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ABSTRACT
New solutions which would allow for the realization of two basic objectives, i.e. production-related and environmental ones, continue to be sought in plant production. Hence, the purpose of research
was to define the impact of five methods of potato field treatment with the application of growth biostimulators and herbicide on the content and harvest of major protein Solanum tuberosum L. Field experiments were carried out in the years 2015–2016 in the region of Eastern Poland (52°02’N; 23°07’E).
The experiment was performed in the split-plot system in three replications. The tested factors included:
I. Factor – two early edible potato cultivars (Owacja, Bellarosa), II. Factor – methods of treatment with the application of growth biostimulators: GreenOk-Uniwersal Pro and Asahi SL and their combination with Avatar 293 ZC
herbicide. As a result of the carried out research, it was noted that the methods of treatment applied in the experiment had a beneficial effect on the value of tested features in comparison to the control object, treated exclusively
mechanically (without the use of biostimulators and herbicide). Both in terms of protein concentration and the
obtained crop of major protein, the application of mechanical treatment for sprouting of potato plants and Avatar
293 ZC herbicide at a dose of 1.5 dm3∙ha-1 directly before the sprouting and subsequently post sprouting, triple
application of GreenOK Universal-PRO bioactivator at the following doses: 0.10 dm3∙ha-1 + 0.15 dm3∙ha-1 + 0.15
dm3∙ha-1 was the most beneficial. The average content of major proteins in this object amounted to 8.14% while the
average protein yield – 750.09 kg·ha-1.
Keywords: Solanum tuberosum L., major protein, biostimulators, herbicide

INTRODUCTION
In accordance with the Resolution of the
United Nations Organization, protection of biological diversity, balanced use of ecosystems is
one of the core purposes of agriculture and development of rural areas. Within the plant production, ecological aspect is of great significance;
its objective being the proper use of resources of
environment and maintenance, or restoring longterm natural balance [Scherr and McNeely, 2008;
Hołownicki et al., 2011; Jarecki and BobreckaJamro, 2013; Resolution of United Nations Or262

ganization, 2015]. Searching for compromises
between the ecological and economic criteria
has been supported by the concept of sustainable growth, developed since the 1970s. Within its framework, a permanent and fair growth
stands for, among others, observing ecology and
economy rights in the decision-making processes
[Kozłowski, 2007; Piwowar, 2011].
At present, within the plant production, modern solutions are pursued, targeted at ensuring that
the plants obtain the most beneficial conditions
for growth [Filipczak et al., 2016]. Application of
mineral fertilizers and chemical agents for plant
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protection and the protection of natural environment as well as reaching the high quality of crops
with pro-health qualities are the key goals faced
by food producers [Koziara et al., 2006; Filipczak
et al., 2016; Pszczółkowski and Sawicka, 2018].
In agricultural practice, the application of various types of agri-ecosystem friendly preparations
specified as biostimulators has become more and
more common [Van Oosten, 2017]. They limit the
usage of agri-chemicals and thus, they contribute
to the growth of balanced methods of plant production (Radkowski and Radkowska, 2014; Calvo et al., 2015; Du Jardin, 2017).
Biostimulators are defined as the preparations which stimulate the life processes of plants,
increasing their resistance to stress conditions
[Matysiak and Adamczewski, 2009; Golian et
al., 2014; Matyjaszczyk, 2015]. These preparations may be synthetic or natural. Their chemical composition consists of bioactive compounds,
among others: nitrophenols, chemical elements,
humus substances, useful microorganisms, vitamins, amino acids, citokinins, auxins and other
substances included in the category of plant hormones [Hamza and Suggars, 2001; Bulgari et al.,
2015]. The use of biostimulators is particularly
recommended under unbeneficial plant growth
and development conditions [Matysiak and Adamczewski, 2009].
These preparations find an increasingly
wider use in agricultural practice, also including potato cultivation, which has become an important plant from the nutritional point of view.
In particular, bearing in mind the fact that it is
consumed on a daily basis by over a billion of
people worldwide [Bishwoyog et Swarnima,
2016; Baranowska, 2018].
The nutritional value of potato is impacted
greatly by the content and biological quality
of substances of which it is composed [Haase,
2007]. Edible potato tuber consists on average
of 77% of water, 16% of starch, 0.5% of sugar,
more than 1% of minerals, 2.3% of fibre, 0.1% of
lipids and approx. 2% of protein [Leszczyński,
2012]. The potato protein is characterized by a
large biological value, comparable to the soya
protein and its value is almost as high as the value of eggwhite which is considered a reference
protein. It is rich in essential amino acid that
is the substances an organism is unable to synthesize on its own (leucine, lysine, isoleucine,
phenylalanine and threonine) [Mazurczyk et al.,
2008; Achmed et al., 2010].

There is approx. 1.7–2.9% of total protein
within an average fresh potato tuber (35–60%
of which is major protein). In comparison to,
for instance, beans (average content of protein – 21%) this amount is rather insignificant;
however, taking into consideration the fact
that potato is a plant which occurs on a daily
basis within our diet (the consumption in Poland amounts to approx. 100 kg/person/year)
and the fact that it is cultivated in around 160
countries worldwide, it is deemed as the plant
which plays a crucial role in human nutrition
[Zarzecka and Gugała, 2006; Leszczyński,
2012; Pszczółkowski and Sawicka, 2016; Zimnoch-Guzowska and Flis, 2006]
Despite an increasing involvement of science and agricultural practice within the use
of growth biostimulators, the possibility of applying these preparations in agricultural practice is not yet fully recognized. Therefore, the
aim of the experiment was to define the influence of five treatment methods with the use
of growth biostimulators and herbicide on the
content and crop of total protein of the three
tested edible potato cultivars. The research hypothesis assumed that the methods of treatment
with the application of biostimulators and herbicide will beneficially affect the content and
crop of total protein.

MATERIALS AND METHODS
Experiment and plant material
The field research was conducted in years
2015-2016 in the area of eastern Poland in Biała
Podlaska commune (52°02’N; 23°07’E), in Lublin Voivodship, on light, acidic soil. The impact of
two factors was analysed:
•• Factor 1 – potato cultivars: Bellarosa, Owacja;
•• Factor 2 – methods of application of biostimulators and herbicide:
1) Standard object – mechanical treatment (without biostimulators and herbicide).
2) From sprouting of potato plants – mechanical
treatment and after sprouting – GreenOK Universal–PRO bioactivator, three times to leaves:
at a dose of 0.10 dm3∙ha-1 – peak-end of sprouting + 0.15 dm3∙ha-1 – covering of interrows +
0.15 dm3∙ha-1 – flower bud break;
3) From sprouting of potato plants – mechanical treatment, and after sprouting – Asahi SL
263
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Figure 1. Experiment location

bioactivator, three times to leaves at a dose of
0.50 dm3∙ha-1 – peak-end of sprouting + 0.50
dm3∙ha-1 – covering of interrows + 0.50 dm3
∙ha-1 – flower bud break.
4) From sprouting – mechanical treatment,
and after the final shaping of ridges and
just before sprouting Avatar 293 ZC herbicide at a dose of 1.5 dm3∙ha-1. After sprouting – three applications of GreenOK Universal–PRO bioactivator at a dose of
0.10 dm3∙ha-1 – peak-end of sprouting + 0.15
dm3∙ha-1 – covering of interrows + 0.15 dm3∙ha-1
– flower bud break.
5) From 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 dm3∙ha-1.
In accordance with the producer’s information (Latvian Institute of Humus Substances) the GreenOK Universal-PRO preparation
is a bioactive organic fertilizer of natural origin. It is made of high quality peat consisting
of the concentrate of humus substances (≤ 20
g dm 3) and NPK elements (0.13–0.09–0.7%).
Its biological activity consists in, among others: increasing the bioavailability of nutrients, stimulating of growth of the weakened
part of plants, prolonging the flowering time
and increasing the number of flowers, reducing the negative impact of unbeneficial environmental factors. Asahi SL preparation
contains three active substances from the
group of nitrophenols: sodium para-nitrophenol – 0.3%, sodium ortho-nitrophenol – 0.2%
and sodium 5-nitroguaiacol – 0.1%. These
compounds occur naturally in plant cells and
participate in physiological and biochemical
264

processes of plants [Babuška, 2004]. The Avatar 293 ZC herbicide applied in the experiment contains two active substances with a
complementing mechanism of action involving clomazone, inhibiting the synthesis of
pigments in plants (chlorophyll and carotenoids) and metribuzin, inhibiting the process
of photosynthesis (Label on plant protection
agent Avatar 293 ZC).
Each year, natural manure fertilization was
used at a dose of 25 t∙ha–1, as well as mineral
fertilization with phosphorus 44.0 kg P∙ha–1
(triple superphosphate 46%) and potassium
124.5 kg K∙ha–1 (potassium salt 60%), and nitrogen fertilization (ammonium nitrate 34%) at
a dose of 100 kg N per 1 ha. Protection treatments against diseases and pests were performed in accordance with the plant protection
recommendations.
Chemical analyses
The chemical analyses were carried out on
dry material in three repetitions. General nitrogen was marked by means of Kjeldahl’s method
on Kjeltec 8400 unit [Ostrowska et al. 1991].
The content of total protein was calculated from
the content of general nitrogen applying the coefficient 6.25 (% N general x 6.25 = total protein
(% in dry mass). Total protein crop was calculated as product of dry mass crop of tubers and
the content of total protein.
Statistical analysis
Statistical calculations were conducted by
means of STATISTICA, v 10 software package
(StatSoft, Inc., 2011) with the use of the one-way
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analysis of variance (ANOVA) and Student’s
t-test for independent groups. In the case of the
detected correlations, multiple comparison tests
were applied (NIR). The level of significance of
0.05 was assumed.
Weather conditions
In the course of research, the weather conditions were rather diverse (see Figure 2–3).

The growing season of 2016 was far more humid than the growing season of 2015. The following months were particularly humid: July
with total precipitation of 121 mm and high
air temperatures (on average 19.8oC) and June
with total precipitation of 84 mm and an average air temperature of 18.4oC. Within the
growing season of 2015, the shortage of precipitation occurred in June and July and, in
particular, August was a dry month.

Figure 2. Rainfall in the vegetation period of potato in 2015–2016 (mm)
[Source: Central Research Centre of Agricultural Plant Cultivars in Słupia Wielka - elaboration for the commune
of Biała Podlaska]

Figure 3. Air temperature during the growing season of potato in 2015–2016 (°C)
[Source: Central Research Centre of Agricultural Plant Cultivars in Słupia Wielka – elaboration for the commune
of Biała Podlaska]
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RESULTS AND DISCUSSION
As a result of the carried out research it
was noted that the application within the experiment of the treatment method involving the
use of growth biostimulators and herbicide had
a beneficial impact on the content of total protein in potato tubers (object 2-5) in comparison
to the treatment applying solely the mechanical
method (object 1). Statistically significant differences occurred in the case of object 1 and 4
(a) and in the case of object 3 and 4 (b) (Table
1). The largest concentration of protein (on average 8.14%) was noted in the tubers gathered
from object 4 (in the case of which mechanical
treatment was applied for sprouting, followed
by applying Avatar 293 ZC herbicide at a dose
of 1.5 dm3∙ha-1, and after sprouting, triple application of GreenOK Universal-PRO bioactivator at a dose of 0.10 dm3∙ha-1 + 0.15 dm3∙ha-1 +
0.15 dm3∙ha-1. The beneficial impact of growth
biostimulators on qualitative features of potato tubers was also reported by Mikos-Bielak
[2005], Zarzecka and Gugała [2012], Wierzbowska et al. [2015], Sawicka et al. [2016].
According to Wichrowska et al. [2009], Rymu-

za et al. [2013]; also the method of treatment
involving the use of herbicides has a positive
impact on the increase of total protein content
in potato tubers.
Greater stability in cumulation of total protein was reported in the case of Owacja cultivar, than Bellarosa cultivar (Table 2), having
gathered on average 7.65% of protein in 2015
and 7.75% of protein in 2016, respectively.
These values are similar to the values obtained
by Jansen et al. [2001] and Jansen and Flamme
[2006], who, upon testing of 460 or more cultivars of potatoes, obtained the total protein
content in dry mass of tubers at the level between 4.50 and 13.60% and between 4.38 and
12. 46%. In 2016, significantly higher concentration of total protein was noted in the potato
tubers of Owacja cultivar when compared to
the Bellarosa cultivar. According to Bártová
et al. [2009] the cultivars of potato differ with
genetically conditioned predisposition for the
cumulation of protein. The cultivar nature of
diversity of the protein content in various tubers may be determined by: changes in chemical composition of individual parts of potato
plants, distribution of nitrogen and diverse ni-

Table 1. The content of total protein [%] in potato tubers, depending on the treatment methods (average level for
the years 2015–2016)
Methods of treatment

Average protein content [%]

Number of objects

Standard deviation

1**

*6.74(a)

12

1.26

2

7.57

12

1.16

3

12

0.65

4

8.14(a, b)

7.02

12

1.13

5

7.41

12

1.26

Total

7.38

60

1.18

(b)

F = 2.80; p = 0.0347.
* (a); (b) – statistically significant differences at p < 0.05.
** – as per research methodology: 1. Standard object (without biostimulators and herbicide); 2. GreenOK Universal–PRO 0.10 dm3∙ha-1 + 0.15 dm3∙ha-1 + 0.15 dm3∙ha-1; 3. Asahi SL 0.50 dm3∙ha-1 + 0.50 dm3∙ha-1 + 0.50 dm3∙ha-1;
4. Avatar 293 ZC 1.5 dm3∙ha-1 + GreenOK Universal–PRO 0.10 dm3∙ha-1 + 0.15 dm3∙ha-1 + 0.15 dm3∙ha-1; 5. Avatar
293 ZC 1.5 dm3∙ha-1.
Table 2. Average content of total protein [%] in potato tubers depending on the cultivars and years of research
Year 2015 (t = -0.58; p = 0.5637)

Year 2016 (t = -3.64; p = 0.0011)

Variety

Average protein
content [%]

Number of
objects

Standard
deviation

Average protein
content [%]

Number of
objects

Standard
deviation

t

p

Bellarosa

7.35

15

1.55

*6.75(a)

15

0.76

1.33

0.1939

Owacja

7.65

15

1.29

7.75

15

0.74

-0.25

0.8038

Total

7.50

30

1.41

30

0.89

0.82

0.4175

*(a) – statistically significant differences at p < 0.05.
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(a)

7.25
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trogen metabolism [Lis et al., 2002; Zebarth et
al., 2004]. Mustonen [2004] also noted that the
state of growth of plants in the course of their
harvesting may have a significant impact on
the content of protein in their tubers.
Within his own research, a slightly higher
content of total protein was noted in the tubers gathered in dry and warm growing season
of 2015 (on average 7.50%) than within the
growing season of 2016 (on average – 7.25%),
when greater precipitation was reported (Table
2). According to Wierzbicka and Trawczyński
[2011] as well as Trawczyński [2016], warm,
dry and sunny growing period has a stimulating
impact on the content of total protein; whilst,
excessive rainfall in the period of harvesting
may lead to washing out of nitrogen from the
soil which is related to the limited intake of
this component by tubers.
The size of total protein crop in potato tubers is governed mainly by the crops of dry
mass in the tubers as well as the content of
total protein within them, which may be modified by individual experiment factors to a significant degree.

It was noted that the treatment methods applied in the experiment positively affected the
total protein crop of potato tubers (object 2-4) in
comparison to the control object (object 1). The
greatest protein crop was reported following the
application of Avatar 293 ZC herbicide jointly
with GreenOK Universal-PRO biostimulator
(on average 750.09 kg·ha-1), (object 4) (Table 3).
The genetic features of potato cultivars had
a significant impact on the size of the yield of
total protein crop of starch of tubers. Higher
crop of protein was obtained in the case of
Owacja cultivar when compared to Ballarosa
cultivar (Table 4). Potato is a species which
clearly reacts to the weather conditions during
the growing period [Puła and Skowera, 2004].
Within own research, higher crop of total protein was obtained in 2016 (on average 620.52
kg·ha-1), than in 2015 (on average 585.77
kg·ha-1); however, these differences were not
confirmed statistically. Similar results were obtained by Bombik et al. [2007], Gugała et al.
[2008] as well as Wierzbicka and Trawczyński,
2012], who noted that the potato crop, as well
as the content of nutrients in tubers depend on
the weather conditions.

Table 3. Crop of total protein depending on the treatment method (average level for the years 2015–2016 [kg·ha-1]
Method of treatment

Average total protein crop [kg·ha-1]

1*

**434.52

Number of objects

Standard deviation

12

108.58

2

599.88(a,e)

12

140.05

3

583.88

12

108.15

4

750.09(c,e,f)

12

158.96

12

127.52

60

162.57

5

(a,b,c,d)

(b,f)

647.33

Total

(d)

603.14

F = 9.28; p < 0.0001.
* (a, b, c, d, e, f) – statistically significant differences at p < 0.05.
** – as per research methodology: 1. Standard object (without biostimulators and herbicide); 2. GreenOK Universal–PRO 0.10 dm3∙ha-1 + 0.15 dm3∙ha-1 + 0.15 dm3∙ha-1; 3. Asahi SL 0.50 dm3∙ha-1 + 0.50 dm3∙ha-1 + 0.50 dm3∙ha-1;
4. Avatar 293 ZC 1.5 dm3∙ha-1 + GreenOK Universal–PRO 0.10 dm3∙ha-1 + 0.15 dm3∙ha-1 + 0.15 dm3∙ha-1; 5. Avatar
293 ZC 1.5 dm3∙ha-1.
Table 4. Crop of total protein in potato tubers [kg·ha-1] depending on the cultivars and years of experiments
(2015-2016)
Year 2015 (t = -2.08; p = 0.0467)
Variety

Average total
protein crop
[kg·ha-1]

Number of
objects

Bellarosa

*528.46(a)

Owacja
Total

Year 2016 (t = -5.82; p < 0.0001)

Standard
deviation

Average total
protein crop
[kg·ha-1]

Number of
objects

15

150.85

*499.25(b)

15

643.07(a)

15

150.73

741.78(b)

15

585.77

30

159.22

620.52

30

166.71

t

p

90.58

0.64

0.5254

133.62

-1.90

0.0680

0.83

0.4124

Standard
deviation

* (a); (b) – statistically significant differences at p < 0.05.
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CONCLUSIONS
The current use of growth biostimulators in
plant production attracts great interest both among
the producers themselves and the scientists. GreenOk-Universal Pro and Asahi SL biostimulators
applied in the experiment, and their combination
with Avatar 293 ZC herbicide had a positive effect
on an increase of major protein content as well as
on the yield of protein in comparison to the control object treated exclusively mechanically and
thus, they increased the nutrition value of potato
tubers. Applying growth biostimulators on agricultural plant plantations constitutes a response to
the increasing consumer needs as to the quality
of foodstuffs of plant origin. It also signifies care
and concern about the quality of natural environment; therefore, the growth biostimulators ought
to find a wider use in the agricultural practice.
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