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Drought is one of the major abiotic stresses that frequently causes severe loss in crop yield worldwide. Laboratory predictors
of field drought tolerance could significantly increase the effectiveness of existing plant breeding programs. In earlier field
experiments, drought tolerance of 22 cultivated barley varieties has already been quantified. In order to develop laboratory
markers of drought sensitivity, field drought tolerance data were correlated with parameters obtained in laboratory tests.
Root and shoot length and weight were measured on control and PEG-treated (a simple laboratory drought model) seedlings.
Significant correlations were found among root growth, shoot weight in laboratory stress conditions and field drought
tolerance. Interestingly, a negative correlation was found between root length of the untreated seedlings and drought tolerance.
Laboratory Drought Tolerance Index (DTI) was introduced as the linear combination of those laboratory parameters which
were correlated with field drought tolerance. DTI showed good predictive value (= 0.57, p < 0.05) for drought tolerance in
field experiments and we suggest it for preselection of drought tolerant barley breeding lines and for the characterization of
drought tolerance in general.
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Malting barley is especially sensitive for drought
conditions (Samarah 2005) and the crop production
is already negatively impacted by the global warming
trends (Lobell & Field 2007). Therefore, development
of new drought tolerant barley varieties has high eco-
nomic importance. Discovery of new physiological
markers which are associated with drought tolerant
phenotypes would significantly accelerate the usually
slow breeding process (Stuber et al. 1999).

In the field, there are negative consequences
of drought on the physiological development and
growth of plants; the most important among them is
a decrease in crop yield (Anjum et al. 2011; Chaves
et al. 2003). In the laboratory it is not practical to
wait until the full development of the plants, thus,
other measures than crop yield should be used for
the characterization of drought sensitivity. Several
drought tests have been developed for different
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applications and for different growth stage of the
plants. Dehydrating polyethylene glycol (PEG)
treatment is frequently used to model drought con-
ditions in seedlings (Pei et al. 2010; Hamayun et al.
2010). Several physiological parameters have al-
ready been indicated to be associated with drought
tolerance in the field and also in the laboratory
(Ashraf 2010; Fleury et al. 2010). The inhibition of
the growth of the roots and stems (Frensch 1997;
Munns 2002), a decrease in the number of shoots
(Cone et al. 1995) and a reduction in the assimilat-
ing leaf area (Passioura 1988) could be observed
even after moderate water deficit resulting in a sig-
nificant yield loss.

Hunt for new physiological markers should be in
the focus of the plant breeders, because it can accel-
erate the selection and characterization of the breed-
ing stocks. In this study we used common barley
varieties cultivated in Hungary and the neighboring
countries with known field drought tolerance, we se-
lected a simple and fast dehydration model on seed-
lings (PEG treatment), a low number of physiolog-
ical parameters and created an effective laboratory
predictor for drought tolerance in the field.

For the laboratory evaluation of the effects
of drought on the physiological parameters of 9

Hungarian and 13 further European barley (Hordeum
vulgare L.) varieties, 30-30 grains were germinated
between wet filter papers at 22°C for 2 days, then
placed on germination racks in liquid culture me-
dium (25% Hoogland) under natural lighting con-
ditions. Eight-day-old seedlings were kept in 20%
PEG6000 solution for 48 hours (drought stress) then
root and shoot length and weight were measured
in 10—-10 seedlings in 4 replicates and compared to
non-treated seedlings kept in liquid culture medium
without PEG.

Pearson’s correlation analysis and multiple lin-
ear regression were used for statistical analysis with
the help of the Past statistical software (Hammer et
al. 2001).

Dehydrating PEG treatment, applied between
the 8" and the 10" days of culture, resulted in de-
crease all of the growth parameters compared to
the controls. The average retardation of the leaf and
root length, and also the root weight, was relatively
small but significant (at p < 0.05 level) (root length:
—8%, control = 8.43+0.19, PEG = 7.71+£0.14 cm;
leaf length: —11.4%, control = 17.71+0.13, PEG
= 15.69+0.11 cm; root weight: —10.4%, control =
0.77+0.05, PEG = 0.6940,04 g fresh weight/10 piec-
es (pcs)), whereas the average weight of the stressed

Table 1

Drought tolerance of European barley varieties in the field

Breed Field drou[%/l:]t tolerance Breed Field drou[%/tl]t tolerance
Mandolina 254 Explorer -1.9
GK Habzo 18.8 Tatum -29

Marthe 17.4 Tocada -7.9
GKS 9413 14.5 Bojos -8.1
KH Andrea 12.2 Quench -9.1

GKS 903 7.6 KH Lédi —-14.1
GKS 902 5.2 Grace -14.7
Chill 3.6 KH Szinva -15.8
Pasadena 33 KH Lilla —-18.7
Xanadu 2.3 Mauritia -20.0
Scarlett 2.3 - -
GKS 901 0.8 - -

Legend: Drought tolerance was measured according to the bioassay method developed by Cooper and Fox (1996) for the
detection of environmental stress. Small-plot field experiments were performed in 9 different environments in Hungary. Field
drought tolerance was quantified as crop yield differences between the more arid Eastern and the more humid Western crop
growing regions (divided by average and expressed as percentage) (Tomcsanyi 2012).
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plant leaves decreased in a higher extent (—27.8%,
control = 1.69+£0.06, PEG = 1.22 g/10pcs, p < 0.01).

Field drought tolerance of the barley varieties,
based on earlier studies are shown in Table 1, and
were used in the evaluation of our laboratory ex-
periments. The predictive value of the parameters
measured in the laboratory stress test for drought
tolerance was estimated by calculating their correla-
tion with the drought tolerance parameter obtained
in field experiments. In the correlation table not only
the absolute values of the parameters in the control
and PEG treated groups, but their changes due to the
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treatment in absolute and also in percentage values
were included. Only those parameters were consid-
ered further where significant (p < 0.05) correlation
were found.

Retardation in root length caused by PEG treat-
ment correlated well with drought tolerance in the
field experiments (Figure 1). Interestingly, root
length not only in the stressed but also in the un-
treated group showed a significant (negative) cor-
relation with drought tolerance (control: » = —0.44,
p < 0.05; PEG: r =-0.50, p < 0.05), which means
that initial rapid root growth (rooting vigor) could

-10

0

10

Drought Tolerance [%]
Figure 1. Effect of dehydrating stress treatment on root length (A) and correlation of root length with field drought tolerance (B)

RL — Root length; PEGRL — Root length after PEG treatment
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be a disadvantage in the long-term compared to the
slower growing breeds, because barley varieties
with shorter roots had better drought tolerance in
our experiments.

The initial intensive growth of leaf mass did
not seem to influence drought tolerance, but breeds
showing a smaller reduction in leaf mass upon de-
hydration treatment had higher drought tolerance
(r=-0.53, p <0.05, Figure 2).

The highest correlation coefficient between the
physiological parameters and field drought toler-
ance was about 0.53. To achieve a higher predictive

value we combined those parameters which showed
significant correlation with field drought tolerance
into one single parameter called Drought Tolerance
Index. The following parameters were used: Root
length after PEG treatment (Figure 1), Leaf weight
after PEG treatment (Figure 2). The parameters
were standardized using the following equation:

/s

mean) X

X’ = (XX

Multiple linear regression was performed with
field drought tolerance as the dependent and the
above parameters as the independent parameters.
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Figure 2. Effect of dehydrating stress treatment on leaf weight (A) and correlation of leaf weight with field drought tolerance (B)
LW — Leaf Weight; PEGLW — Leaf Weight after PEG treatment
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Drought Tolerance Index (DTI) was calculated
based on the obtained regression parameters (DTI
= -0.268 x PEGRL-0.362 x PEGLW). Significant
correlation (r = 0.57, p < 0.05) was obtained be-
tween DTI and field drought tolerance (Figure 3).
The drought tolerant and drought sensitive barley
varieties were clearly separated (Figure 3).

Drought tolerance of commercially available
barley varieties has already been published based
on small plot field experiments in arid and humid
environments (Tomcsanyi 2012). Earlier, we pub-
lished changes in photosynthetic activity of barley
varieties upon laboratory drought stress (Skribanek
et al. 2016). All three measured parameters, photo-
synthetic efficiency, yield and non-photochemical
quenching decreased significantly upon drought
conditions. In this series of experiments we studied
other growth-connected physiological and biochem-
ical parameters which could be used for the early,
laboratory prediction of drought tolerance.

Dehydrating PEG6000 treatment is a commonly
used method to simulate drought conditions in the
laboratory. The found negative correlation between
root length in the control and also in the PEG treated
group and field drought tolerance is surprising but
it is in good agreement with the results of Frensch

(1997) and Munns (2002), they reported that growth
of roots and shoots are inhibited upon dehydration.
In contrast, Schachtman and Goodger (2008) ob-
tained contradictory data and hypothesized that one
of the drought adaptation strategy of plants is the de-
velopment of deep-penetrating thick root system for
the compensation of shortage of water. One possible
explanation for the conflicting data could be the dif-
ferent extent and timing of drought stress (i.e. short
strong versus long mild water deprivation). In our
experiments leaf weight in the PEG treated group
showed the highest (although negative) correlation
with field drought tolerance. None of one single
physiological parameter had a sufficiently good pre-
dictive value for field drought tolerance, therefore
we developed a combined Drought Tolerance Index
(DTI) which included those parameters (root length
and leaf weight after PEG treatment) which showed
significant correlation with field drought tolerance
and were relatively independent from each other.
This combined parameter had a higher predictive
value for field drought tolerance than any of the
single parameters and seemed to be a satisfactory
predictor for the selection of more drought tolerant
barley varieties. The drought sensitive and tolerant
barley varieties separated clearly on the basis of
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Figure 3. Predictive value of the Drought Tolerance Index (DTI) for field drought tolerance. DTI showed a good correlation

with field experiments
A — Drought sensitive; B — Drought tolerant breeds
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this parameter. Drought tolerance index can be used
for the preselection of breeding lines; for exam-
ple, seedlings requiring extremely water intensive
growth conditions can be eliminated early, thus re-
ducing expenses and saving time. Moreover, this pa-
rameter can also be used for the characterization of
drought tolerance and environmental requirements
of already cultivated barley varieties.
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