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ABSTRACT  Drought is one of the most important abiotic stress factors and depending on the
season it can seriously limit wheat production. Breeding for drought tolerance is becoming a
more and more important challenge in case of crop plants, notably in wheat. The breeding proc
ess includes the characterization of the basic breeding materials in aspect of performance under
well-watered and drought stressed conditions. In our experiments we set up a complex stress
diagnostic system in the greenhouse of the Cereal Research Non-profit Company where we could
analyze the responses of different winter and spring wheat cultivars to drought. Wheat plants
were grown under ideal water regime (watering to 60% of the 100% soil water capacity) and
under drought stress conditions (watering to 20% of the 100% soil water capacity). The effect
of water withholding on plant growing was tracked by a digital imaging system on the basis of
number of plant pixels. After harvesting, plant heights, spike lengths, grain numbers and total
grain weights were measured and values of well-watered and stressed plants were compared.
Here the measured parameters of two drought tolerant (Sardari, GK 11-05) and two drought
sensitive (Kartner Fruh, Jing 411) wheat genotypes are presented to prove the competence of
our system in characterizing drought tolerance of wheat plants.
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Drought is one of the most important abiotic stress factors.
Depending on the season drought can limit crop production
seriously. Plant responses to drought stress are complex
mechanisms which include molecular changes and extend to
the whole plant metabolism influencing the morphology and
phenology of plants (Blum 1996; Chaves et al. 2003; Condon
et al. 2004; Molnar et al. 2004).

Breeding for drought tolerance is becoming a more and
more important challenge in case of crop plants, notably in
wheat. The breeding process includes the characterization
of the basic breeding materials in the aspect of performance
under well-watered and drought stressed conditions. In recent
years there have been many approaches to select wheat geno-
types which are resistant to drought, for example by improv-
ing water use efficiency (Blum 2005; Chaerle et al. 2005; Hu
et al. 2006), using drought resistance indices (Mardeh et al.
2006) or simulating drought conditions in greenhouse experi-
ments (Géspar et al. 2005; Hoffmann and Burucs 2005).

It is clear that an extensive approach is needed to test
such a complex trait as drought tolerance. Therefore, in our
experiments a complex stress diagnostic system was set up in
the greenhouse of the Cereal Research Non-profit Company
where we could analyze the responses of different winter
and spring wheat cultivars to drought. In this way tolerant
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genotypes could be selected. Different genotypes were tested
in our system but here the results of two drought tolerant
and two drought sensitive cultivars from different origin are
presented.

Materials and Methods

Tolerant genotypes were Sardari (from Iran) and GK 11-05
(CRCo. genotype), the two sensitive genotypes were Kértner
Friih (Austrian wheat cultivar) and Jing 411 (Chinese wheat
cultivar). Wheat seedlings were vernalised at 3°C for 6 weeks.
Plants were transferred into pots containing mixture of 50%
Terra peat soil and 50% Maros sandy soil, two in each pot.
Equal quantities of chemical fertilizer (Substral Osmocote
Plus) were put in each pot at the time of planting. After a
week, plants were thinned and one was left in each pot.

Of each genotype, four pots were exposed to drought
stress conditions and the four others were treated as controls.
Water capacity of soil was determined and pots were watered
twice a week, to 20% (stressed) and 60% (well-watered) of
100% soil water capacity, respectively. Watering was done
automatically by a plant mover system including a balance
in connection with a computer-mediated peristaltic pump.
As pots had a radiofrequency identifier, watering data could
be stored automatically by computer. Days to heading were
registered individually for each plant. The effect of water
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Figure 1. Days from planting to heading in the different treatments
(well-watered and stressed).

withholding on plant growing was tracked weekly by a dig-
ital imaging system on the basis of number of plant pixels
(Olympus Camedia C-7070 digital camera).

Plants were harvested after ripening. Plant heights (mea-
sured from ground to the last node) and spike lengths (without
awn) were measured. Shoots were dried at 40°C for 4 days to
permanent water content. Shoot dry weight, number of grains
and total grain yield weight were measured.

Results

In our greenhouse diagnostic system the plants grown under
drought conditions were significantly differ in their morpho-

logical aspects and in their yield parameters from the well-
watered plants. Drought had serious effects on plant growing
(green and dry weights): stems were thinner and spikes were
smaller than those of their ideally watered parallels. Yield
depression was remarkable in case of all varieties, but depres-
sions were more significant in sensitive genotypes.

In case of days from planting to heading the sensitive Jing
411 and Kirtner Friih genotypes responded with earlier head-
ing to stress (Fig. 1). Earlier heading is a general response of
sensitive wheat plants to drought. In case of GK 11-05 and
Sardari there were no significant differences in the time of
heading in the two treatments.

Here the growing curves of the two winter wheat variet-
ies are presented (Fig. 2). On these figures the horizontal
axis represents the time while the vertical axis represents the
“green weight” of the plant calculated from the pixels gained
from digital imaging. As it is shown in Figure 2., the GK
11-05 have not reduce growing in response to stress until the
end of the growing period, while the sensitive Jing 411 was
stopped growing after heading and used up its so far collected
reserves to produce grain.

Figure 3. shows the genotypes in aspect of their agro-
botanical (plant height, spike length, dry weight) and yield
parameters (grain number, grain weight), where 100% rep-
resents the values of the well-watered plants. Since wheat
varieties from different origin differ in their morphological
and agronomical parameters, it is better to compare the pa-
rameters of the genotypes in relative values (percentages)
instead of absolute values. In the yield parameters of the
tolerant varieties there were less depression in response to
stress. The most significant differences between treatments
could be observed in the number of seeds. However in case
of plant height and spike length all varieties suffered only a
slight depression. There were differences in shoot dry weight,
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Figure 2. Growing curves of well-watered and stressed plants. Days of heading: GK 11-05 well-watered: 08.04.04, stressed: 08.04.03; Jing 411

well-watered: 08.03.30, stressed: 08.03.27.
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Figure 3. Changing in agrobotanical and yield parameters in response to drought stress. 100% represents the values of the well-watered

(control) plants.

too: the tolerant Sardari and GK 11-05 varieties suffered 45
and 55% depression respectively, while the sensitive Kértner
Friih and Jing 411 varieties suffered 60 and 67% depression,
respectively. Therefore the polygons representing the tolerant
and the sensitive genotypes differ in their areas.

Discussion

In our greenhouse stress diagnostic system we could analyze
the responses of different wheat genotypes by modeling
drought stress. Water withholding had serious effects in case
of all wheat genotypes on morphological and yield param-
eters. Sensitive genotypes responded with earlier heading and
therefore shortened life cycle to stress (Hoffmann and Burucs
2005). The varieties referred to as tolerant had no significant
differences in the time of heading. Hence, registering the
time of heading proved to be a useful tool to characterize
genotypes.

Tracking the growing rate of plants can serve as a use-
ful tool in testing the varieties for drought tolerance. Digital
imaging is a modern and non-invasive method in evaluat-
ing green weight of the plants on the basis of pixel number
without cutting and measuring them (Kacira and Ling 2001).
Furthermore, with this method the growing of the plants can
be followed week by week and a growing curve can be drawn
for each plant and (a cumulated growing curve) for each
genotype. Hence, the size of control and stressed plants can
be compared at any period of growing.

There were no significant differences between the geno-
types tested in the depression in plant height and stem length,
but shoot dry weight was more reduced in sensitive geno-
types than in tolerant ones. Therefore it can be assumed that
shoot dry weight measured after harvesting is also a relevant
parameter in characterizing wheat genotypes for drought
tolerance.
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Yield parameters are the most important agronomical
traits in selecting drought tolerant genotypes. The depres-
sion in grain number and total grain yield was significantly
smaller in tolerant genotypes. We would like to note that to
select a drought tolerant genotype with high yield, one have to
consider not only the yield stability but the high yield at good
producing conditions, too (Araus et al. 2002). In respect to
this, our results can be completed with this factor by using dif-
ferent stress indices (Mardeh et al. 2005). However, there have
not been any reports on using stress indices in greenhouse
experiments yet. Greenhouse experiments mean somehow
artificial conditions to field crops like wheat. Therefore are
results gained in greenhouse experiments are further evaluated
by comparing them to the results of our nursery tests.

Besides characterizing wheat genotypes in aspect of
drought tolerance our stress diagnostic system can also be
useful in testing other plant species (e.g.: rice, barley) for
different kinds of abiotic stresses, like heat, frost and for bi-
otic stresses, too. Mapping populations can also be screened
effectively in our diagnostic system.

The system is currently under development, we are going
to broaden the range of measured parameters by installing
infrared thermal imaging and fluorescent imaging systems.
These modern non-invasive methods could complete our diag-
nostic system by giving a better physiological characterization
of plants (Chaerle and Van Der Straeten 2001).
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