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Abstract: A potato experiment was conducted from 2004 to 2006 at the Zawady Experimental Farm. The farm is part of the University 
of Natural Sciences and Humanities in Siedlce, Poland. Tuber infection and injury by diseases and pathogens of three potato cultivars  
were assessed according to the potato ridge height and harvest date. The weight of mechanically injured tubers was also determined 
depending on the potato ridge height and harvest date. The weight of potato tubers infected by fungal and bacterial diseases was 
influenced by the cultivar, growing season, harvest date, and ridge height. Potatoes grown to their standard height and height ridges, 
were significantly less infected by diseases at the first harvest date. The weight of tubers in which the tubers were injured by soil pests, 
was affected by the cultivar and ridge height. Potatoes cultivated in a ridge which was 20 cm high, had tubers with significantly less 
mechanical injuries compared with a low (16 cm) ridge and high (24 cm) ridge.
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Introduction
Diseases and pathogens infecting growing potatoes, re-
duce tuber yields. The reason is that diseases and patho-
gens destroy the assimilating structure of the plants 
and cause tuber defects; mainly skin and flesh defects 
(Nowacki 2006; Kostiw 2011; Mandour et al. 2012). The 
majority of these defects are due to infection by Strep-
tomyces scabies (symptoms are various-sized irregular 
brown scrubs on tubers), Rhizoctonia solani (which may 
cause e.g. black scurf of potato skin), Alternaria solani and 
Phytopthora infestans (causing spots on tuber skin) and 
Helminthosporium solani (infected tubers develop shining 
silver-grey spots during storage). Moreover, defective tu-
bers may be formed due to injuries of tuber flesh caused 
by owlet moth caterpillars (Agrotinae), wireworms (Elat-
eridae) as well as grubs (Melolonthinae) (Nowacki 2006). 
Resistance to diseases and pathogens is cultivar depen-
dent but also affected by environmental and agrotechno-
logical factors (Gawińska-Urbanowicz 2007; Mańkowski 
and Laudański 2009). The latter factors include harvest 
date and ridge height (Jabłoński 2001; Gąsiorowska and 
Zarzecka 2002; Sekutowski and Badowski 2010). Inap-
propriate agrotechnology may cause tuber deformation, 
greening, cracks, size reduction, hollow hearts, bruises, 
and other mechanical injuries (Nowacki 2006). Mechani-
cal injuries occurring at harvest are the main cause of 
tuber diseases during storage (Peters 1996). In the field, 
potato tubers usually become infected through wounds 
(Kuźniewicz-Czerko et al. 1993).

The objective of the work was to determine the share 
of tubers with mechanical injuries as well as injuries 
caused by potato diseases and pathogens as influenced 
by ridge height, harvest date (which was soil temperature 
dependent), and cultivar.

Materials and Methods
A field experiment was carried out from 2004 to 2006, at 
the Zawady Experimental Farm (52°06’N; 22°56’E) which 
is part of the University of Natural Sciences and Humani-
ties in Siedlce, Poland.

Temperatures and precipitation during the study 
period are presented as Sielianinov’s hydrothermal co-
efficients (Table 1). Each year, weather conditions were 
different. In 2004 and 2006, the total precipitation over 
the growing season was much higher than the long-term 
mean, whereas 2005 was dry, although k = 0.92 did not 
differ much from the mean.

The experiment was a split-split-plot arrangement 
with four replicates. The following factors were exam-
ined:

– edible potato cultivar (factor A): Sante, Romula, 
Żagiel;

– ridge height (factor B): low ridge (16 cm), standard ridge 
(20 cm), high ridge (24 cm);

– harvest date determined based on soil temperature 
(16, 12 and 8°C) averaged over three consecutive 
days before potato tuber harvest, and measured at the 
depth of 10 cm, at 8 a.m.
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At harvest, 10 kg of tuber samples were taken from 
each plot to determine the weight of tubers infected by 
diseases and soil pathogens. The following tubers were 
classified as infected: tubers affected by S. scabies and  
R. solani, severely damaged by soil pests (owlet moth cat-
erpillars, wireworms, grubs), with morbid spots, and par-
tially or completely decayed due to P. infestans, Erwinia 
spp., Fusarium spp. infections.

In addition, the weights of cracked tubers, injured tu-
bers with wounds deeper than 1.7 mm, and crushed tu-
bers were determined.

The results were statistically analysed by means of 
variance analysis. The following fixed model was used 
(Trętowski and Wójcik 1991):

yijlp =  m + ai + gj + eij
/1/ + bl + abil + eijl

/2/ +

+ cp + acip + bclp + abcilp + eijlp
/3/,

where: yijlp – value of the trait for the i-th effect of factor A,  
l-th effect of factor B, p-th effect of factor C in the j-th 
block (replicate), m – overall (population) mean, ai, bl, cp – 
main effects of factors, gj – effect of j-th block, abil, acip, bclp, 
– 2-factor interaction effects, abcilp – 3-factor interaction ef-
fect, eij

/1/, eijl
/2/, eijlp

/3/ – random effects which were assumed 
to be homogeneous and normally distributed. 

Comparison of means and assessment of interac-
tions were based on HSD (Honest Significant Differ-
ence) values which were calculated using Tukey’s test 
at the significance level α = 0.05. Linear and polynomial 
regressions were used to examine the nature of the ef-

fect of harvest date and ridge height on the traits studied 
(Trętowski and Wójcik 1991).

All calculations were performed in Statistica 9.0.

Results and Discussion
The study years and cultivars significantly affected an 
occurrence of tubers with fungal and bacterial diseases 
(Table 2). The weight of infected tubers was significantly 
lower in the second and third years vs. the first study 
year. Also, the weight was lower in Sante and Żagiel vs. 
Romula, which supports the findings of other authors 
claming that resistance to diseases is a cultivar dependent 
trait (Nowacki 2002; Zarzyńska and Goliszewski 2012). 
Resistance to fungal and bacterial diseases was affected 
by study years. Żagiel had the lowest weight of infected 
tubers in 2004 whereas in 2005 it was Sante. All the cul-
tivars had a similar weight of tubers infected by fungal 
and bacterial diseases in 2006. According to Gawińska- 
-Urbanowicz (2007), the climate in Poland is conductive 
to the following diseases affecting potato skin: common 
scab, silver scurf, and black scurf (the morbid phase of 
Rhizoctonia disease). Nowacki (2002) claimed that envi-
ronmental factors are predominant determinants of an 
occurrence of common scrub affecting potato tubers. 
Studies by Głuska (2004) revealed a relationship between 
common scrub infection and the amount of precipitation 
in June at the tuber set stage. In turn, Szutkowska (1998) 
has reported that as soil temperature rises, tuber infection 
by common scrub increases.

Table 1. Sielianinov’s hydrothermal coefficients (k) during the study period

Years
Months Over the whole 

potato growing 
seasonApril May June July August September

2004 1.49 2.70 1.14 0.90 1.14 0.50 1.31

2005 0.47 1.60 0.92 1.38 0.83 0.35 0.92

2006 1.18 0.93 0.46 0.23 4.08 0.45 1.22

k ≤ 0.50 very dry, 0.50 ≤ k ≤ 0.69 dry, 0.70 ≤ k ≤ 0.99 slightly dry, k ≥ 1 not dry; according to Baca et al. (1980)

Table 2. Weight of tubers infected by fungal and bacterial diseases (t/ha) depending to the study year, potato cultivar, and harvest date

Years
Cultivars

Mean
Sante Romula Żagiel

2004 0.190 0.303 0.115 0.203

2005 0.009 0.049 0.087 0.048

2006 0.034 0.017 0.016 0.022

Mean 0.078 0.123 0.073 0.091

HSD (0.05) for: years 0.040; cultivars 0.040; year × cultivar 0.069

Years
Harvest date (soil temperature)

Mean
I (16°C) II (12°C) III (8°C)

2004 0.130 0.241 0.238 0.203

2005 0.056 0.046 0.042 0.048

2006 0.017 0.010 0.039 0.022

Mean 0.068 0.099 0.106 0.091

HSD (0.05) for: year × harvest date 0.069
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Infection by fungal and bacterial pathogens depended 
on harvest date. In the first study year, the weight of in-
fected tubers was significantly lower at the first vs. the 
other two harvest dates. At the second and third harvest 
dates, the weight of infected tubers was similar (Table 2). 
The effect of the harvest date on the weight of the infect-
ed tubers was linear. When the harvest was delayed (soil 
temperature fell by 4°C), the weight of infected tubers in-
creased by 0.054 t/ha in 2004. In the remaining study years, 
no significant differences between the weights of the infected 
tubers were found for the harvest dates (Fig. 1). Rudkiewicz 
and Zakrzewska (1987) found a positive relationship be-
tween soil temperature and extent of infection of tubers 
by common scrub. Similar findings have been reported 
by Szutkowska (1998), who observed more extensive in-
fections of tubers as soil temperature increased. 

No significant differences were found for the weight 
of infected tubers cultivated in low ridges at each harvest 
date (Table 3). Infected tubers harvested from potatoes 
cultivated in ridges which were 20 cm high, weighed sig-
nificantly less at the first vs. third harvest date. Edible po-
tato plants grown in high ridges (24 cm) had significantly 
less infected tubers at the first vs. second harvest date. The 
weight of tubers infected by fungal and bacterial diseases 
harvested from standard ridges was linearly affected by 
temperature at harvest. As the temperature decreased by 
4°C (harvest date was delayed), the weight of infected tu-
bers increased by 0.042 t/ha. The effect of harvest date on 
the weight of infected tubers grown in high ridges was 
parabolic. A decrease in temperature from 16 to 12°C was 
followed by an increased in the weight of infected tubers. 
However, when temperature dropped further, the weight 
of infected tubers decreased. Potato cultivation in stan-
dard ridges and delaying of the harvest date resulted in 
an increase (by 0.042 t/ha) in the weight of tubers with 

infection symptoms. The maximum value calculated for 
high-ridge cultivation indicated that 11.3°C was the least 
favourable temperature of harvest as the weight of tubers 
infected by fungi and bacteria was the highest (Fig. 2).

The weight of tubers injured by soil pests depended 
on the growing season, cultivar, and ridge height. What is 
more, a study year x cultivar interaction and a study year x 
ridge height interaction were found. A significantly lower 
weight of tubers injured by soil pathogens was obtained in 
2005 and 2006 vs. 2004 (Table 4); the shares of these tubers 
were 0.87 and 0.26% total yield in 2005 and 2006, respec-
tively. According to Zarzyńska and Goliszewski (2012) as 
well as Ridgeer and Thorton (2008), dry years are con-
ducive to an occurrence of tuber injuries caused by soil 
pests, in particular owlet moth caterpillars, wireworms, 
and grubs.

A significantly lower weight of pathogen-injured tu-
bers was determined for Romula and Żagiel vs. Sante in 
2004 (Table 4), whereas in the remaining study years no 
significant differences between cultivars were found.

A lower weight of tubers injured by soil pathogens 
was determined for potatoes grown in standard vs. the 
remaining ridges, and in 2004 vs. the remaining study 
years. The relationship between ridge height and weight 
of pathogen-injured tubers was parabolic (Fig. 3). Also, 
the weight of such tubers decreased as ridge height in-
creased from 16 to 20 cm, and then weight increased 
when the height ridges increased to 24 cm. The regres-
sion function calculated for 2004 reached its minimum at 
20.5 cm. This means that edible potatoes would have the 
lowest weight of pest-injured tubers when cultivated in 
standard ridges and the theoretical weight of defected tu-
bers would be 0.325 t/ha.

Mechanical injuries influence potato tuber resistance 
to diseases during storage (Kuźniewicz and Czerko 1993).  

Fig. 1. Relationship between the weight of infected tubers, study year and harvest date (°C)

Table 3. Relationship of the weight of infected tubers (t/ha) with ridge height (cm) and harvest date (°C)

Ridge height
Harvest date (soil temperature)

Mean
I (16°C) II (12°C) III (8°C)

Low (16 cm) 0.111 0.069 0.094 0.091

Standard (20 cm) 0.050 0.093 0.134 0.092

High (24 cm) 0.043 0.136 0.091 0.090

HSD (0.05) for: ridge height × harvest date 0.069
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In the experiment discussed here, the share of mechani-
cally injured tubers was significantly affected by the 
study years and ridge height.

Injured tubers harvested in 2006 weighed significant-
ly less than in 2005 (Table 5). Production of edible potato 

in standard vs. low or high ridges yielded significantly less 
injured tubers. Potatoes grown in either low or high ridges 
had weights similar to the weights of injured tubers. In the 
three-year study period, the effect of ridge height on the trait 
discussed was parabolic (Fig. 4). When the ridge height was 

Fig. 2. Relationship between the weight of infected tubers, ridge height (cm) and harvest date (°C)

Fig. 3. Relationship of ridge height with weight of tubers injured by soil pests

Table 4. The weight of tubers destroyed by soil pathogens (t/ha) depending on study year, potato cultivar, and ridge height

Years
Cultivars

Mean
Sante Romula Żagiel

2004 0.697 0.248 0.439 0.461

2005 0.165 0.114 0.185 0.155

2006 0.057 0.035 0.158 0.083

Mean 0.306 0.132 0.261 0.233

HSD (0.05) for: study years 0.112; cultivars 0.112; study year × cultivar 0.193

Years
Ridges

Mean
low (16 cm) standard (20 cm) high (24 cm)

2004 0.580 0.326 0.478 0.461

2005 0.149 0.103 0.213 0.155

2006 0.109 0.054 0.086 0.083

Mean 0.279 0.161 0.259 0.233

HSD (0.05) for: ridge height 0.072; study year × ridge height 0.125
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increased from 16 to 20 cm, the weight of mechanically in-
jured tubers decreased. The regression function yielded the 
optimum ridge height of 19.9 cm; at this height, the mechani-
cally injured tubers would weigh the least (0.159 t/ha). In the 
study discussed here, tuber resistance to mechanical inju-
ries was not affected by the soil-temperature-dependent 
harvest date, which does not agree with findings report-
ed by Prośba-Białczyk (2002) who claimed that minimum 
soil temperature at tuber harvest should range from 12 
to 15°C because then the index of mechanical injuries is 
the lowest. In the study by Gruczek (1997), a 1°C increase 
in soil temperature measured at the depth of 10 cm was 
followed by a 3.5% decrease in the value of the index of 
mechanical injuries.
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