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ABSTRACT

Present study is aimed to comparatively investigate the
response of two ploidy levels of wheat including a tetraploid
(Triticum turgidum L.) and a hexaploid (Triticum aestivum L.)
wheat to different durations of flooding stress. Wheat
seedlings were exposed to flooding stress for 0, 3, 6 and 9
days. Results showed that all flooding treatments significantly
decreased the shoot and root length, and chlorophyll content
of both species of wheat. The decrease in chlorophyll content
of tetraploid wheat was more than that of hexaploid one. In
both species, ADH activity of root was significantly increased
under flooding stress, where the increase was more in
hexaploid wheat. Flooding stress did not significantly affect
root and shoot water content, root porosity, and shoot protein
content of any wheat species. Tetraploid and hexaploid wheat
used different mechanisms for better tolerance of flooding
condition, where tetraploid wheat increased the proline
content but in hexaploid wheat, an increase in soluble sugar
content was observed.
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IZVLECEK

PRIMERJALNI RASTNI IN FIZIOLOSKI ODZIVI
TETRAPLOIDNE IN HEKSAPLOIDNE PSENICE NA
POPLAVNI STRES

V raziskavi je bil primerjalno preucevan odziv tetraploidne
(Triticum turgidum L.) in heksaploidne pSenice (Triticum
aestivum L.) na razli¢no trajanje poplavnega stresa. Sejanke
pSenice so bile izpostavljene poplavnemu stresu za 0, 3, 6 in 9
dni. Rezultati kazejo, da so vsa obravnavanja s poplavitvami
znacilno zmanjsala dolzino poganjkov in korenin ter vsebnost
klorofila pri obeh vrstah pSenice. ZmanjSanje klorofila je bilo
veéje pri tetraploidni kot pri heksaploidni pSenici. Pri obeh
vrstah se je v razmerah poplavnega stresa aktivnost alkohol
dehidrogenaze (ADH) v koreninah znacilno povecala, a bolj
pri heksaploidni vrsti. Poplavni stres ni znacilno vplival na
vsebnost vode v koreninah in poganjkih, niti na poroznost
korenin in vsebnost beljakovin pri obeh vrstah. Tetraploidna in
heksaploidna pSenica sta uporabili razlicne mehanizme
tolerance na poplavne razmere, tetraploidna s povedanjem
vsebnosti prolina, heksaploidna s povecanjem vsebnosti topnih
sladkorjev.

Kljuéne besede: poplavni stres; poliploidija; talna voda;
zalitje z vodo

1 INTRODUCTION

Waterlogging is defined as prolonged soil saturation
with water, at least 20 % higher than the field capacity
(Aggarwal et al., 2006). Anaerobic root respiration can
induce an accumulation of potentially toxic metabolites
such as ethanol, lactic acid, acetaldehyde and
cyanogenic compounds. For instance, the accumulation
of lactic acid can induce cytosolic acidosis, resulting in
the cell death (Kozlowski, 1997; Liao and Lin, 2001;
Jackson, 2002; Ashraf, 2012). Since gas diffuses about
4 times more slowly through water than through air, a

reduced supply of oxygen during waterlogging may
result in halting of growth and survival of many species
(Drew, 1997). This is because most tissues of higher
plants could not survive under anaerobic condition (Taiz
and Zeiger, 2010).

Plants respond to flooding stress by different
mechanisms. They have genetic differences in term of
the tolerance to waterlogging (Fausey et al., 1985;
Vantoai et al., 1988; Davies and Hillman, 1988). Short-
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term acclimation including biochemical mechanisms
may decrease the negative impacts of flooding
(Vartapetian and Jackson, 1997). However, some plants
such as wetland species are adapted to flooding due to
the specialized structures such as aerenchyma and
structural barriers to prevent O, diffusion outward to the
soil (Vartapetian and Jackson, 1997; Bacanamwo and
Purcell, 1999; Taiz and Zeiger, 2010). Acclimation to
the anaerobic conditions may involve the expression of
anaerobic stress genes, mainly the enzymes of the
glycolytic and fermentation pathways such as alcohol
dehydrogenase (Taiz and Zeiger, 2010).

Wheat is one the most important crops that was
domesticated approximately 10,000 years ago. Wheat is
a polyploid plant, originated by hybridization between
different species (allopolyploidy) (Dubcovsky and
Dvorak, 2007). Hexaploid wheat was formed by

hybridization of a domesticated form of allotetraploid
wheat (Triticum turgidum L.) and a diploid goat grass
Aegilops tauschii Coss. With an increase in ploidy level
of plants, their physiological performance and their
tolerance to biotic and abiotic stresses may be improved
(YYang et al., 2014). For instance, it has been reported
that hexaploid wheat has greater physiological and
ecological plasticity than its tetraploid and diploid
progenitors (Dubcovsky and Dvorak, 2007).

The results of present study may have great significance
for wheat farming in frequently waterlogged areas.
Beside, these results could be wused in further
agricultural studies on the response of plants to
anaerobic  condition. Present study aimed to
comparatively investigate the response of two ploidy
levels of wheat including a tetraploid and a hexaploid
wheat to different durations of flooding stress.

2 MATERIALS AND METHODS

2.1 Plant material and treatment conditions

Seeds of a tetraploid (Triticum turgidum ‘Oshnavie”)
and a hexaploid (Triticum aestivum ‘Sardari’) wheat
were obtained from the Agricultural Research Center of
Urmia, West Azarbayjan, Iran. Seeds were surface
sterilized with 5% (v/v) sodium hypochlorite solution
for 10 min (Mousavi Kouhi et al., 2014), rinsed with
tape water, and imbedded for 12 h. The seeds were
placed in Petri dishes containing moist filter paper and
were kept in a dark incubator for 72 h at 27 °C. Then, 8
seedlings were sown in each plastic pot (13 X 16 cm)
containing vermiculite. The seedlings were grown in a
growth chamber under controlled condition (26 + 2 and
24 + 2 C° in condition of 16 h of light and 8 h of dark,
respectively). Seedlings were independently flooded for
0, 3, 6 and 9 days. For this purpose, plastic pots were
water-filled up to 18 mm above the bed. Control plants
were normally irrigated with tap water according to the
field capacity (Jamei et al., 2008). At the end of each
treatment the roots and shoots of seedlings were
harvested separately and then the growth criteria and
biochemical and physiological changes of the roots and
shoots tissues were investigated.

2.2 Determination of root porosity and water
content of root and shoot

Root air space was measured by a pycnometer method
(Jensen et al., 1969). Water content of root and shoot
was determined as WC = FM - DM/ FM in which WC,
FM, and DM indicate water content, fresh mass, and dry
mass, respectively.
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2.3 Determination of chlorophyll

Chlorophyll a and b content were measured in the fresh
shoots after extraction with 80 % acetone, according to
the spectrophotometric method (Lichtenthaler and
Wellbum, 1983). Chlorophyll content was calculated as
mg chlorophyll per g fresh leaf.

2.4 Determination of proline and protein content of
shoot

Proline content was determined according to the Bates
et al. (1973). Protein content was measured as recorded
by Lowery et al. (1951). Two separate curves were
prepared by different concentrations of proline and egg
albumin for determination of proline and protein
content, respectively.

2.5 Determination of soluble sugar

Phenol-sulfuric method was used to determine soluble
sugars. After homogenizing 0.5 g of roots or shoots, 2
ml from each sample was taken, and then 1 ml 5%
phenol and 5 ml 98 % sulfuric acid was added. After
coolness and complete color emergence of the solutions,
sugar contents were maintained spectrophotometrically
at 485 nm (Hsu et al., 2000).

2.6 Assay of alcohol dehydrogenase (ADH) activity
of root

After preparing enzyme extract using 0.1 M Tris-HCI
(pH = 8), 0.1 M NADH, 1 mM EDTA, 5 mM sodium
borate, 5 mM dithiothreitol, and 10 % glycerol
(Hoffman et al., 1986) ADH activity were determined in
a 3 ml reaction mixture including 1 ml of 0.5 M Tris-
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HCI (pH = 8), 0.5 mM NAD, 40 mM ethanol, and 15 pul
enzyme extract (Donaldson et al., 1985).

2.7 Statistical Analysis

A factorial experiment was conducted as completely
randomized design with three replicates. Significant
differences (at p < 0.05) and means comparison by
Duncan’s multiple range test was determined using
Mstat-C software.

3 RESULTS

3.1 Growth traits and water content of root and
shoot

Results showed that all flooding treatments significantly
decreased the shoot and root length of both tetraploid
and hexaploid wheat (Figure la & b). In both species,
root growth was more affected by flooding than shoot
growth. For instance, while under 9 days flooding the
root length of T. turgidum and T. aestivum was

decreased by 55 and 51 %, respectively, their shoot
length was decreased by 17 and 23 %, respectively,
compared to their controls. However, shoot and root
length of both wheat showed a similar response to
flooding stress. Results showed that root and shoot
water content of both ploidy levels of wheat was not
significantly affected by any level of flooding,
compared to their controls (Figure 1c & d).

25 4
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M Tetraploid-Control O Tetraploid-Flooding

d

Root length (cm)

Shootlength (cm)

Root water content(%)
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Shoot Water Content(%)

3 6 9

Flooding period (day)

Figure 1: The effect of flooding stress on root (a) and shoot (b) length, and water content of root (c) and shoot (d) of
the seedlings of tetraploid and hexaploid wheat. Different letters indicate significant differences (P < 0.05).

3.2 Chlorophyll a and b content

The pattern of changes in chlorophyll a and b (mg per g
fresh mass) in response to different periods of flooding
stress was similar. The flooding stress significantly
reduced chlorophyll a and b content of both species
during all flooding periods (Figure 2a & b). However,
the decrease in chlorophyll a and b content of tetraploid
wheat was more than that of hexaploid one. For

instance, while chlorophyll a content of tetraploid wheat
under 3, 6, and 9 days flooding was decreased by 61.50,
46.53, and 55.28 %, respectively, that of hexaploid
wheat was decreased by 34.42, 22.40, and 23.87 %,
respectively.
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3.3 ADH activity and root porosity

In root of both ploidy levels of wheat, ADH activity was
significantly increased under all periods of flooding,
compared to the control (Figure 2c). The increase in
ADH activity in root of hexaploid wheat was more
intensive than that of tetraploid one. For instance, while
under 3, 6, and 9 days flooding the root ADH activity of

hexaploid wheat showed a 38-, 37-, and 62-fold increase
over control, respectively, that of tetraploid was
increased 33-, 51-, and 57-fold relative to control,
respectively. Flooding stress did not also significantly
affect root porosity of any species of wheat, when each
treatment compared with its control (Figure 2d).
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Figure 2: Changes in chlorophyll a (a) and chlorophyll b (b) content, ADH activity of root (c), and root porosity (d)
of the seedlings of tetraploid and hexaploid wheat under flooding stress. Different letters indicate significant

differences (P < 0.05).

3.4 Proline and protein content of shoot

Flooding stress did not significantly affect shoot protein
content of tetra- and hexaploid (Figure 3a). In contrast
to hexaploid that proline content of shoot did not show
any significant change compared to control, in tetraploid
wheat it was significantly increased under all periods of
flooding (Figure 3b). Shoot of tetraploid seedlings
grown under 9 days flooding had the highest amount of
proline relative to other treatments so that it showed a
42 percent increase relative to its control.
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3.5 Soluble sugars content

The soluble sugar concentration in shoots of both
tetraploid and hexaploid wheat was significantly
decreased compared to control during all flooding
treatments, except for that of hexaploid wheat under 9
days flooding. Under 3 days flooding, the concentration
of soluble sugars in roots of both species was increased
that was significant in case of hexaploid. Soluble sugar
content in root of tetra- and hexaploid was not
significantly changed under 6 and 9 days flooding,
except that it was decreased in tetraploid under 6 day
flooding (Figure 3c & d).
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Figure 3: Changes in protein (a) and proline (b) content of shoot, and soluble sugar content of root (c) and shoots (d)
of the seedlings of tetraploid and hexaploid wheat. Different letters indicate significant differences (P < 0.05)

4 DISCUSSION

Changes in the growth under flooding condition were
reported in many plants such as pea, maize, and winter
wheat (Przywara and Stepniewski, 2000; Lizaso et al.,
2001; Huang et al., 1994). Under flooding condition,
aerobic respiration and cellular ATP production can be
reduced resulting in lack of energy to support
physiological processes led to the reduced growth and
crop yield (Fukao and Bailey, 2004; Taiz and Zeiger,
2010). It was reported that some plants such as wheat
failed to absorb nutrient elements by roots and transport
them to the shoot, resulting in mineral deficiencies that
can subsequently led to the disrupting plant growth and
development (Taiz and Zeiger, 2010).

Under flooding condition, net photosynthesis may also
be suppressed by several mechanisms such as decrease
in chlorophyll content that was observed in present
study, resulted in a decrease in growth and
development. In a study, barley plants exposed to the
flooding for 3 days showed a remarkable decrease in
photosynthesis and dry matter accumulation
(YYordanova and Popova, 2001). Flooding can generally
accelerate leaf senescence due to the chlorophyll
degradation by a peroxidase-mediated mechanism
(Hurng and Kao, 1994).

Under moderate flooding conditions, the concentration
of soluble sugars in roots of hexaploid wheat was

increased. This may be one of the mechanisms related to
its relatively greater waterlogging-tolerance than
tetraploid one. A genotype with a sufficient root sugar
levels has a better chance of survival under anaerobic
condition (Sairam et al., 2008). Under anaerobic
condition, maintaining an adequate concentration of
fermentable sugars in roots can help plants for long-
term survival. In water-saturated soils, plants capable of
converting the residual starch to fermentable
carbohydrates are generally more tolerant to flooding
stress (Guglielminetti et al., 2001; Ismail et al., 2009).
However, the reduction of soluble sugars in shoot sugar
content of both wheat species could be related to the
decline in photosynthesis under flooding condition.
Decline in photosynthesis under anaerobic condition has
been observed in other cultivars of wheat (Huang et al.,
1994).

Developing aerenchyma, a tissue having gas-filled
spaces, in roots of wetland plants can help them to
tolerate anaerobic condition. However, aerenchyma can
be developed in the stem base and newly developing
roots (Taiz and Zeiger, 2010). Nevertheless, in present
study the root porosity of any species of wheat was not
affected by flooding. This may be indicate that
formation of aerenchyma is not a tolerating mechanism
under flooding or may be due to this fact that present
study were conducted in the seedling stage so that plants
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did not have sufficient time to develop aerenchyma.
Verifying later speculation, in a study on two wheat
genotypes, root porosity was increased after treating
plants under flooding for 21 days (Huang and Johnson,
1995). Flooding-tolerant species such as Rumex sp. tend
to develop root porosity (Laan et al., 1989). Flooding -
tolerant species of clover such as Trifolium fragiferum
L. have more root porosity than sensitive ones such as
T. glomeratum L. (Gibberd et al., 1999).

Shoot proline content of tetraploid wheat was
significantly increased under flooding stress. Proline is
one of the compatible solutes that its synthesis increased
under different stresses. This amino acid has a high
degree of solubility (Buchanan et al., 2000). Besides
having a role in osmotic adjustment, proline can act as a
protective factor against stress by directly or indirectly
interaction with macromolecules and maintaining their
natural shape and structure under stress condition.
Compared to other osmoprotective solutes, proline is
more efficient under stress condition. Proline also has
an indirect role against stress due to its antioxidative
function (Aubert et al., 2004). Proline act as an
antioxidant factor via suppressing the hydroxyl radicals
and some of compounds produced under stress
condition that disturb electron transfer in chloroplast
and mitochondria (Sousa and Sodek, 2002).

Increase in ADH activity under anaerobic condition was
reported to be due to an early increase in the lactate
concentration as a signal in the early stage of flooding
condition. This interaction between lactic and ethanolic

fermentation can lead to the cytoplasmic pH (Roberts et
al., 1984). Consistent with this, accumulation of ethanol
was reported in the endosperm of castor bean under
anaerobic condition (Donaldson et al., 1985). Induction
of ADH activity in roots of barely under hypoxia (Good
and Crosby, 1989) and in that of soybean under anoxia
(Neuman and Van Toai, 1991) has been reported.

Different responses of wheat species with different
ploidy levels to environmental stresses have been
reported by many researchers. It was known that,
hexaploid T. aestivum has better tolerance to different
environmental stresses such as salt, low pH, and
aluminum toxicity, and also better resistance to several
pests and diseases, compared to tetraploid wheat. This is
because of the fact that in the new allopolyploid species
different genomes with potential of adaption to different
environments are converged, leads to the potential of
new emerged cultivars for tolerating a wide range of
environmental conditions (Dubcovsky and Jan Dvorak,
2007). Li et al. (2017) have investigated photosynthetic
response of tetraploid and hexaploid wheat to water
stress and concluded that the effects of water stress on
the photosynthetic performance were species dependent.
Their results showed the improved performance of
tetraploid wheat ears under water stress, attributed by
researchers to its more efficient water utilization.
Consistent with our study, in another work on different
responses of hexaploid and tetraploid wheat to drought
stress it was showed that under drought stress, proline
accumulation in hexaploid wheat was more than that of
tetraploid one (Chandrasekar et al., 2000).

5 CONCLUSIONS

In summary, flooding stress induced some adaptive
responses in physiological levels such as increase in
proline content, soluble sugar, and ADH activity of the
investigated wheat species in which some responses
were different. In tetrapoid wheat, an increase in proline

content seemed to be one of the mechanisms for
tolerating flooding stress. In hexaploid wheat, the
increase in soluble sugar was a defense mechanism for
better tolerance to moderate flooding stress.
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