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Abstract

The objective of this study was to determine the composition of fungal commu-
nities colonizing the leaves and stem base of three potato cultivars. NPK fertilizers
were applied to the soil at two levels, and three foliar fertilizers, Basfoliar 12-4-6,
ADOB Mn and Solubor DF, were applied alone and in combinations. Yeast-like
fungi were most frequently isolated from the leaves of all potato cultivars. Most
isolates of pathogenic fungi (the species Alternaria alternata was isolated most fre-
quently) were obtained from the leaves of cv. ‘Adam’ in the control treatment. The
dominant species colonizing potato stems were Colletotrichum coccodes and A.
alternata. Foliar fertilization had variable effects on the population size of patho-
gens colonizing the potato stem base. More pathogenic fungal isolates were ob-
tained from stem base of potato plants grown in plots with a higher level of mineral
fertilization.

Key words: potato stems, potato leaves, fungi, foliar fertilization, mineral fertil-
ization

Introduction

The composition of fungal communities (including pathogens of the genus
Alternaria) colonizing the aboveground parts of potato plants is affected, among
others, by weather conditions, cultivars grown (Lenc 2007), crop rotation (Cwali-
na-Ambroziak and Czajka 2000), chemical and biological control (Kurzawińska
and Mazur 2007) and soil mineral fertilization (Blachiński et al. 1996, Feng and
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Zheng 2006, Mac Donald et al. 2007). Foliar micronutrient fertilization plays an
important role in potato growth and development under stress conditions
(Malakouti 2008), provides protection against pathogens (Miller and Rosen 2005,
Pavlista 2005) and influences the structure of pathogenic fungal communities col-
onizing potato leaves and stems (Cwalina-Ambroziak et al. 2007).

The objective of this study was to determine the composition of fungal commu-
nities colonizing the leaves and stem base of three potato cultivars in treatments
with foliar applied micronutrient fertilizers and mineral soil fertilization.

Materials and methods

Three potato cultivars, medium-early ‘Adam’, medium-late ‘Pasja Pomorska’
and late ‘Ślęza’, were grown in a three-year plot experiment 2008–2010 (random-
ized split-plot design, three replications), established on grey-brown podsolic soil
developed from light silty loam of complex 2, quality class IIIa, in Bałcyny, by the
Department of Agrotechnology and Crop Production Management, University of
Warmia and Mazury in Olsztyn. Certified seed potato tubers were planted in rows,
40 cm apart, at a row spacing of 62.5 cm. The first experimental factor was the level
of mineral fertilization: A – 80 kg N per 1 ha, 80 kg P per 1 ha, 120 kg K per 1 ha, B –
120 kg N per 1 ha, 144 kg P per 1 ha, 156 kg K per 1 ha. The second experimental
factor was foliar fertilization: a – Basfoliar 12-4-6 (8 l·ha-1), b – ADOB Mn (4
l·ha-1), c – Solubor DF (2 l·ha-1), d – ADOB Mn (2 l·ha-1) + Solubor DF (1 l·ha-1), e
– ADOB Mn (2 l·ha-1) + Basfoliar 12-4-6 (4 l·ha-1), f – Basfoliar 12-4-6 (4 l·ha-1) +
Solubor DF (1 l·ha-1), g – Basfoliar 12-4-6 (2.7 l·ha-1) + ADOB Mn (1.3 l·ha-1) +
Solubor DF (0.7 l·ha-1), h – without foliar fertilization. Foliar fertilizers were ap-
plied once, at the beginning of flowering (BBCH 61). Cereal crops were grown as
a forecrop. Identical plant protection measures, recommended by the Institute of
Plant Protection – National Research Institute in Poznań, were implemented in all
plots. Fungi were isolated from the leaves (according to Chruściak 1974) and stem
base of potato plants at the laboratory. After flowering, 20 leaves were collected
randomly from the middle layer of potato plants in plots of each treatment. 1 cm2

samples of leaf tissue cut out at the base were placed in 200 ml flasks containing 90
ml sterile water. The flasks were shaken for 10 min and 0.2 ml suspension portions
were transferred to Petri dishes containing PDA medium with rose Bengal and
streptomycin. Stems collected four weeks before harvest were cut into 0.5 cm seg-
ments, which were disinfected with 50% ethylene and 1% sodium hypochlorite
and treated with distilled water and placed on PDA. The cultured fungal colonies
were inoculated onto agar slants for later microscopic identification according to
the relevant keys (von Arx 1970, Ellis 1971, Nelson et al. 1983).

Temperature distribution patterns (May–August) were similar in the investi-
gated growing seasons. Mean monthly temperatures were comparable with the
long-term average in May and June, and they were higher than average in July and
August (18°C to 21°C). Precipitation totals in the growing season of 2008 (226
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mm) were lower than normal, and half of the rainfall occurred in August. The years
2009 and 2010 were wet (above-average precipitation totals of 331 mm and 366
mm, respectively), and particularly heavy rainfall events were observed in June
2009 and in May 2010.

Results and discussion

A more abundant community of fungi colonizing potato leaves (48 species of
filamentous fungi, yeast-like fungi and non-sporulating cultures, Table 1) was iso-
lated from late cultivars (‘Pasja Pomorska’ – 37.2% of all isolates, ‘Ślęza’ – 53.7%)
than from the medium-early cultivar (‘Adam’ – 10%, Fig. 1 a). The above was due
to the high abundance of yeast-like fungi on the leaves on late cultivars (Fig. 1 b).
According to Chruściak (1974) and Kuczyńska (1992), yeast-like fungi are com-
monly found on the leaves of many plant species. Among filamentous fungi, the
most abundant saprotrophic species was Cladosporium cladosporioides, while species
of the genus Humicola (H. brevis, H. fuscoatra), the order Mucorales (Mortierella alpina,
M. isabellina, M. zonata, Mucor circinelloides, M. hiemalis) and the genus Penicillium
were isolated less frequently. The above fungal species were also isolated from po-
tato leaves in a previous study (Cwalina-Ambroziak and Wróbel 2004). According
to Kulikov et al. (2006), potato leaves were abundantly colonized by saprotrophic
fungi of the genera Mucor and Penicillium, and by pathogenic fungi of the genera
Alternaria and Fusarium. In the present study, pathogenic fungi had a low share in
communities isolated from the leaves of the analyzed potato cultivars (10% in cv.
‘Adam’ and 2% in each of the remaining cultivars), and A. alternata was the most
common species. Other pathogenic fungi, including A. solani, Botrytis cinerea, C.
coccodes, eight species of the genus Fusarium, Helminthosporium solani and Rhizoctonia
solani, were not abundant. The highest number of isolates of early blight causal
agent were obtained in the rainfall-deficient growing season of 2008. According to
Lenc (2007), the development of early blight is supported by long drought periods
interspersed by showers. As demonstrated by Olanya et al. (2006), infections
caused by the discussed pathogen are more common in the warm, summer
months. In the present study, the causal agents of leaf diseases were isolated more
frequently from potatoes of the medium-early cultivar fertilized with NPK at
a lower level (A), in comparison with those fertilized at a higher level (B). A re-
verse trend was observed with respect to late cultivars. The effect of foliar fertiliz-
ers on the occurrence of pathogens in the fungal community colonizing potato
leaves was most pronounced in cv. ‘Adam’, where pathogenic fungi accounted for
4.8% in the ADOB Mn + Solubor DF treatment to 18.6% in the control treatment
(Fig. 2). In the remaining cultivars, the differences in the population size of patho-
genic fungi in foliar fertilization treatments were insignificant. Mac Donald et al.
(2007) reported that high N doses reduced the severity of potato infection by
Alternaria.
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The abundance of fungi (36 species of filamentous fungi, yeast-like fungi and
non-sporulating cultures) colonizing the stems of the studied potato cultivars was
similar (Table 2, Fig. 3 a). Pathogens were highly abundant in the fungal commu-
nities. The species identified most frequently was C. coccodes (approx. 52.6%), fol-
lowed by A. alternata (29.5%, Fig. 3 b), similarly as in the case of leaves. Fusarium
spp. were less common, while B. cinerea, H. solani and R. solani were isolated sporad-
ically. The above species are considered typical potato stem pathogens
(Cwalina-Ambroziak et al. 2007). Pathogen C. coccodes is known to infest potato
stems, stolons and roots, but also tubers (Andrivon et al. 1998). Pathogenic fungi
were more abundant (4% in the medium-early cultivar and 2% in late cultivars) in
the treatment with a higher mineral fertilization level than with a lower mineral
fertilization level (Fig. 4 a). The causal agent of anthracnose, in contrast to the
causal agent of alternariosis, was more frequently isolated from potato stems in
treatments with lower levels of mineral fertilization, compared with treatments

Pathogens colonizing the aboveground parts of potato plants... 27

20

18

16

14

12

10

8

6

4

2

0
‘Adam’ ‘Pasja Pomorska’ ‘Ślęza’

a b c d e f g h

a, b, c, d, e, f, g, h – foliar fertilization (a – Basfoliar 12-4-6, b – ADOB Mn, c – Solubor DF, d – ADOB
Mn + Solubor DF, e – ADOB MN + Basfoliar 12-4-6, f – Basfoliar 12-4-6 + Solubor DF, g – Basfoliar 12-4-6

+ ADOB MN + Solubor DF, h – control)

%

Fig. 2. Pathogens isolated from potato leaves

‘Adam’ ‘Pasja Pomorska’ ‘Ślęza’ yeast-like fungi pathogens other

%
100

90
80
70
60
50
40
30

20
10

0
‘Adam’ ‘Pasja

Pomorska’
‘Ślęza’

32.0
11.8 1.6
1.8

10.0

58.0

86.4 93.3

5.1
ba 9.1%

37.2%

53.7%

Fig. 1. Fungi isolated from potato leaves



with higher NPK levels. Zarzycka (1990) pointed to a better development of C.
coccodes in nitrogen-deficient soil, in comparison with soil fertilized with adequate
amounts of nitrogen. However, Feng and Zheng (2006) showed an inhibitory ef-
fect of potassium on the growth of A. alternata. The causal agent of anthracnose
was isolated most frequently from the stems of potato cv. ‘Pasja Pomorska’ in the
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Table 2
Fungi isolated from potato stems in 2008–2010

Species
A B

a b c d e f g h a b c d e f g h

Alternaria alternata 63 85 60 96 67 84 87 69 79 80 108 95 102 78 79 68

Colletotrichum coccodes

Fusarium spp.

Other pathogens
(B. cinerea, H. solani,
R. solani)

168

39

15

148

11

1

123

5

7

155

17

3

157

17

1

132

9

8

185

15

5

143

11

6

158

12

4

127

17

5

101

14

14

169

10

2

144

14

7

127

30

9

146

31

6

134

19

14

Antagonists
(Gliocladium spp.,
Paecilomyces spp.,

Trichoderma spp.)

2 – 2 2 2 3 – 1 4 1 1 – 1 3 8 4

Mucorales 6 4 3 6 7 4 1 32 1 5 2 11 1 11 10 23

Other fungi* 22 26 47 15 18 22 10 3 7 15 13 6 17 8 10 11

Total 315 275 247 294 269 262 303 265 265 250 253 293 286 266 290 273

*Other fungi: Acremonium strictum, Aureobasidium pullulans, Chaetomium globosum, Coniothyrium spp.,
Epicoccum spp., Gliomastix murorum, Humicola spp., Monodictis spp., Papulaspora irregularis, Phoma eupyrena,
Scytalidium lignicola, Sporotrichum olivaceum.

Explanations – as under Table 1.



treatment with three foliar fertilizers applied in combination, and from the stems
of cv. ‘Ślęza’ in the ADOB Mn + Solubor DF treatment. Alternaria alternata had the
highest share (approx. 40%) of fungal communities isolated from the me-
dium-early cultivar in treatment “d” and from the medium-late cultivar in treat-
ments “b” and “c”. The lowest abundance of A. alternata was noted in fungal
communities colonizing the stems of potato cv. ‘Adam’ and ‘Pasja Pomorska’ fer-
tilized with Basfoliar 12-4-6, and the stems of non-fertilized cv. ‘Ślęza’ (Fig. 4 b). In
a study by Osowski (2005), the growth of Alternaria fungi was inhibited by
Basfoliar 12-4-6 applied in combination with the fungicides Antracol 70 WG and
Unikat 75 WG. In a previous experiment, Cwalina-Ambroziak et al. (2007) noted
the lowest abundance of A. alternata on the aboveground parts of potato plants
treated with Basfoliar 12-4-6, ADOB Mn and Solubor DF. In this study, sapro-
trophs, including antagonists and fungi of the order Mucorales, were not isolated in
great abundance. In an in vitro test, mineral fertilizers (ammonium chloride, am-
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monium sulfate, single super phosphate, potassium chloride, diammonium phos-
phate, potassium sulfate and NPK) stimulated the growth, sporulation and
antifungal activity of T. viride (Palanna et al. 2005).

It may be concluded that the leaves of the studied potato cultivars, in particular
late cultivars, were abundantly colonized by yeast-like fungi. Pathogens had a 10%
share of the fungal community isolated from the leaves of the medium-early potato
cultivar (pathogens were isolated most frequently from treatments without foliar
fertilizers), and a 2% share of fungal communities obtained from the leaves of both
late cultivars. Pathogenic fungi accounted for approximately 90% in fungal com-
munities colonizing potato stems, and the causal agents of anthracnose and early
blight were identified most frequently. Pathogens were more frequently isolated
from the stems of potato plants fertilized with a higher rate of mineral fertilizers,
compared with a lower rate. Foliar fertilization had variable effects on the structure
of fungal communities colonizing the aboveground parts of potato plants.

Streszczenie

PATOGENY NADZIEMNEJ CZĘŚCI ZIEMNIAKA
NAWOŻONEGO DOLISTNIE

Badania prowadzono w celu określenia składu zbiorowiska grzybów koloni-
zujących liście i podstawę łodyg trzech odmian ziemniaka nawożonego NPK dogle-
bowo (dwa poziomy nawożenia) i nawozami dolistnymi: Basfoliar 12-4-6, ADOB
Mn i Solubor DF (aplikowanymi pojedynczo i w kombinacjach). Z liści badanych
odmian najliczniej izolowano grzyby drożdżopodobne. Najwięcej patogenów
(z najczęściej izolowanym gatunkiem Alternaria alternata) otrzymano z liści odmia-
ny ‘Adam’ w kombinacji kontrolnej. Wśród grzybów kolonizujących łodygi ziem-
niaka dominujące były gatunki Colletotrichum coccodes i A. alternata. Nawożenie do-
listne różnicowało liczebność grzybów patogenicznych kolonizujących łodygi
ziemniaka. Więcej izolatów patogenów otrzymano z podstawy łodyg roślin na po-
letkach z wyższym poziomem nawożenia NPK niż z niższym.

Literature

Andrivon D., Lucas J.M., Guérin C., Jouan B., 1998: Colonization of roots, stolons, tubers and stems of
various potato (Solanum tuberosum) cultivars by the black dot fungus Colletotrichum coccodes. Plant
Pathol. 47: 440–445.

von Arx J.A., 1970: The genera of fungi sporulating in pure culture. Cramer, Germany.
Blachiński D., Shteiberg D., Dinoor A., Kafkafi U., Sujkowski L.S., Zitter T.A., 1996: Influence of foliar

application of nitrogen and potassium on Alternaria diseases potato, tomato and cotton.
Phytoparasitica 4: 281–292.

Chruściak E., 1974: Mikoflora fyllosfery. Acta Mycol. 10, 1: 173–180.
Cwalina-Ambroziak B., Czajka W., 2000: Potato stem infection by Rhizoctonia solani and Colletotrichum

coccodes in different crop rotation. Phytopathol. Pol. 20: 155–163.

30 B. Cwalina-Ambroziak and B. Bogucka



Cwalina-Ambroziak B., Czajka W., Bogucka B., Trojak A., 2007: Dolistne nawożenie ziemniaka
a zbiorowisko grzybów chorobotwórczych zasiedlających nadziemne części roślin. Prog. Plant
Prot. / Post. Ochr. Rośl. 47, 2: 73–77.

Cwalina-Ambroziak B., Wróbel E., 2004: Wpływ różnych czynników na skład grzybów zasiedlających
fyllosferę ziemniaka. Biul. Inst. Hod. Aklim. Rośl. 232: 339–348.

Ellis M.B., 1971: Dematiaceous Hyphomycetes. Commonwealth Mycological Institute, Kew, Surrey,
England.

Feng W., Zheng X., 2006: Control of Alternaria alternata by cassia oil combination with potassium chlo-
ride or sodium chloride. J. Appl. Microbiol. 101, 6: 1317–1322.

Kuczyńska I., 1992: Wpływ niektórych czynników na występowanie i szkodliwość alternariozy
ziemniaka. Biul. Inst. Ziemn. 26: 171–178.

Kulikov S.N., Alimova F.K., Zakharova N.G., Nemtsev S.V., Varlamov V.P., 2006: Biological prepara-
tions with different mechanisms of action for protecting potato against fungal diseases. Appl.
Biochem. Microbiol. 42, 1: 77–83.

Kurzawińska H., Mazur S., 2007: Przydatność Pythium oligandrum w ochronie ziemniaka przed
niektórymi chorobami. Prog. Plant Prot. / Post. Ochr. Rośl. 47, 4: 185–188.

Lenc L., 2007: Efficacy of Biosept 33 SL in limiting of alternariosis on potato (Alternaria spp.) grown in
organic farm. J. Res. Appl. Agric. 53, 3: 101–104.

Mac Donald W., Peters R.D., Coffin R.H., Lacroix C., 2007: Effect of strobilurin fungicides on control of
early blight (Alternaria solani) and yield of potatoes grown under two N fertility regimes.
Phytoprotection 88, 1: 9–15.

Malakouti M.J., 2008: The effect of micronutrients in ensuring efficient use of macronutrients. Turk. J.
Agric. For. 32, 3: 215–220.

Miller J.S., Rosen C.J., 2005: Interactive effects of fungicide programs and nitrogen management on po-
tato yield and quality. Am. J. Pot. Res. 82, 5: 399–409.

Nelson P.E., Toussoun T.A., Marasas W.F.O., 1983: Fusarium species. The Pennsylvania State Univer-
sity Press, University Park.

Olanya O.M., Lambert D.H., Porter G.A., 2006: Effects of pest and soil management systems on potato
diseases. Am. J. Potato Res. 83, 5: 397–408.

Osowski J., 2005: Możliwość wykorzystania cynku w ochronie ziemniaka przed alternariozą. Biul. Inst.
Hod. Aklim. Rośl. 237/238: 187–193.

Palanna K.B., Swamy B.S.C., Muthamilan M., 2005: Effect of chemical fertilizer on growth sporulation
and antifungal activity of Trichoderma viride in vitro. Mysore J. Agric. Sci. 39, 4: 570–573.

Pavlista A.D., 2005: Early-season applications of sulfur fertilizers increase potato field and reduce tu-
bers defects. Agron. J. 97: 599–603.

Zarzycka H., 1990: Grzyby jako pasożyty okolicznościowe na materiałach hodowlanych ziemniaka
w Młochowie. Phytopathol. Pol. 11: 4–44.

Authors’ addresses:
Dr. hab. Bożena Cwalina-Ambroziak, Department of Phytopathology and
Entomology, University of Warmia and Mazury in Olsztyn, ul. Prawocheńskiego
17, 10-720 Olsztyn, Poland, e-mail: bambr@uwm.edu.pl
Dr. Bożena Bogucka,Department of Agrotechnology and Crop Production
Management, University of Warmia and Mazury in Olsztyn, ul. Oczapowskiego
8, 10-719 Olsztyn, Poland

Accepted for publication: 25.09.2012

Pathogens colonizing the aboveground parts of potato plants... 31


