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CULTIVATED IN THE FIELD

A. Jamiołkowska

Abstract

The study on yield and health of fruits of some pepper cultivars was carried out
in 2007–2009, on eight cultivars in the field: ‘Barbórka’, ‘Caryca F1’, ‘Mercedes’,
‘Ożarowska’, ‘Podstolina’, ‘Roberta F1’, ‘Robertina’ and ‘Rumba F1’. The fruits
were collected several times during vegetable seasons to estimate mean total yield.
At full fruiting (first decade of September), 60 randomly selected fruits of sweet
pepper were sampled from each plot and analyzed in laboratory. Marketable yield
of studied cultivars of pepper ranged from 0.7 kg/m2 to 3.3 kg/m2. The predomi-
nating species of pepper pericarp were: Alternaria alternata, Botrytis cinerea, Fusarium
avenaceum, F. culmorum and Trichoderma spp. The lowest number of colonies was ob-
tained from ‘Rumba F1’ and ‘Robertina’ and the highest one from ‘Ożarowska’ and
‘Roberta F1’. Alternaria alternata and B. cinerea were isolated most frequently from
sweet pepper pericarp.
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Introduction

Pepper belongs to a large family of Solanaceae (Somos 1984). This taxon in-
cludes both sweet cultivars eaten mainly as vegetables and hot ones, often used as
a spice. Pepper is a vegetable of importance in human nutrition. In recent years,
peppers became popular and a wide number of varieties are now available in gro-
cery stores. Fruits of sweet pepper are a rich source of vitamins of oxidizing speci-
ficity (particularly vitamin C), polyphenols, chlorophylls, carotenoids, sugars as
well as various essential oils (Somos 1984, Jadczak et al. 2010). Epidemiological
studies have showed that these components play important role in protection of
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human health against civilization diseases like tumors, diseases of heart, cataract
(Palevitch and Craker 1995, Howard et al. 2000, Perucka and Oleszek 2000).
Sweet pepper fruits contain also mineral compounds, especially magnesium, cal-
cium, potassium, phosphorus and iron (Jadczak et al. 2010). Chemical composi-
tion of pepper fruit has been studied fairly well. Red peppers contain the highest
amount of provitamin A ( -carotene and -cryptoxanthin) (Minguez-Mosquera
and Hornero-Méndez 1993, 1994). Regarding flavonoids, most of the studies on
pepper have been concentrated only on flavonoid aglycones (quercetin and luteo-
lin) obtained after hydrolysis (Howard et al. 2000). Howard et al. (2000) have
studied the effects of pepper maturation on antioxidants content in different pep-
per species (Capsicum annuum, C. frutescens, and C. chinense). They found that the
concentration of these antioxidants increased as fruits reach maturity. Sweet pep-
per yielding depends on many factors, including its health status (Jamiołkowska
and Buczkowska 2009). Contents of antioxidants is different in fruits depending
on varieties, susceptibility to pathogens and conditions of cultivation. The aim of
the study was to evaluate the yield and the species of fungi colonizing the pericarp
of some sweet pepper cultivars in the field.

Materials and methods

The experiments were conducted in 2007–2009 in Zezulin near Lublin (Lublin
province). The objects of study were eight cultivars of sweet pepper (Capsicum
annuum): ‘Barbórka’, ‘Caryca F1’, ‘Mercedes’, ‘Ożarowska’, ‘Podstolina’, ‘Roberta
F1’, ‘Robertina’ and ‘Rumba F1’. Mineral fertilization was used according to recom-
mendations for Solanaceae plants on a basis of earlier soil analyses with subse-
quent ploughing. The pepper plants were planted in the field at the mid of May in
35 cm × 67 cm spacing. The experiment combination consisted of 60 plants of
each cultivar (10 plants in six replications). Two sweet pepper raws were planted
around the experimental plants, and they were not used for the study. Pesticides
were not applied and weeds were removed manually. Weather parameters, mea-
sured at Meteorological Station Felin, were achieved from the Department of
Agrometeorology, University of Life Sciences in Lublin.

Total marketable and non-marketable yield (kg/m2) were determined for each
cultivar. Non-marketable yield consisted of diseased and other (undergrown and
injured) fruits. Data were analyzed by analysis of variance (Tukey’s test) at 5% sig-
nificance level using the SAS statistical system (SAS Version 9.1, SAS Inst., Cary,
N.C., U.S.A.).

During full fruiting (first decade of September), 60 randomly selected fruits of
sweet pepper were sampled from each plot and analyzed in laboratory. Plant mate-
rial was precleaned, rinsed with running water for 20 min and then surface disin-
fected with 50% ethyl alcohol and 0.1% sublimate for 1 min. Disinfected plant
material was rinsed three times in distilled water. Next, 3-mm fragments were
placed on mineral medium in Petri dishes as described by Jamiołkowska (2007).
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For each experimental plot 10 dishes with plant material (10 plant fragments of
fruit per each dish) were prepared and incubated in the thermostat at 20–22°C for
seven days in darkness. The obtained fungal colonies were transferred to potato
dextrose medium (PDA, Difco) and identified to species with the available mono-
graphs.

Results

Meteorological conditions during three years of experiment are presented in
Table 1. Vegetation season 2007 was warmer and was characterized by lower pre-
cipitation than other seasons (Table 1).

Total yield of studied cultivars of pepper ranged from 2.23 kg/m2 (‘Roberta F1’
2009) to 6.25 kg/m2 (‘Robertina’ 2007) (Table 2). The highest marketable yield
was received in 2007 year from cultivars: ‘Rumba F1’, ‘Robertina’, ‘Caryca F1’ and
‘Mercedes’ (from 3.26 to 3.30 kg/m2).

In 2008 and 2009 neither of studied cultivars gave such a high yield as in 2007.
That was probably due to bad weather conditions. The significant differences be-
tween cultivars were noticed also for non-marketable yield (Table 2). The average
highest yield of diseased fruits was received from ‘Ożarowska’ and ‘Podstolina’,
while the lowest one from ‘Barbórka’ and ‘Roberta F1’ (Fig. 1).

At full fructification disease symptoms of alternariosis and grey mold were ob-
served on the fruits (Phots. 1, 2). Mycological analysis resulted in 1570 isolates of
fungi representing 13 species, obtained from fruits of eight cultivars. The predomi-
nating species were: Alternaria alternata, Botrytis cinerea, Fusarium avenaceum, F.
culmorum, Penicillium spp., Trichoderma spp. and many bacteries (Table 3). More iso-
lates of fungi were obtained in 2008 and 2009, when precipitation was high, than
in 2007, when rainfalls were low (Table 3). Alternaria alternata and B. cinerea seem
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Table 1
Average monthly temperature and precipitation in months

Year
Months

V VI VII VIII IX

Average monthly temperature (°C)

2007 15.0 18.1 19.2 18.4 13.0

2008 12.8 17.7 18.3 19.3 12.6

2009 13.6 16.4 19.9 19.0 15.3

Average for 1951–2005 13.0 16.2 17.8 17.1 12.6

Sum of precipitation (mm)

2007 81.5 87.8 87.0 37.6 129.8

2008 101.6 25.9 77.1 45.0 102.2

2009 71.1 125.5 57.1 54.7 21.0

Average for 1951–2005 57.7 65.7 83.5 68.6 51.6
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Fig. 1.  Average yield of sweet pepper from 2007–2009 (values designated with the same letters
within categories do not differ significantly at 5% error, Tukey’s test)

Phot. 1. Symptoms of alternariosis on fruit of sweet pepper cv. ‘Ożarowska’
(photo by A. Jamiołkowska)



to be the most important fungi coloniz-
ing the pericarp of sweet pepper. Fre-
quency of A. alternata ranged from 12.8
to 46.4% of studied populations (Table
3). This species was isolated from all
cultivars, but most frequently from
‘Podstolina’, ‘Robertina’ and ‘Barbórka’
(Fig. 2). Botrytis cinerea was isolated
most frequently in 2008 (68.5% of pop-
ulation) (Table 3). The lowest number
of B. cinerea colonies was obtained from
‘Rumba F1’, ‘Robertina’ and ‘Podsto-
lina’, while the highest one from ‘Oża-
rowska’, ‘Caryca F1’ and ‘Roberta F1’
(Fig. 2). The occurrence of grey mold on
fruits in 2007–2009 proved to be dam-
aging to pepper. Fruits of pepper were
colonized also by Fusarium spp., mostly
by F. culmorum and F. avenaceum. A high number of F. culmorum colonies was isolated
from ‘Barbórka’, ‘Caryca F1’ and ‘Roberta F1’ in 2009 and F. avenaceum was obtained
often from ‘Mercedes’ in 2008 (Table 3).

Fungi occurring the pericarp and yield of sweet pepper... 11

Fig. 2.  Number of isolates of Alternaria alternata and Botrytis cinerea in structure
of fungi colonizing sweet pepper pericarp in 2007–2009

Phot. 2. Symptoms of grey mold on sweet
pepper cv. ‘Mercedes’

(photo by A. Jamiołkowska)



In 2008 Colletotrichum coccodes was isolated from the pericarp of ‘Mercedes’ ( Ta-
ble 3). Under field conditions saprotrophic fungi were also isolated from pericarp:
Epicoccum purpurascens and Trichoderma spp. (Table 3).

Discussion

There were differences in marketable yield between investigated cultivars. The
share of marketable yield in total yield ranged from 38% to 71.5%. The highest
marketable yield was received from heterosous cultivars. Similar results were ob-
tained by Buczkowska and Bednarek (2005), as well as by Jamiołkowska and
Buczkowska (2009). According to Michalik (2007) yield of sweet pepper depends
not only on cultivar and conditions of cultivation but also on weather conditions.
Buczkowska and Bednarek (2005) have reported a high correlation between effec-
tive air temperature during cultivation and marketable yield of studied cultivars. In
the experiment the total yield of pepper was the highest in 2007 when the average
temperature was the highest.

Mycological analysis showed that the most important fungi colonizing the
pericarp of pepper were A. alternata and B. cinerea. The negative effect of A. alternata
on pepper was noticed in studies conducted by Jamiołkowska (2009 a, 2009 b).
Under field conditions alternariosis caused by A. alternata should be considered
a dangerous disease of pepper fruits. Alternaria alternata produce the nonspecific
toxins (alternariol – AOH, alternariol monomethyl ether – AME, tenuazonic acid –
TZA) that make fast destruction of fruits (Rotem 1994). The common occurrence
of alternariosis on pepper fruits was due to a wide distribution of Alternaria and its
ability to live saprotrophically or parasitically (Rotem 1994). The studies shown
that under field conditions favouring the development of A. alternata, all tested
cultivars, especially ‘Podstolina’, were susceptible to the pathogen. Alternariosis
infection depends not only on health status of plant and sensitivity of cultivars but
also on weather conditions in vegetable period. Development of A. alternata is also
often possible at low temperature (Rotem 1994). The pepper fruits were also colo-
nized by a complex of other quickly growing fungi able to infect plants. One of
them was B. cinerea causing grey mold of different vegetable plants (Jamiołkowska
and Buczkowska 2009, Jamiołkowska 2009 a, 2009 b). The results showed that
grey mold depends mostly on weather conditions and not on the sensitivity of
cultivars. The consequence of the infection of fruits by the pathogen is tissue de-
struction. The enzymes secreted by B. cinerea play an important role in the success-
ful colonization of a host plant. Some of the secreted enzymes are involved in the
degradation of pectin, a major component of the plant cell wall (Shah et al. 2009).
Pericarp of sweet pepper was colonized by Fusarium spp. and Colletotrichum coccodes.
Fusarium spp. are widely distributed causing diseases of numerous plant species
(Desjardins 2006). The frequency of Fusarium spp. was not significant on pepper
pericarp, due to strong competitive abilities of B. cinerea and A. alternata. Colle-
totrichum coccodes causes necrotic spots on pepper fruits called anthracnose (Park
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and Kim 1992, Il-Pyung et al. 2004). Under climatic conditions of Eastern Poland
the pathogen is not a serious threat to pepper cultivated in the field as the tempera-
ture optimal to C. coccodes development ranges from 28 to 31°C (Glais-Varlet et al.
2004).

Conclusions

1. The total yield differed significantly between studied cultivars. The
highest marketable yield was obtained from cvs. ‘Rumba’, ‘Roberta F1’ and
‘Mercedes’ and the lowest from cvs. ‘Podstolina’ and ‘Ożarowska’.

2. The most important fruit diseases of sweet pepper cultivated in the
field in Lublin vicinity are alternariosis and grey mold.

3. Fruits of heterosous cultivars of sweet pepper ‘Roberta F1’ and ‘Rumba
F1’ were colonized by A. alternata and B. cinerea in the lowest degree.

Streszczenie

GRZYBY ZASIEDLAJĄCE PERYKARP I PLON PAPRYKI SŁODKIEJ
(CAPSICUM ANNUUM) UPRAWIANEJ W POLU

Badania prowadzono w latach 2007–2009. Ich celem była ocena plonu i zdro-
wotności owoców wybranych odmian papryki słodkiej. Materiał badawczy stano-
wiło osiem odmian papryki uprawianej w polu: ‘Barbórka’, ‘Caryca F1’, ‘Mercedes’,
‘Ożarowska’, ‘Podstolina’, ‘Roberta F1’, ‘Robertina’, ‘Rumba F1’. Owoce były zbie-
rane kilka razy w sezonie wegetacyjnym. Oceniano średni ogólny plon owoców.
W pełni owocowania papryki (pierwsza dekada września) z każdej odmiany pobie-
rano losowo po 60 owoców do analizy mikologicznej. Plon handlowy papryki dla
badanych odmian w okresie trzech lat wynosił od 0,7 do 3,3 kg/m2. Największy
plon owoców chorych uzyskano z odmiany ‘Podstolina’ (1,36 kg/m2, 2008 r.),
a najmniejszy z odmiany ‘Rumba F1’ (0,27 kg/m2, 2009 r.). Analiza mikologiczna
owoców wykazała, że grzyby najliczniej zasiedlające perykarp papryki to Alternaria
alternata, Botrytis cinerea, Fusarium avenaceum, F. culmorum i Trichoderma spp. W okre-
sie trzyletnich badań najmniej grzybów izolowano z odmian ‘Rumba F1’ i ‘Roberti-
na’, a najwięcej z odmian ‘Ożarowska’ i ‘Roberta F1’. Z owoców papryki najliczniej
izolowano A. alternata (od 12,8 do 46,4% ogółu wyosobnień) i B. cinerea (od 86 do
100% ogółu wyosobnień).

Fungi occurring the pericarp and yield of sweet pepper... 13
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