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Rozwéj choréb grzybowych oraz wielkosé plonu
bulw w zaleznosci od intensywnosci ochrony
ziemniaka

Development of potato fungal diseases and the amount of tuber yield depending
on the scope of protection

Milena Pietraszko""*

Instytut Hodowli i Aklimatyzacji Roslin -Panstwowy Instytut Badawczy, Oddziat w Jadwisinie,ul. Szaniawskiego
15, 05—-140 Jadwisin,
P4 m.pietraszko@ihar.edu.pl

W latach 2014-2016 w Instytucie Hodowli i Aklimatyzacji Ro$lin Oddziat w Jadwisinie przeprowadzono doswiadczenie
majace na celu oceng wpltywu rdznej intensywnosci ochrony chemicznej na porazenie roslin ziemniaka przez
Phytophthora infestans 1 Alternaria spp. oraz wielko$¢ plonu bulw. Badano odmiany r6znej wczesnos$ci i odpornosci
na zaraz¢. Pordbwnywano trzy warianty ochrony fungicydowej: obiekt kontrolny (bez ochrony), ochrona ograniczona
(1-3 zabiegi) i ochrona intensywna (4-5 zabiegdw). Udowodniono wptyw lat badan, ochrony i odmian na rozwdj
choréb grzybowych oraz wysoko$é plonu bulw. Srednio dla lat badan, najnizszy stopief porazenia roélin alternarioza
oraz najwolniejsze tempo szerzenia zarazy i jednoczes$nie najwickszy plon bulw odnotowano w kombinacji z ochrong
intensywng. Wzrost plonéw spowodowany dziataniem fungicydéow wyniost $rednio 19%. Najwigkszy Sredni
wzrost plonu — 21,3%, uzyskano dla wariantu ochrony intensywnej w poréwnaniu do obiektu kontrolnego. Istotne
zréznicowanie pomiedzy ochrong intensywna a ograniczona pod wzgledem rozwoju chordb i wielkosci plonu byto
uzaleznione od presji patogenéow w danym roku badan.

Stowa kluczowe: badania polowe, choroby grzybowe, plon, ochrona fungicydowa, ziemniak

In the years 2014-2016 at the Plant Breeding and Acclimatization Institute in Jadwisin, an experiment was carried
out to assess the impact of various levels of chemical protection on the infestation of potato plants by Phytophthora
infestans and Alternaria and the size of tuber yield. Cultivars of different earliness and resistance to late blight were
tested. The following levels of fungicidal protection were compared: control (without protection), limited protection
(1-3 treatments) and intensive protection (4-5 treatments). The influence of years, protection levels and cultivars
on the spread of fungal diseases and the size of tuber yield was proved. On average, for the years of research, the lowest
degree of plant infestation with alternaria and the slowest rate of spread of late blight and the highest tuber yield
were recorded for intensive protection. The mean increase in yields caused by the application of fungicides was
19%. The highest mean yield increase (21.3%) was achieved between control and intensive protection. Significant
differences between intensive and limited protection in terms of disease spread and yield size depended on pathogen
pressure in the year of the study.
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Introduction

Potato blight caused by fungus-like pathogen
Phytophthora infestans (P. infestans) (Mont.)
de Bary) is the most important disease of pota-
to crops. This disease has a significant negative
effect on the yield and tuber quality, and incre-
ases losses during storage. Losses in the quality
and size of yield due to the destruction of folia-
ge depend on the time and scale of infection,
which is mainly related to weather conditions
and the susceptibility of potato cultivars. Early
infection of plants and weather conditions favo-
urable for the spread of disease are associated
with greater losses in yield. Infection is promo-
ted by high humidity and air temperature

within the range of 12-15°C. The further spread
of the disease is rapid at temperatures above 18°C
and persistent high humidity on the field. Losses
in yield on unprotected plantations can be as high
as 70% (Hoffman, Schmutterer, 1983; Kapsa,
2001; Kapsa and Sawicka 2001; Keskse, 2013).
Protection of potato plantations against
P. infestans relies on preventive measures, e.g.
destruction of infection sources, early plan-
ting, greensprouting or stimulation of seed
tubers, and cultivation of resistant cultivars.
In addition to the above-mentioned agrotechni-
cal and breeding methods, chemical protection
with foliar fungicides registered for the control
of potato blight is widely used. Several factors
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determine the effectiveness of chemical protec-
tion, and the most important of them are the date
of first treatment, the dates of subsequent treat-
ments, and the type and sequence of fungicides
used, depending on the plant's growth stage
and the pressure of the pathogen.

The second disease of potato plants is early blight
caused by Alternaria spp. fungi (Alternaria solani,
Alternaria alternata). The harmfulness of alterna-
ria as a yield-reducing factor is much lower than that
of late blight, and is therefore somewhat underesti-
mated by farmers. However, due to the observed
climate warming, alternaria is gaining more
and more importance. According to Reinoch (1974)
and Fry (1994), yield losses caused by alternaria
range from 20 to 30%, and in particularly suscep-
tible cultivars they may exceed 50%. According
to more recent reports, yield losses are estima-
ted at 5 to 78% (Waals et al., 2004; Pasche et al.,
2004, 2005). The spread of early blight is promoted
by warm and dry weather, when periods of drought
alternate with moderate but frequent rainfall.
Alternaria spreads more easily on potatoes grown
in light soils, poor in nutrients, on plants with nitro-
gen deficiency, weakened, insufficiently fertilized,
ageing or previously attacked by other pathogens
(Kapsa, 2004, Osowski, 2007). The prevention
and control of alternaria on plants relies on adequate
agricultural practices, the use of resistant cultivars,
and the application of various chemical fungicides.

The aim of the study was to assess the impact
of various levels of chemical protection on the infe-
station of potato plants by P. infestans and Alter-
naria spp. and the size of tuber yield in potatoes

of different earliness and resistance to these path-
ogens.

Material and Methods
The study was carried out in 2014-2016
at the Plant Breeding and Acclimatization Institu-
te in Jadwisin. Potatoes were grown on light soil,
with the grain size composition of light loamy sand.
Potatoes were produced in a conventional system.
Agrotechnical treatments are presented in Table 1.
Due to prolonged drought throughout June 2015,
potato plants required irrigation. On the experi-
mental field, irrigation was performed four times,
in a total dose of 80 mm. The field experiment was
designed in a system of three blocks, and a different
variant of fungicidal protection was used for each
block:
— no protection (control);
— limited protection that started after the onset
of potato blight symptoms (1-3 treatments);
— intensive protection that started with a preventi-
ve treatment against potato blight and included

4-5 treatments (Tab. 2, Tab. 2.1).

In each experimental block the research mate-
rial consisted of 11 potato cultivars from different
groups of earliness and different levels of resistan-
ce to P. infestans. Types of earliness and resistance
of potato cultivars are presented in Table 3. Plants
were inspected for disease symptoms every seven
days. The degree of infestation in potato plants was
determined using a 1-9 scale, where 9 means no
symptoms of disease, and 1 means total destruc-
tion of foliage. The infestation with blight was
expressed by the rate of disease spread calculated

Tabela 1
Table 1

Zabiegi agrotechniczne zastosowane na polu do§wiadczalnym. Jadwisin 2014-2016

Agronomic inputs in experimental field. Jadwisin 20142016

Ptodozmian i zabiegi agrotechniczne / Crop production practice

ok. 5 t stomy pszennej na przyoranie + 1 kg azotu mineralnego na 100 kg stomy

Nawozenie
Fertilization

+ migdzyplon z gorczycy biatej

Plowed rye straw + 1 kg mineral nitrogen per 100 kg straw + catch crop,

N: 100 kgha'!, P: 53 kgha'!, K: 150 kgha'!

Nawadnianie w 2015
Irrigation on 2015

Zwalczanie chwastow
Weed control

Zwalczanie stonki
Colorado potato beetle control

80 mm

Linurex 500 SC — 1,8 I'ha!

Titus 25 WG + Trend 90 EC — 60g + 100ml-ha’!

Insektycydy chemiczne 2—-3 razy w sezonie
Chemical insecticides 2—3 times per season
Actara 25 WG — 40 gha'!'; Calypso 480 SC — 75 ml'ha’!
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Tabela 2
Table 2

Zabiegi przed chorobami grzybowymi w zaleznoS$ci od intensywnos$ci ochrony

Treatments of fungicides depending on scope of protection

Lata badan / Years

2015 2016
Ochrona
fungicydowa
The?im}:gicides g;?ifnair;zl Liczba zabiegow Cl?hernet'rcfjgl Liczba zabiegéw szzgzr:zl Liczba zabiegéw
protection ; Number . Number . Number
preparation of treatments preparation of treatments preparation of treatments
Brak ochrony _ B _ 0
No protection
Ridomil Gold
MZ 67,8 WG
Ekonom MC —2,5 kgha'!
72,5 WP Pyton Consento
Ograniczona —2 kgha! Cabrio Duo 112
o 450 SC 3
Limited ~2 1hat EC
Revus 250 SC —2,5 kgha'!
— 0,6 l'ha’!
Revus 250 SC
—0,6 lha'
Ridomil Gold
MZ 67,8 WG Ridomil Gold
Pyton Consento —2,5 kgha'! MZ 67,8 WG
450 SC —2,5 kgha'!
—2 lhat Ridomil Gold
MZ 67,8 WG Ridomil Gold
Ridomil Gold —2,5 kgha'! MZ 67,8 WG
MZ 67,8 WG —2,5 kgha'!
Intensywna —2,5kgha'! Pyton Consento 5
Intensive 450 SC Banjo 400 SC
Pyton Consento —2 l'ha! - 0,8 I'ha’!
450 SC
—2 l'ha! Pyton Consento Cabrio Duo 112
450 SC EC
Revus 250 SC —2 l'ha! —2,5kgha'!
— 0,6 'ha! Revus 250 SC
Revus 250 SC —0,6 ha!
—0,6 l'ha’!
Tabela 2.1
Table 2.1

Rodzaje substancji aktywnych stosowanych preparatow

Types of active substances of the preparations used

Preparat / Chemical preparation

Substancja aktywna i jej ilo$¢ / Active substance and its amount

Banjo 400 SC

Cabrio Duo 112 EC

Ekonom MC 72,5 WP

Pyton Consento 450 SC

Revus 250 SC

Ridomil Gold MZ 67,8 WG

Fluazynam/Fluazinam — 20%, Dimetomorf/Dimethomorph — 20%

Dimetomorf/Dimethomorph — 6,9%, Piraklostrobina/Pyraclostrobin — 3,8%

Mankozeb/Mancozeb — 68%, Cymoksanil/Cymoxanil — 4,5%

Chlorowodorek propamokarbu/Propamocarb hydrochloride — 33,30%
Fenamidon/Fenamidone — 6,66%

Mandipropamid/Mandipropamid — 25%

Metalaksyl M/Metalaxyl M — 3,8%, Mankozeb/Mancozeb — 64,0%
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as the regression coefficient of infestation over
time. The following formula was used to calculate
the rate of spread for late blight:

- [L, of final infestation — L_ of initial infesta-
tion]

where:

tl — number of days from date zero to the onset
of the first symptoms,

t2 — number of days from date zero to the date
when the degree of infestation assessed on the subse-
quent date of inspection was not higher than that
on the previous date (Roztropowicz, 1999).

The size of tuber yield was assessed after harvest
for each protection variant. Data were analysed
using ANOVA and the STATISTICA 13.3 software.
The significance of differences was verified with

Tukey's testat @, .
Results

Weather conditions during the growing season
and dates of the first symptoms of diseases

Data on temperature and rainfall in the indivi-
dual months of the growing season are presented
in Table 4. Dates of the first symptoms of fungal
diseases in potato plants are shown in Table 5.

The growing season in 2014 was characte-
rized by higher air temperatures and drought
between May and July. During this period, the level
of rainfall was about 74 mm lower compared
to the multi-year data for 1967-2013. In the second
ten days of July, rainfall was moderate and followed

Tabela 3
Table 3
Grupy wczesno$ci odmian i odpornosci na zaraze (Phytophthora infestans)
Characteristics of potato cultivars
Grupa wezesnos$ci Odporno$¢ roslin na P. infestans Liczba badanych odmian
Maturity group Resistance to P. infestans Number of cultivars
Bardzo wczesna 23 2
Very early
Wczesna
Early 34 3
Srednio wezesna
Middly early i~ 4
Srednio p6zna 5 5
Middly late
Tabela 4
Table 4

Suma opadéw atmosferycznych i Srednia temperatura powietrza w okresie wegetacji ziemniaka w latach badan
(2014-2016) w Jadwisinie

Total monthly rainfall (R) and mean monthly temperatures (T) during the vegetative growth period in the years 2014-2016
for Jadwisin

Srednia temperatura powietrza (°C)

Rok/miesiac Mean air temperature (°C)
Year/month
v \% VI VII VIII IX IV-1X
2014 10,3 14,1 15,8 214 18,3 14,7 15,8
2015 83 12,9 17,5 19,6 22,5 15,1 16,0
2016 9.3 15,3 18,7 19,6 18,4 15,7 16,2
Srednia wielolecia
Multi-year average 7.9 13,7 16,6 18,5 17,9 13,2 14,6
19672013
Suma opadéw (mm)
Sum of rainfall (mm)
2014 61,1 41,3 69.8 23,5 79,2 11,9 286,8
2015 27,8 39,5 15,4 62,6 8,6 36,6 190,5
2016 314 92,2 85,4 103,6 61,4 9,5 383,5
Srednia wielolecia
Multi-year average 36 56 76 77 60 49 354,0
19672013
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by favourable conditions for the spread of P. infe-
stans infection. The first symptoms of late blight
were noted on July 22 in the control plots (witho-
ut protection) and in the plots with limited protec-
tion, but the drought in the following days of July
inhibited the further spread of the disease. Before
that there were symptoms of infection with alter-
naria on the potato plantation. The first symptoms
of alternaria were noted on June 16 on early potato
cultivars, on all plots compared in the study.

In 2015, weather during the growing season was
characterized by prolonged drought. The total rain-
fall was only 190.5 mm and was more than 163 mm
lower than the multi-year average. The greatest
water deficit was recorded in June and August. Air
temperature was also higher than the multi-year
average. These weather conditions did not promote
the spread of fungal diseases. Despite the irrigation
of crops, no symptoms of infection caused by P.
infestans were found on potato plants. The first
symptoms of alternaria were noted on June 22
on the unprotected plants and on the plot where
limited protection was used, and as late as on July
20 on potatoes where intensive fungicidal protec-
tion was applied.

The growing season in 2016 was wet and warm.
Between May and the end of August the level
of rainfall was higher than the multi-year average.
The sum of rainfall for the entire growing season
was 383.5 mm and was approx. 30 mm higher
than the multi-year average, but rainfall was irre-
gular. The average air temperature for the whole
growing season was 16.2°C and was 1.6°C higher
than the multi-year average. The mean daily air
temperature reached 25°C in July and August,
and even 27.5°C in June. Despite the significant
amount of rainfall, the number of hours with high
relative humidity was small due to the high tempe-
rature. Hot weather caused the plants to dry up
quickly on the field. Despite that, the first symp-
toms of blight were noted on July 19 on unprotec-
ted plots (early potato cultivars), and two days later

symptoms of disease were also found on plots with
limited protection. On plots where preventive treat-
ment was applied the onset of disease was late (July
29) and no further spread was observed. The first
symptoms of alternaria were found on June 20 on all
plots regardless of the type of protective treatment.

Spread of early blight of potato (Alternaria spp.)

Weather in the study years had a significant
effect on the degree of plant infestation (Tab. 6).
The severity of alternaria was significantly lowest
in 2015 (6.7 in the 1-9 scale) and highest in 2014 (5.7).
Differences in the degree of infestation of plants
between 2014 and 2016 were not statistically signi-
ficant. Analysis revealed significant differences
in the spread of disease depending on the level
of fungicidal protection. The degree of infestation
was highest in potatoes grown without protection,
lower on plots with limited protection, and lowest
on plots with intensive protection. The spread
of alternaria also depended on the earliness of culti-
vars, and there were significant differences between
early cultivars and those of other types of earliness.
The significantly highest degree of infestation was
found for early potato cultivars.

Spread of late blight (P. infestans)

Data on the rate of spread for late blight
are presented in Table 7. There was a significant
correlation between the rate of spread and all other
analysed factors, but air temperature and rainfall
during the study years had the strongest effect.
Potatoes were affected by late blight during two
out of three analysed seasons and its spread was
fastest in 2016. The mean rate of spread for study
years was highest for unprotected potatoes, lower
on plots with limited protection, and lowest on plots
with intensive protection. In 2014 the pressure from
the pathogen was the lowest and no symptoms
of late blight were noted on the plots with inten-
sive protection. There were considerable differen-

ces between plots in the rate of disease spread.
Tabela 5
Table 5

Terminy wystapienia pierwszych objaw6éw choréb grzybowych roslin ziemniaka

Dates of first symptoms of fungal disease

Choroba / Disease; Lata badan / Years

Ochrona fungicydowa

The fimgicides proteation Alternarioza/Early blight Zaraza ziemniaka/Late blight
2014 2015 2016 2014 2015 2016

Brak ochrony / No protection 16.06 22.06 20.06 22.07 X 19.07
Ograniczona / Limited 16.06 22.06 20.06 22.07 X 21.07
Intensywna / Intensive 16.06 20.07 20.06 X* X 29.07

*- Objawy choroby nie wystapilty / no symptoms
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Tabela 6
Table 6

Najwyzszy stopien porazenia ro$lin ziemniaka przez Alternaria spp w zalezno$ci od zakresu ochrony, wezesno$ci odmian
ilat

Maximum degree of infestation by Alternaria depending on the scope of protection, cultivar earliness and years

Rok badan / Year /; Ochrona fungicydowa / The fungicides protection
Grupa 2014 2015 2016
wezesnoscei . )
Larliness Srednio
wartness Brak ochrony Ograniczona Intensywna [Brak ochrony Ograniczona Intensywna |Brak ochrony Ograniczona Intensywna Mean
No protection Limited Intensive | No protection Limited Intensive | No protection Limited Intensive
Bardzo wezesna 53 7.0 75 7,0 7,0 7,0 6,3 5,0 6.8 6,5 b**
Very early
Wezesna
4,5 4,8 6,5 6,3 6,0 7,0 38 6,0 55 55a
Early
Srednio wezesna
Middly early 4,7 5.8 6,7 5,7 7,0 7,1 5,6 7.1 6,5 62b
Srednio pézna 438 5.0 6.0 6.5 7.5 7.3 6,3 55 73 62D
Middly late > R A E > > > > > E
Srednia dla
O;jl‘zg;‘y 4.8 a* 5,6 abe 6,6 cd 6,3 bed 6,9 cd 71d 55ab 5.9 bed 6,5 bed X
for protection
Srednlfi dla lat 572 6,7b 6,0 a X
Mean for years

*_ Srednie w wierszach oznaczone z tymi samymi literami nie rézniq sie miedzy sobq istotnie (P < 0.05)
Means in lines marked with the same letter do not differ statistically (P < 0.05)

#*_ Srednie w kolumnie oznaczone z tymi samymi literami nie rézniq sie miedzy sobq istotnie (P < 0.05)
Means in column marked with the same letter do not differ statistically (P < 0.05)

In 2016 the pressure from the pathogen was high
and the disease on unprotected plants spread more
than two-fold faster compared to plants that were
treated with chemical agents after the onset of pota-
to blight symptoms, and more than eight-fold
faster compared to plants that were protected befo-
re the onset of disease. The earliness of cultivars
and their resistance to late blight were also of great
importance. Nevertheless, as with alternaria, diffe-
rences were only found for early cultivars less
resistant to potato blight, where the rate of disease
spread was highest, and medium-early and medium
-late cultivars with higher resistance, where the rate
of spread was lowest.

Tuber yield

There was a significant relationship between
tuber yield and all analysed factors (Tab. 8). Tuber
yield was highest in 2016 and lowest in 2015
(more than two-fold lower compared to 2016).
The mean tuber yield for three years was 32.7 tha
' for the variant without fungicidal protection,
37.8 tha' for the variant with limited protec-
tion, and 39.1 tha'! for the variant with intensive
protection. However, differences in tuber yield
between individual variants of protection depended
on the study year. In 2014 there were significant

differences in yield between all protection variants.
In 2015 and 2016 significant differences in yield
were only found between the variant without
protection and other variants. The yields of tubers
harvested from fields with limited and intensive
protection did not differ significantly in these study
years. In 2014 and 2016, when the pressure from
fungal pathogens of potato was strongest, the diffe-
rence in tuber yield between the variant without
fungicidal protection and the variant with intensi-
ve protection was 10.3 tha'! and 7.4 tha, respecti-
vely. The loss in yield in these two years was 44.2%
and 14.3%, respectively. In 2015, when the pressu-
re from the pathogen was low, this difference was
1.3 tha', which accounted for 5.5% of loss in yield.
Tuber yield was highest for medium-early culti-
vars, and lowest for very early cultivars. There
were significant differences between medium-early
cultivars and other groups of earliness.

In the two years when blight affected pota-
to, the highest mean rate of disease spread
and the lowest tuber yield were noted for the variant
without fungicidal protection. In contrast, the lowest
rate of disease spread and highest tuber yield were
noted for the variant with intensive protection
(Fig. 1). This negative correlation between the rate
of disease spread and tuber yield was not statistically
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Tabela 7
Table 7
Tempo szerzenia zarazy ziemniaka w zalezno$ci od zakresu ochrony, wezesnos$ci odmian i lat
Rate of late blight development depending on the scope of protection, cultivar earliness and years
Rok badan / Year/ ; Zakres ochrony fungicydowej / Scope of protection
Grupa 2014 2015 2016 )
wezesnosei $rednio
Earliness Brak ochrony Ograniczona Intensywna |Brak ochrony Ograniczona Intensywna |Brak ochrony Ograniczona Intensywna Mean
No protection  Limited Intensive  |No protection  Limited Intensive |No protection — Limited Intensive
Bardzo wozesna 0 0 0 0 0 0 0,363 0,100 0,039 (0,056 ab**
Very early
Wezesna, 0 0 0 0 0 0 0,357 0,141 0,016 0,073 b
Early
Srednio wezesna
Middly carly 0,061 0,018 0 0 0 0 0,182 0,072 0,041 0,041 a
Srednio pozna
Middly lare 0 0 0 0 0 0 0,116 0,110 0,024 0,027 a
Srednia dla
Gehmomg 0,015 a* 0,004 a 0a 0a 0a 0a 0,254 ¢ 0,105 b 0,031 2 X
Mean for
protection
srednia dla lat 0.006 0a 0,128 b X
Mean for years
*_ Srednie w wierszach oznaczone z tymi samymi literami nie rézniq sie miedzy sobq istotnie (P < 0.05)
Means in lines marked with the same letter do not differ statistically (P < 0.05)
**_ Srednie w kolumnie oznaczone z tymi samymi literami nie rézniq sie miedzy sobq istotnie (P < 0.05)
Means in column marked with the same letter do not differ statistically (P < 0.05)
Tabela 8
Table 8
Plon bulw (t/ha) w zaleznoS$ci od zakresu ochrony, wczesno$ci odmian i lat
Tuber yield depending on the scope of protection, cultivar earliness and years
Rok badan / Year /; Zakres ochrony fungicydowej / Scope of protection
Grupa 2014 2015 2016 )
wczesnosci Srednio
Earliness Brak ochrony Ograniczona Intensywna [Brak ochrony Ograniczona Intensywna |Brak ochrony Ograniczona Intensywna Mean
No protection Limited Intensive | No protection Limited Intensive | No protection Limited Intensive
Bardzo wezesna | -, 25,9 27,7 252 28,8 26,5 473 49,5 54,1 33,9 at*
Very early
Wezesna 20,3 23,6 30,4 23,9 298 27.8 49.6 54.8 56,1 351
Early
Srednio wezesna| g 5 30,6 36,5 232 27.6 242 542 62,4 62,9 385b
Middly early
Srednio pozna
Middly Tote 24,7 30,3 35,8 20,8 21,8 20,1 51,9 59,8 57,5 358a
Srednia dla
ochrony 233 a* 284 b 336¢ 233a 27,1 ab 24,6 ab 51,64 s81e 59.0 ¢ X
Mean
for protection
Srednia dla lat 28,5 b* 249a 563 ¢ X
Mean for years

*_ Srednie w wierszach oznaczone z tymi samymi literami nie rézniq sie miedzy sobq istomie (P < 0.05)
Means in lines marked with the same letter do not differ statistically (P < 0.05)
**_ Srednie w kolumnie oznaczone z tymi samymi literami nie rézniq sie miedzy sobq istotnie (P < 0.05)
Means in column marked with the same letter do not differ statistically (P < 0.05)
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significant (p=0.1120), and the correlation coeffi-
cient was low (r=-0.1133).

Discussion

Late blight and alternaria are the most common
diseases affecting potato during the growing season.
Destruction of the aboveground parts of plants inhi-
bits the growth of tubers and significantly reduces
yield. The most popular strategy for the control
of fungal diseases relies on fungicidal treatments.
However, in the era of green agriculture, efforts

are made to minimize or optimize the use of plant
protection products. Our study provided informa-
tion on the effects of different levels of fungicidal
protection on the spread of late blight and alterna-
ria in potato plants, and increase in yield associated
with this protection.

Alternaria was the first to attack plants,
before the symptoms of late blight were noted.
Our study confirmed previous findings reported
by Zarzynska and Szutkowska (2012). The role
of weather in the onset and spread of late
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blight has been emphasized by Harrison (1992)
and Kapsa (2007), who reported higher rates
of disease spread in wet and cold weather. Our
study provided evidence for a significant effect
of meteorological conditions on the occurrence
of infection, its spread, and size of tuber yield.
Precipitation had the strongest impact on diffe-
rences between the analysed variables. Because
of drought in 2015, no symptoms of infection
with P. infestans were recorded on potato
plants, and the degree of infection with alterna-
ria was moderate. A lower water deficit in 2014
promoted the occurrence of alternaria, but had
a moderate effect on the spread of late blight
on the potato plantation. In 2016, rainfall was
above the multi-year average, and this weather
had the strongest effect promoting the spread
of late blight and, to some extent, alternaria.
There was also a positive correlation between
the level of rainfall and tuber yield. Correlations
identified in our study are consistent with those
reported by other researchers (Kapsa, 2004;
Zarzynska, Szutkowska, 2012; Rakotonindra-
ina, 2012).

In the study years, the mean degree
of infection of potato plants by Alternaria spp.
and the mean rate of spread of P. infestans (mean
for two years of research when the pathogen was
noted) were highest on the control plots witho-
ut fungicidal protection. A significantly lower
degree of infection with fungal diseases was
observed for plants growing on plots with limi-
ted protection, where the first fungicidal treat-
ment was applied after the symptoms of blight
were noticed. In these plots one to three treat-
ments were applied across the season, depending
on the pressure from the pathogen in a given
year. The control of alternaria and late blight
was most effective on intensively protected
plots, where preventive treatment was applied
before the onset of late blight. For this variant
4 or 5 chemical treatments were applied. Many
authors have reported that fungicidal protection
significantly reduces the severity of fungal dise-
ases on plants compared to untreated controls
(Dowley et al., 2008; Mantecon, 2007; Kapsa,
2004). Their studies also demonstrated signi-
ficant differences in the severity of infection
depending on the type of fungicidal product.
Our research, focused instead on the frequ-
ency of treatments, revealed that differences
in the rate of blight spread between plots with
limited protection and intensive protection were
significant only in 2016, when the pressure from

the pathogen was stronger.

Fungicidal treatments inhibited or preven-
ted the spread of fungal infections and resul-
ted in a significant increase in tuber yield.
The mean increase in yield for three study years
associated with the use of fungicides was 19%.
The mean increase in yield was highest (21.3%)
between the control plots and intensively protec-
ted plots. About a 17% increase in yield was
found for plots with limited protection compa-
red to unprotected controls. The difference
in yield between plots with limited protection
and intensive protection was 6.5%. The greatest
differences in tuber yield between study plots
were recorded in 2014, when weather was more
favourable for the occurrence of alternaria
than late blight. Plots with intensive protection
were free from late blight. Our present findin-
gs are very similar to those reported previously
by other researchers. Losses in yield caused
by the infestation of potato plantations with
alternaria on plots unprotected in field experi-
ments ranged from 6 to 45% (Pietraszko, 2016).
Mantecén (2007) in a 10-year study investiga-
ted the effects of selected fungicides on the size
and quality of tuber yield and reported a 17.9%
mean increase in yield associated with the use
of fungicides for the control of alternaria.
The use of products for the control of late blight
in their study was associated with a 33.8%
increase in yield. Dowley et al. (2008) analy-
sed yield losses caused by late blight in potato
crops in Ireland across 25 seasons and reported
that there was an average increase of 10.1 tha
"in yield from the use of fungicidal protection.
In our study the mean increase in yield compa-
red to control plots was 5.1 tha'! for limited
protection and 6.4 tha' for intensive protec-
tion. These findings indicate that in the years
with moderate pressure from fungal pathogens,
chemical protection implemented immediately
after the onset of the first symptoms of late
blight on the field ensured a satisfactory tuber
yield, only slightly lower than the tuber yield
from plots with intensive protection.

The study revealed a clear relationship
between resistance of potato cultivars to path-
ogens and the spread of disease. The rate
of spread for late blight was higher in very
early and early cultivars with low resistance
compared to more resistant later cultivars. This
correlation was also reported by Kapsa (2005),
Visker (2003) and Rakotonindraina (2012).
Similar relationships were also noted with
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respect to alternaria. Early and faster-ageing
potato cultivars are more susceptible to alterna-
ria, which was also confirmed in our study.

Findings from our study indicated thata very
good tuber yield can be obtained if the frequ-
ency and timing of fungicidal treatments
is adjusted to weather conditions and resistance
of potato cultivars to late blight.
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