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Abstract

Interactions betweeStagonospora nodorurand Septoria tritici were studied. Results from a detached glume
experiment indicated that the interaction may be isolate—dependent, as it was shown that the interaction between the
two pathogens may be beneficial or antagonistic depending on the isolate of each pathogen present. The number of
spores produced by both pathogens was significantly greater when an aggressive isolatgafvas mixed with

a non-aggressive isolate 8f nodorumwhereas the number of spores produced by both pathogens was significantly
less when two non-aggressive isolates were mixed. There was a significant reduction in disease |IeSetniticen

was applied prior t&. nodorumcompared to vice versa in the growth chamber. Results from growth chamber
and field studies showed th&t nodorunproduced significantly more spores when both pathogens were present
together. It is concluded th& tritici has a stimulatory effect on spore productionSynodorumHowever, there

was a reduction 08. tritici spores observed in the dual inoculation treatments, suggesting.thatlorumnhibits

S. tritici.

Introduction occur. There have been many reports showing interac-
tions betweels. nodorunor S. tritici and other organ-
Most cereal pathology research has involved the study isms (Brokenshire, 1974; Madariaga and Scharen,
of single pathogens in isolation. However, in natural 1986; Spadafora and Cole, 1987; Adee et al., 1990).
environments microorganisms rarely grow in total iso- However, reports on the possibility of an interaction
lation from each other and the success of a particular occurring betweers. nodorumandsS. tritici have not
organism may be influenced by the metabolic activ- been conclusive. It has previously been reported that
ities of others. It has been shown that plants attacked S. tritici has a stimulatory effect o§. nodorumin
by one pathogen may be predisposed to attack terms of symptom expression and spore production
by a second unrelated pathogen (Yarwood, 1959). (Jones and Odebunmi, 1971). However, the typical
Septoria tritici Roberge in Desmaz. [teleomorph: blotching symptoms caused I8/ nodoruntended to
Mycosphaerella graminicolgFuckel) J. Schit. in mask the less obviousS. tritici symptoms. Harrower
Cohn] andStagonospora nodorurtBerk.) Castellani (1978) suggested tha. tritici compensates for its
and E.G. Germano [teleomorphPhaeosphaeria  relatively weaker colonising and disruptive ability
nodorum (E. Miller) Hedjaroude] share a common by increasing the number of propagules available for
host; therefore situations may occur in which the two dispersal wherS. nodorumis present, and claimed
organisms come into direct contact with each other, thatS. tritici may have a greater colonisation ability
thus providing an opportunity for an interaction to when the leaf tissue is already necrotic as a result
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of S. nodoruminfection. Jenkins (1978) found no at 18°C under continuous white light. After 21 days,
evidence for an interaction betwe& nodorumand 9 glumes per treatment were macerated in 15 ml water,
S. tritici, and recorded that the amount of disease on filtered through sterile muslin, and the number of spores
leaves inoculated with bot8. tritici and S. nodorum of each pathogen counted using a haemocytometer. The
was approximately equal to the amount of disease de Wit replacement series (de Wit, 1960) described by
on leaves infected with either pathogen alone. How- Adee et al. (1990) was used to determine if there was
ever, Jenkins (1978) noted a decrease in the levelan interaction betwee8. nodorumandsS. tritici. The
of S. nodorumon plants previously inoculated with  relative spore yield (RY) of each pathogen (yield in
S. tritici, although the decrease was not significant. the mixture divided by yield when present alone) was
Jenkins and Jones (1981) reported no evidence for ancalculated and then plotted against the input propor-
interaction betwee®. nodorunmands. tritici in terms tion (100, 50 or zero). The RY of each pathogen when
of symptom expression, although the yield reduction present alone (100%) was equal to 1.0 and the other
was less when both pathogens were present togethelRYs were calculated with reference to this; at each
compared to either pathogen alone. Suparman (1994)input proportion, the sum of the RY gave the relative
showed the incubation period 8f nodorunincreased yield total (RYT). The shape of the RYT line reflected
when the pathogen was mixed wigh tritici. the interaction between the two pathogens in the
Interactions between organisms have been studiedmixture. The data were analysed by paired comparison
using a number of techniques, including tests of r-tests, which compared observed RYs with expected
inhibition in vitro (Skidmore and Dickinson, 1976), RYs using a null-hypothesis model, in which interspe-
microscopic observations of hyphal interactions cific and intraspecific competition were equal.
(Skidmore and Dickinson, 1976; Lewis et al., 1989)
and visual estimation of disease symptoms. The pre-
dominant sterol component of most fungi, ergosterol,
has been used to measure the level of fungal biomass

in plants by many researchers (Ride and Drysdale, heat plants (cv. Riband) were maintained in a
1972; Seitz et al., 1979; Griffiths et al., 1985; Parker 9rowth chamber (10 plants per pot) using a 16 h light

and Royle, 1993; Gunnarsson et al., 1996). In the €YCle (16°C, 60% RH) and 8h dark cycle (12,
present study, the level of ergosterol in infected plant 89% RH) for 21 days (photosynthzetﬁ: photon flux
tissue together with several other tests were useddensity was approximately 3%Em™*s * measured
to determine if an interaction can occur between DY automatic light measure of a Cifagarkinson

S. tritici andS. nodorumunder controlled experimental ~ L€af Chamber, PP Systems). Prior to inoculation,
the youngest fully expanded leaf of each of the 10

Growth chamber experiments

conditions. ) ; )
plants was fixed horizontally onto bent polyacrylamide
plates with unbleached cotton string according to
the method of Jgrgensen et al. (1996). Inoculum of
Materials and methods S. nodorum(isolate N1) andS. tritici (isolate T1)
was produced as described above. Four replicates
Detached glume experiment were inoculated using a fine-mist atomiser with 20
ml S. nodorum(1C®® spores mi') and 4 days later
Nine glumes from winter wheaT(iticum aestivunt..) with either 20 mlIS. tritici or water. Four replicates

cv. Riband were placed with their adaxial surface were also inoculated with 20 n8. tritici (10° spores
facing the upperlid in 9 cm Petri dishes containing 0.5% ml~?) and 4 days later with either 20 . nodorum
water agar supplemented with 1.5 ml kinetih [Three or water. After each inoculation, the plants were cov-
replicates were used for each treatment. Each glumeered with clear polythene bags for 48 h. The leaves
was inoculated with a 10 ml droplet of a spore suspen- were assessed for % disease severity 19 days post-
sion (1G spores mi?) of eitherS. tritici (T1 and T2), inoculation (d.p.i.). AsS. tritici did not produce typ-

S. nodorunfN1 and N2) or an equal mixture of the two ical necrosis in the growth chamber, the parameter
pathogens. Inoculum was produced on Czapek Dox used to assess disease severity for this pathogen was
V-8 (CDV-8) agar incubated at & for 14 daysunder % area covered by pycnidia whilst % necrosis was
a light cycle of 12 h near-ultraviolet (NUV) light/12h  assessed fd8. nodorumin this way, disease severity
dark (Cooke and Jones, 1970). Glumes were incubatedcaused by both pathogens could be distinguished.
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At the termination of the experiment, the leaves were S. tritici (T1), or 50ml of an equal mixture of
macerated in 10 ml water which was filtered through S. nodorunands. tritici. Seven days later, plants pre-
sterile muslin prior to counting the spores of each viously inoculated withS. nodorumwere inoculated
pathogen using a haemocytometer. The experimentwaswith either 50 mlIS. tritici or water, and those which
repeated 3 times, and the mean data calculated. previously receivedS. tritici were inoculated with
Two infected leaves from each replicate were either 50ml S. nodorum or water. After each
sampled per treatment on two occasions, 9 and inoculation, the clumps were enclosed within large
16d.p.i., for quantification of ergosterol levels. Two clear polythene bags for 72h. Percentage disease
leaves per replicate were cut and placed in teflon-lined severity was estimated on the flag leaves of 10 main
screw-cap test tubes containing 2 ml methanol. The tillers per replicate using the ADAS Septoria key
samples were stored at20°C in the dark prior to (Anonymous, 1976) 14, 21 and 28 days after the
ergosterol extraction from the leaves by refluxing first inoculation; no attempt was made to distinguish
and hydrolysation, followed by splitting of liquid between symptoms of each pathogen. Five tillers per
phases (Gunnarsson et al., 1996). HPLC analysis wastreatment were removed 33 days after the first inocula-
performed on a Spectraphysics liquid chromatograph tion to determine the number of spores of each pathogen
(Spectra System P200) equipped with a rheodyne present. Each tiller was cutinto small pieces and placed

injector and a 2@ loop. The ergosterol was sepa-
rated on a 106 3mm i.d. ChromSpher C18 (&m)
column with a 10x 2mm ChromSep guard column

into 250 ml flasks containing 50 mlwater and 2 drops of
cotton blue inlactophenol. The flasks were placed on an
orbital shaker set at 140 rpm for 30 min, the suspension

(Chrompack), and detected using a Spectraphysicsfiltered through sterile muslin, and the number of spores
variable wavelength spectrophotometric detector of each pathogen determined using a haemocytometer.
(Spectra SYSTEM UV-2000) set at 282nm. The The mean countof5tillers was used pertreatment. The
mobile phase was acetonitrile/hexane/2-propanol results were analysed using ANOVA and the means

(90/5/5, viviv) and isocratic elution took place at
Imlimint. The individual ergosterol levels for
S. nodorumand S. tritici were combined (SA- Str)
for comparison with the dual inoculation treatments

(Sn=Str and Str—Sn). The results were analysed

using analysis of variance (ANOVA) and the means

separated using Fisher's protected least significant

difference (pLSD) tests (STATVIEW v. 4.5).

Field experiment

Winter wheat (cv. Riband) was sown in microplots,
surrounded by 1 fguard rows of oats. Inoculum of
S. nodorunands. tritici was produced on CDV-8 agar
as described previously. In the caseSofnodoruma

6 mm plug from the leading edge of a recently isolated
S. nodoruntolony (isolate N1) was placed in the centre
of each CDV-8 plate. Inoculum @. tritici was pro-
duced by streaking from a recently isolat8dtritici
colony (isolate T1). After 14 days, the cultures were
mixed with sterile distilled water (SDW) and the spore
concentration of each pathogen adjusted te 30°
spores mit. One drop of Tween 20 was added per
litre of inoculum to increase the wettability of leaf
surfaces, prior to inoculation. At growth stage (GS) 49

separated using Fisher’s pLSD test.

Results
Detached glume experiment

RY values and RYT lines for the interaction between
S. nodorun{N1 and N2) ands. tritici (T1 and T2) are
shown in Figure 1(a—d). An RYT line that remains at
1.0 results when the pathogen mixture is yielding in
proportion to the input. The RYT lines obtained clearly
indicate an interaction between the two pathogens. The
observed total yield (i.e. RYT lines) for the following
combinations: T1 and N1, T2 and N1 and T2 and
N2 was significantly lower than the expected total
yield (i.e. 1.0) calculated from single inoculations
(P < 0.05), i.e. concave downward. Concave down-
ward RYT lines (Figure 1a, ¢ and d) indicate stronger
interspecific rather than intraspecific competition, i.e.
antagonism (Adee et al., 1990). However, the RYT line
for the mixture of T1 and N2 was significantly greater
than the expected valueP( < 0.05). The concave
upward RYT line (Figure 1b) is indicative of a benefi-
cial effect of one or both pathogens on the other. The

(Zadoks et al., 1974) 4 replicates per treatment were RY lines show that there was a significant decrease in

inoculated with either 50 m&. nodorum(N1), 50 ml

the number of spores @. tritici when T2 was mixed
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Figure 1 Detached glume experiment. Relative spore yield3.dfitici (T1 and T2) ands. nodorun{N1 and N2) on cv. Riband 21 d.p.i.

The interactions between (a) T1 and N1, (b) T1 and N2, (c) T2 and N1 and (d) T2 and N2 are shown. The spore yield of each pathogen
alone is given a value of 1.0 and the RY (relative yield) when the pathogens are mixed together (50% input) is expressed as a proportion
of this value. The RYT (relative yield total) is calculated by adding the RYs of the two pathogens together. The pathogens are expected
to yield in proportion to the input of each; therefore the expected RYT is 1.0 (i.e. when there is no interaction).

(50% input) with N1 (Figure 1c) and N2 (Figure 1d) Growth chamber experiment

compared to the expected valug (< 0.001). The

number of spores db. tritici was significantly higher ~ Disease severity was estimated by assessing % necro-
when T1 was mixed (50% input) with N1 (Figure 1a) sis (for S. nodorurhand % area of the leaf covered
and N2 (Figure 1b) compared to the expected value by pycnidia (forS. tritici as S. tritici did not always

(P < 0.001). The number of spores 8f nodorunwas produce necrosis in the growth chamber) and the results
significantly less than the expected value when N1 was are presented in Table 1. Wh8nnodorunwas present
mixed (50% input) with T1 P < 0.001) (Figure 1a); alone (Sn) and wheS8. nodorunwas applied prior to
however, the number of spores of N1 was equal to the S. tritici (Sn—Str) there was significantly more necrosis
expected value when mixed with T2 (Figure 1c). The compared to the other treatmen#s & 0.01). There

RY line for N2 shows that the number & nodorum was less necrosis whe nodorunwas present alone
spores was significantly greater than expected when (Sn) compared to th8. nodorunfollowed byS. tritici

N2 was mixed with T1 P < 0.05) (Figure 1b) and treatment (Sn-Str); however the difference was not
significantly less than expected when mixed with T2 significant. S. nodorumproduced significantly more

(P < 0.01) (Figure 1d). spores wherS. tritici was applied prior to (Str—Sn)
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Table 1 Growth chamber experiment. Mean % necrosis and number of spdsesoflorunand
S. tritici 19 d.p.i (standard deviation in brackets)

Treatment % Necrosis _ Number of spores 10’k 50,000)
Inoculation 1 Inoculation 2 S. tritici S. nodorum
S. nodorum  Water 70.5(4.2) 0.0 (0.0) 8.5 (0.6)
S. tritici Water 26.4(3.3) 55.8 (6.7) 0.0 (0.0)
S. nodorum S. tritic{Sn — Str) 72.5(13.3) 1.8 (0.9) 46.7 (4.1)
S. tritici S. nodorun{Str—Sn)  45.5(8.8) 8.5 (1.3) 12.6 (1.7)

or after (Sn—Strp. nodoruntompared ts. nodorum Field experiment
alone (Sn) £ < 0.05). However, there were sig-
nificantly more S. nodorumspores produced when The mean % necrosis produced by the treatments
S. nodorumwas present prior t&. tritici, compared at three assessment dates is presented in Figure 3.
to vice versa P < 0.01) (Table 1). There were Overall, treatment 4 §. nodorumapplied prior to
significantly moreS. tritici spores produced when S. tritici) produced significantly more necrosis than
S. tritici was present alone (Str) compared to the other the other treatmentsP( < 0.05). Dual inoculation
treatments £ < 0.001); however, there were sig- treatments produced significantly more disease com-
nificantly more spores produced (8. tritici when pared to either pathogen alone R (< 0.05). The
S. tritici was applied prior t&. nodorumcompared to results of tiller washings are presented in Table 2;
vice versa P < 0.001) (Table 1). S. nodorumproduced significantly less spores when

Following ergosterol extraction, the peak areas of the pathogen was present alone compared to when
samples were compared with those obtained by direct S. tritici was also present < 0.01). The great-
injection onto the column of standard ergosterol solu- est numbers ofS. nodorumspores were produced
tions (0-3.5.g mI~*). The concentration of ergosterol whenS. nodorunwas applied prior t&. tritici. There
was expressed agg per leaf and the results are were significantly mor&. tritici spores produced when
presented in Figure 2. The level of ergosterol was sig- S. tritici was applied prior t&5. nodorumcompared
nificantly higher whers. nodorunwas applied priorto  to the other treatments?( < 0.001); however, there
S. tritici compared to vice versa(< 0.01). The level were moreS. tritici spores produced whe8. tritici
of ergosterol increased significantly (< 0.001) for was applied prior t&. nodorumcompared to the other
all treatments at 16 d.p.i. (Figure 2). treatments £ < 0.01). However, there were signifi-

cantly moreS. tritici spores produced whe®. tritici
was present alone (treatment 3) compared to treatments

. 4 (S. nodorumapplied prior toS. tritici) (P < 0.05)
o [] swesw and 6 (a mixture of5. nodorumandS. tritici applied
i = N soese prior to water) ¢ < 0.01).
, m]m Str- Sn
- Discussion

When two plant pathogens are present on the same

host, the interaction between them can be expressed as

predisposition, antagonism and/or predation. Many of

the effects of interactions between plant pathogens are
) \ mediated by the host plant; following infection by one

0 j ’ organism, the host plant tissue becomes more or less

susceptible to another organism (Yarwood, 1959). The

Figure 2 Growth chamber experiment. Mean ergosterol con- Objective of the present study was to determine if the

tent (tstandard error) in wheat leaves 9 and 16d.p.i. with presence db. nodorunaffects disease development by

S. nodorun{Sn) andS. tritici (Str). S. tritici and vice versa.

Ergosterol (ug leal™)
1

9dpi 16d.p.i
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Figure 3 Field experiment. Mean % disease severiystandard error) at the first (14d.p.i.), second (21d.p.i.) and third (28d.p.i.)
assessment on cv. Riband leaves inoculated with e8heitici, S. nodoruma mixture ofS. nodorunandsS. tritici or water and after 7
days, inoculated with eitheS. tritici, S. nodoruma mixture ofS. nodorunmands. tritici or water (dp.i. = days after first inoculation).

Table 2 Field experiment. Mean number of sporesSfnodorumandS. tritici
33d.p.i (standard deviation in brackets)

Treatment Number of spores 101h(x50,000)
Inoculation 1 Inoculation 2 S. tritici S. nodorum

Water Water 0.0 (0.0) 0.0 (0.0)

S. nodorum Water 0.0 (0.0) 1.8 (0.6)

S. tritici Water 4.1 (1.3) 0.0 (0.0)

S. nodorum S. tritici 2.8 (0.9) 7.3 (1.7)

S. tritici S.nodorum  9.5(1.3) 5.0 (0.8)

S. nodorum¢ S. tritici  Water 2.4 (0.5) 4.0 (1.8)

There have been several recent reports where de Witwas significantly greater than the expected value i.e.
plots have been used to describe interactions betweenconcave upward. A concave upward RYT line is
pathogens (Adee et al., 1990; Newton et al., 1998). It reported to be indicative of a beneficial effect of one
has also been reported that spore production represent®r both pathogens on the other (Adee et al., 1990). The
the total effect on pathogen multiplication of all com- number of spores produced by both pathogens was sig-
ponents of host resistance and is therefore considerednificantly greater when T1 and N2 were mixed and
to be a more useful estimate of interactions (Johnson significantly less when T2 and N2 were mixed. This
and Taylor, 1976). The de Wit analysis was used here to suggests that the interaction betweemodorunand
describe the results of spore counts from the detachedsS. tritici may be isolate-dependent. Previous experi-
glume experiment. The majority of the spore yield total ments (not reported here) have shown that T1 is more
(RYT) lines were significantly less than the expected aggressive than T2 and N1 is more aggressive than
value, i.e. concave downward, indicating a strong inter- N2. An aggressive isolate of one pathogen mixed with
specific interaction. However, one of the RYT lines a non-aggressive isolate of the other pathogen, such
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as T1 and N2, may give a different result to a mix- recorded great variation in levels of ergosterol and
ture of isolates of equal aggressiveness. The interactionpointed out the limitations of this method for quantita-
between the two pathogens may be either antagonistictive fungal biomass analysis in natural samples. How-
or beneficial depending on the isolate of each pathogenever in the present study, single-spore isolates were
present. A criticism of this study is that only a single used, inoculations were carried out at the same time,
mixture (50 : 50) was used; however, other experiments and the conditions were identical for all treatments;
(not reported here) using different proportions of each therefore the levels of ergosterol found represent accu-
pathogen in the mixture also showed an interaction rate values for treatments relative to each other. The
between the two pathogens, although it was shown level of ergosterol for Ss Str was significantly higher
that the interaction depends on the proportion of each than in the other treatments at both sample times. The
pathogen in the mixture. tritici was shown to have a  lowest level of ergosterol was found in tBetritici fol-

stimulatory effect on sporulation . nodorunwhen lowed by S. nodorumtreatment. This result suggests
both pathogens were present in equal proportions or that less fungal mycelium is produced wh@ntritici
there was a greater proportionSiftriticiin the mixture. is applied prior taS. nodorunand that the presence of

However, a negative effect &. tritici on sporulation S. triticiin the tissue inhibits the growth &. nodorum
by S. nodorunwas observed when a greater proportion This suggestion would be in agreement with Jenkins
of S. nodorunwas present. (1978), who found that there was a decrease in the level
de Wit curves have been criticised for the fact that of S. nodorumon plants previously inoculated with
they do not take into account the expected density- S. tritici, although the decrease was not found to be
dependence of competition (Snaydon, 1991). It has significant.
been reported that changes in the density of one organ- In the field experiment, there was significantly
ism (strain) are confounded by effects of changes more disease whe8. nodorumwas applied prior to
in the density of the other, making it impossible to S. tritici compared to the other treatments. The results
fully describe reproductive dynamics as a function of show that there are higher levels of necrosis when the
both organisms (strains) (Snhaydon, 1991). However, two pathogens are present together compared to either
Newton et al. (1998) concluded that deviations from alone, particularly whers. nodorums present prior
expected null RYT straight lines are produced only by to S. tritici. It was shown thas. tritici has a stimula-
differences between intra- and interstrain competition; tory effect onS. nodorumas there were significantly
thus a significant deviation from the null RYT line is moreS. nodorunspores produced in the presence of
good evidence that intra- and interstrain competition S. tritici; these results are in agreement with the growth
differ significantly for at least one of the competing chamber experiment. In the field experiment it was
strains. Thus, the significant deviation from the null found that the presence 8f nodorunstimulates spore
straight lines observed in this study can be taken as production byS. tritici as there were mor8. tritici
a good indicator that there is an interaction between spores produced whe®. nodorumwas applied after
S. nodorumandS. tritici. However, the de Wit plots  S. tritici compared t&. tritici alone. Jenkins and Jones
do not offer substantial insight into the mechanisms (1981) reported thad. nodorunwas the more efficient
behind observed relative reproductive outputs in co- leaf coloniser; therefor8. tritici may be stimulated by
existing pathogen strains (Newton et al., 1998). S. nodorunonly if it has had time to colonise the tissue
In the growth chamber experiments there was sig- prior to the arrival ofS. nodorumlf S. nodorumhas
nificantly less disease whe8. tritici was applied already colonised the tissue prior$oftritici, S. tritici
beforeS. nodorumlit was also shown that there were may be inhibited.

significantly moreS. nodorunspores produced when It is important to note that the dual inoculations
both pathogens were present together. This suggestsn the field and growth chamber experiments allow
thatS. tritici has a stimulatory effect a8. nodorumn different time intervals for disease development. As

terms of spore production, especially wi&modorum there were morés. nodorumspores produced when
is applied prior taS. tritici. However, it was observed  S. tritici was applied prior t&. nodoruntompared to
that S. nodorumhas an inhibitory effect on spore S. nodorunalone, which had a longer time to develop,
production byS. tritici, as there were significantly it can be concluded that an interaction occurs between
fewer S. tritici spores produced when both pathogens the two pathogens. Other experiments (not reported
were present together. Gunnarsson et al. (1996) here) in which the two pathogens were applied
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simultaneously in different proportions also showed S. nodorumby E. graminis indicated by a reduced
an interaction between the two pathogens. The growth latent period. It has been suggested SBatritici has a
chamber results differ from the field experiment results hemi-biotrophic phase to its life-cycle initially (Royle,
for spore production byS. tritici, and this may be  pers. comm.), therefore it is also possible that the pre-
becauses. tritici did not always behave in the field in  viously necrotic tissue as a result of the presence of
the same way as under artificial conditions. There was S. nodorunmhastens the necrotrophic phase of its life-
also a shorter time interval between inoculations in the cycle. Brokenshire (1974) suggested tRatgraminis
growth chamber which may have affected the results hastened the onset of the necrotrophic phase of the
for S. tritici. The effect ofS. nodorunon S. tritici was S. tritici life-cycle. Blakeman and Brodie (1977)
more apparent in the detached glume experiment com-showed that two fungiColletotrichum herbarunand
pared to tiller washings from the field experiment. The Phoma betaavhich possess a temporary saprophytic
tiller washings represented the number of spores from phase on the surface of the leaf prior to penetra-
the head and leaf, whereas in the detached glume experiion, were adversely affected by microbial competition.
iment the effect of the pathogen mixtures on the heads Blakeman and Brodie (1977) suggested that conidia
only was determined. Mielke (1980) found that leaf with a relatively long lag phase before commencement
and head infection b$. nodorunwas not always cor-  of germination would be more sensitive to nutrient
related, and Jones and Odebunmi (1971) reported thatcompetition than rapidly germinating conidia. There-
S. nodorunmwas more pernicious th&®. tritici on the fore, it is also possible the&. nodorumandsS. tritici
heads; itis therefore likely that the observed interaction compete for nutrients on the leaf surface. Many other
could have been affected by these factors. factors, including the aggressiveness of the pathogen
The results presented here suggest$hatitici may isolates involved and the susceptibility of the host, may
have a stimulatory effect o8. nodorumin terms of also affect the interaction between the two pathogens.
symptom expression and spore production, and confirm The majority of experiments discussed here involved
the results of Jones and Odebunmi (1971). However, aggressive isolates and a susceptible host plant. It
Suparman (1994) showed that the incubation period of could be postulated that an interaction between the two
S. nodorunwas longer when the pathogen was mixed pathogens may also occur under natural field condi-
with S. tritici, suggesting inhibition. It was shown tions; however, further research using more isolates and
that S. nodorumalso inhibited spore production by cultivars is now required.
S.tritici, and there were fewer spores of both pathogens
whensS. tritici was applied befor&. nodorumThese
results contradict those of Harrower (1978) who sug-
gested thas. tritici produces more propagules in the Acknowledgements
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between the two pathogens and is in agreement with thefeceived with this work.
data from the growth chamber and field experiments,
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Overall, the results suggest that there is an inter-
action betweers. nodorumandsS. tritici. However, it o : . .
. . . . betweerPyrenophora triticirepentisandSeptoria nodorunm
!S not p_035|bl_e to Ste_lte conclusively the nature of this the wheat leaf as measured with de Wit replacement series.
interaction. Itis possible, however, that the presence of  pnytopathology 80: 1177-1182
S. nodorunprior to S. tritici reduced the latent period  Anonymous (1976) Guide for the assessment of cereal diseases.
of S. tritici. Geuting (1984) observed a promotion of  Ministry of Agriculture, Fisheries and Food, UK
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