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Comparison of hexaploid and tetraploid wheat cultivars
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Abstract

We studied the effect of water stress imposed at anthesis and pre-anthesis stages on oxidative stress and antioxidant
activity in four wheat cultivars, two hexaploid Triticum aestivum cultivars, drought resistant cv. C 306 and drought
susceptible cv. Hira, and two tetraploid cultivars, 7 durum cv. A 9-30-1 and T. dicoccum cv. HW 24. Water stress
decreased relative water content (RWC), membrane stability index (MSI), and increased H,O, and malondialdehyde
(MDA) contents as well as activity of superoxide dismutase (SOD), catalase (Cat) and peroxidase (POX) in all the
genotypes at all the stages. Both the tetraploid cultivars showed higher RWC, MSI and SOD activity, and lower H,0,
and MDA contents under water stress than hexaploid ones. Cat and POX activities were highest in C 306.

Additional key words: catalase, hydrogen peroxide, malondialdehyde, membrane stability index, peroxidase, ploidy level, superoxide
dismutase, Triticum aestivum, T. dicoccum, T. durum, water stress.

Introduction

Shortage of water limits plant growth and crop
productivity in arid regions more than any other
environmental factor (Boyer 1982). The responses to
drought have proved to be very complex, involving nearly
every major function of plant growth (Kauffmann and
Hall 1974). Due to their better adaptation under hot and
arid regions tetraploid genotypes of wheat are usually
regarded as more tolerant to stress condition than
hexaploid wheat genotypes (Percival 1974, Waines
1994). However, studies explaining mechanism of their
moisture stress tolerance are very few.

Percival (1974) reported that durum wheat requires a
dry hot climate for satisfactory growth. Al-Hakimi and
Mannoveux (1993) reported that tetraploid wheats, e.g.
T. dicoccum accessions have high LWP, RWC, biomass
production, number of tillers and spikes per plant, and
T. polonicum (tetraploid) has high peduncle and awn
lengths, good spike fertility, high kernel mass, and a good
superficial rooting pattern under drought. Damania and
Tahir (1993) have also reported high degree of heat
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tolerance due to AABB genome of durum wheat.

In recent years various studies have established that
water, temperature and salinity stress induced generation
of superoxide radical, hydrogen peroxide and hydroxyl
radical, as the major cause of stress induced injury
experienced at cellular and at crop levels (Elstner 1987,
Baisak et al. 1994). Antioxidant enzymes such as
superoxide dismutase, ascorbate peroxidase, glutathione
reductase, catalase, peroxidase, and metabolites like
ascorbic acid, glutathione, a-tocopherol, flavanoids,
carotenoids, etc., have been linked to stress tolerance in
various crop plants (e.g. Liebler et al. 1986, Elstner 1987,
Larson 1988). Increased activity of various antioxidant
enzymes under water and temperature stresses have been
reported by various workers (e.g. Matters and Scandalios
1986, Baisak et al. 1994). However, reports regarding
variations in their activity on genotypic basis or due to
ploidy levels are very few and inconsistent in their
conclusions. Badiani et al. (1990) studied the relation
between drought stress and enzymatic antioxidant systems

Abbreviations: Cat - catalase; MDA - malondialdehyde; MSI - membrane stability index; O, - superoxide radical; POX - peroxidase;

RWC - relative water content; SOD - superoxide dismutase.
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in wheat species of different ploidy levels (7. aestivum,
hexaploid;, T. persicum, tetraploid; T. monococcum,
diploid), though they did not compare and discuss their
results in relation to ploidy levels. Zhang and Kirkham
(1994) concluded that hexaploid wheat have less efficient
antioxidant systems (other than SOD and catalase) as they
found increased MDA content in the hexaploid wheat as

Materials and methods

The present investigation was undertaken during the
winter season of 1998 - 1999 with two hexaploid Triticum
aestivum L. cultivars, drought resistant cv. C 306 and
drought susceptible cv. Hira (HD 1945), and two
tetraploid cultivars, 7. durum cv. A 9-30-1 and
T. dicoccum cv. HW 24. Seedlings were grown in earthen
pots (30 x 30 cm) filled with clay-loam soil and farm yard
" manure (6: 1) under natural conditions. After germination
4 seedlings were retained in each pot. Fifty pots of each
genotype were maintained in the net house. Plants were
watered as and when required to keep them fully turgid.
Recommended cultural practices were followed. Water
stress was imposed by withholding water supply for 7 d
during three different phases, at 50 % anthesis and 10 and
20 days after anthesis (DAA). Samples were collected
from the flag leaf at 7, 17 and 27 DAA from control and
stressed plants between 9.30 to 10.30. Soil moisture
content (percentage of oven dried soil) varied between
29.85 to 30.56 % in control pots and from 11.12 to
12.38 % in non-irrigated pots.

Leaf relative water content (RWC) was estimated
gravimetrically according to the method of Weatherley
(1950). Leaf membrane stability index (MSI) was
determined according to the method of Premachandra
et al. (1990) as modified by Sairam (1994). Small discs
from the leaves were cut, weighed (0.2 g) and kept in
10 cm® of double distilled water at 40 °C for 30 min.
After incubation, the electrical conductivity of the water
containing the sample was measured (C,) using
conductivity bridge. Test tubes in second set were
incubated at 100 °C for 15 min and their electrical
conductivity measured as above (C,) and MSI was
calculated: MSI =[1 - (C,/C,)] x 100.

Hydrogen peroxide was estimated according to
Mukherjee and Choudhuri (1983). Leaf samples (0.5 g)
were homogenized in 10 cm’ of cold acetone and filtered
through Whatman No. 1 filter paper. To the extract 4 cm’
of titanjum reagent (Teranishi et al. 1974) was added
followed by 5 cm® of concentrated ammonia solution to
precipitate the peroxide-titanjum complex.  After
centrifugation for 5 min at 10 000 g, the supernatant was
discarded and precipitate was dissolved in 10 cm’ of 1 M
H,S0O, and absorbance was recorded at 415 nm against
blank. Lipid peroxidation was measured in terms of
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compared to tetraploids and diploids.

As very little work has been reported on the role of
cellular antioxidant systems in relation to stress tolerance
in tetraploid wheat, an experiment was conducted with
two tetraploid and two hexaploid wheat cultivars to
investigate the significance of antioxidant systems in
drought tolerance of tetraploid wheat.

malondialdehyde (MDA) content following the method of
Heath and Packer (1968). Leaf sample (0.5 g)
homogenized in 10 cm® of 0.1 % trichloroacetic acid
(TCA) was centrifuged at 15 000 g for 15 min. To 2 cm’
aliquot of the supernatant 4.0 cm’ of 0.5 % thiobarbituric
acid (TBA) in 20 % TCA was added, the mixture was
heated at 95 °C for 30 min and then quickly cooled in an
ice bath. The absorbance of the supernatant was recorded
at 532 nm. The value for non specific absorption at
600 nm was subtracted. The MDA content was calculated
using its absorption coefficient of 155 mmol™ cm™.
Enzyme extract was prepared by homogenizing leaf
material (0.5 g) with 5 cm’ of ice cold phosphate buffer
(0.1 M, pH 17.5) containing 0.5 mM EDTA, followed by
centrifugation at 4 °C for 15 min at 15000 g in a
Beckman refrigerated centrifuge (Geneva, Switzerland)
model J2-21. The supernatant was referred to as enzyme
extract. Superoxide dismutase activity was estimated
according to the method of Dhindsa e al. (1981). The
3cm’ reaction mixture consisted of 150 pmol sodium
carbonate, 40 pmol methionine, 0.225 pmol nitroblue
tetrazolium, 0.3 pmol EDTA, 150 pmol potassium
phosphate buffer (pH 7.5), 1.0 cm’ distilled water and
0.05 cm® of enzyme. The reaction was started by adding
6 nmol riboflavin and placing the tubes below two 15 W
fluorescent lamps (irradiance of 80 pmol m? sy for
15 min. Switching off the light and covering the tubes
with black cloth stopped reaction. Tubes without enzyme
developed maximal colour. A non-irradiated complete
reaction mixture, which did not develop colour, served as
blank. Absorbance was recorded at 560 nm in a Beckman
(Geneva, Switzerland) mode/ M-36 UV-visible
spectrophotometer, and one unit of enzyme activity was
taken as that quantity of enzyme which reduced the
absorbance reading of samples to 50 % in comparison
with the samples lacking enzyme. Catalase was assayed
according to Teranishi ef al. (1974). The reaction mixture
in 3-cm® cuvette consisted of 6 pmol H,O, and 190 pmol
potassium phosphate buffer (pH 7.0), and the reaction
was initiated by adding 0.1 cm’ of diluted (5 times)
enzyme extract. The reaction was stopped after 5 min by
the addition of 4 cm’ of titanium reagent, which also
forms coloured complex with residual H,0,. Reaction
mixture without enzyme served as a control and



developed maximum colour with titanium reagent.
Aliquot was centrifuged at 10 000 g for 10 min and
absorbance of the supernatant was recorded at 415 nm
spectrophotometrically. Peroxidase assay was done
according to the method of Castillo et al. (1984). It was
performed at 25 °C in a 3.0-cm® cuvette containing
210 pmol potassium phosphate buffer (pH 6.1), 48 pmol
guaiacol and 0.1 cm® enzyme extract (diluted 5 times).
Reaction was initiated by adding 6 umol H,O; in the last.
Increase in absorbance was recorded at 470 nm
spectrophotometrically over a period of 2 min.

Ten pots of each genotype were subjected to water

Results

Tetraploid cultivars, A 9-30-1 followed by HW 24,
retained higher RWC under water stress than the two
hexaploid cultivars (Hira and C 306) (Fig. 14) at all
stages. Hydrogen peroxide content increased in all water
stressed plants over the irrigated plants (Fig. 1B), and
H,0, accumulation under water stress was higher in
hexaploid cultivars as compared to tetraploid cultivars at
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RESPONSES OF WHEAT TO WATER STRESS

stress at 50 % anthesis for 7 d. After the expiry of stress
period the pots were irrigated and kept separately for
yield analysis. After maturing, the plants were harvested
from stressed and regularly irrigated pots. The parameters
like plant height and total plant biomass were obtained for
comparative study on influence of moisture stress on such
characteristics. Experiment was laid out in complete
randomized design. All biochemical observations are
means of four replications repeated twice. Data was
analyzed by analysis of variance to determine the
significance of treatments and cultivars.

all the stages. Among the hexaploid cultivars C 306
accumulated less H,O, than Hira.

Lipid peroxidation estimated as MDA content
(Fig. 1C) increased under water stress and also with plant
age in all the genotypes studied. Hira showed maximum
MDA content followed by C 306, A 9-30-1 and HW 24 at
the three stages of sampling.
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Fig. 1. Effect of water stress at different developmental stages on relative water content (4), hydrogen peroxide content (8), lipid
peroxidation (C), and membrane stability index (D), in tetraploid and hexaploid wheat genotypes. Vertical bars represent SE of mean,

n=_8.
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Membrane stability index (MSI) decreased under
water stress as well as with plant age in all the genotypes
studied (Fig. 1D). More pronounced reduction in MSI
under water stress was observed in drought susceptible
cultivar Hira, followed by C 306, A 9-30-1 and HW 24.

Superoxide dismutase, catalase and peroxidase
activities increased significantly under water stress in all
the genotypes at all the three stages of study (Fig. 2).
SOD activity both under irrigated and water stress
conditions increased at second stage and then declined at
third stage in Hira, C 306 and A 9-30-1, while in HW 24
in control plants activity did not decrease at third stage
and was the highest under water stress condition.
Tetraploid cultivars showed higher SOD activity as well

IRRIGATED

as per cent increase under water stress over irrigated
control as compared to the hexaploid cultivars. Catalase
activity under water stress did not vary much among Hira,
C 306 and HW 24, however, A 9-30-1 showed
significantly lower activity at all the stages. Hexaploid
cultivar C 306 followed by Hira showed consistently
higher peroxidase activity than tetraploid cultivars
A 9-30-1 and HW 24 at all the stages of sampling.

Hira, a triple dwarf had minimum plant height, but it
showed maximum reduction in plant height, followed by
C 306, A 9-30-1 and HW 24 in decreasing order
(Table 1). Total dry mass per plant decreased under water
stress in all the cultivars and was more pronounced in the
hexaploid cultivars.
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Fig. 2. Effect of water stress at different developmental stages on the activity of superoxide dismutase (A), catalase (B), and peroxidase
(C) in tetraploid and hexaploid wheat genotypes. Vertical bars represent SE of mean, n=8.

Table 1. Effect of water stress on plant height and dry mass production in hexaploid (C 306 and Hira) and tetraploid (A 9-30-1 and
HW 24) wheat cultivars. Stress was imposed at 50 % anthesis and measurements were done at maturity.

Dry mass [g plant']

Genotype Plant height [cm]
irrigated stress decrease [%]  irrigated stress decrease [%0]
Hira 62.00 £ 5.37 57.50 £ 3.27 6.85 47.75+2.18 29.03+3.28 39.20
C 306 85.50+3.84 82.00+4.51 4.09 46.16 £ 3.51 31.68 +3.51 31.30
A 9-30-1 92.00 + 3.69 88.25+3.85 4.08 47.33 £3.47 36.44 £2.89 23.00
HW 24 86.70 £ 4.51 83.75+3.46 3.46 49.16 £3.29 39.83+3.41 18.98
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Discussion

Wheat crop responds to water deficit in the form of
changes in various physiological and biochemical
processes. Water stress imposed during anthesis and post
anthesis showed that tetraploid wheat cultivars A 9-30-1
and HW 24 were able to retain higher RWC, membrane
stability, and lower H,O, and malondialdehyde content
under water stress than hexaploid cultivars. The activity
of antioxidant enzyme SOD was also higher in both
tetraploid as compared with hexaploid cultivars.
However, catalase and peroxidase activities (responsible
for H,O, scavenging) were higher in hexaploid C 306
(drought tolerant) and Hira (drought susceptible)
compared to both the tetraploids.

Considering also the maintenance of higher total dry
matter and plant height, it can be concluded that both
tetraploid cultivars HW 24 and A 9-30-1 are more
tolerant to water stress than the hexaploid cultivars C 306
and Hira. However, C 306 was not far behind and was
superior to Hira. Better drought adaptability of tetraploids
over hexaploid has also been reported by Percival (1974)
and Hanson et al. (1982).

H,0, is a toxic reactive oxygen compound and its
contents are related to lipid peroxidation and membrane
injury/stability (Pastori and Trippi 1992, 1993, Baisak
etal. 1994, Sairam et al. 1998). Premachandra et al.
(1990) have reported that cell membrane stability is an
indicator of stress tolerance. Membrane stability/injury
has also been related with the tolerance/susceptibility of
various crop plants (Sairam et al. 1990, Sairam 1994,
Kraus et al. 1995, Sairam 1997/98).

Superoxide dismutase is associated with the
scavenging of superoxide radical (O,”) resulting in the
formation of hydrogen peroxide (Fridovich 1986, Elstner
1987). The highest activity of SOD in HW 24 is
consistent with lowest oxidative stress in terms of lipid
peroxidation and highest membrane stability observed in
it. Activity of H,O, scavenging enzymes, catalase and
peroxidase were, however, maximum in hexaploid
drought resistant C 306, followed by Hira (susceptible to
water stress) and lowest in tetraploid cultivars HW 24 and
A 9-30-1. Zhang and Kirkham (1994) have observed that
lower H,O, accumulation and malondialdehyde content in
wheat genotypes of lower ploidy level (diploids and
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