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Abstract
Potato plants are often exposed to soil drought, which results in crop losses, because potato root system is shallow. The aim of our
study was to examine the relationship between root system architecture and drought tolerance. We measured rooting depth, total
length, surface area, average diameter, and dry weight of the root system every 20 cm of soil depth. We examined four potato
cultivars, two that were more tolerant to drought (Gwiazda and Tajfun), and two that were more sensitive (Oberon and Cekin).
Our results showed different responses by the tested cultivars to drought. The root dry mass decreased in response to drought and
this decrease was smaller in the more drought-tolerant cultivars. In response to drought, the more drought-tolerant cultivars
developed elongated roots, but the roots of the less-tolerant cultivars remained the same length. The decrease in root diameter was
also smaller in the more drought-tolerant cultivars.

Resumen
Las plantas de papa a menudo están expuestas a sequía, lo que resulta en pérdidas del cultivo, porque el sistema radical de la papa
es superficial. La meta de nuestro estudio fue examinar la relación entre la arquitectura del sistema radical y la tolerancia a la
sequía. Medimos la profundidad de la raíz, la longitud total, el área de la superficie, el promedio del diámetro y el peso seco del
sistema radical a cada 20 cm de profundidad del suelo. Examinamos cuatro variedades de papa, dos que fueranmas tolerantes a la
sequía (Gwiazda y Tajfun), y dos que fueranmas sensibles (Oberon y Cekin). Nuestros resultadosmostraron diferentes respuestas
de las variedades probadas a la sequía. Lamateria seca de la raíz disminuyó en respuesta a la sequía, y esta disminución fue menor
en las variedades mas tolerantes. En respuesta a la sequía, las variedades mas tolerantes desarrollaron raíces alargadas, pero las
raíces de las menos tolerantes permanecieron de la misma longitud. La disminución en el diámetro de la raíz también fue menor
en las variedades mas tolerantes a la sequía.
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Introduction

Under global climate change, drought tolerance will likely
become increasingly important for producing stable yields
in all crops (Comas et al. 2013; Hijmans 2003). The root
system plays a major role in drought tolerance, but roots
are studied less than above-ground plant parts, due to
difficulty of observing them (Dathe et al. 2014, Lynch

1995). Drought can cause substantial yield losses
(Sołtys-Kalina et al. 2016), particularly for crops with
sha l low root sys tems such as pota to (Solanum
tuberosum). The potato root system is shallow, with weak
soil penetration (Joshi et al. 2016, Stalhman et al. 2007),
and is considered inefficient compared to those of other
crops. However, potato roots can reach depths of about
100 cm and total root lengths throughout the soil profile
of about 10–20 km, yet much of potato root system is
concentrated up to 30 cm in soil depth. However, many
studies have found large differences in the size of the root
system between cultivars and in response to different en-
vironmental factors (Głuska 2004; Iwama 2008; Joshi
et al. 2016; Rykaczewska 2015; Zarzyńska et al. 2017).
Under the same environmental conditions and with simi-
lar agronomic factors, the differences in the root system
mainly involve the maturity of the plants. Cultivars with
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long-lived vegetation continue to grow roots longer, gen-
erally reaching greater weight and deeper rooting than the
earlier varieties (Kashiwagi et al. 2000).

Differences in root mass also exist amongst genotypes of
the same maturity class (Opena and Porter 1999,
Rykaczewska 2015, Rykaczewska et al. 2018, Stalhman and
Allen 2001, Zarzyńska et al. 2017). Breeding new cultivars
with improved root characteristics that can absorb water from
deeper in the soil and under conditions of lower soil water
potential will increase the usage of soil water (stored or irri-
gated), and thus contribute to more efficient utilization of wa-
ter for potato production. Much research has attempted to find
a correlation between the size of the root system, tolerance to
water shortage, and tuber yield (Comas et al. 2013, Iwama
et al. 1999; Khan et al. 2016, Lahlou and Ledent 2005,
Villordon et al. 2014); however, the correlations were not
always positive. In the current study, we evaluated the changes
in root system size and architecture in response to soil drought
in multiple potato cultivars that are known to differ in their
reactions to drought.

Materials and Methods

Plant Material and Climatic Conditions

The study was carried out on four potato cultivars during two
vegetation seasons between 2015 and 2016 in the Potato
Agronomy Department at the Plant Breeding and
Acclimatization Institute-National Research Institute. The
Gwiazda and Oberon cultivars were provided by the
Zamarte Breeding Station, and the Tajfun and Cekin cultivars
were provided by the Pomeranian-Mazurian Breeding Station.
Gwiazda is an early genotype and Oberon, Tajfun, and Cekin
are middle-early genotypes. Potato cultivars were selected
based on their levels of drought tolerance based on mainte-
nance of yield shown in field trials (Nowacki 2012) and pot
experiments (Boguszewska-Mańkowska et al. 2018,
Pieczynski et al. 2018). These experiments showed that
Gwiazda and Tajfun are drought tolerant, since they maintain
high yields during soil drought, whereas Oberon and Cekin
are drought susceptible cultivars.

Pot Experiment (Experiment I)

The pot experiment was conducted in a vegetation hall from
2015 to 2016 on four potato cultivars (Gwaizda Oberon,
Cekin and Tajfun). Plants were grown in 14-L pots filled with
a thin layer of gravel in the bottom and 12 L of the universal
vegetable soil substrate ‘Hollas’ produced from peat with the
addition of chalk at a pH range of 5.5–6.5. For improved soil
aeration, a gum pipe was installed in each pot. Six pots were
placed on mobile platforms (1.85 × 0.80 m) outdoors in an

open space (4 plants per m2) and were rearranged daily to
avoid border effects. In the case of rain, the mobile platforms
were sheltered under a glass roof to keep the soil and plants
dry. During the growing season, plants were fertilized once
with (MIS-3) Intermag with a dose of 10 g per plant. Pest and
disease control was carried out 3 times against Colorado bee-
tles and 4 times against Phytophthora infestans. To obtain
optimal water condition, that is 70% of water capacity, plants
were watered daily by drip irrigation. The water field capacity
was measured by soil moisture tester (PAT.P. Nieuwkoop B.V.
Aalsmer Holland). Two weeks after the initiation of the
tuberisation drought stress condition was applied: drought
stress without any irrigation for two weeks and the control
with optimal irrigation (70% of water capacity). Six pots of
plants were used for each treatment (control condition and
drought condition) in each growing seasons (n = 12). After
the dry period, the plants were watered, and the optimal water
supply (70% of water capacity) was reinstated until the end of
the experiment. After the end of the growing season, tuber
yield (kg) was measured.

Root Experiment (Experiment II)

The study was conducted in 2015–2016 in specially construct-
ed cylindrical pots with open bottoms (Fig. 1) on four potato
cultivars (Gwaizda Oberon, Cekin and Tajfun). Pots were
made from sheets of galvanized steel with a thickness of
0.8 mm and were 1 m tall and 40 cm wide to allow for proper
development of the above-ground and below-ground parts of
the plants. The pots could be opened along the seam of the
cylinder, allowing extraction of the entire root system without
damage (Głuska 1996, with modifications).

Pots were filled with a light, loamy soil brought in from
a field where potatoes were grown and mixed with sand in
a 1:1 ratio. A metal net with a mesh size of approx. 0.5 cm
was placed every 20 cm, dividing the pot into 5 horizontal
layers, each 20-cm thick. Seed potato tubers were placed
approximately 5 cm below the surface of the soil. The
mesh discs do not impede the growth of roots, and allowed
the roots from growing plants to pass into the soil profile.
During the growing season, plants were fertilized twice
with Yara Mila Viking NPK 14–14-21 with a dose of N =
2.1, P = 1.0, K = 2.4, and Mg = 0.4 g per plant. Pest and
disease control was carried out 3 times against Colorado
beetles and 4 times against Phytophthora infestans.

To obtain optimal water condition, that is 70% of water
capacity, plants were watered daily by drip irrigation. Two
weeks after the initiation of the tuberisation drought stress
condition was applied: drought stress without any irrigation
for two weeks and the control with optimal irrigation (70% of
water capacity). Three pots of plants were used for each treat-
ment (control condition and drought condition) in each grow-
ing seasons (n = 6). After the dry period finished that is in full
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vegetation (blooming) selected root system parameters were
measured. It is when potato plants display the largest differ-
ences in the size of their root systems (Iwama 2008).

Root Sampling and Measurements (Experiment II)

The root system was removed from the pots by opening
the cylinders. The roots were cut across the net separating
the individual layers and then washed away with a strong
stream of water to produce five root sections from each
plant for measurements.

For all cultivars (Gwiazda, Oberon, Tajfun, and Cekin) the
total dry weight of the root system (g) and dry weight of roots
in the individual layers (g) were also assessed. With this, the
ratio of shoot to root dry mass (g), and the proportion of roots
in total plant biomass (%) was calculated. Total plant biomass
includes the whole plant (shoots and roots dry mass). Roots
and shoots were dried in two stages: 24 h drying at 75 °C and
then at 105 °C until they reached a constant weight.

For the Gwiazda and Oberon cultivars, extra measure-
ments were made: rooting depth (cm), total root length (m),
root surface area (m2), root average diameter (mm), root
length in the individual layers (m), root surface area in the
individual layers (m2), and root diameter in the individual
layers (mm). The length, diameter, and surface area of the
roots were measured using an Epson Expression scanner
10000XL (Seiko Epson Corp., Japan) and the WinRhizo
software (Regent Instruments, Canada).

Relative Water Content

First and second mature and fully expanded leaves next to
terminal leaflet from the third level of compound leaf counting
from the top of the plant, comparable in size, were sampled to
assess relative water content (RWC). Leaves were cut from the
plant, weighed immediately (fresh weight, FW), floated in
dark for 24 h to achieve turgidity (saturated weight, SW), then
oven-dried (105 °C) for 24 h and weighed again (dry weight,

DW). RWC of leaves was calculated according to the formula:
[(fresh weight − dry weight)/(saturated weight − dry
weight)] × 100% (Boguszewska et al. 2010).

Statistical analyses of the results were performed with an
analysis of variance using Statistica software (StatSoft,
Poland). The significance of the sources of variation was test-
ed with a Fisher-Snedecor test, and the significance of differ-
ences was assessed by Tukey’s test.

Results

Water Availability Had a Significant Effect on Plant
Parameters

An analysis of variance showed different responses by the
tested cultivars to drought, as pointed by variations in multiple
biometric characteristics of plant growth. Different water
availabilities significantly affected all parameters too. The lay-
er of soil that was sampled had a significant influence on all
tested parameters. Years of the experiments significantly in-
fluenced only tuber yield. Significant interactions between
cultivar and treatment (control and drought conditions) were
observed for yield, RWC, shoot and root dry mass (Table 1).

Tuber Yield in Relation to Water Availability

The tuber yield depended on cultivar and treatment, and a
significant interaction between cultivar and treatment was
shown (Table 1). The average yield in the control treat-
ment amounted to 1347 g per plant while plants from
drought conditions had yields of 994 g per plant. All
investigated cultivars displayed significant decrease of tu-
ber yield under drought stress. The highest yield in the
drought treatment (averaged over two growing seasons)
was observed in Gwiazda (1248 g) and Tajfun (1075 g)
cultivars, and the lowest was observed in Cekin (788 g)

Fig. 1 Cylindrical pots used for
root experiments (left) and potato
plants growing under drought
conditions in the specially
constructed shelter (right)
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and Oberon (866 g) cultivars. (Fig. 2). In the year 2016
the average yield was significantly higher than in 2015.

The Changes of Shoot Mass in Response to Drought

In control conditions the water content (RWC) in leaves of
investigated potato cultivars was similar. In cultivars which
were stressed by withholding water for 21 days RWC dimin-
ished considerably to the level of about 41–55%. The lowest
decrease was observed in cultivars Tajfun and Gwiazda and
the highest in Oberon and Cekin (Fig. 3).

The cultivar significantly affected shoot dry mass. All in-
vestigated cultivars displayed a significant decrease in shoot
dry mass in response to soil drought (Table 2).

The Dry Mass of Root System Decreased in Response
to Drought

Both the cultivar and water availability significantly af-
fected root dry mass. Root dry mass was also affected by

the combination of these factors (Table 1). Among the
four cultivars, Gwiazda had the lowest root mass and
Tajfun had the highest. All tested cultivars displayed a
decrease in dry root mass in response to drought treat-
ment. Significant decrease in root dry mass was observed
in drought susceptible cultivars to soil drought (Oberon
and Cekin) (Table 2).

The ratio of shoot to root dry mass significantly dif-
fered between soil moisture conditions (Table 1). Under
drought stress, this average ratio was lower (3.44) than in
control conditions (4.57). In control conditions Gwiazda
cultivar had significantly higher shoot to root ratio than
rest of cultivars. Under drought conditions shoot to root
dry mass was significant lower in all cultivars except from
drought tolerant cultivar Tajfun (Table 2).

The opposite relationship was observed between the pro-
portion of roots in total plant biomass. The lowest share of
roots in total plant biomass had cultivar Gwiazda (16.5%) and
the highest Tajfun (19.5%) cultivar. Under drought stress this
parameter significantly increased in all tested cultivars. The

Table 1 Significance (p value) of changes in tested parameters in response to drought

Tested parameter Cultivar Treatment
(control, drought)

Soil Profile Layer Cultivar x
Treatment

Year

^Yield (g) < 0.0001 < 0.0001 – < 0.0001 0.0032
^RWC (%) < 0.0001 < 0.0001 – < 0.0001 n.s
^Shoot dry mass (g) 0.017 < 0.0001 – 0.04 n.s
^Root dry mass (g) < 0.0001 0.018 < 0.0001 0.05 n.s
^Ratio: shoot/ root dry mass 0.026 0.013 – n.s n.s
^Proportion of roots in total plant biomass (%) 0.05 0.019 – n.s n.s
○Root length (m) 0.005 0.025 0.008 n.s n.s
○Root surface (m2) 0.004 < 0.0001 0.004 n.s n.s
○Root diameter (mm) 0.019 0.031 0.002 n.s n.s

^ - data concerned all cultivars (Gwiazda, Oberon, Tajfun, Cekin), ○ - data concerned two cultivars (Gwiazda and Oberon); −, not tested
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highest share of roots in total biomass had susceptible culti-
vars Oberon (23.5%) and Cekin (23.9%) (Table 2).

We also observed differences in the root dry mass
among the various soil profile layers. In both the control
and drought stress conditions, root mass was largest in the
first soil layer (0–20 cm), and gradually decreased with
each successive soil layer. The root dry matter decreased
in response to drought in each individual soil layer, yet
the highest decrease was observed in the deepest soil layer
(80–100 cm) (Table 3).

Changes in Length, Area, and Diameter of Roots
in Response to Drought Stress

Additional measurements were made for the two cultivars
Gwiazda and Oberon: total root length, root length in each
soil layer, total area of the root system, surface area of the
roots in each soil layer, average diameter of roots, and diam-
eter of the roots in each individual soil layer. The cultivars
differed significantly in all tested parameters (Table 1). The
Gwiazda cultivar had a shorter root system than the Oberon
cultivar, and each cultivar reacted to drought differently.

Under drought stress, the Gwiazda cultivar reacted by increas-
ing the length of its roots, whereas the Oberon cultivar main-
tained the same root length even under drought stress
(Fig. 4a). Root surface area in the drought-resistant cultivar
Gwiazda was not affected by drought conditions; however,
this parameter decreased significantly in response to drought
in the drought-susceptible cultivar, Oberon (Fig. 4b). Under
drought conditions, both cultivars displayed a statistically sig-
nificant decrease in average root diameter, but in the drought-
susceptible cultivar Oberon, the decrease was twice as large as
in the drought-tolerant cultivar Gwiazda (Fig. 4c).

Changes in Root Parameters among Soil Layers

The root length was highest in the second and third soil
layers (40–60 cm) and then decreased in each subsequent
deeper soil layer in both the control and drought condi-
tions. This decrease in root length was smaller in the
Gwiazda cultivar than in the Oberon cultivar (Fig. 5).
The decrease in root diameter was more dramatic in the
Oberon cultivar than in the Gwiazda cultivar (Fig. 5).

Table 2 The effect of water
availability on some shoot and
root parameters

Cultivar Treatment Shoot dry mass (g) Root dry mass (g) Shoot to root
dry mass

Share of roots (%) in
total plant biomass

Gwiazda control 29.4 ± 1.37 bc 5.80 ± 0.48 d 5.06 ± 0.35 a 16.5 ± 0.93 d

drought 21.5 ± 0.90 e 5.42 ± 0.10 d 3.93 ± 0.28 cd 20.1 ± 1.20 bc

Oberon control 32.7 ± 1.18 bc 6.80 ± 0.15 bc 4.80 ± 0.19 b 17.2 ± 0.67 cd

drought 17.4 ± 0.84 d 5.36 ± 0.10 d 3.25 ± 0.23 de 23.5 ± 1.32 a

Tajfun control 34.8 ± 2.60 a 8.48 ± 0.68 a 4.10 ± 0.61 bc 19.5 ± 2.20 bc

drought 26.1 ± 3.75 c 7.57 ± 0.18 ab 3.44 ± 0.57 cd 22.4 ± 2.81 ab

Cekin control 33.2 ± 2.80 ab 7.68 ± 0.36 ab 4.32 ± 0.42 b 18.7 ± 1.57 cd

drought 20.0 ± 1.99 de 6.31 ± 0.20 cd 3.17 ± 0.24 e 23.9 ± 1.42 a

Each value represent the average ± SD of six replications determination from experiments carried out during two
growing seasons. One pot means one replication. Values within a column followed by the same letters are not
significantly according Tukey’s HSD test
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Discussion

Observation of root systems under field conditions is tedious
and requires a lot of time and labor which is often emphasized
in the literature (Smith et al. 1994; Tracy et al. 2011;
Silberbush 2013; Khan et al. 2016). Due to the detail of mea-
surements, our research was carried out in controlled condi-
tions. Relationships obtained in pot experiments are most of-
ten confirmed under field conditions and can be a model for
finding general dependencies (Wishard et al. 2013).

Root length and root mass are the most commonly exam-
ined root characteristics in agronomic and physiological stud-
ies. Some studies on potatoes reported that tuber production is
related to root mass, rather than root length (Gregory et al.
1997, Lahlou and Ledent 2005). However, other studies show
that water uptake by the roots is related to root length, rather
than root mass (Blum 2005; MacKerron 2007). In this study,
we investigated the relationship between drought stress, and
root size and architecture, as well as above-ground plant mass.
Among four cultivars, Gwiazda and Tajfun are recognized as
more tolerant to drought, while Cekin and Oberon are more
sensitive to drought. We found that all four cultivars reacted to
drought by decreasing their root masses, but this decrease was
more pronounced in the drought-sensitive cultivars. Similar
results have been previously reported: Gregory et al. (1997),
and Lahlou and Ledent (2005) both show a reduction in root
dry mass in response to drought. We also found changes in the
abundance of root dry matter in individual soil layers in re-
sponse to drought treatment. Interestingly, the highest differ-
ences in the abundance of root dry matter were observed in the
deepest soil layers (80–100 cm). Several studies have shown
that potato cultivars differ in the size of the entire root system,
and in distribution of the roots among the soil profile
(Leszczynski and Tanner 1976; Opena and Porter 1999;
Parker et al. 1989; Stalhman and Allen 2001; Vos and
Groenwold 1986; Zarzyńska et al. 2017). Across all four cul-
tivars and conditions (soil drought or optimal water), we ob-
served an average root dry mass of 5.99 g per plant. Opena

and Porter (1999) observed root dry mass of 4.77 and 5.38 g
per plant at 63 and 77 days after planting, respectively. Sharifi
et al. (2005) obtained maximum root dry mass of 18.5 and
22.0 g per plant at 76 days after planting.

Many studies found a positive relationship between the size
of the root system and the amount of above-ground biomass
(Gregory et al. 1997; Blum 2005; Iwama 2008; Puértolas et al.
2014, Rykaczewska 2015, Rykaczewska et al. 2018). In our
experiment only cultivar Gwiazda had similar relationship.

The tested cultivars reacted in the decrease of shoot mass
under the drought. It should be noted that the cultivars reacted
with high decrease of the above-ground part also had high
decrease in root mass. This observation can be an indicator of
the response of cultivars on root system changes to water scar-
city. This requires however confirmation in further studies.

In our previous work (Zarzyńska et al. 2017) we mainly
evaluated cultivar differences in the size of the root system and
we tried to find dependence between its size and drought
tolerance. In our current research, we focused on the changes
of the above and under-ground part of plant under soil drought
conditions. Our research showed that the higher variation con-
cerned the above-ground parts of plants rather than roots. The
decrease in shoot mass under the drought amounted to 34.4%
and the root mass decreased only by 14.3%. As a result of
such changes the ratio of shoot mass to root mass was higher
in control conditions than in drought. The reverse situation
was related to the share of roots in the total plant biomass.
Such dependence was confirmed by work of Dathe et al.
(2014) which showed that the root-to-shoot ratio increases
as irrigation decreases. In drought conditions, the ratio of
above-ground dry mass to root dry mass decreased in all
cultivars that we tested.

Despite the fact that all cultivars reacted with a decrease in
the shoot to root index and the increase in the share of roots in
the total plant biomass, in each case, smaller changes con-
cerned more resistant cultivars.

Significant attempts have been made to identify a correla-
tion between the size of a root system and the size of the crop,

Table 3 Dry root matter (g) under optimal water availability and under two-week soil drought in individual soil profile layers

Cultivar Treatment/soil depth (cm) 0–20 20–40 40–60 60–80 80–100

Gwiazda control 1.72 ± 0.20 ef 1.39 ± 0.10 c 1.35 ± 0.05 bc 1.17 ± 0.07 a 0.17 ± 0.05 e

drought 1.56 ± 0.10 f 1.33 ± 0.05 c 1.30 ± 0.08 cd 1.11 ± 0.1 ab 0.13 ± 0.03 de

Oberon control 1.95 ± 0.05 d 1.86 ± 0.16 a 1.53 ± 0.03 ab 1.14 ± 0.05 a 0.31 ± 0.04 d

drought 1.59 ± 0.09 f 1.50 ± 0.05 bc 1.11 ± 0.05 d 0.91 ± 0.05 bc 0.26 ± 0.06 de

Tajfun control 3.55 ± 0.15 a 1.66 ± 0.10 ab 1.29 ± 0.09 cd 1.21 ± 0.10 a 0.77 ± 0.07 a

drought 3.09 ± 0.10 b 1.53 ± 0.13 bc 1.20 ± 0.05 cd 1.15 ± 0.05 a 0.60 ± 0.05 bc

Cekin control 2.59 ± 0.09 c 1.75 ± 0.05 ab 1.57 ± 0.07 a 1.12 ± 0.10 ab 0.65 ± 0.05 ab

drought 2.15 ± 0.08 d 1.50 ± 0.05 bc 1.33 ± 0.13 bc 0.87 ± 0.07 c 0.46 ± 0.06 c

Each value represent the average ± SD of three replications determination from experiments carried out during two growing seasons. One pot means one
replication. Values within a column followed by the same letters are not significantly according Tukey’s HSD test
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however, a simple relationship remains elusive. Ahmadi et al.
(2017) and Iwama (2008) show that the root mass is generally
positively correlated with tuber yield. Lahlou and Ledent
(2005) found that fresh tuber yield is significantly correlated
with root dry mass in field conditions. However, we were
unable to confirm such a simple relationship.

The main purpose of this study was to assess the im-
pact of water shortages on root systems in various potato
cultivars. We found that both drought-tolerant cultivars,
Gwiazda and Tajfun, displayed a smaller decrease in
root mass under drought conditions than the drought

sensitive cultivars, Cekin and Oberon. Some authors
identified simple relationships between root size and
drought resistance. Rykaczewska (2015) found that the
drought-tolerant Tetyda cultivar has the largest root sys-
tem mass of the 17 tested cultivars under aeroponic con-
ditions. Also, Lahlou and Ledent (2005) showed that the
drought tolerance index is significantly associated with
root depth, but only when the plant is under stress, and
Zarzyńska et al. (2017) showed a similar relationship.

On the basis of current research, however, it can not be
unambiguously confirmed. Variety, which deviates from
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this principle is Gwiazda which has a small root system
but belongs to resistant cultivars. This cultivar used dif-
ferent strategies, concerning physiological traits, to cope
with soil drought condition comparing to drought resis-
tance Tajfun cultivar (Boguszewska-Mańkowska et al.
2018). It should be noted, however, that the changes of
shoot as well as roots mass under the drought were lower
in both drought resistance cultivars.

In this study, we also observed an interesting relationship
between the length and surface area of roots. The drought-
sensitive Oberon cultivar had longer roots than the drought-
tolerant Gwiazda. However, other research has found that in-
creased root production in potatoes is associated with im-
proved drought tolerance (Ahmadi et al. 2011, MacKerron
2007, Puértolas et al. 2014). Interestingly, the Gwiazda culti-
var reacted to the stress by elongating its roots, yet the Oberon
cultivar roots remained the same length.

The changes in root diameter of these cultivars in response
to drought was also different. Although both cultivars reacted
to drought stress by decreasing the diameter of their roots, this
decrease was more pronounced in the Oberon cultivar than in
the Gwiazda cultivar. This trend was also observed in individ-
ual soil layers. Wishart et al. (2014) demonstrated that root
parameters that are associated with drought tolerance in pota-
to, such as those identified in our study, can be used to select
genotypes with resilience to drought.

The reactions of root systems to drought stress are com-
plex. According to our results, the dry mass of potato roots
decreased in response to drought, and this decrease was small-
er inmore tolerant cultivars.More resistant cultivars reacted to
drought by elongating their roots, while the roots of less tol-
erant cultivars remained the same length, and decreases in root
diameter were smaller in the more drought resistant cultivar.

On the basis on our experiment we can also conclude
that the changes in plant morphology under drought stress
are lower in tolerant cultivars than in sensitive. We can
also say that smaller changes of above-ground mass
means smaller changes in root mass. These information
could be important for breeders.
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