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Abstract. Field experiments were conducted in the years 2015-2017 in the region of eastern
Poland, in the Biata Podlaska Commune (52°02'N, 23°07'E) in the Lublin Voivodeship. The purpose
of the study was to assess the effect of five methods of treatment involving application of growth
biostimulators and herbicide on the yield of dry matter and starch of edible potato tubers. The experi-
ments were performed in three replicates using the randomised split-block method. The examined
factors included: factor I — three early cultivars of edible potato (Owacja, Bellarosa, Vineta), factor
II - doses and dates of application of growth biostimulators: GreenOK-Universal Pro and Asahi SL as
well as their combination with the Avatar 293 ZC herbicide. The highest yield of dry matter and starch
of tubers was obtained from treatment 4 where, prior to sprouting, mechanical treatment was used,
and after the final shaping of ridges and just before sprouting the Avatar 293 ZC herbicide at a dose
of 1.5 dm® ha™', and then after sprouting the GreenOK Universal-PRO was applied three times at
doses: 0.10 dm® ha ! — peak-end of sprouting + 0.15 dm® ha ! — covering of interrows + 0.15 dm> ha™!

— flower bud break (the mean yield of dry matter was at the level of 9.0 t ha™! and that of starch at
the level of 6.3 t ha™'. However, the lowest yield of nutrients of potato tubers was obtained from the
treatment where only mechanical treatment was used (treatment 1). Potato cultivars cultivated in the
experiment and meteorological conditions also had a significant impact on the size of the yield of
dry matter and starch of tubers. Growth biostimulators should find a wider application in agricultural
practice as they are environment-friendly preparations and their use on agricultural crop plant fields
gives notable production benefits.

Keywords: potato, treatment methods, GreenOk-Uniwersal Pro, Asahi SL, Avatar 293 ZC



398 A.J. BARANOWSKA

INTRODUCTION

Potato (Solanum tuberosum L.) is cultivated in about 160 countries in the world
and consumed every day by over a billion people (Camire et al. 2009, Bishwoyog
and Swarnima 2016). In the world production, it is an important agricultural plant,
not only on account of its consumer importance, but also due to its industrial and
fodder significance. Regardless of the direction of production, the content of dry
matter and starch in tubers should be counted as one of the most important featu-
res determining the quality of potato (Zgorska and Grudzinska 2012). Just after
harvest, potato tubers contain about 80% of water and 20% of dry matter (Lutaladio
and Castaldi 2009). The content of dry matter determines nutritional value, taste
value, the consistency of raw and processed tubers, and their resistance to mecha-
nical damage (Wierzbicka 2012).

The main component of potato tubers’ dry matter is starch, an indirect product of
photosynthesis, hence called a renewable and biodegradable material (Leszczynski
2004). The tubers of edible potato cultivars (registered in Poland) contain from
9.9% (very early potato, Impresja cultivar) to 18.3% of starch (medium-early
Asterix cultivar) (Plant Breeding... 2015). The content of starch predominantly de-
termines the caloric value of potato which is about 70 kcal 100 g', significantly
lower than many food products (Trawczynski 2016). Starch is converted to glucose
under the influence of enzymes, thus being practically fully and quickly digested in
the human organism (Leszczynski 2012). The impact of starch on the consistency
of boiled tubers is related to its swelling, which causes the destruction of cell struc-
tures, and with its granularity and distribution in cells (Marle et al. 1997, Lamberti
et al. 2004, Rymuza et al. 2015). According to the requirements of quality features
of potato fit for direct consumption, tubers should contain 18-22% of dry matter
and 12-16% of starch, while potato tubers intended for chips 20-22% of dry matter
and 14-17% of starch, and for crisps 20-25% of dry matter and 16-20% of starch
(Lisinska 2000, Zgorska and Frydecka-Mazurczyk 2002, Grudzinska et al. 2016).

In potato production for food and industrial purposes, the content of dry mat-
ter and starch as well as the amount of produced biomass are important (Puta and
Skowera 2004). The yield of starch and dry matter is a product of the yield of tubers
and the content of these elements in tubers. According to Gabriel and Swiezynski
(1977), the value of these features is determined in 72-92% by the yield of tubers,
and only in 14-15% by the content of these elements in tubers. The level of yielding
and the quality of the yield of potato tubers are determined by both cultivar proper-
ties (genetic) resulting from biological progress, and by agrotechnical and habitat
conditions (Kotodziejczyk 2013, Pszczotkowski and Sawicka 2018).
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Growth biostimulators, effective microorganisms and soil fertilisers enriching
the arable layer with beneficial microorganisms, improving soil properties and
availability of nutrients for plants, speeding up the decomposition of natural and
organic fertilisers, are currently used on a wider scale in agriculture, including
also the production of potato (Paradikovic ef al. 2011, Zarzecka and Gugata 2013,
Maciejewski et al. 2007). Growth biostimulators are defined as preparations sup-
porting the natural vital processes of plants and increasing the resistance of plants
to stressful conditions (Maciejewski et al. 2007, Sawicka ef al. 2016). According to
Matyjaszczyk (2015), in 2015 on the Polish market there were around 60 biostimu-
lators registered as plant protection products in the group “plant development and
growth regulators” and around 20 biostimulators registered on the basis of fertiliser
regulations as “preparations supporting plant cultivation”.

Very few and rather ambiguous empirical results on the subject of the effect of
growth biostimulators on the yield of dry matter and starch of table potato tubers
induce to carry out further research. The aim of the experiment was to determi-
ne the effect of using five treatment methods involving the application of growth
biostimulators and herbicide on the yield of dry matter and starch of three edible
potato cultivars. The research hypothesis assumed that the selected care treatments
involving the application of growth biostimulators and herbicide would positively
impact the yield of marked quality characteristics of potato tubers.

MATERIALS AND METHODS
Experiment and plant material

The results of the field experiment conducted in the years 2015-2017 in the re-
gion of eastern Poland, in the Biata Podlaska Commune (52°02°N, 23°07°E) in the
Lublin Voivodeship, on an acidic light soil, were the source material. The experi-
ment was performed in the split-plot system, in three replicates. Two factors were
examined in the experiment: factor [ — three early edible potato cultivars: Bellarosa,
Owacja, Vineta, factor I — treatment methods involving the application of biosti-
mulators and herbicide:

1. Standard treatment — mechanical treatment (without biostimulators and
herbicide), 2. Prior to sprouting of potato plants — mechanical treatment and after
sprouting — GreenOK Universal-PRO bioactivator, three times to leaves: at a dose
of 0.10 dm® ha™' — peak—end of sprouting (phase BBCH 13-19) + 0.15 dm’ ha'

— covering of interrows (phase BBCH 31-35) + 0.15 dm® ha ™' — flower bud break
(phase BBCH 51-55), 3. Prior to sprouting of potato plants — mechanical treat-
ment, and after sprouting — Asahi SL bioactivator, three times to leaves at a dose
of 0.50 dm® ha™' — peak-end of sprouting (phase BBCH 13-19) + 0.50 dm’ ha™'
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— covering of interrows (phase BBCH 31-35) + 0.50 dm® ha™' — flower bud break
(phase BBCH 51-55), 4. Prior to sprouting — mechanical treatment, and after the
final shaping of ridges and just before sprouting Avatar 293 ZC herbicide at a do-
se of 1.5 dm® ha™' (phase BBCH 00-05). After sprouting — three applications of
GreenOK Universal-PRO bioactivator at a dose of 0.10 dm® ha™' — peak-end of
sprouting (phase BBCH 13-19) + 0.15 dm® ha™! — covering of interrows (phase
BBCH 31-35) + 0.15 dm® ha™' — flower bud break (phase BBCH 51-55), 5. Prior
to sprouting — mechanical treatment, and after the final shaping of ridges before
sprouting of potato plants — Avatar 293 ZC herbicide at a dose of 1.5 dm® ha™!
(phase BBCH 00-05).

TheGreenOK Universal-PROpreparation,accordingtotheproducer’sinformation
(Latvian Institute of Humic Substances), is a liquid organic fertiliser with biostimula-
ting effect, consisting of humic substance concentrate (<20 g dm®) and NPK elements
(0.13-0.09-0.7%). The Asahi SL biostimulator contains three active ingredients
from the nitrophenol group: sodium para-nitrophenol — 0.3%, sodium ortho-nitrop-
henol —0.2% and sodium 5-nitroguaiacol — 0.1%. These compounds occur naturally
in plant cells and participate in physiological and biochemical processes of plants
(Babuska 2004, Maciejewski et al. 2007). The Avatar 293 ZC herbicide applied in
the experiment contains two active ingredients with a complementing mechanism
of action. Clomazone is absorbed by roots and part of plants below cotyledons,
it suppresses the synthesis of pigments in plants (chlorophyll and carotenoids).
Metribuzin is absorbed by roots and leaves and suppresses the photosynthesis pro-
cess (Label of the Avatar 293 ZC plant protection product).

Each year in autumn, before the experiments, natural fertilization was used at
a dose of 25 t ha™!, as well as mineral fertilisation with phosphorus 44.0 kg P ha™'
(triple superphosphate 46%) and potassium 124.5 kg K ha™' (potassium salt 60%),
and during spring — nitrogen fertilisation (ammonium nitrate 34%) at a dose of
100 kg N per 1 ha. Potato tubers were planted in the second decade of April (in 2015
and 2016) and in the third decade of April (in 2017). Protection treatment against
diseases and pests was used in accordance with the plant protection recommenda-
tions. Harvest was performed in the phase of full technological maturity of tubers.
Sample tubers from 10 potato plants (excluding edge plants) were taken randomly
from every treatment of the experiment during harvest. The total yield was calcu-
lated on the basis of the mass of tubers harvested from a plot with an area of 20 m?.
The content of dry matter was determined by means of the oven-dry method, that
of starch on Reimann’s balance. The yield of dry matter and starch of tubers was
calculated as a product of total yield and the content of individual elements.
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Statistical analysis

The results of the study were subjected to statistical analysis using the method
of the analysis of variance. Significance of variability sources was tested with the
Fischler-Snedecor F test, and the assessment of significance of differences at the
significance level p = 0.05 between the compared means using Tukey’s range test
(Tretowski and Wojcik 1988).

Weather conditions

Meteorological conditions in potato growing season are presented in Table 1. The
data come from the Research Centre for Cultivar Testing (COBORU) in Stupia Wielka
and were compiled for the Cultivar Assessment Experimental Station in Cicibor Duzy,
situated near Biata Podlaska. Meteorological conditions were diverse during the study
period (Tab. 1). The highest precipitation sum was recorded in the growing season of
2017 — 425 mm, in which mean air temperature was 15.4°C; it was the coolest year in
comparison with the other study years. The lowest precipitation sum — 288 mm — was
recorded in 2015 with mean air temperature of 15.7°C. In that season, a precipitation
shortage occurred from June to August (i.e. during flowering, tuber formation and
yield accumulation), while August was extremely dry with precipitation sum of 7 mm
and high atmospheric air temperatures. The growing season of 2016 was characterised
by precipitation sum at the level of 302 mm, and air temperature was 16.1°C, higher
by 1.2°C than the mean air temperature from multi-year period (1990-2010); it was
a favourable season for plant growth and yield accumulation.

Table 1. Meteorological conditions during the potato vegetation period in 2015-2017

Y Months Sum / Mean
cars IV V VI VI VIl IX IV-IX
Rainfalls (mm)
2015 36 91 30 49 7 75 288
2016 35 22 84 121 28 12 302
2017 62 40 106 71 41 105 425
Average over the years 1990-2010 38 61 60 77 68 57 361
Temperature (°C)
2015 83 12.8 167 19.6 21.6 15.1 15.7
2016 97 150 184 19.8 187 152 16.1
2017 7.7 13.8 18.0 185 199 147 154
Average over the years 1990-2010 83 139 17.0 194 183 12.7 14.9
*Sielianinov’s hydrothermic coefficients
2015 1.43 228 059 080 0.11 1.66 0.99
2016 1.19 047 153 197 048 0.26 1.00
2017 268 093 197 124 0.66 237 1.50

*Coefficient value (Bac ef al. 1998): < 0.5 — strong drought; 0.51-0.69 — semi drought; 0.70-0.99 —
poor drought; > 1 — fault drought
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RESULTS AND DISCUSSION

The size of the yield of dry matter and starch of potato tubers is determined ma-
inly by the mass of harvested tubers and the concentration of the above-mentioned
nutrients in them, which can be modified in a significant way by individual exper-
imental factors.

As a result of the study it was proved that the selected treatment methods,
applied potato cultivars cultivated in the experiment, as well as meteorological
conditions that prevailed in particular research years had a significant impact on the
size of the yield of dry matter and starch of tubers (Tabs 2-5).

Table 2. Yield of dry matter of potato tubers (t ha™') depending on cultivation methods and potato
cultivars

Cultivars

Methods Owacja Bellarosa Vineta Mean
1. * 6.8 5.5 6.9 6.4
2. 8.5 6.6 8.6 7.9
3. 8.8 6.9 8.9 8.2
4, 9.7 7.7 9.6 9.0
5. 9.2 7.4 9.2 8.6
Mean 8.6 6.8 8.6 8.0

**LSD, o5 for:

cultivars 0.254

methods 0.254

cultivars x methods n.s.

* — as in the experiment’s methodology, ** LSD, s — least significant difference, n.s. — not significant

The cultivation methods applied in the experiment with the use of growth bio-
stimulators and herbicide caused a significant increase in the yield of dry matter and
starch of potato tubers (treatments 2-5) in comparison with mechanical treatment
alone (treatment 1.) (Tabs 2 and 3). The highest yield of dry matter and starch was
obtained in treatment 4 (where mechanical treatment was used prior to sprouting
and then Avatar 293 ZC herbicide at a dose of 1.5 dm> ha™', and GreenOK Universal-
PRO bioactivator at a dose of 0.10 dm® ha™' + 0.15 dm® ha™' + 0.15 dm® ha ' three
times after sprouting) (on average 9.0 t ha' of dry matter and 6.3 t ha™' of starch)
and in treatment 5, where mechanical treatment was used and then the Avatar 293
ZC herbicide at a dose of 1.5 dm® ha™'. The mean yields of nutrients obtained in tre-
atment 5 were 8.6 t ha™' of dry matter and 6.0 t ha™' of starch, respectively (Tabs 2
and 3). The results are in accordance with the research of Trawczynski (2014) who
obtained an average increase of yield by 13.8% after the application of the Tecamin
biostimulator. Gugala et al. (2017) obtained the highest rise in the yield of po-
tato tubers applying the Sencor 70 WG herbicide just before sprouting and then
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the Asahi SL biostimulator twice. In the research carried out by Rudzinska-Mekal
(2000), biostimulators Mival and Moddus 250 ME increased the content of starch
by 1.5-3.3%. Also Sawicka and Krochmal-Marczak (2009) reported an increase in
the content of dry matter and starch upon the application of growth stimulators in
potato cultivation. Moreover, a beneficial impact of the growth stimulators Asahi
SL, Bio-Algeen S90 and Kelpak in potato cultivation was noted in the research
conducted by Wierzbowska et al. (2015). However, Maciejewski et al. (2007) sta-
ted, on the basis of two-year research, that the Asahi SL and Atonik biostimulators
applied in their experiment had no impact on the content of dry matter and starch
in tubers of three edible potato cultivars.

Table 3. Yield of starch of potato tubers (t ha™') depending on cultivation methods and potato cultivars

Cultivars

Methods Owacja Bellarosa Vineta Mean
1. * 4.9 3.8 4.7 4.5
2. 6.0 4.5 5.9 5.5
3. 6.2 4.6 6.1 5.6
4. 6.8 5.4 6.8 6.3
5. 6.5 5.0 6.4 6.0
Mean 6.1 4.7 6.0 5.6

**LSD, s for:

cultivars 0.190

methods 0.189

cultivars x methods n.s.

* — as in the experiment’s methodology, ** LSD, s — least significant difference, n.s. — not significant

The obtained results of the study proved that potato cultivars cultivated in the
experiment had a significant impact on the size of the yield of dry matter and starch
of tubers (Tabs 3 and 4). Sawicka et al. (2011), Wierzbicka (2012), Kotodziejczyk
(2013), Barabas and Sawicka (2016) inform about the effect of genetic features of
cultivars on the content and yield of dry matter and starch of tubers. In the exper-
iment, potato cultivars modified the yield of dry matter and starch from a unit of
area in a significant way. Significantly lower yield of the nutrients discussed was
recorded when the Bellarosa cultivar was cultivated (on average 6.8 t ha™' of dry
matter and 4.7 t ha™' of starch) (Tabs 2 and 3). The yield of the nutrients in the
Owacja and Vineta cultivars was similar. According to Krzysztofik (2009), the con-
tent of nutrients in tubers is a cultivar feature, but with a right size of yield, cultivars
with a lower content of nutrients can yield a crop on a comparable level or higher
than cultivars with lower yields but higher concentration of nutrients. It was con-
firmed in this study.
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From the conducted studies it appears that the yield of dry matter and starch of
tubers was significantly diversified in individual research years (Tab. 4 and 5). The
lowest yields of the nutrients discussed were obtained in the humid growing season of
2017, in which the precipitation sum was 425 mm, being higher than the mean sum
from the multi-year period by 64 mm. However, a significantly higher yield of the
nutrients discussed was recorded in the growing season of 2016, in which atmospheric
conditions were the most favourable for the growth and development of potato plants
in comparison with the other research years. The results are in accordance with the
research of Gugata and Zarzecka (2010), Rymuza et al. (2015) and Skowera and Puta
(2004) who proved that weather conditions in individual research years, especially the
amount of precipitation, were the factor differentiating the content of dry matter and
starch in potato tubers. Lower accumulation of dry matter and starch in tubers was
observed in years with the highest amount of precipitation than in other research years.

Table 4 . Yield of dry matter of potato tubers (t haﬁl) depending on cultivation methods and research years

Year

Methods 2015 2016 2017 Mean
1. % 6.0 7.2 6.0 6.4
2. 7.7 8.7 7.2 7.9
3. 8.3 9.0 7.4 8.2
4. 9.1 9.8 8.0 9.0
5. 8.6 9.4 7.7 8.6
Mean 7.9 8.8 7.3 8.0

**LSD o5 for:

years 0.254

methods 0.254

years x methods n.s.

* — as in the experiment’s methodology,** LSD, s — least significant difference, n.s. — not significant

Table 5. Yield of starch of potato tubers (t ha_l) depending on cultivation methods and research years

Year

Methods 2015 2016 2017 Mean
1.* 4.2 5.1 4.2 4.5
2. 5.1 6.1 5.1 5.4
3. 5.5 6.3 5.2 5.7
4. 6.3 7.0 5.7 6.3
5. 5.8 6.7 5.5 6.0
Mean 5.4 6.2 5.1 5.6
**LSD, s for:
years 0.190
methods 0.189
years x methods n.s.

* — as in the experiment’s methodology, ** LSD, s — least significant difference, n.s. — not significant
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CONCLUSIONS

1. The yield of dry matter and starch of edible potato tubers depended signifi-
cantly on the cultivation methods. Growth biostimulators and herbicide applied in
the experiment had a positive impact on obtaining higher yields of dry matter and
starch of tubers in comparison with the control object treated only mechanically.

2. The most effective cultivation method for potato in terms of the size of the
yield of nutrients was the use of mechanical treatment prior to sprouting of plants,
and just before sprouting, the Avatar 293 ZC herbicide at a dose of 1.5 dm> ha!,
and after sprouting three applications of the GreenOK Universal-PRO bioactivator
at a dose of: 0.10 dm® ha '+ 0.15 dm® ha '+ 0.15 dm® ha ' (treatment 4) and using
mechanical treatment prior to sprouting and the Avatar 293 ZC herbicide at a dose
of 1.5 dm® ha™' just before sprouting (treatment 5).

3. Genetic features of potato cultivars had a significant impact on the size of the
yield of dry matter and starch of tubers. The lowest yield of the nutrients discussed
was recorded in the Bellarosa cultivar.

4. Higher yields of dry matter and starch of tubers were obtained in the growing
season of 2016, in which atmospheric conditions were the most favourable for the
growth and development of potato plants in comparison with the other research years.
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Streszczenie. Doswiadczenia polowe przeprowadzono w latach 2015-2017 w rejonie Polski
wschodniej, w gminie Biata Podlaska (52°02'N, 23°07'E), w wojewodztwie lubelskim. Celem
badan bylo okreslenie wptywu metod pielegnacji z zastosowaniem biostymulatoréw wzrostu
i herbicydu na plon suchej masy i skrobi bulw ziemniaka jadalnego. Eksperyment zatozono meto-
da losowanych podblokéw w trzech powtdrzeniach. Badanymi czynnikami byty: I czynnik — trzy
wcezesne odmiany ziemniaka jadalnego (Owacja, Bellarosa, Vineta), II czynnik — dawki i termi-
ny aplikacji biostymulatoréw wzrostu: GreenOk-Uniwersal Pro i Asahi SL oraz ich kombinacja
z herbicydem Avatar 293 ZC. Najwigkszy plon suchej masy bulw i skrobi uzyskano na obiekcie 4.,
na ktorym do wschodow zastosowano pielegnacje mechaniczng, a po ostatecznym uksztattowaniu
redlin tuz przed wschodami herbicyd Avatar 293 ZC w dawce 1.5 dm>-ha™!, nastepnie po wschodach
trzykrotnie aplikowano bioaktywator GreenOK Universal-PRO w dawkach: 0.10 dm*ha™' — pelnia-
-koniec wschodow + 0.15 dm*-ha™' — zakrywanie miedzyrzedzi + 0.15 dm*-ha™' — zawigzywanie
pakéw kwiatowych (Sredni plon suchej masy ksztattowat si¢ na poziomie: 9.0 i 6.3 t-ha™' skrobi).
Natomiast najmniejsze plony sktadnikow odzywczych bulw ziemniaka uzyskano na obiekcie, na
ktorym stosowano wylacznie pielegnacj¢ mechaniczng (obiekt 1). Na wielkos¢ plonu suchej masy
bulw i skrobi istotny wplyw mialy rowniez uprawiane w doswiadczeniu odmiany ziemniaka oraz
warunki meteorologiczne. Biostymulatory wzrostu powinny znalez¢ szersze zastosowanie w prakty-
ce rolniczej poniewaz sg to preparaty przyjazne srodowisku oraz ich stosowanie na plantacjach ro$lin
rolniczych przynosi wymierne korzysci produkcyjne.

Stowa kluczowe: ziemniak, metody pielegnacji, GreenOk-Uniwersal Pro, Asahi SL, Avatar
293 ZC



