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Abstract.

Using technigues designed to provide uniform and reproducable -

inTections of P.hordei and E.greminiz on first seedling leaves of

Zephyr barley, it was shown that these pathogens developed somewhat
differently when in combination. Under greenhouse cornditions
P.hordei developed less well on leaves previously iroculated with
Be inig and similarly B.gramizis developed less well on previously
rusted leaves. P.hordei apveared Lo be most vunerable in the early
stages of its infection, leading to rsduced numbers of pustules ag
well =~ as reduced size of pustules or mildewed leaves. The establish-
nent of De.graminis appeared tc be unaltered by previously inoculatirg
leaves with P.hoxrdei but the development of colonies and the production
of conidia were considerably reduced on pre-inoculated leaves.

Both of these effects were greater in situations vhere the levels

of the first disease were higher and where the pericd between the
inoculations were longer, they were not so great where specific
fungicides were used to eradicate the 'first® pathogen or vhers plants
were treated with materials likely to increase the carvohydrate level
within the leaves.

In situations where leaves were inocwlated with P.hordei and
Begraninis within the saune 24h they often appearéd to a&ome more
susceptible to P.hordei, this was however, a sonevhot varievle effect.

In field trials carried oubt in 1974 end 1975 wherc rust and

mildew were allowed to develop in corcbination end,by the use of specific
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fungicides to develop Separctely on thres culiivars, it
that the levels of rust wers sig-ificantly hizher on plants where
nildew was controlled thaa on plawts vwhere both dimeases develooad.

Fildew however was atfected little by tae presence of rust,
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Introduction

In situations where barley is growmn it often becomes infected

with Erysiphe graminis, causal fungus of powdery mildew, and Puccinia
hordei, causal fungus of brown rust. Much is known about the effects
of mildew and a fair amount (though relatively less) about browm rust.
Little is known however about the effects which these two pathogens
have in combination and how they interact. A preliminary investigation
by Simkin, (1973) indicated that the presence of one of these pathogens
could affect subsequently the development of the other.

Interest in these aspects is further stimulated by the fact that
mildew and, indeed, brown rust can be controlled by specific fungicides
and the question arises as to whether the control of one pathogen could
lead to an increase in the other.

The present investigation aimed to examine the interactions between
these two pathogens in detail, to characterize them; to evaluate the
factors which influence these interactions most and to determine the

nature of the effects.



Literature Review

Johnson and Huffman(1958) reported a marked local antagonism between

Puccinia coronata, causing crown rust of oats and P.recondita the

fungus causing leaf rust of wheat. On wheat susceptible to leaf

rust which was inoculated with P.coronata fewer pustules of P.recondita
developed aﬁd these were of a different infection type to those
produced on plants not so pre-inoculated. The pre~inoculation of

wheat with P.coronata caused chlorotic flecks, a resistance reaction
which presumably triggered the resistance to P.recondita., Similarly,
Kochman & Brown(1975) found that when oat leaves were pre—inoculated

with either P.graminis tritieci or P.recondita tritici fewer pustules

of the compatible rusts P.graminis avenae and P.coronata avenae

developed from subsequent inoculations than on control plants.
Ersek(1973) reported that the number of mildew colonies from inoculations

with E.graminis f.sp.tritici were reduced by pre-inoculating wheat

with the barley form of E.graminis. This reduction was associated
with a defence reaction by the plant to the first inoculation.
On plants similarly 'immunized' and then inoculated with race 11 of

P.graminis tritiei, the number of rust pustules that developed was

only 10# of the number on control plants. He concluded that the effect
was a general phenomenon, which developed locally in pre-inoculated
leaf parts. Yarwood,(1956) reported similar effects on Puccinia

helianthi on sunflower leaves pre-inoculated with Uromyces phaseoli,

and Littlefield, (1968) found that infection of flax by Melamspora lini

was reduced by pre-—inoculating the leaves with either an avirulent



strain of the same fungus or with wheat rusts such as P.graminis tritici

and P.recondita tritici.

Relatively few investigations, however, have bsen concerned with
interactions between virulent obligate parasites. The repoxts that
there are indicate two different situations. Firstly, the presence
of one pathogen increases the amount or severity of the second.

Thus thnston;(1934) reported that wheat leaves became more susceptible
to rust (P.triticina) when they were previously infected with mildew.
Similarly Manners and Gandy, (1954) showed that there was an increase
in susceptibility of wheat leaves to rust (P.triticina) around mildew
colonies, but that with heavy mildew infections the rust was almost
completely inhibited., Also Van der Wal,Shearer and Zadoks(1970)
reported that more severe symptoms developed from inoculations with

Septoria nodorum on wheat already iunfected with P.recondita. In this

instance, the production of ursdospores was inhibited and the formation
of teleutospores was induced.

Secondly, the presence of one pathogen decreases the amount or
severity of the second. In greenhouse experiments using Zephyr barley
inoculated with P.hordei(race Pb 60/3/1) and E.graminis(race or races
unknown) Simkin, (1973) found that the presence of one pathogen on the
leaf reduced the level of the subsequently inoculated 'second' patho-
gen. He also found that the closer in time the two pathogens were
inoculated onto the same leaf the more marked waé the reduction in
establishment of both pathogens.

The nature of these effects ars complex and remain speculative.
Obligate parasites have a highly specific nutrient requirement
(Bose & Shaw, 1960) and the susceptibility of their hosts is often

affected in many ways. Tloating leaves on solutions thought likely



to alter their metabolite balance (Samborski & Forsyth, 1960);
altering the membrane permeability(Thatcher,1942); or altering
the levels of free amino acids and carbohydrates (Lyles, Futrell &
Atkin,1949) are a few examples.

Interest in'interactions is however not entirely academic,
since these could be important in the field and provide natural
limitation of some pathogené, for example the control of mildew
on barley might result in more brown rust. Simkin and Wheelerf1974§)
and Yarnham, Bacon and Hayward,(1971) did not detect increases in
brown rust on field grown barley where nildew was controlled. Thé
rust levels in the field trials carried out by Simkin were very low
and the disease did not develop until fairly late in the season, and
the assessments of brown rust made by Yarnham et al,1971 were on wintér
barley early in the *'rust' sSeason (early June). Brooks,(1972)
reported that ethirimol seed dressing( specific mildew fungicide)
significantly reduced brown rust attack, again using winter barley,
but also reported a slight increase in brown rust on three out of
fourteen spring barley trials where mildew was controlled. In
fungicide trials at the Plant Breeding Institute Johnson, Scott and
Wolfe, (1970) reported that brovn rust was more severe on all plots
where mildew was controlled. This had the effect of making the
determinations 6f yield losses due to mildew inaccurate. A similar
epidemic of brown rust in 1971 (Wolfe & Ninchin,1971) was also reported
to be more severe on plois where mildew was controlled. However there
is little conclusive evidence for increases in brown rust due to the
control of mildew, or indeed, for the suppression of rust by the

presence of mildew.
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Production of plant material.

Liost expexriments were performed on the first seedling leaf of the
barley cultivar Zephyr. Hercury-dressed seed (Elsom*s of Spalding Ltd.)
was sown, ¢ 2cm. deep, in John Innes Fotting Compost No. 2 in {3cam.
plastic pots which were then kept in filtered—-air cabinets designed to
exclude fungal spores (Fimney, 1975). These cabinets were built on a
self-watering sand bench within a greenhouse, maintained at 18t3C and
with a 16h, photoperiod. Under thsse conditions seedlings developed a
fully expanded first leaf in 10 days. Seedlings with abnormal or niss-
hapen first leaves were rogued, where necessary, t0 give a uaniform

stand, uwsually between five and ten seedlings pexr pot.

Fungal material.

(a) Brysiphe graninis., Collections of E.graminis vere maintained
on seedlings of Zephyr barley; kept in different filtered-air cabinets
to naintain their identity. There were two collections: one used mainly
in preliminary experiments, was a field isclate {race or races not
deternined) from Silwood Pavlk, obtained in 1972, the other used in

)
Ny e, O

later experiments, was an isolate of race B 72/27 obtained from the A

Sty

Plant Breeding Institute, Canbridgs.

(v) Puccinia hordei. One isolate was used throuzhout and was derived
froa the collection of race (Fb. 60/3/1, 255/21) obtained by Siildn &
vheeler (1974a). Further vredospors colleciions were obiained by infect-

ing seedlings of the barley cultivar Deba Abved {(iilsten~dressed) and

then removing the uredospores daily fron pustule cruption to
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leaf senescence with a cyclone collectiogn. These spores were
either stored at 1°C or were freeze-dried. Under these two coné.—
itions spores remained viable for 3 — 4 months snd 12_months
respectively.

Inoculation of plants.

Considerable difficulty was experienced in preliminary
experiments in obtaining uniform inoculations of plants with
P.hordei and especially with E.graminis so the apparatus showm in
Fig. 1 was designed to ensure a more uniform deposition of spores
on the seedling leaves.

It consisted basically of an aluminium settling tower,

O.7n. diameter and im. high, suspended by a system of pulleys and
counterbalances over a wooden turntable of similar diameter on four
furniture castors. ‘The top of the settling tower was sealed with
a perspex lid into wvhich, centrally,was incorporated a 6v battery
fan unit., The bottom rim of the tower was cushioned by a length of
split rubber tubing so that the turntable could still rotate when
the tower was lowered.

A perspex tube, inner diameter 25mm., was positioned so that
it arose centrally through the turntable to a height of 650cm. above
it. The upper 250cm. of this tube (inoculum carrier) was detachable
and had at its base a plate perforated with small holes, cut
diagonally and arranged in a spiral and at its top a 25mm. plastic
fumnel weighted with putty. The lower part of the perspex tube
was connected via a T~piece to an Zdwards pump.

For inoculations the apparatus was operated as follows:

(2) The alwminium settling tower was raised and pots of seedlings

wvere placed at random on the turntable. The leaves were held
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Fig.] Inoculation chamber.

Pulley

< 72cm

v

6 volt Battery operated fan

T/

/
inoculum
distributor . N
for rotating 90 cm
inoculum
" Aluminium e

settling tower

Rubber tubing
aent =) Y
Al Je
Turntable ~—>Ef_ o —
LLLz ??7 Castors
A //H for
“ Z rotating
base

Air from
Edwards
vacuum pump



13

horizontal by gently running a finger downwards from the tip to
the base of the abaxial surface, For inoculations with P.hordei
(but not those with E.graminis) they were also sprayed with water
using either an ASL Spraymist or Shandon Chromatography Sprayer.
(b) Inoculum Was placed on the perforated disc of the carrier.
This consisted either of a weighed amount of a uredospore/talc
mixture, for inoculations with P.hordei or several mildewed leaves,
for inoculations with E.graminis (see Appendix 1). The funnel and
inoculum carrier were then replaced and the setiling ftower lowered
carefully into position over the plants.

(c) Both the Edwards pump and the battery fan were switched on.
Air blown into the perspex tube by the Edwards pump lifted and
spiralled the inoculum in the carrier and also lifted the funmel
allowing spores to discharge into the settling tower. The battery
—operated fan unit further mixed these spores with air at the top
of the tower.

(d) After 30 seconds the pump and fan unit were turned off
simultaneously and the suspended inoculum allowed to settle for

15 = 30 mins. During this period the turntable was revolved slowly
by hand.

Plants inoculated with H.graminis were transferred without further
treatnent to filtered-air cabinets., Pots of plants inoculated with
P, hordei were stood in warn water (20 — 25 C) contained in a
galvanised tray, 67 x 97cm., and covered with polyethylene on a
wooden frame (56 x 88 x 65cm.). The inside of this polyethylene
cover was also sprayed with water. After 24 hours in this humid

chamber these plants were also placed in filtered~air cabinets.
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Asseszment of disease,

Under the conditions described above rust pustules erupted
8 = 9 days after inoculation and mildew colonies were visible by
day 6. Rust pustules were usually counted 10 days after inoculat-
ion and mildew colonies 7 days after inoculation. Some rust infec~
tions grew through the leaf producing pustules on both surfaces.
To avoid duplicate counts the leaf was held up to the light when
assessing pustules by eye or if the leaf was detached this was
placed over a light box.

In some instances growth of the fungi was measured., Leaves
were detached and cleared in methanol for 24 hours. They were
then stained in lactophenol cotton-blue either for 10 - 15 minutes
(for mildew colonies) or for seve?al hours (for rust pustules).
Colony area was determined from measurements of length and breadth

using a calibrated graticule in the eyepiece of the microscone.

Spore germination.

Germination of rust uredospores and mildew conidia used as
inocula were checked by tests carried out in chambers as described
by lianners & Hossain (1963). Germination of spores on inoculated
leaves was examined by pressing the leaf firmly on to a piece of
Sellotape. The spores remained atbtached to the Sellotape when the
leaf was peeled off and were examined after staining in lactophenol

cotton~blue,
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EXPERTIENTATL.

1(a). Preliminary Investigation.

Simkin (1973) found tkhat there was an interaction between

Puccinia hordei and Erysiphe graminis on the first seedling leaf

of the ba.;cley cultivar Zephyr.

The preliminary experiments described in this first section
were designed to provide more evidence of these interactions and
to characterize them fully.

The two situations: the development of P.hordei on plants
preinoculated with E,graminis and the development of E.graminis

on the plants preinoculated with P,hordei were both investigated.

Development of E.greminis on the first seedling leaves of

Zephyr barley, previously inoculated with P.hordei.

Bffects of different amounts of P,hordei and different

periods between the two inoculations.

Simlcin (1973) used high levels of rust in his experiments so
it was felt necessary to establish that similar effects on

Degraminis could be obtained using smaller inocula of P.hordei.

Uredospores of P,hordei weres weighed out and diluted one to
one with talc. After mixing thoroughly half of this preparation
vas mixed with an equal weight of talec. This procedure was

repeated to give the different inocula showm in table 1.
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Two potsAéf wniform, 10-day old Zephyr barley seedlings
were treated with each inoculum and seedlings in another two pots
inocculated with talc only as a control. The inoculation proced~
ure was bagsically similar to that of Simkin (1973). The pots of
seedlings were placed at the base of a settling tower (im x 6m),
sprayed with a fine mist of water, and the inocculum dispensed into
the air af the top of the tower. After allowing the spore/talc
nixture to settle, the plants were resprayed with water and kept
in a saturated atmosphere for 24 hours (Simkin & Wheeler 1974).
They were then transferred to the cabinets in which they were grom
and after a further 3 days all plants were inoculated with E.graminig.
Again the inoculation procedure was as described by Simkin (1973).
The pots of plarnts were arranged at random around a central card-
board cylinder (58 x 13cm) which was mounted 2-& cm. above the
sand bench and housed in its base & small electric fan. Apparatus
and plants were sited within a filtered-air cabinet. Inoculum
was introduced into the top of the cylinder, the fan was turned on
for 3 minutes and then suspended conidia allowed to settle onto the
plants for 30 minutes.

All plants were subsequently kept under normal greenhouse
conditions until they were assessed for mildew after 7 days.

Although in this experiment there were marked offects on
mildew development of pre~inoculating plants with P.hordei the
amounts of mildew and rust were respectively too high and too low,
so a second experiment was set up., This combined the treatments
of the first experiment with a study of the effects of different

periods between the two inoculations.
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Table 1 Effects on mildew development of pre-inoculating

leaves with different inocula of P.,hordei.

Inoculum Uredospore/

level talc mixtureT

0 . tale only
(control)

1 1 ¢ 1

2 1:¢53

] 1:7

4 1 : 15

5 1 ¢ 351

Il'ean no. rustTT

pustules per leal

200

100

100

250

200,

+ 0.2g. per two pots of seedlings

++ Visuel estinates
Standard error ¥ 0.6446

(mildew colonies)

Total mildew

colonies per 20

leaves

169

27

\O

10
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Uréd05pores of P.hordei were mixed with talc to give 2 1 :+ 3
dilution (inoculum level 2 of Table 1) and a range of inocula more
dilute than those of the previous experiment (inoculum levels 5,

6, 7 and 8 of Table 2). Two pots of uniform 10 - day old seedlings
were treated with each inoculum and four similar pots of seedlings
were inoculated with talc only to serve as controls for both parts
of the experiment. Subsequently two pots of seedlings were inocul-
ated with the 1 : 3 uredospore/talc mixture 6h or 1, 2, 3, 4 days
later to give treatments A to E of Table 2. All plants were placed
in 2 saturated atmosphere for 24h immediately after inoculation
except those in treatment A which had only 6h. in these conditions.
Four days from the start of the experiment all plants were
inoculated with B.graminis and then returned to the greenhouse
bench. I[Hldew was assessed 7 days and xust 10 days from inoculation.

The results (Table 2) show that inoculating leaves with:
P.hordei 4 days before inoculation with E.graminis markedly
reduced the number of mildew colonies that developed even when the
rust level was as low as 25 - 75 pustules/leaf. The megnitude of
the reduction appeared to be increased with greater rust levels
(Table 2(A)) and with longer periods between inoculations (Table 2(B)).

Rust and mildew levels were variable, and not always uniformly
distributed about the leaf, and it was observed that an important
feature in the interaction was the pattern of the disease

distribution,
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Table 2 &affects on nildew development of pre-—inoculating

leaves with P.hordei.

(a) Different inocula of P.hordei, inoculation 4 days

before that with s.graninis.

Tnoculum Ured65pore/ lean no. rustit Llean no. mildew
level talc mixturel pusiules per leaf colonies per leaf
0 tale only 0 25.7
5 1: 31 150 - 200 | 3.7
6 1:63 100 - 150 2.6
7 1 : 127 75 ~ 100 17.1
8 1: 255 25 - 15 14.5
(b) Different periods between inoculations: inoculation

with a 1 : 3 uredospore/talc mixturel

Treatment  Days between liean no, rust Liean no. mildey
incculations pustules per 1eaftl colonies per leaf
A 0,25 100 — 200 16.5
B 1 200 -~ 250 c.4
C 2 250 - 300 6.6
b 3 250 - 300 3.0
B 4 250 - 300 Te2

+ 0.2g. applied pexr two pots oi seedlings

TT Visual estimates
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Development of P,hordei on the first seedling leaves of

Zephyr barley, previously inoculated with E.graminis.

Bffects of difterent periods between the two iroculations,

In these preliminary ezperiments no attempt was made to use
a range of mildew levels.

Fifteen pots of barley seedlings were grown in a Spore —
free cabinet for 10 days. The seesdlings in ten pots were inocula~
ted with Ee.graminis using the method described earlier in this
section, Five of these pots were returned to the greenhouse bench
and nildew allowed to develop (mildew control of Table 3).
Subsequently one pot of seedlings inoculated with B.greminis and
one pot of untreated seedlings were inoculated with P.hordei to

give periods between inoculation with. E.graminis and P,hordei of

2h or 1, 2, 3, 4 days and the corresponding *rust controls' (Table
3). “he numbers of mildew colonies and rust pustuleé per leaf were
recorded for each group of plants 7 and 10 days after the appropri-
ate inoculations. The results indicated that when leaves were
inoculated with B.graninis 4 days before inoculation with P.hordei
the nuaber of rust pustules that developed was significantly lower
than in the corresponding control. With intervals of less than 4
days between the two inoculations, results were variable and
otherwise only with a day interval were significantly fewer rust

pustules formed on mildewed plants.



TABLE 3
(Ses also Appendix
Table 3)

Time between

Inoculations.

2h

1 day
2 days
3 days

4 days

21

Effects on rust develovment of preinocnla~

ting leaves with E.graminis,

ILlean no, pustules or colonies per leaf.

*Rust Control! leaves ‘nildew

pre-inoculated control!

with E,graminis.

Rust Hildew

550 (n.8.)7 418 95 158
264 (* ) 160 196 -
213 (1.5.) 254 182 -
400 (1.S.) 466 125 -
191 (#%%) 12 160 -

+ Significant differences between amounts of rust on mildewed

and rust control leaves at P< 0,05 and P< 0,001 indicated by

* and ##% respectively.

Based on t-test.



22

Rust and mildew on other leaves and other cultivars.

Although variable results were obtained from the above
experinents, they served to show that on the first seedling leaf of
Zephyr barley, a reduction in mildew could be obtained by a prior
inoculation with P.hordei, and that in some instances, rust could
be reduced by pre-inoculating leaves with B.graminis, Obviously,
both situations required further investigation. However, it seemed
necessary to establish first that the effects observed were not
peculiar to the first seedling leaf of Zephyr barléy, S0 some
experiments of a similar type were made on the second leaf of Zephyr
seedlings and on seedling leaves of other cultivars. These are -

described here.

pffects of duzl inoculations with D.graminis and P.hordei: on second

seedling leaf of Zephyr barley.

Forty—-eight pots of Zephyr barley, grown in John Innes Yo, 2
potting compost, were kept in a filtered-air cabinet until the
seedlings had a fully-expanded second leaf. These were then
divided into three groups (4,3,C; each of sixteen pots. 7“he
seedlings in group A were inoculated with s.graminis, those in group
B with P.hordei and those in group C not inoculated.

Immediately (time 0) and 2, 4, 6 days later two pots were
taken at random from group 4 and from group C and the seedlings were
inoculated with P.hordei. Sinilarly, at these times, two pots were
taken at random from grouwp B and from grovp C and these sesdlings

were inoculated with E.graminis. All plants were incubated in



comparzble conditions. Amounts of mildew and rust were recorded
T and 10 days respectively after inoculation on voth the first and
second leaves., In some instances, mildew was so extensive that
only % leaf cover could be estimated but usually the numbers of
mildew colonies énd rust pustules per leaf were recorded. Data
relating to the first 1eaf are given in Appendix Tables 4 & 5 and those
for the second leaf are summarized in Table 4.

The results clearly indicate that with the exception of day O
pre~inoculating leaves with one rungus markedly reduced the growth
of the second fungus, the magnitude of this reduction being

directly related to the period between inoculations with tis two

fungi.
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TABLE 4 Effects of duzl inoculations with B.greminis and
(See also P.hordei: second seedling leaf of Zephyr barley.
Appendix

Tables 4.=7)

Days between llean no, pustuies or colonies per leaf.
Inoculations.
Rust development iildew developnent
on leaves on leaves
o,
4 - ™ ' - N N
Pre-inocu—~ Not pre— Fro— Kot pre—

lated wvith inoculated inoculated with inoculated

Hegraminis P.hordel
" *
0 257 ~ IS - 228 (70%)T - Joo2 - (coz)t
2 T4 =001 -~ 274 40 = .001 - 70
4 15 - .02 - 38 28 - .001 - 68
6 15 =001 = 122 T3 = 001 - 165

+ Colonies confluent so0 an accurate count was not possidle,

* Statistical significance based on t-tests. (Values for P as shown

in the Tavle)
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Bffects of dual inoculations with B.graminis and P.hordei: On

different leaves of Zephyr barley.

Under field condiftions in the South of England and in the
absence of any fungicide treatment, most plantings of barley become

infected to some extent with E.grendinis and P.hordei. Iildew often

develops on the lower leaves early in the growing seascn, brown
rust develops later and usvelly affects only {he last-formed leaves
of the barley plants,

The following experinent investigztved the effect which mildew
on the first three seedling leaves had on the development of rust

on leaves 4 and 5.

Barley seedlings in ten pots were grown in a fixiered-air
cabinet until threes leaves had fully developed. The seedlings in
five pots were then inoculated with E,graminis by placing then at
the base of a setiling tower and shaking infected plants over thezm.
Fourteen days later, when the leaves 4 and 5 had fully expanded the
seedlings in all ten pots were inocculated with P.hordei by spraying
them with uredospores suspended in 10—4 tween €0 using a Shandon
Chromatography Sprayer. The planis were incubated and the pusiules
on leaves 4 and 5 counted 10 days later.

Altheough pre-incculation of iesves 1, 2 and 5 with I,graninis
appeared to reduce the amount of rust developing on leaves 4 and 5
(Table 5) the plant to plaont variction was so great thet these

differences were not significant.
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TABLE 5 Effects of dual inoculations with B.graminis and

(See P.hordei: on different leaves of Zephyr barley.

Appendix
Table 8)

Lean no. rust pustules/leaf

L4 JA B
Seedlings pre— Seedlings not
Replicate inoculated (leaves pre-inoculated
1,2,3) with B.graminis. {(control)
leaf no. 4 5 4 5
1 33% 20%* 38 17
2 18 32 22 44
3 8 31 31 61
4 2 43 5 36
5 5 1 7 17
Liean 10.5 19.3 23.9 38,0

* ot significantly different from controls.
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Effects of dual inoculations with Degraminis and P.hordei: iildew

development on the first sesdling leaves of difrerent cultivars

pre-inoculated with P.hordei.

Seedlings of the five barley cultivars (Sultan, Berac, lidas,
Julia and Zephyr) were grown in a filtered-air cabinet, three pots
per cultivar for 10 days, Uthe seedlings in two pois of each
cultivar were then inoculated with P.hordei., Tour days later the
seedlings in all pots were inoculated with Z.graminis. The number
of mildew colonies on each leaf was counted 7 days after inoculat—

ion. On each cultivar mildewr developnent was significantly less
T g1 v

than on the corresponding control (Table 6),

The reverse situation, where the development of rust on leaves
of different cultvivars pre-inoculated with E.gcraminis is examined

in a later section.
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TABLT 6 sffects on mildew developnent of pre~inoculating
(see also leaves of different cultivars with P.hordei
Appendix

Table 9 )

lizan no, colonies per leaf on

Leaves- Sultan Berac Iidas Julia  Zephyr
pre~inoculated 16.7F 4.4t 2.5 11.0f 8.5t

with P.hordei

Leaves nob
pre~inoculated 79.3 60.5 27.6 37.6 89.8

(controls)

TSignifica.ntly different from the controls at P = 0.001

_—
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Effects of dual inoculations with Z.graminis and P.hordei:

Experiment using improved inoculation technigues.

vhile the above experiments indicated that pre-inoculating
leaves with one pathogen reduced the development of a second
pathogenAand that this was not an effect confined solely to the
first seedling leaf of Zephyr barley, they also indicated the
need for better methods of inoculating plants with Z.graminis and
P.hordei so that the resulis would be less variable. ‘This led t§
the development and testing (Appendiz 1 ) of the techniques
described on Page 11 .

Alsc, since there were so many possible combinations of disease
levels (i.e. as a result of using different inoccula) and periods
between inoculations, it was decided in future experiments to
examine interactionswith two disease levels, designated *thigh' and
'low! with inocula of each pathogen applied to plants either
immediately after each other (Time 0) or after an interval of 2, 4
or 6 days., In these instances, a 'high' disease level refers to
the developnent of between sixty and 120 rust pustules or mildew
colonies per leaf following inoculztion with P.hordei or with
E.graminis only and, correspondingly, a 'low' disease level refers
to the development of less than forty pusitules or colonies per leaf,
To achieve these levels the following inocula were placed in the
tinoculum carrier! of the ezpparatus showm in Fig.1 : for *low!?
nildew, ten first leaves of se2dlings each with 60% - 80% cover of
nildew (race B72/27 of E.graminis) and shaken vigorously 48hours
before required that @ new crop of conidia would be available for

inoculation; for *high' mildew, twenty sucn leaves; for *low!

Tust 5 mg. and for ‘high' rust 15 mg. of rust uredospores (race
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derived from collection Pb 60/3/1, 295/21) diluted to 1 g. with
talc. Standard methods of inoculation and incubation were used
throughout (P 11 ) and mildew colonies and rust pustules were
counted 7 days and 10 days after the appropriate inoculatioms.

Using these techniques a series of experiments were performed
to cover the diffevent treatment-combinationslisted in Table 7 ,
plus appropriate conirols, and to give data suitable for multiple
regression analysis. These date are detailed in Appendix Tables 10 and 11,
The results of earlier experiments were also included in analyses
where appropriate.

Two rultiple regressions were performed. Table 8 summaribBes
the analysis of data for the disease situations in which leaves
were inoculated with P.hordei before inoculating them with c.graminis
The dependent variable is the amount of mildew, as a percentage of
its appropriate control, with the period between inoculations,
rust levels and mildew levels on (P.hordei) treated plants as inde-
pendant variables.

The analysis showed that the most important factor in reducing
nildew development on leaves pre-inoculated with P.hoxdei was the
number of successful rust infections. Length of the period between
inoculations was also important and was negatively correlated with
the dependant variable, “he positive correlation between amount of
mildew and the dependant variable (i.e.mildew as i of control) also
indicated that 'high' levels of mildew were reduced proportionally
less than 'low!' levels.

Pable 9 summnarizes the anzlysis of data for the reverse

situation in which leaves werxe inoculated with H.graminis before
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TREATLENT COEBINATIONS

PABLE 7

Pirst Inoculation 2econd Inoculation.
(1 )T High rust High mildew (5)
(1) High rust Low mildew (6)
(2) Low rust High mildew (5)
(2) Low rust Low mildew (6)
(3) High mildew High rust (7)
(3) High mildew Low rust (8)
(4) Low mildew Eigh rust &)
(4) Low mildew Low rust (8)

.r

lumbers indicate the different inoculations .
tntries in the table with the same nunber indicate that plaunts

were treated with the same inoculun.,
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Effects on mildew development of pre-inoculating

(ses also
Appendix

Table 10)

leaves with P.hoxrdei.

Iultiple Regression Analysis.

leaves.

Varia- Mean Standard Correl- Regression S.E. of Computed Probab

bles deviation ation  coefficient Regression 't'. ility
X coefficient value ()

X1 2,95 1.98 ~0.334 -4.167 1,32 3.16  0.01

X' 2 92007 91.30 —0.704 _00196 0903 6040 0001

X3 38,05 41.26 0.623 0,264 0.07 3,80 0.01

Y 58,67 . 51.89

Analysis of variance

Source D.F, Sum of liean F Probab-
squares square value ility.

Regression 3 36002.96 12000.92  36.29

Residual 48 15872.48 330.68

Total 51 51875.44

Variables:

X1 = Period between inoculations

X 2 = Hean no, rust pustules per leaf on dual inoculated leaves.

X 3 = lean no. mildew colonies per leaf on dual inoculated leaves.

Y = Percentage of the avpropriate conitrol of mildew on dual inoculated
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Bffects on rust development of pre~inoculating

(see also
Appendix

Table 11)

leaves with E.graminis,.
—SVES e

Imltiple Regression Analysis.

Varia~ llean Standard Correl- Regression S.E. of Computed Probab-
bles deviation ation coefficient Regression tfo ility

X x coefficient value (®)
X1 2.46 2.04 ~0.640 ~16.,167 3.85 4,20 0.01
X2 93.44 T0.06 ~0.450 =~_0.330 0. 11 3406 0.01
X3 T1.385 113.56 0.291 0,103 0.07 1.52 n.s.
¥ 84,03 64,01
Analysis of Variance.
Source D.®. Sun of Iisan T Probab-

squares square value ility

Regression 3 £4866.,99 282838.9 13.981 0.01
Residual 35 70819.99 202%.4
Tetal 38 155686.97
Variables:
X 1t = Period between inoculations
X 2 = llean no. mildew colonies per leaf on dual inoculated leaves.
X 3 = llean no. rust pustules per leaf on dual inoculated leaves.
Y = Percentage of the appropriate control of rust on dual inoculated

leaves.
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inoculating them with P.hordei. The dependent variable here is
the amount of rust as a percentage of the approvriate control. The
length of the period between inoculations appeared most important

together with the numbser of successful infections with L.greminis.
(=] ~
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Dual infection of rust and mildew: Effects of pre-~inoculating

leaves with E.graminis.

The effects of dual inoculations of E.graminis and P.hordei

which were indicated by the preliminary experiments were examined
in more detail. This section deals specifically with experiments

in which an inoculation with Z.graminis preceded that with P.hordei.

1. Effects in different parts of inoculated leaves.

liine pots, each containing five, 10-day-old Zephyr barley which
hzd been grovm in a filtered—air cabinet were used. The seedlings

in six pots were inoculated with Z.graminis. Thres days later,

the seedlings in three of these pots plus those not yet inoculated
wera inoculated with P.hordei. All seedlings were kept in a
saturated atmosphere for 24h before they were returned to a filtered
air cabinet. Ten days after the inoculation with P.hordei the
leaves were cut from all plants. The extreme tip and base of each
leaf was discarded and the remainder was cut into thres, 3em
portions. The width of both ends of each segaent was measured, its
area calculated using the standzrd formula for a trapezium and the
nunbers of mildew colonies and rust pustules counted on each
segnent,

The results (Table 10) showed that the development of rust was
little affected by the levals of Z.graminis used in this experiment,
However, it was interesting that the development of mildew was
itself reduced on leaves inoculoted vith P.hordei and this effect

was most pronounced in the distal part of the leaves.
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TABLE 10 Dual infections of rust and mildew: Zffects in differ—
(See also ent parts of the leaf of pre-inoculation with EB.graminis,
Appendix

Table 13)

llean no./cm? of. T

4 2t
iildew Cclonies. Rust Pustules.
7 - N7 A \
Leaf Inocwlun:~ L,graminis Yezraninis + P.hordei P.hordei
Section only only
Base 3.81 =ns - 4,09 11,95 -ns— 11.29
Iiddle 3.64 —ns— 2,87 54.29 -ns- 29.40
2%

Tip 4.67 3.44 56.62 —ns~ 48.22

+ based on a sauple of 15 leaves per treatment.

¥ Sjgnificantly different (P=0.01) from corresponding control.
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Inoculation of leaves with E.graminis, followed immediately by

inpculation with Pe.hordei.

In some experiments where an inoculation of leaves with
E.graminis was immediately followed by an inoculation with P,hordei,
the resulting rumber of rust pustules per leaf was higher than on
leaves inoculated with P.hordei only. This apparent increase in - -
susceptibility was, in most instances, guite small but was of interest
especially in view of the report by Ilanners & Gandy (1954) that the
susceptibility of wheat to brown rust was increased in the vicinity
of mildew colonies, Some of the resulis of Simkin (1973) also indic-

ated a similar effect in dual infections of B.graminis and P.hordei.

The following experiment scught more information on this
point,

Ten pots of uniform, 10-day old Zephyr seedlings were prep-
pared. The seedlings in five pots were inoculated with E.graminig
then immediately all pots were inoculated with P.hoxrdei. All pots
were incubated in a saturated atmosphere for 24h. and then returned
to the greenhouse bench. Nine days iater, the lsaves were detached
and cleared in methanol for 48h, The number of pustules oan each leaf
was counted by placing the cleared leaves over a light box and the
number per unit leaf area calculated using measursments of individual

. 2 .
leaf area. The mean number of rust pustnles per cm~ on mildewed leaves

<t
e}

was 47.5 compared with a mean of 357.5 for control leaves, a difference

significant at P == 0.001 in a 't' test (ippendix Table 12).
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2. Effects of inoculating different surfaces of a leaf.

Nine pots of 10-day-—old Zephyr barley were prepared., The leaves
of seedlings in three pots were secured in the inoculation chamber
with their adaxial surfaces uppermost and similarly seedlings in
three pots were arranged with their abaxial surfaces uppermost.
All the leaves were then inoculated with E.greminis. After 4 days,
mildew could just be distinguiszed on the inoculated leaf surface.
Then all inoculated leaves together with leaves of seedlings in
the three pots not yet treated were fixed with their adaxial
surfaces uppermost and were inoculated with P.,hordei. All plants
were incuiated in a saturated atmosphere for 24 h, Immediately
following this five leaves were sampled from each treatment : leaf
inmpressions of their upper surfaces were taken using Sellotape. The
remaining planis were returned to the greenhouse for a further
9 days when the first leaves were removed and cleared in methanal
for 24 h.

Means germination of rust uredospores was determined from
fifty microscope fields selected at random on ezch leaf impression.
the number of rust pusiules per leaf was counted and their sizes
determined from measurements of length and breadth.

Percentage germination of rust uredospores was similar in all
treatments (Wable 11) but significantly fewer and smaller pustules

developed on upper surfaces already inoculated with E.graminis.
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TABLE 11 Dual infections of rust and mildew: Effects on rust
(See also development of pre—inoculating different leaf
Appendix surfaces with E.graainis.

Table 14)

Rust development of upper leaf surface.

lean % liean no. of Hean area (mm®)
germination pustules/leaf. of pustules.

of uredospores,

Inoculations with:

P.hordei only 34.9 116.0 0.194

(control)
E.graminis, abaxial
surface; P.hordei 34.2 116.5 0.175

adaxial surface.

*eR
B.graminis & P.hordei 30.3 35.8 0.149

on adaxial surface.

Values significantly different from control at P = 0.05 and

P = 0.01 denoted by * and ** respectively.
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3. Uffects on the development of rust.

This experiment was designed to determine the stage in
development at which rust was affected by pre-~inoculating leaves
with E.graminis.A The information from the multiple regression
analysis (p 30 ) indicated a maximum effect on rust development
when leaves were inoculated with large amounts of E.graminis 6
days earlier, so these conditions were used in the following
experiment.

Six pots of Zephyr seedlings were used. The adaxial surfaces
of the first leaves in three pots were inoculated with E.granminis,
After 6 days, when the inoculated leaves already bore abundent
nildew, all seedlings (including those not yet inoculated) were
inoculated with P.hordei. After incubating the plants in a satur~
ated atmosphere for 24 h, five leaves from each treatment were
removed and impressions of their upper surfaces taken with Sellota~
re. 4ll plants were then placed in the greenhouse. After a
further 48h, five more leaves were sampled from each treatment,
these were cleared in methanol for 24h. The numbers of rust
pustules were counted on the remaining leaves 10 days after inocul-
ation.

Percentage germination of uredospores was determined from the
leaf impressions as in the previous experiment. The cleared leaves
were stained and examined microscopically to determine the fate of
the uredospore geru tubes but this proved not to be feasible because
germ—tubes were masked by hyphze of Ad.graminis. Scanning electron
microscopy of the szme material also failed to resolve this problem.

As an alternative the number of-prirmary rust infections was



A1

recorded in each treatment from thirty fields taken at random from

the central portion of each leaf ( Table 12 ).
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Table 12 Dual infections of rust and mildew: effects on rust
(See also development of inoculating leaves with large amounts
Appendix of E.graminis 6 days earlier.

Table 15 )

Rust development on upper leaf surface.

Liean . % Yo, primary Mean no.
germination infectionsl pustules/leaf.
of
uredospores.
Inoculated
vriths
P.hordei only 50.2 64 57
o A LE® #* %
H.granminis and 51.7 35 2.2
P.hordei

*#*5tatistically different from coatrols at P = 0.01.

+ Totals for 150 fields.
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Dual infections of rust and mildew: effects of pre-incculating

leaves with P.hordsi.

1. Effects of inoculating different parts of the leaf with

P.hordedi.

Six pots of 10-day-old Zephyr tarley were used. The first
leaves of the seedlings in one pot were inoculated by dusting a
uredospore/talc mixture onto the lowest (basal) poxtion with a
camel-hair brush. so that a third of the adaxial surface was ireated.
The leaves of seedlings in a second pot were similarly treated so
that a central portion was inoculated and those in a third pot so
that the distal portion was inoculated, ail on the adaxial surface.
The plants in the remaining three pots were inoculated with talc
only to give conirols corresponding to the three treatments with
rust uredospores. All planis were incubated in a saturated atmosp-

A
here for 24h (18 — 23%5 and then 3 days later they were inoculated
vith Z.graminis. The number of mildew colonies yer leaf was

recorded after a further 7 days under greennouse conditions.

most affected by inoculating the besal third of <he leaf with

P hordei.
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TABLE 13 Dual infections of rust and mildew: effects on
(See also nildew of pre~inoculating different parts of
Appendix leaves with P.hordei.

Table 16)

Portion of liean no. mildew
leaf pre-inoculated colonies per leaf.

with P.hordei.

Basal third 39-4*

Central third 74.0

Distal third 71.1
Nil (control). 83.2

#* Significantly different from the control ( Pe= 0.05).
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2+ Effect of three different inoculum levels of P.hordei.EEL

mildew development.

Twelve pots of 10-day-old Zephyr barley were used. The
Seedlings in niné pots were inoculated with P.hordei using Smg
uredospores to 1g talc. Three pois were then removed from the ino-
culation chamber and the seedlings irn the remaining six pois re-in-
oculated with P.hordei using 10mg uredospores to 1g tale. Another
three pots of seedlings were removed and seedlings in the remaining
three pots inoculated a third time with P.hordei using 30mg uredos—
pores per g tale., All plants were incubated in a saturated atmos—
phere for 24h and then transferred to a filtered-air cabinet. TFour
days afier inoculetion with P.,hordei, all plants were inoculated
with E.graminis and replaced in the filtered-air cabinet. After
a further 10 days the number of mildew colonies and rust pustules
per leaf were recorded. Iiildew colonies were counted again after
another 6 days.

The results (Table 14) confirmed that pre—inoculating leaves
with large amowunts of P.hordei considerably reduced mildew, ‘hey
also showed that the percentage reduction from the appropriate
contreols of the mean number of mildew colonies per leaf was

greater 16 days than 10 days froz inoculation with S.graminis.
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TABLE 14 Dual infections of rust and mildew: effects on
(See alLso mildew of pre~inoculating leaves with three
Appendix different inoculum levels of P.hordei.

Table 1)

[lean number of mildew colonies per leaf.

o, of
inoculations Wil 1 2 3
vith (0) (25.5) (84.1) (286.5)"
P.hordei (Control)
Assessment ’
of mildew

10 da}'s 63.9 65;8 5607 4‘300

16 days 83.9 %91.2 62,5 33.4

after inoculation.

¢t reduction
in mildew

of control at:

10 da;fS Lol —'3.1 1 1 02 32...1*
16 days - ~8.7 25,5 60.2"

*E

atter inocvlation.

# Figures in brackets indicate mean number of rust pustules
forned per leat,
Significant differences from control of P=0.05, 0.01 and 0.001

indicated by *, #* and *** respectively,
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3. Ekffect on mildew of pre-inoculating a central band of the

leaf with P.hordel.

Two pots eagh of 10-day-o0ld Zephyr and Julia bariey were used.
The seedlings in one pot of each cultivar were inoculated with
P,hordei by brushing a uredospore/talc mixture in a 2cm band across
the centre of each leaf., The seedlirgs in the other two pots were
similarly treated with talc as controls. All plants were incubated
in a saturated atmosphere for 24h and then returned to the greenhouse.
Three days later they wers inoculated with E.graminis. After a
turther 7 days in the greemhouse the mildew which had developed was
examined. PFor this, the leaves were removed, cleared in methanol
for 24h and, after a light staining (10-20min.) in lactophenol—
cotton blue the mildew colony size, and conidiophore density were
recorded, Lildew colonies were chosen from the centre; the edges,
and at tcm distances from the bands of rust. Similar recoxrdings
were made from control leaves. (Table 15)

On both Zephyr and Julia the size of the mildew colonies was
smallest in the centre of the rusted region of leaf. ¥ith increas-—
ing distance trom the rust infections the mildew colonies grew
larger, a5 did the number of conidiophores, reaching tne dimensions
of those on control leaves 2-2lcm from the centre of the bands of
rust. These effects were more pronounced on the distal than on the

basal side of the rust infections.



Table 15 Dnal infections of rust and mildew: effects on nmildew
(see also development of pre-irccmlating leaves with a central
Appendix band of P.hordei,

Table 18)

Distance (cm) From centre of leaf

| 4 l
Base 2F 2 1+ 1 o 1 1% 2 2F Tip
IR, *, , T I, /S,

2« Zephyr

liean colony
size (mm2)T  1.88 1.38 1.34 0.55 0.28 0.95 1.18 154 1.25

Iiean no. of
conidiophores 70.7 61.7 50.8 32.9 15.0 42.2 35.0 46.0 46,3

be Julia

lean colony
size (mm2)T  1.47 1.21 0.98 0.54 0,25 0.34 0.90 1.07 1.52

Hean no. of
conidiophores 45.9 49.4 43.0 16,3 9.3 10,0 25,5 29,5 46,1

T values for 1eaves not pre-inocuiated with P.hordei: Zephyr 2.20mm2;

. "
Julia 1.37am™,
TTNO. per microscopic field at czatre of colonies in central region

of leaves not pre~inoculated -=iih P.hordei: Zephyr 71.7; Julia 45,7



49

4. Effects on the Development of iildew.

This experiment wes dsesigned to determine the stage in devel-
opment at vhich mildew was affected by pre-inoculating leaves with

P,hordei.

Five potsrof 10—day old Zephyr barley seedlings were inoculated
with P.hordei (group A) then, together with five pots of uninoculatsd
seedlings (group B) were incubated in a saturated atmosphere for 24h.
All seedlings were inoculated one day later with B.graminis so that
there was a period of two days between the inoculations. The plants
were then returned to a filtered-air cabinet for the remainder of the
experinent. After 1, 3 and 6 days from inoculation with B.szraminis
five leaves were sampled at random from each of the two groups (A &B)
of plants, impressions were made of those sampled at 1 and 3 days
while those taken after 6 days were cleared in methanol and lightly
stained in lactophenol-cotton blue. In addition, on the Sth day
from inoculation with B,graninis ten leaves were taken from both
groups of plants (A & 3) and each group of ten leaves was used to
provide inoculum in the apparatus showvn in Fig. 1 to separately
inoculate two further sets of heaithy seedlings. The muber of
nildew colonies that developed on thsse secondery iroculated plants was
recorded after a further 7 days.

Tron the sveined leaf immressions the percentage of the conidia
that germinated and formed appressaria was debterained (Table 16a).
also from the leof impressions made 3 days from inoculation with

- .

aesraninis was determined the percentage of the conidia that established
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Table 16 Dualk infections of rust and mildgw: effects on mildew

see also developnent of pre—inoculating leaves with P.hordei.
iy Py iov]

Appendix
Table 19)

iildew dewvelopment on uppexr leaf surface.

Ifean ¢ germin- Fean % Appress— Hean %%
ation of conidia oziz formation establishment

a. Leaf impressions

taken 1 day A 20.24 72.00 ' -
B 15.18 64,00 -
18,07 81.70 53.90

after inoculation

s 2o o
with B.graminis,

b. Leaves sampled ‘ean area of lfean no. of conid~
6 days after nildew colonies pinores per central
. . . 2 nt v
inoculation with (rm™) field,
E.graninis.
e _ e
A 1459 25. 10
B 2633 52.52
c. Leaves sampled llean muaber of mildew colonies per cm2
8 days after on ‘'secendory' plaonts.

inoculation with
B.graminis, used A 34302
to provide fresh

inoculun,
A = Leaves pre-inoculated with P.hordei; B = leaves not nre—inoculated.

Values significantly differeat from 3 (control) a% P ==0,05; 0.01; and

0.001 denoted by *; ** and *¥* pespectively,
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colonies (Table 16b). The arsa of these colonies and the number of
conidiophores per field were determired from the cleared and stained
leaves sampled after 6 days (Table 16c).

Percentage germination, appressgria formation and establishment

of B.graminis appeared to be the same on control (8) and leaves pre—

inoculated with P.hordel {A). The size of mildew colonies and the nean
number of conidiophores per field oz pre-inoculated leaves were
significantly less than on the controls. This reduced productior of
conidia was reflected by the result thai significantly fewer mildew
colonies were produced by inoculating fresh plants with leaves froa
group A pre-incculated with P.hordai then with leaves of group B not
pre—inoculated with P,hordei. This effect was similarly showm by
scanning electron nicroscopy of fresh materizl.

LV

De Effects on Rust and iildewr Vevelopment of Successive Feriods

of Competition.

The effects on the development and productivity of P.hordsi
and Z.graninis of cuccessive periods of conpetiticn are the subjects
of the following exzperinent.,

Two fungicides: ethiximol {ICI Plant Proteciion Litd.) and

v

Calirus (BAS 3170F BASFLid,) were used e 2nable the exormination of

the development of rust and mildew {fron tze same inoculations) both

in isolabtion and in combination.

There were three series of iroculziiocwm, in the Tirst six pots of
10~-day 0ld Zephyr barley (two of which were som with nilsten—-dressed
ead, group 1) were inoculated with P.hordei and irmedintels
wards wvith M.graminis, The plants wrere ircubaoied | for 24h in

kN
o .
& SOV e
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ated atmosphere, and two pots of seedlings (growp 2) wers sprayed with

Calirus (0.01% in 0.0025% cittowet). This gave three zroups of plants;

gsroup 1 (milstem~dressed seed) develozed rust only; groun 2 (sprayed

with Calirus) develoned nmildew only, and group 3 (no chemical treat-

ment) developed both rust and mildew., The amcunt of mildew and rust

on these plants was assessed after 7 and 10 days respectively (Table 17A)
After seventeen days from the iritial inoculations ten leaves

were taken from each of the three growps of plants (shalcen 48n previously)

and the leaves from each group wers then used (to provide inoculum

in the inoculation chamber Fig. 1) o sstarately inoculate‘further

groups of 10-day old Zephyr seedlings. Group 1 inoculum was used to

inoculate t7o pots of milsten-dressed seedlings (grour 4); group 2

inoculun to inoculate two pots of seedlings which were sprayed with

alirus 24h afier inoculation {groun 5), and zroup 3

Q

%3

angculun to inocu-—~

=~

ate six pois of seedlings which were divided into three grouvps of two
pots which received treatnents corresponding to growps 1, 2 and 3, (two
were sown with nilstem-dressed seed (group 6), two were sprayed with
Calirus 24h after inoculation {(group T7), and +wo had no chemical treate -

-

went (grour8)). Azain all planbts received the stan ncubation in

©
i3
jon
{

a saturated aimosphere and Calirus was spreyed onto the appropriate

plants, (growws 5 and 7)., The plants were then housed in filtered-air
chambers so that growps of plants did noi {transfer inoculum, and the
rust and mildew was assessed as tofore the plants in groups 4 +o

8. (Table 173)

After a further seventeen dzys from the second saries of inoculos

3=t
1=
jon}
)
&)

similar procedure was periorzed using inoewlun from vlants in
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Table 17 Dual infections of rust and mildew: efiects on rust

and nildew of successive periods of competition.

~ Rust only Rust and lildew Hildew only
{controls) together (controls)
L e————
a., First series Ilean no, rust pustules Hean no. mildew colonies
of inoculations per leaf per leaf
125-150 125~150  95.3 144.8
Group no: 1 (=) 3 2 (c)
b. Second series
of inoculations
76.0 3340 3845 24.6 29.8 27.5
Group no: 4 (n) 6 (m) 8 7 (c) 5 (e)

c. Third series

of inoculations

34.0 21.0 187 27.0  42.0 44.0
Group no: 9 @ i (v 3 12 (e) 10 (e)
()

(c)

nilsten dressed seed som

nlants sprayed vwith Calirus.

Significant differences were obtzined in the numbers of rust pustules
per leaf between groups 9 and 11; 9 and 15; and 4 and 6 all at P = 0,05,
Also in the number of nmildew coloaies per leaf in groups 12 and 13,

10 and 13 at Pe=0.001 and 2 and 3 at P = 0.05.
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groups 4 to 8 to inocuwlate fresh seedlings in groups ¢ to 13. Thae
results of the disease assessuents made after a further 10 days are
shomn in Table 17c.

The results showed that where P.hordei and L.graminis were
inoculated onto thé sane leaf and allowed to develop for 17 days botnr
had a reduced capacity for pronagule production when compared with the
appropriate controls.

Rust in the experiment appeared ta have been the less successful

of the two pathogens in competition, out with different culiivars;

races of P.hordei or H.graminig; periods of compebition, or initial
disease intensity the balance could have Teen azltered.

With 17 days between the generations many of the leaves were
beginnirg to senesce, and where higher disease levels were recorded

the senescence was obviously more pronounced. This differines decree
04 4

(=4 (=3

of senescence from one group of plants to another accounied for severa
of the anomolies seen in the resulis. Leaves with low levels of
disease when used to provide inoculum resulted in proporticnately
higher disease in the following generation than leesves vith. heavy
infections but correspondingly greater senescence.

Yhe anounts of mildew on plants in groups 2, 5, 7, 10 and 12 were
considered to be too low. This was because they were all spreyed with
Calirus after inoculation and the growin of the mildes in such situaie

ions appeared to be inhibited.
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1 (d) Dual infections of rust and mildew: causes of observed

effects.

It was shown in the previous experiments that duzl inoculat—

jon of leaves with E.,graminis and P.hordei altered the course of

developnent of both pathogens. Tha causes of these alterations

were investigated in the following series of experiments:

(1) Effect on mildew of a subseguant inoculation of leaves

with P.hordei.

One effect observed in previous experiments was that devel-
opment of E.graminis was reduced on leaves which were subseguente
ly inoculated with P.hordei. The following experiments attempted
to determine whether this effect on mildew resulted solely from
the subsequent development of rust or could be attributed to the
process of inoculating the leaves with P,hordei, which involves
the use of a water spray and the incubation of planis in a saturat—
ed atmosphere for 24h. The latter seemed a distinct possibility
in view of the well-lmown inhibitory effect of free water on
conidial germination of powdery mildew

Fifteen pots of Zephyr seedlings were inocubated wiin Zegraminis
and were then immediately divided into five groups of three pots.
The seedlings in one group received no further treatment (treatment
1 of Table 18, control), those in another zroup recsived the
standard procedure, for inocwlating plants with P.hordei, i.e. a
water spray, dusting with a uredospore~talec mixture and incubation
for 24h in a saturated atmosphere (treatment 5, “able 18). The

remaining three groups received respectively, a water spray followed
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TABLE 18 Dual infections of rust and mildew: effects on

nildew of a subsequent inoculation of leaves

with P.hordei.
Treatment Treatment.
Ho.
'~ Water Talc Uredospores 24 h lMean mildew
in talc. saturated colonies/leaf.

atmosphere

1 - - - - 58.7

2 + + -~ - 54.8

3 + + - + 45.1

4 - - - + 40.9

5 + - + + 34.1
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by dusting with talc only, incubation in a saturated atmosphere
only and both these treatments (treatments 2, 4 and 3, Table 18).
After the appropriate treatment each group of pots was refurned to
a filtered air cabinet,for 7 days when the number of mildew colon-
ies on each leaf was counted.

Significant differences were obtained between treatments:
1 and 3; 1 and 4; and 1 and5. 0o siznificant differences were
obtained betwsen treatments: 3 axd 4; 4 and 5; and 1 and 2, These
results indicate that although a water spray in the inoculation
process had little effect on mildew development, a period of 24h
incubation in a saturated atmosphere significantly reduced mildew
levels., 1Inoculation with uredospores appeared to have caused a
further reduction in mildew but not significartly more than the

hunidity treatment.(cf. treatments 3 and 5)
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2. BEffects on P.hordei of pre—inoculating leaves with E.graminis.

S.graminis grows mainly on the leaf surface, its internal
colonisation of the leaf being restricted to the haustoria which
develop vithin sﬁme epidermal cells. In contrast, after the
uredospores of P.hordei germinate and the germ tubes enter stomata,
growth of the fungus occurs mainly within the leaf until eventually
the epidermis is ruptured and pustules appear. The sites at which
these fungi develop are thus different but this does not exclude
the possibility that the effects of dual inoculations result from
the physical exclusion of one pathogen from its infection site.
However, it seems likely that physical interference of the
infection and development of E.graminis by pre-inoculating leaves
with P.hordei would only occur if very many uredospores were used
or if the period between inoculations exceeded 8 days, i.e. the
mimmum tine for rust pustules to erupt. Since neither of these
conditions obtained in the experiments described so far limitation
of leaf area available for colonisation by Z.graminis was consid-
ered unlikely to be the reason for the effects observed on mildew
development of pre-—inoculating leaves with P.hordei. On the other
hand, in situations where leaves were first inoculated with &,
graninis the fapid development of nildew on the leaf surface might
well 1imit the sites subsequently available for P.hordei.
Consegquently the following ezperiment was carried out to determine
the amount of space the mildew colonies occupied, and whether the
leaf area covered, accounted for the observed reductions in rust.
i’easurenents were also made of the size of the stomatal openings

on nildewed aznd healthy leaves.
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Ten pots of uniform 10-day old Zephyr barley seedlings were
inoculated with BE.graninis (race B72/27). After allowing the
conidia to settle, the pots were placed in a filtered air cabinet
together with ten pots of similar but uninoculated seedlings as
a control.

After 4 days the seedlings in two pots from each group were
inoculated with P.hordei. They were incubated for 24 h in a
saturated atmosphere and then returned to a filtered-air cabinet.
The numbers of rust pustules that developed on these plants were
recorded 9 days later (Table 19). The seedlings in the remaining
pots were used to provide the following leaf samples on days 4, 6,

8 and 12 after inoculation with E.graminis. Five leaves were
teken at random from the inoculated seedlings, their areas measur~
ed and the number of nildew colonies per leaf recorded, These
leaves were cleared in methanol, lightly stained in lactophenol-—
cotton-blue and examined microscopically to determine the size of
the individuval mildew colonies,

Five other leaves were taken from the seedlings with E.graminis
and five from the conirol plants. Impressions of these leaves were
immediately méde using silicone rubber (Sampson, 1961) aund positive
impressions derived from these rubber negatives using clear nsil
varnish and sellotape. These vere examined microscopically and the
width of the stonatal apertures measured (Table 19C).

The results (Table 19a) showed that on leaves pre~inoculated
with Z.graminis, there was a 65.7% reduction in the numbver of rust
pustules. At the time of inoculating leaves with P.hordei less than
1,> of the leaf area was occuvied by mildew colonies and 2 days later,

vhen penetration by P.hordei would have been completed, still only
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TABLE 19 Dual infections of rust and mildew: effects on

(See also P.hordei of pre—~inoculating leaves with E.graninis,

Appendix
Table 22)
(a) Reduction in Rust. _
Liean no.rust pustules/leaf.
+*
Leaves pre—inoculated 15.4
with S.graminis.
Leaves not pre-inoculated 42.9

(contxrol).

#Significantly different from control at P<0.001 (*t*=test)

(b) iildew development (on leaves not inoculated with P.hordei).
Days aftexr inoculation with E.graminis
4 6 8 12
lican colony size (mmz) 0.07 0.51 2.09 5428

Potal area of colomies (mmS) 5.56  45.69  179.80  540.58

¢ leaf area covered 0.82 6.76 26.50 50.20

2 . . ~
Ilean leaf area: 6.79cm ., L.ean no, colonies/leaf: 86.2.

(c) Width of stomatal aperiures ( A

Fal

Days after inoculation with Z.graninis,

4 6 8 12
Leaves not inoculated (contirol) 1.01 0.4 0.84 253
Leaves inoculated 0.5 1.03 1,45 1.26"

with B.graminis

* Significantly different from the conirol at P=0.01 {*t'test).
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6.765% of the leaf was covered with mildew. It Seems extremely
unlikely, therefore, that the mildew at this stage physically
excluded P,nhordei, Dven 12 days after inoculation with B.graminig
only 50% of the leaf area was occupied by mildew, a figure some—
what less than the percentage reduction in rust.

Stomata with apertures 1 A{ wide or less were considered
closed, and only after 12 days did any difference in the width of
the stomatal apertures on mildewed and control leaves become
apparent. Those on conitrol leaves opened vhile tnose on mildewed
leaves remained closed. However the effects of infection with
E.graninis on stomatal apertures could not be properly evaluated.
Por this, recordings would have to be made throughout the day and
night under all conditions of hwmidity, lighting and temperature.
Also since it is uncertain whether germ tubes of P.herdei cen
penetrate closed stomata or not this line of investigation was not

pursued further,
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(3) Bffect on rust of pre—inoculating leaves with E.greminis

6 days earlier and of treating plants with etkirinol,

The resulis of the previous experiment suggested thait allow—
ing Z.graninis to develop on leaves for 4 days before inoculating
then with P.hordei could have had little direct, physical effect
on uredospore germination and subsequant penetration. This was
examined further by allowing L.graminis to develop on plants for
6 days before inoculating them with P.hordei and at this stage also
treating some plants with ethirimol thus stopping mildew develop—
ment and its demands on the host nutrients, whilst still naintai-

ning a physical barrier to the rust spores.

Six pots of 10-day old Zepnyr seedliings were used, the seed-
lings in four pots (groups B & C) were heavily inoculated with
H.graminis, and all six pois (groups A,B and C) returned to green~
house conditions for 6 days. Then mildewed seedlings in two ypots
(group C) were given a root drench vith ethirimol (100 ml./pot 0.01:3

N

a.i. as the hydrochloride) and 6 h later the seedlings in all six

-

pots were inoculated with P.hordei. The seedlings were incubated
in a saturated atmosphere for 24 h and the anount of rust assessed
after é further 9 days, first by counting pustules visible 1o the
naked eye and then by detaching s lsaves, clearing then in
methanol and counting pustules under the microscope. Five leaves
were also selected fron each groun, 2 3 ¢ section taken from the
centre of each and & sample of rust pustules were neasured, The

results are shovm in Table 20 and in further detail in ippendix

Table 23.
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TABLE 20 Dual infections of rust and mildew: effect on rust
(See also of pre-inoculating leaves with E.graminis 6 days
Appendix garlier and of treating plants with ethirimol,
Table 23)

ilean no., rust Hean size rust

pustules/leaf pustules(mmz)
Treatment by eye nicroscopically

a:\'-** a*‘!-

A Leaves not pre— 119.5 1m 0.0%0

inoculated. (control)

bx
B Leaves pre—inoculated 43 99° 0.054
6 days earlier with
B.graminis
a h a
C Leaves pre-inoculated ¢8 125 0.104

with H.graminis and
also ireated with

ethirimol after 6 days.

a Significantly different from treatment B and b, significantly
different from treatment A at P = 0,05 (*#), 0.01 (**) and 0.001 (#%x)

respectively, based on 'i'-tests.
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The results indicate that the redvction in the number and size

of rust pustules due to pre-inoculation of leaves with S.graminis

could be partly reversed by killing the mildew after 6 days with
ethirimol. This suggests that botik a physical barrier and a nutri-
ent effect were involved in reducing the level of rust on leaves
pre-inoculated with s.gramivig, The slight increase in the size

of the rust pustules (Treatment C) over the controls (Treatment A)
could have been due to there being fewer rust pustules and no

mildew colonies left alive to compete for nuirienis.

(4) Bffect on mildew development of pre—inoculating leaves with

P.hordei and of treating plants with Calirus,

The implication that some nutritional competition was involved

the interaction between n.zraminis and P.hordei suggested a
further experinent of similar design. In this plants were first
inoculated with P.,hordei and rust allowed to develop for 8 days
(Flecking Stage). These planis were then inoculated with Legraninis
but some were also treated with Calirus (0.017% BAS3170F in 0.0025%
citowett) to arrest Turther rust development. It was considered
that effects in this instance might be more readily attribuied io
nutritional factors since rust infections are = wunlikely to
constitute a physical barrier to the developuent of z.sgraminis on
the leaf surface.

1

There were in all nine pots of 10-day old Zeohyr seedlings.
The seedlings in six pods were uniforaly inoculated with P.hordei
(groups B and C), the others in the remaining thres vpois were not

(grovp A). Affer 8 days, three pots of inoculated seedlings
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(group C) and those in group A were sprayed with Calirus. Vhen the
Spray deposit had dried, the seedlings in all nine pots were inocu=-
lated with conidia of Begraninis. After a turther 7 days the num—
ber of mildew colonies per leaf was counted, firstly by eye and then
microscopically from five randomly selected leaves from each treat—
ment. For this purpose the leaves were cut in half, cleared in
methanol and lightly stained in lactophenol cotton-blue. Separatse
measurements were &lso made of the size of the mildew colonies and
their conidiophore density for each half of each leaf.

The results (Table 21) indicate that vhere P.hordei was
eradicated after 8 days (though only partly so in this experiment)
the size of the mildew colonies and the density of their conidio—
phores were greater than on leaves where rust was allowed to
develop fully. However the colonies did not atiain the dimensions
of those on the control leaves and these two statewents together
imply that competition for nutrients is involved in the interaction
but that the extent of its involvement renmains uncertain,

As observed earlier pre-~inoculation of leaves with P.hordei
had a greater effect on F.graminis in the distal regions of the
leaves. In this experiment the effect was not on the number dut
on the size and sporulation of the colonies, though this resulied

in fewer colonies being recorded wiea counts were made by eye.
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Table 21 Dual infections of rust and mildew: effects on nildex
(see also
appendix  development of pre—inccwlatinz;leaves with P.hordei
table 24)
and of treating nlants with Calirus.
Yean no, nildew lean colony Hean no.conid-
Treatment: colonies per leaf size (mmZ) iophores/field.
by: eye 51 CT08~
A. Leaves not cope
pre-inoculated;p, oy 20,627 26.0 2.50 34.1%
sprayed after
8 days with
. a# L % &k

Calirus. Distal 17.6%"  34.0 2.24% 40.8%
B. Leaves pre—
inoculated withg, . .¢ 13.6 32,0 2.03 19.9
P, hordei; no
Celirus spray

Distal 3.2 28.6 2,30 7.0
C. Leaves pre-
inoculated withy oqy 22,4 2s.8 2.50 51,5
P.hordei; spray-
ed 8 days after
with Calirus. Distal 14.0%" 32,0 1.42 18.¢°"
liean number of rust pustules in treatment B, 113.8; in treaitment €, i5.5.

a = significantly different frow correspondinz valne in treatszent 3.

ox
1

= significantly differont fron control value at 2 = 0,05(*) and 0,01(=%).
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5. IEffects of materials likely to alter the carbohydrate content

of leaves.

™

If the observed interactions between E.graminis and P.hordei

result in part from a competition for nutrients by the two pathogens,
as some of the experiments indicated, then treatments which affect
carbohydrate levels of leaves might also be expected to affect

these interactions. Two such treatments, floating leaf segments on
sucrose solutions and treating plants with maleic hydraszide were

investigated in the following experinents.

a) Floating leaf sezments on sucrose.

There were two experiments, In the first, three pots of
10~day-old Zephyr barley were inoculated with P.hordesi; three pots
of similar seedlings were left uninoculated, After 5 days ten
segments, 2.5 cm long, were cut from leaves inoculated with P.hordei,
five of these were floated on distilled water (A) and five on 2%
sucrose (B) contained in small, polystyrene boxes (55 x 35 z 20mm).
Five leaf segments were 2lso cut from the control plants; these were
floated on distilled water (C). All leaf segments were then
inoculated with E.graminis.

After 2 further 8 days in greenhouse conditions the leaf seg—
ments were cleared in methanol, stzine2d in lactophenol-coiton-blue
and the mildew colonies on them ezalined under the microscope.

Those on leaf segmeants pre~inoculated witk P.hordel were spreading
with no easily defined boundaries wiich made area determinations
unreliable. As an altemative conidiophores were counted in a

microscopic field taken from the centre of Tive colonies on each
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leafl segment,
The results, (teble 22a) indicated that the reduction in the
conidiophore density normally seen on leaves pre~inoculated with

P.hordei could be reversed by an exogenous supply of sucrose.

In the second experinment, five pois of 10-day-old Zephyr
barley were inocnlated with E.grezizis; five pots of similar
seedlings were left uninoculated. 3otz sets of planis wers kept
for 6 days in a filtered-air cabirsl =nd then they were inoculated
with P.hordei, since in previous experirents direct inoculations
of detached leaves were not succassful. Aifter a2 further 4-‘days,
twenty—four leaf segments were cut from each set of plants; twelve
of these were floated on water and twzlve oa 2% sucross solubion
to give the itreatments shown in Table 22b.

After a further 7 days in gresnhouse coanditions the leaf
seguents were cleared in groups of four in 10ml S67 methanol for
48 h in the dark. The areas of the rust pustules on the cleared

segnents were deternired microscopically and ithe chlorophyll
extracted by the nethanol determined using o Beckman D.3.
spectrophatometer (lackinney, 1941).

The resnlis (Table 22b) showed That rust pustules on segnents
pre~inoculated with B.graminis were ouch smaller than those on
segnents not so pre-inoculated. This reduction in size of pustules
was partly reversed by supplying sucross to some leaf sezments but

this treatment accelerated the I2:22 of chlorophyli. In contrast,

nildew delayed the lozs of ¢
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TABLE 22 Dusal infections of rust and nildew: effects of

(Seealso sucrose,

Appendix

Table 25)

(a) Leaf segments inoculated with E.graminis

Pre—inoculated with ot pre-inocu—
P.hordei. lated.
floated on floated on floated on
water (A) Z!sucrose(B) water (C)

llean no. conid-—

jophores/Tield. 8.1% 17.2% 21.8%
(25fields x
0.045mm°)
(b) Leaves inoculated with F.hordei
Pre~inoculated with Yot pre-inoculated
E.greminis, then then leaf segmants
leaf segments floated on floated on
vater 27sucrose water 2¥sucrose
lican area of rust 0.013° 0,053° 0.206° 0,220
pustules (mm2)
Total chlorophyll 5.547 5.020 2.250° 1.467°

(mg/1)
a, differences between means significant at P« 0.01
b, differeances between means significant at P =<(0.001

¢, significantly different from water control at P <0.001.
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(b) Treating plants with maleic hydrazide.

There were again two experiments. In the first experiuent
there were six pots of 10-day-old Zephyr barley. The seedlings
in four pots weré inoculated with P.hordei (A and B), those in the

other two pots were not (¢). All planis were kept in a saturated

atmosphere for 24 h and then two pots of inoculated seedlings (B)
were treated with maleic hydrazide by applying 50m) of a 0.1%
solution to the soil surface in each pot. This treatment was
repeated on the three following days and then the seedlings in all
six pots were inoculated with E.graminis., After a further 7T days
in the greenhouse, the number of mildew colonies that had developed
on each leaf was recorded,

The results (Teble 23a) showed trhat px# like supplying sucrose
to leaf segments the reduction in mildew due to pre-inoculating
leaves vwith P.hordei could be reversed by treating the plents with

maleic hydrazide.

The second experiment was essentially similar in design but
two cultivars, Zephyr and Juiia, were used, the size of the result-
ing mildew colonies was measured 10 days affer inoculation with
Begraminis and the nunber of colonies per unit area was deternined
microscopically.

The resulis (Table 23b) confirmad those of the previous
experiment. Tewer rust pustules on Julia (due to its resistance

to P.hordei) were associated with larzer mildew colonies.
L.HoTCCL,
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TﬂBLE 23 Dual infections of rust =2nd mildew: effectis
(See also of maleic hydrazide.
Appendix
Table 26)
(a) Leaves inoculated with B.graminis.
Pre-incculated fiot pre—inocula-
with P,hordei. ted.

No further treated with

treatment(A) maleic hydrazide(3) (c)
HHR X
llean no. mildew 36 72 - ns - 83
colonies/leaf.
(b) Leaves inoculated with B.graminis.
Pre-inoculoted ot pre—inoculeom
with P.hoxrdei ted.

Yo further Treated with

treatment(A) maleic hydrazide(B) (c)
llean no,., mildew
colonies/leaf on
Zephyr 30 75*%% - s - 76*%*
Julia 34 67*%* - ns - 69*"
Liean area of
colonies(mmz) on
Eephyr 1,02 2,85 - P 0.001 - 5,78
Julia 2.29 4.81 e ns - 5°27».;u.

Significant differences from values for treatment A at P =< 0.01 and

it

i
0.001 indicated by and respectively. Differences between

treatnents B and C indicated in body of table. (Based on 't! tests)
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Infections of rust and mildew: alterations in host components.

The aim of these experiments was to determine whether the effects
observed when leaves were inoculated in turn with the two pathogens
could be related to any obvious changes in host components.

Because it is difficult to obtain the same disease levels in con-
secutive experiments it was decided first o perform a series of deter-
minations on one set of experimental matsrial. The procedure used is
outlined below. It must be emphasized that the purpose of this experiment
was to compare the levels of the various components with and without
infections of rust and mildew and to find out when changes occurred
rather than to determine absolube quantities.

Seventy-five pots of Zephyr barley were grown in John Innes Mo 2
potting compost. They were divided into five groups( A to B ) each of
fifteen pots with ten to twelve seedlings pexr pot, vhich were treated as

follows: A, uninoculated control; B, inoculated with P.hordei and C, with

E.graninis 10 days after sowing; D, inoculated with P.hordei on day 10 and
with E.greminis on day 13 after sowing; E, inoculated with E.graminis on

day 10 and with P.hordei on day 135 after sowing.

The following methods were then used:
1. Eleven days from sowing twenty-five leaves were sampled at random
from each treatment. Similar samples were taken every 3 days.
2+ The anounts of rust and mildew oz these leaves were assessed
( Appendix Table 27)
3. Each sample was divided into four sub-samples of five leaves which
were weighed. One sub-sample of leaves was dried at 70°C for 3 days and
reweighed. ( Fig 2 and Appendix Tablie 28 )
4. The remaining sub-samples of leaves were each macerated for 3 min. in

15ml 80 ethanol in a Sorval Omnimixer cooled in ice.
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5. The macerated tissue was centrifuged for 10 min =t 3500 rpm(950g)

and the supernatant decanted off. The precipitate was resuspended in

8075 ethanol, recentrifuged and the supernatants from these operations
were combined for each sub-sample and made up to 40ml with 80% ethanol.
The optical density was then recorded using a Beckman D B spectrophoto-
meter at 665nm and 650nm to determine chlorophylls a and b.( Fig 3 and
Appendix Table 29 )

6e The recombined supernatant was extracted with an equal amount of
diethyl ether. The aqueous phase was separated and used for the deter—
minations of water soluble carbohydrates by the Anthrone method. (Fig 4
and Appendix Table 30 )

7. The precipitate from (5) was suspended in 20ml phosphate buffer at

pH 7.4 and divided into two 10ml aliquots, The first was stored and used
later to determine protein content by the Lowry method (Fig 5 & Appendix
table 31 )

8. Tive ml of the second aliquot were talzen and added to 5ml of 5%
sodium lauryl sulphate in Tris-buffer and sodium citrate. The nixiure
was shaken and heated on a water bath for 15min at 60°C. ifter cooling
10ml of a chloroform/isc—amyl alcohol mixiture 24:1 were added, the mixture
was sheken for 15min on a mechanical shaler and cenirifuged for 10min{950g)
9. The mixture so treated separated into three distinct layers. TFive

ml were taken from the top layer using a pasteur pipette, and diluted +to
20ml with warm (60°C) distilled water. The nucleic acid in this fraction
was determined from the absorbance at 260 nm on a Beckman D B spectrophot-
onmeter (Appendix Table 32 ) (liethods in Enzymology vol. IIT)

10, Calibration curves were prepared using: sucrose( cnalar BDH Lid.)
reacted with Anthrone rezgent, for water soluble carbohydrate determinat-
ions; albumen(BDH Ltd.) in phosphate buffer, for proiein determinations;

and RWA(BDH Ltd.) in 0.625% sodiun lavryl sulphate in Tris-buffer and
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sodium citrate, for nucleic acid determinatioms.

The development of P.hordei and E.graminis from single inocul-
ulations of leaves followed the usual patterns. Iiildew developed more
slowly on leaves also inoculated with (vefore or after) P.hordei.

Both rust and mildew had a drying effect on the leaves. Although -

this effect did not become pronounced until 17 to 20 days after inocul-
ation it is probably an indication of a greater water stress in diseased
leaves earlier than this, Rust ard mildew also both reduced the chloro-
phyll content of leaves, mildew particularly so. The reduction in
ehlorophyll was generally greater in leaves infected with both pathogens
and was most rapid following sporulation.

There were also marked changes in water soluble carbohydrate,
protein and nucleic acid content of leaves. Carbohydrates increasing
considerably in mildewed leaves, reaching a peak 9 to 10 days after
inoculation in all treatments (C, E and D) where mildew developed.

The carbohydrate level then declined in treatment C (E.graminis only)
to the level of that in the control and below this in treatments D and E

(B.graminis and P.hordei). The increases in carbohydrate with rust

were much smaller and reached a peak 12 to 13 days after inoculatioﬁ.
Peaks in carbonydrate levels with each pathogen corresponded with
sporulation and the subsequent decline was probably related to the
loss of spores and accelerated senescence.

The total protein content of leaves was also increased in infected
leaves. These increases probably reflect in part the growth of the path-
ogens and showed the largest increases over the control 7 to 10 days
after inoculation., The results of nucleic gcid determinations were
variable, and although increases were detected with infections of E.graminis

3

. ods - . .
and P.hordei no deffinite conclusions could be made. since the extraction

Nt

was not sufficiently precise for accurate determinations.
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The dying of leaves (senescence), both naturally and as a result of
infection nakes it difficult to interpret the results. Clearly both
P.hordei and B.graminis severly disrupt the host metabolism; causing
increased production of carbohydrate and protein at a time vhen the
chlorophyll levels were declining and the water stress was high.
Although most experiments were performed using periods between
the inoculations of six days or less( when the result show there to be
little disruption in the host due to the'first' inoculation), the period
T o 10 days afterwards, when the:'second' disease was begining to

develop would have been the period of maximal upheaval within the host.

The marked changes observed in the water soluble carbohydrate
of leaves infected with E.graminis prompted the following experiment,
which aimed to compare the carbohydrate within the colonies (including
the surrounding leaf tissue to a radius of 1-2 mm) to that in uninfected
regions of the same leaves.

Fifteen pots of 10-day oid Zephyr barley seedlings were used,
the seedlings in five were inoculated with P.hordei, those in another
five were lightly inoculated with E.graminis, those in the remaining
five plots were left uninoculated as controls. After 12 days under
greenhouse conditions leaves from each of the three groups of plants
were cut off. Three replicate portions( 1g.each) from each of the three
groups of planits were immediatel; weighed and three similar samples
dried for 3 days at T70°C and then weighed. The remaining rusted and
nildewed leaves were taken, the lesions isolated using a sharp scalpel,
and collected( this included leaf <issue under the lesions and around
them to a distance of 1-2 mm). The regions of the leaves that remained
were also collcected but areas greater than 1cm2 where little disease

occurred, and senescent tissue were discarded. The fresh and dry weights
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of each type of tissue were again determined from three replicate Samples.
Bach replicate sample, from whole and dissected leaves,( see Table 24) was
deep frozen ( at —14%%0 20 C) and then individaully macerated using a
pestle and mortar. The macerates were extracted with 50% ethanol and
filtered using a buchner fumnel. The filitrates were diluted with 50%
ethanol to 10ml and C.2 ml of each used to determin the quantity of water
soluble carbohydrate by the Anthrone method. The remaining extracts of
the whole leaves (rusted, mildewed and control lesves) were desalted using
ion exchange resin (Biodemineralite 20% w/v) for 2h. They were then filt-
ered and rotary evaporated under vacuum (at 40°C) to 1ml. O.iml of each
was then applied to thin layer plates of Silica Gel and chromatographed
using N-butanol: water: acetone( 4:5:1) as the solvent system. A standard
solution containing known sugars was similarly treated and the resulting
dried plates were sprayed with Aniline-diphenylamine reagent (reagent 8,
Stahl 1969) and developed by heating at 85°C for 10min.

The results (Table 24) showed that the carbohydrate content of infect-
ed leaves was higher than in the surrounding tissues, In turn the level in
these regions was higher than in uninocvlated control leaves. Thess
increases were in quantity of existing carbohydrates; the types detected
in diseased leaves were not different from those in healthy leaves (Appendix
Table 34). Extracts from nildewed leaves produced darker and larger spois
on thin layer plates foxr glucose, sucrose and maltose than for any other
sugars. The increase in maltose is interesting since it probably arose
from the hydrolysis of starch and could indicate the extent of the sugar util-
ization in mildewed leaves.

In all, thiriteen sugars were deiected; of those identified (maltose,
galactose, sucrose, fructose, glucoses and ribose) only the extracta

from rusted leaves were different. In these extracts maltose was not



detected, The other sugars detected were found to be the same in
extracts from diseased leaves and those from healthy leaves and

thus did not warrant further identification here.

Infections of mildew on detached leaf segments floated on different

concentrations of glucose.

The results of the previous experiment indicated that the
level of carbohydrate was higher in the uninfected regiong of dis-—
eased leaves than it was in the uninoculated control leaves., This
implied that there was an increase, rather than the depletion of
carvohydrate expscted from the results of earlier experiments(pagebT).
Thus the conclusion that the lack of carbohydrates was limiting
the growth and development of the second pathogen, was obviously
in some doubt. In fact a suggestion was put forward that it was
the increase in carbohydrgte in leaves pre-~inoculated with P.hordei
that was limiting to the growth of the mildew. This was interesting

since it was kmowvn that rose powdery mildew (Sphaqrotheca panosa)

could be controlled by sugar applications{ lussell, 1973), and this
prompted the following experiment., The aim of this experiment vas
to determine the concentration of glucose required to inhibit the
growtn of o.grominis and to coupere this with the level determined
from the uniniected regions of rusted leaves in the previous ex-

perimnent.

wwienty leaf segments (2.5 ¢z long) Treom the first leaves of

zephyr seedlings were floated on each of five giucose solutions

{2,4,6,8, and 1025) contained in siall polysiyrens boxes. A set of
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Table 24 Infections of rust and mildew: alterations in the

(see also water-soluble-carbohydrate content of leaves.

Appendix

Table 33) Weight of tissue lisan % water soluble
used for extraction carbohydrate per g.

(g.) dry Weigh:t.

Healthy leaves 1.0 2.102

Rusted leaves 1.0 2.330

Hildewed leaves 1.0 34551

Isolated rust pustules
and surrownding tissue 0.05 T.174

Remaining parts of
rusted leaves 0.05 4,392

Isolated mildew colonies
and surrounding tissue 0.2 36317

Remaining parts of mildewed
leaves 0.2 3.089

Table 25 1Infections of rust and mildew on detached leaf segments

(see also floated on a range of concentrations of glucose.

Appendix
Table 35)
Glucose kean no. of mildew Probability of
concentration colonies per segment difference.
(%)
(control)
2 83.7 n.s,
4 54.2 0.001
6 50.1 0,001
8 28.2 0.001

10 0.4 0,001
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leaf sezments were similarly placed on distilled water as a control
(table 25).
The boxes were arranged randoaly in the inoculation chamber

and the leaf segments dusted with conidia of E,graminis,. After

8 days tho numbers of mildew colonies were recorded using a oi-
roculax microscoje.

The results (Table 25 ) showed that concentration of
glucose as_i;; as 2% reduced the rumber of mildeW"coloﬁies. howe=
ever, reductions in the mildew that-were comparable to those caused
by pre-inoculation of leaves with P.hordei were not observed until.
fhs concentrations of glucose used were as high as 6 to &%. The
level of water soluble carbohydrate iﬁ the non-diseased regioas
oi rusied leaves was shown to be 0.84% of the fresh weight in the
previous experiment, and the highest. level recorded for rusted
leaves in an earlier experiment (page77) was less than 2% of the
fresh weight. This indicated that the increased carbobydrate due
%0 infection of leaves with P.hordeil was unlikely to be the cause

of <The raduction in mildew,

Infection of leaves with E.graninis:; effects on host corponenis—

antifunzyal coipounds,

In the situation whers Tota P.hordel aud H.graminis are virvlent

ohligate pathogens inoculated onto the same leaves, it was cons-
iderea wilikely that phytealexinz were involved in bringing about

tn2 obseyved reductions in the cizzasze levels,., This does not ex—~
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was shown by Stoessl & Unvdn, (1970) vhen they isolated compounds
(revorted to have considerable antifungal activity) from healthy
barley leaves.

Vhether these compounds vwere effective against P.hordei
or B.graminis, or wvethar they were altered in activiity or amount by

infections of E.graminis are the subjects of the present section.

Two extraction procedures were followed using the first leaves of

Zephyr seédlings infected with E.graniris, The first nethod was

$hat used by Stoessl and Unwin, (1¢70) and the second was as showmn
in the flow diagram (fig5) based on woric done oz the extraction
of antifungal compounds from wheat (Bzizer, 1975).

In both cases as a result of inoculating the first

seedling leaves of Zephyr barley vith o.graminis race 3 72/27 10 days

earlier the leaves had 70 to 8 cover of mildew,

in the first method 2bg. of leaf tiscue were boiled
in 100l distilled water for 10 nin, filtered throuzgh muslin an
then shalien with amberlite ion-excnenge resin (IRC 50 E- 5z.resd
to 100nml,) for 1n. ihe resin was recoverdd by filtration washed
vivh 100mi.distilled water and then shaien for lh. in 100m1. 2 ii.

acetic acid to elute the adsorped bases. The resin was Tilitered

using n-butanol : water : acetic aciu (4:5:1) asz the solvent systen.

In the second extraction procedure 50z of nildeved

-~

Zephyr leaves were extracted to give the Tour fraciions donoted &in

the flow diegrwi. dach was conceniroted To 5ml and drops placed on



Figure 5

Bxtraction Procedure 2

Flow diasgram:

llacerate tissue in 96:5 (hot) Zthanol in

Sorvall Omnimixer.

Liake to 80 Ethanol and filter under

vacuuil,

Evaporate under vacuum at 40°C until
almost dry. Adjust to 6055 Bthanol

and shake three times with equal
volunies of Petroleun Ether(40-60°C Bpt.)

Separate layers.

- Y

Evaporate aqueous/ethanol Concentrate Petroleun
fraction to dryness and Ether traction and
take up in distilled water,  chromatogram. (1)
Shake three tames with
Diethyl &ther and separate.

T
Lvaporate aqueous fraction svaporate Diethyl iLther
to less than 5ul and shalke fraction to aluost dryness
“aree times with k~butatol.  and chronatogran, (2)
Separate lavers.

~\N\\\N\\\\\“\\~

Concentrate i~butanol Concentrate aqueous

fraction and chromatogran, fraction and chromatogranm,

(3) (4)
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acid (4:5:1); and ethyl acetate : c’.yclohexane (1:1), for aqueous,
n-butanol and ether fractions respectively.

The r.f. values of the U.V. absorbing-compounds W8re Itw—
corded, and part of the first extract was used to determine the U.V.
spectrum, this was found to be similar to that given by earlier
workers for the 'Hordatine' fraction.

The presence of antifungal materials on the dried plates
was determined by spraying the plates with a spore suspension of

Cladosporium sp. (in 2% glucose and 1% Bacterplogical peptone) and

incubating them in a saturated atmosphere for 10 days.
The plates containing the products from the first extraction
procedure (Stoessl & Unwin, 1570) exhibited antifungal activity in
a region that corresponded to the r.f. values given for the hordatines,
but no consistent antifungal activity was detected on the plates
where the products of the second extraction were tested. Work on the
second procedure as a consequence of these results was discontinued.
Further extracts of the hordatines were prepared using leat
tissue (25g.) heavily infected with K.graminis for 10 days and a
similay quantity trom healthy (uninoculated) leaves. The extracts
were tested for inhibitors of germination using uredospores of

P.hordei and conidia of E.graminis. Each extract was diivted with

distilled water to give a range of concentrations; there was also

a distilled water control. Three drops of each were placed on clean
slides and covered with rectangles of porous cellophane{3 x 1+ cm),
which had previously been boiled in distilled water tor 30 rmine
Uredospores and conidia were then dispersed onto the cellophane

using a setiling tower. After incubdating-in a saturated atmosphere
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for 24h, each piece of cellophane was transferred to a clean slide,
stained with lactopaenol~-cotton-blue and the percentage germination
of uredospores and conidia was assessed.

“"he results (Table 26) demonstrate that the extracted
fraction (which corresponded to the hordatines of Stoessl & Umwin,1970)
from both the healthy and mildewed leaves caused similar inhibition
of uredospore germination. The extract from the mildewed leaves
appeared to show slightly grezter activity in this respect.

The inhibition of conidial germifration was fér less
pronounced and significant reductions from the control( distilled
water) were only obtained at the highest concentration of both

extracts,



Table 26 Infection of leaves with B.greminis: effecis on hssts!
{see also

Appendix  couponents - antifunzal cozwounds.

Table 36) -

Spore germination tests on extracts from healthy and

mildewed-Zephyr barley.

I'ean percentage gerninatior.

Control Dilutions ¢ extraCusT
{distilied N -
Uredospores water) 1 2 3 4
of P.hoxrdei Healthy 1.16 4,08 i3.82 37.95
23.7
“v e - = ey *® *
I\llld i— 0.50 DeDVU 4.80 22070
‘ed
Conidia of Healthy 52.090 38.00 50,00 42,00
1
E.greninis 42,0
iG1ldey— 24.00 39,00 34.00 35,00
ed

* Values significantly different fron the nsalthy
dilutions at P «=0.05
T Dilutions:

1 = 2 x Tissue conceniraiion {25g. tissue in 1
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2. Interactions on cultivars with different levels of resistance

to_either P.hordei or E.graminis.

Introduction.

The results of the previous section indicated that when both
P.hordei and E.graminis developed on Zephyr barley, a competition
existed between the two fungi for the available nutrients within
the leaf.

This section deals with interactions between P.hordei and
E.graminisg on different cultivars of varying degrees of resistance
particularly Llazurka; a cultivar totally resistant fto E.graminis

race B 72/217.

laterials and Iiethods.

The barley cultivars used were; Iidas and Julia, which were
respectively more susceptible and more resistant to P.hordei than
Zephyr; Hazurka, which was totally resistant to E.graminis race
B 72/27, and Zephyr, vhich was used in experiments with these
cultivars as a standard. In other experiments Zephyr was pre—
inoculated with E.graminis race B 71/98 to vhich it was totally
resistant; a situation analogous to the inoculation of Liazurka
with E.graminis race B 72/27. In such experiments when cultivars
were mowm to be resistant to a particular race of I.graminis, the
initial inoculation densiiy was assessed by allowing mildew to deve-
lop on susceptible cultivars, that had been included with resistant
cultivars in the inoculation chanmber.

The experimental conditions for growing the seedlings as well



89
as for their inoculation and incubation were the same as describ-
ed in Section 1. So too were the techniques used for clearing,

staining and examining the inoculated leaves.

Experimental.

Dual infections of rust and mildew on four barley cultivars: effects

on the developument of rust and mildew of pre-inoculating leaves

with E.graminis and P.hordei respectively.

Twenty-eight pots of seedlings of each of the four barley
cultivars (ilida, Julia, lazurka and Zephyr) were grown and 10 days
after sowing, seedlings in seven pots of each cultivar (labelled
group A) were inoculated uniporaly with P.hordei. The seedlings in
seven other pots of each cultivar (group B) were inoculated with
Begraminis, waile the remaining fourteen pots of seedlings (groups
C and D) were not inoculated.

One pot of each cultivar from group A was teken at 0, 1, 2, 4
and 6 -~ days after inoculation with P.hordei and, together with one
pot of uninoculated seedlings of each cultivaer (group C) as a control
was inoculated with B.grauinis. A similar procedure was adopted with
the seedlings of each cultivar in group B; one pot of these and the
appropriate control seedlings fron (group D) were inoculated at 0,

1, 2, 4 and 6 days (from inoculation with H.graminis) with P.hordei.

The resulting rumver of mildew colonies and rust pustules
vrere recorded 9 days after the sscond inoculations with either

degraminis or P.hordei. The leaves were detached, and a central 5 cm

section from each vas cleared and stained and the size of the
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mildew colonies and the rust pustules were measured.

Table 27 shows the mean number of mildew colonies and rust
pustules that developed; Table 28 shows the mean colony/pustule,
area, and Table 29, with figs. 6 and 7 represent the mean total
area of rust puétules and mildew colonies per leaf expressed as
percentages of the mean total area of pustules and colonies on the
appropriate control leaves. In most situations, there appeared to
be two components of disease development that were reduced as a

result of dual inoculation of leaves with B.graminis and P.hordei,

colony or pustule size and colony or pustule number. The exceptions
were those where leaves were inoculated with Z.graminis and then
one day later or iwo days later with Midas they were also inoculated
with P.hordei; in these situations, the number of pustules was
often increased.

‘'he patterns of the interactions differed in detail on the four
cultivars, as might be expected since these differed in their

resistance to toth P,hordei and L.graminis, but there were certain

features common to all cultivars. This is so in respect of the
development of P.hordei on leaves first inoculated with E.graminis
and is best shomn by expressing total pustule area per leaf as a
percentage of that on the control (Fig.6). With periods between
tne inoculations of 0 or 1 day total pustule area was increased <«
relative to the control (except with Lazurka) and this was due
nainly to an increase in pustuls rumber and not individual pustule
area except on Julia where there were increases in both., fitha
periods bewwesn inoculations longer than 2 days both pustule
nunper and size wers reduced; tiae combined effect of which was to

reduce the total pustule area per leaf, This effect was accentuated
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TABLE 274 Dual infections of rust and mildew on four

(See also cultivarss effects on the development of rust and
Appendix nildew of pre-inoculating leaves vith E.graminis
Table 37) or P.hordei respectively.

lean no. nildew colonies/leaf.

Days between

Inoculations 0 1 2 4 6
Cultivaxr

Leaves pre-~inoculated lidas 106 83 19 34 24

with P,hordei Zephyr 122 76 17 8 0
Julia 106 79 28 31 28
lazurica =0 -0 -0 =0 =0

Leaves not pra— [idas 107 108 26 55 T1

inoculated with Zephyr 106 82 30 45 106

P.hordei (Controls) Julia 108 110 36 39 105

llazurka -0 ~0 -0 =0 -0
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TABLE 278 Duzal infections of rust and mildew on four

(See also cultivars: effects on the development of rust and
Apvendix nildew of pre-inoculating leaves with B.graninis
Table 38) or P.hordei respectively.

Lean no. rust pustules/leaf.

Days between 0 1 2 4 6
inoculations: Cultivar
Leaves pre~inoculated iidas 246 39 66 64 15
with B.graninis Zephyr 201 %4 58 112 0
Julia 247 67 58 100 3
Hazurka 162 128 52 97 25
Lcaves not pre— Iiidas 249 27 51 144 106
inoculated with Zephyr 228 58 89 138 . 94
E.graainis Julia 220 96 145 154 132

(Controls) Iazurlia 253 122 81 187 85



Table 28 A Tuel infections of rust and mildew on four cultivars:

95

effects on the development of rust ond mildew of pro-

inoculating leaves with B.graminis and P.hordel respec-—

‘tively.o

. . . 2
llean area of nildew colonies (mm™)

Days between
inoculations:
Cultivar
Iidas
Leaves pre—inoc—

3
ulated with Zephyx
P.hordei. Julia

llazurika

iddas
Leaves not pre-
inoculated Zephyxr
(control) Julia

1:86
1,92

2.9

Wi

-—3

1e24
1.28

1.27

1,05

0,15

Ja27

2.38
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Pable 28 B Dual infections of rust and nildew on FTour cultivars:

effects on the develonnezt of rust and rilde7 of vre—

!

inoculating leaves wita

pectively.

- — - rd 2
Kean area of —:ot pustules (mm )

Days betwueen

inoculations:
Culiivar
Leaves pre- Lidas 0.089 0.057 0,050 0.052 0.038
inoculated o A - .
inocuiey Zephyr  0.085 0,055 0.975 0,053 0.058
with
E.graninis Julia 0.107 0.054 0.050 0.047 0.G625
Mazurka  0.076 0.053 0.066 0.058 0.058
Leaves nod lHdas 0,122 .05 0.114 0.074 0.082
re~inocul-— . " 1 P
pre~inoct Zeohyr 0,110 0,101 0,116 0,030 0.074
ated vith
Julia 0.085 C.uvz U124 C.074 0.069

- e
O.zramninis
A — e ————r———

(control) tasuriza  0.105 2.5 0.G70 0,030 3,070

o
b3
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Table 29 Dual infections of rust and mildew on four cultivars:

(see also effects on the development of rust and mildew of pre—
Appendix inoculating leaves with B.graminis and P.hordei res—

Table 39) pectively.

Total area of mildew colonies per 1eaf(mn2)

Days between

inoculations: 0 L 2 4 6

Cultivar

Leaves pre- lidas 197 105 10 42 17

inoculated Zephyr 234 236 28 10 0
with P.hordei

Julia 311 129 37 39 4
Leaves not pre- Iiidas - 460 246 94 268 232
inoculated Zephyr 395 272 97 153 305
with P.hordei

Julia 386 350 140 150 332

Total area of rust pustules per leaf (mmz)

Leaves pre— Iiidas 22 3 6 3 1
inoculated ZephyT 17 9 4 6 0
with nD.graminis

Julia .. 27 4 3 5 0

llazurka i2 3 5 6 1
Leaves not pre— lidas 30 2 6 11 70
inoculated Zephyr 25 5 10 11 7
with BE.graninis

Julia 19 S 1S [ ¢

lazurka 27 3] 6 17 6
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as the period between inoculations were lengthened s$ill further:
liagurka was the only cultivar not to support the growth of mildew
and it is interesting to note that it was also the only cultivar
wvhere the total rust pustule area did not exceed that on the
control. It is élso noteworthy that the length of the period
between inoculations at which total pustule area decreased (comp-—
ared with the appropriate control) was related to the resistance
of the cultivars to P.,hordei: 1 day with Julia, the cultivar most

resistant to P,hordei; 2 days with Zephyr and lazurka, both equally

susceptible to P.hoxdei and 4 days wita Midas the cultiver most

susceptible to P.hordei (and also fairly resistent to E,graminis),

Yhen leaves were inoculated first with P.hordei and then with
S.greminis, the effects on the total mildew colony area were mainly
due to reductions in the colony size with sSaort periods (0, 1 and
2 days) between the inoculations, and due to a combined effect on
colony numver and size where there were longer periods between the
inoculations, The trends, vith all cultivars where mildew could be
recorded were siwilar. The totzl mildew area appeared to be
reduced to a greater extent on Lidas where there were short periods
between the inoculations, and this was probably a consequence of
the susceptibility to P.hordei of this pariicular cultivar., Vith
all three cultivars the reduction in total colony area increased
as the period Between successive irncculations were lengihened and
in these conditions there appeare: to be little difference betwesn

the cultivars,



Tig 6 Lecaves pre~inoculated with H.graminis ‘ ¥ Tig 7T Leaves pre-inocculated with P.hordei.

Total rust pustule arca as ¢ reduction Potal mildew colony erca 25 95 reduction
from control. - . from control.
7 reduction 7 ' :
0 (] .
-80" - =80 ' reduction Midas =
-50 . | -60 - Zephyr = [0
~40 :g -40 - Julia = B
~-20 ( -20 Nazurka = &
o ;
20 P i
- §
40 e ;
/
_’:J 3
co . |
SO 80 -
100 4 1004
0 1 2 4 6 0 1 2 4 6

Days between inoculations ' Days botween incculations.

L6
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Dual inoculations of E.graminis and P.hordei on Liazurka and Zephyr,

Two situations were ezxamined in further detail, they were:-—

(A) ‘here the leaves were Tirst inoculated with a barley
pathogen but wiﬁh a race to which the cultivar was resistant.

(B) Vhere the leaves were first inoculated with a non-pathogen.
In both situations the leaves were sﬁbsequently inoculated with

virulent races of either P,hordei or E.graminis.

(A) Dual inoculations of E.graminis and P.hordei on Zephyr barlevy:

Conidia of Z.graminis, race B 71/98 were dusted onto 10 day
old barley seedlings in six pots. Four of these pots (two groups,
A & B of two pots) contained seedlings of Zephyr, resistant to this
race, and two pois contained the cultivar Proctor, susceptible to
this race, Four other pots of Zephyr seedlings (groups C + D)
were kept disease - free for 4 days after the inoculation, The
seedlings in groups A and C (inoculated and control) were then
inoculated with P.noxdei and, similarly, groups B and D were
inoculated with E.graminis race B 72/27. All plants were incubated
appropriately and the number of mildew colonies and rust pustules
vas recorded 7 and 10 days respectively after the second inoculations,
The amount of mildew on the two pots of Proctor seedlings was
assessed after 10 days and was used to indicate the inoculum
density of S.graminis B 71/S8 on the Zephyr seedlings.

The results (Table 30) showad that pre-inoculating leaves with
I,graminis race B 71/98 at an iroculum density which gave 80 - 907%
cover on Proctor, reduced both itne amount of rust and mildew (from

race B 72/27) winich developed froi subsequent inoculations 4 days
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Table 30 Dual inoculations of ©S.graminis and P.hordei
(see also on Zephyr barley: (1) effects on mildew and
Appendix rust of pre—inoculating leaves with a raca of
Table 40) E.graninis to which Zephyr was resistant.
liean number of rust lean number of mildew
pustules per leaf. colonies per leaf.

(from inoculation with
race B 72/27)

Leaves pre-

inoculated

1 3 5 5 6%
with BE.graninis,

race B 71/98

Leaves no%

pre-inoculated 180 15

(control)

** Significently diffexent fron control at P <0.01 ( '%! test)
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later. However, only in respect of mildew was the difference

from the control statistically significant.

Dual inoculations of E.graminis and P.hordei on liagurika: (ii)

effects on rust of pre—inoculating leaves with B.graminis,

Z.graminis race B 71/98 caused no visible reaction on Zephyr
but when Fazurka was inoculated with race B T72/27, brown necrotic
flecks appeared after 4 days, The following experiment investiga—
ted the effect on rust development of this resistance reaction of
Lazurka to H.graminis.

Bight pots of 10-day old barley seedlings were used, six of
Hazurka and two of Zephyr. Three pots of ilazurka together with
the two pots of Zephyr ('zuide plants') were inoculated liberally

with B.graminis B 72/27. One day later all six pots of the lazurka

seedlings were inoculated with P.hordei and incubated for 24 h..
in a saturated _atmosphere. After a further 9 days the number of
rust pustules that developed on each leaf wes recorded and the
level of mildew on the Zephyr (guide) plants was assessed, (70 -
8075 cover). The results detailed in appendix Table 41 show that
the number of rust pustules was significantly reduced. (P =0.01)
(from a mean of 67 to 31 pustules per leaf) by pre-inoculating

leaves with E.graninis.

(iii) DBffects of pre-inoculatinz leaves with B.graninis at vary—

ing periods before inoculations with P.hordei,

This experiuent and those which inmediately follow, were
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performed to characterize fully the effect seen in (ii) above.
The methods used were similar to those described in Section | for
the interactions on Zephyr barley.

There were eighteen pots of 10-day—o0ld barley seedlings,
sixteen of Fazurka and two of Zephyr. Eight pots of Hazurka ( in
groups 0A, 1A, 2A and 4A, each of itwo pois) and the two of Zephyr
(guide plants — to indicate inoculun density) were liberally
inoculated with Z.greminis race B 72/27. The plants were then
returned to filtered air cabinets tozether with the eight pots of
uninoculated liazurka (labelled in groups of two pots 0B, 1B, 2B and
4B).

On the same day two pots of the treated seedlings (0A) togeth~
er with two pots of the control seedlings (0B) were inoculated witn
P.hordei. This procedure was repeated after 1; 2, and 4 days using
groups of plants 1A, 27, 44 with groups 1B, 2B and 4B {0 give the
treatments showm in Table 31.

lildew was agsessed on the Zephyr barley after 10 days and the
nuaber of rust pustules per leaf on Hazurka 10 days aftier the

appropriate inoculations with P.hordei,

- 5

The resulis showed that when lazurka was inoculated with F.hordei

almost imnediately after (2 h) an incculation with B.graminis the

pumber of rust pustules was increasad relative to the control,
with longer periods between the two inoculations the reverse was
true; there were fewer rust pusitules though sigrificantly so only
at periods of 1 and 2 days.

Further investigations using lazuria.

&)

when seedling leaves of [lazurxa were inoculated with B.graminis




TABLE 31
(Sce also
Appendix

Table 42)

Days between

Incculations
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Dual inoculations of P.hordei snd E.graminis on

liazurka: effects of pre-inoculating leaves with

Begraninis at different periods before inoculation

with P.hordei.

Hean no, rust pustules

on leaves:

r— - \

Pre-inoculated not pre- % of

with
L.graminis inoculated control

1) (3)
255 185 139
70 117 60
82 155 53
48 82 - 58

Significance
(t~tests)
P 0,05
P 0.05
P 0.05
N.S.

lildew on Zephyr *guide* plants was 1005 cover after 10 days.
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race B 72/27 very few colonies of any significant size were prod—
uced, but there were still substantial effects on the development
of rust following a further inoculation with P.hordei. In this
respect the results were similar to those obtaired on Zephyr but
Without, apparenfly, involving a competition for nutrients or
physical interference of germ~tubes from uredospores by the mildew
colony.

These results encouraged further investigation into the nature
of the interactions on Mamurka. There were three experiments. Tae
first two examined the effects of using respectively, differenk
surfaces of the same leaf and different leaves for the two inocule~
tions. The third examined further the effects of one inoculation

closely followed by another.

(1) Zffect on rust of pre-inoculating different leaf surfaces of

Fazurka with E.graninis.

Six pots of 10-day old liazurka seedlings were divided into

three groups of two (A,B and C). The se=dlings in zroups B and C

@

were secured in the inoculating apparatus (Fig. 1) using rubbex

]

welghts so that the adaxial leaf surfaces in group C were facing
upwards. Two pots of Zephyr seedlings of similar age were also
placed in the apparatus (a3 guide planis), and all plants were
then inoculated with B.graminis. Tne uninoculated seedlings

(group A) were kept disease-free Jor four days after this inoculai-
ion and then the Mazurka seedlings in all six pots wers arranged

with their adaxisl leaf surfaces facing upwards and were inoculated

with P.hordei., They were incubated in the standard way and the
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number of rust pustules per leaf was recorded after 10 days, by
clearing leaves in methanol and counting pustules over a light-
box, IMildew on the Zephyr plants was assessed 10 days after
their inoculation.

The results (Table 32) show that the development of rust on
the adaxial surface was reduced to a similar extent where either
this or the abaxial surface was pre-inoculated with E.graminis .
This contrasted with the results on.Zebhyr (P.39 ) where the
reduction was much greater on the adaxial surface which was pre-
inoculated with E.graminis than on the abaxial surfacebhich was

not so treated.

(ii) =ffect on rust on the second leaf of pre—inoculating the first

leaf vith S.graminis.

The seedlings in eight out of sixteen pots of 10 day old
Lagurka were inoculated liberally with E.graminis so that many
conidia were deposited on the first leaves. After 10 days, in
wnich all pots of seedlings were kept under the same conditions,
all plants were inoculated with P.hordei so that the second leaves
received the inoculum., After a further 10 days (including 24 h. at
high humidity) the number of rust pustules was recorded in a 2 cnm
section taken from the centre cf each second leaf., The results
(ippendix Table 44) indicated thet there was no significant differ-
ence between the number of rust pustules which developed on the
second leaves of plants whether the first leaves were pre-inoculated
with Z.graminis (mean 19 pustules per leaf) or not (mean 22 pusiules

per leaf)
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Table 32 &ffect on rust of pre-inoculating different leaf

surfaces of llazurka with E.graminis.

Yean number of rust pusiules per leaf]

Leaves not pre~ Leaves vprs-inoculated with E.graminisTT
inoculated with Adaxial Abaxial
B.graminis( control) surface . surface ‘

() () (c)

69.4 45.4%* 40,3%

T lean of nine to eleven leaves
Thiidesr 1evel on Zephyr guide plants was 80 to 90 < cover
after 10 days.

* Jignificantly different from the control at P =<0,05 ('t'test);

value for B not significantly different from that of C
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(iii) Inoculation of first leaves of lazurka with E.graminis
g ’

followed immediately by inoculation with P.hordei,

Three pots of 10~day old Hezurka seedlings, plus one pot of
Zephyr seedlings were inoculated with E.graminis, after 2 h the
inoculated lazurka seedlings, together with three pots of
hitherto untreated seedlings were inoculated with P.hordei. A1l
plants were then ‘incubated in the usual way and after 10 days
the rust pustules were counted. For this the leaves were detached,
cleared in methanol and the nunber of rust pustules recorded in
ten microscopic fields chosen at random from the centre of each
leaf, This procedure was adopted because the necrotic flecks which
developed following inoculation with E.graminis interfered with the
assessnent of rust by eye.

The results (Appendix Table 45) indicate that there was an
increase in the number of rust pustules on leaves pre-inoculated
with E;graminis, but that this was not sufficiently large to be

different statistically from the control.
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Dual inoculations of E.graminis and P.hordei on liazurka: causes of

the effects observed.

(i) Effects on P.hordei of pre—irtoculating leaves with E.graminis:

Area of necrotic flecks and effects on the width of stomatal

apertures.
This experinent was performed simultaneously with that descri-
bed in Section 1 Page 5B vhere similar features were racorded for

Zephyr barley inoculated with E.graninis. The only alteration in

the procedure was that the area of the nescrotic flecks instead of
mildew colonies was determined, the 2im being to see if the area
of leaf made unavailable to P.hordei was large enough to account
for the observed reduction in rust. The results (Table 33) skow
that the areas of the necrotic flecks, produced as a consegusence
of inoculation with E.graminis were at no time suificienily large
to account for the 55% reduction in rumbers of rust pustules. The

width of the stomatal apextures on iroculated leeves was the sane

as on the control leaves at the times and conditions of measurement.

(ii) Effects on rust development of pre-inoculating leaves with

different amounts of m.graninis.

The seedlings in six pots of lLazurka and four pots of Zephyr

o

barley were inoculated with conidia of Z.graminis using five

nildewed leaves., After allowing conidia to setile one pot each of
llazurka and Zephyr seedlings were removed Tron the inoculation
chamber, and the seedlings in ths remzining pots were re-inoculated
with conidia from five other leaves of the same batch of infector

plants. Again after the conidia had settled one pot each of
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Table 33 Inoculation of leaves with E.graminis: area of
(see also the necrotic flecks and effects on the width
Appendix of stomatal appertures.

table 46)

Days from inocwlation with E.graminis
4 6 8 12
Total area
of necrotic
1,07 8,70 13.75 17.96
flecks per

leaf(mmz)

liean width of

stonatal aperiures{Mm)

Uninoc-

ulated 1.03 0.91 0.82 119
leaves

Inocul~

ated 1.05 0.84 0.E6 1.06

leaves
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Mazurka and Zephyr seedlings were rezoved. This re-inoculation
procedure was repeated twice nore using resvectively ten and twenty
leaves from the infector planis, and after each iroculation two

pots of seedlings were removed to give the treatments A — D in Table
34. After 4 days the Mazurka seediings together with three pots of '
watreated (control) seedlings were imoculated with P.hordei. They
were incub ated as usual and returmad to a filtered-air czbiret,
where after 2 and 4 days, five leavss were taken from the excess

of treatmeat D and control planis. Iz

P

—ressions (using Selleotape)
were made of these leaves sampled after 2 days and after staining
theses were used to aésess the percentaze germination of the uredos—
pores, Those leaves sampled aiter 4 deys were cleared and stained
in lactophenol- cotion blue; They were then racleared in plain

lactophenol and examined microscopically., The uredospores that had

[

germninated and vhose germ tubes had entered stomata weve countad and
the presence or absence of primary infection sites was noited in each
case.

The mildew levels were assessed on the Zephyr Tzuide® vlants
10 days after inoculation with S.graminis. On lLazuria t
of rust pustules was recorded 10 days arfter inoculation wvith P.hordei
on those leaves remaining in treatzenl D and on the control planis
as well as on those in treatwents i, I and L.

The resulis (Table 34) siowz. tzzt the nunbor of rust pustules

exr leaf decreascd as tis inocuius Lzvels of Z.zreninis increased
— L ]

The reduction in the aurbexr of izt sustulss in treatment D resulted
froz fewer prirary infections being .siablished by gerndinating

uredospores.,



Table 34
(see also
Appendix

table 47)

fumber of
infector

leaves us

Con-
trol 0

Control

Treat-
nent D

110

Bffects on rust development of pre—inoculating
leaves with different amounts of E.graminis
Leaves inoculated with BE.graninis
Percentage cover ieen no. rust pust-
of mildew on ules per leaf. Percentage
Zepayr after iHazurka pre-inocul~  of control
ed 10 days. atved with BE.graminis rust level
15 74 68
30 62 o7
60 58 % 54
90 L5 %* 40
0 108 100
llean ¢ Fumber of uredospore germ tubes reaching

uredospore stonata

germination total wvith infection sites:
sresent shisent
38 26 20 )
38 22 15% 16

Values significantly different Irom the control at P (.05; 0.01;

and 0,001

denoted by *, *#, and %% respectively.
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(iii) Bffects of materials likely to alter the carbohydrate

content of leaves.

The pre-inoculation of Lazurka seedlings with Z.graminis
reduced the subsequent development of rust. It was considered that
sinilar effects on Zephyr barley (T 60) migﬁt result in part from a
competition for nutrients between the iwo pathogens. Although at
first sight this seems less likely to b2 true for the effecis
observed on llazurka, since E.graninis (race T72/27) produces no more
than necrotic flecks on this cultivar, it was investigated in two
experiments similar o those performed with Zephyr which aimed to

alter carbohydrate content of leaves.

(a) TFloating leaf segments on sucrose.

Tnis experiment wes performed at the same tine, and using the
same procedure as that with Zephyr barley described in Section 1
(. 67 ).

The results with Iazurka (Table 35) showed that the reduction
in rust pustule size observed on leaves pre-inoculated with Z.greminis
could partly be reversed by an exogenous supply of sucrose. The
results also chowed that the sucrose treatments caused a reduction
in the chlorophyll content of leaf segzents, an effect aprarently

opposite to the effect of inoculating the leaf segments with N.gracinis.

(b) freating plants with maleic hydraside.

Bight pots of 10-day-old lazuria seedlings vwere used in this
experinent and these were divided into four groups, A and C each
with one pot only and B and D each with three pots (see Table 36).

There were two inoculations. In the first the seedlin
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Table 35 &Bffect on rust of pre—inoculating leaves with
(see also B.graninis and floating them on 2 ¢ sncrose.
Appendix

table 48)

Leaves not pre-—inoculated  Leaves pre-inoculated

with Fe.graminis, placed on: with Z.graminis. placed on:

v -—7___1
Vet N i .

water 2% sucrose vater 27 sucrose

(a) (®) (c) (D)
llean area .

0.209 0.228 0,120+ 0.175T
of rust

)

pustules(ma™)
Tot 1oro-
Total chloro- 4 o 1.02 3,20 1.72
payll ng/litre
#* significantly different from control{A} at P 0.05(%t' test)

—

T significantly different from ( C ) at 2. 0.05
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C and D were inoculated with E.graminis, and in the second, 4 days
later, the seedlings in all groups were inoculated with P.hoxrdei.
Plants in B and D were treated with maleis hydrazide daily as a
root drench (50ml of a O.1 $% solution per pot) beginning 1 day after
inoculation with B.graminis and continuing until the number of rust
pustules was counted 10 days after iroculation with P.hordei.
The areas of rust pustules were also dstermined at this stage by
clearing the leaves in methanol and neasuring pustule dimensions
microscopically.

The results of this experiment Cfable 36) showed that treatment
with maleic hydrazide of leaves pre-inoculated with E.graminis did
not reverse the apparent effect of reducing the size of the rust pustules.
The number of rust pustules appeared to be rmeduced by both the treatment
with maleic hydrazide (treatment B ) and the pre-inoculation of
leaves with E.graminis (treatment c¢), but in neither case was the
reduction significant. However the recorded number of pustules on
plants in treatment D (both maleic hydrazide and pre-inoculation of
leaves with E.graminis.) was greater than would have been expected
from an accumulation of the apparent reductive effects of the iwo

treatments- (B and C).

(iv)  Inoculation of leaves with E.graminis: effects on the chlorophyll

content and dry weight of leaves.

Although B.graminis (race B72/27) fails to develop on lazurka
it obviously has effects on the leaf, some of which may concern its
nutritional status as indicated by parts of the previous experiments.
The effect of E.graminis on the chlorophyll content and dry weight

of Ilazurka leaves are therefore exanined,
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Table 36 Effect on rust of pre—inoculatinz leaves with

E.graminis and treating then with naleic hydrazide.

Leaves not pre-inccuiatad Leaves pre-~inoculated

Control Maleic hydraz— Control lialeic hydraz—
(A) ide., (3B) (c) ide. (D)
liean no. rust
pustules per 43,46 5444 29.1 29,1
leaf
Mean area of
rust pustules 0.079 0.100%* 0.061 0,059

(m?)

** significantly different from control at D=<0,01 ('{' tesi)
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Thirty pots of iazurka seedlings were grown to the first leaf
stage under standard conditions, half of the seedlings were
inoculated with E.graminis race B 72/27 and the other half kept
disease — free as controls. Two poits ©f Zephyr which received the
same inoculation were used as the usual guide to inoculum density,
After the inoculation, and at the sane time of day on every third
day for 24 days and then every fifth &zy, until the leaves comp—
letvely senesced, .ten leaves were sampled a2t random from each of
the two sets of plants.

Bach bateh of ven leaves was treated as follows: four leaves
(two replicates of twe leaves) were weighed, dried for 3 days at
70 C, and reweighed for dry weight determination; and six leaves
(two replicates of tnree leaves) were woighed, macerated in methanol
(10 mls per replicate) in a Sorvall Cmnimixer, and filtered. The
diluted filtrates were used to determine the chlorophyll concentr—

\

ations by the spectrophotometric methodéf Ledinney, (1241).

Four days after the initial inocuiation with H.graminis, ©wo
pots of seedlings from the inoculated and uniroculated plants were
inocculated with P.hordei. The plants were incubated and the aumber
and size of the rust pustules that resulted were deternined afiex
10 days,

The mildew that developed on the Zephyr ‘guide® plants 10 days

after inoculation weas assessed to be 8C -~ SG- cover,

The results (Teble 37) indizated that although nildew did not
develop on lazurkze the inoculation with conidia resulied in an
accelerated chlorophyll loss. Yhe dry weight to fresh weight ratio

M
(Y [ &2

was also increased following inoculation with H.zraminis. The
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TABLE 37 Jnoculation of leaves with B.graminis: effect on
(See also the chlorophvl content and dry weight,
Appendix

Table 50)

diry weight mg/ chlorophyl
per g. Ary we.

Days after Control Tnoculated  Control Inoculated

inoculation. leaves leaves Jeaves leaves
0 T.405 T-25 21,06 19.89
3 7.30 T.50 22.23 15.04
6 7.03 T.80 22.84 16,09
9 6.53 8425 23,18 14,755
12 6.65 8e25 21404 15.62
15 6435 8.90 21.02 10.37
18 6.60 8.80 15.42 8.83
21 T30 14,10 12485 2.93
24 6.20 24.90 1334 2642
29 T.E0 90.7 Ce55 2.09
34 3350 - 0.79 -

Leaves inoculated with P hordei,

Control leaves: lLeaves pre-inoculated
not pre-inoculated, Vith s.graminis,
l'ean no. rust 7562 41,5
Pustules/leaf
lican area
N .2 - R
rust pustules(in”) 0.066 0.044

Significent difference (by't'tests) from control leaves at P=0.002
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nunbers and areas of rust pustules were also significantly reduced
on leaves which were inoculated with P.hordei 4 days after the trea~

tment with S.graminis.

(v) Inoculation of lazurka with B.graminis: effect on antifungel

corpounds.

Tnoculation of E.graminis race B 72/27 onto leaves of Fazurka
(a) invoked resistance reactions that were visivle 4 days after the
inocwlation, and (b) caused the leaves considerable damage which
could be detected by the effects on the chlorophyll content and
percentage dry weight 6 or more days aiter inoculation. These effects
could account for some of the observed reductions in rust pustules
in dual inoculations especially wihere 4 deys or more elapsed between
the first inoculations with Z.graminig and the second with P.hordei.
TAith intervels less than this their involveuent appears less clear
and in these instances antifungal compounds might be more important.
The possible role of such materials was thus examined using the two
extraction procedures detailed in Section 1 (P. 83 ) and similar
spore germination tests on these extracts to assess their antifungal
activity (P 85 ).
(A) The first extraction procedure wzs basz2d on that of Stoessl
and Unwin, (1970) for the 'Heordatine' group of compounds. Two
25z, leaf samples were extracted; one of leaves inoculatad 4 days
previously with Z.graminis and the other of watreated leaves of

comparable age, The U.V. absorbing proser

germination tests were performed (Table 38). The remnining extracts
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Table 38 Inocculation of liazuria with B.graminis: effects of

(see also eantifunzel compounds — sSpore gernination tesis.

Appendix  (Extraction nethod 1)

Table 51)
Liean percentage germinationg
Conidia Uredospores
Dilution A B A B
0P 22 17 5.5 5,8°
107! 29 22 Ted 8.0
1072 30 26 23,7 16,7%
1072 33 28 26.8 22.0
Distilled
water 39,34, 28,33.
controls

Meen 7% germination based on minimun of 650 conidia or

uredospores.
b . . o a e
Dilution 0 = approxinate tissue concentration
c . .
A = extract fron uninoculatsd leavss
B = extract from leaves inoculatad with S.graninis
.:L

[y]

¢ Significantly different [ Pe= 02.05) from corresponding

value in A
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were sprayed (with tween 80 as a wetting agent) onto 10-day-old
Zephyr barley seedlings. Similar seedlings were sprayed with
tween 80 solutiononly as controls, and seedlings from both groups

of plants were inoculated with either S.graminis or P.hordei. The

nunber of mildew colonies and rust pustules pexr leaf were recorded
7 and 10 days after the appropriate inoculations, and the size of
the nildew colonies and rust pustules were measured from a random
sample taken from the central 5 cm. portion of each leaf (Table 39).

Spectrophotometry showed three similar peaks in the absorbance
of both extracts at 210 -220, 260 -270 and a broad band around 300-330am,
the difference between extracts being only in the amount of absorb-—
ence at these wave lengths, That the esxtract from inoculated leayes
differed little from that obtained from the control leaves was
confirmed by tests of antifungel activity using conidia of
Z.graminis and uredospores of P.hordei {Table 58). OCnly in one
instance was germinetion significantly less with the extract fronm
inoculated leaves (10—2 dilution using uredospores).

ith either of the extracts

o

ilhen leaves of Zephyr wexre spraye

i

before inoculating them with N.greninis, the number and size of th
j&] b

(0]

mildew colonies which developed were less than on the corresponding
controls (Tables 39) but there was no differsnce in these respects
betreen the two extracts. The =xtracts had no effect on rust

development when apnlied to leaves Lefore they were inoculated with

P.hordei.

(B) Tne second extraction procedure was sinilar to that describved
in Section 1 Page 84 except that i1t was termirated after the

separation into ether and agueous phases. The starting materiel
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Table 39 Inoculation of Hagurka with E.graminis: effect of

antifungal compounds ~ tests of extracts against

infection of Zephyr by the two pathogens,

Extract Hean no. and area(mmz) of colonies/pustulesa
used to

Spray E.graminis P hordei

leaves. Tumber Area Iumber Area

Nil—wrater +
Tween 80 135 2426 % 0.076

(control)

10" ailution

uninoc~ ®
wlated 86 .72 46 0.074
leaves

inocule

ated 817" 1.78 68 0.079
leaves

2

10" “dilution

wninoc—
ulated - - 59 0.077
leaves
inocul-
ated - - 69 0.080
leaves
a . .
-Hean no. based on counts of ten lsaves and area on 1zeasurenents
of 80 colonies or pustules.

Values significantly different froa the corresponding control

at P =0.05 and"0.01 denoted by * and #* respectively.
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vas 8 g fresh weight of leaves inoculated 4 days previously with
Begraminis and a similar quantity of leaves not so inoculated
(control). The antifungal properties of the two fractions from
each lot of tissue was subsequently tested using conidia of Z.gram=

inis and uredospores of P.hordei, For this, the fractions were

first evaporated to dryness under vacuum and redissolved in 8 nl.
of distilled water to give approxirate tissue concentration. The
results are shown in Table 40 and in further detail in Appendix
Table 53.

The geroination of conidia was inhibited by both fractions
derived from the inoculated leaves, and by the ether fraction
from control leaves. Uredospore:gernination was inhibited by all
fractions, but those from the inoculated leaves showed greater
inhibitory activity than those from contrcl lsaves.

These results indicate that the extracts from wninoculatsd
liazurka seedlings contained spors germination inhibitors. The
amounts of these appeared to be greater in extracts of inoculated

leaves,
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Table 40 Inoculation of lazurka with B.zraninis: effect of

anti-fungal compounds — spore germination tests

( Bxtraction method 2)

b
|8
Q
13

llean percentage ger

Fraction Conidia Ur=dospores

tested: A B A B

= S
524D 12446 6ol 0.7

SBther o

Ted 11.7 9.2 0.2
fraction

Distilled
Tater
control 5867 2'7.2

lleen % germination bagsed on mininum of 500 comidia or uredospores

;

Approxinate tissue concentration

c . .
& = extract from uninoculated izaves
B = extract from leaves incculatsd with B.zraminis

Values significantly different (P == 0.,05) from corresponding

value in A
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Dual inoculations on Zephyr: (B) effects on rust and mildew of pre—

inoculating leaves with Diplocarpon rosae or Uromyces phaseoli.

Two experiments were performed. In the first, four pots of
Zephyr barley seedlings (group A and B) were inoculated with

uredospores of Uromyces phaseoli us:’.ng a powder dispenser. These

were incubated in a saturated atmosphere for 24 h with two pots of
uninoculated control seedlings (labelled C and D). After a further
3 days three pots of seedlings, i.e. two pots of inoculated seedlings
group A, and one pot of control seedlings group C, were inoculated
with P.hordei. Similarly the remeiring three pots of seedlings,
groups B and D, were inoculated with E.graminis. The seedlings
were incub ated and 10 days after these inoculations the pumber of
rust pustules and percentage cover of mildew were assessed.

In the second experiment the same procedure was pursued except

that Diplocarpon rosae was inoculated onto leaves in place of

Uromyces phaseoli. The results are shown in Appendix Table 54,

They indicate that pre-inoculation of seedling leaves of Zephyr

barley with either Uromyces phaseoli or Diplocarpon rosae had little

effect on the development of rust or mildew. A reduction in the
amount of rust was observed wher leaves were pre—inoculated with

\\romyces phaseoli but the difference from the control was not

statistically significant.
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SZCTION 3.

The effects of BAS 3170F and ethirimol on B.graminis aznd P.hordei

respectively and on yield.

Introduction.

In the field trials conducted by Simkin (1971 and 1972) as
well as those described for 1974 and 1975 (Section 4 ) four disease
situations were obtained by the use of the two specific fungicides,
Calirus and ethirimol. Ethirimol used either as a seed dressing
(Hilstem) or spray treatment (liilgo) controlled E.graminis and this
allowed the development and study of P.hordei on its own as well
as its effect on yield. Similarly spray treatments of BAS 3170F
(Calirus) which controlled P,hordei, allowed an examination of the
development of K.graminis and its effect on yield. To do this it
was necessary to assume that the BAS 31707 and ethirimol treatments
were not directly affecting E.graminis and P,hordei respectively
and also that they themselves did not directly affect the yield.

The experiments described here were designed to test these

assunptions.

liaterials and liethods.

All plants were grown under the same conditions as previously
described in Section 1 and 2. 3,graminis race B 72/27 and P.hordei
race Pb60/3/1 were used and all conditions of inoculation and
incubation were as before. ‘hers necessary a ‘feyco Climatic
Cabinet Plant Growth Type 250 P w=s used.

BAS 3170F was obtained from BAS F Ltd. and, ethirimol seed

e
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dressing and spray from Plant Protection Ltd. Both fungicide
Sprays were used at the advised *field rate' concentration using
a Shandon Chromatography spray and seed dressed with kilstem were
either obtained commercially from #lsons of Spalding Ltd., or
were dressed at Plant Protection Ltd., Jealotts Hill, using a
manually operated rotating drum.

The methods of assessment of the productivity of the two

pathogens are described under the appropriate experiments.

Experimental.

(1) The effects of BAS 3170F on the development of E.graminis.

The first leaves of 10-day-old Zephyr seedlings contained in
six pots were wmiformly inoculated with H.graminis, race B T2/27.
The plants were then placed in filtered-air-cabinets where the
nildew was allowed to develop for 4 days. The plants were then
divided into three groups and treated in the following ways:

Group 1 was spraved to run—~off with water only as a control.

Group 2 was sprayed to run-off with BAS 3170F (0.015 T57% wep.)

and citowett (0.0025%).

Group 3 was sprayed to run-off with citowett only (0.0025:%).
The plants were left for 2 days during which time the mildew devel—
oped into easily visible colonies., Five leaves were then detached
from each treatment and each group of leaves were used as a souxce
of inoculun (in the apparatus saotm on page 12 ) to inoculate
separately three lots of three vots of disease~free Zephyr seedlings
with Begraminis, After inocwlation_the leaves were recovered from
the inoculun carrier and the ruzder of mildew colonies per leaf

and their size were determined microscopically.
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A second sample of leaves was taken from each of these three
groups 11 days after they had been inoculated with E.graminis and
these, too, were used as sources of inoculum for the inoculation
of more disease~free plants, usirg a similar procedure. The only
difference vas that 24 h before they were required as a source of
inoculum the leaves were shaken to remove old conidia.

The plants which were inoculated in this way on the sixth,
and eleventh days of the experiment (Secondary plants) were
returned to the greenhouse after inoculation and the number of
colonies that developed was recorded 7 days later. The results of
this experiment are shown in Table 41 and in greater detail in
Appendix Table 55. They show that while applications of Calirus
and Citowett or of Citowebt alone did not affect the number of
successful infections they did severely affect the growth of the
nildew, colonies on these treated plants being significantly
smaller than on the controls. As a result of this, the product—
ivity of colonies was affected, as was shown by the different
anounts of mildew which developed on the *secondary plants®. Lack
of any significant difference in these respects beiween plants in
group 2 (Calirus and Citowett) and those in group 3 (Citowett only)
indicated that the effects observed were due to the wetting agent

and not Calirus.

{11) The effect of ethirimol on the develooment of P.hordei.

Three pots were sown with Zevhyr seed treated with iilsten and

three with secd not so treated, Ten days after sowing the seedlings
were uniformly inoculated with uredospores of P.hordei, They were

incubated, and after 10 days the number of rust pustules that had
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Table 41 The effects of Calirus on the development of

E.graminis.
Treatments
1.Water only 2.Calirus:+ 3.Citowett
(control) Citowett only

Liildew developnent
on treated plants

6 days after
inoculation

mean no.colon—
ies per leaf 70 81 82

mean area of %% **
colonies (mn?) 3154 0.604 wns— 0.595

11 dagg after
inoculation

iean no.colon~-
ies per leaf 60 53 60

mean ares of #% %
colonies(mm?) 8,679 3,661 ~ns— 3,208

IHildew developnent
on'secondary' plants
(as mean no.colonies
per leaf) using treat-
ed leaves as sources
of inoculum after:
o * %

6 days 35 20 -ns—- 23

*% *R

11 days 18 12 -ns- 10

Values significantly different from the control at Pe 0.05 and

0.01 denoted by * and ** respectively, values not significantly

different (on the same line) denoted by -ns-
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developed was recorded for each leaf.,

The resulis, (Appendix Table 56) showed that there was no
significant difference in the susceptibility to P.hordei of seedling
leaves of plants grown from Kilsiem-dressed or from those seeds
not so treated.

However there was some doudt as to whether or not first
seedling leaves would have taken up sufficient ethirimol to have
had any effect on the rust. Consequently a second experimenti was
performed using the third leaf of Zephyr barley and including a
E%lgo spray treatment.

Six pots of barley were sowvm, three pots contained Lilstem—
dressed seed, and the remainder contained normal single~purpose
mercury dressed seed. The plants were maintained diseesse free in
filtered air cabinets until the third leaf was fully expanded. At
this stage the seedlings in the three pots containing the iilsten~—
dressed seed were sprayed with 0,019 *lilgo®. On the following
day all six pots of plants were uniformly inoculated with P.hordei
by the usual procedure. After the standard incubation the plants
were returned to filtered air cabinets and kept for 20 days. The
leaves were then detached and 5cm. sections taken from each leaf;
these were cleared, stained and sxamined microscopically. The
nuniber of rust pustules per unit area was assessed by counting the
nunber of pustules in five randoa microscopic fields (x 28 megnif-
ication.)s The area of the rusi pustules was determined at the

sane time . The resulis, {Avpeniix Teble 57) showed that the
? ped o

d

liilstem seed dressing and lilgo spray had no significant effect on

the number or size of the rust pustules that developed.
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The effect of ethirimol on the pusitule productivity of rust,

Ethnirimol has been reported to delay senescence (Finney, 1973)
and thé effect of this delayed senescence on the duration and
productivity of rust pustules was examined in the following
experiments.

There were three groups of plants each with three pots of 10—
day-old Zephyr barley. The first group was not chemically treated
(control); the second had ihilstem—dressed seeds, and the third was
sprayed with Milgo (0.0155) on the tenth day after sowing.

On the eleventh dey all plants were wniformly inoculated with

=

P.hordei, incubated as usual and then placed in a growih cabinet

(6
=

{Teyco Environmental Cabinet) at 20°C with a 1 photo pericd.

After 10 days the number of pustules was recorded on each leaf,
and the uredospores from each of the three pots of plants in each
group were collected using nine weighed cyclone collectors. These
collections were weighed. Similar collections were taken every
2 days for 10 days at which time the leaves were senescent,

The results (Appendix Teble 538) indicated that there were no
significant differences between the weighis of spores collected
from plants in each treatment. The collectica technigue w
hovever, less than satisfactory, the loss of uredospores during
collection, the damage to the leal and the collection of fragments

4

of senescent leaf tips all contributing o the variability in the
results.
The empeviment was therefore reoeated using ldlsten—dressed

and wndressed seed a3 the only treaiments. Leaves inccwlated vAth

P.hordei were enclosed in open ended glass tubes (Johnson and Bowyer,
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1974) and plants vere kept in a filtered-air cabinet which was less
draughty than the growth chambers. The leaves were left inside

the tubes wntil they completely senesced (30 days from inoculation).
The uredospores were then collected in the dry state from each tube,
and weighed accurately. The senescent leaves were soaked in 5074
glycerine to enable the number of rust pustules per leaf 1o be
recorded.

The results are showm in Table 42 and Appendix Table 59. These
appeared to show that the rust pustules on first leaves from Hilstem
dressed seed produced more uredospores cverall than those on leaves
from undressed seed; but the differences were not sufficiently large

t0 be statistically significant.
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TABLE 42 The effect of ethirimol on the pustule productivity
(See also of rust.

Appendix

Table 59)

P.hordei inoculated onto plants growm from:

non-milsten dressed nilsten dressed
seed (contrd. ) © seed
Hean no. 1 1206 ' 108.4‘

pustules/leaf

Ilsan wt. of

uredospores/pustule

(mg) 00015 - NaSe = 09021



The effects of BAS 31707 and ethirimol on barley yield in the

absence of P.hordei and E.graminis,

The assessment of yield losses due to mildew and brom rust
is difficult:becéuse in the field disease~free plants for compar—
ison can only be obtained by using chemicals and these could affect
yield directly as well as through their fungicidal action.

The following experiment was performed to de%ermine the effect
BAS 3170F and ethirimol have on the yield of Zephyr barley in #he
absence of disease by using filtered-air cabinets in the greenhouse.

-Sixteen pots (8in., 17 cm.) containing field soil were sown
with Hilstem—dressed seed in March 1975, three seeds per pot
(treatment 1). Thirty-two similar pots were sown with seed treated
only with a standard mercury dressing (treatments 2 and 3), All
vots were then placed at random in two filtered—air cabinets inside
& greenhouse on a self-—watering sand bench. The temperature
throughout this experiment was kept as near to that outside as
possible so as to provide normal growth and tillering. “hen
seadlings emerged they were thinned to two per pot.

Two nonths after sowing the sixteen pots of plants in treat-
ment 1 each received a root drench of ethirimol (10C ml. 0.01% as
the hydrochloride). Sixteen potis 1abe1ied treatment 2 received 2
spray treatment of BAS 31707 (0.0f, 755 wp. in 0.0025: Citowett),
The seedlings in the remaining sixieen pots (treatment 3 control)
together with those in treatment 2 were given a control root
drench of 100ml. water.

After a further 2 months, when the grain had ripened the

number of ears per plant was recorded. They were then harvested by
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hand, dried at 70°C for 4 days and weighed. The results (Appendiz
Table 60) demonstrated that neither ethirimol nor BAS 3170F at the
concentrations and under the conditions used had any effect on the

yield of Zephyr barley.
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4, Interactions bebween P.hordei and B.graminis on Field Growm

Barley.
A, Field Tri=2l 1974. Silwood Park,
Introduction,.
The previous experiments have described the interactions
between P.hordei and E.graminis following inoculations of the sanme

baxrley leaf, The extent and nature of these interactions are then—
selves intrinsically interesting but the questions arise whether such
interactions occur extensively in bariey crops and, if so, how they
affect overall yield. The field trials conducted in 1971 and 1972

by Simlcin with the cultivar Zephyr sought answers to these questions
but relatively few indications of mildew x rust interactions were
obtained, Thus in these trisls there were no significant interactions
in respect of yield or senescence of the leaves.though in one trial
the infection rate of E.graminis was higher on leaves without rust
indicating that the presence of rust pusitules significantly affected
the development of mildew on the same leaf(Siokin & Vheeler, 1974'_%_,).
The primaxy aim of the present trial was to re-exanine interactions
in the field, hopefully in a situation vhere brown rust was more
severe than the 5% level in Simkin's %rials and with cultivars of

different suscepibilities to P.hordei,
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Haterials and lethods.

The trizl, of randomized block design, was set up at Silwood
Park on a light, sandy, well-drained soil previously cropped to
potatoes. Three cﬁltivars — Zephyr, Hidas and Julia - were each
subjected to four treatments. These were: (1) Mildew allowed to =
develop, rust controlled; (2) Rust allowed to develop, mildew con—
trolled; (3) iildew and rust allowed to develop; (4) Hildew and
rust controlled. Each cultivar- treatment combination was replic—
ated three times on plots 6 x 15 £+ (2 x 5 m). These plots were
sowm on 8 April, but to encourage the development of brown rust
vithin the site strips of the most susceptible cultivar, lidas,
were planted earlier, on 26 March, between adjacent plots in each
block as indicated in Fig 8 .

liildew was controlled, in treatments (2) and (4) and within
the lidas strips by sowing HMilstem—dressed seed and subsequently,
on 12 June, by spraying with Milgo(Piant Protection Ltd.) at the
rate of 1.41/ha. Rust was controlled in treatments (1) and (3) by
spraying, on 1 and 11 July, with Calirus (75% w.p.; BASF) at the
rate of 2.78 Xg/ha.,

Weeds were removed by hoeing between the rows until the crop
was well enough established to overshadov the remaining weeds. At
this stage (Growth stage 6; Larze,i1954) six bamboo canes were used
to mark the sites of six randomly-selected plants in each of the
plots of treatments 1, 2, and 3. The plants were selected from vwith—
in the plots rather than at the edzes, and were themselves labelled

with Jewellep's tags during and after stem extension.
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Tig 8, Layout of field Trial. 1974.
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Disease was assessed on individual leaves( upper and lower
surfaces ) of marked plants using the standard diagrams of the Plant
Pathology Laboratory, Harpendon, at weekly intervals from 4 Jume to
16 July, and then twice weekly until 26 July.

On 21 July a random sample of ten leaves immediately below the
flag leaf (ie.leaf 2, flag leaf = 1) was taken from each plot of
treatments 2 (rust only) and 3 (rust and mildew). Lengths(20 cm)
were cut from the centre of each leaf and these leaf segments were
then cleared irn methanol, stained in lactophenol-cotton blue and
the number and size of rust pustules were recorded microscopically.

On 8 August, when nost of the crop was dry and ready for harv-
esting, five late tillers were selected at random from each plot
and the disease levels assessed on their flag leaves.

The crop was harvested on 16 August. Each individual plot was
cut by hand and transfered to a threshing machine( Dania, model
T57279) which was tractor-driven, using a belt attachment.

The weights of grain for each plot were recorded. The percent-
age moisture content of the grain was calculated by drying 200g
samples from each plot for 3 days at 70°C and then reweighing these.
The weight of grain per plo} was adjusted accordingly.

The dried grain was used in sieve tests. Samples (100g ) were
placed in the top of a stack of three sieves,(2.8,-2.5 and 2,2 mm mesh).
The sieves were secured firmly to a mechanical shaker which was oper=
ated for 3 min. The grein was then cpllected from each sieve and
weighed.

Dried grain was also used to debermine 1,000 grain weignts for
each plot. Three replicate samples of 100 grains were weighed and

the mean values obtained were muliiplied by ten.
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Results

Crop development and weather

The meteorological data for the 1974 growing season, obtained
from Silwood Hain Meteorological Site Latitude 51° 28'N are shom in
Fig 9.

The }.h.das inter-plot strips were sown immediately prior to a
period of warm, very dry weather which led to poor germination and
growth. The plots themselves were sown just before 2 days of heavy |
rain, and consequently the barley from the two sowings:devéloped at
similar rates.

In late April and early Hay there was a short period of rainy
weather with temperatures ¢ 10°- 15°C, IMildew was first observed in
the field on 12 lay and on 11 June, after a period of warmer weather
and intermittant rain, brown rust was first detected.

June was a month of average rainfall and temperature, and for
the renainder of the growing season rain was frequent with tempera-
tures averaging c 15°C. These conditions led %o mildew levels as
high as 50 to 60 % cover on.unfreated leaves, and to rust levels
on susceptible untreated leaves as high as 20 90, These conditions
also delayed ripening and heavy rain during the first week of August

delayed hai'vesting until 16 August,
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FMgure 9 Meteorological Data Silwood Park 1974,
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Interactions..

The mean percentage cover per leaf of rust and mildew for each
assessment date plotted against time (Fig 10) summarizes the devel-
opment of rust and mildew on the three cultivars both singly (treat-
ments 1 and 2 for mildew and rust respectively) and in combination |
(treatment 3).

It would appear from this figure that whereas mildew developed
similarly whether leaves were rusted or not, rust developed differ-
ently in the presence of mildew. The development of the two diseases

is now considered in greater detail.

Development of mildew.

Analyses of variance on the mean percentage cover of mildew at
each of the last five assessment dates (Table 45) indicated that
nildew developed less on liidas than on either Zephyr or Julia but
that the levels to which it developed were not significantly altered
by the presence of rust.

Vhen comparable data for mildew development on the flag leaf

(leaf 1) and leaf 2 (Tables 44 2nd 45) were analysed a similar result

wes obtained, Hildew developed less well on lidas than on either

Zephyr or Julia but only on 16 July on the fleg leaf was there any
significant effect on mildew of {he presence of rust. There were
sinilar trends in the data from leaves 3 and 4 but little rust de-
veloped on these leaves until ther began to senesce so these data
have not been analysed.

Because mildew levels did not differ significantly on a cult-

ivar with or without rust it might be expected that the rates of
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10 Disease assessments 1974
Liean < ccver per leaf of rust and mildew
Iidas

Julia

KN

e« O B O

26 July

June

Treatment 1 (mildew only)
Treatment 3 (nildew and rust)

Treatment 2 (rust only)
Treatment 3 (rust and mildew)
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Table 43 Development of mildew, July 1974.

(see also
Appendix
Table 61)

Mean percentage cover per leaf at each assessment]

Date: July ¢

Midas A 26,06;
B 30.23
Zephyr A 42.44
B 52,74
Julia A 42,13
B 35429
se £ 4,04

16
27.98
26,88

41.14
48,26

41.01
4333

4029

45455
49.54

42,63
40.25

Je51

23
21.63
23,60

42.33
40,48

35,98
46,59

579

A = development of mildew only (treatment 1)

ee]
i

Analysis of varisnce.

Source of variation
Presence of rust

Cultivar

B values July 1974

9 16 19 23
0.593 0.640 0.360 0.58

E 33 Ex +*%
11.59 9.48 9.98 6.99

Values significant at P g 0.01 indicated by **

26
18442

13,67

40,89

204,77

42.65
40,35

6.93

developnent of mildew in the presence of rmst (treatment 3)

26

1.55

7,09

T Values are the suus of the percentiage cover on each leaf( 6 plants in

each of 3 replicate plots ) divided by the number of leaves,

%
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Table 44 Development of mildew on the flag leaf (1), 1974.

(see also
Appendix
Table 62)
Mean percentage mildew per leaf for each
agsessment date,.
Date: 9 July 16 July 19 July 23 July 26 July
Midas A 0.28 0.81 0.97 131 1.31
B 0.72 4,45 503 .11 2.24
Zephyr A 4.80 9.97 14.08 21.73 22,93
B 4,04 10.56 14,03 13,17 13.13
Julia A 3495 T 47 13.23 12.67 10.08
B 5.89 16,351 21.61 28.68 21.94
S.E. £ 1,35 1.90 2.45 4.8 - 4.97

A = Development of mildew only (treatment 1)

B = Development of mildew in +the presence of rust(treatment 3)

Analysis of Variance '®' vyalues

Source of Date: 9 16 19 23 26 July
variation —
Presence of rust. 0.24 7.88% 4.26 0.54 0.05
Cultivar 6.41% 13,56%*% 18,95%% 8,29#%* 6,14%

Values significant at P2 =0-05, aad 0.01 denoted by * and** respectively.
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Table 45 Development of mildew on leaf 2

(see also
Appendix
Table 63)

Mean .percentage per leaf for each assessment date.
Date: 9 July 16 July 19 July 23 July 26 July
Hidas A 8.58 11.53 14.45 14,83 16.11

11.07 15.99 21.56 19.00 17.50

Zephyr A 35453 46.38 53451 62,92 58.80
B 46.49 55.79 56.26 56497. 45.42

B 34.89 45.96 52.08 65.25 58.75

S.E. £ 4427 6.27 4.92 5,25 11,22

A = Development of mildew only (treatment 1)

B = Development of mildew in the presence of rust (treatment 3)

Analysis of Variance 'F* values

Source of variation Date:- 9 16 19 23 26 July
Presence of rust 1.24 1.63 0.39 0.10 1.07
Cultivar 30453%%19,66%* 35,91%% 45,52%* 10Q,54%%

Values significant at P = 0,01,
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Mg 11 Hildew development on the Flag leaf

Log e z
1-x
0 - Regression
1fdas - coefficientss:
— 2 pu bt —
_ .- 0.0877
-4 . ———TT 0.0928
-6 -
-8
0 -
0.1331
-2 C.0843
-4
- 6 .
- 8
0.
. em— 0.1107
o] dwia 0.1248
- 4 -l
-6 -
- 8 v .
2 July 26 July

Treatnens 1 {aildew only)

Treztzznt 3 (nildew and rust
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Fig 12 17"ildew developuent on leaf 2 (Flag leaf = 1)

=
1-x
Regression
coefficients:
T34
R 0.1033
= 0.1143

; *
2 July

N
(o2
oy
£
~f

Regression liues:

‘reatment 1 (2ildew only)

i
Troatnent 3 {wildew and rust)
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nildew development would also be sinmilar in the two situations.
This proved to be so. There were no significant differences in
infection rates of mildew with or without rust on the flag leaf
(Fig 11) and on leaf 2 (Fig 12) of the three cultivars as determin-

ed by the regression of log, T§E against time (Van der Plank, 1963).

Developuent of rust

Figure 10 indicates that at most assessments more rust was re-
corded: on plants where mildew was controlled (Treatment 2) than on
plants where it was not controlled(Treatment 3), and that there was
more rust on Iidas and Zephyr than on Julia. Analyses of the data
for assessments throughout July, (Table 46) showed that these diff-
erences were statistically significant,

lildew also affected rust early in the season when the anounts
of rust were so small thak numbers of pustules per leaf were rec-
orded. Data for the period, 25 June to 9 July, (Table 47) show that
at each assessment there were more rust pustules on plants vhere
nildew was controlled than on plants where mildew was not controlled.
Only on 25 June did the cultivars have a significant effrect on the
rust levels, less pustules being found on Julia than on either Zephyr
or lidas. Similar cultivar differences were apparant on 2 and 9
July but dﬁe to the large amount of variation they were not signif-
icant statistically. The presence of mildew thus appeared to have
a greater effect on the rust than the resistance of the culiivars.
Cultivar differences were apparent from an analysis of the bulked
data for the three assessments(ivpendix Table 66).

The amounts of rust on the flag leaf and leaf 2 of plants where
nildew was controlled were higher than on similar leaves of nildewed

plents (Pables 48 and 49). These differences were larger on Zephyr
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Table 46 Development of rust, 1974.

(see also
Appendix
Table 66)

ilean percentage per leaf.

Date: . 9 July

Midas A 0.67

0.09

Zephyr A 1.78

B 0.10

Julia A 0.53

B 0,00

S.E, = 0.32

>
1

=
It

Analysis of Vaxiance.

Source of variation
Presence of mildew

Cultivar

16 July 19 July 23 July 26 July

3442 T.95 1135 22.96
0.83 2464 3.61 T7.80
6.00 11.96 17.89 21.59
0,97 1.98 2.52 4.63
1.42 3482 4.04 6.66
0.30 0,92 0.89 1.96
0.56 157 2.53 397

Development of rust only (treatment 2)

Development of rust in the presence of mildew (treatment 3)

]
P! values. July
Date: 9 16 19 23 26
11.84%% 40,13%%  22,F%x 17,97*% 14,52%%

2’79 10.,81%* 4-39* 4.81* 4.32*

Values significant at P=0.05 and 0.01 indicated by * and ** respectively.



Table 47
(see also
Appendix -
Table 67)
Date:
Midas A
Zephyr A

B
Julia. A

B
S.E. &
A=

w
it

Analysis of Variance
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Barly development of rust. 1974.

Mean number of rust pustules per plot

for each assessment date.

25 June 2 July 9 July
1.67 11.00 18443
3.67. T7.40 890,0
1.00 T.T0 158.7

14.30 126.70 2393.3
0.00 3467 29.4
0.00 26.37 403.2
2.40 2341 413,2

Treatment 3 (rust and mildew)

Treatment 2 (rust only, mildew controlled)

'¥Y yalues

Source of variation

Presence of mildew

Cultivar

Date: 25 June 2 July 9 July
6.78% 13.18%%  10,72%*
5.24% 2.49 3.46

Values significant at P =0.05 and 0.01 indicated by * and ** respectively.
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(see also
Appendix
Table 68)

lean percentage cover per leaf for each assessment date

Date: 16 July
Midas A 1.19

B 0.86
Zephyr A 1,72

B 1.08
July A 0.16

B 0.47
s.B. * 0.35
A=

19 Juiy 23 July
4,75 7.58
2.81 4.78
5.88 10.06
2.72 2.96
1.28 1227
1.06 1.10
1.24 1.66

Developnent of rust only (treatment 2)

26 July

13.88

6.90

14.28

5.85

6.05

2458

2.92

B = Development of rust in the presence of mildew (treatment 3)

Analysis of Variance

Source of wariation
Presence of mildew

Cultivar

'?Y yalue3s.

Date: 16 19 23
0.5% 3.07 6o 17*
4.88% 372 6.48%

Values significant at P =< 0.05.

26
8.54%

2.40

July.
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Table 49 Development of rust on leaf 2, 1974.
(see also
Appendix
Table 69)
llean percentage rust per leaf for each assessment date

Date: 9 July 16 July 19 July 23 July 26 July

B 0.17 1e11 3472 5.00 T.88
Zephyr A 1.67 4,25 13.78 25.22 26.04

B 0.50 1.11 2.45 2.50 542
Julia A 0.17 104‘8 3075 3.81 10035

B 0.00 0431 1.03 0.69 4,00
S.E. % 0.29 071 2,04 3432 4,88
A = Development of rust only (treatment 2)

Development of rust in the presence of mildew (treatment 3)

Analysis of Variance P! values EEEY’ 1974

Source of variation Date: 9 16 19 23 26
Presence of mildew 2.47 10.59%%  13.81%% 15,97**% 14,79%**
Cultivar 2463 3412 4,03% 6.14% 2.83

Values significant at P==0.05 and 0.01 indicated by * and ** respectively
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and Midas than on Julia due possibly to the resistance of Julia to
rust. Similarly the size of the differences appeared To be larger
on Zephyr than on lidas which is possibly due to the greater resis-
tance of Midas to mildew than Zephyr. The amounts of rust on these .-
two leaves of Julia. was lower than on Zephyr or Midas of the same
treatments for two assessment dates on each leaf. The same effects
of cultivars and mildew on the amount of rust on leaf 3 and 4 were
observed (Ap&éencti.x Tables 70 and 71), but the rust was obviously
lower in amount than on'leaves 1 and 2.

The size and density of the rust pustules on mildewed leaves
(leaf 2 ) was also significantly less than on similar non-mildewed
leaves. Rust pustules were also smaller and less dense on Julia
than on Midas or Zephyr (Table 50).

The rates of rust development per mean leaf (Fig 13), as in-
dicated by regressions of loge T-}Sx- against tine, appeared to be
reduced in the presence of mildew on Zephyr and Julia (where mildew
was high) but these differences proved not to be statistically sig-
nificant. Similar effects were also seen on the flag leaves (Fig 14)
and leaf 2 (Fig 15) but were also not sufficiently large to be
statistically significant., O lidas, possibly because of its relat-
ively high resistance to mildew and relatively high susceptibility
to rust, the infection rates did not appear to be reduced by the

presence of mildew as much as on Zepayr or Julia.
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Table 50 Development of rust on leaf 2

lean no. rust pustules

(see also
Appendix
Table 73)
per cm2
llidas A 97.4
B 184.9
B 206.3
Julia A 58.4
B 7249
S.E. % 23.0

Mean area of pustules

(m®)

A = Treatment 3 (rust and mildew)

td
it

Analysis of Variance

Souxrce of variation
Presence of nmildew

Cultivan

Treatment 2 (rust only, mildew controlled)

0,037
0.045

0.034

0.045

0.030

0.038

0.0017

tFY values.

Rust pustule no.
14.52%%

7.31 *%

Rust pustule size.
36493 %%*

8,26%%

Values significant at P=0.01and 0.001 denoted by ** and *** respectively
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13  Development of russ,

Rust as Log e X

July 1974. ilean values for all leaves,

S = - aga.?_rv_st .Lj_me.
x 1-X ‘ Regression
— 1 1 Midas coefficisntg:
0.230
- B i
2 _ 0.253
7’
-3
-4
-5 _
”
-6 -7
R ”~
7’
-7 -
-1 R
- 2 o
-3
-4 |
-5 i
-6 -
-7
-1 4 Julia
-2 .
0.187
-3 -
- 4 .
-5 | _ ~0.,102
-5
- 7 L )

Treatnent 2 Rust only;

26 July

. N L o e . e -
- - —-xreatment D PBust and nildew.
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FPiz 14 Developnment of rust on the Flag leaf,

Rust as Log e

X e e s
— FalI}S Se N
{—x as ® tim Regression
coefficientss
0.262

0.214

2 July

Treatnent 1 (rust only)
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15 Development of rust on leaf 2

Rust as Loz af:f':\: against time.

Regression
coefficients:
’ AN
0-231
1 [Hdas ‘ /0.206
4 Zophyr
1 Jwtia 0,210
e - 0.159

T v

2 July 26 July

Treatnent 2 (rust only) — — — —~Treatment 3 (rust =nd nildsw)
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c¢. Disease development on late tillers.

On 6 August, 10 days after the last disease assessment
on the main tillers, the level of rust and mildew were assessed
on the flag leavés of late tillers. This was considered to give
an approximate representation of the disease situation as it was
at the end of the 'main tiller*' season (Table 51)

There was a significant effect on the mildew levels of
treating plants with Calirus earlier in the season. On plots where
rust was controlled (Treatment 1) the mildew developed to higher
levels on the late tillers than 3n plots where rust was not cont-
rolled (Treatment 3). This effect was most pronounced on Midas -
possibly due to this cultivar's resistance to mildew and suscept-
ibility to rust.

Also the levels of rust on the late tillers were signif-
icantly higher on plants treated with ethirimol earlier in the ..
season. This indicates that the interactions between rust and mildew
on the main tillers were maintained on the late tillers after the

leaves on the main tillers hod senesced.

3. Yield
Blocks, cultivars and fungicide treatments all significantly
affected yield. A further analysis of the treatment effects in-
dicated that both mildew and rust reduced yield but, overall, there

was no significant mildew x rust interaction. Effects on individual
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Table 51 Disease development on late tillers.

(see also
Appendix
Table 73)

liean percentage cover of rust and mildew

on flag leaves.

Treatment: 1. liildew 2. Rust 3. Mildew and Rust
only -~ only mildew Tust
lidas 8417 33.0 0.06 2543
Zephyr 4,68 14.0 237 8.53
Julia 6.30 15.3 2.93 6.70

Analysis of effects

On mildew 'F' values(variance ratio)
*%
Presence of rTust 17.93
Cultivar 0.61 n.s.
On rust
*%
Presence of mildesr 15,03
R
Cultivar 40.94

X *
Significant effects at P = 0.01 and 0,001 denoted by * and **respectively
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cultivars were determined by comparing ranked means in a Duncan's
Multiple Range test. With all cultivars,yields from plots in
which rust and mildew were allowed to develop were significantly
lower than from plots with neither disease. Vith Zephyr and Julia
mildew only (treatment 1) significantly reduced yield while rust
only did not. With Midas rust reduced yield while mildew did not;
effects obviously related to the differing susceptibilities and
resistances to rust and mildew of the three cultivars. (Table 52).
The lack of significant losses due to rust on Zephyr were pro-
bably due to there being patches of the barley crop which suffered
from magnesium defficiency and this gave rise to non-random variation.

The two diseases also affected the size and composition of the
grain as the results of 1000 grain weight determinations showed
(Table 53)

Analysis of variance on the 1000 grain weights for each cultivar
showed that mildew was the main cause of the reduction in grain
weight on all cultivars. On Zephyr rust also significantly red-
uced the grain weight and with lidas and Julia there were significant
rust x mildew interactions. This indicated that rust and mildew
when in combination (treatment 3) had less effect on the grain
weight than when they developed singly(treatments 1 and 2).

The results of sieve tests (Appendix Table 776) showed similar

but not significant effects of rust and mildew on the grain size.
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2.

3

4.

1.
2.
3.
4.

Table 52

(see also
Appendix
Table T4)

Treat—
ment

Mildew only

Rust only

Mildew and rust

Neither disease

Table 53
(see also
Appendix
Table 75)

Treat—
ment

Mildew only
Rust only
lildew and rust

lleither disease
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Field trial 1974

Silwood Park.

Mean plot yields (Kg.)

lidas

2.86

2,65

271

327

Cultivar

Zephyr

2445

S.E. ¥ 0.074

Field trial 1974

Iidas

29.52
31,09
30462

36400

Julia

2,15

2.46

2.15

2,71

Silwood Park.

Mean 1,000 grain weight (g.)

Cultivar

Zephyr

33438
3479
52401

38.70

s.BE. ¥ 0.367

Julia

33.02
35.85
35.03
40452

s.E. £ 0.086

S.E. ¥ 0.424
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B. Field Trial 1975 Silwood Park.

1, Introduction and Materials and lMethods,

A second‘field trial was carried out in 1975 identical to
that in 1974 in respect of cultivars, treatments, design and methods
of disease assessment( P137 ). It differed from the 1974 trial as
follows:

a. Spore trapping was performed at the same intervals as the disease
assessments, the method used (Jenkyn, 1973; Onursal, 1975) involved
placing vertically above each plot a metal rod (0.6cm diam.), which
was protected from the rain, and on which was attached a band of
cellophane (20mm wide) coated with a mixture of vaseline and 12%
parafin wax in toluene, These rods wers replaced weekly and the
cellophane removed, mounted on a slide using clear nail varanish and
examined microscopically. The numbers of uredospores of P.hordei

and conidia of E.graminis were counted in five traverses 25mm long
(circumference of rod) and 0.24mm wide (field diameter).

b. Weed control was practiced when the barley was at the six-leaf
stage by spraying with Dichloroprop with MH.C.P.A.(cornox, Boots Ltd.).
This controlled the broad-leaved weeds, The monocotyledenous weeds
were rogued by hand from within the plots and treated with Paraquat

( ICI Ltd.) on the paths between plots.

c. Since the aim of the field trial was to investigate the interactions
betwsen rust and mildew neither disease was assessed until bhoth were

present in the field.



162

Inter-plot Midas strips were sown on 25 March and plots on 21 April.
The Hidas strips and plots within trestments 2 and 4 were sprayed
with Hilgo (350g ethirimol/hectare) On 19 June; plots withia treat-
ments 1 and 4 were sprayed with Calirus (2.781Kg 75% we.p./hectare)

on 4 July.

2. Crop development and Weather,

The meteorological data for the 1975 growing season are
summarized in Fig 17 and were obtained from Silwood lHain Meteorolog-
ical site, latitude 51°® 28' N,

Following the sowing of the interplot Midas the weather
was very cold and wet; snow was observed on several occasions, this
resulted in only moderate and delayed emergence. The cold wet period
contitmed into ths the middle of April making conditions unsuitable
for the later sowing of the main plots until the third week of April.
During the remainder of April and first half of lMay there were freg-
uent rains and moderate temperature which gave rise to good emergence
and crop growth within the plots. However from then until the be-
gining of July(1-y months)there were only 23mm of rainfall and very
high temperatures were recorded. During this period the barley
suffered from drought and began heading prematurely. Rainfall was
intermittent during the remainder of July and the temperatures

remained high until the barley was harvested.
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lieteorological Data Silwood Park 1975.
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3e lildew development.

Analysis of variance of the mean percentage cover of
mildew per leaf (Appendix Table 77) indicated that mildew developed
to the same levels on rusted leaves as on non-rusted leaves of all
three cultivars and at each assessmont.. In geﬁeral the mildew devel-
oped less well on Midas than on Zephyr or Julia, an effect significant
on 7 and 14 July. At this stage in the season the mildew epidemic
was in decline and the last leaves were begining to senesce. This
gave rise to variable results and zs a conseguence no determinations
were made of the rates of mildew development. The levels at each
assessment however were not different on rusted and un-rusted plants
and it is thus unlikely that the rates of development differed with

these treatments,

4., Rust development.

As in the previous seasorn the initial progress of rust
was assessed by counting the number of pustules per leaf, and then
by assessing the percentage cover as the level of disease increased.
Analysis of variance of the results(Table 54) indicated that the
presence of mildew reduced the amounts of rust recorded at each
assessment. (ie., rust developed less well on mildewed than non-
nildewed leaves.) . This effect was more apparant on liidas and Zephyr
than on Julia where the level of rust was lower.,

Since rust did not reach sufficiently high levels to be
recorded as percentage cover uniil 21 July no determinations were

made of the rate of development of rust.
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Tabie 54 Field Trial 1975 Siiwood Pailk.

(see also

Appendix

Table 78) Rust per leaf T

Treatmentss Mildew only Rust onmly }ildew and Heither

rust disease

Date
July

Midas T 0.70 1433 0.33 0.50
14 0+41 129 0.19 0.61
21 0.44 2.15 1.29 : 0.33

Zephyx 7 0.00 137 0.19 0.25
14 0.15 1.02 0.25 0.14
21 0.06 3.82 .73 0.15

Julia 7 0017 0030 Oo 13 0038
14 0.07 0.04 0.02 0,22
21 0.05 0.88 0.04 0.50

T Lean pustule number per leaf on 7 and 14 July; mean percentage cover

per leaf on 21 July.

Anzlysis of variance '2vzines(varience ratios)
Source of variation Date: iy 7 14 21
Presence of mildew 3.271 11,067 5,636
Cultivar 2,112 5.379 2.365
S..E 0.339 0.230 0,775

Values significant at P= 0.05 and 0.01 denoted by * and *¥ respectively
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5. Spore trapping

Analysis of variance of the numbers of uredospores trapped
over the three weeks 7 to 28 July (Table 55) indicated that the use
of fungicides (ethirimol and Calirus) significantly altered the
numbers of uredospores trapped. Further analysis showed that in plots
where rust developed in the absence of mildew (Treatment 2) there were

atpeoced by be :
significant¥y/more uredospores trapped than over other plots either
where rust was controlled by Calirus or where it developed in the
presence of mildew(Treatment 3). There was a significant mildew x rust
interaction indicating that the presence of mildew significantly
reduced the number of uredospores trapped.

Due to the large amount of variation in these results no
significant culiivar effect was detected. This may also reflect an
effect of the Midas inter-plot strips 'blanketihg' the area with
uredospores., In general however it appeared that greater numbers
of uredospores wvere trapped over plots of Iiidas and Zephyr than over
Julia.

The pumbers of conidia of E.graminis trapped were also variable.
The use of ethirimol to control mildew and the presence of rust
appeared to decrease the numbers of conidia trapped but these ob-
sexrvations were not statistically significant. In contrast to the
uredospore counts the numbers of conidia trapped were affected by the
cultivar used. Moxe were trapped above Midas than above either
Zephyr or Julia. This urnexpected result probably reflects the open
growtih habit of Iiidas and its later senenscence.

Analysis of variance of the data obtained from each separate

assegsment for both conidia and uredospores resulted in only one factor



Table 55
(see also
Appendix

Table 79)

Preatments:

Midas

Zephyr

Julia

lidas

Zephyr

Julia

167

Total. number of uredospores and conidia trapped

Uredospores.
Hildew Rust
only only
50 105
81 137
43 105

Conidia
505. 419
505 333
346 240

Analysis of variance

Souxce of variation

Treatnents
Cultivar

Blocks

Values significant at P ==0.05 denoted *

Variance ratios (F)

per plot 7 to 28 July.

ldldew
and rust

443

461

257

Uredospores

Heither

disease

69

40

419

256

208

Conidia

2,416 n.s.
*
5,976

¥*
4.875
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causing a significant effeci (Appendix Table 80)., This was the effect
of the cultivar used on the number of conidia trapped from 14 to. 21
July. There were fewer conidia trapped over plots of Julia than
Zephyr or Midas, probably due to the rapid and early senescence of

this cultivar.

6. Yield.

The results of yield determinations (Table 56) indicated
that in this season the presence of disease severely weduced yield.
Analysis of variance showed that this was due to the presence of mildew.
The presence of rust did not significantly reduce yield and there was
no mildew X rust interaction. The analysis also showed a significant
effect of the cultivar used; as in 1974 Ifidas yielded more grain than
either Zephyr or Julia.

The guality of the grain was also adversely affected by mildew.
Rust had no significant effect and again there was no mildew x rust
interaction.

'I‘hese results showed that in this season although rust devel-
oped to a high level eventually, it was too late to cause significant
effectis on yield., Mildew however had the usual effect of reducing

both the 1,000 grain weight and the overall weight of grain produced.



Table 56
(see also
Appendix
Table 81)

Preatments:

Midas

Zephyr

Julia
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Field Trials 1975

Silwood Park,

Hildew only

34157

1,857

24627

Analysis of wvariance

Source of wvariation

Treatments
Cultivaxrs
Treat z cult,
Blocks

Brror

Total

Liean plot yields(Kg)

or,

N oYy DWW

22
35

Separation of treatment variation

Hildew
Rust
ildew x rust

Error

Total (Treatment)

1
1
1
22
3

t omly 1Hldew Neither
and rust disease
3.TT7 2,487 34957
24500 14503 2,603 S.E'L 0,163
2710 2.420 2.913
S.E. £ 0.188
Sum of Hean Variance
squares square ratio (F)
5.615 1.872 5.915%*
8.834 4.417 13.,955%#*
1.030 0.172 0.542n.s,
0.588 0,294 0.92%n,8.
0.317
23,030
4,847 4,847 15.379%*
0.632 0.632 1.997 n.S.
0.135 0,135 0.427 n.s.
0.317
5.615

Variance ratios significant at P=—0.01 denoted by **
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Table 57 1,000 grain Weights(g),1975 Field trial.
(see also Appendix
Table 82)
Treatments: }Mildew only Rust only Hildew Neither
and rust disease
S.E.
Zephyr 34.97 35433 3417 3565 % 0,212
S.E. £ 0.245

Analysis of variance

Source of variation DR, Sum of Ilean Variance
squares square ratio(F)

Treatment 3 124429 4,143 T.704 **

Cultivar 2 27507 15.754 25,575 **

Blocks 2 1104 04552

Treat x cult. 6 2.486 0.414

Treat x blocks 6 1.076 0,179

Cult x blocks 4 0.518 00,129

Treat x cult x blocks 12 100209 0.851

ExTor 22 0.558

Total 35 55329

Separation of Treatment variation.

lildew 1 10,830 10,890 20,25 ***

Rust 1 0.320 0,320 0.60 n.s.

iildew x rust 1 1.210 1.210 242D NeSe

Error 22 0.538

Total (Treatments) 3 124423

Values significant at P==0.01 and 0,001 denited by ** and **¥ respectively
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Discussion

The experiments described clearly indicate that interactions between
P.hordei and E.graminis on barley do exist in the sense that these
pathogens develop differently when in combination on a leaf., In
greenhouse experiments these interactions were observed on the first
and second seedling leaves of Zephyr barley and also on leaves of
several other cultivars, so they would zppear to be of general
occurence. However, the effects sesem to be fairly localized and to
operate only in the region of pustules on one leaf, In these respects
they are similar to those reported by llanners & Gandy (1954) for

B.graminis and P.triticina on wheat.

The extent to which E.graminis and P.hordei interact on a

leaf depends principally on the cultiver, the amounts of irocula and
the time between inoculations. liost data have been obtained with the
cultivar Zephyr, which is susceptible to both pathogens, and these
are considered first. The gensral patterns of the interactions which
were observed are summarized by Figures A, B and C, these of necessity
are oversimplified but they serve to illusitraie the salient features.
Figures A and B consider the effects of the period between inoculations
in the two situations examined. Vhen leaves were inoculated with
B.graminis and then within 24h.also iroclated with P.hordei more rust
developed than on the corresponding controls (Fig A). With periods
longer than 1 day between these inoculations the number of rust pustules
was reduced and this effect was most rorked with intervals longer
than 3 days. Pustule size was affected somevhat differently. The

sizes of rust pustules which developed on planis pre-inoculated wiih
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Dual inoculations — Zephyr.

Effect of the length of time between the inoculations:
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E.graminis were smaller than on the controls., ZPresumably this was
due mainly to competition with mildew but additionally, with intervals
between inoculations of 1 day or less, this may also have been due

to the greater number of rust pustules.

Pre~inoculating leaves with P.hordei (Fig B) also reduced
the number of mildew colonies to an extent determined largely by the
tine interval between the inoculations, The reductions in mildew
were similarly most marked with intervals longer than three days.
However, assessments of colonies by the naked eye overestimated the
effects on numbers, When leaves were cleared and colonies observsd
microscopically it was apparent that colory size was more affected
than number and limitation of the developnent of some colonies
neant that they were not visible to the naked eye and thus were not
recorded, in those assessments.

Fig C gives a much-simplified picture of the effects of
different amounts of inocula, assuming for this purpose a standard
veriod between inoculations of 4 days., In brief, increasing the
anounts of the first pathogen decreased the development of the second.
In extreme cases development of the second pathogen could be completel&
inhibited. Thus, in one experiment development of rust was preventad
by inoculating leaves with very meny conidia of L.graminis, though the
interval between inoculations was hsre also increased to 6 days.

Interactions betwsen P.hordei and Z.graminis on other

cultivars are basically similar to those for Zephyr, differing only
in degree. The most interesting chnanges are those vhich result fronm

the different susccptibilities of these cultivars to the two pathogens.
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The cultivar liidas, for example, is more susceptible to brown rusi
than Zephyr but less susceptible to mildew. 1In greenhouse experiments
pre~inoculating leaves with P.hordei affected the development of mildew,
relative to the control, more on this cultivar than on Zephyr.

In contrast, the cultivar Julia is less susceptible to brown rust
than Zephyr but of similar susceptibility to mildew., In greenhouse
experiments, pre-inoculating this cultivar with E.graminis had,
relatively, a greater effect on rust dsvelopment than did comparable
inoculations on Zephyr. These two sitnations can be illustrated by
changing the slope in Pig € to give the modifications appropriate %o
the cultivars shown in Fig D, and this indicates the complexity of
the interaction phenomena.

A special case arises vhen one culiivar is completely
resistant to one of the pathogens and so does not support its growth.
Hazurka, for example, is resistant to race B 72/27 of E.graminis and
inoculations result only in flecking of the leaf. It night be
supposed, therefore, that a subsequent inosculation with P.hordei
would result in rust development comparable to that on a conirol plant
untreated with S.graminis, ZIzperiments showed that this was not so.

Pre~inoculating leaves of llazurka with this race of B.graminis

reduced the subsequent development of rust to a degree comparable
with that observed on Zephyr. Iuch less effect was seen in a similer
type of experiment using Zephyr and a race of B.graminis( B71/98)
to which it was noi susceptible. Hers, there was no visible response
of the host to inoculation with E.graoinis and very dense inocula

wvere required to produce any effect on rust development,
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Further experiments with Zephyr in which leaves were pre—inoculated

~

with Diplocarpon rosae or Uromyces phaseoli, neither of which produced

a visible response on inoculated lezves, could not demonstrate any
affect on either mildew or rust development from subsequernt inoculations

vith E.graminis oxr P.hordeil.

Cleariy a range of effects of one pathogen on a second
which alights on a leaf can be demcnstrmated. Vhat is of particular
interest is how these offects are brouzhi zbout. Some of the different

effects obtained with first inocniziions of E.graminis oxr P.hordei

appear to result from the differeat growth habits of these two fungi

on the leaf, Conidia of B.graminis gorninate readily and the fungus

quickly establishes a first haustorium in the epidermis of the leaf
and the grows over the leai surface. In contrast, the ursdospores

of P.hoxrdei do not germimate so rzadily and the process of successiul

establishment of an infection involves not only growth of the gera tude
to and into a stoma but the development oi a substomatal vesicle and
primary infection hyphae. This establishment is thus a much rmore
prolonged affair than that of E.gramiris, bul once the fungus is

established it can grow in the leaf away from any direct physical

competition from other organisms on the leaf surface. This vunerability

of P.bhordei in its eadly stages of devalopment on the leaf nisght
account for tvhe lowver numbers of =—:izw sustules in situations whnere
leaves were first inocu direat counts

of germ-tubes reaching stomata anil fomiing sub-stonatal wesicle
were not possible because of iz iliay growih.

m 4 B T o Al . hd
The smaller size of the 3% pustules vhich fornad cannct

however, be accounted foxr in this w3y, Frobhably these rasult froaz
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competition for nutrients within the leaf for, althougn the two
fungi develop at different sites, they must draw on the same nutrient
supply. There are indications however that the distances over which
these nutrient effects operate are fairly small. Thus,when the
upper surface of Zephyr leaves were inoculated with B.graminis and
after 4 days the lower surface was inoculated with P.hordei, there
was no significant reduction in rust pusitule size. Pustule number
was also not affected giving some support to the idea that mildew
growth has some physical effect on the establishment of P.hordei.

In contrast to this, the available evidence indicates that the
initial establishment of E.graminis was not affected by the pre—
inoculation with P,hordei. Instead, the main effect was a slowing
down of colony growth, in many instances to the point where the
colony was so small that it was not visible to the naked eye(and so
not recorded by visual assessments) and the production of conidia
was considerably reduced. This suggests that the nutrient supply

to the developing mildew colony was impaired in some way. This is
not altogether suprising for the epidermis in which the mildew
haustoria develop is devoid of chloroplasts and is therefore,itself
dependent on the palisade and mescphyll and it is within these tissues
that the rust develops and from vhich it derives its nutrients.

The assumption here is that in these respects the interactions
observed reflect a competition for nutrients within the leaf, If this
is so then it ought to be possible to alter the extent of the inter-
actions by changing the level of nutrients in the leaf. That this
could be done by floating leaf segmenis on sucrose or by treating

plents with maleic hydrazide gives somes support to this hypothesis.
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At first sight, it would appear difficult_to invisage such
a hypothesis to account for the effects on rust which were observed
when the cultivar Mazurka was pre-inoculated with E.graminis (race
B72/27). However, even in this instance there were indications that
the nutrient statﬁs of the leaf was affected in the area of the flecks
which. the inoculation with E.graminis produced, and it is worth
noting that in other experiments with *non-compatible' fungi where no
visible host reaction was induced there was a marked lack of effects.
Some further evidence can be derived from the experiment with Zephyr,

in which the growth of the first pathogen({ E.graminis or P.hordei)

was arrested by a specific fungicide( ethirimol or Calirus respectively)
before the leaf was inoculated with the second pathogen. In these
instances, the extent of the interaction between the two fungi was
much ‘less than in situations where the first pathogen was allowed
to continue its development. These results also suggest that on
Zephyr, growth of the first pathogen doss not induce the formation
of compounds inhibitory to the second pathogen, or at least not the
formation of materials that can remain in the leaf for appreciable
periods. However, it is possible that such compounds are formed in
HMazurka inoculated with E.graminis( race B72/27) and that these
contribute to the reduction in the subsequent growth of P.hordei,
Yhether changes in nutrient levels of the leaf also result
in the increased number of rust pustules when inoculations of
E.graninis and P.hordei follow each other closely is a matter of
speculation. There are quite dramatic changes in the water—soluble-
carbohydrate levels following inoculations with B.graminis and theszs

could make the tissue temporarily more suitable for the growth of
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P.hoxrdei. The relatively short period over which these high levels
of cariaohydrates are maintained could account for the somewhat
variable occurrence of this effect on rust.

A though it is possible to demonstrate various types

of interaction between E.graminis and P.hordei in greenhouse experi~

nents depending on the cultivars used and types and amounts of
inocula with which they are treated, the main points of practical
interest are whether such interactions occur in field-grown barley
and if so, what effects these have on the development of these
pathogens in crops and on yields. DNormally in the field the climatic
conditions limit the range of interattions which occur. Vhereas in
Spring barley mildew developé substantially at tillering, brown rust
appears later usually at heading, so that generally infection by -
E.graminis preceeds that by P.hordei. Data from the two trials clearly
showed that on mildewed plants rust develops later and to a lesser
exteat than on plants kept relatively free of mildew with ethirimol.
sffects on the number and the size of rust pustules were observed.
Similar data from late-developing tillers substantiated the main results
but, additionally showed that in the presence of rust the amount of
mildew was reduced. This effect was not seen on the main tillers
and in this respect the results differ from those reported by Simkin
& Vheeler (1974) for the trial iz 1971.

In the present trials the extent to which mildew affected
rust was partly determined by the susceptibilities of the cultivars
to the two pathogens as was indicated in the greenhouse experiments
and discussed above. Confirmatory evidence for the reduction in rust
on mildewed plants was obtained from the vertical cylinder spore traps.

Catches of rust uredospores over plots in which rust only was allowed
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~ 2

MH«, e seed by 52
to develop (itreatment 2) were-significantly higher than all other

treatments. This implies that the praesence of mildew (in treatment 3)
redaced the rust to a level compaiable to that in plcts treated with
Calirus (treatment 1 and 4 ). It sze=zs likely that if plots had
been isolated and not adjacent to corntinuous sources of rust uredospores

. the Midas strips, that the effecis of mildew on rust and so on
uredospore numbers might well have besexz more marked., However, the
benefit of the Midas strips in ensuzirngzy that browa rust developed
substantially within the trial outwsizred such considérations.

In both trials mildew czused significarnt yield losses but

browm rust affected yield significantly only in 1974, The extent of

:

the losses were nuch grester with mildew than with brown rust and this
reflected the relative severities of the two diseases. In the analysis
of the yield data there was no siznificant mildew x rust interaction
but the yields of the cultivars with both diseases or with one disesse
show interesting trends.

In 1974, the efTects of rust and mildew on the Field cf

all. cultivars. appearsd to be less vwhen they developed togethexr

[}

(treatment 3, Iddas 17.1; Zephyr 28.98; Juliz 20.7, ¢ yield reductions)
than when they developed sepsrately, {troatments 1 mildew only: lddas 12,.5;
Zephyz 33 03; Julia 20.7, and trezizent 2 rust only: Iiidas 18,96;

Zephyr 5.71; Julia 9.23, % yield rsiuctions). In 1975, the effects

of rust and mildew on Julia appsz=:i to b2 additive( mildew GC.2
rust 4.9; rust with mildew 16.9 ¢ rsduction) and on Zephyr and Iidas

yield reductions where both disszces cceuvxred f{ T
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than night have been expected {lc:iy=: mildew 28.7; sust 4.0; mildew
with rust 42.5; Liidas: nmildew 20.2; rust 4.5; mildew with rust 37.1

% reductions).
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However, the lack of significant mildew x rust interaction demands
that further conclusions of this type be made with caution. The
overall results of the field trials emphasize the complexity involved
in these disease interactions, especially where one disease (ie brown
rust) develops late in the growth of the crop.

It may woll be that other disease combinations would be
more amenable to this type of study, for example, E.graminis and

P.striiformis on wheat. The most interesting situations are obviously

those in which one or other of the two pathogens are controlled with

a specific fungicide since this always poses the gquestion will this
allow the second pathogen to develop to a greater extent. It is this
type of question which farmers ask and it is one which plant pathologists
find difficult to answer because so often they have been concerned

only with the study of one disease despite the fact that one disease

on its own is a very rare occurrence.
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APPEIDIX 1

Inoculation with rust uredospores and mildew conidia.

(2) The distribﬁtion of uredospores in the apparatus shown in
Fg. 1, was examined by teking five leaves at random from a freshly
inoculated batch of plants. Sellotape impressions were taken from
the leaves, these were stained in lactophenol cotton blue and
ezanined microspically. TUredospores were counted in five sets of
five fields.

An analysis of variance showed that there was no significant
difference between spore loads on any of the leaves (Table 1).

It was found that 15 -~ 30 mg of fresh uredospores diluted to
1z with talc as inoculum in the apparatus gave a fairly even

infection of between 75 and 150 pustules per leaf.

(b) A series of inoculations with E.graninis were carried out to
deternmine the most useful inoculum level and also to check the
reproducibvility of the method. Ten pots of plants were inoculated
with mildew conidia derived from five infected leaves each with
707 of their area mildewed. The conidia were allowed to settle
for 20 minutes and then two pots of plants were removed (Treatment
A, Table 2). The remaining eight pots were re~inoculated with
conidia from a further set of five mildewed leaves and two pots
were then removed after 20 minuies (Treatment B) and so on, to give
three more treatments (C,D ard 3). The nunber of pustules were then
counted on all plants after 7 days. The results (Table 2)
suggested that little was to be gained by using more than fifteen

leaves so for most inoculations five fto ten mildewed leaves wers used,

(each with ¢ 703 nildew),
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Table 1 Distribution of Uredospores

Total number of uredospores
in 5 microscopic fields

Leaf
no. Totals
i. 8- 37 5 3 3 22
2e 2 T 2 8 0 19
3. 6 5 6 4 5 26
& 11. 4 5 2 3 25
5. 4 T 5 0 3 19
Totals 31 26 25 17 14
Analysis of variance
Source DFF Sum of Squares liean Squsre F-test
A 4 8.560 2.14 0.28997 K.3.
B 4 37.360 9.34 1.205 HeS,
A X B 16 110.240 6.ES
Brror T.38
Total 156.160

A = rows, B = columns,

Table 2 Test inoculations: conidia of &. graminis

Number of Number of mildew colonies Liean

infector per leaf

leaves
5 46,45,31,30,88,55,56,45,48,46,78,56. 52
10 122,65,83,113,76,51,65,67,104,85,54. 87
15 182,114,141,96,97,75,107,105,119,104,1¢5., 114
20 115,126,128,98,125,177,110,122,187,115. 131
25 15¢,286,245,120,164,138,163,205, 145,212, 184

Infector leaves wexre 60-70 % covered with 10-day old mildew infection
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Table 3 Effects on rust development of pre—inoculating leaves

with B. graminis,.

‘time between Number of pustules/colonies per leaf lean

inoculations

Inoculated with 53,118,476,136,192,199, 163,279,

He graminis Only 155 1j9 2_/./91,14,39’189,55,63, 158
(control) 86,185,45,83,236,140,103.

2h between inoc—

ulations
MHildew 28,44,50,133,61,251. g5
Rust 554,529, 555 285,307,275. . 418
Control rust only 414,278,272,348,261,518. 330
{1 day between inoc-
ulations
Edildew 212,218,285,356,260,196,103,222, 154,128,252,
Rust 31,1¢5,146,251,121,133,157, 137, 187, 1,512,
Control rust only 170,342,399,127,“143.204,403 287,375, 224 154,
332,
2 day between inoc~
ulations
1Hldew 122,184,372,78,168,228,220. 182
Rust 245,234,247,283,203,242,319., 254
Control rust only 253,163,2¢7,225,227,200,115. 213
3 days vetween inoc-
ulations
dldew 61,182,44,124,53,269,14 125
Rust 558,568,511,421,378, 496 39 . 466
Control rust only 320,488,409,236,420,535,572. 400
4 days bebween inoc—
ulations
fildewr 266,87,356,13%,124,116,24,27. 160
Rust 12,4,4,6,17,7,36,12. 12

Control rust only 84,154,33%,212,204,81. 11

126
161
264
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Mable 4 Effects of dunal inoculations with E.graminis and P.hordei
on first seedling leaves of Zephyr barley: inoculation 1,
P.hordei; inoculation 2, E.graminis.
Treatment Yo. colonies/pustules per leaf Hean
Control: Iliildew only 100,100, 100,100,100,100, 100, 99,5
90,100,100, 100, 100, 100,100.
Dual inoc-— .
ildew 95’95:1001100935385,95:1009703 84.35
ulation at 60,%0,%5,90,95,60.
day O Rust 150, 200,150, 200, 150,250, 170,260, 261.3
300, 200, 300,300,3500,400,500.
Control: Rust only 110,120,150, 150, 150,170, 80,250, 150.0
1¢0,170,120,160,140100.
Control: lildew only 16,67,51,74,67,80,51,56,65,83, 62.5
75,43,66,740
Dual inoc- wivd4ew  26,32,21,22,54,25,60,19,20,23, 29.2
vulation at 32,15,30.
day 2 Rust 100,100, 110,170,13,170,80,100,110,  97.7
150,80, 120,100,
Control: Rust only 160,130,150, 180, 130,250, 130, 180, 148.3
180, 100,100,110,125,150.
Control: Lildew only  98,47,48,56,42,48,47,41,40,43, 49.9
51,54,57,27.
Dual inoc— .. -
Mildew 15,24,34,2,8,14,6,15,42,17,5,9,30, 18.1
ulation at 16,34. '
day 4 Rust 150,75, 100,100, 150, 170,150,160, 100, 128,3
150,200,50,120,50.
Control: Rust only 100, 100, 100,50, 100,120,90,150,100,  102,9
. 60,110,100, 150, 70.
Control: Liildew only  142,171,159,137,148,151,123,123, 145.7
115,1¢0,144.
bual 1noC- 4140w 45,20,90,40,10,79,30,41,19,38,66,72. 45.8
ulations at p o4 $0,60,30,50,120€0,110,100,150,110  84.6

day 6 50,75.

Control: Rust only 60,60,£0,<0,50,40,40,30,70,60,560. 56.4
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Table 5 Effects of dunl inoculations with E.graminis and P.hordei

on first seedling leaves of Zeohyr barley: inoculation i,

Be.gramninis; inoculation 2, P.hordei.

Treatment o. colonies/pustules per leaf Nean

Control: Mildew only 100,100,100,90,100,90,100,100, 98.3
100,100,100, 100,

Dual inoc- u:q4ew  60,90,100,100,100,100,100,50,100, 93.0

ulations at 100,100, 100, 100, 100,95,

day 0 Rust 180, 175,150,210, 190, 255, 250,300, 236.0
350,320, 150,250, 190,190,300,

Control:s Rust only  115,145,135,140,120,110,200,190, 148.3
185,170, 140,130,

Control: Hildew only 100,100,100, 100,100,100,100, 100.0
100, 100, 100, 100,100, 100,

Dual 3noc- 11404 95,100,100,100,100,95,100,100, 9.2

wlations at 100, 100, 100, 100.

day 2 Rust 85,72,54,32,12,17,29,41,18,19, 35.8
21,30.

Controls Rust only  100,100,150,150,75,100,125, 130, 122.3
150, 170,20, 100, 150.

Control: Mildew only 100,100,100,100,100, 100,100, 100.0

100,100,100, 100,100, 100, 100.

Dual inoc~

Fildew  100,100,100,100,100,100,100,100, 100.0
ulations at 100,100, 100, 100, 100, 100, 100,
day 4 Rust  0,0,0,10,0,0,0,0,0,0,0,8,0,0,0. 1.2
Control: Rust only  15,67,49,50,7,12,34,59,6,5,19,16. 30,7
Controls lildew only 100,100,100,100,100,100,100,100, 100,0

100,100, 100, 100, 100, 100, 100, 100.,

Duel 3noc= 1s14ew 100,100,100, 100, 100,100,100, 100.0
ulations at 100,100,100, 100, 100, 100, 100.,
day 6 Rust  0,0,0,0,0,0,0,0,0,0,0,0,0,0. 00.0

Contrel: Rust only  10,40,5,30,20,10,70,70,50,60,40,60, 3847
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Table 6 Sffects of dusl inoculations with B.graminis and P.hordei
on the second seedling leaf of Zephyr barley: inocuwlation 1,
P.hordei; inoculetion 2, E.gramiris.
Treatment No. colonies/pustules per leaf Hean

Control: lildew only 90,90,75,85,€&0,80,50,70,95,95, 90,7
95,85,70,75.

Dual inoc— 1:i1dew  75,50,75,75,85,60,85,70,50,80, 70.7

ulations at 50,70, 100,50,

day O Rust 200,200,200, 150, 250, 20C, 230,300, 261.3
%00, 200, 150,300,300,400,500,

Control: Rust only 115,340,175,210,160,240, 130,450,250, 240.0
300,210, 200,380,200,

Controls Nildew only 40,87,%0,48,68,72,78,60,78,90, 70.0
81,52,69,67.

Dual inoc—  ..13ey  32,30,31,22,51,26,82,35,46,41, 40.1

ulations at 34‘,35.

day 2 Rust 200,200,150, 180, 120,250,180, 160, 1511
160,150,110,110,100,

Control: rust only 400,200, 160,170,300,160,1¢0,220, 224..3
170,170, 150,250,300,

Control: idldew only 117,45,62,85%,57,77,80.68,51,58, 67.7
53461,72,58,

Dual inoe= y:1dew  36,52,41,30,25,29,29,21,26,24, 27.5

ulations at 21,36,10,12,17.

day 4 Rust 220,100, 150, 150, 140, 150,200, 120, 120.5
160, 200, 200, 170, 1€0, 120,

Control: Rust only 250,1¢0,160, 10,200,200, 1€0,1¢0, 197.1
120, 150,220, 150, 10,300,

Control: lildew only 138,144,1%2,1%1,187,152,171,163, 165,0
150,116,160,

Dual dnoc—  14er  40,60,50,70,20,5¢,115,120,71, 73.3

ulations a3t S4,79,121.

day 6 st 150,50,50,50, 20,100, 100, 160,200, 1075
1€0, 120, 100.

Control: Rust only 110,120,150,170,130, 135,140,120, 127.6

110,160, 120.
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Table 7 =Zffects of dusl inoculations with E.gruminis and P.hordei
on second geedling leaves of Zephyr barley: inoculation 1,
Begraminis; inoculation 2, P.hordei.

Preztment No. colonies/pustules per leaf _Hean

Control: Mildew only ©5,80,80,95,75,90,85,85, 84.2

70,75,:50,50.

Dual inoc~ ;4y4ew  80,80,80,70,70,80,75,90, 82,33

ula’tion.s at 75,100190!90’75190590‘

day 0 Rust 270,250,1<0,500,250,550, 170,300, 2573

300,350,250,200,210,220,270.

Control: Rust only 120,330,1<0,170,200, 230,140,380, 228.3

370,210,210,150.

Control: IEldew only  60,80,95,85,90,85,85,70,90, 781

’ a5,¢0,100,90.

Pual inoc= 1i1dew  65,70,80,95,65,95,70,65, 721

wlations at 50,60,70,80,

day 2 Rust 126,146,55,72,77,61,62,59, 3.7

41,17,113.
Control: Rust only 400,250,400,120,300,300,300,250, 274.0
250, 150,350,300,

Control: iildew only  ¢<0,¢5,¢5,100,100,95,%5,85,%0, S0.7

$0,65,85,80,85.

ual AnOC- ildew  95,90.85,100,95,95,100,90,90,90, 0.3

ulations at 70,95,75’909950

day 4 Rust 5,6,17,16,4,8,15,9,0, 1543

18,25,20,56,47 4.

Control: Rust Only 88,82,17,92,4‘3,3,40,30’10, 37-6

17,8,17,42.

Control: iilder only 100,%5,9%5,95,¢5,95,¢0,80,50, T<e5

50,70,85,85,495.

Dual inoc- G .

Iiildew €0,95,100,%5,¢0,$0,¢$5, 100,05, ¢0.0
ulations =t 95’70, 50y80375¢

day 6 Rust 10,10, 39, 20,40,40,50,0,1,0,5,0, 10, 1544

0,15,
Control: Rust only 40,70,20,80,100, 120, 130,200, 122.5

200, 200,150,160,
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Table 8 [fects of dual inoculations with J.graminis ond P.hordei;
on different leaves of Zepayr barley
Replicate Leaf o. TUSt pusﬁkies per leaf
no. no. ’éeedling leaves(1,2,3) Seedling leaves '
pre~inoculated with not pre-inoculated
Segraminis
1 4 14,26,24,8,<5. 26,8,23,22,25,81.
5 20,18,25,22,16, 12,21,7,35,2,2%,.
2 4 14,8,12,7,8,35,2%. - 22,1,15,60,10.
) 44,40,59,44,21,10,25,. - 45,1,73,81,22.
16.
3 4 5’12’3’10. 0,1,21’10’25,62,99.
5 16,54,18,57. 44,56,51,76,46,122,102,
4 4 1,0,5,2,3. 1,1,0,0,25,0.
> 16,34,3,13,141. 40,20,50,31,47,25.
5 4 0,9,2,7,0,0,0,10,14, 6,9,0,0,0,25.
5 0,1,5,8,14,0,5%,0,0.8. 28,10,5,10,10,41.
Table ¢ aAffects.on nildew development of pre-incculating leaves
of different cultivars with P.hordei.
Cultivar llo, mildew colonies per leaf

(and rust level r
as pustules

per leaf) P.hordei

Sultan T,1,14,4,2,2,54,28,
(2-300) 79,0,41,5,%.

Berac 0,1,3,5,0,2,1%8,
(250-300) 49552,1,7,°.

iddas 5,5,2,0,5,1,0,4,0,3,
(1""200) 8,1,6’4’1,0’1’3-
Julia 0,2,11,27,15,12,16,
(2"‘300) 5’17,6’8,14;

Zephyxr 11,0,9,6,10,14,15,3,4,
(2=-300) 1,31,12,16,0,0,

Leaves pre-inoculated with

-~
Leaves not pre-
inoculated.

83,68,51,84,01,
87,51,

85,100,21,3%,49,

Ce

14,18,66,35,34,

109,138, 65,42,
&8, 105,75,
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Table 10 Data used in HEultiple regression analysis

Effects on nildew development of pre=inoculating

leaves with P.hordei.
Period Rust level on treated Idldew level on treated Hildew, %

between plant, mean no.off plant, mean no. of of level
inocul~ pustules per leaf colonies per leaf on control
ations from ¢ 10 plants from ¢ 10 plants leaves
(days)
0 45 137 78
0 62 47 67
0 25 142 81
0 - 28 76.8 110
2 22.5 .55.8 ' 82
2 321 69.9 131
2 27.6 43471 66
2 14.5 46.3 87
4 40,3 155 105
4 43,2 80,5 o3
4 10.6 161 108
4 2344 95 97
6 30.0 27 29
6 54 14 76
6 58 27 29
6 14 15.5 3
2 42.3 15.2 70
2 34.6 11.2 92
2 1243 ' 10.6 87
2 €343 8.8 44
4 50.6 16.2 68
4 1845 2241 73
4 18.8 12.7 23
4 18.6 19.7 65
0 58.3 29.1 74
0 8.7 Oeil 66
0 11.6 374 95
6 126.9 19,8 21
6 10.8 78.6 1
6 26,7 4349 39
2 33.6 T 563 38
2 147.8 14.2 50
1 3348 . 37.9 75
0 207.2 59.2 g6
4 375.0 1ed 15
4 275.0 0.1 1
4 250.0 0.2 "2
4 175.0 0.5 5
4 150.0 0.5 5
4 175.0 37 14
4 125.0 246 10
4 375 17.1 66
4 50.0 14.5 56
«25 150.0 16.5 64
1 225.0 9.4 36
2 275.0 6.6 25
> 275.0 3.0. 11
4 275.0 72.0 27
2 877 29.2 46
4 12843 18.1 36
6 84.6 45.8 31
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Table 11 Data used in Lultiple regression analysis

Effects on rust developrnient of pre-inocunlating

leaves with B.graninis,

Period IHldew level on treated Rust level on treated Rust,s?

between plant, mean no. of plant, mean no. of of level
inocul= colonies per leaf pustules per leaf on control
stions from ¢ 10 pleats from ¢ 10 plants leaves
(days)
0 151.0 86.6 137
0 131.0 25.0 53
0 5245 40,5 64
0 56,9 28.7 b1
2 34.5 44,4 20
2 31.9 15.0 1
2 2845 54.9 132
2 30,0 20.2 95
4 56,0 150,0 75
4 40,0 58.0 138
4 24.4 143.0 i
4 24.4 33.0 100
6 2.4 7.0 13
) 90.8 5.8 19
6 43.8 5.2 5
b 4.9 4.4 14
2 46.5 2.6 48
2 45,7 AT 188
2 44,2 Te3 135
2 49,6 27 108
2 39.1 85.9 128
4 200.0 5.2 16
4 200,0 7.0 36
4 200,0 3.7 26
4 200.0 0.5 3
0 5042 18,0 272
0 3544 3t 223
0 1265 T8 118
0 18.9 16.2 a7
0 47.¢ 274.¢ 12
0 C4.5 417.5 126
1 166.0 160.1 60
2 182.0 254.2 jic
3 12449 46%5.,¢ 116
4 159.6 12ed &
0 186.0 236.0 15¢
z 1¢8.4 35.8 20
4 200.0 12 =5
6 200.0 0.0 O
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12 Inoculation of leaves with Z.graminis followed

immediately by inoculzbion with P.hordei.

Rust

pustules per cn? leaf

Leaves pre-—-
inoculated

with E.graminis

Leaves not pre—
inoculated

(control)

Table

Hean

5604',4'1 04"37.5,4’694’4800,34.4,

30,8,22.6,30.8,40.2,49.1,60.7,14.3,
67.3,48.4,44.4,49.0,71.4,66,

47.3
2,

115.4,44.4,35.9,28.6,53.8,42.1,
57e8y32.6,5240,566%,5545,50.7

50.9,15.0,27.7,41.6,30.1,23.
14.4,3905,2606’26.1 ,30.1 E] 18.5,39.7’
15.4,30.9,23.4,5.0,8.0,31.5,

3,

14.3,52.1,47.1,25.3,29.1,50.2,
5408,404.0,4441,66.9;42.4,24.5.

13 Dual infections of rust and mildew; uffects in differn-—

ent parts of the leaf of pre—inoculation with Z.graninis.

Leaf

Inoc-
wlvim:—

section

Tip

Tumber of coloniss/pustules per cmd
idldew Rust
Vg S 2 Y, e N
— .. = . . - . N )
L,graninis m.graninis + P.hordei P.hordei
only only

1-78,4:0,2.88, 30‘.{,)90,->;‘:—, 38-2,804,1308, 1405,17,5.6,
3.21,4—.91,1.92, 3;5’,2.3,598, 307,002,]708, 506,14.2,2.9,
6.67,3.82,4.6, 6.5,1.d4,4, 21.9,7.5,12,6.4 12.%,16.7,4,
4,8,2,5,6.4,5.4,4,3,2.56,2.4, 4.7,14,3,11.6, 0.9,¢.8,16.¢,
1.8. 3.4,9.9,8.1. 8.¢. 11.4,21,16.1.
- . . . " o, 52,25.8,33.
5,404,103,101,  129,405,3.5,51.8,23.5,15.8, 55727002000
5,2.8,7.6,4’.8, 2.b,2-2,409, 21-6,1601,34u9, 20.):\-:)5 é
DeCs0.8,1,5, Jed,1,4.2, 55.6,33.3,26.1, 58’{‘55 ; 2
4‘.3’3.4,103. 2-5,3.1,2.4’ 45‘.2,37.8,2%‘.7’ 770é1360q’)

3uE,0.7,205,  54.9,33,7,30,  ZeTr20e
2_.?),4-.7,4,3, 4—.4,3.7,3.5, 66,7,52,‘),5,7,'3, 121.2,25,48,
6.8,441,5.4, Z.3,2.0,4.4, 55.2,3%.3,40.7, 41.5,44.6,37
6.5,001,4.1,  5.0,1.6,5.7, 75.6,72.2,46,  27.8,35,48.2,
2.3,5.6,4.3,  2.5,5.3,5.6, T1.4,64.3,68.5, 55.¢,52.5,65,

1) ~7 o5 / = 14 Ly A S -

6.1’4.‘1—. 2-!,3-5’4.30 )7-/,')00 /,7).3. 3308,3\1,55.9.
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Table 14 Dual infections of rust and nmildewr: Zffects on rust

developrent of pre—inoculating different leaf surfaces

vith B.graminis.

Treatments: A P.hordei only; B B.graminis on abaxial surface,

P.hordei on adaxisl surface; C ha.graminis and P.hordei

on aGaxial surface,

Inoculation with B.graninis day O, with P.hordei day 4.

2.1.

i

Percentage A 37.6,28,8,33.3,42.5,
uredOSpore B 51.6,26n5,2701,3‘;-5,51.1-

germination C 24.1,23-7,22-2;4600,35.60

Number of A 114,116,118,109,84,128,174,77,86,124, 144,

rust pustules B $8,53,130,165,119,97,1256,116.

per leaf C 5,30,90,15,12,56,47,22,18,34,43.

Area of A e253,.219,4129,4129,.15,.11,.242,.142,.215,
ust «269,.107,.161,.161,.145,.161,.322, .414, .412,
pustules «163,429,.36C, .354,.107,.161, .045.

(mmz) B <175,.095,.064,4115,.225,.307..172,.153, . 272,

«226,.274,.048,.315,.12,.251,.236,.348, . 138,

.073,-1€d,l06430054,.083,.163,.1290

(]

e18,.118,.087,.172,.03, . 185, . 236, ,0¢, . 225,
c146,4161,41335, 0151, .12,.084, ,035,.215,.12,

.038,.045y0262,026€,0172,.215,0075.
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Table 15 Dual infections of rust and mildew: Bffects on rust

developzment of pre—inoculating leaves vith large

arounts of Begraminis 6 days earlier,

Rust development on upper leaf surface

N, N
[ A}
% germination 0. primary lio. pustules

Inoculated of uredospores infecvions T per leaf
withs
P.hOI‘dei 46’47,42’57’610 6’17,8,22,11; 96,25,36,82,46.
only
E.graminis 57,53,45,50,520 030,0;172- 810,1’0’2'

and P,hordel

t each value is for 30 nicroscopic fields.

Pable 16 Dual infections of rust and nildew ; iffects of pre-—

inoculating different parts of leaves with P.hordei.

Portion of leaf

pre-incecvlatad

vith P.hordei Wo. mildew colonies per leaf. Lean
Basal third 32, 22, ©ob5, 44, S5, 18, IGed
Central third $5, 117, 176, &4, 60, 107. l 74,0
Distal third 23, 133, 57, ¢, 1060, ,b37, 56, Ti.1
il(control) €2,88,101,57,75,43,145,100,22,56,63,

57,85,57,70,57,806,118,121,66,108&.
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17  Dual infections of rust and mildew: eifects on nildew

of pre—inoculating leaves witin three different inoculum

levels of P.hordei.

Number of

inoculations

with P.nordei.

1

Hil
{control)

Hunber of

inoculations

wvith P.hordei

il

(control)

MNumber of rust pustules per leaf

47,28,39%,58, 30,35, 20,15, 5,10, 15,6, 25,15, 30,

20,25,30,35,

56,100,140,110,¢0,120,100,100,¢0,110,70,80,

60,22, 18,80.

260,210,240, 270,230, 280,300, 140, 170,450,200,

250, 250,350,450, 420, 400.

Humber of

ildew colonises per leaf

Days from inoculation with B.graminis

10

5¢,70,40,67,23,58,665,
105,"7791’.} :‘,87152’
100,52,5‘-}’ !4‘,95.

52,52,37,31,47,54,28,
4‘4,‘?<’,56 bq’! 3 7)757)
140,&0.

51,50,32,5%,51,50,02,
40,48,55,456,50,30, 15,
15,47,45.
61,106,47,53,69,5: , 665,
70,26,50,50,50,135+,

16

95,132,57,85,78,110,107,
46,85,105,€0,92,52,67,
77,5’7,00’."2991 .
51,21,607,78,54,54,64,
74,86,65,73;32,)3!68!
13,60,
47,46,1%,16,50,23%,43,
58,80,25,40,14,16,27,
)"T, 'b,1b.
10¢,<0, 83,61, 8, 62,90,
67,64,06,65,120,84.
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Dual infections of rust and mildew: effect on mildew

development of pre-inoculating

lezves with a central

band of P.hordei.

Zeohyr

Distance(cm)
fron centre
of rust.
Base 2%

2%
Tip
Control

leaves

(no rust)

Wwnber of

rust pustules
in each band.

Area. of mildew colonies.

( m2)

1.88,0.67,2.13,2.05,1.37,
1.98,1.33,1.46,2.05,2.66,
2.39,2.05,2.85,2.3¢,1.46,
1.33.

1.85,0-76’1 -60,2022,1..33,
1.46,1.35,1.82,0.67,0,76.

0.76,1,67,0.86,1.94,1.93,

1.6,1.33,0.68,1.20.
0.47,0.,51,0.,61,0.67,1.33,
0.45,0.34,0.23.
0.17,0.04,0.51,0.33,0.15,
0.40.

1.05,1035’103390’53’1'14',
0.54.
1.35,1.52,1.60,0.95,0,¢5,
1.05,0.67,1.33.

2.66,1.24,0.%5,0.86,2.35,
1.37,2.3%,0.61,1.57.
1.33,1.33,0.76,1.32,1.8¢,
0076.
2.28,1.82,1.8%,0.76,1.5¢%,
1.05,1.05,1.46,1.14,0.32E,

2.? ,009'5,‘1-73,1052,1o57-

ol

56,4¢,75,130,33,35, 26.

No. of conidiophores(field

=—},—rmn

per central field,

57,35, 68,70,63,
71,75,73,80,76,
68,80,%94,74,73,
66.

54”17’76’76)75,
7,67,82,45,52.
33,36,35,45)76)
74,76,28,45.

16,12,40,54,63,

-

3,35,10.
13,3,34,13,13,
14.
>4,38,54,10,51,
46,
54,50,22,16,45,
56,10,41.
72,25,20,30,55,
54’69, 14’72-
56,356,26,69,69,
22,

GSgb'f ,75,65,85’
64,45,c6,00,49,

C2,70,84,75,060,
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Table 19 Dual infections of rust and mildew: effects on mildew

development of pre-inoculating leaves with P.hordei,

Leaf impressions

1 day after inoc- liildew developument,

.
. X . —
wlation with E.graminis. /, . . . .
= ' oot 0t of germination ¢ appressorium 5 colony

Inoculated of conidiz per formation establishment
withs ~ ; T

leaf.(means)
E.gr&minis Only 16 8 15 1‘193, 66.6,6008,64.5, bt
(control) 16.7,12.4., 50.0,85.7.
B.graminis and 28.1,26.3,15.4, 75.0,52.4,82.6, -
P.hordei, 1Te8,15.74 87.0,68.8.

Leaf impressions
3 days after inoc~
nlation with E.graminis.

Inoculated
vithe

Hegraminis only

(control)

Begraninis and
P.hordei.

Leaves S

fter inoculation

a

L

with S.greninis.

Inoculated
vith:

S.graminis only

Hepgroninis end

P.hordei.

T Values are

1642,1743,20.06,
17.6,15.8.

22.1,18.4,13.8,
15.6’11.3.

anpled 6 days

Area of mildew

colonies (mm2} per central Ffield(imm diem.)
1.98,1.41,2.64,1,98,0,85, 43,43,03,57,48,
0.04,1.5¢,2.26,1.75,2.20, 46,54,41,50,38,
3.30,1.8V,2.42,2.20,1.57, 67,65,55,48,36,
3.08,3.85,1.73,4.18,3.08, 53,556,53,58,62,
2.64,2.07,2.06,2.45,3.52. 58,55,56,5%,46.

81.5,82.8,75.4,
£0.0,81.4.

71+4,59.3,55.6
(;"803, 65.8-

72.1,50,0,38.2
3843,71.4,

71.4,46.2,43.53,
8445,2440.

Number of conidiophores

1.10,1.04,2.25,0,94,2,26, 2¢,%5,28,6,21,
1.26,1.32,1.13,1.87,1.26,  30,18,2¢,20, 23,
1.51,1.6¢,1.59,0.62,1.26, 36,21,35,7,1¢,
2.64,1.03,1.56,2.42,1.85, 27,25,4 :,23,31,
1475,4.02,0.75,0.556,0.38, 23,36,26,30,16,

means from 150-200 coxiidia

~

nexr lexf
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Table (continued)

19
Leaves sampled 8 days

from inoculation with Iunmber of

Be.graninis used to nildew
inoculate healthy colonies Total area

2
leaves. per leaf of leaves(cm™)

Inoculun from leaves
infected with:

E.graninis only 56,21,27,25,27,1,16, 58.76
28,4,10,15,20,23,57,
Z.graminis and 11,20,16,8,5,13,9, 50.57.

P.hordei. 21,12,14,12,8,12,5.
Table 20 Dual infections of rust and mildew: effects on rust
and mildewr of succesgive pericds of compstition,
Group Ilumber of rust pustules Iunber of wmildew colenies
number per leaf. per leaf.
3 125 - 150 85,74,20,82,1%0,105,
(estimated) 140,51,55,203,120,80.
8 55,4,60,32,34,38,21,6, 30,17,1%,20,24,27,2%,26,
21,10%,48,89,30,15, 14. 21,35,24,52,18,27,22.
13 8,12,22,16,%,6,22,40, 20,10,27,25,53,23,34,
50,36,5%,41,23,54. 22,25,30,2¢,356.
Humber of rust pusiules ver leaf
1 125 -~ 150,
4 133,86,68,121,55,43,25,97,50,100,60,96,41, 144,
6 38,65,6,36,55,19,50,27,11,13,57,4,86,6, 1¢.
0 22,28,51,16,22,21,75,37,60,2¢,22,
11 10,24,28,20,53,26,15,15,25,22, 14,
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Table 20 (continued)

Group
¥umber of mildew colonies per le=f,

nunber

2 157,138,121,146,145,172,107,128,12%,152,164,177.

5 18,34,30,27,17,23,26,27,27,20,38,37,26,27,36.

7 27,18,40,2¢%,31,34,20,25,31,31,35,34,33,30,29.

10 34,16,6¢,62,45,32,48,44,42,51.

12 54,54,44,39,44,45,22,33,32,52,56,29.

ES

Table 21 Dual infections of rust and mildew:; efects on mildew

of a subsequent inoculation with P.hordei,

Treatment flumber of mildewr cclenies per leaf Hean
number
1 °4,58,63,65,80,53,49,46,08,113,47,71,61,26, 58.7

4‘7’57,41 ’56’45’56,67,40,46~

2 77,$6,56,120,:0,5¢,42,32,71,74,40,31,44,52, 54.8
18,93,68,39,45,27,35,40,27.

3 60,45,41,36,44,33,5¢%,4%,¢6,102, 22,34, 60,68, 45.1
22,22,71 ,11, 19,41 ,34‘1 53’44"

4 64,58,57,49,56,58,52,42,3¢,20,40,38,25,29, 40.9
70,1%,21,36,23,38,4%,40,37.

5 20,28,30,32,43,31,13,15,34,15,44,21,60,35, 341

32’49, 26,43’38’4:730,15,41 ,37’65,35,21 -
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Pable 22 Dual infections of rust and mildew: effects on P.hordei

of pre~inoculating leeves with i.graminis,

(a) Reduction in rust
Tumber of rust pustules per leaf.

Leaves not pre-inoc—
52, 28, 32, 33, 15,

ulateé with B.graminis
(control} 38, 36, 110, 21, 64.

Leaves pre-inoculated 17, &, 34, 14, 8, 18, 12,

with E.graminis.
4, 26, 17, 12, 11, 8, 7.

(b) Eildew development on leaves not inoculated with P.hordei.

Days from inoc- Arvea of mildew colonies (mmz)
ulation vAth mean per leaf. ~ean
S.graminis.
4 0.117,0.076,0.057,0.018,0.055, 0.0645
6 0.508,0.564,0.549,0.493,0.452, 0.513
8 2.290,1.612,2.514,2.020,1.8%1. 2.085%
12 4.540,3,765,3.538,3.393,4.550., 3.981
lumber of mildew  go 46 a5 ¢7.102,66,56,114,95,87. 86.2

colonies per leaf

(c) Width of stomatal aperturesigm)mean per leaf (from 40 stonata/leaf)

Days from inoculation vith D.graminis.
Leaves not

4 6 8 12
inoculated 0.8537 0.800 (0.825 2,825
(control) 0.9125 0.912 «525 3,200

0.,©000  1.008 L7000 2.025

0
1.4250 0,475 0.800 1,850
C
0.,6500 1.G08  0.325 1.625

Leaves incce 0.4752  0.855 1.425  1.575%
ulated with 10750 0.97¢& Pe-575 1175
E.graminis. 0.8375 1.0z0 1.545 1.300

1.2250 1.23¢ 1.00 1.200
0.8750  1.000 1.108 1,025
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Table 23 Dual infections of rust and mildewr: effect on rust

of pre-inoculating leeves with S.graminis 6 days

earlier, and of treating plants with ethiricol.

Leaves not pre~  Leaves pre—inoculated with D.graninis
A

inoculated tiot ethirinmol sthirinol °
Ho. Tust (control) treated treated
pustules/
leaf: 100,92,119,134, ©6,18,48,8,70, 146,57,112,93,

by eye 118,56,144,156, 21,50,57,21,0, 43,148,94,78,

76,134, 156. 68,64, 113,753,122,
microscop. 107,187,181,155, 140,144,82,33, ¢8,6%,137,217,
ically 108,164,163,250, 105,164,49,96, 126,94,154,170,

171,225,127, 5%,122,102. 148,114,121,
Area of 0.108571T 0.054671 0.14753
rust 0.0¢040 0.04469 0.07680
pustules 0.0884 0.0020¢ 0.10¢53
(m°) . 0.07515 0.07145 G.111¢8
mean per 0.0854¢ 0.03078 0,07615
leaf.

Each figure is a mean of five (), and ton (4+) pustules.
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Table 24 Duzl infections of rust and mildew: effects on mildew

development of pre—inoculating leaves with F.hordei,

and of treating plants with calirus.

Treatments: Basal + of leaves Distal + of leaves

Mildew colo?if? per leaf Mildew colonies per leaf

"Yo.of colonies Areal ¢.D.TT Ho.of colonies areal ¢.p.Tt

by: eye micro-~ (mmz) by: eye micro- (mmz)

scope scope

Leaves mot o5 o5 1,05 33.0 18 32 1.47  56.4
pre-imocul- 44 47 358 33.5 1725 1.25 5041
ated{contzol) o, 55 o278 47.4 & 15 2.35 20,0
calirus 20 29 2.35  38.4 22 53 3,36 25.0
spreyed. 20 28  2.5¢ 18.0 25 41 2.80 52,4
Leaves pre— 20 51 2,76 31.0 1 22 0.25 7.2
inoculated 14 34 2.72 16,4 S 42 0.57 4,6
with P.hordei 8 25 1.07 16.4 ¢} i 0.12 6.0
not calirus 13 33 1.82 18.2 5 32 0.1¢ 4.0
sprayed. 13 18 1.79  14.6 0 36 0.38 5.8
Leaves pre- 20 354 3.3  26.0 15 58 0,89 15.2
inoculated 29 41 2.i15 38.4 15 14 1.44 1540
viith P.hordei 27 28 Se44 44,0 17 55 2.15 28.0
and calirus 16 18 Z2e25 28,0 15 25 1.85 25.0
sorayed. 20 21 131 2.6 10 14 0.85 21.0

+ mean of five colcnies
T {conidiophore density) mean no. conidiophneres per central fisld

from five colonies.
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Table 25 Duel infections of rust and mildew: effects of sucrose.
(a) Leaf segments inoculated with E.graminis,
"Pre-inoculated with P.hordeil Hot pre—inoculated
and floated on: floated on:
water 2% sucrose water
lo, conidio- 11,6,14,11,6, 14,26,19,11,13, 23,22,25,13,15,
phores per 3,9,16,6,9, 19,19,18,24,1¢, 35,24,21,22,33,
central field 7,9,4,2,4, 11,15,14,18,5, 23,27,25,9,28,
(0,045 mn®)  2,4,9,8,3, 20,16,12,12, 18, 22,22,32,15,19,
9,5,11,14,16, 1%,22,18,16,18, 25,15,24,26,15.
+ 70 to 100 pustules or intact leaves,
(b) P.hordei inoculated oqﬁp leaves;
leaf segments pre-inoculated Hot pre~inoculated
with ¥.graminis then floated on: then leaf segments
water 25 sucrose floated on:
water X% sucrose
Area of .019,.019,.014, .059,.099,.152 .175,.123,.160, .201,.230,.268,
rust .008,.01%,.010, .063,.077,.024, +192,.135,.152, .304,.365,.304,
pustules .010,.010,.010, .097,.045,.030, .166,.164,.274, .333,.205,.157,
( ®) .019. .029,.278,.006. .228,.299,.234, .166,4167,4155,
.129,.223,.201, .126,.168,.0¢5,
insufficient pustules D14,.111,.140, .116,.114,.247,
0222,.238,.312, 333,.462,.257,
«23%,.285,.162, .198,.133,.1E8.
Total
chloroph~ 5¢45,5.59,5433s 4¢32,5438,5.36. 2.38,2.49,1.85. 1.81,1.02,1.57.

y1l (mg/1)
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PTable 26 Dual infections of rust snd mildew: effects of maleic

hydrazide.

Ho, wmildew
colonies

per leaf.

(b)No. mildew
per leaf:

Zephyr

Julia

Leaves inoculated with B.graminis

Pre-~inoculated with P.hordei
N L0TUCL

r—

no further
treatment(A)

25,42,16,37,35,3°,
28,31,23,36,67,55.

colonies

46,20,48,48,22,22,
10,48,14,%6,21,20.

58,32,39,48,44,44,
21,26,26,35,35,33,
20,15,37,28.

lean no. colonies

per field from 5 ficlds(14.5mi2)

Zephyr

Julia
ean
fron

Zephyr

Julia

s¥% Significantly differcont from (C) at

A

poroximzte rust levels:

0.4,1.0,2.0,1.4,
l. 7‘. .x.
O

l\)

3.6’2-4, 1 .0,204-,

.
.

area of mildew colonies

five colonies per leaf.

0.315,0.539, 0.58,
1.736,1.%14.,
20554,5'056’
2.222,2.5¢6.

1,254,

)

treated wvith

ot pre=

inoculated

maleic hydrazide(B) (¢)
57,76,41,56,53,88, 66,76,103,109,54,74,
93,92’76’880 43,114,93,81,91,94.
85,111,98,6%,¢5, ¢8,105,55,75,73,68,

81,75,62,5%,78,58, 103,118,64,58,55,
47,41,71,60,116,74, €9,49,102,35.
61.
65,64,63,59,54,68, 5%,64,96,70,101,64,
73,79’61’66’79’87’ 66’88’76’68369’493
54,63,63. 53,49.
506y306,5e2,44.0, 5¢2,4.0,3.8,3.2,
3'4' 3.6.
3 ? 718,302’ 306,304,302,5n4,

5e2e Dede
56124,54458,1.50¢, 5.286,5.101,5.456,
2.)10,9.960. 6.624,6.644,
5e455,4.378,4.180, 4.,156,5.5¢4,5.71,
60424’3'608‘ 50632,60644-

P < 0.001
Zephyr = 150-250; Julia = 150-200.
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Table 27 Infections of rust and mildew: alteration in host components.

Disease levels recorded; mean no. rust pustules per leaf and

mean % cover of mildew.

Sample A B c D D B B
numbers Healthy Rust Lildew Rust and mildew Hildew and-xust
only only ist 2nd ist 2nd
1 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0
3 0 0 5=-10 0 0 5«10 0
4 0 31.2 54.0 26,2 1 53145 0
5 0 59.0 5342 43.0 5 3245 48,0
6 0 46.5 81.7 77.0 10,2 5762 107.8

7 0 68.2 g2.0 55.0 33T 6640 123.3
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Table 28 Infections of rust and mildew: fresh and dry weight

determinations.

Semple number

1 2 3 4 5 6 7
Treatnents:
A 0.0467 0,046  0.058  0.055 0,047 0.047 0.049
(Healthy) 10611 11.33 9.19 9.0 8.24  8.72 8+799

0.420114.404  0.629  0.591  0.575 0.536 0.561

B 0.049 0.046 0.061 0,060 0.042 0,058 0.051

only) 0.486 0.426 0.614 04629 0.495 0.562 0.391

c 0.053 0.054 0,048 0,058 0,060 0.068 0.065
(Kildew 10.86 10,93  10.26  10.60  10.04 12,07 17.24
only) 0.488 04493  0.465 0,547  0.598 0.543 0.3178

D 0.05¢ 0.047 0,055  0.042  0.055 0,065 0.066
(Rust  10.21 11.38 9.72  10.0 6,26 12,08 15.54

folloved 0,578 0.414 0,545  0.413  0.574 0,540 0.427
by mildew)

= 0.048 0.045 0.056 0.070 0.063 0,075 0,067
followed 0,439 0.437  0.605  0.636  0.562 0.441 0.249
by rust)

+ iiean dry weight (g.)

++ ¢ dry to fresh weight

++ Ilean fresh weight (g.)
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Table 29 Infections of rust and mildew: total chlorophyll (a2 + b)

mg/g dry weight. ( mean of three replicates)

Sample number

Preate 1 2 3 4 5 6 T
ment:
A 15.15 16,06 18.22 19.03 17.03 12.08 9429
B 16.01 15,97 15.46 14.60 12.05 T.05 3451
c i3;11 15.27 15.01 11.38 6415 2460 1.59
D 15.53 15.68 15.85 14.18 10.59 4.77 2.29
B 1377 15.35 17.17 9.42 - 4.87 2.60 2464

Table 30 Infections of rust and mildew: water soluble carbchydrate

determinations. ¢ of dry weight, mean of three replicates.

Sample number

1 2 3 4 5 6 T
Treat-
ment:
A 10.1 5.47 4.1 6.23 5¢3 10,07 8.85
* % - X * H
C 9.62 4.82 5eb 15.47 8¢34 8.6 10445
* * % -# *
D 5.15 7.3 7.3 6.11 8.13 9.58 6.19
3+ 3 * * *
B 10,63 10.0 5.5 14.55 517 6.72 6.02
L.35.9, 0.75 1.27 1.40 1.40 0.22 0.70 1.36
P (.05

b
L}

healthy; B = rust only; C = mildew only; D = rust first then nildew;

nildew first then rust.

L=
Il

* Significantly different from the control mean at P < 0.05.
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Table 31 Infections of rust and mildew: effects on total protein

content.
YMean % protein of dry weight

Semple number

1 2 5 4 5 6 7
Treat— :
ments:
A 1175 15.00 Ts'(5 7.68 13.07 6.84 5.15

* ¥* * B3

B 12.57 2649 55,61 14.31 13415  10.97 13,3
c 18.05 32464  34.19°  3T.07  35.11° 15.42 26,10
D 20.43 45.18  33.33  33.87 38,30 25,25  15.33
* * * ¥ * * *

B 50.56" 36.84°  50.62° 29.357  24.86" 22.27°  29.57
L.S.D.  $.56  T7.38  14.41 511 6.34  5.87 4.62

¥ Sigrificantly different from the control mean at P < 0.05.,

Table 32 Infections of rust and mildew: effects on nucleic acid

content. mg/g. dry weight, mean of three replicates.

Sample number

i 2 3 4 5 6 T
Treat—
nents:

A 27.55 24.18 18.73 12.09 17,95 15.26 26.90

B 54.81 24.75 19.16 16.28 16614 17.15 36.88
c 29.59 24.65 20.¢¢ 20454 16.42 22,54 25.21
D 32,50 2540 1¢.44 16,86 H%.69 17.10 12.29
B 33442 25.56 23425 18,90 10.42  21.52 17.44

A = healthy; B = rust only; ¢ = nildew only; D = rust first then mildew;

I = mildew first then rust.
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Pable 33 Infections of rust and mildews alteration in host

components; water soluble carbohydrates.

Tissues used Water soluble carbohydrate as % of:
for extraction: fresh weight dry weight
Healthy leaves 0.2232 2.3129
0.1458 1.5108
0.2394 2.4808
Rusted leaves 0.2304 2.4240
0.1640 1.7260
0.2700 2.8400
Hildewed leaves 0.3262 3.3380
0.3838 3.9270
0.3312 303890
Isolated rust 0.9920 5.3600
pustules and sur— 1.7220 9.3200
rounding tissue, 1.2640 6.8400

(1=2mm radius)

Remaining parts of 0.9920 5.1800
rusted leaves(exclud- 0,5040 4.7200
ing areas lem’) .  0.6240 3.2600
Isolated mildew 0.8440 58400
colonies and sur- 0.6800 3.1000
rounding tissue, 0.6600 3.0100

( 1=2 mm radius)

Remaining parts of 0.4500 2.6060
the mildewed leaves 0.4700 247220
(excluding areas 0.6800 3.9380

larger than 1cm2and

senescent areas)
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Table 34 Infections of rust and nmildew: alterations in the hosts*

components; water soluble carbohydrates.

Sugars Area of spots(nmz) and r.f. values on chromatographed
identified’ extracts of:
(using stand-
ard solutions) Healthy leaves Iiildewed leaves Rusted leaves
r.f. r.f. area r.f. area r.f. area
lialtose  .176 - - .16 55.0 - -
Galactose .240 27 45.0 .26 62.5 «26 42,5
Sucrose .33 «38 60,0 «29 60,0 o32 65.0
Fructose .31 «39 55.0 SI7  115.0 38  122.5
Glucose .42 44 7245 3¢ 105.0 «39  120.0
Ribese - .54 «56 42,5 $53 52.5 .55 42,5
.66 25.0 .62 27.5 63 25.0
.71 1245 .68 15.0 .68 12.5
.75 12.5 « 71 15.0 o 71 17.5
.82 75 .76 10,0 + 76 17.5
85 12.5 .79 17.5 .78 15.0
«96 ‘ 65.0 .94 40,0 <83 60.0
«89 22.5 .08 55.0 .96 25.0

+ Identification by colour reactions with aniline-diphenylamine

reagent and r.f. values ( Stehl, pages 810-812 )
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Table 35 The effect of glucose on mildew development on

detached lezves.

Concentravion Mumber of mildew colonies per leaf segnent.

of glucose used

o
“ 0 99,152,138,121,100,85,68,122,85,55,
(control) 87,141,136,142,88,76,84,89,75,87.

2 38,86, 58,90, 62, 100,85,92,105,117,

e6,97,84,59,107,87,124,68,94,123.

4- 67’88’80’91’36,58’4’8,66’71’44, *
30,58,40,68,45,44,70,28,20,31.

6 3%,18,58,28,96,56,64,70,66,29, *
75,68,56,68,5,5,65,50,32,51,

kS

8 18,70,6,0,11,22,76,0,31,58,
20,%1,1,66,38,16,46,20,16,18.

10 4,0,0,0,0,1,0,0,0,0, *
0,1,0,0,0,0,0,0,0,1.

* Significsntly different from control at P < 0,001
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Table 36 Infection of leaves with E.graminis; effects on hosts!

components; antifungal compounds.

Spore germination tests on extracts from healthy and
nildewed Zephyr barley.

P.hordei; uredospore germination.

Control Healthy extract
distilled Dilutions;
water . 1 2 3 4
49.6 0.8 6.0 16.8 33445
23.0 0.0 3.4 6.38 27.70
40.8 244 709 8.10 17.65
13.2 0.9 2.80 15.04 25.14
46,2 0.9 4.50 15.0 32.10
Diseased extract
Dilutions;
1 2 5 4
12.4 6.0 2.6 5.04 22.3
17:51 0.0 0.96 5.68 22.4
24.8 1.64 1.48 3455 1397
2645 0.94 8.66 5.50 19.08
0.0 2.46 2.86 14.40
H.graminis; conidial germination,
Control Healthy exiract: Dilutions; A
1 2 3 4
27.36 23.6% 20,75 24,03 2737
25.63 21.88 - 25.35 34.03 25.30
29.03 23.T7 26.85 37.86 37.32
25.85 26444 32.75 38.46 42.86
28,76 28.74 30,60 28436 22.66
Diseased extract: Dilutions;
1 2 3 4
36.67 16.67 38421 26,95 28.31
29.65 26.29 22,70 20.49 27.24
32453 2315 27.27 28.76 26.85
34.13 17.80 30.54 29.68 17.61
26.88 11.18 25.31 21.82 50.65

Values are the percentage that germinated from at least 100 spores,
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Dual infections of rust and mildew on four cultivars:

effects on the development of rust and mildew of pre~

inoculating leaves with E.graminis or P.hordei respect-

ively.

Days between
inoculations:

Cultivar

Leaves pre- Midas
inoculated
with

P.hordei Zephyr

Julia

Leaves not lidas
pre~inocul-
ated with
P.hordei

(conrtols)

Zephyr

Julia

125,87,
95,84,78,

132,141, "

79,84,97,
142,86,

138,122,
on, |

98,99,87
113,121,
104,122,

}
122,141, .

131,108.

87,84,79.,

87,102,
69,142,
131,122,

90,80,
125,125,
113,130,
95.

89,56,

113,66,
78,96.

61,88,58,
105,72,
T1.

86,95,68,
72,88,81,
T4.

79,84,97,
136,154,
117,115,

86’57’96’

103,76,

71,75,99,
158,145,
146,105,

82,

51,15, 13,
13,19,23.

10, 18,25,
18,15, 10,
20.

27,33,24,
22,46,24,
18.

32,19, 24,
22,39,19.

42,33,26,
26,16,35.

36,46,33,
35’4‘2, 25.

Mean no. mildew colonies per leaf.

;-

21,22,27,
28,51,18,
53.

0,11, 10,
11,6.

35,44,25,
25,25,28,
9.

70,63,55,
42,55,48.

45,45,46,
22,51,49.

26,24,41,
48,60,36.

24,26,29,
16,13,33.

0,0,3,
0,0.

17,24,34,
16,25,53.

82,71,51,
52,87,76.

°4,98,103,
72,154,
140, 107,98,

74,94,96,
134,103,
126.
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Table 38 BEffects on rust of pre—inoculating leaves of four cultivars

with E.graminis

Days between

inoculations:
Cultivar

leaves liidas-

pre=inoc

ulated

with

B.graminis Zephyr
Julia
Hazurka

Leaves not Iiidas
pre~inocul-—
ated vith

B.graminis Zep]

(controls)

Julia

Llazurka

290,21,
240,320,
190,180,
290.

200,70,
270,150,
300,215.

300,242,
250,261,
200,281,
198,

200,130,
170,300,
250, 140.

280,260,
340,210,
250,200,
200.

210,240,
190, 270.

260,200,
200, 230,
270,150,

200,300,
270,300,
270,

5952,67,
1,90,19,
10,36.

83,58,27,
220,83,

33,42,38,
76,72,
140,

58,68, 75,
64,230,
200, 200.

21,26,28,
31,15,38.

52,82,95,

33,37,84,
24.

56,133,
106,75,
51,154,

123,20,
89,210,

Kean no. rust pustules per leaf.

22,85,118,103,52,

56,136,
46,57,

13,88,63,
67,57

68,81,34,
3,51,110,

3,42,64,
3,64,135.

21,94,42,
128,8,46,
17.

88,26, 67,
144, 120,
89.

156,84,
242,155,
106,159,
113.

161,8,81,
1,40,194.

c8,131,180.

56,41,88,

22,48,67,
67,95,
250.

53,124,
94,122,
105.

172,14,
116,125,
150, 1,

98,250,
111.168,
85,156.

84,162,
167,175,
104.

102,222,
230, 150,
135,85.

98,202,
196,216,
240,170,

27’0' 14’
11,28, 12.

0,2,0,
1,0,0,
0.

6’3'1 ?
6,0,0.

45,23,25,
76,5,22,
52.

32,166
156,81,
53,152.

130’24,
109,124,
83.

96,136,
110,138,
166,197,
85.

85,93,62,
110,54,34.
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Table 39 Dual infections of rust and mildew on four culbtivars:

effects on the development of rust and mildew of pre—

inoculating leaves with E.graminis or P.hordei respectively.

Total area of lesions as percentage of the

appropriate conirols.

Days between
inoculations:
Cultivar
Leaves
liidas
Pre~inocul-
ated with 2°PHYT
P.hordei. Julia
Cultivar
Leaves Iidas
pre— Zephyr

inoculated Julia
with iazurka

E.graminis.

4247
59.2

8045

T2.2
67.9
141.7
46.41

¥ildew colonies

1 2
4245 10.5
8548 28.6
3647 2646

Rust pustules

1 2
108.3 101.7
155.2 4242
46.7 17.5
96.3 47.6

15.8
6.3
2%.9

31.1
5346
41.6
331

Te2
0.0

1.2

Sel
0.0

227
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Pable 40 Dual inoculations of E.graminis and P,hordei on Zephyr

barley: effects on mildew and rust of pre~inoculating

leaves with E.graminis race B 71/98.

P.hordei inoculated onto

leaves

pre-inocul-
ated with

Negraninig

—— T
raceB71/98
(a)
Rust pustules 04,144,134,
leaf(AsC e
per 1eaf(M0), 45,253,554,
mEldew:Ccolons 515 4o 144,
ies per leaf 00,68,56
P | ’ 4
(82D)
Table 41

(c)
88,135,168,
148,256,286,
187,229,145,

154,226,139,

Eal

leaves

pre~inocul-
ated with
Begraminis
raceB71/98

(B)
5,8,3,6,4,
3,3,4,8,7,
8450

E.graninis inoculated onto

nov pre~

inoculated

(D)
13,18,2,17,
4,8,18,35,
21,17,

Dual inoculations of P.hordei and Y.greminis on Hasurka:

¢ffect on rust of pre-inocuiating leaves with B.graminis,

Ho. rust Leaves pre-inoculated with

pustules B.graminis rzce(371/98)

per teafs 5 56,9,7,24,48,26, 13,
24,38,3¢,63,45,50.

Leans: 51,26

* Jignificantly different at P L 0.01

Leaves not pre-inoculated

a5,72,51,138,68,111,26,51,

142,6%,65,63,
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Table 42 Dual inoculations of P.hordel and E.graminis or llazurka:

effects of pre—-inoculating leaves with L.graninis at

varying periods before inoculations with P.hordei.

Days between

inoculations:

Humber of rust pustules per leaf on leaves;

Y
L.graminis.

re=inoculated with

260,300,300,200,T

2¢0,250,320, 180,

190,250,260,

120,60,30,45,110,

60,30,40,130,70.

26,105,110, 130,82,

25,63,115-

77,60,38,54,30,1
30,22,64,78,55.

7,

not pre-inoculated

270,250,270, 150,

100, 100,180, 150,

120,70,60,150, 1¢0,40,

170, 110,200,160, 70,60.

40,173,67,268,121,174,
204,245,153,81.

44,82,62,250,54,
30,40,140,39,.

+ Visuzl estinates were made where rust levels were high.

Table 43 #ffect on rust of pre-incculating leaves of Nagurka

with BEegraninis using different leaf surfaces,

Leaves not pre-

inoculated

{control) (4)

Fo. rust

28,81,66,8%,07,

pustules
per le=af.

lL.eans

100, 46,0, 68.

69 04‘

Leaves pre-inoculated with H.grominis
Jeomoaiie

21 surface abaxial suriace
(3) (¢)
»22,25,70, 85,26,45,26,12,
,30,44, 56,26,85,25,34,
4.
ot 40,3
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Table 44 Effect on rust on second leaves of Lazurka, of pre—

inoculating the first leaves with BE.greminis.

Plants not pre—-inoc Plants with first leaves
ulated with s.grauinis. pre—~inoculated with
(control) B.greminis.

Wo. xust  56.0,28.1,25.1, 3046,24.9,15.2,

pustules  44.4.30.0,19.4, 19.4,20.0,10.0,

per leaf 17.6,20.1. 22.1,9.5.

segment.,

(mean from
8-10 plants)

Hean(overail) 22,0 19.0

Table 45 Inoculation of first lcaves of llazuria with bL.graminis

fellowed inmediately by iroculztion with P.hordei.

Leaves inoculated vwith Leaves inoculated with

P.hordei only P.hordei and B.graminis
Ka. of rust
pustules 0.9,0.6,9.%,6.0,2.5, 14.6,12.3,10.5,0.7,5.2,
(mean of ten 6.4,3.1,5.0,9.5,1.8, 3e2,1442,17.6,6.2,11.5,
fields 4.5 1.0,0.5,11.5,0.7,15.1, 1.0,1.1,8.6,10,0,15,.6,
dizneter) 10.3,1947,545,3.7,24 15 <o l,7.9,

212,
liean 6,505 8,452

. 2 . - -
lio.per cm 40,¢1 5343¢
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Table 46 Inoculation of leaves with B.gpraminis: zrea of nacrobic

flecks and effects on the width of stomatal apertures.

Days from inocwlation with E.graminis.
4 6 8 12

liean area 0.0259 0.135 0.216 0.279
of flecks

2
(ma®)
Total area
of flecks 1.67 8,70 13.75 17.86
per mean
1eaf(nmz)
% of total
leaf 0.25 1.15 1.88 2.45

arez

llean number of necrotic fleclks

per leaf = 64.5

Mean leaf area (sz) = T.34

Width of

stomatal

apertures

(M)

control - »

* 1.005T 0.¢1 0.82 1,19

lezves

inoculated . -
1.05 0.84 0.86 1.00

leaves

‘ + mean of 20U stomata

o.rust vustules per leaf.
Leaves inoculated viith Leaves prec-inoculated with L.zgraninis
P.hordei only{control) 4 days before inoculation with P.hordei
54,60,28,54,60,20,28, 16,30,11,28,30,4,2¢<,
18,%0,36,57,82,42. 22,12,12,6,12,44,12,

Lean: 43,0 10,1477

Significantly differcnt from control ot £ 0.001%
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Table 47 Bffects on rust development of pre~inoculating leaves

vith P.hoxrdei.

Humber of rust pustules per leaf.

Treatments: A

52,'(8,78,
48,34,39,

145,81,69.

Percentage uredosporse

gernination(15 fields

B

20,25,c8,
101,102,
35,60,

on 5 leaves) t

Leaves not
pre-inocul-— 279
ated

{control)

Leaves pre-—
inoculated Y]
with E.grop-
inis(treat-

nent D above)

+ = 300 - 400 ursdospores

¢ D Control

20,45,28, 16,30,31, 174,48,45,
66,04,75, 52,52,85, 72,148,151,
105. 42,15,60, 119.

41,40,

Ho.germ tubes reaching and entering

stonata, with infection sites:

vresent absent

2, 1, 1, 2, 0, 1,
3, 0, 2, 1, 0, O,
2, 9, 2, o, 0, O,
3, 1, 3, 0, 0, O,
3, 1, 0. 2,0, 0.
2, 0, 1, 3, 1, 0,
2, 1, 1, 4, 1, O,
2, 2, 0, 1, 1, 0O,
0, 2, 0, 4, 1, 0,
0, 0, 0, 0, 0, O.
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Table 48 =mffects on rust of pre- inoculating leaves with s.graminis

and of compounds likely to alter their carbohydrate

content: using 2% sucrose solution

Size of rust pustules (mmz)

Leaves not pre-inoculated and

floated on :
water

«132,.106,.130,
«144,.218,.152,
272,265, « 134,
«200,.207,.280,
«153,.146,.220,
+280,.160,.178,
«351,4245,.257,

0232,4130, 4250,
Total
2.062,

1.72
1.23

274 sucrose
+152,.193,.152,
.323,.214,.282,
.188,.152,.137,
«366,4332,.362,
o 176,.100,.241,
+245,4349,.201,
«097,.137,.141,

+ 152,331, .350.

floated on :
water

.219,.080, .067,
.097,.122,.071,
0333,.072,.130,
.153,.020,.04¢,
«025,.055,.116,
+073,.102,.134,
.086,.133,.198,

.138,.213,.084.

chlorophyll content (mg. per litre

0.49
1.32
1.25

3.3
3.69

2419

Leaves pre—~inoculated and

2% sucrose
114,.422,,.214,
.146,.163,,086,
«105,.155,.134,
.109,.141,.328,
.178,.160,.108,
«167,.118,.263,
.301,.087,.129,

184, .247, .172.

1,22
2.22
171
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Table 49 Lffects on rust of pre-inocvleting leaves with H.graminis

using maleic hydrazide.

Leaves not pre-inoculated Leaves pre—inoculated
control maleic control maleic
hydrasice hydrazide
Bust pust- 44 48,126,352, 40,16,24,57, 28,41,33, 34,8,25,98,2,
uled per o4 s¢.58,44. 24,18,58,38, 4,28,42, 25,72,46,12,
teat. 29,58,14,28, 28. 84,15,29,6,19,
21,30,16,13, , 18,18,23, 18,
60,93,35, 11, 58,18,5.
Size of 0.0676 0.0856 0.0677 0.0712
pustules 4 4780 0.1037 0.0440 0.0677
(m2”) 0.1042 0.0837 0.0456 0.0421
mean of 0.0623 0.1035 0.0607 0.0608
10 2us%= 4 0890 0.1074 0.0572 0.0625
ules. 0.0842 0.0956 0.0459 0.0545
0.0714 0.1210 0.0536 0.0550

0.0783 0.0856 0.0681 0.0673
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Table S0 Inoculation of leaves with E.graminis: effect on the

chlorophyll content and dry weight.

Control leaves ’ Inoculated leaves
Days from Fresh Chlorophyll Fresh Chlorophyll
inoculate weight mg/g D.wt. weight pg/g D.wt.
ion:
0 0.431 22,71 0.454 21.70
0.529 19.41 0.495 17.88
3 0.557 20.25 0.627 17.46
0.541 24,35 0.493 20,62
6 0.630  19.11 0,548  16.62
0.534 26.56 0.478 15.56
i 0.553 20.70 0.473 13.67
0.550 25.65 0.510 15.79
12 0518 1¢.94 0.480 14.49
0.528 235.54 0.471 1231
0.588 19.32 0.551 10,32
18 0.577 1541 0.397 9.14
0.638 15.42 0.315 8.51
21 0.488 12.57 0.205 3.24
0.461 13.08 0,206 2.63
24 0.588 11.87 0.115 3.15
0.452 14.08 0.061 1.69
29 0.428 Te7S 0,034 2,09
0.377 11.32 - -
34 0.055 0.79 - -
Leaves inoculated wvith P.hordei
lio,rust pustules/ieaf Area of rust pustules(mmz)mean/leaf
Control 40,55,348,88,5%,66, 100, .0334,.00656,.,0642,.0559, .0683,
leﬂ.ves 14'8’75’108!1"2556!94) '0791!'07091 .078, -0578’ 0052,
94,35.74‘. 00725’ 00689, .0567, .0697, 004’99'

Lexves pre-  22,24,57,85,15,48,57, .04¢,.0504, .0472, ,0446, .0485,
2S,44,51,3¢,30,34,55, 0424, .0424,.0468, ,0408, .0557,

inoculaied ; ' >
‘ 49, .0544,.0272, ,0553, .0476, .022.

with B.gran-—
— i cep—

inis.
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Tadble 51 Inoculation of iLazurka with E. grarinis: effect on anti-

fungal compounds.

Spore germination tests on E.graminis and P,hordei,

Conidia Uredospores
3948,4249,3848,37.0, 54482646,2948,22,9,

3548,2847,31+5,43.3, 2840,35244,20.35,3149,
31.9, 42.1. 37e8,355404

Distilled

water control

Extracts from leaves:

uninoculated inoculated uninoculated iroculated

5644 1240 3.7 1.5

Dilution 2642 19.9 2.8 2.8
1 25.0 20.1 4.7 3.5
20.4 18.4 3.2 3.9

21.6 1845 2.¢ 3¢5

31.0 2645 4.8 127

Dilution 26 . 0 26.4 7. 1 4'9
2 18.3 22.5 8.6 6.2
35.1 20.6 Q3 SeS

3343 18.5 7.0 6.5

24.0 24.0 22.G 14.6

Dilution 3549 28.8 22.3 15.4
3 55.0 24.4 27.8 17.8
27.S 27.6 14.7 20,7

34.0 28.4 31.2 14.8

32.4 277 20.6 18.8

Dilution 33.6 3047 26.6 2441
4 28.2 311 25.9 20.5
3346 2845 3149 228

39.3 25.0 29.1 2343
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antifungal conpounds,.

Tnoculation of liazurka with E.graminis: effects on

Extracts from vninoculated and inoculated Llazurka sprayed

onto first leaves 6h prior to inoculation with:

B.graminis

, P
Spray .
treatment Colony no.
used:
Water and 1€0,161,134,
Tween &0 91,121,125,
(COﬂtrOl) 174,151, 75’

139,

Dilution 2 34,57,74,81,
of extract 58,110,75,
from wn— 50,182,131,

inoculated.,

Dilution 2 106,110,138,

of extract 90,46,95,54,

fron inoe- 51,63,58,151,
ulzced. 35.

leaves.,

Dilution 3 -

of extract

frosn unin-

oculated.

bilution 3 -
of extract

from inoc-—

ulated

leaves.,

srea(ma’)

2.78,1.57,
2.31,1.88,
2.38,2.33,
2.60,1,80.

2,52,1.66,
1.39,2.04,
1.81,1.60,
0.83,2.01.
2.01,1.54,
2.56, 1,36,
1.46,2.11,
1458, 1.65.

P.hordei

Pustule no. Area(mmz)

90,60,89, 0.076,0.085,
a7,57,91. 0.062,0.081,
66,48,62, 0.0%2,0,07Z,
103, 0.0868,0.,072,
88,50,48, 0.076,0.071,
68,38,88, 0.062,0.101,
64,53,67, 0.080,0.063,
79,78,51. 0.054,0.085,
45,46,73, 0.082,0,072,
54,¢4,78, 0.099,0.077,
84,47,48, 0.076,0.079,
i26,58. 0.067,0.064.
74,61,52, . 0.067,0.067,
50,81,72, 0.073,0.,061,
46’51,72, 0.071,00079’
28, 0.0¢8,0.056.
86,44,88, 0.072,0,073,
68,44,42, 0.072,0.062,
74’75,68) 00083,01078,
84,85, 0.087,0.114.
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Table 53 TInoculation of lazurka with E.graminis: effecis on

antifungal compounds 2.

Spore germination tests on E.graninis and P.hordei.

Percentage germination

Treatmnent: Control xtracts from leaves:
distilled uninoculated inoculated with E.graminis.
water ‘aqueons  ethereal ‘aqueous _ ethereal
41.5 24,8 5.4 4.7 7.5
Conidia of 41.8 49.2 10.8 11.0 8.9
B-graminis 40,0 22.9 7.3 14.6 7.9
51.9 3842 S.9 12.6 12.8
3842 26.4 3.8 19.4 8.3
23.4 847 119 0.0 0.0
Uredospores g g 5.1 12,3 1.6 0.0
of Pehordel 544 8.1 15,2 0.7 0.5
26,1 2.5 1.8 0.9 0.6
36.6 6.4 67 0.0 ~0.0

Bach figure is a mean of at least 100 conidia or uredospores,

Table 54 Effects on rust and maildew of pre-inoculating leaves with

Dipliocarpon rosae or Uromyces phaseoli.

4

Kon-path~ ¢ cover oFf mildew/leaf+ Number of rust pustules/leaf

ogen used: leaves not pre- leaves pre— leaves not pre-~ leaves pre-—

Uronyces

phaseoli
bt

ieans:

inoculated

40,10,15,15,
50,20,15,15.

inoculated

30,20,15,15,
10,5,26,40,

12,5

173

inoculated
118,155,128,

144,109,153,
74,83,181,

125.0

inoculated

77,71, T1,
157,98, 34,
204,134,145,
56,128,81,
47,19,75,T4.

82.0
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Table 54 (continued )

¢ cover of nildew/leaf

Hon~path—

ogen used: Leaves not pre-
inoculated

Diplocarpon 50,70,60,30,

rosae 30,40,55,65,
45,40,

Heans: 475

+ visual estimates

Table 55

leaves pre—
inocnlated

40,40,70,40,
80,50,40,30,
25,15,25,1b,
40,¢0,40,80.

45.0

Number of rust pustules/leaf

Leaves not pre- Leaves pre—

inoculated

20,54,10’75’
121,¢8,74,
61.

64.0

1 Water only

(control)

¥ildew develop—

nent on treated

plants; 6 days

62,48,69,561

after inoculat- 85.

0. 3.61,5.081T
2.98,3.44,
266,

11 days after

inoculation. 74,55,70,38,+
65.
9.75,6.93%t
10.12,8.32,
8.73.

Treatments:
2 Calirus & 35 Citowett
Citowett only
84,75,107,20, 81,107,74,56,
48. 93’
0.78,0.66, 0.64,0.50,
0.721,0.27, 0.64,
00590
57443,54,37, 58,63,62,56,
4. 53,
4.40,3.41, 3.48,3-505
7020,3.48, 2031,3-45,
2. 75 3430

inoculated
68,41,75,64,
87,71,S4,79%
86,62,62,57,
151,10.

72,0

the effects of Calirus on the developnent of E.graninis

.l_

~nildew col-

onies/leaf

T+area of col-~

onies(mmz)

Tmildew col-

onies/leaf

TTarea of col—

onies(mmz)

iiildew development on 'secondayy planis' using treated lezves as

sources of inoculwa after :

6 doys

11 days

26,20,35,28,
46,40,45,40.

15,23,10, 14,
15,11,32,1¢,
24,27,17,14,
8.

+0,20,15, 18,
15,28,26,16,
15,23,

7,8,7,14,13,
8,15,14,10,

16,14,

19,21,31,17,
28,23,

15,8,6,10,15,
10,<,11,<,10,
8,7.
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Table 56 9he effect of ethirimol on the development of P.hordei.

Ilumber of rust pustules per leaf on plants from:

single purpose dressed

seed (no milsten) control

26,136,128,117,40,95, 121,
99,69,167,85,94,70,46,75,
121,40,75,70, 140,71,85, 122.

milsten dressed

seed

175,112,71,166,102,110,67,
137,46,121,146,128,154,68,
72,65,88,78,111,140,74.

lleans: 91.4 106.4
fable 57 The effect of ethirimol on the development of P.hordei
on the third seedling leaf of barley.
The effect of milster seea drecsing and milgo spray on
rust.
P.hordel inoculated onto plants withs
no ethirimol treatient nilsten dressed seed and
(control) milgo sprayed
Hoe 7St 5 4 6.2,4.2,2.2,2.0, 442,3.0,4.0,4.4,0.8,
pustules

5.8, 1 .6,0.8,0.4,1.4.

per field

(15.2mm2)

lLicans: 2.76

Area of . e ~
0.16%,0.178,0.181,

FUSY PUSY= 5 145,0.135,0.132,

ules(mean o 440 6 144,0.102.

per leaf)

(1 )

lieans: 0.149

1e4,3e8,342,340,346,

3.0,1.8,5.5.

3.05

0.157,0.154,0,1606,
0.154,0.157,0.197,
0.141,0.147,0.129,

0.154



‘favle 58

lieen no,
rust pust=
ules/leaf

Days from
pustule

eruptcions

10

234

The effect of ethirimol on the pustule productivity of rust,

P.hordei inoculated onto plants treated with:

no chemical treatment milstem dressed milgo sprayed

( control ) sesd

154 157 156

Hean weight per pot of uredospores collected (mg.)

6453 5.7 T.770
Te47 T«60 6.43
Te67 T.30 6.50
587 527 4437
2.°77 4.63 4430
1627 2403 1.63
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Table 59 The effect of ethirimol on the pustule productivity of rust.

P.hordei inoculated onto leaves from:

seed without milsten dressing nilsten dr?fffd seed
%o.rust Wteof . Wteof Sporeé\ rNo.rust W, of VWt.of spore;
pustules spores{g) per pustule pustules spores pexr pustule
per leaf collected (ng) per leafl collected {ng)
175 0.0019 0.010¢ 194  0,0035 0.0180
244 0.0044 0.0180 185  0.0025 0.0122
120 0.0012 0.0100 104  0.0011 0.0106
110 0.0019 0.0175 86 0.0022 0.0256
118 0.0025 0.0212 106  0.0024 0.0222
44 0.0006 0.0136 98 0.0011 0.0112
114 0.0026 0.0228 70 0.0026 0.0364
42 0.0005 0.0119 i12  0.0024 0.0210
&4 0.0013 0.0155 44 0.0010 0.0227
75 0.,0010 0.01%573 86 0.0024 0.027¢

i.can 11246 0.0155 108.4 0,0208
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Table 60

The effect of Calirus and ethirimol on barlev vield

in the absence oif P.hordei and S.graminis.

Total dry weight of ears produced per plant{z.)

Treatment:1 milsten dressed
seed and ethir-

imol root drench.
6.24,5428,4.9,2.88,
5¢11,2432,3.43,547,
4.88,5.9,2.01,5.18,
4.6,3404,2.47,3.3,
2e75148,1.98,3.3,
248,2.8,4.,88,5.58,
4.1,5e4,2.%4,1.%,

3:1¢,747,3.3,3.52,

lleanss 3.700
Ilean no.

gars per 53.26
plant:

source of oul oY sgrares

variation
“reatnents 0.553
leplicates 60,0c8
Creatnent/
renlicetes 170,103

interacition
LTTOT

250,51

2 plants sprayed
with Calirus,
{BAS3170F)

3 control, plants
not chemically

treated,
3.8,3.0,2.39,3,.68,
Je2,4.03,4.5,3.62,

n7,2.52,307, 2.46,

!

4.24,545,3.11,3.5,
5.28,4.52,4.35,2.2,
5.18,10.8,3.12,2,22,

5468,345,7.72,1.6%,

2

£016,5.15,2.1, 1451,

2.56,3.72.
2,575 34682
5428 3.13
. wan square P test
2 G, 1795 0,85 n.s,
X 240022
T “eC351
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Developnent of mildew

liean perxcentage cover per leaf for each plot

C.V.

Treat—
nente

Date:

4 June

11 June
18 June
25 Juge
2 July

9 July

16 July
19 July
25 July

26 July

2¢25
6434
5.02

2.94
5.20
4.20

10.18
16.83
13.06

11.41
24.27
18471

25.13
22493
29,07

18.6¢
27.¢4
31.56

21,17
30.60
52418

25445
9e27
25.88

26414
27453
11.21

6.57

3170
16,42

Hidas

W

4.01
2.58
2485

350
5.90
5.13

13.72
18.97
11,02

12415
14,90
16.46

25.60
21.60
30.60

25.31
29.T7
35.635

21433
31.40
27,90

2¢ 42
3¢.08
32481

2%. 12
26423
15.44

8.38
12436
20,28

729
5.02
14.47

5¢55
5.68
21463

21.84
12.15
32.17

36418
24420
37.83

34463
24.50
42,10

36060
350 OO
55.05

33.94
38.2¢
51.1¢6

42.14
365
54,86

55.00
51.57
4G.42

47.25
5eat2

42,50

Zephyr

wil

Je54
T.8%
15,61

4.55
2,00
10,68

25.85
21.15
29499

30442
23430
30,90

42,25
35,33
27.78

3G.79
42.00
44,61

45.28
45,00
344715

4S.43
56409
42,36

Joe54
40.30
2. 10

52.00
L;'-Oo “_‘1

25.00

Julia

8,01
2468
8. 17

5.04
2. 71
9.05

26400
20.75
13.70

23458
18,00
50435

33.92
32,94

[ Do

45,53

28,6¢
35.31
41.88

51.83
35475
44,50

41.04
37.59
42411

444,00

Se38
56,63
45.00

47,82
28413
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Table 62 Development of mildew on flag leaves,

iiean percentage cover psr leaf for each plot

Date: 2 July 9 July 16 July 19 July 23 July 26 July

tidas 0.08  0.58 1.25 1.67 0.92 0.65
4 0.00  0.00  0.17  0.42  0.50 2,17

0,00  0.25 1,00 0.85 2,50 2.31

B 0.33  0.75 0.93 1,25 0.50 0.50

0.00 0,33 7.50  10.08 6433 4,17

0.16  1.08 4,92 3.75 2450 2.50

Zephyr 4.35 5.58 7.83 15.58 15.83 30,50
A 4.25 8,00  14.58  18.33  40.63 30.85

0.0S 0.83 7.50 8:33 8'75 7050

B 5.55 5,92  11.67  15.42  i2.50 8413

1.50 2.8 7.08  13.33 13,50 16.25

0.00  3.353  12.92  15.3%3  13.50 15.00

Julia  2.53  5.42  6.92 12,08 12:50. 19,00
A 2,30  6.17  8.75  10.50  15.00 5,00
0.16 025 6.75  17.03  10.50 6,25

B 2,07 7.35 20,5 28,75 23,50  37.50
1.35 3.00 iT52 27,00 40,00 13433

58 7.33 10,50 15,08 18475 15.00

A = Trestment 1 (mildew oniy )

w
1

= Yreatuent 3 {nildew and rust ;
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Table 63 Developuent of mildew on leaf 2

Jiean percentage per leaf for each plot

Date: 9 July 16 July 19 July 25 July 26 July
Midas 7.92 10.08 16.57 15.00 12.50
A 5.08 6.67 7.55 .58 1417
12.75 17.83 16,17 19,92 21.67
B 10,02 15,17 21.25 18410 16425
8.50 17.25 25.50 20.92 15,42
15.75 15,58 17.92 18.00 20.85
Zephyr 31.83 38,75 47,08 54.17 64,00
= 28,08 35,80 45,00 62,50 35,00
46.67 64,58 65.75 72.08 77450
B 52,92 34,50 11,65 45,50 21,25
50471 56,53 62.50 5617 £5.00
55,83 74,58 64.53 56.25 30.00
Tulia 36,53 42.08 51,925 64.58 85.00
A 40.83 21.25 61,67 55,50 76.55
30,65 37450 50.00 48,41 63.75
3 28,42 45,00 53,53 62,50 52.50
35,42 45.58 54,17 75,75 82,50
40.83 43.30 42,75 54,50 41.25

4
P3N

il

Treatment 1 {mildew only)

B = Treatment 3 (iaildew and rust)
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Table 64 Development of nmildew on leaf 3

Lieen percentage cover of mildew,3 replicates of 6 leaves.

Date: Treatnent 1 Treatment 3
(nildew only) {mildew and rust)
liidas Zéphyr Julia Iidss Zephyr Julia
11 June 0.22 4,64 2.82 0.11 2.58 7627
18 June 3.92 24,50 37,60 4.45  19.83 35.40
25 June 11.97 47.2 37.60 10.90 39.90 54.80
2 July 28.50 58.60 66,10 29.30 65,80 73.00
9 July 39.20 64.90 73,00 30630 T4eCO  T4400
16 July 41.40 63.30 7T75.30 44,50 78,40 85.00
19 July 58.30 68.90 72.50 57.20 78.40  62.50
23 July 67.50 - - 48.40  90.00 -

Table 65 Development of mildew on lesf 4

lican percentage cover of nildew, # replicates cof 6 leaves,

Date: Treatnent 1 Treatzment J
(mildew only) (nildew and rust)
kidas  Zephyr Julia rddas  Zephyr Julia
4 June 0.34 1,22 0.70 0.16 0.75 0.39
11 June 8.30 i4.10 11,67 8.7¢ 18.70 12,20
18 June 24.10 46.40 51.30 24,00 48,50 45,20
25 June 27.10 62,30 67,50 3C.30 69,50 79,20
2 July 52.00 60,00 85.00 53.30 78,20 £0.00
S July 50.00 52,50 - 56.10 85,80 -
16 July 48,30 - - 53.00 - -
1% July 58.00 - - 62.50 - -

-~ = leaves senescent
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Table 66 Developuent of rust

lican percentagze cover of rust per leaf for each plot.

ilidas Zephyr Julia
Treatment: 3 2 3 2 3 2
Date: '
2 July 0.00 0.00 0.00 0,17 0.00 0.04
0.00 0.00 0.00 0,17 0.00 0.00
0.00 0.35 0.00 0.17 0.00 0.00
9 July 0.00 0.00(YR) 0.00 0,93 0.00 0.23(IR)
0.0 0.43 0.00 1.29(¥R) 0,00 1.10(YR)
0,10 0.9 0.10 3.13(YR) 0.00 0.27
16 July 0.46  1.15 1.52 6,13 .0.17 0455
1.00 4.65 0.81 4.92 Ve21  1.C2
1.02  4.46 0.78 6,94 0.h2  1.81
19 July 271 403 2,08  6.38 067 3.11
2sbd 9.60 2,170 1.1 0.88 3.96
2.61 9,52 1.70 18,33 1.22 4,38
23 July 2.34 4.78 2,08 11.12 0.15 2.61
4,00 15.89 2.27 14.72 0.44 4,02
4.50 15.359 3020 27.84 2.08 5.590
26 July  5.77 9.21 5,00 10.94 1.12  3.88
To06  33.67 5.6% 21.94 0.25 8,75
10.56 26,00 5.25 %1.88 4.50 T.%55

YR = Yellow rust recorded present
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Table 67 Early development of rust

4

Number of rust pustules (total for 6 plants per plot)

Treatment 3 Treatment 2
(mildew and Tust) (rust only)
Date : 25 June 2 July 9 July 25 June 2 July 9 July
ilidas 0 1 68 0 14 115
15 225 1 52 1000
4 T 260 10 166 1555
Zephyr O 1 78 18 95 1265
3 12 143 5 g5 1718
0 10 255 20 192 4197
Julia O 5 22 0 48 188
1 7 0 19 522
> 59 0 12 500

Anslysis of variance to show cultivar differences

Treatment 3

Source of variation D F. 5.5. IS, Pt test
Cultivars 2 15254.,3  T7627.15 53,5657 *
Dage 2 86513.4 43256,20 20,222 o=
Replicates 2 9534.4 4667430

arror 20 2138.90

Total 26 166505.4 Sude = 1541

Treatnent 2 (rust only)

Source of variation D.FP. S.:3. H.S. ‘P test
Cultivars 2 115S45L.0 BTSTASLS 5.8332  ##
Date 2 b58&ari4,7 2034107.4 29,5216 ##
deplicates 2  537325.4 268562.7

srror 20 €8388.4

Dotal 26 10651464.5 S.5, % 32,25
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Table 68 Development of rust on flag leaves.

Mean percentage rust per leaf for each plot
at each assessnent date.

Date: 9 July . 16 July 19 July 23 July 26 July

A 0.00 0.83 2.25 4.58 5.17
0.00 1.33 3+75 5.58 9.17
B 0.00(YR) 0.33 1.92 4,90 8413
0.00 1.83 5.50 7.08 18450
0.00 1.42 6.83 10.75 15.00
Zephyr 0,00 1.08 2433 2.67 4,25
A 0.00 1.17 3.00 3.30 2.25
0.00 1.00 2.92 2.90 5.00
B 0.00 0058 2.17 4‘033 8.25
0.00 1.83 4467 9.17 10,83
0.00 2.75 10.83 16,67 25475
J‘lllia. 0.00 0.17 0058 0030 2-25
A 0.00 0.25 117 0.75 0.50
0,00 1,00 1.42 2425 5.00
B 0.00(YR) 033 175 0.92 1.50
0.00 0.08 1417 1,00 13.75
0,00 0.08 0.92 1.G0 2.90

A = Treatment 3 (rust and nildew)

w
!

= Treatment 2 (rust only, nildewv controlled)

YR = Yellow rust present
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Table 69 Development of rust on leaf 2(flag leaf=1)

Ilean percentage rust per leaf for each plot

on each assessment date

Date: 9 July 16 July 19 July 25 July 26 July

Midas  0.00 1,17 4,00 2.60 5.13
A 0,00 1.17 3425 6442 8,50
0.17 1.00 3.92 6425 10.00
B 00 0,67 3,83 3483 7.00
0,17 3433 10.83 14.58 32,50
0633 3450 10,00 16.67 33,00
Zephyr 0,00 1458 2.67 1.50 5.75
A 0.00 0692 2,50 2450 5,00
0.50 0.85 2,17 3450 5455
B 0,00 C1.T5 6633 17,92 13,13
1,00 4450 13.33 18.75 25,00
2.33(YR) 6,50 21.67 34,00 40,00
Julia 0,00 0.34 0.75 © 0,00 0.00
A 0,00 0.17 0.58 0.18 0.00
0.00 0.42 1.75 1,90 4,00
B 0,00 0.86 5,08 2.67 6425
0.00(¥R) 1.08 3.57 417 13.50
0.17 2,50 4450 4460 11.30

A = Treatment 3 (rust aad nildsw)

o)
i

Treatment 2 (rust only, mildew controlled)

YR = Yellow rust present
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Table 70 Development of rust on leaf 3

Percentage cover of rust, mean of 3 replicates

each of 6 leaves.

Trea%ment 3 Treatment 2

(rust and mildew) (rust only,mildew controlled)
Date: lidas Zepayr Julia lidas Zephyr Julia_
2 July 0.00 0.00 0.00 0.17 0.17 017
9 July 0433 0.00 0.00 1776 4,17(YR) 0.50(¥R)
16 July 0.98 0.71 0.04 500 10.61 2.14
19 July Te27 0.75 0.50 10.96 16.67 5.8
23 July 0.97 1,00 - 14.72 16,25 6.7

-~ Leaves senescent

Table 71 Development of rust on leaf 4

Percentage cover of rust, mean of 3 replicates

each of 6 leaves.

Treatment 3 Treatment 2

(rust and nildew) (rust only mildew controlled)
Date: iddas Zephyr Julia Fidas Zephyr Julia
2 July 0,00 0.00 0,00 0.03 0.00 0.00
9 Juy 0.05 0,00 - 0.74 2.18 0.36
16 July 050 0.00 - 4,09 5.85 2.88
19 July 125 - - 8,14 5,00 525

- Leaves sencescent.
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Table 72 Development of rust on leaf 2

2 a

Hean no. pustules per cm Hean area of pustules(mm2)o

iidas A 67.1', 92.1, 13249 0004, 00034, 0.037
B 104.7, 241.8, 208.2 0.043, 0,043, 0.048

Zephyr A 113.7, 144.9, 106.6 0.035, 0.032, 0.036
B 151.3, 231.3, 236.2 0.050, 0.041, 0.045

Julia A 53.2, 41.6, 80.5 0.034, 0.028, 0.029
B 91.8, 897, 1171 0.058, 0.040, 0.036

A = Treatment 3 (rust and mildew) B = Preatment 2 (rust only)

& _ Values are means of 25 recordings

b

Values are means from 50 pustules

Table 735 Disease development on late tillers

iiean % cover of nildew tlean ¢ cover of rust
on Ilag leafT on flag leaf+
Tregtment: 1 > ) 2
(mildew  {nildew and (mildew (rust
only) rust) and rust) only)
Iidas 6,00 0.17 20.8 50,0
10,00 0.00 29.0 3843
4,50 0.00 26,0 310
Zephyr 3.63 0.20 10.0 14.0
2.70 4.00 7.1 9.0
270 2.90 8.5 12.1
Julia 750 2.30 2.1 12.0
5.00 4,00 Ted 1541
6650 2450 10.7 18.7
T

ilean fron 5 plants
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Table 74 Field Trial 1974 Silwood Park.

Yield of grain per plot (Kg)

(corrected for ¢ moisture content)

Treatment: lildew only Rust only Mdildew and Heither

rust disease
1idas 251 2.25 2.19 2,78
5,04 3.08 2.81 5476
5,08 2.61 3o 11 5426
Zephyr 1024 2.21 1.62 2.38
2,17 2439 2,10 2.61
1.51 2,33 1,49 2435
Julia 2419 2.14 157 2.26
2,33 2,36 2470 2.85
2,02 2.88 2,17 5402

Liean percentage yield losses due to rust and mildew

iidas- 12.54 18.9% 17.10 —
Julia 20.70 9.25 20.70 -_

Analysis of wvariance: Plot yields 1974

Source of D.F, Sum of Hean TP test
variation squares square
g
Treatments 3 2.143 0.7142 10617
. . n . %
Cultivars 2 4,269 2. 1244 32.19
¥t
Blocis 2 2,021 1.,01056 15.24
Cult.X Tree 6 0.657 0.1095 1465 .S,
aviaents
Yrror 22 1.458 0,0663

Toval 35 10.548
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Table 74 (continued)

Further analysis Plot yields 1974

Analysis of variance - Treatments

Source of D.F., Sum of Ilean I? fest Probab-

variation squares square ility
”H*

Iildew T 1.6329 146329 24,63 0,1

Rust 1 0.3071 0.3071 4465 5¢

iiildew x 1 0.2027 0,2027 3405 n.s., 10%

rust

Error 0.0663

Total 3 241426

Duncans lumltiple Range Tesbt. (57)

Treatnent llean yield(XKgz)

Zephyr nildew only 1.641

Zephyr mildew + rust 1.759

Julia mildew + rust 24147 T
Julia mildess only 2.176

Zephyr rust only 2.311

Zephyr neither disease 24445

Julia rust only 24460 Ly
iidas rust only 2,646

iddas rust + mildew 24705

Julia neither disease 2.711

iidas mildew only 2,876 T
iidas neither disease 3.265 _l

Analysis of wvariance - Treatments of each culiivar.

Source of D.=. P! values
variation lidas  Zephyr Julia
tH1dew 1 1,97  7.28" 78,96
Rust 1 11,16 0,02 0455
Hildew x st 1 3455 Ue20 0.04

% *
Blocls 2 14.37 0.11 6.69

Values significant at P< 0.05; 0.01; and 0.001 denoted by *, %%, and

#®¥% respectively
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Table 75 TField Trial 1974 Silwood Park.
1,000 grain weights (g.) per plot.

Treatments: iHldew Rust IGldew Hleither
only only and rust disease

HHidas 32.33 31.53 31497 36,50
26,17 31425 3117 36633
30.07 30.50 28.73 35.17

Zephyr 3557 36,10 33490 38.77
31.20 34.€0 31.10 38.43
33.37 33.47 51403 38.97

Julia 31.27 53.E80 33,63 41,23
54.717 3770 37,00 38.70
35.03 356.00 34,47 41,63

Analysis of variance

Source of D.7, Swa of ilean tPtest Probab

variation squares square ility

Treatnents ) 76,183 28,002 52,00 0.1 3

Cultivars 2 3561177 174559 52.50 0.1 %5

Error 6 3.2419 0.540

Total 11 114,543

Fuxther analysis, separation of Treatnent voriaztion

IHldew 1 43,2804 48,2804 82,358 0.7 %

Rust 1 10.2121 1C.2321 18,0008 1.0 <

1dldew x rust 1 17,6904 17.6904 32,7418 1.0 =%

Treatment variation on individual culiivars.

Source of 'Y yaiues Gdas Zevhyr Julia

variation

Iildew 75227 4137 19,012

c 3%

Rust 22.109 17.535 1.97%

Iildew x rust 54.977 4,096 105407

Blocks 9.897" 44096 1.599

F values significant at 2 0.05, 0.01 and 0.001 denoted by %, *# and

respectively.
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( Mean of 2 replicates from 3 plots )

Treatnent:

Zephyr 2.8
245

242

<2.2

Julia 2.8
2.5

2.2

< 2.2

Analysis of variance: Teignt of

250

Sieve tests on dried grain.

IHldew

only

6,98
41.14
54418
17.69

14.51
40.63
27.69

1717

11.52
42464
29.13
1671

Source of
variation

Treatuents

Culvivars

Treat x cult.

(A NV I S}

L

sumned,

Sun of
squares

48444520

eparziion of 1

Rust
only

6.08
35437
35.94
25,94

11.95
38440
27.57
22,07

i8.00
42,63
23,50
15.87

*

groin in gi

Weight of grain retained by each sieve

iAldew

and rust

575
40447
334351
19.14

12,01
40,24
28,46

19,50

14,09
43400
28,05
14.89

ves 1vand 2(2.8 % 2

PrteTest

24 176
16.815

Liildex

Y S
Ryt

1dldewr » rust

-

9.398
35563

236744

O
.
(8}}
o
v\

\J‘
»

Wi
(o)

W]
<

N
Gy
o

Neither

disease

8.02
40.81
32.04
19.12

14.61
41,58
25.19
18427

22454
43e21
20,83
15443

Probai—

ility.

NleSoe
1.04
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Table 77 Field Trial 1975, disease assessments,.

Mean % cover of mildew per leaf, July 1975,

Treat- 4
ments: Mildew only Rust only Hildew and rust HNeither disease
Date: T 14 21 A 14 21 T 14 21 T 14 21 July

Midas 26T 450 5480 0.0 0ei4 0,00 5.9 1549 .28 0.4 0.07 0.5
349 842 4.9 0.5 1.8 0.4 12.6 2248 29.9 0.1 1.2 1.0
1246 38.4 20.4 3.8 11.8 547 2.9 8¢5 1.0 0.0 0.2 0.0

Zephyr 21-8 41.3 25.5 0.2 0.7 000 1306 1407 2501 003 0.3 2.0
31.9 49.6 21.9 140 4e1 0.3 5.6 39.3 23.4 0.6 4.9 0.0
14e1 372 23.2 13,7 35.7 187 19.8 38.2 26.5 0.1 5.0 0.0

Jhly 505 13.8 1903 Tel 309 109 1107 272 1531 005 1.96 0.0
4.6 10,2 2.8 Ol 03 3ol 15.5 2946 18,6 2.0 5.7 0.0
11.9 31,3 27.9 0.9 2.0 9.7 12.5 42.5 25.2 0.0 1.1 1.0

Analysis of wvariance.

Source of variation t¥tvrajues
Date: 7 14 21 July.
Presence of rust 0.039 0.007 0.276
3 3%
Cultivaxr 5.0¢0 4.519 5451
S.E.L 34483 6,763 5,445

Variance ratios (F) significani at P < 0.05 d<noted by *.
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Table 78 Field trial 1975

Hean rust pustule no.per leaf on 7 and 14 July;

mean % cover on 21 July.

Treat-
ments:
lMildew only Rust only Lildew and rust Heither disease

Dates T 14 21 T 14 21 T 14 21 T 14 21

Midas 15 0433 0.5 0.7 1.44 0,17 0.85 0.13 0,42, 0.40 0,23 0.5
0.5 044 0,08 1.8 0,73 1.92 0.07 0,23 1416 0.1 1.0 0.5
0.1 0.5 0673 16 1.6 5.36 0,09 C.22 243 1.1 0.61 0.0

Zephyr 0.0 0.06 0.0 1.0 0,07 1.6 0.0 0.13 0.15 0.17 0,06 0.5

0.0 0.06 0,06 2,7 1.3 5.68 0.4 023 1,35 0.4 0.07 0,0
0.0 0,33 0u13 064 1.7 4a2 0.17 0,33 CaT1 0,17 0,30 0.0
Julia 0,16 0.0 0.0 0.2 0,05 0.32 0.1 0.0 0.0 0.61 0,17 0,5
0.11 0.11 0.0 0.1 0,0 2.25 0.11 0,0 0.12 0.22 0.2 0.5

0425 0.1 0.16 0.6 0,06 0.06 0.17 0.06 0.0 0.5 0.4 0.5
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Table 79 Spore Trap Data 1975.

Total spores collected over three weeks,

T to 28 July.

Treatment: Hildew only Rust only ildew and rust Neither disease.
A, B Al B A . B A B
Hidas 32 740 96 480 108 480 75 292
54 606 124 404 152 612 64 536
64 505 26 372 116 236 68 428
Zephyr 64 658 84 380 52 344 48 260
56 468 104 248 56 620 32 376
124 328 224 372 36 420 28 132
Julia 48 308 44 220 12 416 40 212
64 598 356 244 32 172 48 268
16. 132 236 256 20 184 32 144
Analysis of variance A, Uredospores B. Conidia
Sun of lfean ‘[ Sun of llean tE
Source of variation DF. gqueres square test squares  squire  tvast
Dreatments 3 24635.9  8211.0 4.68% 128179.6 42726.5 2.416 n.s.
Cultivars 2 T684,7 3342.3 2.19 211418.0 105709,0 5,98%
Blocks 2 5480,7 2740.3 1.56 172442,0 86221.0 4.875*
Treat x cult. 6 16389, 1 2731.5 365171 6086.2
Error 22 1724.3 17687.8
Total 35 92786.9 937687.9
Separation of treatment variation; Uredospores, Probab-
ility
Hildew 1 3885.4 388544 2,215 n.s. 20
liildew x rust 1 4721.0 14721.0 8,391%* 1%
Brror 1754.5

* values significant at P < 0.05.
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Table 'eg' Meld Trial 1975 Spore trap data.
Treat—
ments lildew only hust only idldew-and rusi Ileither disease
7 - 14 Uredo—- €onid-~ Uredo- Con TUredo- Conid- Uredo—~ Conids
July gpores ia spores idia spores ia spores ia
iidas 20 420 24 248 0 140 16 240
36 240 20 348 24 228 8 224
4 120 32 192 4 180 16 - 288
Zephyr 0 440 12 204 8 172 32 168
0 248 8 308 12 212 32 88
28 120 12 184 4 72 16 200
Julia 8 1%% 0 260 4 120 0 124
32 378 4 &0 0 180 8 100
0 100 0 88 4 84 36 144
14 - 21
July
Iiidas 8 152 32 108 24 40 24 128
12 140 36 140 8 188 4 120
12 40 48 28 24 148 40 56
Zephyr 8 126 4 76 4 44 24 152
44 180 44 92 8 44 16 124
40 152 12 136 4 28 16 100
Julia 4 20 0 100 8 52 28 48
24 120 4 48 12 40 12 56
0 20 4 56 8 32 140 T2
21 - 28
July
Iiidas 4 188 52 124 52 112 56 112
a8 224 ¢6 124 352 120 12 50
48 12 36 16 40 100 40 28
Zephyr 56 Q2 36 64 36 44 28 60
12 40 4 220 12 120 56 36
56 116 12 100 20 32 192 T2
Julia 36 ) 12 56 28 40 16 48
8 100 24 G4 36 48 16 83
16 i2 16 40 20 28 60 40
fnalysis of variance jredosvores 'P'values Conidia '¥'values
Source July T=14  14=2i 21-28 =14 14=21 21-28
Treatuents 1607  1.330 24256 1899 1.164 0,842
Cultivers 1,936 0,050 1.875 24475 5.752 24650
Blocl{S 00605 1.326 Oo[’r17 2-680 2‘223 3.172

-~

value significant at P = 0.01 indicated by =+
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Table 8] Field trial 1975.

Yield (Kg) per plot corrected for % moisture content.

Treatments: Mildew only Rust oaly Ilildew and . . Neither disease
st
Midas 1.80 2,86 2,52 4422
3654 4.19 3622 37T
4,13 4,28 1.72 3688
Zephyr 1.74 2.00 1.29 2e71
2.40 2,63 1.88 2.46
1.43 2.87 1.54 2.64
Julia 2.56 304—8 2-74& 2993
2088 2241 2,20 2.99
2.44 2.42 2435 2.82
Table 82 1,000 grain weights(g.), mean per plot.
TPreatments: Ilildew only Rust only lildew fleither
and Tust diseass
35.8 35.3 34,3 6e1
34,8 3543 3463 35.1
Zephyr 35.8 35.7 3344 5643
34,1 56.0 34.9 351
35.0 3443 3442 35.5
Julia 35.4— 38.2 36:9 3708
3781 3762 3647 27,0

35.9 3843 34.7 3T.4



Addendum.

LARGE. C. B. (1954). Growth Stages in Cereals.
Plant Pathology 3 128 - 129.

MANNERS, J.G. & HOSSAIN, S. M. (1963). Effects of
humidity on conidial germination of E. graminis.
Transactions of the British Mycological Society 46 225-23k4.

temperature and




