colhoun, 1974) have shouwn that both
temperature and wetness need to be considered,

A period of 6 wet days at 20-22°C was sufficient for pycnid;al
formation in second and third leaves of the winter wheat, Falix,4while
a decrease in the durstion of leaf surface wetness of 12 hours (17-5h)
prolonged the latent period 7 days. Although infection will dccﬁr in
dry conditions, no pycnidia will form. Also the minimum tampaféture?is
of importanca, 7°c being a threshold (for Felix) below which pycnidia
do not form. L

The period of time for the establishment of a successful infection
varies with varieties, tending to be shorter for the more susceptible

_ . _cultivars (Brénnimann_et al, 1972). In the present experiments the
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presence of polythene bags for 96 hours following inoculation provided
ample time for the sporss to infect even the resistant cultivars. The
‘prevailing wsather conditions folldwing removal of the bags will affsct
the development of infection, although these may be buffered to some
extsnt by the crop canopy. The more uniform, slightly cooler and probably
more humid; denser canopy of Maris Rangsr may contribute towards a faster
increase ofi;nfaction. fhis effect, if resal, would only bs a contribution
to suscaptibiliﬁy. |

In tha'1973/ﬁ ssason optimum ambient tempsratures of 20-22°C occurred
betwsan June 13-17;_20-22; July 6-9; 18-22; 27- August 3rd, while there
wers only two psriods of 6 days leaf surfacs wetness, June 26-July 4;

July 12-19 (and thsse wers not continuously wst periods). Although it
is difficult to extrapolates bstwsen varietiss, the latent psriod would
bs-axpacted'to sxcesd 6 days.

In ths 1974/5 season there were no periods of continuous leaf surface
wstnass and ‘minimum temperatures sarly in ths ssasonwsera below 7°C. The
adverse drier conditions of thes second season are raflgctad in.tha rates
of and total amounts of infection which tend to bs much lower. Howﬁﬁer
ths % incréasa in size of sxisting lesions was greatsr. This may be a
rasult of ths inability of the fungus to produce pycnidia in dry con-

ditions and instead'increase mycselial growth.
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Field Experiment 2A 1974

An experiment, analagous in deeign and adjoining the winter wheat

trial, was set up using epring wheat cultivars.

The aim was to inveetigate the effecte and poeeible interactions of

inoculation dats, variety and leaf on development of S. nodorum

infection in epring wheat.

The particular cultivare ueed had shown variabls dieeaes rating/

yield lose rélatiunahipa in ths experimente of Sharp st al (1972):-

Cultivar Dieease rating - % Yield loes b
Bounty 208 19.0 54.1
B 519 12.4 22.9
Fortuna ' 22.7 36.8
S\Iennq 12-3 ’ 4308

® Total dieeaee rating based on a scale 1-9 each

for lesione on the flag leavee, sheathe and heads.

b % yield loss dus to disease in terme of grain yield/head,
thoueand kernsl weight and no. kernels/head.
Thﬁé-these cultivars ehow relatively high diseaee + high yield loee;
lam Hiaeaee + low yield loss; high disease + low yield loes; low
diseage + high yield losae.
-It wae of interest to know if the development of infection on
the various parts-of the plant could be related to the differential

responess to yield of the cve uysed.
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Whole clumps of ten plénte were inoculated at the following

growth etages:-

G.S. Feekes escale ~ Description

(Large, 1954)

6-7 ' Stem extension, 2nd node vieible
8-9 last leaf juet vieible |

10 in boot o

1Q.5 flowsring

There wae alsoc an uninoculated control.
The ten main culms in each clump were selected and the % of photosynthetic

area affected by Septoria nodorum was estimated viseually on the top three .

leaves and sar for each week after inoculation using the keye of
Brénnimann (1968a). | |
Meteorological data wag recorded as for the winter wheat trial 1A.
One replicate was abandoned due to poor grouwth ariéing from poor
soil and a very dry spring. Growth in the remaining plots was not
pérticularly vigoroue and so yield data wae not recordgd.
The raw data (which appears in the appendix 2R Tables 27-46) was
subjected to an analysie of variance on a whole plant basis and as
for the winter wheat trial the apparent infection rates ('f') fof
sach treatment cultivar/ieaf combination were determined on transformed

data using the van der Plank (1963) lage ( lfx ) transformation, where

'x! ig the proportion of tissue affected by S. nodorum. -

The mean weekly % infections for each varietx/treatment combination
are ﬁlotted in Figs. 21-25. These are followed by the analysiévof
variance F-values for the main effects and interactioﬁs 6f.the variabless

cultivar, treatment and leaf. (Table 18).
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Field Experiment 2A

Spring Wheat 1974

The Development of S. nodorum infection

- Kay to Figs. 21-5

A AT - Bounty 208
Y —eB B 519
- ki Fortuna
- —AS Svanno
Treatment No. , Inoculation at G.S.
1 6-7
2 8-9
3 10
4 ' 10.5

- Control uninoculated



Figure 21:~ Mean weekly % infection; Wwhole plants, Treatment 'I, spring wheat 1974
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Figure 22:- Mean weekly % infection; whole plants. Treatment 2, spring wheat 1974
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Figure 23:-' Mean woekly % infection; whole plants, Treatment 3 spring wheat 1974
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Figure 24:-

% Infection

0
Mean weekly % infection; whole plants, Treatment 4, spring wheat 1974
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Figure 25:- Mean weekly % infection; whole plants, .Uninoculated Control, spring wheat, 1974
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TABLE 18 - Field Experiment 2A

The effects and interactions of inoculation date, variety and leaf

on development of S. nodorum infection in spring wheat

Analysis of variance (whole plants)

F_values + level of significance

Days after
inoculation Variables . '
Treatment Cﬁltivar Leaf
10 13.28%*% (All trts.) 4D.77%+* 71.90%*
19 5, 40* 25.66%* . . B7.35%%
28 10.32* 19,56%* 119.1]1%*
35 10.72% 20,73%*" 156.58%*
42 28, 34%% . 16.00%* 238,64%*
49 17.08** (Trt.1-3+c) 56.2 , 301.56%*
56 13.42*% (Trt 1424c) . 20.89%* 248.81%*
Interactions
Days after
inoculation Variables
Treatment & Cultivar Treatment & Leaf Cui:;:ar &
10 ‘ 3.17% . .31 : 9,05%*
19 2028* X - 1064 2. 92**
28 2.11 1.50 ' 4,28%*
35 . 2092* DQS? ° 5044**
42 2.93% 2.10% 4,18%x
49 &.74%% C " 6. 10%* 8,D5%**
56 5.30%%*  A.49%w 5.35%*

= * gig. at 5% level
*% 0 L 1% "
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In treatment 1 (Fig. 21) and the control (Fig. 25) there ie a

relatiuely lﬁw linear rise iﬁ infection with a slight increase at the
end of the season for the more resistant cultivars, B519 and Svenno.
Bounty 20B shows a consistently higher level for most of the time.
In treatmente 2 and 3 (Figs. 22 and 23) there is a rélatiueiy steep
rise in ¥ infection, towards the end of the season, which occufs in
all cultivars. Bounty 208 is again the more susceptible and Svenno
the more resistant cultivar. |

In treatment 4 (Fig. 24) there is a highar initial level of
infection particularly in Bounty 208 indicating its greater suscepti-
bility to infection at tﬁisgrowﬂ1staga. Svenno stays at a much lower
1level of infection while Fortuna and B519 have similar, but inter-
mediate values.

The analysis of variance (Tqble 18) shows that these differences
in infection between treatments were significant throughout the season.

It is also svident from Table 18 that there are significant
diffarances between cultivars for all times following inoculation.
Bounty 208 and Svennp represent the two extramés in laaf>suscaptibility
and resistance respectively, and for all treatments and times this
relationship generally held trus.

The differsnce between Fortuna and B 519 which was marked in

detached leaf tests (Section I) was less apparent in the field.
While Fortuna had a similar or lower level of infection than B 519 in
the sarly part of the season for treatments 2-4, it tended to show a
.steep rise in % infection towards the end, resulting in higher levels
thaﬁ B 519.

This apparent reversal in % infection for Fortuna and B 519 was

not consistent for all treatments and is probably the cause of the

significant traatmant/cultivar interaction in Table 18.
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At 10 days after inoculation the ranking order for all treatments

except 3 is Bounty 208 (T) > Fortuna (F) > 8 519 (B) >
Suenno (s), while in treatment 3 (inoculation at G.5.10) the order
in T>F ~>s >s.

At 35 and 42 days for the control B 519 becomes ths most suscep-

tible cultivar, the order being B>T >F >S.

In contrast at 42 days treatment 2, 49 days treatment 2 and 3 and
56 days treatment 2,Fortuna assumes the position of most suscaptible

while the others vary: T >B >5, T > S > B. Thus thrb_ughout,
Bninty 208 is more heavily infected than Svenno, but B 519 and Fnrtuna.

vary in comparison. On the whole,B 519 is more resistant at the end

of the season and Fortuna mors susceptibls.

The prevailing meteorological conditions

In ‘relating disease development to the meteorological datav
(Figs.- 8 and 9) treatments 1, 3 and 4 (except Svenno) had near. optimum
lez: supfaces wetness conditions following removal of inoculation bags.
* The lsvel of infection on Svenno, treatment 4, is very much lowsr than
the other cultivars and may be a result of the sub-optimum nonditions
following bag removal.

The steep increases in infection at the end of July - beQinning
of August follow an eight day period of leaf surface wetness in'the'
third wsek of the month and coincide with higher minimum temperatnres.

Temperatures within the crop canopy were not measured because of

lack of equipment.
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Differences betweeh‘part of plant (averaged over cultivars

and treatments)

The progress of infection on different leaves and the ear following
inoculation is given in Fig. 26.\ The three leaves follow a similar
pattern of a gradual rise in infection up to 35 days and then an
increase after this time. The thid leaf has very much higher levels
of infection throughou£. The flag leaf and ear have the same level
of infection up to 28 days after inoculation. Infection on the flag
then rises mofe'éteeﬁly than that on the ear - which remains relatively
low. The diffarénces between lesaves are significant throughout the

season (Table 18).
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Apparent infection rates for individual leavee

The apparent infection rates for parte of plant/bariety treatment

~ combinations are given in Table 19.

The ranking order of 'r' for leaves across all treatments is given

below ('1' indicates highest value of 'r')

Leaf Cultivar

Bounty 208 B519 Fortuna Svenno
3 3 1 3 2
2 2 3 2 2
Flag 1 2 1 1

The ranking order for leaves of the cultivars across all treatments
is the same, there being a decrsasing gradient of 'r! doun ths plant,
except in the case of B519. In this cultiuar the highest rate of 'r!
is on the third leaf and lowest on the sécond leaf; the flag leaf having
an intermediate value of 'r!

The high value of 'r' for the third leaf of B519 compared to Fortuna
may explain the apparent greater susceptibility of the former cultivar
at the beginning of the season. |

Rs discussed in experiment 1A, the infeétioﬁ rates for ears are
based on late observations only and will,therafore)be considered
separately.

The high loss cultivars, Bounty 208 and Svenno,tend on the whole to
have rather higher 'r'values on the ears than laavas‘compared with the

low loss cultivars.

The overall ranking order for uarietiés is Bounty 208 ::> B519 =

Svenno ;;; Fortuna.
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Apparent infection rates 'r' of spring wheat (units.day‘l)
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Field Experiment 2A

Spring wheat 1974

: e
(calculated as the linear regression cosfficients of log _( 1fx Jon time
Treatment Leaf Cultivar
Bounty 2DB B519 Fortuna Svenno
1 3 0.1055 0.1435 0.0328 0.0998
2 0.0567 0.0968 0.0693 0.0760
Flag  0.1256 0.0652  0.0890 0.0912
_Ear 0.0458 0.0664 0.0500 0.1004
2 3 0.0814 0.0658 0.1077 0.0702
2 0.0508. 0.0591 0.1215 0.0737
Flag 0.1091 0.0722 0.1312 0.0807
Ear 0.0970 0.0896 0.0440 0.1145
3 3 0.0335 0.1698 0.0376 0.0413
2 0.0372 0.1587 0.1208 0.0829
Flag 0.0632 0.0837 ‘0.1209 0.1203
Ear 0.0815 0.1221 0.0456 0.0840
4 3 0.0943 0.2219 0.0734 0.0658
2 0.1211 0.1426 0.1468 0.0844
Flag 0.1436 0.0544 0.1539 0.0937
Ear 0.0276 0.0599 0.0205 0.0823
Control 3 0.0547 0.1503 0.0717 0.0940
2 0.0631 0.0885 0.1084 0.0898
Flag 0.1226 0.0980 0.0994 0.0901
Ear 0.0964 0.0364 0.0526 0.1027
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The former cultivar stands out ae having high values of !r!
'throughout, while the other three are rather eimilar.

The ranking order for treatmente acroee cultivare ie given below.

Treatment .Leaf
3 2 Flag Ear
1 1 3 5 3
2 4 5 2 1
3 4 2 3 1
4 3 1 1 5

Control 2 3 3 3o

A definite pattern is difficult to distinguish here, but generally
in the later inoculations, treatments 3 and 4, the infection ratee for
leaves tend to be greater indicating a greater susceptibility of the

plant at those times.
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Summary of infection data

~The overall seasonal means for treatments and varieties ars

presented in Table 20.

As in the winter wheat experiment the later treatments result
in hiQher average % infections than the sarlier onses.

The ranking order for varisties is Bounty 208 :)» Fortunﬁ ;;;
8 519 :)» Svenno, which is eomewhat different from the ranking.ofder
for infection rates. |

Svenno tended to have similar values of 'r' to 8519 and FoftUna,»
Thus the low mean % infection represents a lower initial level of
infection at the start of the season.

The levels of infection obtained did not correlate entirely with
experiments carrisd out in the laboratory with detached leaves (Section I),
in which Fortuna was very susceptible, Baunty 208 and Svenno siﬁilar‘but

less than Fortuna, and 8519 the more resistant..
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Field Experiment 2A

Spring wheat 1974

meang% S. nodorum infection for the season

Treatment Cultivar Mean
Bounty 208 B519 Fortuna Svenno
1 35.5 25.7 20.0 11.1 23.1
2 39.5 26.3 38.5 23.7 32.0
3 45.0 33.9 38.1 33.1 37.5
4 69.1 36.5 38.9 21.7 41.5
Control 35.0 30.5 22.7 17.0 26.3
fiean 44.8 30.6 31.6 21.3
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Field Experiment 28

As in the winter wheat trial (1B) a more detailed study

of infection development in naturally infected and artificially

inoculated plants was made, in order to assess in'particular the

relative importance of increase of lesion number and spread of
existing lesions. » |

The data was collected andpanalysed ag described in Field
Experiment 1B p.110 Figures 27-32 reprasant the increase in lesion
number and % infection for natﬁrélly}infacted and artificially
inoculated flag lsaves, second lééﬁes aﬁd sars on the four spring
wheat cultivars. The % of lesions exceeding 3 mm is tabulated in
Table 21.

The data from which the figures_are.prepared is given in

Appendix 2B Tablses 47-58.
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Field Experiment 2B

Spring wheat 1974

Detajled Study of Infection Development

Key to Figs. 27-32

Scale: Vertical axis 2 cm represents 10% infection .

2 cm n . 1,0 lesions/cm2
Horizontal axis 3 cm " . 1 day
A AT . Bounty 208
o— —aeB B519
= —F Fortuna
. — § Svenno

Each point on the graph is an average of up to five lsaves

(or ears) on five plants.
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Increase in % infection and lesion number for naturally

infected flag leaves of spring wheat, . 1974

Figure 27:-
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for artificially

' o,
Figure 28 Increase in % infection and lesion number
inoculated flag leaves of spring wheat, 1973
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Figure 29:- I[Increase in ~°/oinfecfion and lesion number for naturally
lnfectpd.,.2“d leaves of spring wheat, 1974
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Increase in % infection and lesion number for artificially

Figure 30:-
inoculated 2M9 leaves . of spring wheat, 1974
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Increase in % infection and lesion number for naturally
infected ears of spring - wheot, 1574

Figure 31:-
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Figure 32:- Increase in % infection and
‘ of spring

inoculated ears
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% lesions exceeding 3 mm

Field Experiment 2B

Spring wheat 1974

*Tima Part: Cultivar
Days Inoculation Bounty 208 B519 Fortuna Svanno
type
1 28.0 24.5 5 -
5(2) Flag 55.4 36.4 20 14.0
12(9) - Nat. Inf. 42.8 23.0 46.6 51.4
19(16)° 45.7 17.8 44.6 40.7
27(24) 49,3 11.2 43.6 40.9
33(30) 52.5 17.8 73.1 28.6
40(37) 53.3 17.0 - 20.7
Flag -
Art. Inocc.
1 44.2 12.1 56.8 -

5(2) 47.1 8.2 41.7 0
12(a) 54.8 8.7 44.2 24.5
17(16) 36.0 9.1 34.8 19.0
27(24) 56.9 15.3 45.7 11.3
33(30) 57.2 12.2 42.3 33.0
40(37) 60.8 - 77.1 35.0

2nd leaf

-Nat. Inf.

37.6 34.7 10.0 -

37.6 51.4 23.1 14.3
12 41.6" 34.0 50.3 44,1
19 43.7 41.3 45.0 42.9-
27 59.0 66.7 65.0 50.3
33 54.5 65.5 48.0 45.8
- - 47.3

40
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TABLE 21 Cont'd.

% lesions exceeding 3 mm

Field Experiment 2B

Spring wheat 1974

* Time Part  Cultivar
Daye Inoculation Bounty 208 B519 Fortuna Svenno
type
2nd leaf
Art. Inoc.
49.2 32.4 59.0 -
5 50.2 34.5 52.0 30.0
12 42.7 38.6 53.0 70.0
19 60.0 33.0 51.8 44,7
27 81.2 21.0 49.0 58.3
33 75.0 47.0 64.0 68.9
40 - - - 59.5
Ear
Nat. Inf.
1 0 - - -
5 (2) 57.6 1] 44,2 -
12 (9) 67.0 4 34.8 0
19(16) 57.4 39.5 57.2 50.0
27(24) 68.2 61.7 54.0 50.0
33(30) 66.2 35.0 57.2 45.8
-(37) - - - 39.8
Ear
Art. Inoc.
0 - 57.6 -
97.2 37.5 53.0 -
12 - 67.2 29.0 78.4 0
19 59.8 29.6 81.8 0
27 65.6 32.2 74.4 0
33 58.8 : 42.6 79.6 19.8
- - - 15.0

*

Figures in brackets are time for Svenno
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Infection on flag leaves

The flag leaves show a relatively slow rate of increase in lesion
number throughout the season (Figs. 27 and 28) with a steeper rise at
the end. Bounty 208 and B519 have higher numbers of lesions than
 Fortuna and Svenno, the latter cultivar having the lowest levels.

Increagse in % inféction in Fortuna; Svenno and BS519 is similar.
However, Bounty 208 ahdws a steep increase in infection from 19 days
and 5 days after inoculation in natufaliy infected and artificially
inoculated plants respectively, which can be éxplainad by an increasé
in the size of existing lesions. Frém,Téqu 21 it can be seen that
about 17% lesions exceed 3 mm in B519 while in Fortﬁna the figure is
about 77%. This is reflected in the fact that while B519 has more

lesions , it has a lower % infection since the lesionsare restricted.

Infection on second leavas

In naturally infected second leaués (Fig. 29) varieties shou
parallel increases in lesion number ﬁith B519 :> Bounty. 208 ':>
Fortuna . ::> Svenno. In artificially inoculated leaves however,
(Fig. 30) the order is changed. Svenno and Bounty 208 have parallel
low rates of increase while the other two culfivars show similar but
stseper and larger increases, with B519 exhibiting a sharp increase
at the end.

Increase in % infection for both types of infection parallels
that of increase in lesion numbers. But, while in artificially inocula-
ted leaves the% infection values are similar-for all cultivars up to
19 days after inoculation, B519 and Fortuna subsequently shou steep
incréasee in infection, while Bounty 208 énd'Svanno level out. Up to
19 days, therefore, lesions are smalléi 6n.B5l9 and Fortuna and then

size increases at a greater rate than for the other cultivars.
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Infection on ears

The nqmber of lesions in both naturally infected and artificially
inoculated ears of Svenno remains relatively low throughout the season.
(Figs. 31 and 32).Bounty 208 and B519 have similar numbers of lesions
for both types of infection. Fortuna, on the other Hand,shows a large
difference in lesion numbers on the ear, there being many more lesions
on the artificially inoculated compared to the naturally infected
(Figs. 31 and 32). '

% infection increases are analogous to the increases in total lesion
numbers for all varieties, except that there is a large difference
between infection % on Bounty 208 and B519, while they have almost
identical lesion numbers on artificially inoculated ears. This may Be'
explained by the fact that about 60-90% of lesions spread on Bounty 208

ears compared to only 30-40% on B519. (Table 21).

The prevailing meteorological conditions

Excepting a few days, the leaf surface wetness conditions (Fig. 8)
throughout the duration of the experiment were generally favourable to

the pathogen. This was also true for temperature (Fig. 9): minima

. around 10-11°C and maxima 17.5-21°C.



162

Statietical analyeis

The data for flag leaves was subjected to a multiple linear regres-
sion analyeie with % infected lsaf area the dependent variable and
number'lesion/bmz, % lssione ::>3 mm, internode 19ngth, and time the
independent variablee ae described in experiment 1B p.I23

The partial regreesion coefficiente for lesion number/bmz,_%.leeioﬁs_

:>3,mm and internode length on % infection are given in Table 22. |
The levels of significance are indicated.

Re in the winter wheat experiment, the regression coefficientifqr 
lesion number/crn2 assumes greateet significance in all cultivare with
the exception of Bounty 208. In this cultivar internode length is
significant. The regreséion coefficient in this case is negative
indicating that lees infection ie associated with longer internodes.

Increase in eize of lesione is significant for B519 and for Svenno
(naturally infected only). This is difficult to’ explain in the:case of

the former cultivar since on the whole the % of lesions exceeding 3 mm

wae rather low.
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Detailed study of infection

Partial reqression coefficients

(Dependent variable:

¢ infection)

Field Experiment 2B

Spring wheat 1974

Independent Leaf Cultivar
Variable _
Flag Bounty 208 - B519 Fortuna Svenno
Nat. Inf- ' . c
No. lesions/cm? 7.571 5.263%*  25,106%%*  18.030%*
% lesions >3mm 0.027 0.175% 0.012 0.154%*
Internode length -2,542 -3.835 -0.329 -2.322%
Art.lInoc.
Flag
No. lesions/cm> 3.666 2.637%%  10.717#**  5,562%
% lesions > 3mm 0.218 0.343%%% 0,118 0.121
Internode length -0.423 -0.199 -1.106

-5.232#
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Summary of infection data

A summary of data from the detailed study of infection for each
cultivar and variable is given in Table 23. =
Bounty 208 and Svenno show high and low levels of % infection

respectively, with BS19 and Fortuna intermediate.

Although BS19 has a greater number of 1esions/bmz than Fortuna,
the increase in size of lesions in the former is rather less, and thus
the total % infact;on'is less also.
=i In contrast(with the other  varieties, Fortuna shows a relatively -
greater increase iﬁ leéién nUmber/cm2 (2-fold) and size when inoculated
compared to natural infection. However the rate of infection in arti-
fically inoculated leaves of Fortuna is less than in naturally infected
ones. This may reflecf the success of the initial inoculation, which
results in a high level_bf infaction that does not then increase at a
high rate.

B519 and Sveﬁno have slightly less infection in the artificially
incculated leaves compared to naturally infected ones. More lesions
are developing in the former case but less of these increase in size.

Fortuna had ionger internodes than the other three cultivars which
were all similar. |

The lowsest iﬁfeqtion—rates occur on BS519, the low disease, low

1os§ cultivar, and the highest rates on Bounty 208, the high disease,

high loss cultivar.
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TABLE 23 Field Experiment 2B

Spring wheat 1974

Detailed study of infection

Summary table: (means for all variables on Flag leaves)

Variable Leaf Cultivar
Nat.Inf.
Flag - . . Bounty 208 BS519 Fortuna Svenno
% infection 24.72 14.28 12.00 10.28
(*r') (0.1006) (0.0323) (0.1135) (0.0509)
lesion No./cm? 1.13 1.40 0.68 0.69
% lesions > 3mm 47.60 21.63 32.67  33.13
Internode length 16.24 16.77 19.29 16.03
Art.Inoc.
Flag
% infection S 27.717 8.32 15.48 6.38
('r?) (0.0799) (0.0200) (0.0532) (0.0512)
lesion No./cm? 1.49 1.68 1.38 0.95
% lesion > 3mm 50.43 10.58 47.15 20.43
16.44

Internode length 16.57 17.20 24.98
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DISCUSSIGON

Uarietal‘effect on lesion development

The levels of infection ﬁbtained for Fortuna are rather lower than
expected from previous work (Sharpe et al, 1972) hﬁwever the other thres
cultivars emerge in..the.foreseen order; Bounty having overall highser
levels and infection rates and Svenno the converse.

Compared with the other cultivars, Forfuna tends to show a éfeater
wr @s wim mooincrease in % infection..at: the:-end .of the ssason, which may reflect a:

relatively greater increase in plant susceptibility at this timé.'AThé'
prevailing weather conditions,which were favourable at the end of the
season, may be another factor in this apparent increase in susceptibility.

In the detailed study of infection it was evident that the lomef
level of infected tissue in B519 compared to Fortuna, was due, not to.-
fewer lesions, but to a limitation .in the size of those lesions. Thus
B519, although not able to resist infection initiation, is able ‘to a
certain extent to restrict spread of the fungus within the leaf.

It;should»be noted that growth -of the spring wheat was rather poor,
owing to a late and then very dry spring. The resulting lack of plant
vigour may affect the varietal reaction. In the winter wheat the vigorous
crop of the second -season tended to exhibit higher levels of-reéistgnce o
tciinfsction.

The total amount of infection resulting from different inoculation

I '—dates-paralieled that of:the winter wheat; the early inoculation.apd

control resulting in less infscted tissue than the later ones. However,
the pattern of infection development was slightly different in that

there was an increase in % infection throughout the season with. a sharper

rise at the end.
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The differential response of cultivar to time of inoculation, may
be due to an interaction of the spead oF.maturing of vérietias with the
time of infection. (Pirson, 1960). Ah interaction of this kind was
reported by Williams and Jonss (1972) for the spring wheat cultivars
Opsl, Kolibri and Sterling. The effect here was largely due to differsn-
tial rasponserof infaction of B519 and Fortuna to inoculation dats.
Bounty 208 wasAglwayé more susceptible than Svenno. 1In gensral, for the
early inoculation énd control B519 ranks mors susceptible than Fortuna;
while in the later inoculations, particularly from 42 days after ihoculé-
tion onwards, Foftuﬁa>bacomas the most susceptible cultivar overall. The
apparent greater susceptibility of B519 early in the season may be due to
the relatively high ir' values on the third leaves. 1In Fortuna relatively
higher 'r!' values occur on the flag leaf which would tend to cause higher
% infection towards the end of the season.

In Fortuna the peduncle is relatively long and thus tha‘ear is held
high above the flag leaf. Under conditions of natural infection little
inoculum pasées up to the aaf and the level of infection remains louw.
Howsver, on‘diract inoculation of the ear the increase in lesion number
and spread, compared to natural infection, is very marked. This may
explain the interaction discussed above.

A direct corralatidn of the infection data with metsorological con-
di%ions is diffigult to establish. The rise in % infection occurs at
th§;end of the §easbn in favourabls weather conditions, but also when
the state of plant ras?stanca may be altered anyway. Of note is the
low level of disease oﬁ Svenno inoculated at heading, which is considered
a reiatiualy suscapfibib stgga; this may be a reflection of the dry

conditions following removal of the inoculation bag.
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The differential infection rates on various parts of the culm for
the varietiss may explain in part the différential yield effects of
the pathogen. Thus in the high loss varieties the infactidn rata on
the flag leaf and ear, which contribute mainly to filling the kernels,
are higher than on the rest of the plant. The converse is true for thse
low loss cultivars. Thus yield losé may be related to the valus of 'r!

for the flag leaf and ear, rather than the % infection per ss.
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SECTION 3:
STUDIES ON PRE- AND POST-FORMED ANTIFUNGAL

COMPOUNDS IN WINTER WHEAT
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Studies on Pre and Post-formed Antifungal Compounds in Uinter
Wheat Resietant and Susceptible to S. nodorum

Research into the role of antifungal compounde in disease reeistance

of wheat has so far been confined largely to eeedlings from 7-14 days
old, (Elnaghy and Linko, 1962; Knott and Kumar, 1972; Morgan, 1974).

In addition these authors were concqrﬁed almost exclusively with the

part played by the benzoxazinoné dafiuétiuea. That these compounde are
active againet S. nodorum hae been demonstrated by Morgan (1974); howsver
their presence in adult planté_uaa.difficult to establish, {Chigein and

Rozum, 1959) and their role in reeietance remaine an unariswered question.

Ihe presence of pre-and post formed inhibitors of S. nodorum in crude

and partially purified extracts of winter wheat tissuse of varying ages.

In the following experimente plants from the glass-house and fiseld
were extracted by two methods at differeht stages of growth. Firstly
tissues were plunged into boiling_ethanol so inactivating enzymes and
thus retaining the chemical regime of the intact plant with respect to
enzyme activity and in particular hydroiyaia. Alternatively tiséues
were macerated and left to Sténd for 3 hours at room temperature, eo
allowing maximum enzyme activity and in particular hydrolysis. The
crude and partially purified extracts were then assayed against spores

of S. nodorum in order to determine'the presence of any active substances.

- The times of extraction were chosen arbitrarily ﬁ but cover a number

of utages of plant growth.

1. Healthy week q;grseedlingé.

7 day old seedlings of the cultivar Maris Huntsman, germinated on
blctting paper in trays, were extracted by the method of maximal hydrolyeis
described in Materiale and Methods H2. The alcoholic extract, adjusted

to 60% ethanol was partitioned threeitimee against petroleum ether



171

(40-60°C boiling range), and then used in the Standard Droplet bioassay
with S. nodorum spores. (Materiale and Methods K.6).
The mean % germination and mean germ tube length of germinated

spores are given in Table 24.

TABLE 24 Growth of S. nodorum in nutrient solution containing

alcohol scluble substances from maximally hydrolysed

extracta‘of Maris Huntsman wheat seedlings

0ilution Mean % germination Mean germ tube
Length pm + S.E. .

Tissue conc. 0 0
(1g f.w t./ml)
x % 80 17 ¥ o.8
x 4 9D 26 ¥ 1.3
x 1/8 100 38 ¥ 1.7
x 1/16 100 36 I 1.7
x 1/32 100 91 I 4.8
Control 100 g9 ¥ 3.7
(Nutrient medium)

only

Thus healthy seedlings of the resistant cultivar contain substances
which, upon hydrolysis, are completely inhibitory to S. nodorum at

tissue concentration and below.

fowte = fresh weight

S.E. = Standard error of the mean



172

2. Healthy and inoculated 30 day old glass-house grown plants

Leaves of 24 day old plants of Maris Huntsman and Maris Ranger
were detached, set up in plastic trays and inoculated with droplets of
a 106 spores/ml suspension of S. nodorum as daecribed-in Materials and
Methods, D. There were also uninoculated controls. Six days after
inoculation the infected and control leaves of both cultivars were
extracted by the method of maximal hydrolysis.

_ The total.crude extract, .ether. soluble and water soluble subatanqes
(following partition, Materials and Methods J.1) were assayed héing‘the
Standard Droplet bioaseay.

The results are given in Table 25 and 26.



TABLE 25

Growth of S. nodorum in nutrient solution containing total crude

extract of maximally hydrolysed 30 day old plants, inoculated and

control of Maris Huntgman and Maris Ranger

Dilution

Mean % germination

Mean germ tube length um

Tissue conc

(lgrf.uut;/hl)

X % ‘
x %
x 1/8

Control
(nutrient m

only

MHI

MHC -~ MRI

MRC

MRT MAC - MHI MHC
. 8w o 4 25%1.7 25%2.2 0 15 ¥ 1.3
97 100 77 97 58%a. B2t41 22T2a :isze
100 100 - 100 122 ¥s5. 130% 6.0 - 73 ¥ 4.5
100 100 73 100 152 T6.9 164 Y46 361 3.2 123 % 4.7
100 100 100 100 173 % 3.3 177%f 4.3 115 8.3 156 L 6.8

edium)

Key

MR - Maris Ranger

MH - Maris Huntsman

I - inoculated

C - uninoculated control.

gLl
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(a) Total crude extract

(1) Healthy _ .
From Table 251t can be sesn that healthy 30 day old tissues

of both Maris Ranger and Maris Huntsman contain substances at tissus

concentration, which upon hydrolysis cause about 50% inhibition to

germination and 70-90% inhibition of germ tube growth. This inhibition
is maintained at x {_tissua concentration in Maris Huntsman and x %

L. el .

tissue concentration in Maris Ranger.

(ii) Infected

The infected tissue, on the other hand, was totally inhibitory
at tissue concentration for the resistant cultivar, but the sams as for
the control in the susceptible variety (Table 2 5). Throughout the
dilutions, for both cultivars, the infected tissue was more inhibitory
upon hydrolysis than the control tissue similarly hydrolysed. This was
more pronounced for the resistant cultivar in which at x%/btissua

concentration of the infected tissue extract, germ tube length was still

only 33% of the control.



TABLE 25

Growth of S. nodorum in nutrient selution containing ether eoluble

éubatahces of maximally hydrolysed 30 day old plants, inoculated

and _control, of Maris Ranger and Marie Huntsman

Dilution Mean % germination Mean germ tube length pm
MRI MRC MHI  MHC MRI MRC MHI MHC

Tiseue conc. 27 .40 0 57 16 % 1.6 18%1.8 0 16 11,2
(1g f.w t. /ml) :
x % 47 93 37 97 24 % 2.0 51 % 4.4 91,0 627 4.7
x 90 100 90 100 65 X 5.6 71%5.2 3i3z2 sisa
x 1/8 00 97 96 100 8%fa41 mIas 72f68 s0fe.s
~ Control 95 97 97 100 104-f3.6 10858 85I5.5 90%5.4
(nutrient médium) :

. _only '

Key MR - Maris Ranger I - inoculated
MH - Maris Huntsman C - uninoculatsed control.

SL)
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(b) Ether solubles

(i) Healthy

For uninéculated 30 day old leaves, the ether soluble substances
of maximally hyarolysed tissue of both cultivars gave about 50% inhi-
bitioniof germination and 84% inhibition of germ tube growth at tissue
concentration, and to a lesser extent at half this value(Table 26).
This Qas similar to or slightly less than the activity of the total

-crude extract, thus indicating some loss of activity on partitioning.

(ii) Infected

The inhibition of infected tissues was enhanced by sther partition
at tissue concentration and~x % , but the effect was not apparent at

'dilutions above this, particularly for the susceptible cultivar (Table 26)

(c) uater solubls

The water soluble partition of the 30 day old, maximally hydrolysed
extracts of inoculated and control tissue of both cultivars was not
inhibitory to S. nodorum growth. The active substances are therefore

all going into the ether fraction during partition.
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3. Healthy and inoculated 7 week old glasshouse grown_plants

The youngas£ fully expanded leaves of 7 weeks old plante for
both Marie Huntsman and Maris Ranger were set up and inoculated as
described in Materiale and Methode, D. Extraction by both minimal
and maximal hydrolysis was carried out six days after inoculation.
Uninoculated controls were also extracted. Standard droplet bio-
assays were set up using the total crude, alcohol, ether and water
aalubl&asubstancas{far sach variety control and tﬁa total crude, sther
and water solubles for the infecteds. |

The results are presented in Tables 27-29, except those for the

minimally hydroloysed inoculated tissue extracts which were lost during

experimentation.



TABLE 27

substances of minimally hydrolysed, 7 wesk old, healthx plants

-

Growth of S. nodorum in distilled water containing the total crude, alcohol, sther and water solubls

- _
" " Cultivar Maris Ranger Maris Huntsman
Zizti' Dilution x 2 Tissue Tissue x 2 Tissue Tissue
n conc. conce. x % x 4 Control conce. conc. x % x ¢ Control
Totall % Germina- _ _
qrudq' tion _ 83, 93 100 97 - 100 100 100 100 . 100 . 100
Germ tube o . o . ’ L . oo t
| length yom 63 ¥ 5.8 125 T14.0 m2%93122% 1.9 e9¥ 33 107%e.6 100% 81120296 158 T8.6 65 2.9 _
- - e - : S - - :
glizggl % Germina- ' L ‘
02uDi88  tion 90 93 100 . 100 90 0 0 70 90 91
Germ tube + + + + + + + +
length um 105 - 11.6 137 - 12.0 171 =-10.7 177 - 9.3 84 - 7.7 0 0 98 - 5.1 170 -10.9 78 =6.9
Ether % Germina- |
solubles tion 8o 100 100 100 a0 83 87 1) 1a0 100
Germ tube
length pm 31 ¥ 3.1 102%6.4 105%6.7 143286 76%6.5 55%5.5 103%9.6127% 6.3 133%6.7 87 % 5.4
Water % Germina-
solublses tion
Germ tube NO INHIBITIGON NO !I NHIBITION
length pm L
N.B« Control in distilled water



TABLE 28  Growth of S. nodorum in distilled water containing the #otal crude, alcohol ether and water soluble
substances of maximally hngplysad_ 7 wesk old, healthy lsaves

T~ -

il

Cultivar Maris Ranger Maris Huntsman
_ Parti- o
tion - Dilution X 2 Tissue Tissus X 2 Tissue Tissue
¢ conc. conc. x % x % Control . conc. ~ conc. x % x 4 Control
Total % Germina-
crude tion 43 83 86 90 90 100 80 90 100 100
Germ tube + + + + + .o + + + +
length um_ 12 - 1.2 34 - 2.5 105 - 9.5 131 - 10.9 92 - 5.9 103 = 9.6 68 = 5.5 109 = 7.7 158 = 9.7 43 - 3.7
Alcohol % Germina- : ‘ ‘
solubles tion 1] 63 80 90 90 0 33 63 90 90
Germ tube + + | + + + + + +
length pm 0 48 - 4,2 8l - 7f5 133 - B.l 111 - 6.6 0 22 - 1.8 58 -'5.2 139 -11.7 90 - 6.8
Ether % Germina=-
solubles tion 0 20 90 lUU_ 100 40 90 90 - 100
Germ tube | + + + + + + + +
length um 0 28 - 2.7 97 - 5.4 108 - 7.9 83 - 5.3 58 = 3.1 8l - 8.1 97 - 5.2 - 76 - 4.6
Water
Solubles NO INHIBITION

NO INHIBITION

AL

N.B. Control in distilled watser -



TABLE 29  Growth of S. nodorum in nutrient medium containing the total crude, ether and water soluble

substances aof maximally hydraylsed 7 week old; inoculated and control plants

Cultivar Maris Ranger Maris Huntsman

Parti- Tissue Tissue
tion conc. x % x ¢ x 1/8 Control _conc. x % x 4 x 1/8 Control
Infected % Ger=
Total crude mination 63 97 100 100 100 0 77 - 73 100

Germ tube ‘

length um 26 T 1.6 57 ¥ 1.9 122 ¥ 5.0 154 T 4.7 173 ¥ 3.3 0 21 Y 1.9 - 36 * 3.1 117 ¥ 7.4

| ®

Infected % Ger- , . o
Ether mination 27 47 90 100 . 95 0 37 ag 90 97
solublea' Germ tubs . . . . . . . . R .

length p.m 15 - 102 24 - 204 65 - 400 88 - 3.8 104 - 5-4 0 8-3 - D.B 30 - 3:1 72 - 6.6 85 - 5.4
Infectaed % Ger-
water mination NO INHIBITION NO INHIBITION
solubles '

Germ tube

length pm-

N.B.A Control in:nutrient madium

Cont'd XXX EK)



TABLE 29 (Continued) Growth of S. nodorum in nutrient medium containing the total crude, ether and water

eolUblé substances of maximally hydroylsed 7 weak oid. inoculafad and cbntrol plants

Infection Cultivar - Maris Ranger . , o Maris Huntsman
Parti- : Tissuse : Tissus
tion conc. x % x % x 1/8 Control Conc. x % x 4 x 1/8 control
Control % Germina- :
Total crude tion 57 100 100 100 100 40 a7 100 100 100 |,
Germ tube + + + + + + + + + +
length pm 25 - 2.1 82 - 4,0 124 - 5.8 163 - 5,2 177 - 5.1 16 - 3.8 37 =3.7 73 - 4,5 123 - 4.5 157~ 6.4
Control % Germina-
Ether tion 40 g3 100 97 97 58 a7 100 100 100
solublgs Germ tube 4

length pm 17 ¥ 1.3 s *28 7mta2 9%sn 107F39 16% 1. 62% 47 ssts.o ss¥s.e 90t s.s

" Control % Germina-
water tion NO INHIBITION NO INHIBITION
solubles
Germ tubs :
length um

N.B. Control in nutrisnt medium.

LaL
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Effect of extraction method on inhibition

The method of extraction appears to have little effect on inhibi-
tory substances of Maris Huntsman, while in Maris Ranger, maximal

hydrolysis gives more activity than minimal. (Tables 25 and 26). -

Solubility of inhibitory material

In all cases the inhibitory material goes into the ether and not
the water partition; The inhibitory affect is enhanced in most cases
after petroleum ether partition, except for the minimal hydralysis,’

Maris Ranger extract, where all inhibition is lost.

Effect of infection on inhibition

The infected tissue axtrécta, particularly for Maris Huntsman show
higher levels of iphibition at the x 4 and x l/b dilutions over the
uninoculated control tissue extracts.

The rather low values for the controls, arising from.the fact

that distilled water and not nutrient medium was used, tends to diminish

. the apparent effect of the inhibitor. At the high dilutions of-the -

extracts the stimulatory effect of nutrients present overcomes possible
inhibition. Thus when estimating % inhibition it is better to compare

the low dilutions with the highest dilution, rather than the control.

Effect of variety on inhibition

Overall Maris Huntsman tissue extracts are more inhibitory than

the corresponding Maris Ranger ones.
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4, Healthy, Naturally Infected and Inoculated field grown material

of 6 month old wheat

The youngest fully expanded second leaves, and naturaliy infected
lower leaves of the culiivars Maris Ranger and Maris Huntsman were
excieed from 6 month old field grown planfs (in April) and extracted
by the method of minimal hydrolysis. Further, youngest fully expanded
leaves of both cultivars were excised and set up in plastic trays for
inoculation with S. nodorum as described in Materials and Methods, D.
Five days later the leaves, inoculated and uninoculated controls were
extracted by ths mathod of minimal'hydroiysis. Standard droplet bio-
assays were set up using the total extraét in 60% alcohol following

petroleum sther partition. The results of these bioassays are summar-

ised in Tables 30-33.
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TABLE 30 Growth of S. nodorum in nutrient medium containing the

60% alcohol eoluble substances of minimally hydrolysed,

healthy, youngest fully expanded leaves of 6 month old

fisld grown plants.

Dilution Mean % germination Mean germ tube length pm
M. Ranger M. Huntseman M. Ranger M. Huntsman
x2 Tissus 53 N 1415 45t 3.
conce.. '
Tissue conc. - 90 60 96 ¥ 4.7 57t 3.9
(1g f.u t./m1)
x % 97 73 178 T 4.4 90 ¥ 4.3
' + +
x % 100 87 185 = 5.3 112 = 5.0
Control in 100 97 111 ¥ 8.2 87 ¥ 7.0

nutrient medium

Tabla 30 shows that both cultivars contain substances at tissue
concentration active against §. nodorum. The resistant cultivar has
a markedly higher inhibitory effect on germination comparsd to the

susceptible ona.
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TABLE 31 Growth of S. nodorum in nutrient medium containing the

60% alcohol soluble substances of minimally hydrolysed

healthy 2nd lsaves of 6 month old field grown plants

Dilution Mean ¥ germination Mean germ tube length pm
M. Ranger M. Huntsman M. Ranger M. Huntsman
' + +

x Tissue conc. 77 77 55 X 4.3 71 ¥ 5.0

Tissue conc 90 T 97 86 ¥ 5.8 116 ¥ 6.0
1g f.w t./ml

x % 97 97 132 ¥ 6.5 162 T 7.7

x 4 93 93 155 ¥ 8.7 169 ¥ 7.8

Control in 97 97 111 6.2 124 ¥ 5.9

nutrient medium

From Table 31 it is apparent that in second leaves the susceptible
cultivar, Maris Ranger, appears to contain slightly more activity
‘against S. nodorum than does Maris Huntsman. However, in both cultivare

activity is less than for the younger lsaves (see Table 30).
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TABLE 32 Growth of S. nodorum in nutrient medium containing the

60% aocohol soluble substances of minimally hydrolysed,

naturally infected, 4th and Sth_lsaves of 6 month old

field grown plants

Dilution Mean % germination Mean germ tube length pm
M. Ranger M. Huntsman M. Ranger M. Huntsman
x 2 Tissue conc" 67 30 23t1.7 - 2%s4a
Tissue conc’ 83 60 37 % 2.0 44 ¥ 5.3
lg f.u t./mi
x % 90 80 a8 T 3.6 49 5.1
x + 97 87 54 1 4.2 66 ¥ 5.6
+ +
CLontrol 90 90 70 - 6.5 58 -~ 4.5

nutrient medium

It is evident in Table 32 that Maris Huntsman is causing a
greater inhibitory effect on germination, while Maris Ranger has a
elightly greater effect on germ tube length. 1In botn cultivars the
effect is slightly greater than for the uninoculated 2nd leaves
(Tablee 30 and 31) excepting Maris Ranger, youngest fully expanded

leaves (Table 30) which has the highest level of inhibition of germ

tube length.
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TABLE 33. Growth of S. nodorum in nutrient medium containing the

60% aocohol soluble substances of minimally hydrolysed

youhdast>leaves of 6 month old fisld groun plénts

5 daya after inoculation

Bilution Mean % germination Mean germ tube length'pm.
MRI MRC MHI MHC MRI MRC MHI . . MHC

Tiseus tonc" 93 67 77 73 83%69 o1tss 39far 39t
1g f.wit./hl’ L
x % 93 100 98 90 754.9 9259 86%7.9 8eI7.7
x3 93 100 100 93 110 £ 5.4 108 ¥ 6.0 105 6.3 73 % s.2
Control 97 100° 93 97 96 % 6.6 101 ¥ 4.9 105X 6.2 1017 6.8
nutrient : : |
-medium

ﬁKey MR - Maris Ranger I - inoculated

Tj MH - Maris Huntsman C - uninoculated control

In bpmparing Tébleé 32°and 33 it can be seen that the artificially
inoculated tissus is slightly more inhibitory than the naturélly infected.

Activity of the inoculated tissue against S. nodorum is similar to that

‘of the uninoculated control &nd activity is greater for Maris Huntsman:

);fA summary of Tables 24-33 - S. nodorum inhibition by cruag‘ah&;‘
bartially purified extracts of'healthy and infected, maximally énd‘mini—
mally hydrolysed wheat tiésue‘of'varying ages, is given in Ta61§T34.f -
The relative acﬁivities of the various extracts are represented in pfdér

to give a simple visual comparison.
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TABLE 34

Summary of S. nodorum inhibition by crude or partially purified

extracts of healthy and infected maximally and minimaliy hydrolysed

wheat tissue at varying ages

Age Infection Hydrolysis Partition Cultivar inhibition

Maris Huntsman Maris Ranger

7 Days H m AS ++4+ -
3o * E A TC +++ +H+
A X ES 4+ ++
7 week L I. TC + ++
T n 1) As 4+ ++
H u ES + +
Y M 2) TC -+ H+
ES 4+ ++
30 days 1 TC -+ +++
N ES -+ +H+
7 week F TC bt ++
E ES -+ ++
c
T
E
D

Cont'desees
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TABLE 34 (Continued)

Summary of S. nodorum inhibition by crude or partially purified

extracts of healthy and infected maximally and minimally hydrolysed

wheat tissue of varying ages

Infection Hydrolysis Partition Cultivar inhibition

. Age
' Maris Huntsman Maris Ranger
7 wesk H ‘M TC o+ 0
E I AS -+ +
A N ES + +
6 month L I AS + : +
young '
leaves T n
Older H u AS + +
leaves
Young Y n
leaves
(detached
S days) AS ++ +
6 month Naturally AS + +
Infected
Artificially AS ++ +
Inoculated :
Key  ++++ 100% inhibition of germ tube length TC - Total crude extract
4+++ 75-00% " LA B " AS - Alcohol soluble
substances
++ 50-74 % " L " " "

ES - Ether soluble
<::50% " LA B " substances.
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Summary

Effect of extraction method on act;!;ty of extracts

Overall the tissue extracts which were allowed to hydrolyse
contain the highest levels of inhibifion - generally over 75% inhibi-
tion of germ tube length at tissue concentration. One éxcaption is
the minimally hydrolysed, alcohol solubles extract of héalthy 7 wesk
old Maris Huntsman leaves, which is totally inhibitory. The total

crude and ether soluble fractioms of this extract were however only

slightly inhibitory.

Effect of infection

For the maximally hydrolysed extracts, infection of tissue leade
to slightly higher levels of inhibition. 1In minimally hydrolysed
extracts however, there is only slightly greater actiuity'in infected

tissue compared to the uninoculated healthy tissue.

Effact of variety and aqge of tissuse

Maris Huntsman, the resistant cultivar has slightly higher levels
of inhibition compared to Maris Ranger. Age of tisauebéppears to have

little effect on the activity of extracts.
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Chromatographic separation and assay of pre-and post-formed
antifungal compounds in wheat

In the preceeding pages the presence of antifungal compouhds in
wheat tissue has been sstablished. The next step was to attempt to
purify and characterise the compounds by thin-layer chromatography and

UV spectral analysis.

In locating antifungal activity on chromatograms an assay.technique
ie requirsed that should be relatively fast to minimise poasible dacom-
position of compounds. One method of location is the direct grquth of
the fungus on the developed chromatogram. However,6 the lack of pigment
in S. nodorum which makes visualisation difficult and moreover, the
relatively slow growth of the fungus, render it unsuitable in direct
assay of chromatograms. The agar imprint bioassay of Morgan (1974) is
open to errors from differential diffusion of compounds and in addition
the slow growth of S. nodorum maximises possible chemical breakddwn.

It was thus decided to utilise the sensitive non-pathogen,'

Cladosporium sp, whose fast growth and dark green pigmentation makes

'viaualisation of assayed chromatograms rslatively quick and simple.

Strips of developed chromatograms can be assayesd with Cladosporium

while the remainders are stored in the desp freeze to minimisa_chemical
decomposition. These can then be sluted for spectral analyses and

Standard droplet bioassay with S. nodorum.
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Preformed inhibitors present in healthy intact wheat plants

In using the extraction method in boiling alcohol the chemical
regime with respect to enzyme actiQity in the intact leaf will be
maintained, and it should then be possible to determine the presence
of compounds which are immediately antifungal.

The boiling of tissue ueed in the extraction method may inactivate
inhibitory égbstahceé which are not thermostable, although, the inhibi-
tory substancas'obtainad from the method of maximal hydrolysis are
stable aftaf.boiling for 5 mins. However, it cannot be assumed fhat

the possible inhibitory compounde in the tissue are thermostable and

" extraction at temperatures below which enzyme activity is nil would

be necessary to confirm this.

" Healthy 1-3 week old field grouwn plants of Maris Ranger and Maris
Huntsman wgfa extracted by the method of minimal hydrolysis. The sther
and water splUbla substances after partition against petrdlaum ether
were chromafogrammad at 1g f.u‘t./hm, and run in 5% methanol in chloro-
form. [Following development, strips were cut from chromatograms and
Cladosgoriqm assays set up. (Materials and Methods, H, J and K).

In all cases thé water soluble substances were rather gummy and
did not run well if ét all. Changing the solvent system to a more
polar mixture did,nbﬁ help in the separation of those water soluble

cubstances.

The Cladosporium assays are summarised in Table 35.
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TABLE 35 Inhibition of Cladosporium on chromatograms of the ether

and water soluble substances of minimally hydrolysed

healthy plant sxtracts

Age Water Solubls Ether solubls
(Weeks) MR MH MR ~ MH
1 None + ' Nons Nonse
2 ' "+ + ‘ None Nons
3 + ++ None None

+ represents rsl.amount of inhibition

In all cases the inhibition occurred at the origin and it
constituted an area of less dense growth, rather than complste
inhibition. Thers was no inhibitory material in the ether
soluble partition. The presence of the benzoxazinone glucoside
in both cultivars was confirmed for wesek 1 by a blue reaction with
FB Cl3 spray at the water soluble origin. There was no positive

colour reaction in the subsequent wesks.
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Figure 33:- UV spectra in ethanol of antifungal

1 week old wheat leaves

a- FeCl, +band Ry 063

O.D

L) T )
240 260 280 300 nm

b - RF 0-8-1.0

0.0

T T T T i
240 260 280 300 nm

substances

from
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2. The Potential antifungal compounds present in healthy wheat plants

The extraction of plants by maximal hydrolysis‘givss some geti-
mate of the potential of antifungal compounds within the healthy
intact plant, which might be released upon infaction;

Glasshouse grown plants of the cultivars Maris Huntsman and
Maris Ranger were extracted by the method of maximal hydrolysis each
week for 5 weeks, after planting. Both the ether and u;tsr solublse
substances were chromatogrammsd, run in 5% methanol in chloroform

and Cladosporium assays set up as described in Marerials and Methods,

HJ and K.

As in the previous experiment the water soluble substances were

almost impossible to chromatogram and develop owing to their gummy
nature. In all cases they proved almosttotally inhibitory at the
origih, but stimulated growth to a large extent around this area.
(see Plate 11). This inhibition increased with time and was generally
greater for the resistant cultivar.

For the ether soluble substances (also shown in Plaéell) therse
was an inhibitory zone behind the solvent front, which occurred at
all times. In addition, for the week 1 extraction there was a narrow
pink pigmented band at Rr 0.63, which possessed some antifungal
activity. On spraying with ferric chloride spray this band turned
violet-blue indicating the presence of a benzoxazinone derivative.

Both the ether soluble inhibitory zones for week 1 were eluted,

'their UV spectra obtained (Fig. 33) and Standard droplet assays set
up.with S. nodorum spores (Table 36).
.Th@ positive ferric chloride reaction and the characteristic UV

spectrum of (a) Fig. 33 confirm that it is the benzoxazolinone

aglucone.
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Plate 11:- CladosEorium assay of ether and water soluble substances

from 5 week old glasshouse grown plants of wheat
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TABLE 36 Growth of S. nodorum in nutrient solution containing

the two ether soluble Cladosporium inhibitors from

week old wheat plante

Dilution Mean % germination Mean germ tube length um
Inhibitor R ~ - 0.63 . 0.8-1.0 D.63 0.B - 1.0

x 2 Tissue conc” 43 0 20 % 1.9 0

Tissus conc” - . '87 1l 16 ¥ 1.7 g ¥ 1;8

1g f. wt. /ml |

x % 93 . o 56 * 3.4

x ¥ 90 60 72 % 3.8 24 ¥ 2.9

x 1/8 87 - 85 ¥ 4.7 -

Control .83 .90 79%¥36 83ts.7

nutrient medium

Thus, both zones of inhibiﬁion from the week 1 extract, that of
the benzo#azinone aglucone and the compound(s) behind the solvent
front, are considerably active at tissue concentration. against
S. nodorum.

In the extractslfrom 2-5 week o0ld plants there was no poeitive
blue colour reaction with feCl3 at Rp 0.63, which indicated the absence

. However the

of the benzoxazolinone dgrivatiye. RF corresponding to the benzoxazinone
aglucone.uaa;eluted.—:The UV spectrum had be?ome a single peak, and the
antifungal activity was loat; The activity behiﬁd the solvent front
persisted for the duration of. the expsriment. In order to determine

-if this-band was more:than one compound the ether soluble substances

wera run in different éolvente. The RF valuss obtained are ligted in

Table 37.
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TABLE 37 .EF.Ualuea of ether soluble inhibitors from 2 and 3 ueek.

old maximally hydrolyaed wheat plants

Solvent system .RF
54 methanol in chloroform 0.80 - 1.00
10% u n ‘ 0.50 - 0.85
10% Diethyl ether in petroleum -
ether ' - origin
50% chloroform-acetone 0.55 - 0.85
50% cyclohexane-ethyl acetate 0.40 - 0.60

The chloroform-acetone (50:50) system gave the better separation;
although the zone was continuous it appsared to be composed of 3-4
bands. (Plate 12) R. 0.59, 0.69 and 0.76 approximately. These
bands will be referred to as A, B, C respectively.

A, B and C from the ether solubles were eluted, as was the water
soluble inhibitory zone, UV spsctra obtained and S. nodorum assays
set up.

Ths UV spsctra in ethanol are prsssnted in Fig. 34.

The spore droplet assay results of the eluates A, B and C are

given in Table 38.
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Plate 12:- Antifungal zones on Cladosporium assay of ether soluble

substances from 2-3 week old plants of wheat cultivars

Maris Ranger and Maris Huntsman, grown in the glasshouse

SOLVENT FRONT

ORIGIN
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“‘Figure 34:- -UV spectra in ethanol of Inhibitory areas from ether

& water solubles of maximally hydrolysed, healthy,
2-3 week old plants
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TABLE 38 Growth of S. nodorum in nutrient medium containing

ether soluble inhibitors from maximally hydrolysed

2-3 week old, healthy wheat plants

Mean % germination Mean germ tube length pm

Dilution A B C A B c
Tissue conc” 90 90 0  4a5% 4.3 66 % 5.1 0

lg f.U't./l‘nl

x % 90 90 0 66 ¥ 5.2 93 ¥ 8.3 0

x $ - - 80 - - 29 ¥ 5.1
x 1/8 - - .80 - - . 4835
Control + + +
nutrient medium 100 90 93 79 - 7.6 88 -12.5 88 - 5.8

There was no inhibition of S. nodorum by the Cladosporium

inhibitory substance(s) eluted from the water solublaes origin. The UV
spectrum of this substance(s) is given in Fig. 34 (b) - it has only a

broad peak around 260nm.

It was noticeable in the S. nodorum assay that for zone { many of
the spores had produced two germ tubes, while for zone A there was
comparatively more branching of the germ tubes.

From Table 38 it is evident that the band with the highest H%, c,
is wost inhibitory to S. nodorum growth. This may be a reflection of

tha higher concentration evident from the UV spectrum (Fig. 34).
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3. Antifungal compounds in artificially inoculated wheat plante

regsistant and susceptible to S. nodorum

The youngest fully expanded leavee of field grown plante of Maris
Ranger and Maris Huntsman, 22, 29 and 43 daye old,were detached and
inoculated as described in Materiale and Methods D. Uninoculated
controls were also set up. The leaf tissue was extracted 7 days after
inoculation by minimal and maximal hydrolysis. vTﬁq“formér method enabled
the amount of.hydrolysie due to infection to be estimafed, while the
latter gave an estimate of the pool of potentially‘antifqngal compounds.
present. The diethyl ether soluble fractions for the different times

were bulked, loaded at lg f.w t./ml and run in 10% chloroform in metha-

nol and 50% cyclohexane in ethylacetate. Cladogporium assays were set
up on the developed chromatograms. In view of the difficﬁlty of appli-
cation and-deuelopment and the lack of activity of the water soluble
substances it was decided not to chromatogram them. |

The results of the Cladosporium assays are rebfesented diagram-
matically in Fig. 35. Fig. 35(a) shows that under minimal hydrolysis,
for both varieties, inoculated and controls, there was an inhabitory
zone occurring at Re 0.42 - 0.55 in 10% chloroform in methaﬁbl. This
band will be referred to as A. In 50% cyclohexane/bthyl acétate the
band split apparently into 2 for the Maris Ranger infeéted extract,

R 0.09 and 0.18. The Maris Huntsman control had one band at 0.18,
while the inoculated and Maris Ranger control had ohe band at 0.09.

For the maximal hydrolyses the Maris Ranger infected gxtract gave
inhibitory zones corresponding to those for minimal above (Fig.‘36).
The femaining 3 extracte, however gave inhibitory zoneg.at’RF 0.75 - 0.91
in 10% chloroform in methanol and RF 0.41 - 0.65 in §0% cyclohexanq/

ethyl acetate. These bands will be referrsd to as C.
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KEY TO FIGURE 35

POSITIONS OF INHIBITORY AREAS IN

10:90 METHANOL : CHLOROFORM

= 50:50 CYCLOHEXANE:ETHYL ACETATE

MARIS RANGER
MARIS HUNTSMAN
CONTROL

INOCULATED
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Figure 35:- Diagram of Cladosporium: assay on chromatograms of
ether soluble substances from inoculated & uninfected

leaves, 4-7 weeks old
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Thus in the intact plant, whén the chemical regime is maintained
by eliminating snzymic activity, there is no apparent difference between
cultivars whether inoculated or not; they all contain the inhibitory
‘zone A. However on maximal hydrolysis Maris Ranger infected tissue
still contains zone A, while for the other extracts the inhibitory
areas correspond to C. Thié anomaiy'of the maximally hydrolysed
Maris Ranger extract cannot paédily be explained.

The inhibitory aresas A and C were eluted and the UV spectra

obtained are shown in Fig. 36. -

The R_ values for these-substances correspond to zones A and C

F
respectively from the preceeding experiment, although the UV spectrum

for A is different.
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Figure 36:- UV spectra of inhibitory zones in ([noculated &
' control leaves of fijeld grown wheat

Maris Ranger—~ max. hyd. Inf.
" min: " u +cont
] ﬂ Maris Huntsmen - © u " u
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The inhibitory zone A giving the well defined double peak was

bulked and part re-run in ethyl acetate: cyclohexane. Under UV light

“ ‘there was a violet band corresponding to the origin where the compound

— % i mm o

occurred. The origin was eluted and a further UV spectrum obtained.

~ This gave the same double peak showing relative stability of the

compound(s).
Other portions of the bulked inhibitory zone were run in the

’

following solvents.
(1) Butanol:acetic acidswater (BAW) 4:l:l
(ii) Chloroform:acetone (CA) 50:50

(iii) Chloroform:methanol (CM) 90:10 (check)

-The chromatograms were observed under UV light and the violet UV

absorbing area marked with pencil. The developed chromatograms were

then sprayed with alkaline potassium permanganate in order to possibly
characterise the compound.

- In

(i) BAW a yellow spot appeared ahead of the UV band at: Rc 0.75

(ii) cA " " n behind at R. 0.20
(iii) cm the " and UV band coincided at Re 0.50
A further chromatogram_was run in (i) BAW and the UV band and

'vallow spot'! area eluted and UV spectra obtained. The former still

the characteristic double peak while the latter gave only a gradual

rise with no obvious peaks.
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TABLE 39

Summary of chromatographic ssparation of pre- and post-faormed

antifungal compounda in winter wheat (G.S. 1-4)

Growth stage Infection . Hydrolysis Part. Cultivar + Zons inhibition

Maris Huntsman Maris Ranger

1-2 Ho Min seedling
- just None None
E forming
. tillers
A o
1-3 ’ Max n ABC ABC
L and
: 3 tillers
T
H
Y
2-4 A H Min " A A
- up to 4
R E strong
tillers
- T A ‘
2-4 | Max - " c c(n)
I L
+
N T
0 H
cC Y
| A - 0.59 ) .
Zone RF ' ) in chloraform sacetone 50:50
" g - R_ 0.76 )
F )

From the experiments so far, summarised in Table 39 above, there

~ do not appear to be any immediately available antifungal compounds in
healthy plants up ta 3 weeks old. However there are substances,

which upon infection, or under maximal enzyme activity, become active.
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4. Antifunqal compounds at various growth stages in healthy and

naturally infected field grown

winter wheat planté'

This experiment was set up to determine the presence and relative

levels of antifungal compounds

throughout the season in field grouwn

plants resistant and susceptible to S. nodorum, and if possible to

gvaluate their importance in adult plant resistance in the field.

Plant material was collected from .the 1975 winter wheat. trial

planted in Uctbber, and details of which are given in Materials and

" methods L.

Material of Maris Huntsman and Maris Ranger, at the following

growth stages was extracted by

the methods of minimal and maximal

hydrolysis:-
Growth stage Parts extracted Infaction
o-7 Stem extension (1) youngest fully expandsd
1leaf (2nd) uninfected
(1i) next youngest fully
expandad leaf (3rd) "
(111) basal lsaves (4™'x 5%%)  infected
10 in boot (i) flag leaves & sheath infected & un-
infected
(ii) unemerged
ear uninfected
11 ripening (i) flag leaves infected
(1i) 2nd leaves "

(1i1)

8ars
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The diethyl ether soluble substances in all cases were chromato-
grammed at lg f.wt/Em and run in 10% methanol in chloroform.

Cladosporium assays were set up on strips while the remainders of

chromatograms were stored in the desp freeze. AS.SODnvéS any inhi-
bition was visible on the assay strips, usually af£9r32-3 days, fha
corrgsponding arsas on the stored chromatograms were eluted, UV
spectra recorded and Standard droplet assays set uﬁ usiﬁg S. nodorum

spores. (Matsrials and Methods, H, J, and K.)

The Cladosporium assay rssults are summarised in Table 40.

Although it may be a gross over-simplification, the inhibitory zones

have been divided into 3 bands occurring at RF 0.50 - 0.60 ="A

0.62 - 0.73 =B and 0.74 - 0.83 = LC. Thus the bands B and C were
continuous, while A was very definitely separate and behind. Plate

13 shows tie zones A - C for infected flag leaves of Maris Huntsman

at ripening.
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Plate 13:- Antifungal zones on Cladosporium assay of ether soluble

substances from flag leaves of field grown wheat at G.S. 10.5

SOLVENT FRONT

~ ORIGIN



TABLE 40 Cladosporium inhibition by ether soluble substances from
Minimally and maximally hydrolysed, healthy and infected
field grown winter wheat at various growth stages

G.S. Infection Hydrolysis Part Cultivar and Inhibitors
' of
culm. .
Maris Huntsman Maris Ranger
.6-7 NO M 2nd
: ' 1 leaf (R) None
1
10 N N Flag None None
10 F- I Ear
: E n unemerged None None
10 C U Flag
T n proximal
portion of None -
I infected
o leaf
11 N Flag Nonse None
11 Ear B None
6-7 70% n ath/5th leaves None None
ig 30% I Flag (c) (A)
' N
11 50% 1 Flag (A) (n)
11 - 50% m Ear (B) (8)(c)
U
y]
Key ' Inhibitory Rp  in 10% methanol in chloroform
A 0.58 - 0.61
“© B 0.62 - 0,73 Letters in parenthesis indicate. only

C 0.74 - 0.83

trace of inhibition on chromatogram.

Cont'd.....
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TABLE 40 (Continued)

Eladosgpriﬁm inhibition by ether soluble substénces from

minimally and maximally hydrolysed, healthy and infected

field grown winter wheat at various growth stages

G.S. Infection Hydrolysis Ps:t Cultivar & Inhibitors
culm
rearrriroon oL Maris Huntsman Maris Ranger
10 NO Iy Flag A B A B
10 I A Flag B (c) -
N X " “proximal
I portion
F of infected
M leaf
E
10 C u Ear
T m unemergéd (c) (c)
i1 I flag B C B C
13 o Ear  ABC ABC
: N _
6-7 70% m 4th and Sth
A leaves C
10 30% X Flag (A) B C () B C
11 50% 1 Flag ABC A B C
11 50% " Ear ABC A B C
u
|

Key Inhibitory R in 10% methanol in chloroform .
A D.58 - D.61 Letters in parenthesis indicate only

B D0.62 - 0.73 _ trace of inhibition on chromatogram
cC 0.74 - 0.83
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From Table 40.it can be seen that in general the inhibitory zones
are the same for both cultivare, there being no obvifus qualitative
difference except for heal#hy minimally hydrolysed ears of Huntsman
which contain an inhibitor(s) which is not present on the corresponding
ﬁaris Ranger chrumatogram..

On the whole, healthy minimally hydrolysed léaves contain no inhibi-

tory compounds, while the corresponding infected tissues have some
activity corresponding to zones A and C. This suggests that A and C
--arc hydrolysed upon infeétion of leaves. The minimally‘hydrolysed,
infected ears contain B in addition to some C.

-As expected from previous experiments the maximally hydrolyeea
iwaithy tissues contain relatively more inhibition corresponding to
zones . -B and C, with some A. The infected maximally hydrolysed
tissues contain éll three compounds A, B and C.

Thus compound(s) A does not occur free in intact tissues but is
a product of hydrolysis, released when leaves become infected. The
relatively lower levels of A for healthy maximally hydrolysed leaves
tends to indicate that A is hydrolysed by fungal, or host-induced
enzymes rather than by plant enzymes in macerated tissues.

B appears in maximally hydrolysed leaf extracts only and is thus
a product of host enzymic hydrolysis and not due to the fungal enzymes.
B doés occur in minimally hydrolysed infected ears suggesting that the

fungus can per se, or by host induction, hydrolyse ths precurser in

this tissus.
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~

C! like A, is a product of hydrolysis relsased upon inféction and
tissue mace?ation}of both ears and leaves. In maximum hydrolysed un-
emerged ears only traces of C are prasen@, vhile after emsergence all
three bands are prasant. For the flag leaves,A and B ars present at
G.S5.10 and then B and C at G.S5. 11. Thus there are qualitative

differsnces in the compounds at varying ages.

The Standard droplst bicassay results for the eluted Cladosporium

inhibitors with aciivity are summarised in Table 41. Eluates which
were not active are omitted. The corresponding band (Tabla'40) is
included in brackets.

The area of inhibition on the chromatogram is diractly'propoftional
to the .inhibition of S. nodorum germ tube growth (except for maximally
hydrolysed, infected Maris Huntsman flag leaves at G.S. 11 and minimally
hydrolysed, infected Maris Ranger ears at G.S.ll.). Thus maximally
hydrolysed and infected tissue extracts are mors inhibitory than mini-
mally hydrolysed and uninfected tissues. Activity is slightly greater
for Maris Huntsman axcept for maximally hydrolysed infected flags and
minimally hydrolysed infected ears, both at flowering.

The three zones A - C all exhibit some activity. Their.affects
are not addibitjive and the relatively large amount of inhibifion when
all three are assayed together suggests a synergistiq‘éffact.

Germination was not on the whole greatly affected; inhibition being
14ss than 30% for the resistant cultivar. The % germination and actual
germ tube lengths for all assays ars brasanted in the Appendix S
Tables 59 and 60.

fha inhibitory zone A - C was eluted from maximally h?drolysad
uninfected ears at flowering for both cultivars aﬁd fa-run in cyclo-

haxanq/éthylacatata 50:50, and a Cladosporium assay set up, in order

to determine if there was any separatibn of inhibitors. The separation
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TABLE 41 % Inhibition of S. nodorum in the sluted sther solubls .

Cladosporium inhibitors in nutrient medium, from minimally

and maximally hydrolysed field plants at various growth stages

% in- ,¢ Zerm tube

G.S. Infection Hydrolysis Pz:t Cultivar & hibition grouth
T " Culm Maris Huntsman Maris Rangsr
o E I N
6-7 A N 2nd leaf D (A) -
- L I
11 T " Ear o (B) -
H u
Y m
10  30% m Flag 28 (c) 28 (A)
11 50% :' Flag 36 (A) 28 (A)
11 - 50% I Ear - 39 (B C)
N
1]
M
10 H m Flag 68 (A B) 0 (A B)
10 E A Flagiproximal
: A X ;
L I portion of
T M infected leaf 52 (B C) -
10 H U Ear
Y M  unemerged 10 (cC) 6 (C)
1 Flag 5 (B C) 5 (B C)
11 Ear 49 (A BC) 28 (A B C)
10 - 30% Flag 68 (A B C) -
1 - 50% Flag 18 + 51 (A+BC) 100 (A B C)
S11 - 50% Ear 44 (A B C) 48 (A B C)

* % inhibition of germ tube length at tissus concentration lg f.wt/hl

Letters A - C correspond to antifungal zones on Cladosporium assays,

Table 40.
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was not greatly improved. 'A'remaining as a narrow band and B and C
continuous and much less activs.

In an attempt to characteriss A, B and C the UV spectra wers
rqporded for all eluates before S. nodorum assay. The spectrum of A
(in Fig. 37) peaks at around 280nm, while that of B and C is a very
broad barely detectable peak from 270-300nm.

None of the zones ragcted with ferric chloride. Unfortunately

time did not permit further slucidation of these inhibitors.
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Figure 37:- UV spectra of antifungal zones A,B & C of ether
soluble extracts of maximally & minimally hydrolysed
healthy & infected field grown wheat

T T .
250 270 . 290 - 310 nm
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The Disappearanca of the Benzoxazinone compounds in

winter wheat

Durihg the preceeding experiments in part 11, it has become
increasingly clear that the benzoxazinone compounds‘are absent from
wheat tissus over about 2-3 weeks old. This is evident since after
this time the RFS corresponding to the benzoxazinone compounds no
longer react with ferric chloride and the UV spectrum obtained does
not have the characteristic double peak. Their role in adult plant
resistance is therefore quastioned.

The following time course experimenté wera set up to determine the

presence or absence of the benzoxazinorecompounds in plants grown under

véryingvconditions.

1. Glasshouse grown plante

At weskly intervals from planting, the shoot tissue of glasshouse

grown plants of Maris Ranger and Maris Huntsman were excised, and ex-

tracted by the method of maximal hydrolysis. The ether soluble substances

wera chromatogrammed at 1g fewﬁt./bm and run in 10% methanol in chloroform.
A strip was cut from the chromatogram and sprayed with a 5% ethanolic
solution of ferric chloride.‘ The presence of thae benzoxazinone aglucone
was confirmed by a violet-blue colour reaction.

A positive reaction was obtained only from seven day old plants of
both varieties. The two and three wesk old plants gave negative reactions
thus ;ndicafing the absence of the benzoxazinone compounds.

To ensure that the inability to recover the aglucone from the glu-

éqsidic precursor was not due to a lack of B-glucosidase enzyms activity,
plants (4 weeks old) wera’ekxtracted by the method of minimal hydrolysis.
The butanol soluble substances, and the butanol partition from the water

soluble substances of maximally hydrolysed 2 and 3 week old plants wsre

chromatogrammed (1 9. ¢ yt./cm) and run in 50% methanol in chloroform.
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But no positive reaction with ferricchloride wae obtained indica-
ting the abeence of the glucosidic precureor in wheat plante more than

2 weeks old.

2. Cooled cabinet grown plante

Elnaghy and Shaw (1966) showed that plante carrying the temperature
seneitive gene for reeistance, Srg, to stem rust, had a high concentra-
tion of the glucoside when grown-at moderate temperaturee but a lower
..—.. ..concentration when grown at higher temperaturee.

It was therefore decided to repeat the serial extraction using
plants grown at the lower temperaturse of 15°c. Seede of the cultivare
mafis Huntsman and Marie Ranger were planted in pots, as described in
Materials and Methode, and these were placed in a cooled 15°¢ cabinet
with bands of Philipe white fluorescent lights set to a 16h day. Plante
were extracted by the method of maximal hydrolysis, ae described, daily
from 9-15 daye inclusive and at 3 and 4 weeks old. The ether eoluble .
substances were chromatogrammed, run iﬁ 10¢ methanol in chloroform and
a strip:of the,fesulting developed chromatogram sprayed with ferric
chloride.

For both cultivars the ether eoluble esubstances gave a positive
reaction for 9-14 days old. The 15 day old plants gave a purple-brouwn
reaction while the 3 and 4 week old extractions were completely negative

in their colour reaction for the aglucone.

3, Fisld-grown plants

Plants in the field are subject to relatively large fluctuations
in temperature in comparison to those in the glasshouse. To ehow a
role of the benzoxazinone compounde in resistance it is necessary to

demonstrate their presence in field grown plante.
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Field grown plants were extracted by the method of minimal hydrolysié
at 7, 11, 15 and 22 days after planting. The alcohol soluble substances,
following petroleum ether partition,ware separated on an LH-20 sephadex
column. The resulting fractions were run on the DB spectrophotomster,
similar fraﬁtions bulked, and then run on chromatograms in 50% methanol
in chloroform. The presence of a benzoxazinone glucoside was datarminad
by spraying with ferric chloride, and the appearance of a blus reactibp.

. Seven day old sﬁoota of both cultivars were positive in their colour
reaction, but the 11, 15 and 22 day old shoots were negative. Thus
indicating the absence of the glucoside at an earlier stage than in

plants grown under controlled conditions.

B. Means of qyantifying-the.benzoxazinona compounds

1. Asssessment of ferric chloride colour reaction by

optical density measurements

In order to quantify the levels of benzoxazinone compounds in
wheat it was first decided to estimate the accuracy of visual
assessment of colour development following application of the
spray reagent ferric chloride to developed chromatograms.

The ether soluble substances from maximal hydrolysis of

week old plants of Maris Ranger and Maris Huntsman were chro-
matogrammed at 0.4, 0.8 and 1.69 fresh waight/bm and run in

10% methanol in chloroform.

The blue are=s were sluted with 95% methanol and their optical
denisty at 560nm measured on the Beckman DB spectrophotometer
.(Knott and Kumar, 1972). Blanks were prepared from areas of the
chromatogram which were sprayed, but free from any extract.

See Table 42,
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2. An analagous chromatogram was run but not sprayed and the
corresponding areas sluted for UV spectral analysis. The

results are given in Table 43,

TABLE 42 0.D. Measurement of the colour reaction to

assess levels of benzoxazinone aglucons

Loading gm f.wt/bm. " Cultivar

Maris Huntsman ' Maris Ranger
0.4 | 0.14 0.02
. ' .
008 . 0085 0033
1.6 | 0.95 0.74

It is svident from Table 42 that the 0.D. measure@ents do not
reflect the loadings and thus.do not represent the relative levels
of agluconse in the 2 cultivars ussed. -M. Ranger has more aglucone at:

1.69 ﬁwt/bm but not below this loading, compared to Maris Huntsman.
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TABLE 43 UV Spectral analysis to assess levels of the agluconse

( 0.D. at 264/288 nm )

Loading g{;,wt/&m Cultivar
Maris Huntsman Maris Ranger
0.4 0.110/0.070 0.149/0.105
0.8 0.269/0.190 0.300/0.222
1.6 ' 0.450/0.320 1.05/0.70

This is apparently more accurate than measuring the 0D of the

coloured FeCl3 complex.
\
It is of intsrest that the cultivar more susceptible to
S. nodorum has a higher level of the inhibitory aglucone. However this

is following hydolysis and does not represent inhibitor in the

intact plant.

C. The levels of benzoxazinone qlucoside and aglucone in

healthy wheat plants resistant and susceptible to S. nodorum

This time course experiﬁent was set up to follow the levels of
both the aglucone and the glucoside in healthy plants of Maris Huntsman
and Maris Ranger.

Two replicates (20g) each of glasshouse grown Huntsman and Ranger
were extracted at regular intervals after germination by the methods

of minimal and maximal hydrolysis to obtain the glucoside and aglucone

respectively.
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The 60% alcohol soluble substances, following petroleum ether partitiol
(40-6000 boiling range) of tha total crude minimal hydrolysis extract,
werae chfomatogrammad at 0.5g frash wt/cm and run in 50:30:5:10 ethyl
acetate : methyl ethyl ketone: formic acid:water.

The sther soluble substances of the maximal hydrolysis extract
were chromatogrammed at lg. ﬁwt/cm and run in 10% methanol ih chloroform.

In both cases the benzoxazinone compounds were located Bx spraying
a strip af‘tha chromatogram with ferric chloride. |

The glucoside was eluted from the chromatogram with watef‘and
UV absorption at 272 and 286nm measured. |

The aglucone was sluted with ethyl alcohol and the UV absorption-
at 264 and 288nm measured. | |

Blanks were prepared from areas of the chromatogram which were
sprayed but free from any extract.

in the later extractions where no blue reaction occurrad_tha
a.u: w=s sluted where the benzoxazinone would have bseen expaéﬁad to
run. The spectra are given in Figures 38 and 39.

Fraﬁ Figs. 38 and 39 it is evident in both cultivars that the
levels o f benzoxazirone compourids fall off with time, being undatactablé'
after 3 weeks. In the early stages the UV spectra have sharp peaks
and shoulders, while with increasing age of plant the peak disappears
almost completely with enly bapkgraund absorbing.

For the glucoside (Fig. 38), Maris Huntsman levels are rqughiy
similar for the first 3 weeks and then at 28 days there is no obuioué
UV spectrum. In Maris Ranger, the initial level at 7 days is rela-

tively high and then fall off is rapid in the following 2 weeks. '
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spectrum of benzoxazinone glucoside in wufef

(age in days)
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N A L T ¥ ) -
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MARIS HUNTSMAN

2490 260 280 300 320 nm
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Figure 39:- UV spectrum of benzoxazinone aglucone in ethanol
{age in days)

MARIS RANGER

n‘
o
L L 1] L) ¥ | { ¥ ¥ T o)
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7 4

T MARIS HUNTSMAN
o
G -

320 nm

days 4,8 ,12,15 20 only, +ve ferric chloride reaction
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The pattern for the aglucone is somewhat different (Fig. 39).
In Huntsman there is a high initial level and again at 12 days.
The 8 day extract has a lower level similar to the 15, 20 and 23
day extracts. In Maris Ranger there were relatively high levels
in the 4 and 8 day old plants. The levels in later extracts ars
similar and slightly higher than for Narig Huntsman...Tha-high back-
ground absorbance is probably due fq.othef substances of the same.
R+ The zone C compounde (Part 1I) corfaspond to this Ry and may
be present simultaneously. Thus nof.only do the benzoxazinones dis-
appear, but the levels are similar for both cultivars and so their

role in resistance per se is questionable for seedlings and non-

existent for adult plants in the field.
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DISCUSSION

That there are compounds in healthy intact wheat tissue, which
upon the appropriate extraction method are antifungal is evident.
Howevér the question remains - can these compounds bs invoked in the
resistance of wheat to S. nodorum? Also are there further antifungal
substances which are not detected by these extraction methods of

~minimal and maximal hydrolysis? fh_the former case substances which
- =-are not thermostable would be ipactivated and in the second case
labile ' substances may be denaturéd py hydrolytic and other enzymes.

In considering the role of antifungal compounds in resistance
it is necessary to compare the qualitativé and quantitative differences
in activity for the resistant and su868ptible ﬁultiﬁars both healthy

and infected at various growth stagés. 3

. Cultivar differences

No qualitative differenceg Qére apparent between cultivars in
crude extracts, or partially purified, except for the minimal hydrolysed
uninfected ears at flowering whefe an inhibitory zone was found in
Maris Huntsman only. However, on S. nodorﬁm assay this zons was
found to be inactive. |

On a quantitative basis, actiyity‘of.extracts, crude and purified,
against S. nodorum was generally greater for the resistant cultivar
than for the susceptible one. The inhibitory effect of infected
resistant tissue may be an under-estimaté since in this case there
are small limited lesions surrounded by relatively large areas of
symp£omless tissue, which tends to haﬁe é'diluting effect. Thus wﬁen
the proximal portions (usually éfmﬁtomless) of infected resistant

flag leaves werse extracted the levels of inhibition obtained were less
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than for the infected distal portions. Morgan (1974) showed that
antifungal activity of lesions was greater than for the surrounding
symptomless areas and that activity was related to degree of pathogen
damage. This resulted in relatively high levels of inhibition for

the suspeptible cultivar. Thers are obvious difficulties with ohtainQ

ing large areas of infected resistant leaf tissue.

Differences between infected and unifected tissues

In most cases where healthy intact tissues were extracted by
minimél hydrolysis which maintainéd the chemical regime of the cells
there was no activity. Thus it appears there are no immediately anti-
fungalf&ompoﬁnds in wheat tissue. However, upon infection, tissues
extracted in the éame way did exhibit some activity which suggests a
productiop'of'compounds. An increase of 10-20% in the activity against
S. nodorum froﬁ maximally hydrolysed infected tissue over that of the
corresponding éontrol supports the concept of production of antifungal
compounds.

Thekquestion now arises - are these substances a result of de novo
synthesis, or enzymic activity on existing compounds? The qualitative
studies from chromatograms suggest the compounds are a result of enzyme
action, possibly hydrolysis of existing chemicals. Using minimal
hydrnysié in the intact plant, upon infection one or two inhibitory
zones became apparént, R and sometimes C. Healthy, maximal hydrolysed
tissue EUntainéd C and to a lesser extent A,but in addition a further
inhibitory band, B, while infected maximal hydrolysed tissue contained
all 3 zones of inhibition. It seems 1ikely7therefore,that the plant

contains enzymes which act on the precursors of B and C and to a lesser
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extent A. The fungus per se or by host induction increases the level
of enzymes which produces A and C. The fungus does not appear, except
in ears, to produce or induce the necessary enzyme(s) to form B. The

zones A - C appaar‘to act synergistically against S. nodorum in spore

germination assays.

Differences with increasing age

" The apparent disappearance of the benzoxazinone compounds from
~wheat plants over two weeks old, and their absence from adult plants
lﬁ_thé field,tends to negate their role in resistance of adult plants.
Further, even when present, there are no quantitative differences
between healthy resistant and susceptible cultivars which could account
for fha differential reaction of wheat varieties. However a differen-
tial releaéa of the active aglucone, on infection, may provide an
. explanation. Morgan (1974) has shown S. nodorum to be capable of - --
'ﬁydrolysing the innocuous glucoside the active aglucone. In addition
workers have shoun (Chigrin and Rozum, 1969; Couture et al, 1971) that
the f-glucosidase enzyme activity of some wheat cultivars is variable.’
ANo investigations as to the relative levels of this enzyme were made
in Maris Ranger and Maris Huntsman, but in staining reactions (materials
énd_mathods) a large background activity of f-glucosidase enzyme was
evidenf. The crucial investigation into the role of benzoxazinone
coﬁgdunds in resistance is their relative levels in infscte& tissue.
ﬁsing 1st and 2nd leaves, Morgan (1974) demonstrated the presence of
glucosida around lesions in the resistant cultivar, but its absence
withih.tha lesion. He was unable howsver,to detect glucoside in or
- around lesions of the susceptible cultivar,
The fact that the compounds are present and at concentrations

which totally iphibit S. nodorum remains, and clearly further investigation
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of infected seedlings is required. However the difficulties associated
uith applying spore suspensions to coleoptiles makes obtaining an
e*tensive area of infection for analysis very difficult. The use of
suitable wetting agents hay be profitable in this respsct.

In addition to the disappearance aof thé benzoxazinone compounds
there is another qualitative difference with age. Thus healthy ears,
in boot, appear to contain only the precursor of zone C while after

emergence the precursors of B and A are apparent as well.
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FINAL DISCUSSION

The basic question this research attempts to answer is: UWhat is
the nature of the interaction which occurs between S. nodorum and
cultivars such as Maris Huntsman, which does not occur in cultivars
such as Maris Ranger? Why do lesions remain limited necrotic flecks
with little or no chlorosis in the former cases, but spread and coal-
esce with extensive chlorosis in the latter cultivars?

Clearly no single mechanism of resistance emerges. This is corro-
borated by the genetic studies on this host/pathogen combination
(Brnnimann, 1970). He demonstrated a linear and additive gene effect
with respect to 1000 grain weight. This polygenic inheritance aﬁd the
consistent ranking order of cultivars with respect to susceptibility
are evidence of horizontal resistance defined by Robinson (1969). No
major resistance genes have been reported.

The continuous variation in symptoms through different degrees of
lesion extent, necrosis and chlorosis suggests that the "resistance
factors™ are varying quantitatively rather than qualitatively. 1In
light microscopy 1nuestigations‘tha presence of structural barriers
was not detected, in accordance with the studies of Morgan, (1974).
Ride (1975) demonstrated a possible role for lignin in restricting non-
pathogens, and suggested that the ability of S. nodorum to counter host
defenses could be due in part to the breakdown of lignified cell walls
by specific enzymes produced only by the pathogen. The differential
rapidity of lignin deposition might account for the variation in lesion
extent in certain cultivars infected by S. nodorum. However the
preeént author was unable to demonstrate the presence of lignin in the

cultivars Maris Ranger and Maris Huntsman.
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The ranking order of cultivars in detached leaf tests was maintained
in the field, although symptoms were slightly different. 1In the resis-
tant cultivar in the field tharavwas often some chlorosis and lesions
at the tip of the leaf ‘Psually spread. Spreading of lesions was not
observed in laboratory tests with the resistant cultivar. This differen-
tial reaction may be éssociatad with the physiological state of the leaf.
In the laboratory healthy lagves were used and observed for only 5-10
days aftar»inoculation, while in the field leaves waere observed for much
longer periods. The spread of lesions at the distal end of resistant
leaves may be associated with a senescence of that tissue.

At inoculum levels normally used in laboratory tests lesions always
developed on the resistant cultivar. However, at inoculum concentrations

“Dalow 103 sporas/h{.lesions developed very slowly or not at all. This
nrnbably accounts for the phenomesnon brought out by the detailed study
~f infection in the field, that fewer and smaller lesions developed on
the resistant cultivar  since inoculum levels might often be low in
this location.

Some cultivaré sustain relatively high yields despite high infec-
tions and vice versa. This anomaly is explained to some extent in the
detailed study of infection of spring wheats in the field, considering
that the flag leaf and ear are the most important contributors to grain
filling (Thorne, 1965). The high yielding cultivars had a lower %
infection and lower infection rates on the flag leaf and ear compared
to the lower yielding cultivars, although in the former case a high %
infection of the lower leaves resulted in an apparently greater overall
infection.

Morgan (1974) demonstrated the ability of S. nodorum to colonise
healthy leaves which had been autoclaved. The apparent inability of

the fungus to grow extensively and sporulate in the dead lesion tissus

of resistant cultivars indicates the presence of inhibitory substances
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in the lesion. The present research has shown that, using the appro-
priate extraction method, there are compounds in healthy and infected
vheat plants which are inhibitory to S. nodorum.

The benzoxazolinone derivatives, demonstrated by Morgan (1974)
to be highly active against S. nodorum have been shown to be absent in
plants older than 2-3 weeks. Therefore it is unlikely that they con-
tribute to adult plant resistance in the field.

Time did not permit further elucidation of the other inhibitory
substances and clearly much work fémains to be done. Plants could, for
example, be extracted in liquid nitrogen, which would minimise the loss
of inhibitors labile to boiling and eniyma activity. Although the
presence of antifungal compounds is évident, no qualitative difference
between the cultivars was established and.quantitative differences in
activity were not pronounced. fhis may be due to a loss of activity
during preparati;n of extracts far bioassays. Alternatively the rela-
tively large area of symptomless tissue which surrounds lesions in the
resistanf cultivar may cause an artefactual dilution of inhibitory
substances if they are only pruddced at infection sites. The possible
role of these compounds in resistance to S. nodorum is difficult to
agsess. Their biological significance depends on correlation of the
presence of these compounds with mérphﬁlogical and physiological events
dufing infaqtion. The biology of tﬁg'infection process remains to be
defined. Electron microscopy or AQaptation of its prep;ratiun techniques
to light microscopy observations may resolve the exact relationship of
the fungal hyphae with the host cells, and su‘pruvide a meaningful model

to which the biochemical changes can be related.
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APPENDIX 1A

TABLES 1-18

weekly,MaanA% Septoria nodorum infection

Winter wheat 1974

Values are means of up to 10 culms in a clump

; Replicates

Do
N

DAI - Days after inoculation

Treatments 1
2

3

inoculation at G.S.

" "t G.S.

" n G.S..

n " G.s.

Ears only " G.S.

6.7

8.9
10
10.5

10.5
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TABLE 1 Field Experiment 1A

Maris Ranger Treatment 1

Mean % Septoria nodorum infection (of 10 plants)

R1
DAI Leaf
4 3 2 Flag Ear
19 15.0 7.5 2.5 0 0
26 19.0 10.2 5.5 1.4 0
33 25.1 5.7 4.0 1.2 0
40 56.5 12.5 4.7 3.0 0
47 28.0 5.7 1.6 2.5
55 4B8.5 7.2 5.9 6.3
63. 79.4 16.5 23.6 20.5
70 47.8 23.0 41.0
R2
19 59.0 '38.0 5.1 0 0
26 41.5 17.1 3.9 0.7 0
33 31.6 24.1 9,7 ‘1.0 0
40 19.6 24,5 14.0 10.2 0
47 34-0 30'05 2400 3;5
55  35.0 22.5 26.3 4.3
63 51.4 30.5 31.6 11.0
70 35.0 31.6 21.5

Overall cultivar/treatment mean 17.78%
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TABLE 2 Field Experiment 1A
Maris Ranger Treatment 2

Mean % Septoria nodorum infection (of 10 plants)

R1
DAI Leaf
4 3 2 flag Ear

10 32.5 11.7 1.3 0 0
19 22.5 19.6 8.3 2.6 0
26 29.0 11.0 7.3 3.5 0
33 45,5 15.1 13.5 0.5 0
40 41.0 15.6 17.7 6.5 3.0
47 - 30.1 24.6 22.8 6.7
55 39.0 25.0 24.0 19.5
63 61.0 46.0 30.0 18.5
70 , . 48.1 30.0
RO

10 36.6 15.5 2.6 0 0
19 13.5 55.5 1.3 0.4 g
26 14.5 7.8 2.7 0.9 g
33 29.0 6.2 6.2 1.8 0
40 32.0 15.1 15.0 9.6 1.6
47 11.6 16.0 6.6 3.5
55 20.0 22.5 20.D 12.1
63 30.0 13.0 8.6 11.0
70 32.5 11.0

Overall mean: 17.95 cultivar/treatment
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TABLE 3 Field Experiment 1A

Maris Ranger . Treatment 3

Mean % Septoria nodorum infection (mean of 10)

R1
DAI Leaf
4 - 3 2 Flag Ear
10 16.0 33.5 19.0 5.1 0
19 12.7 28.1 15.5 10.0 0
26 33.4 35.5 17.5 2.2 12.7
33 43.0 31.5 19,2 3.4 15.1
40 85.0 46.0 25.5 11.5 31.1
© 47 ‘ 65.0 43.0 34.5 46.0
55 99.0 85.0 49.5 55.0
R2
10 33.0 55,5 44,5 10.0 0
19 29.5 51.0 39.0 4.8 0
26 62.0 61.5 45.0 30.5 1.5
33 73.5 63.5 37.5 " 26.1 4.4
40 81.0 66.0 49.0 44,5 7.1
47 99,0 25.9 39.5 10.0
55 . 94,0 86.0 50.7 34.0

Overall mean 42.85
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TABLE 4 Field Experiment 1A

cv, Maris Ranger Treatment 4

¢ Septoria nodorum infection (means of 10)

R1
DAI Leaf
4 3 2 Flag Ear

10 49,5 53.6 25.5 22.0 - 7.3
19 72.0 60.5 473 .5 13.0 12.3
26 88.0 73.5 37.5 17.2 9.7
33 ' 94.0 62.5 51.5 38.0 ' 47.5
40 gg,9 75.5 30.0 18.0 48.0
47 _ 87.0 60.0 46.0 56.0
R2

10 14.0 20.0 19.6 8.5 11.1
19 33.0 38.5 25.0 14.5 40.0
26 53,5 45,5 25.6 B.4 . 23,5
33 70.0 . 44,5 25.0 13.6 . 33.5
40 78.0 70.1 36.1 33.00  33.0
47 95.0 52.0 43,00 34.0

Overall cv/treatment mean 41.51
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cv Maris Ranger

% Septoria nodorum infection (means of 10)

239

Treatment 5

Fisld Experiment 1A

RL
DAI " Leaf
4 3 2 Flag Ear
10 59.0 32.0 12.6 9.2 2.0
19 80.0 44.5 38.0 16.3 23.6
26 84.0 40.0 23.0 19.1 41.0
33 84.0 58.0 50.5 22.8 59.0
40 99.9 90.0 83.5 55.4 65.0
47 99.9 97.0 91.0 90.0
R2
10 36.5 22.5 6.7 2.2 20.1
19 77.5 26.0 9.3 5.1 17.2
26 99.9 97.0 93.2 81.9 15.0
33 92.5 32.0 12.0 10.1 24.5
40 99.9 54.5 11.5 33.1 40.5
47 99.9 62.0 36.2 15.5

Overall cv/treatment mean 47.48
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Maris Ranger
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Uninoculated control

% Septoria nodorum infection (means of 10)

Field Experiment 1A

Overall cq/treatment mean 16.49

R1
DAI Leaf
4 3 2 Flag Ear
1 8.0 7.2 3.5 0.9 D
g 10.6 5.4 4.1 0.6 0
16 38.0 11.6 6.8 1.0 0
23 57.5 19.6 5.1 2.7 1.2
30 21.5 6.0 14.5 8.2
37 31.1 12.7 33.0 18.0
45 48.5 . 12.5 11.2 16.5
53 33.0 34.5 17.5
R2
1 14.1 9.3 1.8 1.8 0
9 41.5 12.7 1.8 1.9 0
16 80.5 25.0 8.1 5.3 0
23 92.5 36.0 14.6 14.4 0.9
30 31.5 12.1 18.5 3.0
37 45.0 23.0 21.6 6.5
45 43.5 22.0 13.2 8.0
53 47.8 38.0 8.5
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Cappelle Desprez
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Treatment 1

% Septoria nodorum infection (means of 10)

Field Experiment 1A

R1
DAI Leaf
4 3 2 Flaqg Ear
19 2.3 0 0 0 0
26 11.2 2.6 2.2 2.2 0
33 2.7 2.7 1.0 1.0 0
40 3.6 - 2.6 2.2 3.9 0
47 4.6 1.8 9.2 0.4
55 3.9 2.6 1.3 1.8
63 B.7 3.4 9.5 ls;a
70 9.0 2.6 5.5
R2
19 26.0 6.5 0 0 0
26 31.5 11.0 3.9 0.5 o
33 49.0 9.5 5.2 1.0 0
40 58.5 13.0 6.1 3.9 o
47 14.5 9.0 7.3 1.8
55 28.5 10.1 9.9 1.3
63 56.0 24.5 22.7 3.4
43.5 26.0 6.7

70

Overall cv/treatment mean 8.3
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TABLE 8 ' Field Experiment 1A

Cappelle Desprez Treatment 2

9 Septoria nodorum infection (means of 10)

R1
DAI Leaf
4 | 3 2 Leaf Ear
10 7.2 4.3 5.1 : 0 0
19 32.5 8.4 3.8 2.5 0
26 25.0 ©12.0 5.0 2.4 0
33 42.5 . 14.5 6.0 8.0 0
40 57.5 11.0 4.6 3.4 0.5
47 . 18.0 9.1 7.1 2.0
55 . 30.5 23.5 9.1 6.6
63 ' 67.0 54.0 15.0 15.0
70 - ' 40.0 17.2
R2
10 ‘9.0 3.6 1.0 0 0
19 12.0 4.4 5.3 1.3 0
26 4.3 . 2.3 4.2 1.8 0
33 6.6 . 2.6 8.6 2.3 0
40 20.5 4.8 14.6 2.6 0.3
47 105 11.0 2.6 1.4
55 o 33.0 27.5 3.4 3.0
63 : 82.5 45.0 6.4 4.3
70 36.0 14.0

Dverall.cv/%reatment mean 15.77
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TABLE 9 Field Experiment 1A-
Cappelle Desprez Treatment 3

4 Septoria nodorum infection (means of 10)

R1
DAI A: Leaf
4 3 2 Flag . Ear

0 - 35.1 8.3 3.4 3.9 0
19 68.5 25.5 12.6 6.0 0
26 76.5 39.5 14.5 14.5 1.9
33 - 87.0 | 36.0 _ 11.0 9.6 2.6
40 - 94.0 42.0 23.0 25.0 4.8
41 | 56.5 30.0 27.0 6.6
55 - | 99.9 78.0 39.0 6.1
63
R2

10 10.6 3.6 2.2 7.6 0
13 21.0 | 5.1 4.7 11.6 0
26 ° 31.0 14.0 7.5 11.5 1.8
33 - 72.0 11.5 9.7 15.0 1.8
w80 28.0  16.0 29.0 2.6
47 | 3 57.5 26.0 18.6 4.7
55 . S ~ 99.9 79.0 66.0 6.6
63

Overall cu/treatment mean 31.80
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cv Cappelle Desprez
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Treatment 4

Field Experiment 1A

_ % Septoria nodorum infection (mean of 10)

R1
DAT Leaf
4 3 2 Leaf Ear
10 65.5 29.0 13.0 19.0 4.3
19 77.5 23.0 13.0 16.5 5.8
26 90.5 39.5 15.5 9.5 4.2
33 95.5 64.5 23.0 21.5 9.0
40 99.9 99.9 50.0 21.5 13.5
47 99.9 82.0 64.0 31.5
Rz
10 49.0 6.2 5.2 7.6 4.9
19 91.5 20.2 4.7 6.6 5.7
26 99.9 48.5 21.0 9.5 5.0
33 99.9 87.0 59.0 19.5 15.0
40 .99.9 99.9 75.0 57.0 21.0
47 99.9 99.9 96.0 61.5
Dverall treatment mean 44.10
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TABLE 11 Field Experiment 1A

cv Cappelle Desprez. Treatment 5

% Septoria nodorum infection (mean of 10)

R1

DAI Leaf
4 3 2 Leaf " Ear

10 58.5 25.1 5.3 3.1 1.6
19 70.0 27.5 5.3 3.5 1.8
26 88.0 48.0 15.1 7.5 3.0
33 99.9 67.5 45.5 22.5 5.7
40 99.9 99.9 88.0 28.5 8.5
47 : 99,9 99.9 9.5 25.5
R2
10 66.0 16.0 10.5 5.4 4.8
19 64.0 22,5 12.0 4.8 6.3
26 67.0 31.5 19.0 11.8 5.4
33 79.0 37.5 12.6 14.5 7.6
40 99,9 . 68.0 46.0 23.0 5.6
47 ‘ 99,9 84.0 31.5 18.0

Overall treatment mean 35f75
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TABLE 12 AField Experiment 1A

Cappelle Desprez  Uninoculated control

9 Septoria nodorum infection (means of 10)

R1
DAI Leaf
4 3 2 Flag Ear
0 40.5 16.1 1.8 0.8 0
9 51.5 6.0 3.4 0.9 0
16 59.4. 34.0 8.1 5.4 0
23 : 84.5 46.0 20.5 6.0 0.4
30 . 54.0 21.0 11.0 1.4
37 : 73.5 33.0 8.1 2.2
45 : ' 88.5 43.0 3.5 1.8
53 30.0 24.9 2.6
R2
0 16.0 6.3 1.9 0.9 0
9 12.2 8.7 4.0 2.2 0
16 30.7 11.8 5.1 1.8 0
23 : 11.0 . 3.0 2.2 2.7 1.4
30 8.3 3.4 2.2 1.8
37 ‘ 6.1 3.5 2.6 3.4
45 12.0 4ot 1.4 3.5
53 : 22.5 13.2 4,0

Dverall cq/freatment mean 15.45
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Maris Huntsman
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Treatment 1

Field Experiment 1A

Mean % Septoria nodorum infection (of 10 plants)

R1
DAI Leaf
4 3 2 Leaf Ear
19 28.5 1.4 1.0 0 0
26 45.0 20.5 9.2 2.2 1]
33 52.9 48.5 20.6 1.8 0
40 61.0 56.5 47.5 7.8 0
47 59.0 49.0 29.0 7.1
55 58.0 47.0 30.9 3.9
63 63.9 53.0 28.1 20.0
70 56.0 17.9 15.0
R2
19 60.5 13.2 1.2 0. 0
26 77.5 62.5 22.6 0.8 0
33 73.0 60.5 33.2 4.8 0
40 85.5 71.0 54.0 27.5 0
47 75.0 64.0 53.5 7.6
55 74.0 56.5 53.6 3.9
63 78.0 57.0 57.1 3.0
70 58.0 51.7 9.1
Overall cq/treatment mean 32.29
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TABLE 14 Field Experiment 1A

Maris Huntsman Treatment 2

4 Septoria nodorum infection (means of 10)

R1
DAI Leaf
4 3 : 2 Leaf Ear
10 28.5 14.0 . - 3.0 0 0
19 62.5 22.1 : 5.7 0.3 0
26 21.0 5.3 1.8 0.6 0
33 54.0 13.0 6.0 1.4 0
40 65.0 13.1 6.8 1.8 2.9
47 26.0 1.3 . 2.7 6.3
55 ) 25.0  13.6 3.9 9.0
63 1.0 4.4 1.8 4.8
70 , 57.0 - 5.1 3.0
R2
10 49.4 10.1 . 0.3 0 0
19 58.5 21.5 . ,"5.4 0.5 0
26 44.0 17.6 . 1.6 0.5 o
33 54.5 18.6 - 12.7 0.8 : 0
40 . 75.0 3.7 3.8 5.0 16.5
47 35.0 4.7 4.5 3.9
55 41.0 34.1. 3.0 3.9
63 7.5 5.9 3.6 6.6
70 88.0 6.2 3.9

Overall cm/treatment.mean 13.73
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TABLE 15 Field Experiment 1A

Maris Huntsman Treatment 3

9 Septoria nodorum infection (means of 10)

R1
DAI Leaf
4 3 2 Flag Ear
10 . 56.5 33.5 20.8 1.4 0
19 74.5 48.5 18.3 1.8 0
26 96.5 67.0 39.0 14.5 5.9
33 99.0 68.0 23.0 6.6 4.9
40 89.9 77.5 32.0 9.3 10.5
47 86.0 33.0 11.6 10.0
55 97.0 48.0 3.7 4.8
R2
10 42.0 18.5 6.4 1.8 0
19 51.0 22.0 17.3 1.4 0
26 66.5 42.0 31.5 O 12.2 11.1
33 80.5 43.5 29.5 11.3 1.1
40 89.0 51.0 37.0 9.6 8.6
47 64.5 29.0 5.0 7.7
55 93.0 61.0 5.7 6.1

Overall cv/treatment mean 34.65
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TABLE 16

Mmaris Huntsman Treatment 4

% Septoria nodorum infection (means of 10)

R1
DAI Leaf
4 3 2 Flag Ear

10 } 20.5 14.0 9.0 7.1 40,5
19 38.5 13.0 9.0 7.7 21.5
26 86.0 24.0 17.5 18.0 25.5
33 86.0 36.5 12.3 7.7 35.0
40 99,9 80.0 35.0 11.6 20.0
47 99.9 99,0 88.0 20.0
R2

10 81.5 49.5 40.5 34,1 1.2
19 73.5 51.5 49.5 2.7 6.8
26 82.0 57.5 53.5 48.0 68.0
33 91.2 57.5 48.0 38.8 4.9
40 99.9 99.0 . 6.7 4,7 87.0 .
47 76.0 86.0 65.0 90.0

Overall cm/treatment 38.19
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TABLE 17

Maris Huntsman Treatment 5

4 Septoria nodorum infection (means of 10)

R1
DAI Leaf
4 3 2 Flag Ear
10 . 66.0 33.5 20.5 13.7 24.5
19 73.5 27.0 15.0 6.8 13.6
26 82.0  33.0 26.0 8.2 18.5
33 85.0 40.5 20.0 9.2 2.4
40 99.9 57.0 29.0 4.0 7.1
47 .  99.0 84.0 42.0 14.6
R? abandonsd

Overall cv/%reatment mean  33.21
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TABLE 18 Field Experiment 1A

Maris Huntsman Uninoculated Control

% Septoria nodorum infection

R1
DAl Leaf

4 3 2 Flag Ear
0 28.5 16.4 2.8 0.8 0
9 43,5 26.2 5.6 0.2 0
16 45.5 25.8 4.1 1.9 )
23 54,5 17.4 9.2 . 1.0 2.5
30 - 32.0 13.5 9.6 3.1
37 36.5 16.6 3.0 10.0
45 8.0 10.2 2.1 4.7
53 23.0 3.0 7.0
R2
] 13.6 1.9 1.4 1.0 0
9 9.9 2.7 0.5 0.2 0
16 6.3 3.7 0.9 0.7 0
23 13.6 4.1 1.8 1.4 1.2
30 1.9 1.0 1.0 5.0
37 9.0 1.0 1.0 4.0
45 11.4 1.4 1.4 8.6
53 26.0 3.1 6.3

Overall cv/treatment mean  9.21
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APPENDIX 1B

Tables 19 - 24 (Winter wheat 1975)

Tables 25 - 26 (Winter wheat 1974 and 1975)

Detailed study of infection

Values are means of up to 5 leaves.

TI - Type of Infection
Key LA - Léaf area cm2
%1 - % Lééf area affected by S. nodorum

TLN - Total lesion numbser

TLN >3 - -. Total lesion number exceeding 3 mm
% >3 - % " " " " 3 mm
L/bmz - Lesions per cm2

IL - Internode length

T - Time in days (after inoculation)

Tables 25 and 26 are summary tables for the same experiment

parformed in 1974 and 1975.
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TABLE 19 Fiseld Expsriment 1B
Maris Ranger Flag Leaf
TI LA Al TN TLN>3 Lfem? IL T
82.5 0 0 0 0.00 8.8 0 (23.5.75)
84.8 0.4 1.0 0 0.00 18.4 6
B4.7 0.4 0.8 0 0.00 22.6 13
Natural 2.6 3.2 0.8 0.04  23.6 20
3.4 3.8 2.0 0.04 23.8 27
5.2 3.4 2.2 0.04 24.0 34
7 3.8 2.0 0.04 24.0 41
7 4,4 ‘2.8 0.05 . 24.0 48
33 22,7 16 0.27 24.0 55
77.3 1 3 0 0.04 23 0 (6.6.75)
6 8.4 3 0.11 25.6 7
9 9.8 3 0.12 26.2 14
Aritificial ' .
Inoculation 9 11.6 5 0.15 26.4 21
20 13.4 8 0.17 26.4 35
47 18.0 15 0.25 25.5 42
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TABLE 20

Maris Ranger . 2nd Leaf

T1 LA %1 TLN  TLN>>3 Lem? 1L T
73.6 0.8 1.6 0.6 0.02  116.2 0 (15.5.75)
4.2 2.4 1.0 0.03  116.2 8
5.0 2.8 1.0 0.04 ' 14
Natural B
5.0 3.4 1.0 0.05 | 21
5.0 3.0 1.0 0.04 28
9.0 6.0 5.0 0.08 35
61.0  29.5 9.8 .41 49
62.5 0.6 2.2 0.2 . 8.03  112.8 0. (6.6.75)
18.0  17:0 7.8 0.28  112.8 6
‘Artificial 10.0  19.8 9.0 B.42 13
Inoculation
16.0  30.8  17.4 0.50 : 20
28.8  32.6  25.2 - D.53 34

86.0 o 48
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" TABLE 21
Cappelle Desprez .FlagfLeaf
TI LA %1 TN TLN>3 Lfem® 1L T
63.4 0.4 1.4 0 0.01 10.2 0 (29.5.75)
63.4 0.8 2.4 0  0.04 16.6 7
63.2 0.8 2.2 0 0.03  28.4 14
Natural 2.6 3.6 1.2 0.06  28.4 21
| 3.4 3.6 1.2 0.06  27.8 28
4.2 3.4 1.2 0.06  27.8 35
4.2 3.2 1.2 0.05  27.8 42
18 20.4 9.8 0.32  27.8 49
63.1 0.2 0.4 0 0.01 28.4 0 (12.6.75)
1.0 3.0 0.6 0.05  28.8 7
2.6 5.0 2.2 0.08  28.8 14
Artificial
Inoculation 4.2 5.4 2.4 0.08 28.8 21
6.0 8.2 2.6 0.13  28.8 28
38.8  29.5  14.5 0.40  29.5 35



TABLE 22

Cappelle Desprez
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2nd Leaf

TI LA o1 TLN TIN>3  Lfem?  IL T
59.4 0 0 0 0 87.4 0 (15.5.75)
0 0 0 0 97.2 8
1.0 3.4 0 0.06 106.8 14
1.0 4.0 0 0.06 112.6 21
Natural
1.8 3.8 0.8 0.06 123.0 28
5.2 5.0 1.0 0.08 123.2 35
6.0 5.8 1.0 0.10 123.2 42
7.0 - 5.2 1.0 ' 0.09 123.2 49
8.0 6.8 4.2 0.11 123.2 56
62.0 22.5 12.0 0.36 124.5 70
59,2 1.2 1.6 0.4 0.03 118.6 0 (12.6.75)
2.2 2.6 1.6 0.07 116.3 7
2.6 4.2 2.2 0.08 116.4 14
Artificial
Inoculation 5.3 3.4 2.0 0.06 116.3 21
12.0 13.4 9.0 0.23 116.4 28
78.8 42



TABLE 23

Mmaris Huntsman

Flag Leaf (Values are means of 5 plants)
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Field Experiment 1B

TL LA g1 TLN TIN>>3 Ufem®  TL

Bl1.4 0_ 1] 0 o 5.5 0 (23.5.75)

81.0 0.6 ,_o;a o 0.01  17.9 6

B1.3 0.8 '1.2_ o 0.01  24.4 13

Natural 1 1.2 o 0.01 24.6 20

1 1.6 0.4 0.02  25.6 27

1 2.2 0.8 0.02 25.2 34

1 2.6 0.8 0.03 25.2 41

1.8 . 2.4 1.2 0.02  25.2 48
73.6 ‘0-6 .o.a | o 0.01 24.2 -3 (6.6.75)

1 2.0 0 0.03  28.0 3

1 2.2 0.6 0.03 28 10

Artificial .

Inoculation _l 2.6 0.8 0.04 28 17

1 2.2 0.8 0.03 28 24

2.4 1.0 0.03 28 31
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TABLE 24
Maris Huntsman 2nd Leaf
TI LA # TN TIND3 Lfen®  TL T
65.4 0 o 0 0 83.6 0 (15.5.75)
65.1 0 0 0 0 96.0 8
64.3 0 0 0o 0  107.8 14
Natural g g 0.8 1.6 0.2 0.02 114 21
0.8 2.2 0.4 0.04 114 28
1.0 3.2 0.3 0.05 114 35
1.0 3.4 1.0 0.05 114 42
1.0 2.8 1.0 0.04 . _‘114 49
3.6 3.2 1.8 0.05 114 56
64.7 0.6 1.4 0 0.02 115.2 -3 (6.6.75)
0.8 2.6 0 0.04 115.2 3
0.8 2.6 o . 0.04 115.2 10
?;Zizigt?in 1.8 4.6 0.8 0.07 115.2 17
1.B 5.2 1.0 0.08 115.2 24

6.2 10.4 4.2 0.16 115.2 31
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TABLE -25

Summary Table of Field Experiment 1B for 1974

(Compare with Table 16 in text)

Part of Plant = Cultivar Infection Typse

+ Variable Natural Infection Artificial Inoculation

Huntsman Cappelle Ranger . Huntsman Cappelle Ranger

Flag Leaf
41 1.3 9.2 5.7 5.4 13.7 9.7
ot 0.019 0.053 0.084 - 0.055 0.061  0.069

L/em 2 0.29 0.84 0.58 0.88 1.77 1.41
% >3 7.4 9.6 23.0 11.2 25.7 39.0
L 28.1 25.7 24.1 22,4 " 25.5 21.7
Leaf 2
%1 5.2 9.0 10.4 . 7.8 12.2 21.9
1ot 0.077 0.066 0.054 . 0.037 - 0.068  0.023
L/cm? 0.37 0.73 0.96° ° 1.38 1.18 2.83
% >3 20.1 30.4 34.8 22.4 26.7 52.0
IL ' 15.1 15.0 14.0 13.6 14.8 13.4
Ear
%1 5.3 7.4 14.2 . 6.2 6.1 19.6
L/em? 6.18 5.03 9.03  6.39° 4.90  12.20
% >3 39.9 31.2 55.7 127.6 31.0 62.9
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Summary Table of Field Experiment 1B for 1975

(Compare with Table 16 in text)

Part of Plant

Cultivar

Infection Type

Artificial Inoculation

+ Variable Natural Infection
Maris : Maris
__Fundin Capitole _ Goya _Fundin Capitole Goya

qug Leaf

%1 4.4 2.1 1.9 6.7 11.3 11.1
Irt 0.064 0.015 0.058 0.064 0.048 0.119
L/cm? 0.08 0.02 0.04 0.13 0.26 0.63
% >3 31.6 32.1 20.1 22.8 31.8 11.6
IL | 20.9 23.1 26.5 21. 4 21.3 23.1
2nd Leaf

%1 9.5 5.9 6.9 18.3 15.7  15.2

et 0.053 0.066 0.100 0.074 0.055 0.059
L/en’ 0.14 0.10 0.10 0.29 0.35 0.42
4 :;>3 35.3 27.5 40.9 43.8 '36.8 26.9
Plant Height  95.6 99.7 100.0 93.4  100.1  100.0



APPENDIX 2A

Tables 27-46

Weekly Mean % Septoria nodorum infection 1974

Spring Wheat

Values are means of up to 10 culms in a clump.

Key Rl ) .
R? ) Replicates

DAI - Days after inoculation

Treatments 1 + inoculation at G.S. 6.7
2 " " G.S. : 8.9
3 " " (G.S. ‘ 10

4 " " G.S. 10.5



TABLE 27

cv Bounty 208
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Treatment 1

9% Septoria nodorum infection

Field Experiment 2A

R1

DAI Leaf
3 2 Flag Ear

10 40.0 9.2 0.6 -
19 49.5 14.2 3.9 -
28 84.5 - 27.0 24.1 0.1
35 85.5 21.1 30.5 2.2

- 42 91.0 27.0 37.0 4.6
49 87.0 28.1 37.1 6.4
56 49.6 68.6 4.9
R2
10 30.0 8-9 Dol -
lg 56.1 17-5 10.7 -
28 90.0 18.0 10.0 0
35 B1.5 - 42.0 26.6 3.5
42 84.0 54.0 44.0 7.2
49 99.9 62.1 55.7 12.5
56 71.9 58.9 8.9

Overall cultivaq/treatment mean 35.5
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TABLE 28 Field Experiment 2A

cv Bounty 208 Treatment 2

% Septoria nodorum infection

R1
DAI Leaf
3 _ 2 ' Flag Ear

lD 3900 14-2 104 -
19 66.0 22.1 3.2 0.2
28 77.0 27.6 3.4 2.2
35 72.0 35.0 21.5 : 5.4
42 72.8 37.8 27.8 11.8
49 99.9. 65.6 57.5 18.9
56 75.0 91.3 40.0
R2

10 45.0 14.6 6.1 ’ -
19 70.0 22.0 10.0 1]
28 68.1 22.1 20.6 7.2
35 '76.0 32.5 41.6 15.2
42 81.3 26.3 60.0 15.8
49 95.6 49.4 52.9 36.1
56 56.0 68.0 33.5

Overall cultivar/treatment mean 39.5




TABLE 29

cv Bounty 208

285

Treatment 3

ﬁ Septoria nodorum infection

'Field Expsriment 2A

R1
DAI Leaf
3 2 Flag Ear
10 58.6 22.0 176 7.6
19 53.0 12.0 19.6 31.0
28 57.0 20.0 32.1 31.0
35 69.0 27.0 31.5 32.0
42 40.0 51.1 35.7
49 53.0 73.3 33.5
R2
10 60.0 24.0 30.0 o
19 66.5 26.5 23,1 27.7
28 78.5 29.5 31.6 26.6
a5 83.9 6.5 48.9 40.0
42 44.3 60.8 37.5
49 52.8 82.1 30.5

Overall cultivar/treatment mean 45.0°
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TABLE 30 ‘ Field Experiment 2A
cv Bounty 208 Treatment 4

% Septoria nodorum infection

RL
DAI ~ Leaf
"3 - 2 Flag -Ear
10 75.0 31.0 10.0 61.5
19 - 70.5 44.4 25.1 ° 60.0
28 87.0 43.0 35.5 66.5
35 82.5 61.7 36,7 80.0
R2
10 73.9  35.5 30.1 59.0
‘19 . 78.4 54.5 64.5 73.5
28 88.5 " 87.0 86.0 78.5
35 99,9 99.9 99.9 66.5
42 S 99.9 99,9 79.0

Overall cultivar/treatment mean 69.1




TABLE 31

cv Bounty 208

CONTROL

% Septoria nodorum infection

Field Experiment 2A

Rl
DAI Leaf
3 2 Flag Ear

1 47.0 7.3 0.3 -

9 5305 25.0 4.5 -
18 64.5 4006 6.0 -
25 70.5 36.7 6.2 2.6
32 85.7 30.0 29.3 9.3
39 96.4 62.9 52.1 20.1
46 69.2 66.7 30.8
R2

1 4400 6.3 003 -

9 67.3 1104 6.1 -
18 75.0 18.0 7.0 -
25 70.0 24.6 28.2 11,7
32 87.5 34.5 26.4 7.6
39 62.1 40.0 52.0 31.4
46 63.0 44,0 23.0

Overall cultivar/%reatmant mean 35.0
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TABLE 32 ' Field Experiment 2A

B 519 Treatmant 1

% Septoria nodorum infection

Rl
DAI " Leaf
3 2 " Flag Ear
10 10.4 1.6 ~ . 0.5 -
19 39.0 9.7 2. -
28 39,2 - 13.1 1.8 0
35 58.7 16.9 2.3 : 1.7
42 57.1 18.3 3.0 . 6.0
49 81.5 38.5 4 5.7 6.8
56 * 66.5 . 8.7 ) 9.1
R2
10 43 2.0 0.6 -
19 57.8 6.0 3 -
28 58.0 10.0 3.0 0
35 95.0 25.3 171 5.0
42 97.2 34.4 - 19.4 10.1
49 99.9 54,5 20.5 10.7
56 75.0 13.3.. ) 17.7

Ovarall cultivan/traatment méan 25.7



TABLE 33

‘cv B 519

7
289

Treatment 2

% Septoria nodorum infection

Field Experiment 2A

R1
DAI Leaf
3 2 Flag Ear
10 13.3 8.2 2.5 -
19 50.1 16.6 1.7 0.2
28 23.9 10.4 1.9 1.2
35 29.0 11.8 3.3 3.9
42 51.8 51.1 7.7 15.8
49 81.5 35.7 13.7 16.0
56 56.4 32.1 18.8
R2
10 36.6 8.4 3.7 -
19 60.0 6.0 2.0 0
28 82.5 7.3 2.0 1.4
35 90.0 17.9 4.0 5.5
42 81.9 7.1 7.4 7.3
49 91.3 35.0 19.4 11.0
56 57.9 57.1 11.1

Overall cultiuaq/treatment mean 26.3



TABLE 34

cv B 519

Treatment 3

2730

% Septoria nodorum infection

Field Experiment 2A

R1
DAI  Leaf
3 2 Flag Ear
10 13.6 3.0 2.0 19.0
19 28.6 5.0 11.6 4,9
28 47.0 i1.5 2.9 16.5
35 78.5 18.6 3.9 12.0
42 70.5 22.7 12.6
49 94.0 44.0 11.1
R2
10 10.0 5.0 4.0 o
19 73.0 20.6 3.0 2.4
26 79.2 28.5 10.8 15.2
35 97.1 25.0 17.0 17.5
42 70.0 37.5 16.6
48 99,9 50.0 30.0

Overall cultivar/treatment mean 33.9



TABLE 35

cv B 519

Treatment 4

2

% Septoria nodorum infection

Field Experiment 2A

R1
DAl Leaf
3 2 Flag Ear
10 ‘5.5 ' 6.1 10.5 3.3
19 21.0 10.1 15.4 8.7
28 62.0 17.1 4.4 10.6
35 99,9 33.0 18.2 16.7
42 92.5 49,0 16.6
R2
10 67.5 35.6 L 17.7 1.0
19 85.9 19.0 9.1 2.7
28 96.9 60.0 18.5 3.0
35 99.9 40.0 6.3 4.3
42 99.9 S0.0 10.0

Overall cultivar/treatment mean 36.5
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TABLE 36 Field Experiment 2A
cv B 519 CONTROL

% Septoria nodorum infection

R1
0AI Leaf
3 2 Flag Ear

1 5.0 3.9 ' 1.2 o
9 19.4 7.8 2.6 0
18 31.2 26.3 6.5 0
25 83.3 36.7 25.8 13.2
32 47.5 32.6 16.8 13.7
39 A 83.0 37.0 19.0 20.0
46 60.0 43.3 22.9
R2

1 3.1 1.3 0.5 0
9 35.0 6.2 2.6 0
18 60.0 24.0 6.5 0
25  T1.4 31.4 40.3 11.5
32 95,7 49.3 56.4 19.6
39 99.9 66.0 27.5 18.7
46 58,5 41.6 24,2

Overall cultivar/treatment mean 30.5
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TABLE 37 ' Field Experiment 2A
cv Fortuna. Treatment 1

9 Septoria nodorum infection

R1
DAI Leaf
3 2 : Flag Ear

10 4.5 1.0 .o 0
19 11.6 3.6 1.6 0
28 31.7 23,73 0.8 1.0
35 20.0 17.0 1.0 117
42 24.1 24.3 4.3 13.3
49 25.8 23.7 12.3 20.8
56 46.7 29.2 10.0 20.0
R2

10 22.5 3.9 0.1 0
19 98.4 16.8 3.7 0
28 70.0 10.0 7.0 0
35 73.9 26.73 3.8 3.3
42 75.6 28.4 9.0 7.7
49 72.5 38.0 . B.4 B.8
56 86.4 35.3 12.8 12.9

Overall cultiuay/treatment mean 20.0



TABLE 38

cv

2%4

Fortuna Treatment - 2

% Septoria nodorum infection

Field Experiment 2A

Overall cultiuar/treatment mean 38.5

R1
DAI Leaf
3 2 Flag Ear

10 33.7 9.6 9.6 0
19 42.1 28.4 15.4 1.0
28 46.1 26.9 11.9 5.7
35 45.1 48.6 26.2 17.1
42 45.0 68.8 45,0 22.5
49 99.9 67.5 59.9 29.5
56 99.4 96.1 36.7
R2

10 14,5 18.7 3.3 0
19 20.0 20.0 4.0 0
28 19.1 22.7 8.1 14.6
35 34.4 31.5 20,2 30.5
42 - 54.4 41.9 35.9 28.8
49 97.2 81.1 67.8 ‘27.1
56 99.9 99.9 22.8



TABLE 39

cv  Fortuna
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" Treatment 3

% Septoria nodorum infection

Field Experiment 2A

Rl
DAI Leaf
3 2 Flag Ear

10 21.7 26.2 15.2 0
19 15.0 16.1 12.1 33.3
28 26.3 19.4 20.6 47.0
35 49.5 36.3 12.9 44,4
42 62.0 56.9 27.5
49 96.9 2.4
R2

10. 30.0 20.0 17.0 0
19 34.4 14.4 11.6 7.1
28 46.3 27.5 19.5 12.8
35 40.8 15.8 25.0 18.3
42 29.2 46.7 21.7
49 99.9 30.0

Overall cultivar/treatment mean 38.1
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TABLE 40 ' Field Experiment 2A

cv Fortuna Treatment 4

4 Saptoria nodorum infection

R1
DAI Leaf
3 2 flag Ear
19 22.0 32.1 15.5 50.6
28 17.5 . 40.6 12.5 57.5
35 60.0 38.0 60.0 57.5
42 99,9 99,9 71.4
‘R2
10 : 25.8 © 3.6 2.0 46.7
19 21.9 10.6 12.4 57.5
28 10.8 15.0 6.9 51.9
35 67.9 35.0 26.7 55.8
42 S 82.1 52.9 57.8

0varall'cultiva:/traatment mean 38.9
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TABLE 41 Field Experimaent 2A

cv Fortuna CONTROL

£ Septoria nodorum infection

R1
DAI Leaf
3 2 Flag Ear

1 7.0 0.5 0 1]
9 29.4 4.4 g.4 0
18 41.0 12.8 3.8 0.8
25 39.4 12.6 4.9 6.0
32 56.4 27.8 6.8 9,7
39 67.1 50.0 12.0 13.3
46 ' 69.2 59.2 26.8
R2

1 8.5 1.3 1.2 0
9 25.1 5.1 1.4 0
18 35.0 4,0 10.0 1]
25 54.3 4.8 11.6 9.6
32 45.8 13.5 3.6 14,3
39 63.3 63.6 4,2 7.0
46 43.6 32.1 20.0

Overall cultiuar/freatmant mean 22.7
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TABLE 42 ' Field Expsriment 2A
cv  Svenno Treatment 1

% Septoria nodorum infection

R1
DAI Leaf
3 2 : Fiag Ear

10 0.9 0.1 0 ‘ 0
19 4.3 3.0 0.8 0
28 13.5 3.6 1.3 0
35 11.7 4.8 1.4 0.6
42 15.6 3.0 2.5 1.6
49 24.0 5.2 ' 4.4 : 1.9
56 60.0 . 16.2 18.2 . 4.4
R2

10 2.2 0.2 o 0
19 . 27.5 3.4 - 3.0 0
28 40.0 4.0 . 5.0 0
s 48.5 3.7 - 3.9 0.5
42 © 49.0 6.9 7.3 2.1
49 65.5 5.3 4.9 2.6

56 92.5 13.8 18.7 : 5.9

Overall cultivar/treatment mean 11.1



2%9

TABLE 43 Field Experiment 2A

gv__Svenno Treatment 2

% Septoria nodorum infection

R1
DAI Leaf

3 2 Flag Ear
10 5.2 2.6 2.7 0
19 24.8 4.1 2.7 0
28 30.8 2.2 1.9 0.8
35 37.0 5.3 , 1p.0 1.8
42 59.0 16.3 11.4 2.5
49 70.0 33.8 35.5 6.4
56 91.0 59.0 13.5
R2
10 23.3 5.9 4.5 0
19 - 30.0 15.0 3.0 0
28 41.7 25.9 12.9 1.1
35 45.8 30.5 16.0 ' 1.7
42 70.0 23.5 16.6 3.3
49 66.6 23.5 33.7 5.5
56 - 30.0 50.0 20.0

Overall cultivar/treatment mean 23.7
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TABLE 44 . Field Experimant 2A
cv  Svenno Treatment 3

% Septoria nodorum infection

R1
DAI Leaf
3 2 Flag Ear
10 36.2 11.0 1.3 0.7
19 36.6 19.2 4.8 0.9
28 : 47.5 4302 704 2.2
35 54,5 - 52.2 26.1 5.1
42 63.9 43.7 2.9
49 63.9 43,7 2.9
R2
10 33.7 11.9 1.4 0.7
19 43.0 13.6 5.7 2.1
28 61.3 5.3 5.6 3.6
35 61.3 54.5 33,3 4.0
42 71.5 ) 60.5 14.0
49 71.5 60.5 2.4

Overall cultivan/traatmant mean 33.1
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TABLE 45 Field Expsriment 2A
cv Svenno Treatment 4

% Septoria nodorum infection

RL
DAI Leaf

1 3 2 Flag Ear
10 15.4 2.7 1.8 0.5
19 27.0 9.7 2.0 1.2
28 51.1 . 10.2 1.5 2.0
35 66.1 24.6 15.6 3.4
42 53.0 26.0 15.7
R2

10 47.2 4.4 1.8 0.5
19 46.8 8.3 1.4 1.6
28 55.1 4.1 1.4 2.4
35 67.0. 22.8 17.4 3.0
42 o 26.2 14.6 4.1

Overall cultivar/treatment mean 21.7



TABLE 46

cv Svenno

CONTROL

252

% Septoria nodorum infection

Field Experiment 2A

Rl
DAYS Leaf
3 2 Flag Ear

1 3.5 0.4 0 0
9 26.3 3.0 0.1 0
18 47.9 6.1 2.3 0
25 63.0 9.8 2.3 0.5
32 58.9 11.8 6.0 2.3
30 - 60.0 15.3 7.8 2.9
46 18.8 7.0 4.3
R2

1 2.0 0 0 0
9 38.6 3.4 0.3 0
18 40.0 7.0 3.0 0
25 63.0 11.7 3.3 0.4
32 77.8 16.2 3.5 1.6
39 73.9 16.9 2.3 1.8
46 18.0 2.8 4.6

Overall cultivar/treatment mean 17.0
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APPENDIX 28

TABLES 47-58
DETAILED STUDY OF INFECTION, SPRING WHEAT 1974
Values are means of up to 10 culms in a clump.

Key as for Appendix 1B DP. 263

and PL = peduncle length



Field Experiment 28

TABLE 47
Bounty 208 Flgg__
TI LA %I TIN TN >3 L/cm2 IL T
12.4 © 1.0 3.0 0.6 0.26 13.8 1
15.2 9.0 4.6 0.78 16.6
19.2 11.4 5.0 1.02 16.4 12
Natural 15.0  13.3 6.0 1.10 7.0 19
40.0  19.0 8.5 1.35 17.0 27
'50.0 23.8 12.3 2.00 17.0 33
60.0  25.0 19.5 2.35 16.5 40
11.6 5.0 12.0 5.0 1.02 16.6
Artificial 13.8 5.0 11.0 5.6 0.86 16.8 |
Inoculation 35.0  14.4 8.0 1.12 16.2 12
2.5  23.0 9.3 1.88 16.6 19
2.0  21.5 11.8 1.78 16.6 27
42.5  22.5 14.0 1.83 16.6 33
60.0  31.7 19.3 2.63 40
TABLE 48
B 519 Flag
TI LA %1 TLN TLN >3 L/en? IL T
15.0 4,4 12.8 1.6 1.24 17.0
15.1 8.6  14.6 2.4 1.16 17.3
Natural 19.2  15.4 4.2 1.22 16.6 12
‘ 17.2  17.8 3.8 1.36 16.8 19
11.5  16.5 3.5 1.18 16.5 27
16.3  21.5 4.5 1.63 16.5 33
22.5  30.5 6.3 2,20 16.5 40
10.1 4.4 11.0 3.6 0.98 17.4
Artificial 7.6  17.4 3.2 1.78 16.9
Inoculation 7.6  18.2 3.4 1.84 17.1 12
10.6  14.6 2.8 1.50 17.1 19
6.8  15.0 3.4 1.20 17.1 27
13.8  32.5 4.2 2.93 17.4 33



Field Experiment 28

TABLE 49
Fortuna Flag
TI LA 41 TN TL>3 Lt 1L T
12.2 ‘0.4 1.2 0.2 -0.14  "19.5 1
3.8 4.0 1.4 0.38 19.2 5
Natural 20.2 9.2 4.2 0.84 19.7 .12
11.5 9.8 4.3 0.85 18.8 19
23.8 13.5 6.3 1.13 18.8 - 27
25.0 26.0 19.0 1.60 21.0 33 .
16.8 5.2 14.8 7.2 0.92 24,3
Artificial 17.6 6.0 19.0 7.6 1.06 24.9 5
Inoculation 13.0 25.4 10.8 1.40 24.6 12
14.0 25.8 9.4 1.48 25.2 19
15.0 24.6 10.2 1.38 25,2 27
32.0 32.4 14.2 1.98 33
TABLE 50
Svanno Flag
TI LA %I TLN TN >3 Lem® IL T
11.4 1.6 2.0 0.4 0.16 15.8
Natural 7.6 5.0 2.8 0.42 15.6
9.2 5.4 2.4 0.46 16.1 16
17.2 9.2 3.2 0.76 16.1 24
17.0 13.4 4.4 1.10 30 .
8.8 17.5 2.B 1.12 37
9.7 1.2 2.6 0 0.28 16.7
Artificial 3.8 7.0 1.6 0.70 16.2
Inoculation 11.6 10.0 2.8 1.02 16.3 16
4.5 9.5 1.5 0.98 16.6 24
8.3 17.3 4.7 1.70 16.2 30
10.3 14.3 4.5 1.40 16.6 17



Field Experiment 2B

TABLE 51
Bounty 208 2nd Leaf
TI LA % TIN  TIND>3 L/en® IL T
11.4 7.0 7.2 2.8 0.66 8.6
14.0 12.2 4,8 1.10 7.3 5
Natural 22.0 15.2 6.6 1.36 7.4 12
25.0 20.0 8.8 1.90 7.4 19
368.8 20.8 14.8 2.45 27
'45.0 18.5 11.0 2.55 33
) 10.0  15.0 4.0 2.2 0.42 7.4
15.2 6.4 3.4 0.70 8.2
Artificial 15.2 10.0 4.4 1.04 8.3 12
Inoculation 31.0 13.0 8.2 1.30 8.3 19
32.0 13.4 10.6 1.42 27
20.0 11.0 8.3 1.37 33
{
JABLE 52
B 519 2nd Leaf
TI LA %1 TLN TLN >3 L/em? IL T
10.0  14.2 9.6 5.4 0.96 9.0
28.2 12.8 7.4 1.28 7.8
Natural 22.5 16.5 4.8 1.98 8.6 12
30.0 . 19.3 8.3 2.38 8.6 19
"45.0 26.7 17.3 2.67 27
42.5 31.0 19.0 2.39 33
10.0 3.6 6.4 2.4 0.70 8.2
10.0 14.8 5.4 1.66 8.4 5
15.0 - 18.2 7.4 2.00 8.4 12
Inoculation 16.0 28.0 5.5 2.57 27
55.0 46.5 20.5 4,28 33
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-TABLE 53 Field Experiment 2B
-Fartuna 2nd Leaf
TI LA €1 TLN CTLN>3 Lfen® IL T
14.5  10.4 1.6 0.2 0.40 9.8 1
3.0 6.5 1.5 0.48 9.4
Natural 15.0 16.3 8.0 1.15 9.7 12
15.0 17.7 8.0 1.33° 9.7 19
40.0 23.0 15.0 1.80 27
30.0 25.0 12.0 2.10 33
15.9  14.0 25.6 14.8 1.60  11.2
17.0 26.2 14.6 1.78  11.2
Artificial 21.0 31.2 16.4 1.98 12
Inoculation 25.0 34.8 17.6 2.36 19
40.0 41.3 19.7 2.80 27
50.0 42.0 27.0 3.10 33
TABLE 54
Svenno .. 2nd Leéf
TI LA %1 TLN TLN>3  L/om? IL T
16.2 0.4 2.2 0.8 0.14 9.8
12.2 6.4 3.0 0.40 9.2
Natural 14.2 8.4 3.6 0.50 9.4 16
17.0 10.0 5.2 0.64 9.4 24
20.0 14.2 6.6 0.86 30
21.0 20.8 9.8 1.30 37
12.9 4.0 1.0 0.4 . 0.10 9.4
21.4 7.0 4.4 0.50 8.8
24.2 13.2 4.6 1.00 8.9 16
Artificial 15.3 10.3 7.0 0.80 8.9 24
Inoculation
10.5 8.5 6.0 0.60 30
17.5 14.5 9.5 1.05 37
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" TABLE 55 Field Expsriment 28
Bountz 208 Ear
TI %1 TLN TLN>3 PL T
0.2 0.2 0 16.8 1
Artificial 15.0 4.8 4.6 19.2
Inoculation 1400 goD 602 1906 12
21.0 10.8 6.6 19.6 19
28.0 13.0 8.6 19.6 27
36.0 14.4 8.6 20.0 33
1.0 D. 0 19.2 1
Natural 4 .
504 206 2-0 ° .IB.B 5
7.2 5.2 3 3.8 18.8 12
22.0 10.6 5.8 18.8 19
22.0 10.8 6.6 19.4 27
23.0 15.0 7.4. 19.4 33
TABLE 56
B 519 . Ear
T %1 TLN TLN >3 L T
1.0 1.4 0 29.2 5
3.6 4.8 0.2 29.4 12
Natural o4 4 10.0 5.0 29.4 19
18.7 8.0 3.3 27
23.7 12.3 4.7 33
8.0 5.4 2.6 30.8 5
11.5 8.0 3.2 31.0 12
Artificial .
inoculation 14.0 10.4 3.4 31.0 19
24.0 13.8 6.2 33
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TABLE 57 Field Experiment 28
Fortuna Ear
TI '
%1 TLN TLN >3 PL T
5.0 3.0 1.8 26.6 5
_ 9.4 6.0 3.0 :27.0 12
Natural 13.4 7.6 3.8 27.0 19
14.4 8.2 4,2 27.2 27
18.0 9.0 5.2 27.2 33
12.2 5.2 3.2 34.8
29.2 15.2 6.0 34.6
Artificial 35,2 15.8 15.2 35.0 12
- Inoculation 44.0 18.0 16.4 35.0 19
43.0 20.2 16.8 27
45.0 27.0 17.0 33
TABLE 58
Svanno Ear
TI A TLN TLN >3 pL T
0 0 13.2 9
1.6 0.6 13.5 16
_Natural 1.5 0.5 13.5 24
2.0 1.0 30
. 2.6 1.0 37
0.4 1.0 0 17.6 9
0.8 1.8 0 19.1 16
Artificial
Inoculation 0.8 1.8 0 19.1 24
1.8 2.0 0.6 19.2 30
1.8 2.8 0.4 19.2 37



TABLE 58 ﬁ Germination of S. nodorum in eluted Cladosporium inhibaitors from maximally and minimally

hydrolysed infected and control field grown wheat plants at various growth stages

nef

Growth stage Infection Hydrolysis Part Maris Huntsman Maris Ranger
H m X 2 Tissue Tissue x é C X 2 Tissue Tissue x % C
E 1 CONC. CONC. CONCe. CONC.
A N
6-7 L I 2nd leaf 90 85 93 90 - - - -
11 ; ﬂ Ear 90 97 90 90 - - - -
Y m
10 30% M Flag - 93 97 97 - 95 90 97
11 50% ; Flag - 83 90 87 - 90 90 87
11 50% 1 Ear 87 - - - - 87 93 g7
" .
u
m
10 H M Flag 67 70 90 90 90 97 100 90
10 E A Flag proximal
A X portion of
L I infected leaf - 70 93 97 - - - -
10 L 3 Ear unemerged 87 87 90 S0 85 97 - 100 90
11 Y M Flag 80 93 100 90 87 90 100 90
11 Ear 80 73 100 95 77 80 90 g5
10 30% m Flag - . 73 80 87 - - - R
11 50% A Flag (A ) - 97 100 100 A& BC - 0 63 100
' % ? Flag ( BC) - 83 88 100 -
11 50 Ear - 90 93 g7 -
mum 67 85 g7



TABLE 60.

Germ tube growth of S. nodorum in eluted Cladosporium inhibitors from maximally and minimally

hydrolysed infect .d and control field qrown wheat plints at various growth stages.

Growth Stage Infection Hydrolysis Part ‘Maris Huntsman Maris Ranger
H M x 2 Tissue Tissus x % c X 2 Tissue Tissue X % c
E 1 CONC. CONC. CONCe cConc.
A N + _— + +
6-7 L 1 2nd leaf 133 ¥ 6.7 138 T 1.0 142t 6.1 143% 8.4 - - - -
11 | L ﬂ Ear 146 ¥ 8.3 153 T 8.1 149t 4.6 143% 8.3 - - - -
Y M
10 30% M Flag - 65 T 4.0 70% 3.7 90t 5.2 - 65f 3.0 57 5.8 90¥s.2
11 50% ; Flag - 52 T 4.1 61t 4.4 817 4.6 - sef 5.2 82t 4.6 81ta.6
11 50% 1 Ear - - - - - 558 3.1 81% 6.5 90%s.2
m
U
m
10 H m Flag o1 ¥ 7.0 41t 4,8 83t s.a 130t12.4 109% 6.4 134 8.7 155F 8.9 130%12.4
10 E A Flag proximal
A X portion infec- + + +
L 1 ted 1leaf - 43 % 3,3 s51%s5.4 o0fs2 - - - -
10 l i Ear unemerged 109% 7.3 138 ¥ 4.8 158 7.3 154% 7.8 149%10.9 144% 7.8 154% 0.9 154%7.8
11 Y " Flag 106X 8.4  120% 7.1 139 8.7 136%17.7 115%9.2  129% 9.1 145% 7.1 136%17.7
11 Ear 59 5,2 83t 6.2 125F 6.2 162% 8.9 s3t4.9  116%11.2 133 8.3 162%10.8

Cont'dcooocc

Leg



TABLE 60 (Continued)

hydrolysed infected and control field grouwn wheat plants at various growth stages.

Germ tube growth of S. nodorum in eluted Cladosporium inhibitors from maximally and minimally

Growth Stafe Infection Hydrolysis Part Maris Huntsman Maris Ranger
x 2 Tissue Tissue x i c x 2 Tissue Tissue x % c
conc. conc. coNCe. conce. '
10 30% M Flag - 26 2.6 2% 2.7 81% 4.6 - - - -
11 50% A Flag (I) 67 % 4.6 653 3,7 827 3.7 - 0 26 ¥ 2.3 g2t37
(11) 40 £ 2.7 64 % 3.5 (IandIl)
” _ \
11 50% Ear s0 4.6 70% 3.1 907 5.2 - 47% 2.3 64t6.3 o0t s.2
I
M
u

z6%




