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INTRODUCTION

In the agriculture of the 21st century, modern 
production methods, not only influencing the size 
and quality of yields, but also enabling restoration 
of the soil’s biological activity, are sought. The 
production of plants uses various kinds of soil fer-
tilizers, microbiological preparations, improving 
the properties of the soil environment as well as 
the health condition and plant resistance to stress. 
These trends are also visible in the agrotechnics 
of potato (Solanum tuberosum L.), which is one 
of the most commonly cultivated plants, deter-
mining the capacity to feed the world’s popula-
tion [Homuz et al., 2010; Kowalska, 2016; Zar-
zecka et al., 2016; Baranowska et al., 2017].

Solanum tuberosum L. is a plant that is diffi-
cult to cultivate. The vegetative manner of repro-

duction causes potato plantations to be exposed 
to dangerous bacterial, viral and fungal diseases. 
Pathogens are often transferred along with seed 
potatoes, constituting the source of infections in 
the new plantation. One of the most dangerous 
bacterial diseases appearing in all areas of po-
tato cultivation in the world is the common scab 
(Streptomyces scabies (Thaxter) [Loria et al., 
2003, 2006]. The disease is caused by actinomy-
cetes of the Streptomyces genus, mainly Strepto-
myces scabies (a synonym of S. scabiei) [Lerat et 
al., 2009; Chater et al., 2010].

The pathogen infests tubers during the veg-
etation period. Bacteria penetrate tubers through 
lenticels, stoma, as well as epidermis and peri-
derm. The infested tubers react by creating a bar-
rier around the damaged area (cork layers) [Loria 
et al., 1997, 2008; Tegg et al., 2008; Borodynko 
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ABSTRACT 
The purpose of the three-year-long field experiment was to identify the effect of the UGmax soil fertilizer (mi-
crobiological preparation) on the presence of Streptomyces scabies on tubers of two edible potato cultivars. The 
experiment was established using the randomized split-block method, in three replications, in central Poland 
(52°03’N; 22°3’E), on the soil consisting of loamy sands, slightly acidic and acidic. The examined factors in-
cluded: 1st factor: edible potato cultivars (Satina and Typhoon), 2nd factor: doses and dates of application of the 
UGmax soil fertilizer (1. control object without UGmax; 2. UGmax applied to soil before planting tubers at a dose of 
1.0 dm3∙ha-1; 3. UGmax applied to soil before planting tubers at a dose of 0.5 dm3∙ha-1, when the height of plants is 
about 10–15 cm, and in the flower buds making phase at a dose of 0.25 dm3∙ha-1; 4. UGmax before planting tubers 
at a dose of 1.0 dm3∙ha-1 and when the height of plants is about 10–15 cm, and in the flower buds making phase 
at a dose of 0.5 dm3∙ha-1; 5. UGmax when the height of plants is about 10–15 cm, and in the flower buds mak-
ing phase at a dose of 0.5 dm3∙ha-1). Symptoms of common scab were assessed on a 9-point scale on 100 tubers 
randomly collected from different experiment objects. As a result of the study, it was demonstrated that treatments 
with the use of the UGmax soil fertilizer limited the occurrence of common scab on potato tubers and affected the 
average level of infestation of the sample and the average level of infestation of infested tubers. 
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et al., 2016]. Brown cork-like callosities appear 
on tubers, which reduce the consumer value and 
eliminate potatoes from commercial trade [Atiq 
et al., 2013; Leiminger et al., 2013;]. The devel-
opment of the disease is fostered mainly by cul-
tivating potatoes on soils with pH > 5.6, frequent 
liming of soil, high temperatures, and lack of pre-
cipitation in the period of tuber forming [Waterer, 
2002; Wróbel, 2003; Borodynko et al., 2016].

Despite the growing interest of science and 
agricultural practice in various kinds of prepara-
tions and soil fertilizers improving the health con-
dition and plant resistance to pathogenic factors, 
as well as accelerating the process of restoring the 
biological balance of soil, the possibility of using 
these preparations in agricultural practice is not 
yet fully examined [Kołodziejczyk, 2014; Zar-
zecka and Gugała, 2013; Zarzecka et al., 2017].

 Therefore, the study aimed at identifying the 
impact of the UGmax Soil Fertilizer on the pres-
ence of Streptomyces scabies on tubers of two ed-
ible potato cultivars was conducted. 

MATERIAL AND METHODS

The field experiment was conducted in 2008-
2010 in the Agricultural Experimental Station in 
Zawady, in the area of central Poland (52°03’N; 
22°3’E), on the soil consisting of loamy sands. 
The characteristics of chemical properties of the 
soil are presented in Table 1.

The two-factor experiment was established 
using the split-plot system, in three replications. 
The examined factors included two medium early 
cultivars of edible potato – Satina and Typhoon, 
characterized by increased resistance to the com-
mon scab: Satina – grade 6.5, Typhoon – grade 
6.0 on the scale of 1-9 [Plant Breeding and Ac-
climatization Institute, 2015].

Five methods of the UGmax soil fertilizer ap-
plication at different doses and dates: 

1) Control object without UGmax, 
2) UGmax applied to the soil before tuber planting 

at a dose of 1.0 dm3∙ha-1, 
3) UGmax applied to the soil before tuber plant-

ing at a dose of 0.5 dm3∙ha-1, when the height 
of plants is about 10-15 cm, and in the flower 
buds making phase at a dose of 0.25 dm3∙ha-1, 

4) UGmax before tuber planting at a dose of 1.0 
dm3∙ha-1and when the height of plants is about 
10-15 cm and in the flower buds making phase 
at a dose of 0.5 dm3∙ha-1, 

5) UGmax when the height of plants is about 10-
15 cm and in the flower buds making phase at 
a dose of 0.5 dm3∙ha-1. The Soil Fertilizer was 
dissolved in 300 dm3 of water per 1 hectare.

The UGmax Soil Fertilizer is a compost extract 
containing a vaccine of soil microorganisms. It 
consists of yeast, lactic acid bacteria, photosyn-
thetic bacteria, Azotobacter spp., Pseudomonas 
spp., Actinomycetes, as well as macro– and mi-
croelements: potassium (3500 mg∙dm3), nitrogen 
(1200 mg∙dm3), sulphur (1000 mg∙dm3), pho-
sphorus (500 mg∙dm3), sodium (200 mg∙dm3), 
magnesium (100 mg∙dm3), zinc (20 mg∙ dm3), 
manganese (0.3 mg∙dm3) [Kołodziejczyk, 2014].

In autumn, prior to the establishment of the 
experiment, manure was applied at a dose of 25 
t∙ha-1, as well as mineral fertilization (P – 39.6, 
K – 112.0 kg∙ha-1), and during spring – nitrogen 
fertilization (N – 90 kg∙ha-1). The assessment of 
infestation with common scab was performed di-
rectly after the harvest; on 100 randomly collect-
ed tubers from each experiment object (45 tests). 
The percentage of infested tubers was identified, 
as well as the average level of infestation of the 
sample and the average level of infestation of in-
fested tubers on the scale of 1-9, where 9 means 
healthy tubers (no lesions), 1 – more than 50% of 
the surface area affected by the scab [Roztropow-
icz et al., 1999]. 

The test results were prepared statistically us-
ing variance analysis, and the significance of the 
differences was assessed using the Tukey’s test, at 
the significance level of p=0.05. 

The weather conditions during the experi-
ment were diverse (Table 2). In 2008, the air 
temperature was similar to the temperature in the 
multiannual period (14.7°C) and rainfall was dis-
tributed evenly. In 2009, the air temperature and 
rainfall exceeded the average multiannual sum 
and were spread irregularly. The plant-growing 
season of potato in 2010 was the warmest and the 
most humid.

Table 1. Chemical properties of the soil

Specification
Years

2008 2009 2010

Organic matter [g∙kg-1] 15.4 17.8 18.1

Soil pH (1 M KCl) 4.99 5.15 5.91

Content of available nutrients [mg∙kg-1]

Phosphorus (P) 90.6 95.9 73.5

Potassium (K) 124.5 74.7 112.1

Magnesium (Mg) 41. 0 28.0 45.0
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RESULTS AND DISCUSSION

The analysis of the average three-year study 
results showed that the percentage of tubers with 
the symptoms of Streptomyces scabies (Table 3), 
the average level of tuber infestation (Table 4), 
as well as the average level of sample infestation 
(Table 5) depended on the method of the UGmax 
Soil Fertilizer application, as well as the cultivar 
and the weather conditions during the study. In 
the conducted experiment, the average percentage 
of tubers with symptoms of Streptomyces scabies 
was 8.70%, the average level of tuber infestation 
was 6.43, and the level of sample infestation was 
8.65, on a 9-point scale (Tables 3 and 4, 5). 

The treatments conducted using the UGmax 
preparation substantially reduced the occurrence 
of common scab on tubers of the potato cultivars 
being grown, as compared to the control object 
(where the UGmax preparation was not applied). The 
share of tubers with symptoms of common scab 
was smaller on objects 4 and 3 (5.7 and 6.0%, on 
average), where the UGmax preparation was applied 
three times (applied to soil before planting tubers, 
then when the height of plants was about 10–15 cm, 
and in the flower buds making phase) (Table 3). 

The research of Zarzyńska [2011] and Kowalska 
[2016] also showed that the treatments with the 
use of microbiological preparations reduced the 
development of potato diseases, regardless of the 
applied product and the form of its application. On 
the other hand, Jeske et al. [2015] did not prove the 
influence of the UGmax preparation on the infesta-
tion of tubers with Streptomyces scabies. However, 
in the opinion of the authors, high air humidity was 
a factor limiting the disease’s development.

The share of tubers with the symptoms of com-
mon scab was smaller in the Satina cultivar – on 
average by 15.40%, than in the Typhoon cultivar 
– on average by 2.00% (Table 3). The Satina culti-
var was also characterized by lower level of tuber 
infestation than in the case of the Typhoon cultivar. 
On the scale of 1-9, this value, amounted to: Satina 
– 5.37 and Typhoon – 7.49 (Table 4), respective-
ly for the cultivar. The diverse reaction of potato 
cultivars to the common scab infestation was also 
proven by Hiltunen [2005] and Lambert [2006]. On 
the other hand, Jankowska and Lutomirska [2013], 
when examining 125 potato genotypes of different 
maturity classes, proved substantially larger infes-
tation of tubers with Streptomyces scabies in very 
early and early cultivars.

Table 2. Air temperature and rainfall in the vegetation period of potato in 2008–2010 at the Zawady Meteorologi-
cal Station

Months
Air temperature (°C) Rainfall (mm)

1987–2000 2008 2009 2010 1987–2000 2008 2009 2010

IV 7.8 9.1 10.3 8.9 38.6 28.2 8.1 10.7
V 12.5 12.7 12.9 14.0 44.1 85.6 68.9 93.2
VI 17.2 17.4 15.7 17.4 52.4 49.0 145.2 62.6
VII 19.2 18.4 19.4 21.6 49.8 69.8 26.4 77.0
VIII 18.5 18.5 17.7 19.8 43.0 75.4 80.9 106.3
IX 13.1 12.2 14.6 11.8 47. 3 63.4 24.9 109.9

IV–IX 14.7 14.7 15.1 15.6 275.2 371.4 354.4 459.7

Table 3. Share of tubers with Streptomyces scabies symptoms depending on the cultivars and methods of applica-
tion of UGmax [in %]

Experimental factor
Cultivar

Mean
Satina Typhoon

1. Control object – without UGmax 24.20 4.50 14.40
2. UGmax 1.0+0 dm3∙ha-1 14.40 1.60 8.00
3. UGmax 0.5+0.25+0.25 dm3∙ha-1 10.80 1.10 6.00
4. UGmax 1.0+0.25+0.25 dm3∙ha-1 10.50 0.90 5.70
5. UGmax 0+0.5+0.5 dm3∙ha-1 17.10 1.90 9.50
Mean 15.40 2.00 8.70
LSD0.05: Cultivars
Methods
Cultivars x methods

2.20
2.90
2.90

LSD – least significant difference
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The experiment demonstrated that the av-
erage percentage of tubers with symptoms of 
Streptomyces scabies, the average level of tuber 
infestation, and the level of sample infestation 
depended upon the meteorological conditions 
in the study years (Tables 5 and 6). The lowest 
intensity of the disease occurred in 2010, when 
the air temperatures during the potato vegetation 
period (May – August) were higher than the mul-
tiannual average temperatures. The vegetation 
season in 2010 was also characterized by high air 
humidity (Table 2). These results are consistent 
with the research of other authors [Lutomirska, 

2008; Jankowska and Lutomirska, 2013; Kapsa 
and Gawińska-Urbanowicz, 2013], who proved 
that the significant factor restricting the develop-
ment of Streptomyces scabies on potato tubers is 
high air temperature and high humidity during the 
plant vegetation.

CONCLUSIONS

The UGmax Soil Fertilizer, applied at different 
doses and dates, limited the percentage of tubers 
with the symptoms of Streptomyces scabies, the 

Table 4. Average level of tuber infestation by Streptomyces scabies [scale 1-9] depending on the cultivars and 
methods of application of UGmax 

Experimental factor
Cultivar

Mean
Satina Typhoon

1. Control object – without UGmax 4.25 6.37 5.31

2. UGmax 1.0+0 dm3∙ha-1 5.77 7.56 6.67

3. UGmax 0.5+0.25+0.25 dm3∙ha-1 5.58 7.78 6.68

4. UGmax 1.0+0.25+0.25 dm3∙ha-1 5.77 8.00 6.89

5. UGmax 0+0.5+0.5 dm3∙ha-1 5.47 7.74 6.61

Mean 5.37 7.49 6.43
LSD0.05: Cultivars
Methods
Cultivars x methods

0.35
0.80
n.s.

LSD – least significant difference; n.s. – not significant

Table 5. Average level of sample infestation by Streptomyces scabies [scale 1-9] depending on the study years and 
methods of application of UGmax 

Experimental factor
Year

Mean
2008 2009 2010

1. Control object – without UGmax 8.22 8.15 8.63 8.33

2. UGmax 1,0+0 dm3∙ha-1 8.67 8.60 8.78 8.68

3. UGmax 0,5+0,25+0,25 dm3∙ha-1 8.71 8.74 8.91 8.79

4. UGmax 1,0+0,25+0,25 dm3∙ha-1 8.83 8.78 8.72 8.78

5. UGmax 0+0,5+0,5 dm3∙ha-1 8.52 8.55 8.88 8.65

Mean 8.59 8.56 8.79 8.65
LSD0.05: Years
Methods
Years x methods

n.s.
0.17
0.29

LSD – least significant difference; n.s. – not significant

Table 6. Infestation of potato tubers by Streptomyces scabies in the study years [in % and on a scale of 1-9]

Specification
Year

Mean LSD0.052008 2009 2010

Procentage of infested tubers 10.80 10.00 5.40 8.70 3.4
Average level of tuber infestation by Streptomyces 
scabies (scale 1–9) 5.95 6.30 7.04 6.43 0.54

Average level of sample infestation (scale 1– 9) 8.59 8.56 8.79 8.65 n.s.

LSD – least significant difference; n.s. – not significant
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level of tuber infestation, and the level of infested 
tubers, as compared to the tubers harvested from 
the control object, where the UGmax preparation 
was not applied. 

The share of tubers with the symptoms of the 
common scab and the level of tuber infestation 
was smaller in the case of the Satina cultivar than 
the Typhoon cultivar.

The presence of Streptomyces scabies and the 
level of tuber infestation were mainly determined 
by the weather conditions prevailing during the 
potato vegetation period. High air temperature 
and high humidity reduced the development of 
the pathogen.
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