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Abstract

Pathogenicity of some Colletotrichum coccodes, Fusarium avenaceum, F. culmorum, F.
equiseti and F. oxysporum isolates to sweet pepper seedlings was evaluated. The
tested isolates caused stem and root rot, chlorosis of leaves and stunting. Signifi-
cant differences in pathogenicity between the tested isolates and control were no-
ticed. Results of pathogenicity tests depended not only on the fungus species but
also on the isolate of the species.
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Introduction

Quantity and quality of sweet pepper yield depends to a great extent on health
status of plants during vegetation period. Sweet pepper is infected both by patho-
gens specific for Solanaceae and microorganisms involved in diseases of other crops.
Colletotrichum coccodes is one of the most important pathogens colonizing roots,
stem base and fruits of pepper (Dunn and Roy 1970, Wagner et al. 2001, Lees and
Hilton 2003). The fungus is known to be seed-borne and can cause seedling death
and reduce the vigor of infected seedlings (Grover and Bansal 1970). Fusarium spp.
belong to both groups, they are soil-borne pathogens surviving in soil as sapro-
trophic mycelium or chlamydospores (Nelson et al. 1983). Recently, some Fusa-
rium spp. were noticed as colonizers of stem and roots of pepper. The most
important proved F. equiseti, F. oxysporum, F. culmorum and F. avenaceum (Kwaśna et
al. 1991, Wagner et al. 2001, Wagner 2004). Fusarium oxysporum causes wilt and
die-back of pepper as well as of other Solanaceae plants (Booth 1971, Jamiołkowska
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and Wagner 2003, 2005, Jamiołkowska 2007, Wagner et al. 2007). Other Fusarium
spp. isolated from plants of the family were causing agents of damping-off, stem
and roots rot (Jamiołkowska and Wagner 2003, 2005).

The aim of the work was to estimate pathogenicity of some isolates of C. cocco-
des, F. avenaceum, F. culmorum, F. equiseti and F. oxysporum obtained from diseased
sweet pepper plants.

Materials and methods

Plants

In the experiment sweet pepper seedlings of ‘Ożarowska’ cultivar were tested
(seeds from Horticultural Seeds and Nursery Company (PNOS) in Ożarów Mazo-
wiecki). Seeds were precleaned, rinsed under running tap water for 20 min and
then surface disinfected with 0.1% sodium hypochlorite for 1 min. Disinfected
plant material was rinsed three times in distilled water (Jamiołkowska 2007). Af-
ter that seeds were first germinated in plates filled with sterile wood-wool covered
with sterile blotting paper. When cotyledons appeared, they were transferred into
pots containing sterile standard substratum (with pathogen inoculum or without).
Pepper seedlings were grown in a growth chamber at 24–25°C and 85% air humid-
ity with 14-h photoperiod (from 6 AM to 8 PM).

Inoculum

In the experiment the following isolates were tested:
– Colletotrichum coccodes: cck35, ccpk17, ccpk23, ccpk49,
– Fusarium avenaceum: fak8, fak40, fapk21, fapk52,
– Fusarium culmorum: fck23, fck31, fck36, fcpk18,
– Fusarium equiseti: fek3, fek32, fek37, fepk48,
– Fusarium oxysporum: fok13, fok16, fok41, fopk41.
The isolates were selected on the basis of macro- and microscopic properties of

fungi isolated in 2007 from roots and stem base of sweet pepper growing in the
field. The inoculum of each isolate was prepared according to Mańka’s method de-
scribed by Wagner (1997). The inoculation was conducted in 0.5 l pots filled with
sterile substrate up to 3 cm below the edge. The slices of PDA overgrown with my-
celium of C. coccodes, F. avenaceum, F. culmorum, F. equiseti or F. oxysporum were put on
the substrate; the seedlings were placed on the fungus and covered with substrate.
For each combination 20 seedlings were tested. In the control combination PDA
slices without pathogen were used. There were four replications in each combina-
tion.
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Estimation of disease severity

After four weeks of plant growth in the pots, the seedlings were counted and
disease severity was evaluated, using 4-degree scale: 0 – no symptoms, 1 – small
necrotic spots on all lateral roots, no symptoms on leaves or stem, 2 – necrosis of
tap root and stem base, chlorosis on leaves, 3 – completely rotten roots and stem
base, stunting of aboveground parts of plant. Then the number of seedlings in each
degree was computed. The disease index was calculated for each replication using
Mc Kinney’s formula (Łacicowa 1969):

Disease index = (�a/�b) � 100

where a – sum of products of numerical scale index (infection degree) and corre-
sponding number of plants and b – total number of tested plants multiplied by the
highest numerical scale index. Afterwards mean disease index was computed for
each combination. To check if the symptoms were caused by the pathogen, the
fragments of affected stems and roots were placed on PDA after disinfecting in
0.1% sodium hypochlorite and rinsing three times in sterile distilled water. After
seven days the growing colonies were identified.

Data were analyzed with Tukey’s test at 5% significance level using the SAS sta-
tistical system (SAS Version 9.1, SAS Inst., Cary, N.C., U.S.A.).

Results

After the inoculation with the isolates of C. coccodes, F. avenaceum, F. culmorum, F.
equiseti and F. oxysporum several disease symptoms were observed on pepper seed-
lings: stem base and roots rot, chlorosis on leaves and stunting (Phot. 1). The high-
est disease index was noticed for F. equiseti. In these combinations all seedlings
were affected, showing growth stunting and root rot (Phot. 1). Mean disease index
ranged from 59.98% (fek32) to 79.98% (fek37) and differed significantly from the
control (Table 1). The root rot was noticed also in the combinations with C.
coccodes (Phot. 1). Disease indexes in these combinations were not as high as in
those with F. equiseti, ranging from 33.30% to 51.63% and differing significantly
from the control, except for the isolate ccpk49 (Table 1). In the combinations with
F. culmorum, the values of disease index ranged from 31.65% (fck36) to 49.95%
(fck23) and they were significantly higher than in control, except for the isolate
fck36 that did not differ significantly from the control. The lowest disease index val-
ues were obtained in the combinations with F. avenaceum and F. oxysporum. Mean dis-
ease index for F. avenaceum ranged from 14.98% to 43.30% and for F. oxysporum from
14.98% to 28.30% (Table 1). They were not significantly different from control,
except for the isolate fapk52 that differed significantly from the control (Table 1).
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Discussion

Pathogenicity tests proved the harmfulness of C. coccodes, F. oxysporum, F. equiseti
and F. oxysporum to sweet pepper. Regardless of the isolate origin, they always
caused seedlings stunting, roots and stem base rot.
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Phot. 1. Root rot and stunting of sweet pepper seedlings inoculated with the investigated fungi
(photo by A. Jamiołkowska)



The strongest negative effect was noticed for the isolates of F. equiseti what
could have resulted from the activity of toxins and antibiotics involved in the
pathogenesis (Wheeler et al. 1999, Hestbjerg et al. 2002, Machowicz-Stefaniak
and Zalewska 2004). Fusarium equiseti is regarded the cause of damping-off and root
rot not only of pepper but also other vegetable and spice crops (Machowicz-Ste-
faniak and Zalewska 2004, Jamiołkowska and Wagner 2005). The importance of C.
coccodes as stem and root pathogen of Solanaceae is increasing recently (Dunn and
Roy 1970, Lees and Hilton 2003, Urban 2003). The disease index values for this
species were lower than those for F. equiseti. Nevertheless, if the population of C.
coccodes is numerous in the soil the species might be really a threat to pepper. The
pathogenicity of F. culmorum isolates was similar to that of C. coccodes. Fusarium
culmorum is known for producing deoxynivalenol which is not only responsible for
the development of tissues necrosis but is also harmful to human beings (Woj-
ciechowski et al. 1996, Hestbjerg et al. 2002). Isolates of C. coccodes, F. culmorum, F.
avenaceum, F. oxysporum proved less pathogenic to the analyzed seedlings than those
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Table 1
Disease index for pepper seedlings inoculated with the investigated

isolates of Colletotrichum coccodes and Fusarium spp.

Pathogen species Isolate Disease index

–

Fusarium avenaceum

Fusarium oxysporum

Fusarium oxysporum

Fusarium oxysporum

Fusarium oxysporum

Fusarium avenaceum

Fusarium culmorum

Colletotrichum coccodes

Fusarium avenaceum

Colletotrichum coccodes

Fusarium avenaceum

Fusarium culmorum

Fusarium culmorum

Fusarium culmorum

Colletotrichum coccodes

Colletotrichum coccodes

Fusarium equiseti

Fusarium equiseti

Fusarium equiseti

Fusarium equiseti

control

fak40

fok13

fok16

fok41

fopk41

fak8

fck36

ccpk49

fapk21

ccpk17

fapk52

fck31

fcpk18

fck23

ccpk23

cck35

fek32

fepk48

fek32

fek37

0.00  a

14.98  ab

14.98  ab

21.63  abc

24.98  abcd

28.30  abcd

29.98  abcd

31.65  abcd

33.30  abcd

38.15  abcde

39.98  bcde

43.30  bcdef

43.30  bcdef

48.33  bcdef

49.95  bcdef

49.95  bcdef

51.63  bcdef

59.98  cdef

61.63  def

76.65  ef

79.98  f

All values followed by the same letters do not significantly differ at 5% error (Tukey’s test).



of F. equiseti, but they might be harmful to pepper due to their abundant popula-
tions in soils and the ability to produce several mycotoxins. As the results of patho-
genicity tests proved lower disease severity in the combinations with F. oxysporum,
one can assume that the isolates did not cause tracheomycosis but only necrosis of
roots. However, F. oxysporum may have a negative effect on photosynthetic activity
of plants, even if the symptoms do not seem very serious (Nogues et al. 2002). Re-
sults of tests depended not only on the species but also on the isolate of investi-
gated fungi species. This can be explained by the biodiversity that occur in every
population of organisms.

Streszczenie

PATOGENICZNOŚĆ WYBRANYCH IZOLATÓW COLLETOTRICHUM
COCCODES I FUSARIUM SPP. WZGLĘDEM SIEWEK

PAPRYKI SŁODKIEJ (CAPSICUM ANNUUM)

Celem pracy było określenie patogeniczności izolatów Colletotrichum coccodes,
Fusarium avenaceum, F. culmorum, F. equiseti i F. oxysporum względem siewek papryki
słodkiej. Testowane gatunki grzybów powodowały nekrozy korzeni, podstawy
pędu, chlorozę liści i zahamowanie wzrostu części nadziemnej siewek. Wyniki ba-
dań wykazały istotne różnice w patogeniczności badanych izolatów względem pa-
pryki. Patogeniczność zależała nie tylko od gatunku grzyba, lecz także od badanego
izolatu danego gatunku.
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