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Abstract. Potato protection against late blight is an essential element of agrotechnics in all production sys-
tems. In order to ensure food safety and to care for the natural environment, the aim is to reduce chemical
plant protection products and promote alternative methods, including biological methods. Therefore, the
study was conducted in the years 2012—-2014 in order to determine an effect of chemical (Ridomil Gold
MZ 68 WP and Infinito 687.5 SC, Flowbrix 380 SC), biological (Polyversum WP, Timorex Gold 24 EC,
Biosept Avtive 33 SL) and integrated protection (alternately biopreparations and Flowbrix 380 SC) on the
quality of potato tubers. The early cultivar Vineta and moderately early Red Fantasy were examined. The
results of the study indicate a slight influence of the method of plants protecting against P. infestans on
dry matter accumulation, including starch, in potato tubers. A decrease in the value of these features was
found only in one year of the study on objects protected by P. oligandrum fungus spores, and in the case of
dry matter also after using Ridomil Gold MZ 68 WG and Infinito 687.5 SC fungicides. The application of
chemical fungicides and individually biopreparations Timorex Gold 24 EC and Biosept Avtive 33 SL had
a beneficial effect on total protein accumulation, however, this effect was modified by weather conditions
during the growing season as well as cultivar properties. The tuber quality deteriorated as a result of an
increased accumulation of nitrates on objects protected by Ridomil Gold 72 WP and Infinito 687.5 SC as
well as Biosept Avtive 33 SL, and as a result of stronger darkening of tubers raw flesh after an application
of Ridomil Gold MZ 68 WG and Infinito 687.5 SC fungicides, Timorex Gold 24 EC and alternately Flow-
brix 380 SC / Timorex Gold 24 EC.
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INTRODUCTION

The prevalence of Phytophthora infestans and continuous changes and the formation of
physiological varieties (resistant among others to metalaxyl, oomycete-specific fungicide), as
well as the easy and rapid spread make protecting the potato against late blight very difficult
[Andrivon 1996, Hermansen et al. 2000, Matson et al. 2015]. In conditions conducive to the
development of P. infestans, even intensive chemical treatments do not completely protect the
plants from potential crops reduction [Cwalina-Ambroziak et al. 2015]. Effective protection
against the strong infective pressure of P. infestans is provided by integrated protection us-
ing cultivars of high resistance to late blight [Aav 2016, Chmielarz et al. 2014, Kapsa 2007,
Michalska et al. 2011]. Unfortunately, both in Poland and in the world, the majority of widely
cultivated varieties of potato are susceptible to late blight [Forbes 2012]. Clear deficiency of
highly resistant cultivars is visible in the cultivation of edible potato, especially in the group of
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cultivars with short vegetation, which registration is carried out primarily on the basis of the
size and quality of tuber yields [Nowacki et al. 2017]. Most cultivars with an increased resist-
ance belong to the group of late starch varieties, the usefulness of which in organic production
is limited due to the long growing season and the low level of culinary values [Pilch 2007, Pilch
et al. 2015]. An alternative to copper preparations, commonly used in organic production but
gradually withdrawn from use due to the strong toxicity of this element, is the use of P, infestans
antagonists [Benhamou et al. 2012, Cwalina-Amroziak 2012, EI-Mougy et al. 2012, Gupta et al.
2004, Jindal et al. 1988, Shanthiyaa et al. 2013, Stephan et al. 2005]. Moreover, also plant ex-
tracts are environmentally friendly, and effective in controlling the development of P. infestans
[Stephan et al. 2005, Wang et al. 2007, Abayhne and Chauhan 2016].

The crop protecting function of fungicides and insecticides is primarily related to preserving
possibly the largest assimilation surface of plants until the end of their vegetation. The studies
of Kotodziejczyk [2012] and Kotodziejezyk and Szmigiel [2012] show that the reduction of the
assimilation area of potato plants leads not only to a significant reduction in yield but also to
the modification of chemical composition conditioning the quality of tubers. The shortening of
potato vegetation period resulting from improper agrotechnics, the harvest before full maturity
of the tubers or the occurrence of pests and disease infections results in the reduction of the
dry matter and starch content as well as an increased protein and nitrate concentration in tubers
[Kotodziejczyk and Szmigiel 2012, Wierzbicka et al. 2008].

An effectiveness of potato protection against P. infestans presented in the literature on the
subject most often refers to the size of the tuber yield, i.e., a feature significant from the pro-
ducer’s point of view. The quality of tubers is the most important for consumers, and it is
determined, inter alia, by their chemical composition. Therefore, the aim of the study was to
determine an effect of biopreparations and synthetic fungicides used in the protection of potato
against late blight on the formation of dry matter, starch, protein, nitrates and the tendency of
raw tubers flesh darkening.

MATERIAL AND METHODS

The study was carried out in the years 2012-2014 at the Experimental Station in Prusy
(50°07" N and 20°05" E) belonging to the University of Agriculture in Krakow. A two-factor
field experiment was established in a randomized block system in 4 replications on degraded
Chernozem soil (CWr) classified as very good wheat complex and 1st bonitation class. The
experimental factors were as follows: the cultivar and method of potato protecting against late
blight. The evaluation included the early cultivar Vineta (resistance to late blight of potato:
2 on a scale of 1-9) and moderately early Red Fantasy (resistance to late blight 3 on a scale of
1-9). Protection variants included: 1) control plot — without protection; 2) Ridomil Gold MZ 68
WG (1 x 2 kgha!) and Infinito 687.5 SC (1 x 1,6 I'ha’!); 3) Flowbrix 380 SC (4 x 1,6 l-ha’);
4) Polyversum WP (tubers treatment 10 g-kg! and 4 x plants spraying 0.05%); 5) Polyversum
WP (tubers treatment 10 g-kg') and Flowbrix 380 SC (4 x 1.6 I'ha"); 6) Timorex Gold 24 EC
(4 x 1.5 I'ha"); 7) Biosept Active 33 SL (4 x 1.5 I'ha"); 8) alternately: Flowbrix 380 SC (2 x 1.6
I'ha!) and Timorex Gold 24 EC (2 x 1.5 I'ha!); 9) Flowbrix 380 SC (2 x 1.6 I'ha!) and Biosept
Active 33 SL (2 x 1.5 I'ha'’) and 10) Timorex Gold 24 EC (2 x 1.5 I'ha') and Biosept Active 33
SL (2 x 1.5 I'ha’"). The first treatment was performed after the disease symptoms were found on
the aboveground part of plants, i.e., in the 2-3rd decade of June. Ridomil Gold MZ 68 WG and
Infinito 687.5 SC fungicides were applied with a 2-week interval, while the other preparations at
weekly intervals. Treatment of tubers with Polyversum WP was carried out immediately before
planting.
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The previous crop for potato was winter wheat. Following the wheat harvest, crushed
straw was plowed and a catch crop (white mustard) was sown. In spring, mineral fertilizers
were applied in the following doses: 150 kg N, 60 kg P,O and 180 kg K,O-ha!. Potato tubers
were planted at 75 x 35 cm spacing in the second week of April. The harvesting plot area was
18 m?. Weeds were limited by a mechanical and chemical method including 2 times spreading
and application of Linurex 500 SC (linuron 1000 g a.i.-ha') and Targa Super 05 EC herbicides
(quizalofop-p-ethyl 75 g a.i.-ha'). The Actara 25 WG (thiamethoxam 20 g a.i.-ha') insecticide
was used against the potato beetle. The potato harvest was made in the 3rd decade of September.

Before harvest, tubers from 10 randomly selected potato plants (about 10 kg) were taken
from each plot. Dry matter content (dried-weight method), starch (Reimann method, hydrostatic
scales), total protein (Kiejdahl method, N x 6.25) and nitrates (V) content (potentiometric meth-
od) and the tendency of raw tubers flesh to darken were determined in the tubers after 4 hours
from cutting (according to 9° inverted Danish scale, where 9 means unchanged, and 1 - strongest
darkening). The results were subjected to statistical evaluation using an analysis of variance.
Highly significant differences (HSD) for the investigated features were verified Tukey’s test at
a significance level of p < 0.05.

The characteristics of the precipitation-thermal conditions during potato vegetation are pre-
sented in Fig. 1. The potato vegetation period in 2012 was characterized by the least amount of
rainfall, and concurrently the highest air temperature in the three-year research cycle. Signifi-
cant shortages of precipitation were recorded in May and August, while excessive amount in
June. In 2013, the amount of rainfall was close to the long-term average, but their distribution

precipitation

250 T T T T T T T T T T T T T T T T T T T T T T TS
g
g
T H
11
% | ’;;51515151
temperature
% e
0

VIII IX
012012 2013 HHH 2014 —— [981-2010

Fig. 1. Weather conditions during the growing season of potato in 2012-2014
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was uneven. June was extremely humid (213 mm), while the amount of precipitation in April,
July and August accounted for 42, 32 and 34% of the average of the long-term sum of rainfall,
respectively. The potato vegetation in 2014 was under conditions of excessive rainfall, espe-
cially in July and August, which favored the development of P. infestans.

RESULTS AND DISCUSSION

Analysis of dry matter content, including starch, in potato tubers showed significant varia-
tion within the genotype, the method of protection against P. infestans, the weather conditions in
years and the interaction of the study year and the variant of protection (Table 1).

Table 1.  Significance of differences for individual sources of variation

: Content of: Darkening of raw
Variance source
dry mater starch total protein | nitrates (V) tuber flesh
Protection (A) * ook ook sokok ok
Cultivar (B) * *okk ook ook ook
Year (C) ook sk ok sk
AxB otk Kok %
AxC Hokok sokok $eokok sk
BxC $ok ok ek [
AxBxC EEES RS RS kKK *%

Significant effects at p<0.05 (*), p<0.01 (**) and p<0.001 (***). Blank values indicate no significant (p>0.05)

Higher content of both dry matter and starch was found for moderately early potato cultivar
- Red Fantasy (Table 2). Weather conditions prevailing during the potato vegetation period in
2012 were conducive to the accumulation of dry matter in tubers, while in 2013, the concen-
tration of starch. Excessive rainfall in July and August 2014 had an unfavorable effect on the
content of both dry matter and starch. A similar relationship was demonstrated by Rymuza et al.
[2015] and Trawczynski [2016]. According to Sawicka et al. [2011], starch content is one of the
most stable characteristics of potato and is determined by cultivar properties and weather condi-
tions, as well as mutual interaction of these factors. The interaction of years and cultivars was
not demonstrated in the study conducted, which proves that both cultivars showed the same re-
action to the growing conditions in particular years. The method of potato protecting against late
blight slightly differentiated the content of dry matter and starch in tubers. Significant reduction
in the value of these features in relation to the control was found only in 2012 on plots protected
by P. oligandrum spores, and in dry matter also after chemical protection with Ridomil Gold
MZ 68 WG and Infinito 687.5 SC fungicides (Fig. 2A and 2B). Thus, the obtained results are not
confirmed in the opinion of Apel et al. [2002] and Vos and Groenwold [1999], who believe that
the potential for photosynthesis can be more fully utilized by plants in conditions of protected
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Table 2.  Chemical composition of tubers and darkening of raw tuber flesh

Content of: Darkening
Factor dry starch | protein nitrates(V) of r;\:st}:lber
matter
(%) (mg NO,kg™) (9° scale)
Variant of protection
Control 199a 13.2a | 2.04cd 54.8b 8.6a
Ridomil Gold MZ 68 WG and Infinito 687.5 SC 19.5 ab 132a | 2.10ab 623 a 83c¢
Flowbrix 380 SC 199a 12.8ab | 2.11 ab 59.1 ab 8.5 ab
Polyversum WP 19.0b 125b | 2.03cd 57.0b 8.6a
Polyversum WP and Flowbrix 380 SC 19.2 ab 12.8ab | 2.07 bc 552b 8.5 ab
Timorex Gold 24 EC 199a 132a 213a 547b 8.4 bc
Biosept Avtive 33 SL 199a 13.0ab | 2.11 ab 66.5a 8.5ab
Flowbrix 380 SC/Timorex Gold 24 EC 19.8 ab 13.0ab | 2.02cd 58.3 ab 8.4 bc
Flowbrix 380 SC/Biosept Active 33 SL 19.4 ab 129ab | 1.99d 56.0b 8.5ab
Timorex Gold 24 EC/Biosept Active 33 SL 19.7 ab 12.8ab | 2.03 cd 54.7b 8.5ab
Cultivar
Vineta 19.4b 124 a 2.11a 61.6a 8.6a
Red Fantasy 19.8 a 134b | 2.02b 54.1b 840
Year
2012 209 a 134a 225a 679 a 84a
2013 20.0b 13.7a 1.92¢ 450¢ 85a
2014 18.0¢ 11.7b | 2.02b 60.6 b 85a

Different letters indicate significant differences between means (p<0.05)

cultivation. No significant differences in the content of dry matter and starch in potato tubers
cultivated in an organic and conventional systems were demonstrated by Hamouz et al. [2005]
and Tein [2015].

The beneficial effect of potato protection against late blight on total protein accumulation in
tubers was found on chemically protected objects and after individual application of bioprepa-
rations Timorex Gold 24 EC and Biosept Avtive 33 SL (Table 2). The study conducted showed
a varied reaction of potato plants on the way of protection in particular periods of vegetation
in the field of protein accumulation (Fig. 2C). In 2012, with the least amount of rainfall, an
increase in protein content in tubers was found on plots protected by fungicides Ridomil Gold
MZ 68 WG and Infinito 687.5 SC, Flowbrix 380 SC and Polyversum WP as well as Flowbrix
380 SC. In 2013, however, the content of this component was reduced after individual using of
Flowbrix 380 SC and Polyversum WP, and alternately Flowbrix 380 SC/Timorex Gold 24 EC
as well as Timorex Gold 24 EC / Biosept Active 33 SL. In turn, in 2014, characterized by the
highest amount of rainfall in the three-year research cycle, the protein content higher than in
the control plot was only found on the plots protected by biopreparation Timorex Gold 24 EC.
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Fig. 2. The content of dry matter (A), starch (B), protein (C) and nitrates (D) in the aspect of interaction
year x variant of protection: 1 — control, 2 — Ridomil Gold MZ 68 WG and Infinito 687,5 SC,
3 — Flowbrix 380 SC, 4 — Polyversum WP, 5 — Polyversum WP and Flowbrix 380 SC,
6 — Timorex Gold 24 EC, 7 — Biosept Active 33 SL, 8 — Flowbrix 380 SC/Timorex Gold 24 EC,
9 — Flowbrix 380 SC/Biosept Active 33 SL, 10 — Timorex Gold 24 EC/Biosept Active 33 SL
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Fig. 3. The content of protein (A) and nitrates (B) in the aspect of interaction cultivar x wariant
of protection: 1 — control, 2 — Ridomil Gold MZ 68 WG and Infinito 687,5 SC, 3 — Flowbrix 380 SC,
4 — Polyversum WP, 5 — Polyversum WP and Flowbrix 380 SC, 6 — Timorex Gold 24 EC,

7 — Biosept Active 33 SL, 8 — Flowbrix 380 SC/Timorex Gold 24 EC, 9 — Flowbrix 380 SC/Biosept
Active 33 SL, 10 — Timorex Gold 24 EC/Biosept Active 33 SL

In the study of Sawicka and Kus$ [2002], the highest concentration of protein in potato tubers
cultivated in the organic system was demonstrated in a wet and warm year, while in integrated
production in conditions of a significant shortage of precipitation. In general, a small amount
of rainfall in 2012, and especially in the final potato vegetation period, favored the accumula-
tion of protein in tubers. In turn, a large amount of rainfall in September 2013 was probably the
reason for a significant reduction in protein content in tubers of moderately early potato cultivar
Red Fantasy, in contrast to the Vineta variety, which ended vegetation earlier (Table 3). It can be
concluded from the study by Kolodziejczyk [2013] that the protein content in potato tubers is a
feature of high stability, however, like other qualitative characteristics, it is subject to modifica-
tion by habitat factors. The author showed that the main source of variation is the interaction of
cultivars and years (51% of total variability) and environmental variability (39%). In the study
conducted, the higher total protein content was demonstrated for the early Vineta potato cultivar,
in the case of which, however, there was no differentiated reaction to the method of protection
against P, infestans (Fig. 3A). All variants of protection with the exception of Polyversum WP
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Table 3.  Chemical composition of tubers depending on the year and cultivar

Dry matter Starch Protein Nitrates(V)
Year (%) (mg NO;'kg™)
Vineta |Red Fantasy| Vineta |Red Fantasy| Vineta Red Fantasy| Vineta |Red Fantasy
2012 20.8 a 21.0a 128 a 139b 2.28a 222a 699D 66.9 a
2013 19.7b 203 b 133 a 14.1a 2.02b 1.83 ¢ 409 ¢ 49.1b
2014 17.8 ¢ 18.1¢ 11.1b 122¢ 2.02b 2.01b 74.1a 472b

Different letters indicate significant differences between means (p<0.05)

had a beneficial effect on protein accumulation in Red Fantasy cultivar tubers, but a significant
increase in the content of this component compared to control was found only after alternating
application of copper preparation and Biosept Avtive 33 SL.

Nitrates (V) are characterized by relatively low harmfulness to humans, but about 5%, and
in individual cases even 20% of these compounds are reduced to toxic nitrites (III). The high
consumption of tubers makes them a significant source (27-30%) of the daily intake of nitrates
(V) [Wadas et al. 2012]. The ability to accumulate nitrates in potato tubers is determined by cul-
tivar properties, climatic and soil conditions, and agrotechnics. In the study conducted, cultivar,
form of protection, weather conditions and the interaction of these factors had a differentiating
effect on this nitrogen form concentration (Table 1). An increased content of nitrates was found
in potato tubers protected with fungicides Ridomil Gold 72 WP and Infinito 687.5 SC as well as
Biosept Avtive 33 SL (Table 2). The study also showed a differentiated reaction of cultivars in
the case of the above-mentioned preparations as well as copper fungicide (Fig. 3B).

Also Wichrowska and Wojdyta [2011] indicate the relationship between the use of plant
protection products (herbicides) and the content of nitrates(V) in potato tubers. Increased con-
centration of nitrates was recorded in 2012 after the use of grapefruit extract and in most plants
protected against P, infestans in 2014 (Fig. 2D). Irrespective of the protection variant, the high-
est content of nitrates was noted in the tubers collected in 2012, in which there were shortages
of precipitation, especially in August and September (Table 2).

The content of these components was higher in the potato tubers of the Vineta cultivar,
which is confirmed in the long-term study of Grudzinska and Zgoérska [2008]. The authors
showed that the highest amount of nitrates is accumulated by very early and early potatoes (over
200 mg NO;kg'), while the moderately early ones contain even half less that amount.

One of the important features of culinary quality of potato tubers is flesh tendency to enzy-
matic darkening. Zgoérska [2013] states that potatoes intended for direct consumption should
have low darkening of the raw flesh (above 6.5 in 9° scale). In the analyzed experiment, potato
tubers were characterized by very low darkening of the raw flesh (8.3-8.6). The protection of
the potato against late blight carried out on the basis of Ridomil Gold MZ 68 WG and Infinito
687.5 SC fungicides, Timorex Gold 24 EC and alternately Flowbrix 380 SC / Timorex Gold 24
EC had an adverse effect on this feature value. The tubers of Red Fantasy potato were character-
ized by stronger darkening flesh. Moreover, a differentiated reaction of cultivars to the applied
protection was found. In the case of early potato, there were no significant differences between
the individual protection variants, whereas in the moderately early variety, the tuber showed a
significantly darker color in 5 plots compared to the control plot (Fig. 4A). An effect of protec-
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Fig. 4. The darkening of raw tuber flesh in the aspect of interaction cultivar x variant of protection (A)
and year x variant of protection (B): 1 — control, 2 — Ridomil Gold MZ 68 WG and Infinito 687,5 SC,
3 — Flowbrix 380 SC, 4 — Polyversum WP, 5 — Polyversum WP and Flowbrix 380 SC,

6 — Timorex Gold 24 EC, 7 — Biosept Active 33 SL, 8 — Flowbrix 380 SC/Timorex Gold 24 EC,

9 — Flowbrix 380 SC/Biosept Active 33 SL, 10 — Timorex Gold 24 EC/Biosept Active 33 SL

tion on the tendency of raw tubers flesh to darken was noted only in the first year of the study,
i.e., in the conditions of low precipitation and concurrently higher than the average air tempera-
ture in July, August and September (Fig. 4B).

CONCLUSIONS

The results of the study obtained in three seasons differing in weather conditions, indicate
a small effect of the method of plants protecting against late blight on the accumulation of dry
matter, including starch, in potato tubers. It was found that these values were reduced on plots
protected with P. oligandrum spores, and in the case of dry matter also after an application of
Ridomil Gold MZ 68 WG and Infinito 687.5 SC fungicides only in 2012 characterized by the
lowest amount of precipitation in the examined cycle, i.e., theoretically no conducive to the de-
velopment of P, infestans. The significant impact of potato protection on total protein accumula-
tion in tubers was found after the use of chemical fungicides and individually biopreparations
Timorex Gold 24 EC and Biosept Avtive 33 SL, the effect of which was modified by weather
conditions and cultivar properties. The study conducted demonstrated an increased accumula-
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tion of nitrates in potato tubers protected with fungicides Ridomil Gold 72 WP and Infinito
687.5 SC as well as Biosept Avtive 33 SL. The quality of tubers deteriorated also due to stronger
enzymatic darkening after an application of Ridomil Gold MZ 68 WG and Infinito 687.5 SC,
Timorex Gold 24 EC and alternately Flowbrix 380 SC/Timorex Gold 24 EC.
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M. KOLODZIEICZYK

WPLYW BIOLOGICZNEJ, CHEMICZNEJ I INTEGROWANEJ OCHRONY ZIEMNIAKA
PRZED PHYTOPHTORA INFESTANS (MONT.) DE BARY NA JAKOSC BULW

Synopsis. Ochrona ziemniaka przed zaraza jest niezbednym elementem agrotechniki we wszystkich sys-
temach produkcji. W celu zapewnienia bezpieczenstwa zywnosci oraz w trosce o srodowisko przyrod-
nicze dazy si¢ do ograniczenia chemicznych srodkéw ochrony roslin a promuje metody alternatywne,
w tym metode biologiczna. Dlatego w latach 2012-2014 przeprowadzono badania, ktorych celem okresle-
nie wptywu ochrony chemicznej (Ridomil Gold MZ 68 WP i Infinito 687.5 SC, Flowbrix 380 SC), bio-
logicznej (Polyversum WP, Timorex Gold 24 EC, Biosept Avtive 33 SL) oraz integrowanej (przemiennie
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biopreparaty i Flowbrix 380 SC) na ksztattowanie si¢ jako$ci bulw ziemniaka jadalnego. Ocenie poddano
wczesna odmiang Vineta oraz $rednio wczesna Red Fantasy. Wyniki badan, wskazuja na niewielki wplyw
sposobu ochrony ro$lin przed P. infestans na gromadzenie suchej masy, w tym skrobi w bulwach ziemnia-
ka. Stwierdzono zmniejszenie wartosci tych cech tylko w jednym roku badan na obiektach chronionych
zarodnikami grzyba P. oligandrum, a w przypadku suchej masy rowniez po zastosowaniu fungicydow
Ridomil Gold MZ 68 WG i Infinito 687,5 SC. Aplikacja fungicydéw chemicznych oraz indywidualnie
biopreparatow Timorex Gold 24 EC i Biosept Avtive 33 SL miala korzystny wpltyw na gromadzenie biatka
ogoblem, jednak wplyw ten modyfikowany byt warunkami pogodowymi w okresie wegetacji a takze wta-
sciwosciami odmianowymi. Stwierdzono pogorszenie si¢ jakos¢ bulw w efekcie zwigkszonej kumulacji
azotanow na obiektach chronionych preparatami Ridomil Gold 72 WP i Infinito 687.5 SC oraz Biosept
Avtive 33 SL, a takze w wyniku silniejszego ciemnienia migzszu surowego bulw po zastosowaniu fungi-
cydow Ridomil Gold MZ 68 WG i Infinito 687.5 SC, Timorex Gold 24 EC oraz przemiennie Flowbrix 380
SC/Timorex Gold 24 EC.

Stowa kluczowe: zaraza ziemniaka, fungicydy, ochrona biologiczna, odmiana, jako$¢ bulw
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