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Abstract

Phenolic compounds content in leaves, stems, and roots of sweet pepper
‘Caryca F1’ and ‘Marysia’ cultivated in the field was analyzed in 2006–2007 versus
the occurrence of fungi on the plants. Higher flavonoids and total phenolic acids
content in plant parts was negatively correlated with the colonization intensity by
fungi regarded as pathogenic (mainly Alternaria alternata, Fusarium spp.).
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Introduction

Production of pepper fruit is of worldwide agricultural importance. Peppers are
native plants of America, and their fruits (source of vitamins A, C, and E) are con-
sumed as vegetable foods, spices, and external medicines. Pepper is threatened by
several diseases resulting in low yields: fusariosis, anthracnose, alternariose and
gray mould (Nelson et al. 1983, Mesbah et al. 2000, Wagner et al. 2001, Wagner
2004, Jamiołkowska 2008, 2009).

At present, the investigations are focused on obtaining cultivars of high yield
and good tolerance to diseases. Attempts to find correlation between the content
of biological compounds and plant health were undertaken (Candela et al. 1995,
Pięta et al. 1998, Gayoso et al. 2004). Polyphenolic compounds are an important
group of secondary plant metabolites exhibiting antioxidant properties (ca 8000).
Bravo (1998) divided them into 10 classes, such as phenolic acids, flavonoids, tan-
nins etc. Polyphenolic substances have a wide spectrum of biological functions,
playing an important role in the interaction between plants and their environment
(Dakora 1995, Koes et al. 2005). Many authors (Koes et al. 2005, Saniewska and
Jarecka 2006) have shown that phenolic acids and flavonoids participate in the in-
teraction between plants and organisms such as symbiotic bacteria and parasites.
These compounds inhibit spore germination and mycelium growth (Dakora
1995).
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The aim of present study was to determine the correlation between phenolic
compounds concentration in plants and occurrence of fungi on sweet pepper
plants grown in the field.

Material and methods

The experiments were conducted in 2006 and 2007 in Zezulin near Lublin
(south-east Poland). The objects of study were two sweet pepper (Capsicum
annuum) cultivars: ‘Marysia’ and ‘Caryca F1’, planted in mid-May in 35 × 67 cm
spacing. The experimental combination consisted of 40 plants of each cultivar (10
plants in four replications) with two sweet pepper rows around the experimental
plots, not used for the study.

Manure (40 t/ha) was applied every spring before plantation setting, while
mineral fertilization was used in accordance to fertilization recommendations for
Solanaceae plants, basing of earlier soil analyses with subsequent ploughing. Fo-
liage nutrition was applied every year: once using calcium nitrate 1% and once us-
ing Florovit 0.2%. Plants were not protected chemically.

Weather parameters, measured at Meteorological Station Felin (Lublin), were
achieved from the Department of Agrometeorology, University of Life Sciences in
Lublin.

Mycological assay of plants

During full fruiting (first decade of September), eight randomly selected plants
were sampled from each plot. Above- and underground parts of plants were ana-
lyzed, as described by Jamiołkowska (2007). Next, 3-mm-long fragments (inocula)
were placed on Petri dishes on sterile mineral medium (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). For each experimental treat-
ment 10 dishes (10 inocula per dish) were prepared and incubated at 20–22°C for
seven days in darkness. The obtained colonies of fungi were transferred to po-
tato-dextrose medium (PDA – Difco) and identified to the species with the avail-
able monographs.

Biochemical analysis of plants

Leaves, stems, and roots of investigated pepper cultivars were analyzed. At the
full fruiting stage (beginning of September), eight plants were randomly collected
from each cultivar. Plants were dried in shade and air and then ground. The
flavonoids and total phenolic acids contents were determined.
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Flavonoid analysis. Determination of flavonoids content (flavonoles con-
verted for quercetine) was performed by means of spectrophotometry (Polish
Pharmacopoeia VI 2002).

Analysis of phenolic compounds of o-dihydroxophenol type. Determination
of phenolic compounds (with conversion to caffeic acid) was performed by spectro-
photometric means according to modified Singelton and Rossi (1965) method.

Analysis of variance (Tukey’s test) at 5% significance level (SAS Version 9.1,
SAS Inst., Cary, N.C., U.S.A.) was applied for data analysis.

Results and discussion

Both vegetation seasons (2006 and 2007) were warm (Table 1). Precipitation
was higher in 2007 than in 2006, except for August.

From the aboveground parts of pepper plants 310 isolates of fungi representing
12 species were isolated. Underground plant parts yielded 215 isolates of fungi
representing 16 species (Table 2). The dominating species were Alternaria alternata,
Fusarium spp. (particularly F. culmorum, F. equiseti, F. oxysporum), Penicillium chryso-
genum and Trichoderma spp.

Alternaria alternata constituted 67.4% of isolates from leaves and stems, with
frequency varying between years. The species predominated in aboveground parts
of pepper, on both cultivars. It is a severe pathogen causing serious leaf necroses
and dramatic changes in plant photosystem (Rotem 1994). Population of A.
alternata was the highest on ‘Marysia’ in 2006 (68 isolates; Table 2).

Fusarium spp., which also frequently colonized pepper plants (Table 2), are im-
portant pathogens of pepper cultivated in the field (Jamiołkowska 2009). The au-
thor with co-authors (Wagner et al. 2001, Jamiołkowska and Wagner 2005,
Jamiołkowska 2008) reported severe pathogenicity of Fusarium spp. to Solanaceae
vegetables. The frequency of Fusarium spp. in above- and underground plant parts
differed. Fusarium oxysporum prevailed in the underground plant parts (25.1%),
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Table 1
Average monthly temperature and sum of precipitation in months

Year
Months

V VI VII VIII IX

Average monthly temperature  (°C)

2006 13.6 16.9 21.9 17.4 15.4

2007 15.0 18.1 19.2 18.4 13.0

Average 14.3 17.5 20.5 17.9 14.2

Sum of precipitation in months (mm)

2006 59.0 37.9 68.0 198.3 11.0

2007 81.5 87.8 87.0 37.6 129.8

Average 70.2 62.8 77.5 99.2 70.4
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Table 2
Fungi isolated from sweet pepper (Capsicum annuum) plants cultivated in the field

Fungus species

Number of isolates
Total

percentage2006 2007
total

‘Caryca F1’ ‘Marysia’ ‘Caryca F1’ ‘Marysia’

Aboveground part

Alternaria alternata

Aureobasidium pullulans

Botrytis cinerea

Cladosporium cladosporioides

Epicoccum purpurascens

Fusarium avenaceum

Fusarium culmorum

Fusarium equiseti

Mucor hiemalis

Penicillium expansum

Sclerotinia sclerotiorum

Trichoderma hamatum

49

1

–

–

–

–

2

4

–

–

–

1

68

–

3

2

–

–

–

1

3

8

–

–

50

–

–

–

2

11

–

5

–

–

9

4

42

–

–

–

–

–

29

15

1

–

–

–

209

1

3

2

2

11

31

25

4

8

9

5

67.4

0.3

1.0

0.6

0.6

3.6

10.0

8.1

1.3

2.5

3.0

1.6

Total 57 85 81 87 310 100

Underground part

Alternaria alternata

Cladosporium cladosporioides

Colletotrichum coccodes

Fusarium avenaceum

Fusarium culmorum

Fusarium equiseti

Fusarium oxysporum

Fusarium semitectum

Fusarium solani

Humicola fuscoatra

Mucor hiemalis

Mucor mucedo

Penicillium chrysogenum

Sclerotinia sclerotiorum

Trichoderma hamatum

Trichoderma harzianum

4

6

–

–

–

2

13

–

4

–

1

–

27

–

–

–

2

–

1

–

1

1

26

–

–

–

6

–

18

–

–

–

–

–

–

5

3

4

15

5

3

2

7

2

1

5

–

–

2

–

–

1

12

4

–

–

–

–

–

–

–

–

9

23

8

6

1

6

16

11

54

5

7

2

14

2

46

5

9

23

3.7

2.8

0.5

2.8

7.4

5.2

25.1

2.3

3.3

0.9

6.5

0.9

21.4

2.3

4.2

10.7

Total 57 55 52 51 215 100



while in the aboveground organs F. avenaceum (10.0%) and F. culmorum (8.1%) pre-
vailed. The largest number of Fusarium spp. was isolated from the aboveground
parts of ‘Marysia’ in 2007 (44 isolates), and from roots and stem base of ‘Caryca
F1’ in 2007 (35 isolates).

Contents of flavonoids and phenolic acids in pepper plants are presented in
Tables 3 and 4. The lowest level of flavonoids occurred in roots (2.38 mg per 100 g
for ‘Caryca F1’ in 2007) and the highest – in leaves (747.30 mg per 100 g for
‘Marysia’ in 2007; Table 3). These two values were significantly different from all
the other values.

The highest concentration of phenolic acids occurred in leaves (979.43 mg per
100 g for ‘Caryca F1’ in 2007) and the lowest – in roots (182.70 mg per 100 g for
‘Marysia’ in 2007; Table 4). Flavonoids and phenolic acids play an important role
in plant–pathogen interaction. Candela et al. (1995) reported that high level of
phenolic acids in stems of C. annuum determined the plant resistance to Phyto-
phthora capsici. Other authors (Saniewska 2004, Saniewska and Jarecka 2006) also
found that flavans, flavonoids, and flavanols contained in Citrosept preparation,
strongly inhibited linear growth of F. oxysporum, A. alternata, Botrytis cinerea and
Rhizoctonia solani mycelium in vitro.

Short communications 69

Table 3
The average content of flavonoids in convertion for quercetine

in different parts of sweet pepper (Capsicum annuum) plants (mg in 100 g)

Cultivar Year Leaves Stems Roots

‘Caryca F1’ 2006 224.67 C 31.33 D 14.66 B

2007 381.95 B 35.15 C 2.38 C

‘Marysia’ 2006 35.06 D 41.10 B 27.10 A

2007 747.30 A 136.78 A 26.09 A

LSD (0.05) 3.2727 2.5728 4.1428

Values designated with the same letters within columns do not differ significantly at 5% error
(Tukey’s test).

Table 4
The average content of free phenolic acids in convertion to caffeic acid

in different parts of sweet pepper (Capsicum annuum) plants (mg in 100 g)

Cultivar Year Leaves Stems Roots

‘Caryca F1’ 2006 773.53 B 367.26 B 195.60 A

2007 979.43 A 516.54 A 198.11 A

‘Marysia’ 2006 524.40 C 409.63 AB 205.86 A

2007 843.16 A 512.68 AB 182.70 A

LSD (0.05) 177.26 146.63 33.313

Values designated with the same letters within columns do not differ significantly at 5% error
(Tukey’s test).



The content of phenolic compounds in both cultivars was higher in 2007 than
in 2006. ‘Marysia’ in 2007 was the least colonized by A. alternata, having the high-
est flavonoids content in leaves and stems. ‘Caryca F1’ in 2007 had the lowest con-
tent of flavonoids in roots, where numerous Fusarium spp. were present. Phenolic
compounds play a potential role in disease resistance (Hahlbrock and Scheel
1989). Their content in plants is determined by biotic and abiotic factors (Ruiz and
Romero 2001), what can explain the differences in the compounds’ content be-
tween the research years. Phenolic protocatechuic acid was claimed responsible for
resistance of pigmented onions to Colletotrichum circinans, and chlorogenic acid for
resistance of potato tubers to Streptomyces scabies (Candela et al. 1995).

Results of this work indicated that there were no differences in phenolic com-
pounds content between cultivars, while in plant parts with higher concentration
of the compounds the occurrence of fungi regarded as pathogenic to pepper de-
creased.
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Streszczenie

ZAWARTOŚĆ ZWIĄZKÓW FENOLOWYCH A WYSTĘPOWANIE GRZYBÓW
NA PAPRYCE SŁODKIEJ (CAPSICUM ANNUUM)

W latach 2006–2007 przeprowadzono analizę zawartości związków fenolowych
w liściach, łodygach i korzeniach papryki słodkiej odmian ‘Caryca F1’ i ‘Marysia’
uprawianej w polu oraz analizę występowania grzybów w roślinach. Zawartość fla-
wonoidów i kwasów fenolowych w badanych częściach roślin była odwrotnie sko-
relowana z intensywnością ich zasiedlenia przez grzyby uważane za patogeniczne
(szczególnie Alternaria alternata i Fusarium spp.).
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