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Abstract

The paper presents the results of a three-year exact ex-
periment conducted in Balcyny, in which a late potato cultivar,
Jasia, was grown. The objective of the study was to determine
the effect of different levels of mineral fertilization: A (N 80 kg
x ha! P 80 kg x ha' K120 kg x ha') and B (N 120 kg X ha
P 144 kg x ha' K156 kg x ha''), and foliar fertilization (Basfo-
liar 12-4-6, ADOB Mn and Solubor DF) on the quantitative and
qualitative composition of fungal populations colonizing potato
tubers. Fungi were isolated immediately after harvest and after
a five-month storage period. After seven days of incubation,
fungal colonies were transferred onto agar slants for microscop-
ic identification.

Over the entire experimental period, more pathogenic
fungi were obtained from potato tubers analyzed after storage
(62.9% of the total fungal population after storage) than from
those analyzed immediately after harvest (39.1%), and the great-
est number of fungi was reported in 2004. Rhizoctonia solani
was isolated most frequently, followed by Colletotrichum coc-
codes and Alternaria alternata. Pathogens of the genus Fusarium
and the species Helminthosporium solani were not numerous. In
the treatment A with soil mineral fertilization with lower NPK
rates, larger numbers of pathogenic fungi were noted in 2004
after harvest and after five-month storage, and in 2005 after har-
vest. At the remaining dates of analysis, pathogens were more
frequently isolated from potato tubers in experimental variant B
with higher NPK rates.

Immediately after harvest, the highest number of patho-
genic fungi was isolated in the treatment with foliar application
of ADOB Mn and Basfoliar 12-4-6. After five-month storage,
pathogens most often colonized potato tubers in experimental
variant B with foliar application of Solubor DF, Solubor DF and
ADOB Mn, and in experimental variant A with a combination
of fertilizers. In the other fertilization variants, including in the
control treatment, the population size of pathogenic agents re-
mained at a similar level.

Key words: potato tubers, mineral fertilization, foliar fertiliza-
tion, fungi

INTRODUCTION

Multi-component fertilizers applied to leaves
are an important element of modern potato production
technologies (Honeycutt et al. 1996; Haber-
land,2000; Boligtowa,2003). Under stress con-
ditions, such as drought or excessive soil acidification,
foliar fertilization can replace traditional organic and
mineral fertilization. Apart from its yield-forming ef-
fect, foliar fertilization also affects the quality of po-
tato tubers (it contributes to an increase in starch and
vitamin C content and influences protein concentra-
tion and quality) and their storage life (Kozera et
al. 2006).

In addition, mixed fertilizers applied to leaves
determine the composition of pathogenic and sapro-
trophic fungal communities colonizing the above-
ground parts of potato plants. Kapsa (2002) dem-
onstrated that the foliar application of Insol 7 to potato
plants enabled to decrease the rate of fungicides in
the control of P. infestans. According to Osowski
(2005), the combined Basfoliar 12-4-6 and fungicide
treatment helped to reduce the severity of infection
caused by fungi of the genus Alternaria. A previous
study conducted by the author of this paper (Cwali -
na-Ambroziak etal. 2007) produced ambiguous
results with regard to the effect of foliar fertilizers on
the frequency of occurrence of pathogens in the phyl-
losphere of potato plants. Foliar application of fertiliz-
ers also alters the composition of fungal communities
colonizing potato tubers (Kurzawinska, 1997,
Rebacz and Borowczak, 2007).

The objective of the present laboratory study
was to determine the effect of mineral soil fertilization
and of foliar fertilization of potatoes on the structure
of fungal communities colonizing tubers directly after
harvest and after five-month storage.
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MATERIALS AND METHODS

The experimental materials comprised potato tu-
bers of late cultivar Jasia, harvested during a three-year
experiment established in 2004 (investigation period
2004-2006) at the Agricultural Experimental Station in
Batcyny, on gray-brown podsolic soil developed from
light silty loam, of complex 4 class III, in four repli-
cations. Tillage treatments and agricultural measures
(as recommended by the Institute of Soil Science and
Plant Cultivation in Putawy) as well as the methods of
plant protection against agrophages (as recommended
by the Institute of Plant Protection in Poznan) were
identical in all experimental plots.

The following experimental factors were con-
sidered:

I - levels of mineral fertilization:
A (N 80 kg x ha'! P 80 kg x ha! K120 kg xha™),
B (N 120 kg x ha! P 144 kg x ha' K156 kg x ha™),
II — foliar fetilization:
a (Basfoliar 12-4-6 — 8 1 x ha™'),
b (ADOB Mn -4 1x ha'),
¢ (Solubor DF —21x ha'),
d (ADOB Mn — 2 1x ha' + Solubor DF — 11 x

ha'),

e (ADOB Mn — 2 1x ha' + Basfoliar 12-4-6 — 4
1x ha'),

f (Basfoliar 12-4-6 — 41 x ha' + Solubor DF — 1
1x ha'),

g (Basfoliar 12-4-6 — 2.7 1 x ha' + ADOB Mn
—1.31x ha! + Solubor DF — 0.7 1 x ha™),

h (control treatment, no foliar fertilization).

Laboratory samples consisted of 30 tubers col-
lected randomly in four replications per treatment,
directly after harvest and after five-month storage at
5°C. Following disinfection with 50% ethanol and
1% sodium hypochlorite, blocks (0.5 x 0.5 x 1.5 cm)
were cut from tubers and placed on PDA medium. Af-
ter seven days of incubations, fungal colonies were
inoculated onto agar slants for later microscopic iden-

tification according to keys and monographs (Arx,
1970; Booth, 1971; Ellis, 1971; Domsch et al.
1980).

The results were processed statistically and sub-
jected to variance analysis (STATISTICA®8.0 2008),
the Duncan’s test (p=0.01) was used for comparison of
the averages.

RESULTS AND DISCUSSION

The fungal population (1809 isolates) was rep-
resented by 31 species and yeast-like fungi and non-
sporulating fungi (Tab. 2, 3). More fungi (by 9.3%)
were isolated from newly-harvested tubers, compared
with tubers stored for five months. However, the pro-
portion of pathogens was higher in stored tubers, reach-
ing 88.2%, 48.0% and 63.1% in the successive years of
the study (Fig. 1). The species isolated most frequently
over the entire experimental period was Rhizoctonia
solani, followed by Colletotrichum coccodes, which
was isolated primarily in the first and third year, with
single isolates obtained in the second year. Alfernaria
alternata was less abundant, but it colonized potato tu-
bers in all analyzed periods, reaching the highest abun-
dance in the second year after five-month storage. High
precipitation rates and moderate temperatures noted
over the growing seasons of 2004 and 2006 probably
contributed to frequent infections caused by R. solani,
whereas weather conditions in 2005.

(Tab. 1)) stimulated invasions by fungi of the ge-
nus Alternaria, which is consistent with the findings of
other authors (Czajka etal. 1999; Bernat, 2005;
Repsiene and Mineikiene, 2006). The rate of
potato tuber colonization by the fungus C. coccodes
was the same (15%) at both dates of analysis, while
R. solani was isolated more frequently after storage
(34%) than after harvest (20.4%) (Tab. 2, 3). The oth-
er potentially pathogenic fungi of the genus Fusarium
(F. culmorum, F. concolor, F. oxysporum and F. poae
which colonized tubers in all analyzed periods (except

Table 1
Meteorological data according to the Balcyny Meteorological Station.

Mean monthly temperature (°C) mean for Mean monthly rainfall (mm) ¥ rainfall

Month 1960-90
2004 2005 2006 1960-90 2004 2005 2006 -
May 11.0 125 12.5 12.4 87.1 68.2 93.2 56.7
June 145 14.9 16.0 15.7 90.6 35.4 83.5 68.3
July 162 18.9 21.0 153 78.8 83.9 27.1 81.3
August 18.2 16.8 17.3 17.9 89.3 39.6 141.7 78.1
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for the year 2006 directly after harvest) constituted less
than 4% of all isolates, and Helminthosporium solani
accounted for only 1% of the total fungal popula-
tion. The above species are considered typical potato
pathogens (Weber, 1990; Kurzawinska, 1997;
Cwalina-Ambroziak, 2002).

An analysis of the levels of mineral soil ferti-
lization showed that more pathogens were isolated in
treatment A with lower NPK rates (N — 80 kg x ha’',
P - 80 kg x ha'!, K- 120 kg x ha') in 2004 both after
harvest and after storage and in 2005 after harvest, and
in treatment B with higher NPK rates (N — 120 kg x
ha', P— 144 kg x ha'!, K- 156 kg x ha') in the other
experimental periods (Fig. 1). Czajka et al. (1999)
pointed to a significant impact of excessive nitrogen
fertilization on the stronger infection of potato tubers
by pathogenic fungi. The most abundant saprotrophic
fungi were members of the order Mucorales and of the
genus Penicillium. In the present study, they were more
frequently isolated from tubers after harvest (19.5%
and 12.8% respectively) than after storage (7.8% and
10.1%) (Tab. 2, 3). Differences in the abundance of
these fungi between particular fertilization treatments
were non-significant, except for Mucorales after stor-
age (Tab. 4). Fungi, represented by species of the

genera Gliocladium, Paecilomyces and Trichoderma,
were most frequently isolated from stored tubers in the
second year of the study — 7.7% of all isolates (Fig. 1).
The least pathogens were obtained during the above
growing season. The above antagonistic microorgan-
isms contribute to reducing of pathogenic fungi popu-
lation (Hoitink and Boehm, 1999; Pastucha,
1999). As regards the levels of NPK fertilization, more
fungi were isolated from treatment “A”, with a lower
fertilization level, at both dates of analysis.

The present study revealed that the structure
of pathogenic fungal communities colonizing potato
tubers was affected by foliar fertilization. The most
pathogens were isolated from newly-harvested tubers
in treatment Ae, where the foliar fertilizers ADOB
Mn and Basfoliar were applied (63.6% of all fungi in
this treatment). Fungal pathogens were less abundant
in treatment Ab with ADOB Mn and in treatment Bf
with Basfoliar 12-4-6 and Solubor DF (approx. 48%)
(Fig. 2). In the remaining treatments with foliar ferti-
lization, the abundance of pathogens colonizing tubers
was at a comparable, low level of 30%. After storage
the largest fungal population (82% to 85.7%) was re-
ported in treatments B¢, Bd (ADOB Mn + Solubor DF)
and Ag (combined fertilization) (Fig. 3). In the control

Table 4
Most frequently isolated fungi from potato tubers (mean numbers of isolates for years).

After harvest After storage
Treatments . Penicillium . Penicillium
pathogens  antagonists Mucorales Spp. pathogens  antagonists  Mucorales Spp.
Aa 7.00 a* 2.00 ab 4.00 a 433a 6.00 b 4.00 a 4.67 a 2.67 a
Ab 8.33a 0b 433a 1.33a 10.67 ab 0.33b 0.33 ab 1.00 a
Ac 6.00 a 1.67 ab 3.67a 233 a 9.00 ab 0.33b 2.33 ab 0.33a
Ad 9.00 a 0.33b 1.67 a 5.67a 9.00 ab 0.33b 2.00 ab 0.33a
Ae 11.33 a 0.67 b 1.00 a 2.00 a 13.00 ab 2.00 ab 2.00 ab 0.33 a
Af 7.67 a 0b 8.00 a 2.00 a 13.00 ab 2.00 ab 0.33 ab 1.33a
Ag 6.33 a 0.33b 433 a 1.67 a 14.00 a 0b 1.33 ab 0.33a
Ah 6.00 a 4.33 a 2.67 a 2.00 a 9.67 ab 0.33b 2.67 ab 2.67a
Ba 8.00 a 0b 3.67a 2.00 a 11.67 ab 0b 0b 1.33a
Bb 9.00 a 0b 5.67 a 1.67 a 9.33 ab 0b 0.33 ab 1.00 a
Bc 8.67 a 0b 3.00 a 3.67a 13.67 a 0.67 ab 1.33 ab 033a
Bd 6.33 a 0.33b 2.00 a 2.00 a 1533 a 0b 0b 2.00 a
Be 733 a 0.67 b 5.67a 533 a 10.67 ab 2.33 ab 1.00 ab 433a
Bf 933 a 0.67 b 6.33 a 233 a 10.33 ab 1.00 ab 3.00 ab 4.67 a
Bg 6.00 a 0.67b 4.00 a 3.00a 13.67 a 233 ab 0.67 ab 1.00 a
Bh 7.33a 0.67 b 2.67 a 0.33a 9.67 ab 0b 0.33 ab 4.67 a

Explanations as in Table 2

* means with the same letter do not differ significantly (Duncan’s test, p=0.01)
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Fig. 1. Fungi isolted from potato tubers during investigation.

treatment, pathogens constituted less than 60% of all
isolates. The fewest colonies of fungi responsible for
potato diseases were noted in treatment Aa (Basfoliar
12-4-6 — 33.3%) (Fig. 3); the differences in numbers
of pathogens were significant as compared to com-
binations Ag, Bc, Bd and Bg (Tab. 1). Other authors
demonstrated that neither Basfoliar 36 E and ADOB
Mn (Jabtofiski,2003) nor CuCO, applied to leaves
(Szutkowska and Lutomirska, 2002) influ-
enced the severity of potato infestation by Streptomy-
ces scabies.

An analysis of pathogen species colonizing
newly-harvested tubers indicated that the dominant
species, R. solani, constituted from 10.9% in treatment
Ag to 37.3% in treatment Bf (Fig. 2). In general, more
isolates of this fungus were obtained in treatment B
than in treatment A (except for treatments with Solu-
bor DF, and with ADOB Mn and Basfoliar 12-4-6). As
regards stored tubers, the population size of R. solani
was at a similar level in both treatments with mineral
soil fertilization, A and B, except for the treatment with
foliar application of ADOB Mn and for the treatment
with combined foliar fertilizers, where more pathogens
were isolated following the application of higher rates
of mineral soil fertilizers. Honeycutt etal. (1996)
demonstrated that nitrogen fertilization at a rate of 0
to 250 kg x ha™' did not affect the severity of plant in-
fection by the above pathogen. Ritchie etal. (2006)
conducted an in vitro study in which potassium was

added to PDA medium and found that this macronu-
trient had an inhibitory effect on mycelium growth as
well as on the production and germination of sclerotia.
Rebacz and Boréwczak (2007) demonstrated
that foliar fertilization with Mikrosol reduced the level
of tuber infection by R. solani.

Mineral NPK fertilization and foliar application
of fertilizers affected also the abundance of the fungus
C. coccodes which colonized both newly-harvested and
stored tubers. This pathogen is known to infest potato
tubers (accounting for up to 90% of all fungal isolates
— Tsror /Lahim/ et al. 1999), but also roots, stolons and
stems (Andrivon etal. 1998). In the present experi-
ment, this species was isolated more frequently from
tubers in treatment A (with lower mineral fertilization
levels) than in treatment B (with higher fertilization
levels), with a few exceptions. Its greatest abundance
was noted in newly-harvested tubers in treatment Ad
(27.3%) (Fig. 2), and in stored tubers in treatments Ba
and Bc (these two treatments were exceptional) (Fig.
3). The interpretation of the obtained results suggests
a lower infection rate in treatments with higher levels
of nitrogen fertilization. Our data are consistent with
the findings of other authors (Davis, 1981;Zarzy -
cka, 1990) who observed higher rates of C. coccodes
infection in potato plants grown in nitrogen-deficient
soil, in comparison with soil fertilized with adequate
amounts of nitrogen.
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A different tendency was reported with respect
to fungi of the genus Fusarium, which more frequently
colonized newly-harvested and stored tubers in treat-
ment B (with higher mineral fertilization levels) than in
treatment A (with lower fertilization levels). Their great-
est abundance (10% to 12%) was noted in stored tubers
in treatment B with the foliar fertilizers ADOB Mn and
Solubor DF (Fig. 3), and in newly-harvested tubers in
the treatment involving the application of Basfoliar 12-
4-6 and Solubor DF as well as in the control treatment.
According to reference data(Kurzawinska, 1997;
Esfahani, 2006; Loiveke, 2006; Peters etal.
2008), among members of the genus Fusarium such
species as F. avenaceum, F. culmorum, F. oxysporum,
F. sambucinum, F. solani are most often the causative
agents of potato tuber dry-rot. They may penetrate into
potato tuber tissues directly or as a result of mechanical
damage during harvest (Choroszewski, 1988).
Depending on pathogen virulence and cultivar suscep-
tibility, these fungi produce various amounts of myco-
toxins dangerous for humans and animals (Schultz
et al. 2007).

The species Alternaria alternata was not abun-
dant in stored tubers, and it was absent in some treat-
ments, including in the control one. After five-month
storage, the highest number of isolates was obtained in
treatment Bd (25.5%), and the lowest — in treatments
Bc and Bf (around 4%). The impact of NPK fertiliza-
tion on the occurrence of this fungal species remains
ambiguous. Kumar et al. (1983) demonstrated that
high rates of mineral fertilizers, including nitrogen,
have a negative effect on plant infection by fungi of the
genus Alternaria. O sow s ki (2005) pointed to an in-
hibitory effect of combined Basfoliar 12-4-6 and fun-
gicides treatment on plant infection by the above fungi.
Laboratory tests performed by Blachiriski et al.
(1996),Feng and Zheng (2006) showed an inhibi-
tory effect of potassium on mycelium growth and the
germination of A. solani conidia.

CONCLUSIONS

1. Pathogens were more frequently isolated from po-
tato tubers after storage than after harvest.

2. Mineral soil fertilization with higher NPK rates
contributed to the development of pathogens.

3. The foliar application of mineral fertilizers had var-
ied effects on the occurrence frequency and abun-
dance of the pathogens in fungal communities colo-
nizing potato tubers.
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Wplyw nawozenia mineralnego
na grzyby zasiedlajace bulwy ziemniaka
(Solanum tuberosum L.) po zbiorze
i po okresie przechowywania

Streszczenie

W pracy przedstawiono wyniki trzyletniego
doswiadczenia Scistego w Balcynach z uprawg pézne;j
odmiany ziemniaka Jasia. Badano wptyw pozioméw
nawozenia mineralnego: A (N 80 kg x ha' P 80 kg
x ha' K120 kg x ha')i B (N 120 kg x ha' P 144 kg
x ha' K156 kg x ha'), a takze nawozenia dolistnego
(Basfoliar 12-4-6, ADOB Mn i Solubor DF) na sktad
ilosciowy i jakosciowy grzybéw zasiedlajgcych bul-
wy ziemniaka. Izolacje grzybéw prowadzono bezpo-
Srednio po zbiorze bulw i po 5-miesigcznym okresie
przechowywania. Wyroste po 7-dniowym okresie
inkubacji kolonie grzybéw przeszczepiano na skosy
agarowe w celu péZniejszej identyfikacji mikrosko-
powej.

Podczas catego okresu badan wigcej grzybow
chorobotwoérczych otrzymano z bulw ziemniaka anali-
zowanych po przechowywaniu niz z bulw po zbiorze,
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a najwiekszy ich udziat zanotowano w 2004 r. Wsréd
nich najczesciej izolowanym byt gatunek Rhizoctonia
solani, rzadziej Colletotrichum coccodes i Alternaria
alternata. Patogeny z rodzaju Fusarium oraz gatu-
nek Helminthosporium solani wyosobniano nielicz-
nie. Przewazajaca liczebnos¢ patogenéw w kombina-
cji z nawozeniem mineralnym doglebowym z nizszg
dawka NPK zanotowano w 2004 r. w obu terminach
po zbiorze i przechowywaniu oraz w 2005 r. po zbio-
rze. W pozostatych analizowanych terminach patoge-
ny czesciej izolowano z bulw w kombinacji z wyzszg
dawka NPK.

Najwigcej patogendw z bulw po zbiorze uzyska-
no w kombinacji z zastosowanym nawozem dolistnym
ADOB Mn i Basfoliar 12-4-6 tacznie. Po przechowy-
waniu natomiast patogeny najczesciej kolonizowaty
bulwy w kombinacji B z nawozeniem dolistnym Solu-
bor DF, Solubor DF i ADOB Mn tacznie oraz w kom-
binacji A z lacznym stosowaniem nawozéw. Liczeb-
no$¢ sprawcow choréb bulw w pozostatych kombina-
cjach nawozowych, w tym kontrolnej, ksztattowata si¢
na zblizonym poziomie.
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