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Abstract. The content of total sugars and reducing sugars in potato tubers is one of the most important 

quality features determining the suitability for direct consumption and for processing into food products. 

The objective of the study was to determine the effect of the soil conditioner UGmax on total sugars, 

reducing (simple) sugars and sucrose in potato tubers. Experimental material consisted of tubers of 

second early table potato grown in a field experiment conducted in central-eastern Poland. Following 

chemical analyses, statistical calculations were performed and they demonstrated a significant effect − an 

application of the soil conditioner UGmax contributed to an increase in the tuber content of reducing 

sugars compared with control potato tubers. The highest simple sugar content was found after three 

applications of the soil conditioner at the rate of 1.0 and 2.0 dm3 ha-1. The remaining carbohydrates 

determined in the study did not respond to UGmax application. Cultivars grown in the study differed 

significantly in terms of reducing sugar content only, more sugars being accumulated by Tajfun rather 

than Satina. 
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Introduction 

Plant production intensification and specialisation, which have led to reduced soil 

tillage, monoculture, intensive chemical protection, use of heavy machines/tools, 

shortage of natural manures, result in worsened physical, chemical and microbiological 

soil properties as well as limited availability of nutrients for plants (Malero et al., 2006). 

Soil environment is impoverished and lower yields are often produced. Due to this, the 

need arises to reduce the unfavourable influence and seek eco-friendly solutions. The 

idea of environment and consumer protection is becoming increasingly popular and 

seems to become a necessity (Mrówczyński and Roth, 2009). The soil conditioner 

UGmax, produced by 'Bogdan' Trade-Service Co, Ltd., is a microbiological product 

available on the Polish market and recommended for application in crop cultivation. It 

is an extract obtained from a special compost and used to enhance soil fertility. 

Microorganisms contained in the conditioner boost soil biological activity, increase the 

solubility of mineral compounds which plants find difficult to take up and promote 

humus formation (Trawczyński and Bogdanowicz, 2007; Dębska et al., 2016). It results 

in beneficial changes in soil physical and water status-related properties, pH and 

structure as well as better rooting system development (Kaczmarek et al., 2008; 

Piotrowska et al., 2012; Dębska et al., 2016) and, in consequence, increased higher 
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quality yields of crops (Dinesh et al., 2010; Kołodziejczyk, 2014; Pobereżny et al., 

2015; Kowalska, 2016). 

Potato is one of major agricultural plants which is a staple food for people worldwide 

and a crop which is classified as one of key plants responsible for maintaining food 

security. Potato is consumed fresh or processed in both developing and developed 

countries (Camire et al., 2009; Lisińska et al., 2009; King and Slavin, 2013). Potato 

tubers are highly nutritious as they contain plenty of starch, protein characterised by 

high dietetic value, vitamin C, B3, B6, minerals, in particular potassium, phosphorus, 

magnesium and iron. The crop is also a valuable source of health-promoting compounds 

such as dietary fibre, phenols and carotenoids (Slavin, 2013; Andre et al., 2014). Tuber 

chemical components are cultivar-related but are also affected by agronomic practices, 

water availability and thermal conditions (Abong et al., 2009; Grudzińska et al., 2014; 

Ozturk and Polat, 2016). As it has been suggested that plant protection products, 

fertilisers, biostimulants and microbiological products may cause changes in plant 

chemical composition, studies have been undertaken to check their effect on the 

nutritional value of agricultural produce (Sawicka and Pszczółkowski, 2005; Gugała et 

al., 2013). Hence the present study aimed at determining the effect of the soil 

conditioner UGmax on total sugars, reducing sugars and sucrose in table potato tubers. 

Materials and methods 

Experimental and Agronomic Management 

Research results were obtained from a three-year field experiment conducted at the 

Zawady Experimental Farm of Siedlce University of Natural Sciences and Humanities 

(52°03´N; 2233´, central-eastern Poland) on a soil classified as Luvisol, whose pH 

ranged from slightly acidic to acidic (4.81-5.91 pH in KCl) and which was characterised 

by a high to very high available phosphorus content, moderate to high potassium 

content and low magnesium content (Table 1) (Marcinek and Komisarek, 2011). The 

experiment was set up as a split-plot arrangement with three replicates. 

 
Table 1. Selected chemical properties of soil on which the experiment was conducted 

Study 

years 

Acidity 

(pH in KCl) 

Organic matter 

(g kg-1) 

Available nutrients 

(mg kg-1 soil) 

P K Mg 

2008 

2009 

2010 

4.99 

4.81 

5.91 

15.4 

16.8 

18.1 

90.64 

76.12 

73.48 

124.5 

173.4 

112.1 

41.0 

34.0 

45.0 

 

 

The first factor was two mid-early cultivars of table potato – Satina and Tajfun 

(Table 2). 

 
Table 2. Description of potato cultivars used in the study 

Cultivars 
Registration 

year 
Origin Maturity 

Yield 

(t ha-1) Utilization 

Satina 2000 Germany second early 43.9 
canned, frozen, 

salads, boiled 

Tajfun 2004 Poland second early 49.8 boiled 
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The second factor was five methods of an application of the soil conditioner UGmax:  

1. Control object - without the use of UGmax spraying with water. 

2. UGmax - application before planting, at a dose of 1.0 dm3·ha-1. 

3. UGmax - application before planting, at a dose of 0.5 dm3·ha-1 and double 

foliar application (10-15 cm potato plant height) at a dose 0.25 dm3·ha-1, 

(flowering) at a dose 0.25 dm3·ha-1. 

4. UGmax - application before planting, at a dose of 1.0 dm3·ha-1 and double 

foliar application (10-15 cm potato plant height) at a dose 0.5 dm3·ha-1, 

(flowering) and at a dose 0.5 dm3·ha-1. 

5. UGmax - double foliar application (10-15 cm potato plant height) at a dose 0.5 

dm3·ha-1, (flowering) and at a dose 0.5 dm3·ha-1. 

The conditioner contained: lactic acid bacteria, photosynthetic bacteria, Azotobacter, 

Pseudomonas, yeast, actinomycetes as well as the following amounts (mg l) of 

macroelements and microelements: potassium − 2905, nitrogen − 1200, sulphur − 1000, 

phosphorus − 220, sodium − 200, magnesium − 100, zinc − 20, manganese − 0.3 - 

produced by Bogdan, Trade-Service Co., Poland (Trawczyński, 2007; Zarzecka and 

Gugała, 2013). Farmyard manure was applied at a rate of 25.0 t ha-1 in addition to 

mineral fertilisers used at the following rates: 44.0 kg ha-1 P (in the form of 46% triple 

superphosphate - Group Azoty Chemical Establishments Police SA, Poland), 124.5 kg 

ha-1 K (in the form of 60% potassium salt – Establishments Trading Commodities 

Siarkopol Sp. z o.o. Tarnobrzeg, Poland) and 100 kg N per 1 ha (in the form of 34% 

ammonium salt - Group Azoty Nitrogen Establishments Pulawy SA, Poland) applied in 

spring. Potatoes were planted at the spacing of 0.675 x 0.370 m in mid-April and 

harvested at physiological maturity in the first half of September. Weeds were 

controlled by means of a mixture herbicides: chlomazon (Command 480 SC - FMC 

Chemical sprl, Belgium) at a dose of 0.2 dm3 ha-1 and linuron (Afalon Dispersive 450 

SC – Agan Chemical Manufactures Ltd., Israel) at a dose of 1.0 dm3 ha-1 applied 5-7 

days prior to potato plant emergence. During the period of crop growth and 

development, potato blight was controlled using fungicides: metalaksyl-M 3.8% and 

mankozeb 64% (Ridomil Gold MZ 68 WG - Syngenta Crop Protection AG, 

Switzerland) – 2.0 kg ha-1 and mankozeb (Dithane 455 SC - lndofil Industries Limited, 

Republic of India) – 3.0 dm3 ha-1, and Colorado potato beetle was controlled using 

insecticides: chlotianidyna (Apacz 50 WG - Sumitomo Chemical Takeda Agro Co., 

Japan) at a dose 0.04 kg ha-1 and tiametoksam (Actara 25 WG - Syngenta Crop 

Protection AG, Switzerland) at a dose 0.08 kg ha-1. 

Determination of carbohydrates 

Before harvest, tuber samples from 10 plants per plot were collected in all 

experimental units and used for chemical analyses. The analyses were carried out each 

year in triplicate, representing a total of 90 samples. Total sugars and reducing sugars 

were determined after harvest in the fresh matter of unpeeled potato tubers by means of 

the Schoorl-Luff method (Krełowska-Kułas, 1993). The method involves reduction, 

under alkaline conditions, of copper sulphate by reducing sugars contained in Luff 

solution at the boiling temperature. Basic solution (hydrolysate) was prepared. 12.5 g of 

potato tubers were grated, made up with water and boiled for 3 minutes. After cooling, 

the solution was transferred to a 300 ml flask and 5 ml potassium ferrocyanide as well 

as 5 ml aluminium sulphate were added. After stirring, filtration was performed using a 

soft filter. 
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Total sugars were determined by Schoorl-Luff method. 25 ml of hydrolysate was 

placed in a 300 ml flask, 2.5 ml of concentrated HCl was added and the mixture was 

heated for 5 minutes at 68-72°C (hydrolysis of sugars to simple sugars occurred). The 

solution was cooled and, after adding potassium hydroxide KOH until constant pH was 

obtained in the presence of phenolphthalein, made up to 25 ml. Next, 12.5 ml Luff 

solution was added and followed by 12.5 ml hydrolysate, 25 ml acetic acid, 12.5 iodine 

solution and 27.5 ml hydrochloric acid. Then, the excessive iodine was titration titrated 

using sodium thiosulfate until light blue colour was obtained. 

Determination of reducing sugars was performed by Schoorl-Luff method. 12.5 ml 

Luff solution and 12.5 ml hydrolysate were transferred to a 300 ml flack (no hydrolysis 

was conducted). Then, the procedure was the same as for total sugars. 

Sucrose content was calculated by subtracting reducing sugars from total sugars after 

hydrolysis x 0.95. Analyses were performed at the Chemical Laboratory of the 

Department of Agrotechnology, Siedlce University of Natural Sciences and Humanities 

in Siedlce. 

Statistical analysis 

The results of the study were subjected to statistical analysis using the analysis of 

variance, and the significance of differences was assessed using Tukey test at the 

significance level of P = 0.05. Statistical calculations were performed in Excel using the 

authors’ own algorithm based on the split-plot mathematical model. 

Weather conditions 

Weather conditions in individual study years, presented in Figure 1 and Table 3, 

varied. Precipitation was the highest in 2010 when it was higher than the long-term sum 

by as much as 144.8 mm. The lowest rainfall was in 2009 when it was also unevenly 

distributed throughout the individual months of the growing season. By contrast, the 

year 2008 saw the most favourable rainfall pattern whereas 2010 was the warmest. The 

remaining growing seasons had temperatures similar to the long-term mean. 
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Figure 1. Rainfalls and air temparature during potato vegetation in the years 2008-2010 according the Zawady Meteorogical Station

The monthly sum of rainfalls in the year 2008
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The monthly sum of rainfalls in the year 2010
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The average air temperature in the year 2008

The average air temperature in the year 2009

The average air temperature in the year 2010

The average air temperature in the years 1980-2009

 

Figure 1. Rainfalls and air temparature during potato vegetation in the years 2008-2010 

according the Zawady Meteorogical Station 

 



Zarzecka et al.: Changes in carbohydrate contents in table potato tubers under the influence of soil conditioner UGmax 

- 2319 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(2):2315-2324. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1702_23152324 

 2019, ALÖKI Kft., Budapest, Hungary 

Table 3. Climatic conditions during the growing seasons according to the Zawady 

Meteorological Station 

Study years 

Deviations from the long-term (1980–2009) mean 

Total rainfall (mm) 

IV V VI VII VIII IX IV-IX 

2008 -21.4 +37.4 -11.7 +24.1 +22.4 +12.7 +56.5 

2009 -41.5 +20.7 +84.5 -19.3 +27.9 -25.8 +39.5 

2010 -38.9 +45.0 +1.9 +31.3 +53.3 +59.2 +144.8 

 Air temperature (°C) 

 IV V VI VII VIII IX IV-IX 

2008 +1.2 +1052 +0.7 -0.9 +0.5 -0.8 +0.3 

2009 +2.4 +1.7 -1.0 +0.1 -0.3 +1.6 +0.7 

2010 +1.0 +2.8 +0.7 +2.3 +1.8 -1.2 +1.2 

 

 

Results 

Total sugars 

Statistical analysis of the obtained results demonstrated that total sugar content 

was significantly affected by the weather conditions throughout the study years 

(Tables 4, 5). 

 
Table 4. Total sugars content in potato tubers depending on UGmax and cultivars (g kg-1 

fresh matter) (mean of years) 

Treatments (I) 
Doses 

(dm3 ha-1) 

Cultivars (II) 
Mean 

Satina Tajfun 

1. Control – without UGmax – 6.54 6.50 6.52 

2. UGmax – before planting 1.0 6.55 6.59 6.57 

3. UGmax – before planting and double foliar 

application 
1.0 6.57 6.60 6.57 

4. UGmax – before planting and double foliar 

application 
2.0 6.61 6.64 6.63 

5. UGmax – double foliar treatment 1.0 6.54 6.56 6.55 

Mean  6.56 6.57 6.57 

LSD at: 0.05 for: treatments (I) = ns; cultivars (II) = ns; interaction (I x II) = ns 

ns – not significant 

 

 
Table 5. Total sugars content in potato tubers depending on UGmax and weather conditions 

(g kg-1 fresh matter) (mean of cultivars) 

Treatments (I) 
Doses 

(dm3 ha-1) 

Years (III) 
Mean 

2008 2009 2010 

1. Control – without UGmax – 6.46 6.22 6.88 6.52 

2. UGmax – before planting 1.0 6.49 6.25 6.98 6.57 

3. UGmax – before planting and double 

foliar application 
1.0 6.49 6.25 7.01 6.59 

4. UGmax – before planting and double 

foliar application 
2.0 6.50 6.29 7.09 6.63 

5. UGmax – double foliar treatment 1.0 6.47 6.23 6.96 6.55 

Mean  6.48b 6.25b 6.98a 6.57 

LSD at: 0.05 for: treatments (I) = ns; years (III) = 0.31; interaction (I x III) = ns 

ns – not significant 



Zarzecka et al.: Changes in carbohydrate contents in table potato tubers under the influence of soil conditioner UGmax 

- 2320 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(2):2315-2324. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1702_23152324 

 2019, ALÖKI Kft., Budapest, Hungary 

It averaged 6.57 g kg-1 fresh matter (0.657%), the value being lower than 1%, which 

is favourable from the standpoint of consumers. The accumulation of total sugars was 

the smallestt in tubers harvested in 2009 (6.25 g kg-1) which was optimal in terms of 

hydrological conditions. In 2008, total sugar content was slightly but insignificantly 

higher compared with the 2009 growing season. An accumulation of total sugars was 

the highest in the wet and the warmest 2010, on average 6.98 g kg-1, the differences 

being significantly higher compared with tubers harvested in 2008 and 2009. The 

cultivars grown in this experiment contained similar amounts of total sugars. In the 

study described here, a tendency was observed for tubers harvested from UGmax-

treated plots to slightly increase total sugars. However, the values were very small and 

ranged from 0.03 to 0.05 g kg-1. 

Reducing sugars 

In the present study, reducing sugars content ranged from 3.41−3.90 g kg-1 fresh 

matter and were significantly affected by cultivars, an application of the soil conditioner 

UGmax and weather conditions during the study years (Tables 6, 7). 

 
Table 6. Reducing sugars content in potato tubers depending on UGmax and cultivars (g kg-1 

fresh matter) (mean of years) 

Treatments (I) 
Doses 

(dm3 ha-1) 

Cultivars (II) 
Mean 

Satina Tajfun 

1. Control – without UGmax – 3.44 3.47 3.46c 

2. UGmax – before planting 1.0 3.51 3.51 3.51abc 

3. UGmax – before planting and double foliar 

application 
1.0 3.52 3.55 3.53ab 

4. UGmax – before planting and double foliar 

application 
2.0 3.57 3.57 3.57 

5. UGmax – double foliar treatment 1.0 3.47 3.51 3.49bc 

Mean  3.50b 3.52a 3.51 

LSD at: 0.05 for: treatments (I) = 0.06; cultivars (II) = 0.01; interaction (I x II) = ns 

ns – not significant 

 

 
Table 7. Reducing sugars and sucrose content in potato tubers depending on UGmax and 

weather conditions (g kg-1 fresh matter) (mean of cultivars) 

Treatments (I) 
Doses 

(dm3 ha-1) 

Years (III) 
Mean 

2008 2009 2010 

1. Control – without UGmax – 3.45 3.74 3.18 3.46c 

2. UGmax – before planting 1.0 3.52 3.80 3.22 3.51abc 

3. UGmax – before planting and 

double foliar application 
1.0 3.53 3.84 3.23 3.53ab 

4. UGmax – before planting and 

double foliar application 
2.0 3.55 3.90 3.27 3.57a 

5. UGmax – double foliar treatment 1.0 3.47 3.79 3.22 3.49bc 

Mean  3.50b 3.81a 3.22c 3.51 

LSD at: 0.05 for: treatments (I) = 0.06; years (III) = 0.18; interaction (I x III) = ns 

ns – not significant 
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Cv. Tajfun accumulated more reducing sugars than Satina. The soil conditioner 

promoted an accumulation of reducing sugars, significant differences being detected for 

treatment 3 and 4, that is when UGmax had been applied three times. Under the weather 

conditions of 2010, the concentration of these sugars was the lowest and so the most 

favourable compared with the remaining study years. It was mainly due to the air 

temperature which was by 2.3 and 1.8°C higher towards the end of the growing season 

(July and August). 

Sucrose 

Sucrose content in potatoes was significantly affected by weather conditions in the 

study years (Tables 8, 9). The concentration of this disaccharide was the lowest in 2009 

whereas in the remaining years it was significantly higher. Cultivars grown in the 

present study accumulated a similar amount of sucrose. An interaction of cultivars and 

soil conditioner application regime was found, which indicates a different response of 

the cultivars to spraying with UGmax. There was also observed an interaction of 

UGmax application regime and study years. The least sucrose was recorded in 2009 in 

tubers harvested from UGmax-treated plots which were sprayed three times at the rate 

of 2.0 dm3 ha-1. 

 
Table 8. Sucrose content in potato tubers depending on UGmax and cultivars (g kg-1 fresh 

matter) (mean of years) 

Treatments (I) 
Doses 

(dm3 ha-1) 

Cultivars (II) 
Mean 

Satina Tajfun 

1. Control – without UGmax – 2.95a 2.87a 2.91 

2. UGmax – before planting 1.0 2.89b 2.92a 2.91 

3. UGmax – before planting and double foliar 

application 
1.0 2.90ab 2.90a 2.90 

4. UGmax – before planting and double foliar 

application 
2.0 2.89b 2.91a 2.90 

5. UGmax – double foliar treatment 1.0 2.92ab 2.90a 2.91 

Mean  2.91ab 2.90a 2.91 

LSD at: 0.05 for: treatments (I) = ns; cultivars (II) = ns; interaction (I x II) = 0.05 

ns – not significant 

 

 
Table 9. Sucrose content in potato tubers depending on UGmax and weather conditions (g 

kg-1 fresh matter) (mean of cultivars) 

Treatments (I) 
Doses 

(dm3 ha-1) 

Years (III) 
Mean 

2008 2009 2010 

1. Control – without UGmax – 2.86a 2.35a 3.52b 2.91 

2. UGmax – before planting 1.0 2.82a 2.33a 3.58ab 2.91 

3. UGmax – before planting and double 

foliar application 
1.0 2.81a 2.30a 3.60ab 2.90 

4. UGmax – before planting and double 

foliar application 
2.0 2.81a 2.27a 3.63a 2.90 

5. UGmax – double foliar treatment 1.0 2.86a 2.32a 3.56ab 2.91 

Mean  2.83b 2.31c 3.58a 2.91 

LSD at: 0.05 for: treatments (I) = ns; years (III) = 0.12; interaction (I x III) = 0.09 

ns – not significant 
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Discussion 

In potato production, the most important characteristics which determine fresh tuber 

consumption suitability and processability include: dry matter content, total sugars 

(glucose + fructose + sucrose) and reducing sugars (glucose + fructose) which are also 

called simple sugars. Tubers ought to contain 18-22% dry matter and up to 1% total 

sugars (when this level, is exceeded, tubers taste sweet) (Lisińska et al., 2009). The 

results of the research showed that the total sugar content depended only on weather 

conditions. Total sugars and sucrose content were the highest in tubers harvested in 

2010 when both precipitation and temperature during the growing period were the 

highest, the lowest values for both the traits being recorded in 2009 when precipitation 

was the lowest. A similar response of tubers to weather conditions, in terms of total 

sugar accumulation, was observed by other authors (Sawicka and Pszczółkowski, 2005; 

Zarzecka and Gugała, 2009). Cultivars (Satina and Tajfun) grown in the experiment 

discussed here contained similar amounts of total sugars, which is consistent with 

results reported by other workers (Gugała et al., 2013) although Bhattacharjee et al. 

(2014) found significant differences between cultivars being compared as to their tuber 

content of total sugars. There is no published literature concerning the effect of UGmax 

on total sugars, reducing sugars or sucrose in potato tubers. 

The concentration of reducing sugars in the tubers of potato for processing for 

foodstuffs is one of the most important qualitative characteristics, and also called a 

priority. As a result of long-term studies conducted in Poland and worldwide (Coop et 

al., 2000; Lisińska et al., 2009; Zgórska, 2013; Grudzińska et al., 2014), the following 

baseline and optimal concentrations of reducing sugars in potato tuber fresh matter have 

been determined: not more than 0.25% (optimum level: up to 0.15%) for potatoes 

destined for chips production, not more than 0.50% (optimum level: up to 0.25%) for 

French fries varieties, and not more than 0.50% (optimum level: up to 0.25%) for dried 

products and fresh consumption. Tubers of potato which contain increased amounts of 

reducing sugars (glucose and fructose) turn brown when heated. In the present studies, 

reducing sugars content depended significantly on the cultivar, soil conditioner UGmax 

application and moist-thermal conditions during potato vegetation.The effect of potato 

cultivar on this characteristic was reported by other authors (Abong et al., 2009; 

Bhattacharjee et al., 2014; Grudzińska et al., 2014). On the contrary, Sawicka and 

Pszczółkowski (2005), Gugała et al. (2013) found no such influence. Grudzińska et al. 

(2014) reported that reducing sugar content was primarily affected by the air 

temperature 10 days before potato harvest. Moreover, the authors (Grudzińska et al., 

2014) found, based on correlation coefficients which they had calculated, that the higher 

temperature was observed 10-20 days before harvest, the lower concentration of 

reducing sugars was recorded. A statistically significant effect of hydrothermal 

conditions on an accumulation of reducing sugars was also noted by other authors 

(Gugała et al., 2013; Brazinskiene et al., 2014). Cultivars grown in the present study 

accumulated similar amount of sucrose as in the findings reported by other authors 

(Sawicka and Pszczółkowski, 2005; Brazinskiene et al., 2014; Czerko et al., 2016). 

Many authors have shown that the UGmax soil conditioner had a desirable, 

beneficial effect on the total and commercial yield of potato tubers, tuber weight per 

potato (Trawczyński and Bogdanowicz, 2007; Kowalska, 2016; Zarzecka and Gugała, 

2016), increased starch and vitamin C content (Zarzecka et al., 2018) and improved soil 

chemical properties (Trawczyński and Bogdanowicz, 2007, Dębska et al., 2016) as 

compared to the control. 
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Conclusion 

The application of soil conditioner UGmax significantly increased  the content only 

of reducing sugars in potato tubers, whereas the total sugars and sucrose content did not 

change. However, the largest, significant influence on the content of carbohydrates 

(total sugars, reducing sugars, sucrose) had weather conditions during the years of 

research. The cultivars grown in this experiment can be used in direct consumption, for 

dried products and for processing into French fries and soil conditioner UGmax used 

did not cause adverse changes in the chemical composition of tubers. 
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