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Abstract

The paper presents the results of a three-year exact plot
experiment (2008-2010) established in Batcyny (NE Poland).
Three potato cultivars were grown: medium-early ‘Adam’, me-
dium-late ‘Pasja Pomorska’, and late ‘Sleza’. The experimental
factors were foliar fertilizers applied alone or in combination
(Basfoliar 12-4-6, ADOB Mn, Solubor DF) and two levels of
soil mineral fertilization (N,P,K;-80 kg N x ha!, 80 kg P x ha
1,120 K x ha'; N,P,K,-120 kg N x ha!, 144 kg P x ha'!, 156
K x ha'). The experimental materials comprised potato tubers.
The symptoms of soft rot (Pectobacterium carotovorum subsp.
carotovorum), late blight (Phytophthora infestans) and dry rot
(Fusarium spp.) were evaluated in 5 kg potato samples, and
were expressed as the percentage mass of infected tubers. The
rates of common scab (Streptomyces scabies) and black scurf
(Rhizoctonia solani) infection were estimated on 100 tubers
collected randomly after harvest, according to a nine-point sca-
le, and were presented as a percentage infection index. In the
laboratory, fungi were isolated on PDA medium from potato
tubers immediately after harvest and after five-month storage.
The incidence of tuber diseases depended on potato cultivars af-
fected. The severity of tuber diseases varied between treatments
with two levels of NPK fertilization and foliar fertilization. The
lowest number of Fusarium-infected tubers was obtained from
treatments where three foliar fertilizers were applied in combi-
nation, which was confirmed by the lowest abundance of fun-
gal isolates. More fungi were isolated from potato tubers after
harvest than after storage, but pathogens were more frequently
isolated from stored tubers. After harvest, the lowest number of
pathogenic fungi was isolated from the tubers of cv. ‘Adam’ in
the non-fertilized treatment, and after storage — from the tubers
of the late cultivars in the treatment with three foliar fertilizers
applied in combination.
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INTRODUCTION

Under conditions of macro- and micronutrient
deficiencies in the soil or nutrient uptake problems,
multi-component fertilizers applied to potato leaves
can almost instantly cure nutritional deficiencies (B o -
ligtowa, 2003). Foliar micronutrient fertilization
affects the yield (Brar and Nawdeep-Kaur,
2003) and quality (Kozera et al. 2006) of potato tu-
bers. Trehan et al. (1995) reported a potato yield
increase due to the inhibitory effect of foliar fertiliza-
tion on late blight. Foliar fertilizers determine pota-
to resistance to pathogenic infections (Mills et al.
2006; Mahmoud, 2007), and influence the species
composition of fungal communities colonizing potato
tubers (Kurzawinska, 1997, Cwalina-Am-
broziak, 2002). According to the latter authors,
Alternaria  alternata, Colletotrichum  coccodes,
Rhizoctonia solani and species of the genus Fusarium
are the main causal agents of tuber diseases.

The objective of the present study was to esti-
mate the severity of tuber diseases in three potato cul-
tivars after harvest as affected by mineral soil fertili-
zation and foliar fertilization. The structure of fungal
communities colonizing tubers directly after harvest
and after five-month storage was also determined.

MATERIALS AND METHODS

Cultivars, medium-early ‘Adam’, medium-la-
te ‘Pasja Pomorska’, and late ‘Sleza’, were grown in
a three-year plot experiment established on grey-
-brown podsolic soil developed from light silty loam
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of complex 2, quality class Illa; the experiment was
carried out by the Department of Agrotechnology and
Crop Production Management, University of Warmia
and Mazury in Olsztyn, in Batcyny in 2008. Cereal
crops were grown as a forecrop. Certified seed potato
tubers were planted in rows, 40 cm apart, at a row
spacing of 62.5 cm. Tillage treatments and agricul-
tural measures (as recommended by the Institute of
Soil Science and Plant Cultivation — National Rese-
arch Institute, Putawy) as well as the methods of plant
protection against agrophages (as recommended by
the Institute of Plant Protection — National Research
Institute, Poznan) were identical in all experimental
plots. The experiment was carried out in a randomized
split-plot design, in three replications.

The following experimental factors were con-
sidered:

I - levels of mineral fertilization:

NP K (N 80kg x ha' P 80 kg x ha'!
K120 kg x ha'');

N,P K, (N 120 kg x ha' P 144 kg x ha
K156 kg x ha'');

II — foliar fertilization:

A (Basfoliar 12-4-6 — 8 1 x ha'), B (ADOB
Mn - 41 x ha'), C (Solubor DF —2 1 x ha''),
D (ADOB Mn — 2 1 x ha! + Solubor DF —
11 x ha'), E (ADOB Mn — 2 1 x ha! +
Basfoliar 12-4-6 — 4 1 x ha'), F (Basfoliar
12-4-6 — 41 x ha! + Solubor DF — 11 x ha!),
G (Basfoliar 12-4-6 — 2.7 1 x ha' + ADOB
Mn - 1.3 1 x ha! + Solubor DF — 0.7 1 x ha-
", H (control treatment, without foliar fer-
tilization). Mineral fertilizers were applied
broadcast, at the same rate in all plots. Foliar
fertilizers were applied once, at the begin-
ning of flowering (BBCH 61). The composi-
tion of foliar fertilizers (% by weight) was as
follows: Basfoliar 12-4-6: N—-12, K- 6, P —
4,Mg-0.2,B-0.02, Mn - 0.01, Cu-0.01,
Fe — 0.01, Zn — 0.005, Mo - 0.005, ADOB
Mn: N - 6.5, Mg — 2, Mn — 10, Solubor DF:
B-17.5.

The symptoms of soft rot, late blight and dry
rot were evaluated in 5 kg potato samples. The results
were expressed as the mass percentage of infected tu-
bers. The rates of common scab and black scurf infec-
tion were estimated on 100 tubers collected randomly
after harvest in 2009 and 2010 according to a nine-po-
intscale (Roztropowicz, 1999; 1 —no symptoms,
9 —most severe symptoms) and were presented as a per-
centage infection index. Laboratory samples consisted
of 30 tubers collected randomly in three replications
per treatment, directly after harvest (in 2008-2010)
and after five-month storage at 5°C. Blocks (0.5 x 0.5

x 1.5 cm) were cut from the tubers and they were disin-
fected with 50% ethanol and 1% sodium hypochlorite,
washed with distilled water and placed on PDA me-
dium. After seven days of incubation, fungal colonies
were inoculated onto agar slants for later microscopic
identification according to the relevant keys and mo-
nographs (Arx, 1970; Ellis, 1971; Domsch et
al. 1980). The results were processed statistically by
ANOVA (STATISTICA®8.0 2008), and the signifi-
cance of differences between means was determined
by Duncan’s test (p = 0.05).

Temperature distribution patterns (May — Au-
gust) were similar in the investigated growing seasons.
Mean monthly temperatures in July and August were
higher than the long-term average. Precipitation varied
and rainfall totals were more than a half higher in 2009
and 2010, compared with 2008 (Table 1).

Table 1
Weather conditions (Meteorological Station in Balcyny).
Month 2008 2009 2010 ll\g/lgf_“l g‘;rs
Temperature, °C
May 12.3 12.2 12.0 124
June 16.6 14.7 15.7 15.7
July 18.3 18.9 20.8 153
August 17.8 18.5 19.3 17.9
grol\vf;agnsf:;son 163 161 170 15.3
Rainfall, mm
May 48.4 89.6 105.5 56.7
June 27.8 133.1 73.7 68.3
July 47.0 82.2 87.8 81.3
August 103.1 25.7 99.3 78.1
Total for
growing season 2263  330.6 3663 284.4
Monthly total
RESULTS AND DISCUSSION

The severity of tuber diseases varied between
treatments with foliar fertilization and two levels of
mineral fertilization. The intensity of soft rot was low
in the growing season of 2010, and the percentage of
infected tubers was significantly higher in cv. ‘Adam’
than in the other two cultivars (Table 2). Soft rot symp-
toms were not observed in 2009. There was no correla-
tion between soft rot severity and the application of soil
and foliar fertilizers. According to B ain et al. (1996),
the optimum rates of calcium and magnesium fertili-
zers may reduce plant infection by Pectobacterium
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Fig. 3. Pathogens isolated from potato tubers (%)
Explanations as in Fig. 1.
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The remaining pathogens (A. solani, Botrytis
cinerea, Helminthosporium solani) were isolated
sporadically. More abundant communities of patho-
genic fungi were isolated from the tubers of the late
cultivars, compared with the medium-early cultivar
(Fig. 3 III). The tubers of cv. ‘Adam’ were most abun-
dantly colonized by R. solani, probably due to mode-
rate temperatures in May and June, close to the long-
-term average, and high rainfall totals. In a study by
Lutomirska and Szutkowska (2005), potato
tuber infection by the above mentioned pathogen was
more severe in irrigated plantations. In our experi-
ment, the pathogens had the lowest share of the fungal

community colonizing potato tubers after harvest in
the treatment without foliar fertilization. The patho-
gens had an over 55% share of the fungal community
colonizing potato tubers after storage in all treatments
excluding that with Solubor DF (Fig. 3 IV). At both
sampling times, pathogenic fungi were isolated more
frequently from the treatment with a higher level of
mineral fertilization, compared with the lower le-
vel, except for stored tubers of cv. ‘Pasja Pomorska’
(Fig. 3 V). C. coccodes, one of the most common po-
tato pathogens, usually infects tubers of potato plants
grown in nitrogen-deficient soils (Celetti et al.
1990).

Table 2
Percentage mass of tubers infected by Pectobacterium carotovorum subsp. carotovorum
2009 2010
Cultivar NPK Foliar fertilization Foliar fertilization X
A™ B C G H h A B C G H h
Adam NPK 0k 0k Ok Ok Ok of 1.6j Ok Ok 86a 221 25b 1.2b
N,P,K, 0Ok Ok Ok Ok Ok 0of 27gh Ok Ok 26h  82b 27a l4a
X Oh Oh Oh Oh Oh 0d 2.2d Oh Oh 56a 52b 26a 13a
. NP K, 0k Ok Ok Ok Ok Of 3.8¢ Ok  29fg 5.2¢c Ok 24c  1.2b
Pasja Pomorska
N,P,K, 0Ok Ok Ok Ok Ok Of Ok  42d Ok Ok 30f 14d 0.7c
X Oh Oh Oh Oh Oh 0d 1.9¢e 21d 1.5f 26c 15f 196 1.0b
Sleza NP K, 0k Ok Ok Ok Ok of Ok 27gh 0Ok Ok 221 1.0e 0.5d
N,P,K, 0Ok Ok Ok Ok Ok of Ok Ok Ok Ok Ok of Oe
X Oh Oh Oh Oh Oh 0d Oh 1.4f Oh Oh I.lg  05¢c 0.2c

“level of NPK: N P K, — N 80kg x ha'' P 80kg x ha' K 120kg x ha'; N,P.K — N 120kg x ha'' P 144kg x ha"' K 156 kg x ha™);
* foliar fertilization: A — Basfoliar 12-4-6, B — ADOB Mn, C — Solubor DF, G — Basfoliar 12-4-6 + ADOB Mn + Solubor DF, H

— control without fertilization;

ek

homogeneous groups according to Duncan’s test for comparison of means within factors and their interactions

Table 3
Percentage mass of tubers infected by Phytophthora infestans
2009 2010
Cultivar NPK Foliar fertilization Foliar fertilization X
A B C G H h A B C G H h
Adam NPK, Oh 08no Oh Oh Oh 02h  13.0e Oh Oh  1.6lmn 2.0k-n 3.3f 1.7¢
N,P,K, Oh 1.6lmn Oh Oh Oh  03gh 38 106 3.0 24 80g 56e 29d
X 01 1.2k 01 01 0l  02de 84e 53g 15k 20j 50g 44c 23c
. NPK, 20 Oh Oh Oh Oh  0.4gh 18.0c 0 17.0 Oh Oh 7.0d  3.7c
Pasja Pomorska .
N,P,K, Oh Oh 14 2.0 Oh 0.7g 18.0c 162 40 52 50hi 97c 52b
X 1.0k 01 0.7kl 1.0k 01 0.5d 18.0c 8.lef 10.5d 2.6hi 25hi 83b 44b
Sleza NP K, Oh Oh Oh Oh Oh Oh  38.0a 28 380 100 22klm 182a 9.l1a
N,P,K, Oh Oh Oh Oh Oh Oh  23.6b 17.0cd 3.1jk 5.0hi 3.7j 10.5b 52b
X 01 01 01 01 01 O0e 30.8a 99d 206b 7.5f 3.0h 143a 72a

Explanations as in Table 2
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Table 4
Percentage mass of tubers infected by Fusarium spp.
2009 2010
Cultivar NPK Foliar fertilization Foliar fertilization X
A B C G H * A B C G H *
Adam NP K, 40nr 340-s 7.0i-m 44lr leért 4.le Ot  10.0hij 3.6n-r 6.8i-n 7.4i-1 56d 4.8d
N,P,K, 10.0hij 10.0hij 16.0fg 7.0i-m 6.0k-p 9.8c 3.0p-t 7.0i-m 24g-t Ot ot 25t 6.dc
X 7.0gh 6.7gh 11.5¢ 5.7hi 3.8i-m 7.0c 1.5mno 8.5fg 3.0kn 3.4j-n 3.7i-m 4.0d 5.5b
i NP K, 9.0hk 320t 12.0h 6.0k-p 21.0de 10.2c Ot Ot 0t 2.6g-t Ot 0.5g S.d4cd
Pasja Pomorska
N,P,K, 6.0k-p Ot 6.4k  1.8r-t 18.0ef 6.4d Ot 11.0h 150g Ot 3.6nr 59d 6.2¢
X 7.5fgh 1.6l-0 92f 391 195d 83b 0o  55hij 7.5fgh 13no 1.8l-o 32d 5.8b
Sleza NPK, 36.0b 260c 250c 220d 21.0de 26.0b Ot 3.0p-t 2.6qt 3.0pt Ot 1.7¢  13.9b
N,P,K, 41.0a 43.0a 20.0de 26.0c 26.0c 31.2a 4.6lr 22g-t 24qt 54l-q Ot 29ef 17.1a
X 385a 345b 225¢c 243c 232c¢ 28.6a 23k-n 2.6k-n 2.5k-n 42ijk  0Oo 23e  15.5a
Explanations as in Table 2
Table 5
Infection of potato tubers by Streptomyces scabies (infection index Ii in %)
2009 2010
Cultivar NPK Foliar fertilization Foliar fertilization X
A B C G H b A B C G H b
Adam NP K, 40jm 13opq 47k 27-p 4.1jkl 34g 320 48k 3250 49k 48k 42f 3.8
N,P,K, 33j-n 13opq 0Oq 13opq 1.3opq 14i 222b 33k-o 133e 10.0f 33j-n 104b 5.9b
X 3.7ghi 1.3mno 2.4j-m 2.0k-n 2.7i-1 24d 127c 49ghi 83e 7.5e 4.1gh 73c 4.8b
) NP K, 122¢ 127¢ 124e 189c 253a 163a 25lp 24l-p 0q 42kl 33jn 25h 94a
Pasja Pomorska . . . .
N,P,K, 4.0j-m 4.7k 10.0f 33j-n 102f 64e 16n-q Oq 1.6nq 24l-o 0Oq 1.1i  3.8b
X 8le 87e 112d 11.1d 17.8a 1l4a 21jn 12l-0o 0.8no 3.3hij 1.7-0 18 6.6a
Sleza NP K, 47k 136e 7.6gh 87fg 122e 9.4c Oq Oq 24lp 08pq 5.1ij 171 55b
N,P,K, 6.7hi 153d 22m-p 7.1gh 5.1ij 73d 08pq 1.7n-q 1l4n-q 0Oq 08pq 091 4lc
X 57f 145b 48fg 79 87¢ 83b 040 09no 19k-n 04o 3.0h-k 4.8b
Explanations as in Table 2
Table 6
Infection of potato tubers by Rhizoctonia solani (infection index Ii in %)
2009 2010
Cultivar NPK Foliar fertilization Foliar fertilization X
A B C G H * A B C G H *
Adam NP K, 151cf 158b-e 18.7bc 17.5bcd 9.1ghi 152b 7.9h-k 9.5ghi 103gh 5.7i-0 11.9fg 9.1c 12.2b
N,P,K, 14.9def 189b 26.2a 17.lbcd 27.1a 20.8a 123efg 5.0j-p 3.3m-q 5.7i-0 33n-q 59d 134a
X 150c 17.4bc 22.5a 17.3bc 18.1b 18.0a 10.1d 73e 6.8ef 5.7efg 7.6e 7.5b 12.8a
Pasja NP K, 15qr 62in 6.7h-m 1.1qr 13qr 34e 42kq 33nq Or 0.8r 4.1k-q 2.5ef 29c
Pomorska ~ N,P,K, 27n-q Or  13qr  Or  89gj 26ef Or Or  240-q 32nq 220q 16f 2lc
X 2.1hij 3.1gj 40ghi 0.6j S.lefg 3.0cd 2.1hij 1.7hij 1.2ij 2.0hij 3.2gj 2.0de 2.5b
Sleza N,P,.K, 20pgqr Or 33m-q 62i-n 6.7n-m 3.6e Or 1.7r 0.7r 08r 24o0-q 1.1f 24c
N,P,K, 2.7n-q 3.In-q 3.In-q 2.7n-q 7.3h-1 38 1.7pqr 0.8r 08r 1l.6pgr 0.8r 1.1f 25c
X 24hij  1.6§j 3.2g-j 4.5fgh 7.0ef  37¢  09j 1.3 0.8j 12 16§ lle 24b

Explanations as in Table 2
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CONCLUSIONS

The highest percentage of potato tubers showing
the symptoms of soft rot and late blight was observed
in the wet growing season of 2010. In 2009 the highest
severity of common scab and dry rot was noted on the
tubers of the late cultivars, while the incidence of black
scurf was highest on the tubers of the medium-early
cultivar. After harvest, the severity of tuber diseases
varied between treatments with two levels of mineral
fertilization and foliar fertilization. Pathogens had a
high (over 55%) share in the fungal community colo-
nizing stored tubers of all cultivars after storage and
newly-harvested tubers of cv. ‘Pasja Pomorska’. After
harvest, the lowest number of pathogens was isolated
from the tubers of cv. ‘Adam’ in the non-fertilized tre-
atment, and after storage — from the tubers of the late
cultivars in the treatment where three foliar fertilizers
were applied in combination.
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Patogeny wystepujace
na bulwach ziemniaka (Solanum tuberosum L.)
nawozonego dolistnie

Streszczenie

W trzyletnim $cistym doswiadczeniu poletko-
wym zatozonym w 2008 r. w Balcynach uprawiano
odmiany ziemniaka: srednio wczesng ‘Adam’, srednio
p6Zna ‘Pasja Pomorska’ i p6Zna ‘Sleza’. Czynnikami
doswiadczenia byty: nawozy dolistne, stosowane po-
jedynczo i tacznie (Basfoliar 12-4-6, ADOB Mn, So-
lubor DF) oraz dwa poziomy nawozenia mineralnego
doglebowego (N,P,K;-80 kg N x ha'!, 80 kg P x ha’,
120 K x ha'; N,P,K,-120 kg N x ha'!, 144 kg
P x ha'!, 156 K x ha'). Material badawczy stanowi-
ty bulwy ziemniaka. Procent bulw z objawami mokre;
zgnilizny (Pectobacterium carotovorum subsp. caro-
tovorum), zarazy ziemniaka (Phytophthora infestans)
i suchej zgnilizny (Fusarium spp.) szacowano w 5 kg
prébie bulw. Po zbiorze w losowo pobranej prébie
100 bulw oceniano nasilenie parcha zwyktego (Strepto-
myces scabies) i ospowatosci (Rhizoctonia solani); wy-
nik podano jako indeks porazenia w %. W laboratorium
co roku izolowano grzyby na pozywce PDA z bulw po
zbiorze i po S-miesigcznym przechowywaniu. Wyniki
opracowano statystycznie (STATISTICA® 9.0 2009).
Odmiany ziemniaka mialy wptyw na nasilenie choréb
bulw. Nasilenie analizowanych choréb na bulwach ba-
danych po zbiorze pochodzacych z roslin nawozonych
doglebowo NPK i dokarmianych dolistnie nawozami
wielosktadnikowymi bylo zr6znicowane. Zaobserwo-
wano jednak prawidtowos¢: najmniej bulw porazo-
nych przez Fusarium uzyskano u roslin dokarmianych
trzema nawozami lgcznie, co potwierdza najmniejsza
liczebnos¢ izolatéw tych grzybéw otrzymanych z bulw.
Wigcej grzybéw otrzymano z bulw po zbiorze niz po
przechowywaniu, jednak patogeny czesciej izolowa-
no z bulw przechowywanych. Najrzadziej sprawcow
choréb wyosobniano z bulw nienawozonych roslin
odmiany ‘Adam’ w analizowanym terminie po zbiorze
i z bulw odmian p6éZnych w kombinacji z tacznie apli-
kowanymi trzema nawozami, w analizowanym termi-
nie po przechowywaniu.
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