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INTRODUCTION

Potato is one of the most important crops 
used in human nutrition. Potato tubers are a valu-
able source of many nutrients, such as: starch, 
sugars, protein, vitamins (C, PP, from the B 
group), minerals (K, Mg, Fe, Cu, J, Zn) and fibre 
[Gopalani et al. 2007, Camire et al. 2009, Brown 
et al. 2011]. According to Rudzińska-Mękal and 
Mikos-Bielak [2000] the consumption of 200 
g covers up to 12% of the daily requirements 
for zinc and copper. Kita and Lisińska [2007], 
Zarzecka [2009], Brown [2014] believe that the 
high nutritional value of potatoes results from 
the low contents of anti-nutritional substances, 
such as: glycoalkaloids, nitrates, heavy metals, 
pesticide residues. 

The content of minerals in tubers is determined 
by the genetic features of the variety. Many authors 
[Klikocka 2001, Gugała et al. 2009, Szewczuk 
2009] showed that the chemical composition may 
change under the influence of the climatic condi-
tions and agronomic factors, including herbicides. 
According to Budzyński et al. [1996] some pes-
ticides can cause the favourable or unfavourable 
changes in the chemical composition and the tech-
nological properties of the yield of crops. Zar-
zecka et al. [2011] stated that the use of herbicides 
impacts the size of the yield, but it can also de-
grade the quality characteristics and the consump-
tion value of tubers. Sawicka and Pszczółkowski 
[2005] demonstrated that pesticides applied in ap-
propriate doses and times do not cause significant 
changes in the chemical composition of tubers. 
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The study results were obtained from a field experiment conducted in 2012–2014 
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WG – 1.0 kg·ha-1 with the biostimulator Asahi SL – 1.5 dm3·ha-1; 5. The control 
object – mechanical care. The content of zinc and copper and their collection with 
the yield of tubers significantly depended on the ways of care, genetic factor and 
climatic conditions in the years of the study. In the objects (2, 4) where herbicides 
were used with biostimulators, a greater concentration of zinc was obtained in 
relation to the control object and the remaining (3, 5) in which only herbicides 
were used. The applied care methods did not affect the content of copper in the 
analysed tubers. The greatest collection of zinc an copper with the yield of tubers 
was obtained in the objects: where the mixture of the Sencor herbicide 70 WG – 
1.0 kg·ha-1 was used with the biostimulator Asahi SL – 1.5 dm3 ha-1 and herbicide 
Sencor 70 WG in a dose of – 1.0 kg ·ha-1.
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The aim of the study was to determine the 
impact of the use of selected ways of care on 
the content and collection of zinc and copper 
with the yield of tubers of three edible potato 
varieties. 

MATERIAL AND METHODS

The study results were obtained from a field 
experiment conducted in 2012–2014 in Wojnów. 
The two factor experiment was set up in the 
split-plot system in triplicate. The investigated 
factors were: I – three varieties of edible potato: 
Bartek, Gawin and Honorata. II – five ways of 
care: 1. Harrier herbicide 295 ZC – 2.0 dm3·ha-1; 
2. Harrier herbicide 295 ZC – 2.0 dm3·ha-1 with 
the biostimulator Kelpak SL – 4.0 dm3·ha-1; 3. 
Sencor herbicide 70 WG – 1.0 kg·ha-1; 4. Sencor 
herbicide 70 WG – 1.0 kg·ha-1 with the biostim-
ulator Asahi SL – 1.5 dm3·ha-1; 5. The control 
object – without the chemical protection.

Potatoes were grown in the position of the 
winter wheat. In the experiment the permanent 
organic fertilisation was used with the manure 
in the amount of 25.0 t·ha-1 and mineral in the 
amounts of: 100 kg·ha-1 P2O5, 150 kg·ha-1 K2O, 
100 kg·ha-1 N. The collection was carried out 
in the stage of technological maturity of tubers.

The content of zinc and copper in potato 
tubers was determined with the method of 
atomic absorption spectrophotometry (ASA). 
The test results were developed statistically 
by the analysis of variance. The significance 
of the sources of variation was tested with the 
“F” Fischer-Snedecor test, and the assessment 
of the difference significance at the level of 
significance p=0.05 between the compared av-
erages, using the multiple Tukey ranges. 

The characteristics of the climatic condi-
tions were presented using the hydrothermal 
Sielianinow coefficient, monthly precipitation 
an average air temperatures for each year of 
the study (Table 1). The growing season 2012 
was characterised by a weak drought. While 
in the remaining years of the study there was 
no drought (mean coefficient value ≥ 1). The 
lowest average amount of precipitation (264.9 
mm) was noted in 2012. It was the year with 
the highest average air temperature (15.4°C). 
The year of 2013 was distinguished by exces-
sive rainfall (441.3 mm) in relation to the aver-
age sum of many years and it was the coolest 
compared to other growing seasons. The grow-
ing year of 2014 was also characterised by the 
high average rainfall (335.1 mm) in relation to 
the multi-year period at an average air temper-
ature of 15.3°C.

Table 1. Weather conditions in potato growing season in years 2012–2014 (Zawady Meteorological Station)

Years
Months

IV V VI VII VIII IX IV-IX

Rainfalls (mm) Sum
2012

2013

2014

29.9

36.0

45.0

53.4

105.9

92.7

76.2

98.8

55.4

43.0

91.3

10.0

51.0

15.0

105.7

11.4

94.3

26.3

264.9

441.3

335.1
Multiyear sum (1987–2000) 38.6 44.1 52.4 49.8 43.0 47.3 275.2

Air temperature (oC) Mean
2012

2013

2014

8.9

7.4

9.8

14.6

15.3

13.5

16.3

18.0

15.4

20.7

19.0

20.8

18.0

18.8

18.1

14.1

11.7

14.1

15.4

15.0

15.3
Multiyear mean (1987–2000) 7.8 12.5 17.2 19.2 18.5 13.1 14.7

Sielianinovs hydrothermic coefficients Mean
2012

2013

2014

1.10

1.60

1.50

1.20

2.30

2.30

1.60

1.80

1.20

0.69

1.60

0.16

0.94

0.30

1.90

0.27

2.70

0.62

0.95

1.60

1.20

Value of coefficients Sielianinovs: 
< 0.5 – strong mild drought; 
0.51–0.69 – mild; 
0.70–0.99 – weak mild drought; 
 ≥ 1 – fault drought
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RESULTS AND DISCUSSIONS

The conducted studies showed that the genet-
ic factor had a significant impact on the content 
of zinc in the potato tubers (Table 2). The high-
est mean content of the element was obtained 
in the Bartek variety (21.28 mg·kg-1 s.m.). This 
variety was characterised by the lowest average 
element collection (187.0 g·ha-1). The lowest 
average zinc content was obtained in the Hono-
rata variety (20.72 mg·kg-1s.m.). The variety was 
characterised by the greatest average collection of 
the element (219.1 g·ha-1) from the yield of tu-
bers (Table 3). Similar conclusions were reached 
by other authors [Zarzecka 2003, Wierzbowska 
et al. 2015], who showed the significant differ-
ence between the varieties in the zinc content in 
the potato tubers. The care methods used in the 
experiment had a significant impact on the con-
tent and collection of zinc with the yield of tu-
bers compared to the control object. The great-
est content and ability to collect the element was 
noted in objects, where herbicides were used with 

biostimulators (Table 2, 3). After the application 
with the Sencor herbicide 70 WG – 1.0 kg ha-1 
with the biostimulator Asahi SL – 1.5 dm3·ha-1 the 
average zinc content was 21.31 mg·kg-1 s.m. of 
tubers, and the collection with the yield of tubers 
– 231.7 g·ha-1 Zn. A similar average of the ele-
ment (21.07 mg·kg-1 Zn w s.m) was noted in the 
object 2, after the application of the Harrier her-
bicide 295 Z C – 2.0 dm3 ha-1 with the biostimula-
tor Kelpak SL – 4.0 dm3·ha-1. The high collection 
of the element (218.3 g·ha-1) was obtained in the 
object 4 (Sencor 70 WG in the dose of 1.0 kg ha-

1). Similar results were obtained by Rudzińska-
Mękal and Mikos-Bielak [2000]. 

Also in the studies by Wierzbowska et al. 
[2015] the potato tubers treated with the biostim-
ulator Kelpak were characterised with the high-
est zinc content. In turn, according to Zarzecka 
[2003] and Zarzecka and Gugała [2009] the use of 
herbicides affected the reduction of the zinc con-
tent in the analysed tubers. A significant impact 
of weather conditions on the content and collec-
tion of microelements with the yield of tubers was 

Table 2. Content of zinc in potato tubers (mg·kg-1 dry matter)

Weed control methods
Years Cultivars

 Mean
2012 2013 2014 Bartek Gawin Honorata

1. Control object 20.81 20.40 20.67 20.89 20.52 20.47 20.63
2. Harrier 295 ZC 2.0 dm3·ha-1 20.87 20.72 20.90 21.21 20.68 20.60 20.83
3. Harrier 295 ZC 2.0 dm3·ha-1 + 

Kelpak SL 4.0 dm3·ha-1 21.33 20.86 21.01 21.42 20.87 20.91 21.07

4. Sencor 70 WG 1.0 kg·ha-1 20.91 20.91 20.92 21.29 20.93 20.52 20.91
5. Sencor 70 WG 1.0 kg·ha-1 + Asahi 

SL 1.5 dm3·ha-1 21.38 21.45 21.11 21.60 21.22 21.12 21.31

Mean 21.06 20.87 20.92 21.28 20.84 20.72 -
LSD0.05 for: 
– yeaars 
– cultivars 
– weed control methods

0.12
0.12
0.26

Table 3. Uptake of zinc with the yield of potato tubers (g·ha-1)

Weed control methods
Years Cultivars

Mean
2012 2013 2014 Bartek Gawin Honorata

1. Control object 208.5 147.6 139.9 154.7 165.7 175.6 165.3
2. Harrier 295 ZC 2.0 dm3·ha-1 232.2 180.7 156.7 172.8 187.4 209.4 189.9
3. Harrier 295 ZC 2.0 dm3·ha-1 + 

Kelpak SL 4.0 dm3·ha-1 276.5 182.0 166.0 194.3 207.5 222.7 208.2

4. Sencor 70 WG 1.0 kg·ha-1 272.8 188.5 193.5 199.5 217.9 237.4 218.3
5. Sencor 70 WG 1.0 kg·ha-1 + Asahi 

SL 1.5 dm3·ha-1 287.1 204.1 203.9 213.8 230.6 250.7 231.7

Mean 255.4 180.6 172.0 187.0 201.8 219.1 -
LSD0.05 for: 
– years  
– cultivars 
–  weed control methods
Interaction: 
– years × weed control methods

11.4
11.4
11.1

6.07



Journal of Ecological Engineering  Vol. 17(4), 2016

292

presented by Medyńska et al. [2009], Gugała and 
Zarzecka [2011]. In the analysed growing seasons 
the significant differentiation of the content and 
collection of zinc was with the yield of tubers was 
noted (Table 2, 3). In 2012 the highest average 
concentration (21.06 mg·kg-1s.m.) and collection 
of the element (255.4 g·ha-1) was obtained. It was 
the year with the lowest total rainfall and the high-
est average air temperature. In the other seasons 
with the excessive rainfall the similar value and 
collection of the element with the yield of tubers 
was obtained. The average content of copper in 
potato tubers ranged from 6.038 to 6.532 mg·ha-1 

s.m. and depended significantly on the cultivar 
factor (Table 4). 

The highest average of the element content 
was noted in the Gawin variety, and the small-
est one in the Honorata variety, which was char-
acterised by the greatest ability to collect copper 
(67.99 g·ha-1) with the yield of tubers. Among 
the studied varieties, the lowest element collec-
tion (51.99 g·ha-1) was noted in the Bartek variety 
(Table 5). The differences between the varieties 

in the copper content were shown by Browszys et 
al. [2009], Zarzecka and Gugała [2009], Gugała 
and Zarzecka [2011], Wierzbowska et al. [2015]. 
The chemical care methods applied in the experi-
ment did not affect the concentrations of copper 
in potato tubers (Table 4). The objects (2, 3, 4, 5) 
where the chemical pesticides were used the sta-
tistically insignificant differences were noted in 
relation to the control object. 

Different test results were obtained by Wi-
erzbowska et al. [2015]. The authors found the 
significant increase in the copper concentration 
in the tubers under the use of the biostimulator 
Kelpak. In own studies, the greatest average ele-
ment collection occurred in the object 5, where 
the Sencor herbicide 70 WG – 1.0 kg ha-1 was 
used with the biostimulator Asahi SL – 1.5 dm3 
ha-1 and 4, where only Sencor 70 WG – 1.0 kg 
ha-1 was used. These results are consistent with 
the research conducted by Westermann [2005], 
Grzyś [2012], from which results that the use of 
biostimulators affected the increase of the copper 
collection with the yield of potato tubers. The cli-

Table 4. Content of copper in potato tubers (mg·kg-1 dry matter)

Weed control methods
Years Cultivars

Mean
2012 2013 2014 Bartek Gawin Honorata

1. Control object 5.984 6.503 6.493 6.016 6.532 6.432 6.327
2. Harrier 295 ZC 2.0 dm3·ha-1 5.945 6.437 6.495 5.983 6.513 6.380 6.292
3. Harrier 295 ZC 2.0 dm3·ha-1 + 

Kelpak SL 4.0 dm3·ha-1 6.157 6.515 6.511 6.142 6.581 6.460 6.394

4. Sencor 70 WG 1.0 kg·ha-1 5.889 6.492 6.508 5.996 6.486 6.408 6.296
5. Sencor 70 WG 1.0 kg·ha-1 + Asahi 

SL 1.5 dm3·ha-1 6.057 6.517 6.549 6.056 6.549 6.517 6.374

Mean 6.006 6.493 6.511 6.038 6.532 6.439 -
LSD0.05 for: 
– years  
– cultivars

0.056
0.056

Table 5. Uptake of copper with the yield of potato tubers (g·ha-1)

Sposoby pielęgnacji
Years Cultivars

Mean
2012 2013 2014 Bartek Gawin Honorata

1. Control object 59.94 47.03 44.10 43.50 52.53 55.06 50.36
2. Harrier 295 ZC 2.0 dm3·ha-1 66.43 56.25 48.83 47.80 58.83 64.87 57.17
3. Harrier 295 ZC 2.0 dm3·ha-1 + 

Kelpak SL 4.0 dm3·ha-1 79.76 56.95 51.58 54.60 65.12 68.60 62.76

4. Sencor 70 WG 1.0 kg·ha-1 76.90 58.41 60.50 54.96 66.87 73.98 65.27
5. Sencor 70 WG 1.0 kg·ha-1 + Asahi 

SL 1.5 dm3·ha-1 81.52 62.05 63.58 58.69 70.98 77.47 69.05

Mean 72.91 56.14 53.72 51.91 62.87 67.99 -
LSD0.05 for: 
– years  
– cultivars 
–  weed control methods
Interaction: 
– years × weed control methods

3.67
3.67
3.50

6.07
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matic conditions in the years of the studies had a 
significant impact on the concentration and col-
lection of copper with the yield of potato tubers 
(Table 4, 5). The highest content and the lowest 
collection of the element characterised the tubers 
collected in 2014, which stood out thanks to its 
excessive rainfall and high temperature during 
the growing season. The lowest concentration and 
the highest collection of copper was obtained in 
2012. It was the year with the lowest average total 
rainfall and the greatest air temperature.

CONCLUSIONS

1. The herbicides used in the experiment and their 
mixtures with biostimulators had a significant 
impact on the increase of the zinc content and 
collection of zinc and copper with the yield of 
potato tubers in relation to the control object. 
The care methods did not impact the concen-
tration of copper in the analysed tubers.

2. The cultivar factor impacted the concentrations 
and collection of microelements with the yield 
of tubers. The greatest average content of zinc 
was shown in the Bartek variety, and copper in 
the Gawin variety. The Honorata distinguished 
with the greatest ability to collect microele-
ments with the yield of tubers. 

3. The concentration and collection of zinc and 
copper was impacted by the climatic condi-
tions. The highest content and collection of 
zinc was noted in the tubers collected in the 
warm growing season with the average humid-
ity (2012). During this period also the highest 
collection of copper with the yield of tubers 
was obtained. The greatest concentration of 
copper was stated in 2014, which was warm 
and characterised by excessive rainfall.
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