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INTRODUCTION

Potato (Solanum tuberosum L.) is one of 
the four major agricultural plants in the world 
and constitutes one of the six plants that have 
changed the world [Hobhouse 2001, Halterman et 
al. 2016. It is cultivated on all continents, in over 
160 countries. Potato is a plant easily available on 
the market, with many uses: direct consumption 
and food processing (chips, crisps, dried), starch 
for the agri-food and chemical industry (starch, 
glucose, maltodextrins, glucose syrups, modified 
starches, ethanol) or feed for farm animals (fresh 
tubers, dried potatoes, potato protein) [Zaheer 
and Akhatar 2016, Javed et al. 2019]. Therefore, 
specific quality requirements apply to each ap-
plication, which is determined by many factors, 

such as: variety, agrotechnical treatments, climat-
ic and soil conditions [Bártová et al. 2009, Kahlel 
and Sultan 2019, Trawczyński 2021]. In modern 
agriculture, natural and synthetic biostimulants, 
which have a positive effect on the yield of po-
tato tubers and their quality, are used more and 
more often [Pavlista 2011, Mystkowska 2019]. 
The results of many experiments show that bio-
stimulants regulate the physiological and mor-
phological processes of potato plants, stimulate 
the development of the root system [Ahmadi La-
hijani et al. 2018], and strengthen the protection 
against abiotic stress and diseases [Bulgari et al. 
2019, Głosek-Sobieraj et al. 2019], increase the 
total, commercial and nutrient yields and improve 
the quality characteristics of potato tubers [Pav-
lista 2011, Wierzbowska et al. 2015, Baranowska 
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2018, Trawczyński 2018]. Sharma et al. [2014] 
found that under unfavorable weather conditions, 
under the influence of biostimulants, the natural 
defense systems that stimulate plant growth and 
development are activated. Trawczyński [2020], 
under the influence of preparations containing 
microelements and free amino acids [Naturamin 
Plus, Naturamin WSP], obtained a significant in-
crease in the content of starch, dry matter and vita-
min C. Pecio [2020] includes amino acid biostim-
ulants among the innovative products used in plant 
production. Direct administration of amino acids 
to young plants along with nutrients increases the 
rate of their development and stimulates plants to 
increase the production of organic compounds.

The aim of the research was to evaluate the 
effect of herbicide and herbicide with various bio-
stimulants on the yields of dry matter, starch and 
total protein of potato tubers.

MATERIAL AND METHODS

Field experiment and 
agrotechnical treatments

Field experiment was conducted in 2018–2020 
in Poland. The study was at performed at the Ag-
ricultural Experimental Station in the Zawady 
(52°03’N and 22°33’E) owned by the University 
of Natural Sciences and Humanities in Siedlce. 
The experiment was set up using the split-plot 
method as two-factor, with three replications. The 
first factor consisted of two potato cultivars, and 
the second factor involved five methods of apply-
ing the herbicide and herbicide with biostimulants 
against the background of the control object where 
no chemical treatments were applied (Table 1). 
The experiment was established on mineral soil 
classified as Haplic Luvisol [WRB 2014]. The 
arable layer of the soil was acidic and had a low 
to medium content of assimilable forms of phos-
phorus, potassium and magnesium (Table 2). Each 
year, the forecrop of potatoes was winter wheat., 
Natural fertilization was used in the experiment 
– manure in the amount of 25 t ha-1 (autumn) and 
mineral fertilization in the following doses: 100 kg 
P, 150 kg K (autumn) and 100 kg N∙ha-1 (spring). 

Cultivation treatments were carried out in ac-
cordance with the principles of good agricultural 
practice. Chemical plant protection was used 
against the Colorado potato beetle and late blight. 
Doses, dates of use and selection of preparations 

were consistent with the recommendations of the 
Ministry of Agriculture and Rural Development 
for agricultural practice [Recommendations for 
the protection of agricultural plants 2020]. The 
tubers were harvested in the period of full physi-
ological maturity of the tubers, i.e. in the phase 99 
according to the BBCH scale. During the harvest, 
the total tuber yield was determined and 10 potato 
plants were sampled for chemical analyses. The 
starch content was determined in the fresh mass 
of tubers on the Reimann WPT 3C electronic hy-
drostatic scales (Poland). The tuber dry matter 

Table 1. Factors of the field experiment
Factor I - cultivars of potato

1 Oberon

2 Malaga
Factor II - methods of herbicide and herbicide application 
with biostimulants (objects)

1 Control object - mechanical weeding - without 
herbicide and biostimulants

2 Avatar 293 ZC (clomazone + metribuzin) at a 
dose of 1.5 dm3 ha-1

3
Avatar 293 ZC (clomazone + metribuzin) at a 
dose of 1.5 dm3 ha-1 and biostimulant PlonoStart* 
at a dose of 2.0 dm3 ha-1

4
Avatar 293 ZC (clomazone + metribuzin) at a 
dose of 1.5 dm3 ha-1 and biostimulant Aminoplant 
** at a dose of 1.5 dm3 ha-1

5
Avatar 293 ZC (clomazone + metribuzin) at a 
dose of 1.5 dm3 ha-1 and biostimulant Agro-Sorb-
Folium*** at a dose of 4.0 dm3  ha-1

* PlonoStart - contains: min.: Ntotal - 16,4,%, K2O - 0,75%, 
CaO - 0,07%, MgO - 0,02%, S - 941 mg kg-1, lactic acid 
bacteria, actinomycetes; 
PlonoStart – microorganisms contained in it intensify the 
metabolism of organic matter in the soil and increase the 
availability of nutrients, improves plant development, 
which increases the size and quality of the crop, increases 
plant resistance to stress;
** Aminoplant – contains: Ntotal  - 9,48%, Norganic - 9,2%, 
N-NH4 - 0,88%, Corganic - 25%, free amino acids - 11,57%, 
organic matter - 87,7%;
Aminoplant – contains as many as 18 free amino 
acids (the main ones are: glycine, prolamine, alanine, 
hydroxylupanine, glutamic acid, aspartic acid, leucine, 
lysine), increases the activity of many enzymes, 
accelerates the synthesis of proteins and sugars, increases 
the yield and improves its quality, increases immunity 
plants for stresses;
*** Agro-Sorb-Folium – contains: Ntotal - 2,2%, B - 
0,02%, Mn - 0,05%, Zn - 0,09%, total amino acids - 
13,11%, free amino acids - 10,66%
Agro-Sorb-Folium – increases the intensity of 
photosynthesis, supports plant regeneration after stress, 
affects the quality and increase of yield, improves the 
performance of plant protection products
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content was determined according to the Polish 
standard using the two-stage drying method, ini-
tially at 70°C, and then at 105°C [Polish Stan-
dard PN-EN 12145, 2001]. Total nitrogen con-
tent was determined in the dry weight of tubers 
using the Kjeldahl method on a 2300 Kjeltec 
Analyzer Unit. The total protein content was 
calculated from the total nitrogen content using 
the factor 6.25 [Ostrowska et al. 1991]. Yields 
of tuber dry matter, starch and protein were cal-
culated as the product of the total yield and the 
content of individual compounds.

Meteorological conditions

During the potato vegetation period (April-
September), the values of the Sielianinov hy-
drothermal coefficient were determined, which 
is a measure of the effectiveness of rainfall and 
air temperatures in a given month. The meteoro-
logical conditions in the years of the study were 
varied (Table 3). In 2018, the months of April, 
May and June were dry and very dry, but July and 
August, which determine the harvest, were rela-
tively dry and dry. It was the most favourable sea-
son for potato yielding. Year 2019 was very dry 
(K=0.66), whereas the humidity and thermal con-
ditions were unevenly distributed in the individu-
al months of vegetation. Year 2020 was relatively 
dry, but alternating months were extremely dry, 

relatively humid, humid, relatively dry, which 
was detrimental to the accumulation of ingredi-
ents in the potato tubers.

Statistical analysis

The results of the three-year study were 
subjected to the variance analysis ANOVA, and 
the significance of the differences between the 
means was determined using the Tukey’s test 
method at the significance level of p≤0.05. Sta-
tistical calculations were conducted on the ba-
sis of own algorithm written in Excel in accor-
dance with the above-mentioned mathematical 
model for split-plot with two factors [Trętowski 
and Wójcik 1991]:
 Yij1 = m + ai + g1 + e/1/

i1 + bj + abij + e
/2/

ij1 (1)

where: Yij1 – value of the characteristic researched; 
i-level of A (cultivars),

 bj – level of B (methods) in the 1st block 
(replication),

 m – experimental mean, 
 ai – effect of i-level of A (cultivars),
 gl – effect of the 1st replication,
 e/1/

il – random effect of A (cultivars) with 
replications,

 bj – effect of j-level of B (methods),
 abij – effect of interaction of A (cultivars) 

and B (methods),
 e/2/

ijl – random effect II.

Table 2. Chemical properties of the soil in field experiment

Years
Content of available macronutrients (mg kg-1) Organic matter

(g kg-1)
Soil pH
in KCl

Soil
acidityP K Mg

2018 35.2 (low) 102.1 (low) 36.6 (low) 20.9 5.25 acidic

2019 61.0 (medium) 149.0 (medium) 61.0 (medium) 22.3 5.42 acidic

2020 60.0 (medium) 140.0 (medium) 51.0 (medium) 21.1 5.32 acidic

Table 3. The value of Sielianinov’s  hydrothermal coefficient (K) in the growing season [Zawady Meteorological 
Station in Poland]

Years
Months

April May June July August September April-September

2018 0.88 (d) 0.52 (vd) 0.57 (vd) 1.06 (rd) 0.86 (d) 1.69 (rh) 0.93 (d)

2019 0.20 (ed) 1.44 (o) 0.67 (vd) 0.51 (vd) 0.71 (d) 0.41 (vd) 0.66 (vd)

2020 0.23 (ed) 1.74 (rh) 2.05 (h) 1.15 (rd) 0.29 (ed) 0.83 (d) 1.05 (rd)

K = 10 P/ Σt,  Skowera et al. [2014]
where: P – the sum of the monthly rainfalls in mm, Σt – monthly total air temperature > 0°C
Ranges of values of this coefficient were classified as follows: up to 0.4 – extremely dry (ed), 0.41–0.7 – very dry 
(vd), 0.71–1.0 – dry (d), 1.01–1.3 – relatively dry (rd), 1.31–1.6 – optimal (o), 1.61–2.0 – relatively humid (rh), 
2.01–2.5 – humid (h), 2.51–3.0 – very humid (vh), above 3.0 – extremely humid (eh).
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Linear correlation coefficients were also cal-
culated and the regression equations were deter-
mined between the dry matter yield of tubers, the 
yield of starch and total protein.

RESULTS AND DISCUSSION

The amount of nutrient yields for potato 
tubers, i.e. tuber dry matter, starch and pro-
tein yield, is mainly determined by the weight 
of the harvested tubers and the content of the 
above-mentioned components, which can be 
significantly modified by agrotechnical treat-
ments and environmental conditions [Barbaś 
and Sawicka, 2016]. The conducted research 
showed that the dry matter yield of tubers sig-
nificantly depended on the cultivar and the 
methods of herbicide and herbicide application 
with biostimulants (Tables 4, 5).

The Oberon cultivar had much higher yield 
than the Malaga cultivar. The influence of ge-
netic characteristics of varieties on the content 

and yields of dry matter and starch of potato tu-
bers was reported by Barbaś and Sawicka [2016], 
Kahlel and Sultan [2019], Mystkowska [2019], 
Trawczyński [2021]. Herbicide and herbicide 
with biostimulants significantly increased the dry 
matter yield of tubers in comparison to the control 
object. The best results were obtained after the 
combined application of the Avatar 293 ZC prep-
aration and Agro-Sorb-Folium biostimulant – the 
dry matter yield was 33% higher compared to the 
object tended only mechanically. The main rea-
son for increasing the yield on the objects sprayed 
with herbicides and biostimulants was the reduc-
tion of weed infestation (limiting the competi-
tion of weeds), and at the same time stimulat-
ing the effect of Agro-Sorb-Folium, PlonoStart 
and Aminoplant on the growth and development 
of potato plants. Baranowska [2018] obtained a 
40% increase in the dry matter yield of tubers 
after applying the Avatar 293 ZC herbicide and 
spraying three times with the GreenOK Univer-
sal–PRO biostimulant. The research by Zarzecka 
et al. [2021] also confirmed the positive effect of 

Table 4. Yields of dry matter, starch and protein of potato tubers (t ha-1)

Methods of herbicide and herbicide application with 
biostimulants

Cultivars
Mean

Oberon Malaga

Tuber dry matter yield

1. Control object 7.30A 5.03A 6.17d

2. Avatar 293 ZC 7.81A 5.98A 6.90c

3. Avatar 293 ZC + PlonoStart 8.78A 6.37A 7.58b

4. Avatar 293 ZC + Aminoplant 8.38A 6.15A 7.27bc

5. Avatar 293 ZC + Agro-Sorb-Folium 9.46A 7.03A 8.24a

Mean 8.35a 6.11b 7.23

Starch yield

1. Control object 4.05C 2.84B 3.44d

2. Avatar 293 ZC 4.39BC 3.44AB 3.92c

3. Avatar 293 ZC + PlonoStart 4.96A 3.70A 4.33b

4. Avatar 293 ZC + Aminoplant 4.87AB 3.59A 4.24bc

5. Avatar 293 ZC + Agro-Sorb-Folium 5.48A 4.09A 4.79a

Mean 4.75a 3.53b 4.14

Protein yield

1.Control object 1.07A 0.56A 0.82d

2. Avatar 293 ZC 1.18A 0.73A 0.96cd

3. Avatar 293 ZC + PlonoStart 1.48A 0.81A 1.15ab

4. Avatar 293 ZC + Aminoplant 1.33A 0.77A 1.05bc

5. Avatar 293 ZC + Agro-Sorb-Folium 1.55A 0.88A 1.22a

Mean 1.32a 0.75b 1.04
Means followed by the same letters do not differ significantly 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) are for methods and cultivars.
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herbicides and herbicides with biostimulants on 
the content and yield of dry matter. Wierzbowska 
et al. [2015] demonstrated the beneficial effect of 
Asahi SL, Bio-Algeen S90 and Kelpak growth 
stimulants on potato yielding. The positive effect 
of treating plants with biostimulants on the yield 
parameters of Capsicum annuum L. was also ob-
served by Parađiković et al. [2011].

The starch yield was determined by the ge-
netic characteristics of the cultivars and the meth-
ods of using the herbicide and herbicide with 
biostimulants (Tables 4, 5). The Oberon cultivar 
was characterized by a starch yield higher by 
1.22 t ha-1 than the cultivar Malaga. Varietal dif-
ferences in terms of starch yield were also noted 
by Gugała and Zarzecka [2010], Pszczółkowski 
et al. [2016], Zarzecka et al. [2021]. Statistical 
calculations showed that the starch yield was 
determined with the methods of using the her-
bicide and biostimulants. The highest yields of 
this component in relation to the control object 
were obtained after the application of the Avatar 
293 ZC herbicide and Agro-Sorb-Folium bios-
timulant. Significantly higher yields were also 
collected from the plots where the herbicide and 
other biostimulants were applied. Baranowska 

[2018] also noted a significant effect of herbicide 
and biostimulants on this trait. Studies by other 
researchers indicate higher starch yields after the 
application of growth regulators [Trawczyński 
2018, Mystkowska 2019]. On the other hand, in 
the studies by Barbaś and Sawicka [2016], there 
was no significant effect of weed control meth-
ods on the starch yield, but the authors proved 
a significant interaction of varieties with weed 
control methods. 

The analysis of variance showed that the 
protein yield was determined by the cultivars, 
the methods of applying herbicide and herbicide 
with biostimulants, as well as the humidity and 
thermal conditions in the study years (Tables 4, 5). 
A higher yield of total protein, as well as dry mat-
ter and starch, was noted in the Oberon variety 
compared to the Malaga variety. The influence 
of the variety on this trait was confirmed by the 
research of Wierzbicka and Trawczyński [2012]. 
When analysing the methods of herbicide and 
herbicide application with biostimulants, it was 
found that on 3–5 objects sprayed with the Ava-
tar 293 ZC herbicide and PlonoStart, Aminoplant 
and Agro-Sorb-Folium biostimulants, the protein 
yield was significantly higher compared to the 
control object. Thus, there were similar trends as 
in the yield of dry matter and starch. Baranowska 
et al. [2018] also showed a significant effect of 
herbicide and biostimulants on the yield of total 
potato protein. After the application of herbicides 
to weed potatoes, Gugała and Zarzecka [2010] 
noted an increase in the yield of total protein and 
proper protein compared to the object without 
chemical treatments.

The weather conditions during the research 
had an impact on the parameters of the total pro-
tein yield of potato tubers. The highest yields of 
this nutrient were obtained in 2018, which was 
dry, but July and August favoured tuber forma-
tion, nutrient accumulation and yielding. On the 
other hand, the yields were significantly lower in 
the remaining years of the experiment. A similar 
effect of the weather factor on the protein yield was 
also reported by other researchers [Bártová et al. 
2009, Gugała and Zarzecka 2010, Baranowska et 
al. 2018]. The calculated linear correlation coeffi-
cients and regression coefficients showed that po-
tato tuber dry matter yields, starch yields and total 
protein yields were strongly correlated (Table 6). 

When the dry matter yield increased by 1 ton, 
the starch yield increased by 0.65 tons and pro-
tein by 0.20 tons. An increase in the starch yield 

Table 5. Yields of dry matter, starch and protein of po-
tato tubers in study years (t ha-1)

Years
Cultivars

Mean
Oberon Malaga

Tuber dry matter yield

2018 9.77A 5.63A 7.70a

2019 8.17A 6.62A 7.40a

2020 7.10A 6.09A 6.59a

Mean 8.35a 6.11b 7.23

Starch yield

2018 5.39A 3.18A 4.29a

2019 4.71B 3.73A 4.22a

2020 4.15B 3.69A 3.92a

Mean 4.75a 3.53b 4.14

Protein yield

2018 1.65A 0.68A 1.17a

2019 1.16B 0.81A 0.99b

2020 1.15B 0.77A 0.96b

Mean 1.32a 0.75b 1.04

Means followed by the same letters do not differ 
significantly 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) are for cultivars and years.
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by 1 ton increased the protein yield by 0.31 tons. 
The obtained results were confirmed in the re-
search by Wierzbicka and Trawczyński [2012], 
who, on the basis of correlation and regression 
analysis, showed that the higher the dry matter 
yield, the higher the protein yield. Bártová et al. 
[2009] noted positive significant correlations be-
tween the yield of potato tubers and the yield of 
dry matter and the yield of protein. Mystkowska 
[2019] found that the volume of starch yield is 
the resultant of the tuber yield and the starch con-
centration in potatoes. In the conducted research, 
the content of dry matter, starch and protein in 
potato tubers significantly depended on the culti-
vars and methods of herbicide and herbicide ap-
plication with biostimulants (Table 7).

Moreover, in earlier studies by Zarzecka et al. 
[2021], the content and yield of starch depended 
on the cultivar and weed control methods. The au-
thors obtained the highest values of these features 
after the application of the Sencor 70 WG herbi-
cide and the Asahi SL biostimulant. Wierzbicka 
and Trawczyński [2012] proved that there was a 
linear relationship between the protein content 
and the yield of this component. The protein yield 
was the higher the higher the protein content.

CONCLUSIONS

The cultivars grown in the experiments de-
termined the dry matter yields of potato tubers, 
starch and total protein. Higher yields of these in-
gredients were found in the Oberon variety, com-
pared to the Malaga variety. 

The use of herbicide and herbicide with bio-
stimulators for the care of potato plantations sig-
nificantly increased the yields of the discussed 
tuber components compared to the control object 
weeded only mechanically. The highest yields of 
dry matter, starch and protein were obtained from 
objects sprayed with the Avatar 393 ZC herbicide 
with Agro-Sorb-Folium and PlonoStart biostimu-
lants. Biostimulants increased the yielding effect 
and thus their use can be considered a good pro-
duction strategy. These preparations should find 
wider application in agricultural practice.
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