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Abstract

Species of fungi colonizing underground part of hot pepper plants cultivated in
the field were evaluated. Three cultivars of hot pepper (‘Rokita’, ‘Orkan’ and
‘Bronowicka Ostra’) were investigated in 2004 and 2006, in Zezulin near Lublin
(south-eastern Poland). Mycological analyses showed that roots and stem base
were colonized mostly by Colletotrichum coccodes and Fusarium spp. The effect of fun-
gal communities on Fusarium oxysporum growth was evaluated by means of the bi-
otic series method. Communities originating from underground part of hot pepper
could not reduce F. oxysporum growth.
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Introduction

The marketable production of pepper in Poland is now possible owing to grow-
ing demand of food processing companies for pepper fruits and to new cultivars
adapted to field cultivation. Recently, the acreage of pepper and the consumption
of this vegetable have grown considerably. Hot pepper is popular due to its taste
and a high content of vitamin C. It is used mostly as addition to many dishes and as
component of spice mixtures. Hot pepper yielding depends on many factors, in-
cluding its health status (Wagner et al. 2001 a). Hot pepper is infected not only by
pathogens specific of Solanaceae family plants but also by other organisms. They are
species of Fusarium genus that survive in soil environment in a form of saprotrophic
mycelium and chlamydospores (Nelson et al. 1983). Fusarium oxysporum responsi-
ble for plant wilting as well as F. solani causing stem base and root rot are most fre-
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quently observed (Kwaśna et al. 1991). Also Colletotrichum gloeosporioides and C.
coccodes were isolated from roots of hot pepper (Wagner 2004). One of the most de-
structive pathogens is C. coccodes. The fungus is the causal agent of anthracnose on
fruit and root rot of pepper (Dillard and Cobb 1998, Wagner et al. 2001 a,
Jamiołkowska 2008).

The aim of the study was to evaluate the species and number of fungi colonizing
the underground part of hot pepper plants cultivated in the field.

Material and methods

The study was conducted in 2004 and 2006 in Zezulin near Lublin (south-east-
ern Poland). Three cultivars of hot pepper were taken into consideration: ‘Rokita’,
‘Orkan’ and ‘Bronowicka Ostra’. Manure at the rate of 40 t/ha was applied every
spring before plantation setting, while mineral fertilization was used in accordance
to fertilization recommendations for Solanaceae plants on a base of earlier soil anal-
yses with subsequent ploughing. The hot pepper plants were set into the field at
the middle of May in 35 × 67 cm spacing. The experimental combination consisted
of 40 plants of each cultivar (10 plants in four replications). Two hot pepper rows
were sown around the experimental plants, and they were not used for the study.
Foliage nutrition was applied every year: once using calcium nitrate 1% and once
using Florovit 0.2%. Plants were chemically protected according to Plant Protec-
tion Programme for pepper (Zalecenia... 2004 a, 2004 b).

During full fruiting (first decade of September), eight randomly selected hot
pepper plants were sampled from each plot. Roots and stem base of hot pepper
were analyzed in laboratory according to the method described by Jamiołkowska
(2007). Next, 3 mm fragments were prepared and placed on Petri dishes with mi-
neral medium containing following components: saccharose – 38 g, NH4NO3 – 0.7
g, MgSO4 × 7H2O – 0.3 g, KH2PO4 – 0.3 g, FeCl3 × 6H2O – trace, ZnSO4 × 7H2O –
trace, CuSO4 × 7H2O – trace, MnSO4 × 7H2O – trace, agar – 20 g supplemented
with distilled water up to 1000 ml. Mineral medium was sterilized at 121°C and 1
atm for 20 min. For each experimental treatment 10 dishes with 10 plant frag-
ments per dish, were prepared and incubated in the growth chamber at 20–22°C
for seven days in darkness. The obtained fungi colonies were transferred to potato
dextrose medium (PDA, Difco) and identified to the species with the available
monographs.

The fungal communities were compared according to numerical classification
method using statistical program SYN-TAX 5.01. In this study analysis of commu-
nities’ similarity was carried out basing on similarity coefficients, i.e. percent dif-
ferences showed on axis in 0–1 scale. In this case 0.1 percent difference between
communities corresponds to 90% similarity of these communities (Podani 1993).

Analyzing the data describing the communities studied with SYN-TAX pro-
gram, a dendrogram showing relations between the compared communities was
obtained.
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The effect of fungal communities on F. oxysporum growth was determined with
the biotic series method (Mańka and Mańka 1992).

Results and discussion

Meteorological conditions during two years of experiment are presented in Ta-
ble 1. Vegetation season 2006 was warmer and was characterized by lower precipi-
tation than 2004, except for August 2006, when high sum of rainfalls was recorded
(Table 1).

Disease symptoms were observed on the underground parts of hot pepper: ne-
crosis of cortex and internal tissues of stem base and root rot (Phots. 1, 2). Myco-
logical analysis resulted in 512 isolates of fungi representing 11 species, obtained
from the underground plant parts. The predominating species were: Fusarium
oxysporum, F. equiseti, F. solani and Colletotrichum coccodes (Table 2). More isolates of
fungi were obtained in 2004 than in 2006. Saprotrophic fungi were also isolated:
Gliocladium roseum, Penicillium spp. and Trichoderma spp. (Table 2).

Fusarium spp. are important in pathogenesis of hot pepper cultivated in the
field. The frequency of F. oxysporum was very high in both years on ‘Rokita’ and
‘Orkan’. It is suggested that infestation by F. oxysporum leads to plant wilting and
dying due to colonization of the underground organs and xylem (Ito et al. 2005).
Wagner et al. (2001 b) also reported F. oxysporum harmfulness towards tomato
seedlings indicating the decrease of plant’s fluorescence resulting from the patho-
gen presence. Fusarium equiseti was abundant in underground plant parts in 2006,
especially in ‘Orkan’ (up to 23.1% of fungal populations; Table 2). Several authors
(Jamiołkowska and Wagner 2005, Zalewska and Machowicz-Stefaniak 2004) re-
ported strong pathogenic properties of F. equiseti towards some vegetable and spice
plants. Pathogenicity of F. equiseti to sweet pepper seedlings was verified by
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Table 1
Average monthly temperature and sum of precipitation in months

Year I II III IV V VI VII VIII IX X XI XII

Average monthly temperature (°C)

2004 –5.6 –1.0 2.8 7.9 11.9 15.8 18.1 18.3 12.8 9.8 3.1 1.5

2006 –7.6 –4.3 –0.1 8.7 13.6 16.9 21.9 17.4 15.4 10.1 5.3 3.0

Average for 2004
and 2006

–6.6 –2.7 1.4 8.3 12.8 16.4 20.0 17.9 14.1 10.0 4.2 2.3

Sum of precipitation in months (mm)

2004 32.7 52.5 33.9 38.1 38.0 49.9 90.5 48.5 14.2 19.1 58.2 17.1

2006 15.7 26.7 47.0 30.3 59.0 37.9 68.0 198.3 11.0 14.2 41.2 18.6

Average for 2004
and 2006

24.2 39.6 40.5 34.2 48.5 43.9 79.3 123.4 12.6 16.7 49.7 17.9
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Phot. 1. Necrosis of  internal part of stem base of hot pepper (photo by A. Jamiołkowska)

Phot. 2. Necrotic spot in cortex of stem base and root rot of hot pepper (photo by A. Jamiołkowska)



Jamiołkowska (2008) where the species caused inhibition of seedling growth and
root necrosis. The negative effect of F. equiseti was most probably the result of its
toxins and antibiotics activity. Especially trichothecenes and equisetin could have
been involved in the pathogenesis (Wheeler et al. 1999, Hestbjerg et al. 2002).
Among fungi isolated from roots and stem base of hot pepper, F. solani was present
only in 2004 year on ‘Rokita’. Also C. coccodes was isolated from underground plant
parts (Table 2), causing browning and necrosis of roots and stem base cortex
(Jamiołkowska 2008). It is supposed that the fungus develops mainly within plant
underground parts under conditions of field cultivation. More isolates of C. coccodes
were obtained in 2004 than 2006. Optimum temperatures for germination and in-
fection are between 22 and 28°C (Dillard 1989). A great population of C. coccodes
on ‘Bronowicka Ostra’ (74.4% in 2004 and 80.0% in 2006) suggests that the
cultivar is more frequently infected by C. coccodes than ‘Rokita’ or ‘Orkan’ (Table 2).

Despite of chemical control, antagonistic fungi of Penicillium and Trichoderma
were also isolated from underground hot pepper parts (Table 2). According to
some authors (Ahmed et al. 2000, Pięta and Patkowska 2003, Suarez-Estrella et al.
2007) the presence of these fungi in a habitat is always a positive phenomenon.

Analysis of fungal communities with SYN-TAX showed that fungal communi-
ties isolated from roots and stem base of ‘Rokita’ and ‘Bronowicka Ostra’ in 2004
(75% similarity) as well as ‘Orkan’ and ‘Bronowicka Ostra’ in 2006 (48% similar-
ity) were the most similar (Fig. 1).

Among fungi isolated from roots and stem base of hot pepper only Trichoderma
spp. reduced F. oxysporum growth. The individual biotic effect (IBE) of Trichoderma
spp. was +6 (Table 3). Other fungi from the communities, like A. alternata, C.
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Table 2
Fungi isolated from underground part of hot pepper plants cultivated

in the field – number of isolates (absolute %)

Fungus species
2004 2006

‘Rokita’ ‘Orkan’ ‘Bronowicka
Ostra’ ‘Rokita’ ‘Orkan’ ‘Bronowicka

Ostra’

Alternaria alternata – – – 2 (2.4) 13 (16.7) 1 (1.5)

Colletotrichum coccodes – – 71 (74.7) 3 (3.6) 4 (5.1) 52 (80.0)

Fusarium equiseti – 7 (7.7) – 4 (4.9) 18 (23.1) 1 (1.5)

Fusarium oxysporum 78 (75.0) 63 (69.2) 7 (7.4) 70 (84.3) 18 (23.1) 1 (1.5)

Fusarium solani 22 (25.0) – – – – –

Gilmaniella humicola – – 1 (1.1) – – –

Gliocladium roseum – – 10 (10.5) – – –

Penicillium cyclopium – – – – 9 (11.5) 4 (6.2)

Penicillium janczewskii – 1 (1.1) – – 13 (16.7) 6 (9.3)

Trichoderma hamatum – 20 (22.0) 1 (1.1) 3 (3.6) – –

Trichoderma harzianum – – 5 (5.3) 1 (1.2) 3 (3.8) –

Total 100 (100) 91 (100) 95 (100) 83 (100) 78 (100) 65 (100)



coccodes, F. equiseti and F. solani displayed neutral IBE. Penicillium spp., G. roseum and
G. humicola did even support the pathogen growth because their IBE value was neg-
ative. Communities originating from underground part of hot pepper could not re-
duce F. oxysporum growth, because their SBE’s were also negative (Table 3).
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Table 3
Biotic effect of fungal communities from underground part of hot pepper

on the growth of Fusarium oxysporum

Fungus
species IBE

2004 2006

‘Rokita’ ‘Orkan’ ‘Bronowicka
Ostra’ ‘Rokita’ ‘Orkan’ ‘Bronowicka

Ostra’

frequ-
ency GBE frequ-

ency GBE frequ-
ency GBE frequ-

ency GBE frequ-
ency GBE frequ-

ency GBE

A. alternata

C. coccodes

F. equiseti

F. oxysporum

F. solani

G. humicola

G. roseum

P. cyclopium

P. janczewskii

T. hamatum

T. harzianum

0

0

0

–8

0

–3

–5

–3

–3

+6

+6

–

–

–

78

22

–

–

–

–

–

–

–

–

–

–624

0

–

–

–

–

–

–

–

–

7

63

–

–

–

–

1

20

–

–

–

0

–504

–

–

–

–

–3

+120

–

–

71

–

7

–

1

10

–

–

1

5

–

0

–

–56

–

–3

–50

–

–

+6

+30

2

3

4

70

–

–

–

–

–

3

1

0

0

0

–560

–

–

–

–

–

+18

+6

13

4

18

18

–

–

–

9

13

–

3

0

0

0

–144

–

–

–

–27

–39

–

+18

1

52

1

1

–

–

–

4

6

–

–

0

0

0

–8

–

–

–

–12

–18

–

–

Total 100 91 95 83 78 65

SBE –624 –387 –73 –536 –192 –38

IBE – individual biotic effect, GBE – general biotic effect, SBE – summary biotic effect.

Fig. 1. Dendrogram showing classification of fungal communities from underground part
of hot pepper cultivated in the field; 2004: 1 – ‘Rokita’, 2 – ‘Orkan’, 3 – ‘Bronowicka Ostra’,

2006: 4 – ‘Rokita’, 5 – ‘Orkan’, 6 – ‘Bronowicka Ostra’



Streszczenie

GRZYBY IZOLOWANE Z CZĘŚCI PODZIEMNEJ PAPRYKI OSTREJ
(CAPSICUM ANNUUM) UPRAWIANEJ W POLU

Określono liczbę i gatunki grzybów występujących na części podziemnej papry-
ki ostrej uprawianej w polu. Trzy odmiany: ‘Rokita’, ‘Orkan’ i ‘Bronowicka Ostra’
badano w miejscowości Zezulin koło Lublina w 2004 i 2006 roku. Korzenie i pod-
stawa pędu badanych roślin były zasiedlane głównie przez Colletotrichum coccodes i
grzyby rodzaju Fusarium. Wpływ zbiorowisk grzybów występujących na części pod-
ziemnej papryki ostrej na wzrost F. oxysporum oceniano metodą szeregów biotycz-
nych. Zbiorowiska grzybów spod uprawy badanych odmian papryki nie wpływały
hamująco na wzrost F. oxysporum.
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