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INTRODUCTION

According to Anioł et al. [2008] and Ma-
tysiak [2010], the difference between the poten-
tial yield of current crop varieties (obtained under 
optimal growth conditions) and the actual yield 
obtained by the farmer (reduced by diseases, 
pests and weeds and stress abiotic factors) can be 
as high as 70%.

At a global scale, among all pests, weeds have 
the greatest impact on the yield reduction, with an 
average of 34%. In addition, as an intermediate 
host, they can be a source of diseases and pests, 
and secondary weed infestation can greatly limit 
the proper collection of tubers [Fernandez-Quint-
anilla et al. 2008, Praczyk and Skrzypczak 2011].

Therefore, an appropriate selection of va-
rieties and herbicides and their proper use, al-
lows to achieve a yield increase at a satisfactory 
level [Sawicka et al. 2011, Zarzecka et al. 2013, 
Gugała et al. 2014].

In addition, in recent years, next to industrial 
means of production, such as pesticides, prepara-
tions qualified as plant development regulators or 
bio-stimulants [Maciejewski et al. 2007], algal ex-
tracts [Dobrzański et al. 2008], bacterial vaccines 
[Emitazi et al. 2004] or immune stimulants [Kozi-
ara et al. 2006] have been used increasingly often. 

The aim of the study was to determine the ef-
fect of the applied herbicides and growth regula-
tors on the limitation of air-dried weed mass and 
the total yield of three edible potato varieties.
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ABSTRACT
The aim of the study was to determine the effect of applied herbicides and growth regulators on the airborne limita-
tion of dry weed mass and the total yield of three edible potato varieties. The field experiment was established as 
two-factor in a (split-plot) system in three replications. The experiment examined: I factor – three moderately early 
varieties of edible potato: Bartek, Gawin, Honorata. II factor – five ways of using herbicides and bio-stimulants: 1. 
control object: mechanical care 2. Harrier 295 ZC herbicide at a dose of 2.0 dm3·ha-1, 3. Harrier 295 ZC herbicide 
at a dose of 2.0 dm3·ha-1 and then after the plant rises the Kelpak SL bioregulator twice at a dose of 2.0 dm3·ha-1, 
4. Sencor 70 WG herbicide at a dose of 1.0 kg·ha-1, 5. Sencor 70 WG herbicide and then after the plant rises the 
Asahi SL bio-stimulant twice at a dose of 1.0 dm3·ha-1. The obtained test results showed that the smallest dry weed 
mass determined in both research dates was obtained using Harrier 295 ZC herbicide and Kelpak SL growth bio-
stimulant (0.7 g·m-2 and 3.1 g·m-2), while the largest in the control object (15.1 and 64.7 g·m-2), respectively. The 
total yield of potato tubers depended on both the types of herbicides and bio-stimulants used and the varieties culti-
vated in the experiment. However, the weather conditions which varied in particular years significantly influenced 
both the size of the air-dried mass of weeds and the total yield of potato tubers.
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MATERIAL AND METHODS

The research results were obtained from the 
experiment carried out in the years 2012–2014. 
The field experiment was established as two-fac-
tor in the (split-plot) system in three replications. 
The experiment tested the following:

I factor: varieties of edible potatoes: Bartek, 
Gawin, Honorata.

II factor: ways of using herbicides and 
bio-stimulants:
1. control object: mechanical care prior to and af-

ter the emergence of potato plants, i.e. ridging 
twice and ridging with harrowing once until 
the emergence, and the two-fold ridging, with-
out harrowing, after the emergence.

2. mechanical-chemical care, i.e. mechanical and 
chemical care, i.e. ridging once until the emer-
gence, and about 7–10 days after planting tu-
bers, application of Harrier 295 ZC herbicide 
at a dose of 2.0 dm3·ha-1,

3. mechanical-chemical care, i.e. ridging once 
until the emergence, and about 7–10 days af-
ter planting tubers, application of Harrier 295 
ZC herbicide at a dose of 2.0 dm3·ha-1, then at 
the end of emergence of potato plants, addi-
tion of the Kelpak SL bioregulator at a dose of 
2.0 dm3·ha-1 and then 14–28 days after the first 
treatment, the addition of Kelpak SL bioregu-
lator at a dose of 2.0 dm3·ha-1,

4. mechanical-chemical care, i.e. ridging twice 
and ridging with harrowing once until the 
emergence, and application of the Sencor 70 
WG herbicide at a dose of 1.0 kg·ha-1 just be-
fore the emergence,

5. mechanical-chemical care, i.e. ridging twice 
and ridging with harrowing once before the 
emergence, and addition of the Sencor 70 WG 
herbicide at a dose of 1.0 kg·ha-1 just before 

the emergence, then at the end of the emer-
gence of potato plants, application of the Asa-
hi SL bio-stimulant at a dose of 1.0 dm3·ha-1 
and then 14–28 days after the first treatment 
addition of the Asahi SL bioregulator at 
a dose of 1.0 dm3·ha-1.

The analysis of weed infestation was done us-
ing the quantitative weight method on two dates: 
2–3 weeks after the application of herbicides (be-
fore reducing the row density) and at the end of 
potato vegetation (1–2 weeks before harvesting 
tubers). The observations were carried out on a 
surface of 0.5 m-2 determined by a frame meas-
uring 33.4×150 cm. The frame was randomly 
thrown into three places on each plot, diagonally 
through the ridges. The total potato tuber yield 
was calculated on the basis of the mass of tubers 
collected from the surface of one plot, and then 
converted into t·ha-1.

The research results were statistically ana-
lyzed using the analysis of variance. The signifi-
cance of the sources of variability was tested with 
the “F” Fischer-Snedecor test, and the assessment 
of the significance of differences was conducted 
at the significance level p=0.05 between the com-
pared averages, using the multiple intervals of 
Tukey [Trętowski and Wójcik 1991]. 

The weather conditions in individual growing 
seasons of vegetation were varied (Table 1). The 
smallest rainfall amounting to 264.9 mm was re-
corded in 2012, which was characterized by the 
highest average air temperature of 15.4oC. How-
ever, the largest rainfall (on average – 441.3 mm) 
was recorded in the 2013 vegetation season with 
an average air temperature of 15.0oC. The grow-
ing season in 2014 was characterized by the sum 
of precipitation at the level of 335.1 mm and air 
temperature of 15.3 oC.

Table 1. Characteristic of weather conditions in the years 2012–2014

Yers
Month

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 49.0 43.0 47.7 275.2

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
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RESULTS AND DISCUSSION

The statistical calculations have proven a 
significant influence of the weather conditions 
prevailing in particular years of research, varie-
ties grown in the experiment and the methods of 
care applied to the value of dry weed matter de-
termined in two research dates (Tables 2, 3). 

The course of atmospheric conditions in sub-
sequent years of research had a significant impact 
on the value of the examined feature. The smallest 
weed infestation before reducing the row density 
and before harvesting potato tubers was obtained 
in 2014 (on average – 1.3 g·m-2 and 19.2 g·m-2). 
A significant influence of the atmospheric con-
ditions on the level of weed infestation is also 
reported by Sekutowski and Badowski [2010], 
Gugała et al. [2014], Mystkowska et al. [2017] 
in their research.

The variance analysis showed that the level 
of weed infestation at the beginning of potato 
vegetation as well as before harvesting tubers dif-
fered depending on the varietal properties. The 

largest dry mass of weeds marked before reduc-
ing row density was recorded on the sites where 
the Honorata cultivar was grown – an average 
of 7.6 g·m-2, while before harvesting tubers with 
the Gawin cultivar – an average of 27.8 g·m-2 
was achieved. The lowest value of this feature 
was obtained in the Bartek cultivar (in the first 
period 5.5 g·m-2

 and in the second period 19.7 
g·m-2). The obtained results of the authors’ own 
research were confirmed by Sawicka et al. [2011] 
and the study by Mystkowska et al. [2017], who 
found that the most potent factor modifying the 
weed weight were the physiological and morpho-
logical properties of the studied varieties, such 
as: the sort of bushes, their height and foliage, 
above-the-ground mass of shrubs that effectively 
shadowed the inter-branches and the length of the 
growing season.

The best effects in limiting the dry weight of 
weeds, both before and after the harvest of potato 
tubers were obtained in the variant 3., where the 
Harrier 295 ZC herbicide was applied, and then 
the Kelpak SL biostimulator was added twice 

Table 2. Air – dry weight of weeds (g·m-2) (first date)

Weed control methods
Cultivars Years

Mean
Bartek Gawin Honorata 2012 2013 2014

1. Control object 12.2 14.2 18.7 6.0 32.6 6.6 15.1
2.Harrier 295 ZC 2.0 dm3·ha-1 0.7 0.7 2.1 3.4 0.0 0.0 1.1
3.Harrier 295 ZC 2.0 dm3·ha-1; 2 x Kelpak 
SL 2.0 dm3·ha-1 0.4 0.6 1.2 2.2 0.0 0.0 0.7

4.Sencor 70 WG 1.0 kg·ha-1 7.9 8.4 8.5 3.2 21.7 0.0 8.3
5.Sencor 70 WG 1.0 kg·ha-1; 2 x Asahi 
SL 1.0 dm3·ha-1 6.1 7.0 7.3 1.6 18.9 0.0 6.8

Mean 5.5 6.2 7.6 3.3 14.6 1.3 -
LSD0.05 for: 
years                  
cultivars   
weed control methods

2.1
2.1
2.2

Table 3. Air – dry weight of weeds (g·m-2)(second date)

Weed control methods
Cultivars Years

Mean
Bartek Gawin Honorata 2012 2013 2014

1. Control object 63.2 71.6 59.2 65.8 68.5 59.7 64.7
2.Harrier 295 ZC 2.0 dm3·ha-1 5.2 16.8 14.5 33.2 3.3 0.0 12.2
3.Harrier 295 ZC 2.0 dm3·ha-1; 2 x Kelpak 
SL 2.0 dm3·ha-1 1.9 5.5 2.3 6.5 2.9 0.0 3.1

4.Sencor 70 WG 1.0 kg·ha-1 14.4 28.7 19.7 19.8 23.2 19.8 20.9
5.Sencor 70 WG 1.0 kg·ha-1; 2 x Asahi SL 
1.0 dm3·ha-1 13.6 16.2 12.3 6.5 19.0 16.6 13.7

Mean 19,7 27.8 21.6 26.3 23.4 19.2 -
LSD0.05 for: 
years 
cultivars 
weed control methods 

4.4
4.4
8.0
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at a dose of 2.0 dm3·ha-1. On this object, the dry 
mass of weeds before the reduction of row den-
sity was 0.7 g·m-2, and before the collection of 
tubers it equalled 3.1 g·m-2; In variant 2., where 
the Harrier 295 ZC herbicide was used, the value 
of dry mass was, respectively, 1.1 and 12.2 g·m-2. 
Moreover, the research shows that the Kelpak SL 
bio-stimulant used in the first study did not sig-
nificantly the increase weed infestation or the bio-
logical activity of the herbicide, which was con-
firmed by the studies of Kositorna and Smoliński 
[2008] and Kierzek et al. [2013, 2015]. However, 
in the studies of Sawicka et al. [2011] conducted 
on the objects with Asahi SL bio-stimulant, high-
er values of both fresh and dry weight of weeds 
were observed, while the use of Insol 7 prepara-
tion, and its combined use with the Asahi bio-
stimulant – reduced their weight. Furthermore, 
the results of studies by Golian et al. [2014] show 
that metribuzin used in the divided doses method, 
without stimulants and adjuvants, was more suc-
cessful in destroying weeds (94.6%), and the use 
of bio-stimulants and adjuvants separately or in 
combination with herbicides did not affect the ef-
ficacy of metribuzin. 

According to many authors, Kołodziejczyk 
[2013], Gugała et al. [2014], Mystkowska et al. 
[2017], and the amount of rainfall during the 
growing season is the factor significantly limiting 
the potato yield. Statistical calculations showed 
a significant effect of weather conditions on the 
total yield of potato tubers. The highest value of 
the discussed feature – on average 47.29 t·ha-1 
was obtained in 2012, which was characterized 
by the lowest rainfall in the examined three-year 
period and the highest average air temperature. 
On the other hand, in 2013 and 2014, the total 
yield of potato tubers was at the same level and 

amounted to 36.82 t·ha-1. The obtained results 
of the authors’ own research proved that the use 
of growth bio-stimulants in the years with unfa-
vourable weather conditions for potato growth 
and development may alleviate these effects by 
achieving the crop yield at an appropriate level, 
which was confirmed by research of Trawczyński 
[2014]. Obtaining a high yield of total potato tu-
bers is possible owing to the use of chemical pro-
tection against weeds and the selection of varie-
ties – Wichrowska [2008].

While analysing the cultivars studied in the 
experiment, it was found that the largest yield 
of potato tubers was obtained by cultivating the 
Honorata cultivar – an average of 42.29 t·ha-1, 
while the smallest was achieved by cultivating the 
Gawin cultivar – 38.56 t·ha-1. The obtained results 
were confirmed by the studies of Wierzbicka and 
Trawczyński [2016], who stated that the yields 
were significantly changed depending on the po-
tato’s early variety and the potato’s use type.

The variance analysis showed that obtaining 
a high total yield was possible due to the applica-
tion of comprehensive protection against weeds 
and the use of bio-stimulants. The highest total 
yield was at the level of 51.67 t·ha-1 obtained 
on object 5., where the Sencor 70 WG herbicide 
was applied once and the Asahi SL bio-stimulant 
twice (Table 4). These results were confirmed by 
the studies of Trawczyński [2014], who proved 
that the application of Tecamin bio-stimulant un-
der unfavourable weather conditions during the 
growing season, may alleviate certain stresses 
in potato plants and maintain a sufficiently high 
level of yield. 

The studies by Maciejewski et al. [2008], 
Matysiak and Adamczewski [2010] show that 
after the application of Asahi SL and Atonik SL 

Table 4. Total yield potato tubers in t.ha-1

Weed control methods
Cultivars Years

Mean
Bartek Gawin Honorata 2012 2013 2014

1. Control object 34.10 32.68 34.57 39.96 30.99 30.40 33.78
2.Harrier 295 ZC 2.0 dm3·ha-1 37.89 36.49 40.73 43.69 37.70 33.73 38.37
3.Harrier 295 ZC 2.0 dm3·ha-1; 2 x 
Kelpak SL 2.0 dm3·ha-1 40.88 39.78 42.54 50.74 37.07 35.40 35,2

4.Sencor 70 WG 1.0 kg·ha-1 42.79 41.04 46.13 50.37 38.17 41.42 43.32
5.Sencor 70 WG 1.0 kg·ha-1; 2 x Asahi 
SL 1.0 dm3·ha-1 44.71 42.81 47.44 51.67 40.15 43.13 44.98

Mean 40.07 38.56 42.29 47.29 36.82 36.82 -
LSD0.05 for: 
years 
cultivars 
weed control methods 

2.22
2.22
2.05
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or Kelpak SL bio-stimulants, there was an in-
crease in the yield of potato tubers compared to 
the control objects. In addition, Kelpak SL also 
significantly increased the large tubers fraction, 
at the expense of medium tubers. Additionally, 
Pytlarz-Kozicka and Zagórska [2013] obtained 
the highest total yield of tubers on objects, where 
the biological tuber seasoning was used.

CONCLUSIONS

1. The smallest dry weed mass determined in 
both research dates was obtained using the 
Harrier 295 ZC herbicide and the Kelpak SL 
growth bio-stimulant, while the largest on the 
control object. 

2. The total yield of potato tubers depended on 
both the herbicides and bio-stimulants used 
and the varieties cultivated in the experiment.

3. The weather conditions varied in particular 
years, considerably influencing the amount 
of air-dried matter of weeds and the yield of 
potatoes.
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