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Interactions between fungi colonizing the stem base of winter wheat
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In vitro conditions, the interactions between the fungi most frequently isolated from the stem
base of winer wheat were determined. These wer the species from genws Fusariun (F. ulmoru,
E poae) and
alternata #nd Aureabasidiur bolleyi. Some saprotophes showed stimulating cfect on R. cerealis,
P. herpotrichoides and F. poce. Certain species in combined cultures showed exceptionally
fevourable relationships.
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INTRODUCTION

Studies conducted in 1989—1992 on health status of winter wheat grown
on 24 fields in north-castern Poland showed a negative correlation in the
frequency of occurring the particular stem base discases (W djcik 1993).
Moreover, the mycological analysis of the collected stems showed that wheat is
commonly infected by several fungal species, which sometimes leads to
simultaneous appearance of several kinds of disease symptoms (W achowska
1998). Reinecke and Fehrmann (1979) were first to pay attention to the

betweer ia cerealis and herpot-
richoides underlying um after application of fungicides controlling eyespot, lhc
number of stems with the symptoms of infection by the first pathogen
increased. On the other hand, Madka et al. (1983) observed a negative
correlation between the frequency of occurrence of symptoms due to infection
by Fusarium and the frequency of occurring the symptoms of sharp eyespot
caused by R. cerealis.

An attempt was made to evaluate interactions among 8 fungal species, most
numerously isolated from the infested stem base of winter wheat. Saprotrophic
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fungi were also included to elucidate their role in the disease process. It scems
possible then in case of the combined infections they can quicken destruction of
the infested tissues (L acicowa and Wagner 1989)

MATERIALS AND METHODS

Analysis included the fungi that are most frequently isolated from wheat
stems showing root rot symptoms (Wachowska 1998). They were:
Acremonium strictum W. Gams, Alternaria alternata (Fr.) Keisler, Aureobasi-
dium bolleyi Sprague, species from the genus Fusarium (F. avenaceum (Fr.)
Sacc, F. culmorum W. G. Smith Sacc, F. poae (Peck) Wollenw) and
Pseudocercosporella herpotrichoides (Fron.) Deighton and Rhizoctonia cerealis
v. d. Hoeven.

Isolates were taken from the stems of winter wheat harvested from the fields
in six localities of the Olsztyn province. Samples were divided into S groups,
from each S culms were chosen a piece. There were distinguished 4 kinds of foot
rot diseases and the stems with symptoms of at least two diseases (W a ¢ h o -
wska 1998). Mycological analysis was performed as recommended by
Reinecke and Fehrmann (1979 and Rashid and
Schlésser (1977).

To determine the biotic effect of species, the methods described by
Manka (1974) and Koczowska and Wiwart (1988) were used.

Isolated of fungi were put by pairs into Petri dishes (of 9 cm diameter) onto
acidified medium PDA. Inoculum constituded 5 mm disks overgrown with the
analyzed fungus, which were placed in the middle part of the dish, 20 mm
apart. All possible combinations of pairs were performed. Control dishes were
inoculated with the disks of the single fungal species. Fungi were incubated at
21°C in dark. The experiment was replicated 5 times.

Size of a colony was determined by measuring after 3, 4, 5 and 6 days of
incubation (dates 1~1V) two perpendicular diameters of colony. After cal-
culating the average diameters of a colony, the results were analyzed
statistically, employing the test of Newman-Keuls.

In addition, after 6 days of incubation, the biotic effect was estimated using
the scale claborated by M a fi k a (1974) and photographs were taken.

RESULTS AND DISCUSSION

Differences in the size of colonies of the fungal species resulting from the
effect of the other specics underwent changes in the course of the experiment.
The most conspicuous differences were in the sixth day (Tables 1—8), which is
in accordance with the observations of others (K oczowska and Wi-
wart 1988).

Fusarium avenaceum was not found to respond to the presence of most
fungi studied. Only Acremonium strictum, beginning with the second date of
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measurement, markedly stimulated its growth (16% on an average); Fusarium
culmorum inhibited its development as carly as with the first date of
obscrvation (47% on an average). The differences were significant (Table 1,
Fig. 1). In the study by Truszk owska et al. (1988) F. avenaceun was
inferior to the rapidly growing R. cerealis.

ble
The size of Fusarium avenaceum colonies depending on biotic effect of accompanied fungus

Diameter of colony in mm Mean
SeKite ol Fangt 3 day | 4 day 5 day | 6 day
Alternaria_alternata Uabee | 26 waer | e | 420 29
Aureobasidium bolleyi 17 e 25 ke | Hadn | 41 28
Acremonium strictum 18 e 36wy 555 61 424
Rhizoctonia cerealis 20 ubet | 26 sbor | 32 | 38w 29
Fusarium culmorum 164 18 2wt | Vet | 190
20 ubt | 26 aboicy | B | Tk ¥
P. herpotrichoides' 174 Db | Mok | Bew | B
21 abet | 28 boieiy | 36 a0 1 3%«
Mean 1854 %0 3 24

tsignificantly according to I

Explnulmn! -
test; ** — Pseudocercosporella. herpotrichoides
Fusarium culmorum responded with a marked retardation of growth to the
presence of Acremonium strictum (by 28%) and with a slight growth checking
to A. bolleyi, F. avenaceum, F. poae and P. herpotrichoides. These differences
were significant and were present especially with the third day of experiment.
A similar reaction of that species to the presences of F. avenacewn was found
by Koczowskaand Wiwart (1988) in the study on relationships
among pathogens isolated from the cars of rye. In the other cases, F. culmorum
fully overgrew the mycelium of the accompanying fungal species (Fig. 3), which
was also observed by Brick and Schldsser (1982).

‘The size of Fusarium culmorum colonies depending on biotic effect of accompanied fungus

S of fng Diameter of coloay in mm N
pecies of fung! 3. day 4. day 5. day 6. day
Alternaria alternata 6wkt | TTn | 901 90 784
Aureobasidium bolleyi 59 e 65 wr 9 | 90 e
Acremanium strctum 2. 50 te 65 ar 905 574
Fusarium avenaceum 46 % Tew | B2 80 ot 9o
Fusarium poa w“y 6w | 68 8 u ZS
Rhizoctonia cerealis S8 ae 75 i 8 8 5w
. herpatrichoides** 52 0t 65 ar 78 s 8 n e
Control STwe | 80mu | 90% 905 4
Mean 504 G 7 < 86
Explnalons  — val d by same letters do not sigaificantly according to Newman-Keuls

P,wudnfznuxpaldla herpatrichoides
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Fusanium avenaceum Rhizoctonia cersalis
%

Fusarium poas Attomaria sitemata

—8— Fusaroem culmoram e Fusarium proc
— 35— Ehzoctnia cerels @ Prewdocercospoella herporichodes
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—e—Cenmol

Fig. 1. Antagonistic eflct of fungus (F. avenaceun, R. cerealis, F. culmorun, A.strictum, F. poae, 4.
alternata, T. yallundae, A. bolleyi) against:
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The species Fusarium poae distingvished itself a high tolerance to the
presence of most of the species studied. Differences in the size of colony
growing in company of other fungi were not higher than 12% as compared
with control. An exception was Aureobasidium bolleyi that stimulated the
development of F. poae increasing twofold its growth rate, which was
significant (Table 3, Fig. 1).

‘The size of Fusarium poae colonies depending on biotic effect of accompanied fangus

Dismeter of colony in mm T
Speciesol;fungl 3.day | 4 day S.day | 6 day
Alernaria dlternata T 10 ke | 16 | 2
Aureobasidium bolleyi e | B rh 535
Acremonim stictu 78 Baw | 2o |2
Pusarium culmorum 2w | 15wt | 19w | 2164
Do | 18 | 17 vosle | 20 bty |
Rhizoctoia cereals 12 e | 16wkt | 20wy | 241
P herporichoides** B | 16 uwaa | 18y | 2
ol 12 | 15 wat | 0 | Bie
Mo o T I |
Explanations: * — o not sigaificantly according to Newman-Kuel

y
test; ** — Pseudocercosporella herpotrichoides

The fungus Pseudocercosporella herpotrichoides in the presence of other
potential pathogens of cereals grain crops grew worse. Saprophytes markedly
stimulated its growth throughout the experiment, but most effectively in the
sixth day. When saprophytes were present on dishes, the growth of P.
herpotrichoides was faster then in control. The differences were significant
(Table 4, Fig. 1). This relationship may be of significance in natural condition

“The size of Pseudocercosporella herpotrichoides colonies depending on biotic effect of accompanied
fungus

Dismater of colony in mm
Species of fungi L
i ¢ 3. day 4. day | 5. day 6. day
| Aternaria aliernata 10wt | 10 sat ey
Aureobasidium bolleyi Bue | 1w s
Acremonium strictum Tae | 10 ahet 13y
Fus . 5e [
Fusari 54 5 6a
Fusarium 54 5 5
Rhizoctonia cerealis 5a 5 6 6
Control 5. 7 8 7.
Mean 6. 7a 0

Explanations: * — values marked by same letters do ot significantly according to Newman-Keuls
test
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as A. bolleyi, A. alternata and A. strictun are often isolated in different regions
of the country and their role in the disease process has not been elucidated yet
Majchrzak and Mikotajska 1982, Truszkowska et al
1988).

The fungus Rhizoctonia cerealis responded with a strong decline of the rate
of colony growth to the presence of fast growing Fusarium culmorum and
Acremonium strictum. The colony of R. cerealis reached in the sixth day of the
experiment 50% and 35% of the diameter as compatred with control and the
differences were significant (Table 5, Fig. 1) Truszk o wsk a et al. (1988)
noted down different dependence as the isolates of R. cerealis studied by them
were characterized by the faster growth and constituded competition for F.
culmorum. The species Alternaria alternata and Aureobasidium bolleyi stimula-
ted development of the said pathogen speeding up its growth by 44% and 22%,
on an average, as compared with control. The presented differences were noted
throughout the experiment and were significant (Fig. 2). The other species
slightly modified the rate growth of Rhizoctonia cerealis. Pseudocercosporella
herpotrichoides in spite of a show growth limited the growth of that fungus in
the first day of the experiment (Table 5, Fig. 1). This was probably associated
with the formation of inhibiting substances by P. herpotrichoides, which was
reported by Briick and Schlésser (1992).

The size of Rhizoctonia cerealis colonies depending on biotic effect of accompanied fungus

Diameter of colony in mm

" & Mean |

e 3. day 4 day 5. day 6. day
Alternaria_alternata 36 nik 4 521 39
Aureobasidium bolleyi 2 i | 38k 425 i
Acremonium strictum 7 8 e 11 ahet [

Fusarium avenaceum
Fusarium poae

Fusarium culmorum
P. herpotrichoides*®

Control 2w | 3wk | M | e
Mean 1. 2y 27 ¢ T
B vl ket b it do ot Bkl o s Nowsa Kadl

%% — Pseudocercasporella herpotrichoides

In the first two days of the experiment, the growth rate of Acremonium
strictum grown in the presence of most fungi was higher as compared with
control (Table 6, Fig. 1). Beginning with the second date of measurements, A.
strictum grew worse when accompanied by Rhizoctonia cerealis (Fig. 4).
A negative cffect on its growth was also exerted by Fusarium poae and F.
avenaceum, beginning with the third date of measurement. These notices were
significant.



Fig. 2. Alternaria alternata (on the leh) and Rhizoctonia cerealis (on the T




Fig 4. Aureobasidium bolleyi (on the lef) and Rhizoctonia cerealis (on the right)
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‘The size of Acremonium strictum colonies depending on biotic eflect of accompanied fungus

Diameter of colony in mm —
Seechsil. Lt 3.day | 4.day | S.day | 6.day
A die 7wt 100 60 18 13
basidium bolleyi T 10w 174 05 13
70 10w 61 18 13
Fusarium culmorum 70 10 175 161 13
Fusarium poae Sa 8 2 B3 10
P. herpotrichoides® 7 100 174 21 e
Rhizactonia cerealis 5a 6 10 10 [N
Control Sa 7 15 2 2
Mean [ 9 16c 174
Exghafone = vilimouikad by e letters do not sigaificantly according to Newman-Kuels
est, ** — Pseudocercosporella herpotrichoides

“The species A. alternata and A. bolleyi performed better when accompanied
by most of species studied. The first of them behaved indifferently in the
presence of F. culmorum and the second one did not respond to A. strictum and
F. avenaceun (Tables 7, 8, Fig. 1),

le 7
‘The size of Aliernaria aliernata colonies depending on biotic cffect of accompanied fungus

iameter i
— Diameter of colony in mm )
3.day | 4 day 6 day

Aureobasidiam bolleyi 2w | 34 am 535 94
Acremonium strictum S | 20 wa 41 27e
Fusarium avenaceun 2w 16 e B | 17
Fusarium culmorum 84 0w 100 104
Fusarium poae 2 15 Do | 165
P. herpotrichoides® 2wt | 3o 85 354
Riizoctonia cerealis Voke | 2w 44 354

Control B 10 e |12 J

Mean 164 2 24 |

z:x..lmum *+ — values marked by same letters do not significantly according to Newman-Keuls
— Pseudocercosporella. herpolrichoides

In some cases, the mutual proximity of colonies was exceptionally favorable
to the two growing side by side fungi. In combined cultures, the colonies of 4.
alternata attained 325% of colony size in control and those of Aureobasidium
bolleyi 226%. Similar reaction to their proximity showed pairs of: A. bolleyi
(186%) and F. poae (211%); A. bolleyi (173%) and Rhizoctonia cerealis (122%)
(Fig. 4); A. bolleyi (140%) and P. herpotrichoides (157%); A. alternata (292%)
and P. herpotrichoides (157%) and A. alternata (291%) and R. cerealis (144%)
(Fig. 2).
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The size of Aureobasidium ﬂﬂlleyl columes depending on biotic effect of accompanied fungus
ahm — -

Dnnm:k of colc colony in mm

Species of fungi Sy e
Alernaria alternata |2 455 344
Acremonium strictun 104 19 wads | 150

usariun avenaceun 10 Dok | 162
Fusarium culmorum 17wt | a2
Fusarium poae 25 B |
P. herporrichoides** Y 2a
Rhizoctonia cerealis 2w | e

Control 19 et | 154

Mean

Exphmnens.  values marked by same letters do not significantly according 1o Newman-Keuls
st ** — Pseudocercosporella. herpotrichoides

The evaluation of individual biotic effects showed that F. culmorum
markedly limited the growth of the other species, particularly A. strictum
(Table 9). Similarly, strongly inhibiting cffect on this species was found o exert
F. avenaceum and A. alternata. The fungus P. herpotrichoides appeared a weak
competitor to most of the partners grown with it in Petri dishes. In the
remaining combined cultures the mutual interaction of the colonies, estimated
according 1o the 8-point scale of M a d k a (1974), was small.

Table 9
The estimation of ineraction of eight fungal species

(according of Maik's scale from —8 1o §)
" Fungus under st
< s
IRITIRAT
3 2 £ 3§
Testing fungus ¥ | B3| s |83
H R E| 5| 5|3 |8
I AERRREREH
£%| & 303 ERRE S
25| = H d g |2
Acremonium srctum = =1 [ -aif=g ] =2 B
Aleraris lernta 5| = 1| =s| 3| 2| a
jum bolleyi ol o v|=el 3] ol @
Pk oot 1 | =2 ok [0 [ i
Fusarium culmorum 2| 6 el = s 6] s
Fusarium poae 2 =3 2| s =1 of-2
Rbizoctonia cerealls 2| 1 i | = (e
Pewdocercosporela
herpotichodes ' 2
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The results of the employed methods in some cases are not unanimous. It is
true when one of the partners grows very dynamic in the first stage of the
experiment and then undergoes competition of accompanying fungi. Such
a dynamics of growth showed A. strictum, which gave way to F. culmorum not
before six days and to F. avenacewn after five days. Thercfore, the mat-
hematical calculations, contrary to the estimation of biotic effect according to
the Magka's scale emphasized its competitiveness to those specics. Also,
a strong mutual stimulation of some pairs of fungal species (A. bolleyi and 4.
strictum, A. bolleyi and R. cerealis, A. bolleyi and P. herpotrichoides) cstimated
by the Masika's method may be interpreted as a lack of reaction to the matual
vicinity as the colonies meet along to straight line and are not inhibited in
growth. However, in the evaluation of a complex phenomenon, which is biotic
effect of fungal communities on soil pathogens, a more complete picture, no
doubt, gives this last method.
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Interakcje migdzy grzybami zasiedlajacymi podstawe Zdibla pszenicy ozimej
Streszezenie
W warunkach in vitra analizowano wzajemne oddzialywania migdzy grzybami zasiedlajacymi
podstawg idibla pszenicy ozimej: Fusarium culmorum, F. avenaceun F. poae, Rhizocionia cerealss,
Pseudocercasporella herporrichoides, Alternaria alternata oraz Aureobasidium bolleyi. Nicktére
saprotroly stymulowaly, w warunkach laboratoryjnych tozwdj R. cerealis, P. herporichoides
i F. poae.
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