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ABSTRACT

Three-year field research was conducted at Zawady Experimental Farm affiliated with the
Siedlce University of Natural Sciences and Humanities in Siedlce. The experimental material
consisted of potato tubers harvested in a field experiment set up in a split-plot arrangement
with three replicates. The first experimental factor consisted of two table potato cultivars:
Malaga and Oberon, and the second factor included five methods of weed control using the her-
bicide Avatar 293 ZC (the herbicide contained clomazone and metribuzin) and biostimulants:
1) control — without the herbicide or biostimulants, 2) the herbicide clomazone + metribuzin
(Avatar 293 ZC), 3) the herbicide clomazone + metribuzin (Avatar 293 ZC) and the biostimulant
PlonoStart, 4) the herbicide clomazone + metribuzin (Avatar 293 ZC) and the biostimulant Ami-
noplant, 5) the herbicide clomazone + metribuzin (Avatar 293 ZC) and the biostimulant Agro-
Sorb Folium. Vitamin C content and total protein content were determined in potato
tubers. The vitamin C content in fresh tubers was determined using the Tilman’s method modi-
fied by Prsanowski. The total protein content was calculated from the nitrogen content assayed
with the Kjeldahl method and multiplied by 6.25. An application of either the herbicide alone
or combined with a biostimulant contributed to a significant increase in both the vitamin C
content and total protein content compared with control tubers. The cultivar Oberon revealed
a higher potential ability to accumulate chemical components compared with cv. Malaga.
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INTRODUCTION

After wheat and rice, potato (Solanum tuberosum L.) is the most popular
staple food consumed by humans worldwide. The crop is grown on all the
continents, in 195 countries, 166 of which classify potato as a vegetable
(Dzwonkowskl 2017, BeaLs 2019). Potato tubers are consumed processed
in a variety of ways: boiled, roasted, fried, as a snack, fries or starch
(GruDZzINSKA et al. 2016). It is a significant source of carbohydrates, protein,
vitamin C and B6, minerals, fibre and phenolic compounds (Hamouz et al.
2009, WiErRzBOWSKA et al. 2015, DjamaN et al. 2021). Owing to their composi-
tion, potatoes provide key nutrients to diet. In Poland, the annual potato
consumption is 90 kg per capita (Dzwonkowskl 2020). According to LESZCzZYNSKI
(2012), a portion of 200 g tubers consumed per day covers 50% of daily
demand for vitamin C. Also, potato protein is characterized by a high nutri-
tional value as it contains all exogenous amino acids and is the only plant
protein whose value is comparable to proteins of animal origin. The quality
of potato tubers is affected by various factors, in particular genetic, agrotech-
nological and environmental factors. An application of herbicides and herbi-
cides + biostimulants in potato cultivation reduces weed infestation but
it can also alter tuber chemical composition. BArRBAS and Sawicka (2015)
observed a tendency for potatoes to accumulate more vitamin C following
an application of the herbicides Sencor 70 WG and Titus 25WG, whereas
Pszczorkowskr et al. (2019) reported such findings after applying various bio-
products. Other authors observed a beneficial effect of herbicides and bio-
stimulants on the total protein concentration (WIERZBOWSKA et al. 2015,
MystkowskAa 2018, ZaRrzECKA et al. 2020). Numerous reports have pointed
to the fact that biostimulants regulate physiological processes, improve crop
plant productivity (RoupHaEL and CorrLa 2020), mitigate negative results
of the influence of abiotic stresses and diseases (GLOSEK-SOBIERAJ et al. 2019),
increase yields and improve qualitative characteristics of potato tubers
(WiErRzBowsKA et al. 2015, NazraNov et al. 2020, TrRawczyNsk 2018, 2020).

The objective of the study reported here was to determine the effect
of a herbicide and a herbicide + a biostimulant on the vitamin C content and
total protein content in table potato tubers.

MATERIAL AND METHODS

Field experiment

The research material consisted of potato tubers produced in a three-
year field experiment which was carried out in the fields owned by the
Siedlce University of Natural Sciences and Humanities in Siedlce, Poland.
Soil type was sandy clay loam with acid soil reaction and 20.9-22.3 g kg
organic matter content (Table 1). The experiment was established in a split-
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Table 1
Soil properties at 30 cm depth in the field experiment
. Description
Properties
2018 2019 2020
pH (in 1 M KCI) 5.25 5.42 5.32
Organic matter (g kg™) 20.9 22.3 21.1
Phosphorus — available (mg kg?) 35.2 61.0 60.0
Potassium — available (mg kg) 102.1 149.0 140.0
Magnesium — available (mg kg) 36.6 61.0 51.0
Texture class sandy clay loam | sandy clay loam | sandy clay loam
Table 2
Characteristics of cultivars grown in the field experiment (Nowackr 2019)
. Registration . Yield Vitamin C | Starch
Cultivar year Breeder Maturity (t ha') (mg kg) | (mg kg")
2013 Potato Breeding .
Malaga Zamarte, Poland medium-early 56.7 188.0 150.0
Oberon 2012 Potato Breeding |\ i/ early | 53.1 235.0 135.0
Zamarte, Poland

plot arrangement with three replicates. The first factor included two table
potato cultivars: Malaga and Oberon (Table 2), and the second factor was
composed of five methods of weed control using the herbicide Avatar 293 ZC
(the herbicide contained clomazone and metribuzin) and biostimulants:
1) control — without chemical protection, 2) the herbicide clomazone +
metribuzin (Avatar 293 ZC) — 1.5 1 ha! before potato emergence, 3) the her-
bicide clomazone + metribuzin (Avatar 293 ZC) — 1.5 1 ha! before potato
emergence and the biostimulant PlonoStart 2 1 ha! after potato emergence,
4) the herbicide clomazone + metribuzin (Avatar 293 ZC) — 1.5 1 ha'! before
potato emergence and the biostimulant Aminoplant 1.5 1 ha' after emer-
gence, 5) the herbicide clomazone + metribuzin (Avatar 293 ZC) — 1.5 1 ha'!
before potato emergence and the biostimulant Agro-Sorb Folium 4 1 ha! after
emergence. The preceding crop was winter triticale. Every year, in autumn,
applications were made of manure (25 t ha') and mineral phosphorus +
potassium fertiliser (44.0 kg P ha! and 124.5 kg K ha?), which were incorpo-
rated by ploughing in. Nitrogen fertilisers were used in spring at a dose
of 100 kg N ha'l. The tubers were planted manually in late April at a spacing
of 40 x 67.5 cm. The potato crop was protected against pests and diseases
as recommended by the Institute of Plant Protection-National Research
Institute Poznan, Poland (Plant Protection Recommendations for 2018/2019,
2018). The potatoes were harvested at full physiological maturity of tubers,
in early September.
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Determination of vitamin C and total protein

Tubers from 10 plants were collected from each plot for chemical compo-
sition determination. The vitamin C content in fresh tubers was determined
using the Tilman’s method modified by Prjanowski (Ostrowska et al. 1991).
This method is based on the extraction of a sample of potato tubers with
oxalic acid, and titration of the obtained filtrate with 2,6-dichlorophenolo-
-indophenol. The vitamin C content was expressed as the ascorbic acid con-
tent in mg kg fresh weight. The protein content was determined in dry
matter. The dry matter content was determined by a two-step drying method,
i.e. drying at 60°C for 10-12 h and then at 105°C until the sample achieves
constant weight. The total protein content was calculated from the nitrogen
content, which — after mineralisation of a sample in concentrated sulfuric
acid — was assayed with the Kjeldahl method on a 2300 Kjeltec Analyser
Unit apparatus and then multiplied by 6.25 (OsTrRowsKA et al. 1991).

Statistical analysis

The research results were statistically analysed with an analysis of variance.
The significance between means was checked with the Tukey’s test at the
significance level of p<0.05 (TrETOWSKI, WOJCIK 1991).

Meteorological conditions during the growing season

Weather conditions in the study period were quite varied (Table 3).
The year 2018 was warm with precipitation similar to the long-term sum.
The year 2019 was by 2°C colder and it was characterised by precipitation
shortages. The precipitation and thermal conditions the most conducive
to potato growing were recorded in 2020, which was mild and had an optimal
precipitation level.

Table 3

Mean air temperature and rainfall during potato vegetation (Zawady Meteorological Station)

Mean temperature (°C) Rainfall (mm)
Months 30-year mean 30-year mean
2018 2019 2020 1980-2009 2018 2019 2020 1980-2009

April 13,1 9.8 8.6 7.9 34.5 5.9 6.0 49.6
May 17.0 13.3 11.7 11.2 27.3 59.8 63.5 48.2
June 18.3 17.9 19.3 16.7 31.5 35.9 | 118.5 60.7
July 20.4 18.5 19.0 19.3 67.1 29.7 67.7 45.7
August 20.6 19.9 20.2 18.0 54.7 43.9 17.9 53.0
September 15.9 14.2 15.5 13.0 80.6 17.4 38.8 50.7
Mean

Sum 17.6 15.6 15.7 14.4 295.7 | 192.6 | 3124 307.9
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RESULTS AND DISCUSSION

The vitamin C content in table potato tubers registered in the National
Register in 2019 ranged from 115 to 267 mg kg' fresh matter (NOWACKI
2019). In the study reported here, the concentration of this component
in tubers fell within the range of 183.8 to 209.5 mg kg' and was significantly
affected by weed control methods using the herbicide and biostimulants, and
by the research years (Tables 4, 5). The herbicide used to control weeds,
whether applied alone or with the biostimulants PlonoStart, Aminoplant
or Agro-Sorb Folium, contributed to an increase in the concentration of vita-
min C compared with the control. The highest vitamin C content was record-
ed after clomazone + metribuzin was applied in combination with the bio-

Table 4
The content of vitamin C and total protein in potato tubers
Cultivars
Treatment Mean
Malaga Oberon
Vitamin C (mg kg
1) control object — without herbicide and biostimulants 183.84 196.4A 190.16
2) clomazone + metribuzin (Avatar 293 ZC) 200.1A 198.24 199.1a
3) clomazone + metribuzin + PlonoStart 202.7A 202.6A 202.7a
4) clomazone + metribuzin + Aminoplant 206.6A 204.3A 205.4a
5) clomazone + metribuzin + Agro-Sorb-Folium 204.4A 202.6A 203.5a
Mean 199.5a 200.8a 200.2
Total protein (g kg™)
1) control object - without herbicide and biostimulants 113.6A 146.34 130.0c
2) clomazone + metribuzin (Avatar 293 ZC) 122.4A 150.5A 136.5bc
3) clomazone + metribuzin + PlonoStart* 127.0A 167.6A 147.3a
4) clomazone + metribuzin + Aminoplant®* 125.1A 158.5A 141.8ab
5) clomazone + metribuzin + Agro-Sorb-Folium®*** 125.4A 164.0A 144.7a
Mean 122.7b 157.4a 140.1

Means followed by different letters were significantly different at P<0.05. Means in columns
marked with capital letters refer to interactions between the factors. Means in the last column
and means in the last row (followed by lowercase letters) are for treatments and cultivars

* PlonoStart — contains: min.: N — 16.4,%, K,0 — 0.75%, CaO — 0.07%, MgO — 0.02%,
S — 941 mg kg'!, lactic acid bacteria, actinomycetes; Producer — Przedsiebiorstwo-Wdrozeniowo-
-Innowacyjne Andrzej Bogdanowicz, Skarszewy Poland; (www.ipm.iung.pulawy.pl.fert wyszuki-
warka-nawozéw-wyszukiwanie-IUNG; www.gov.pl_web_rolnictwo_wykaz_nawozow Rejestr
NAWOZY_22_06_2021);

** Aminoplant — contains: N, — 9.48%, Norga“ic —9.2%, N-NH4 — 0.88%, Corganic — 25%, free amino
acids — 11.57%, organic matter — 87.7%; Producer — ISAGRO Sp.A., Milano Italy; (www.ipm.
iung.pulawy.pl.fert wyszukiwarka-nawozéw-wyszukiwanie-IUNG; www.gov.pl_web_rolnictwo_
wykaz_nawozow Rejestr NAWOZY_22_06_2021);

*** Agro-Sorb-Folium — contains: N — 2.2%, B — 0.02%, Mn — 0.05%, Zn — 0.09%, total amino
acids — 13.11%, free amino acids — 10.66%; Producer — Biopharmacotech Sp. z o.0., Czestochowa
Poland (www.ipm.iung.pulawy.pl.fert wyszukiwarka-nawozow-wyszukiwanie-IUNG; www.iung.
pl_Wykaz_ekologia Wykaz nawozéw i §rodkéw poprawiajacych...IUNG)
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Table 5
The content of vitamin C and total protein in potato tubers in the research years
Cultivars
Years Mean
Malaga Oberon
Vitamin C (mg kg)
2018 193.94 197.9A 195.9b
2019 195.2A 202.2A 198.7a
2020 209.5A 202.4A 206.0a
Mean 199.5a 200.8a 202.0
Total protein (g kg?)
2018 121.1A 168.5A 144.8a
2019 121.7A 141.6B 131.7b6
2020 125.3A 162.1A 143.7a
Mean 122.7b 157.4a 140.1

Means followed by different letters were significantly different at P<0.05. Means in columns
marked with capital letters refer to interactions between the factors. Means in the last column
and means in the last row (followed by lowercase letters) are for years and cultivars.

stimulant Aminoplant. The main reason for increasing the content of vitamin
C in the object sprayed with the herbicide and the Aminoplant biostimulant
was the addition of the Aminoplant preparation, containing as many as 18
free amino acids, which increase the activity of many enzymes, have a posi-
tive effect on the yield and improve its quality (www.ipm.iung.pulawy.pl.fert;
www.gov.pl_web_rolnictwo_wykaz_nawozow). An increase in the content
of this vitamin was reported by Gucara et al. (2019), who applied the herbi-
cides clomazone (Command 480 EC) and pendimethalin (Stomp 400 SC) and
their mixtures with linuron (Dispersion Afalon 450 SC), as well as by BArBAS
and Sawicka (2015), who combined mechanical and chemical weed control
in a potato crop. An increase in the vitamin C content following an appli-
cation of biostimulants was recorded by AL-JUTHERY et al. (2018) and
TrawczyNskI (2020), whereas Wapas and Dziucigr (2020) only pointed to an
upward tendency following an application of biostimulants. The beneficial
effect of Aminoplant on the chemical composition of carrot roots was reported
by GraBowsKa et al. (2012).

Variance analysis confirmed the effect of moisture and thermal condi-
tions during the study on the vitamin C content in potatoes (Table 5). Vita-
min C accumulation was the highest in 2020, when precipitation was similar
to the long-term average sum, and temperatures in the months of yield accu-
mulation (July and August) were favourable. A significantly lower concentra-
tion of vitamin C was recorded in 2018, which was the warmest. No interac-
tion between the experimental factors was confirmed. Also, PszczOrLKOWSKI
et al. (2019) reported the highest vitamin C content associated with optimum
moisture conditions (347.6 mm in April-September). Additionally, they con-
firmed an interaction between cultivation technology and study years.
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An effect of weather conditions on the concentration of vitamin C has been
reported by many authors (Hamouz et al. 2009, Wapas et al. 2012, ZOLNOWSKI
2013, TrawczyNskI 2020).

The examined weed control methods using the herbicide and biostimu-
lants significantly affected the tuber content of protein (Table 4). The highest
concentration of protein was determined in the tubers of potato treated with
the herbicide clomazone + metribuzin (Avatar 293 ZC) combined with the
biostimulant PlonoStart, which could be a consequence of the total nitrogen
content in the amount of 16.4% in the biostimulant (www.ipm.iung.pulawy.
pl.fert; www.gov.pl_web_rolnictwo_wykaz_nawozow). Compared with the
control, significant differences were found for the treatments using the her-
bicide and the remaining biostimulants, that is Aminoplant and Agro-Sorb-
-Folium. A beneficial effect of herbicides and biostimulants was reported
in earlier works by ZArRzEckA et al. (2020) and by MysTKOwSKA (2018),
who had examined biostimulants alone. In contrast, WIERzBOWSKA et al.
(2015) as well as Wapas and Dziucier (2020) found no effect of biostimulants
on the potato tuber content of protein.

Protein content was significantly higher in cv. Oberon than in cv. Malaga.
The effect of cultivar-related characteristics on this traits has been reported
by many researches (WiErRzBowsKA et al. 2015, LEONEL et al. 2017, WaADAS,
Dziucier 2020).

Meteorological conditions in the study years determined the total protein
content in potato tubers (Table 5). Protein accumulation in tubers was the
highest in the warmest year 2018, when precipitation total was similar
to the long-term value. In this study, an interaction between cultivars and
the weather during the growing season was confirmed. Most protein was
accumulated by cv. Oberon in the warm year 2018, while no year-related
differences were found for cv. Malaga. A similar response associated with
moisture and thermal conditions was reported by other authors (LACHMAN
et al. 2005, TrawczyNskl 2016, Mystkowska 2018, ZARzECKA et al. 2020).
Research into the application of a herbicide and biostimulants suggests
a new way of improving the qualitative characteristics of table potato tubers.

On average for the three years of research, the applied herbicide Avatar
and biostimulants had a significant impact on the total yield of potato tubers
(Table 6). The herbicide alone or applied with biostimulants increased the

Table 6
Treatment Yield (t ha')
1) Control object - without herbicide and biostimulants 31.19¢
2) clomazone + metribuzin (Avatar 293 ZC) 34.68b
3) clomazone + metribuzin + PlonoStart 37.79b
4) clomazone + metribuzin + Aminoplant 36.10b
5) clomazone + metribuzin + Agro-Sorb-Folium 40.68a
Mean 36.09

Means followed by different letters were significantly different at P<0.05.
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tuber yield by 3.49 up to 9.49 t ha' in comparison with the control object.
The best results were obtained after the application of Avatar 293 ZC
and the Agro-Sorb-Folium biostimulant. The increase in the yield from the
objects sprayed with the herbicide and biostimulants resulted from reduced
weed competition and the stimulating effect of Agro-Sorb-Folium, PlonoStart
and Aminoplant preparations on the development of potato plants.

CONCLUSIONS

Methods of weed control involving application of a herbicide and biostim-
ulants contributed to an increase in the vitamin C content and total protein
content in table potato tubers. The highest vitamin C accumulation followed
the application of the herbicide clomazone + metribuzin (Avatar 293 ZC) +
the biostimulant Aminoplant, whereas the total protein content was the
highest after spraying with the same herbicide + the biostimulant PlonoStart.
The cultivar Oberon displayed higher potential than cv. Malaga for the accu-
mulation of chemical components in tubers. The analyses conducted in the
study demonstrated a significant effect of meteorological conditions through-
out the study years on the concentration of the chemical components of pota-
to tubers examined in the research.
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