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Abstract: Influence of oxidative stress induced by exogenous application of hydrogen peroxide on initial leaf
and coleoptile growth in etiolated wheat seedlings was studied. Leaf and coleoptile growth parameters (mean
fresh weight and length) showed a transient stress effect during very mitial age, becoming non-sigmficant
(P=0.05) in later age (8th day). Mean leaf fresh weight increased steadily after 5th day in both stressed and
control seedlings, however the magnitude was lower in stressed seedlings and the difference was non-
significant (p=0.05). Mean coleoptile fresh weight was sigmficantly (p<0.01) lower in stressed seedlings on all
days except on 6th and 8th day where the difference was non-significant (p>0.05). Mean leaf and coleoptile
length were significantly (p<<0.01) lower in stressed seedlings during 5 to 7th day, however the difference was
non-significant (p=0.05) on 8th day. Stress effect was more pronounced on 5th day in case of leaf and coleoptile
length and coleoptile fresh weight. Collectively oxidative stress induced by exogenous application of hydrogen
peroxide induces a transient and finally a non-sigmficant effect on imtial leaf and coleoptile growth, which

indicated the adaptation of seedlings to applied stress.
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INTRODUCTION

Hydrogen peroxide (H,O,) is a key player in oxidative
stress signaling leading to the mduction of defence
response (Morita ef al., 1999, VanCamp ef al., 1998). The
chilling (Prasad et al, 1994), heat (Dat et al., 1998),
oxidative stress (Morita et al, 1999), pathogens (Levine
et al.,, 1994 and Alvarez et al., 1998), drought and salt
stress can give rise to excess concentrations of hydrogen
peroxide, resulting in oxidative damage at the cellular level
(Zhang et al., 2001). For example heat stress can affect
coleoptile length and eventually the germinability n
wheat (Sharma and Tandon, 1995) as some times
seedlings did not emerge when their coleoptile stopped
growing and the first true leaf developed below the soil
surface (Guedira ef al., 1997). Excess hydrogen peroxide
can also reduce root growth and development in alpine
larch (Shearer, 1961) and rice (Lin and Kao, 2001).

Contrary to above exogenous application of
hydrogen peroxide has been reported to stimulate seed
germination and growth by increasing mass and length of
sprouts and roots (Narimanov and Korystov, 1997).
Hydrogen peroxide has also been effectively used for
surface sterilization, disinfestations and as a management
to reduce many bacterial and fungal root and leaf diseases
m Pine (Bamett, 1976; James and Genz, 1981) and Lettuce

(Pernezny et al., 2001) along with problems of seedling
toxicity and reduced seed germination (Edwards and
Sutherland, 1979; James and Genz, 1981; Pernezny et al,
2001).

The growth of the first leaf could be considered as an
indicator of the success of crop management strategies at
the sowing and early growth stages (Boubakeur et al.,
1999). Studying the influence of hydrogen peroxide on
mitial leaf and coleoptile during early growth stages using
few-days-old seedlings may provide reliable predictions,
which could be of tremendous agricultural importance for
better crop production. Moreover this approach 1s much
simple, less time consuming and labor inexpensive.

In the present studies we have analyzed the influence
of hydrogen peroxide on initial leaf and coleoptile growth
during early ontogenesis, in mtact etiolated wheat
seedlings of various ages.

MATERIALS AND METHODS

Uniform sized seeds (44.05+3.07 mg) of wheat linel 076
(Triticum aestivum L.) (Developed by Plant Molecular
Breeding Group (PMBG) of NTAB, Faisalabad, Pakistan)
were germinated in darkness for 24 hours at 25+1°C on
wet filter paper in petridishes. Germinated seeds were then
covered with a lid to minimize the evaporation and growth
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was continued for 24 h in darkness at 25+1°C. To apply
hydrogen peroxide treatment, water as the medium was
changed with 8 mM hydrogen peroxide (Merck,
Germany) and the growth of the seedlings was continued
at 25+1 °C for another 6 days in darkness. Experiment was
repeated thrice and for each replication at least 12
seedlings were used The reagent solution (88 mM
hydrogen peroxide) was changed once a day for freshly
prepared solutions to ensure exogenous exposure of the
seedlings to a uniform level of hydrogen peroxide, which
1s a pre-requisite, to study detailed effect of oxidative
stress imposed by H,0, on leaf and coleoptile of wheat.

Measurement of growth: Seedling age was estimated in
days starting from the beginning of the seed soaking time.
Growth changes n mitial leaf and coleoptile m at least 36
treated and control seedlings were studied every day
starting from 3rd to 8th day by measuring changes in
seedling fresh weight and length. Leat and coleoptile
elongation rate (increase m length per day) were also
calculated and compared in stressed and control
seedlings. For these measurements initial leaf and
coleoptile from each seedling were weighed immediately.
Coleoptile and leaf lengths were measured from the point
where the seedling ruptured the seed coat to the tip.
Length was measured by spreading the leaf and coleoptile
on a scale calibrated n centimeters.

Statistical analysis: All experiments were repeated three
times, every time with three replications (12 seedlings per
replication). Similar results and identical trends were
obtained each time. The data being presented here 1s for
one experiment replicated three times with 4 seedlings per
replication for each day. The descriptive statistics were
applied to analyze and orgamze the resulting data. The f-
test was applied to find differences in variance among
samples. The significance of differences between means
(for control and H,Q, treated) for different parameters was
measured using Student’s t-Test (two tailed) assuming
unequal variances at 0.01 and where applicable at 0.05
significance level. All the statistical calculations were
performed by wsing computer software Microsoft Excel
2000.

RESULTS

Leaf fresh weight: Mean leaf fresh weight (img) mcreased
gradually (Fig. 1a) in both control and stressed seedlings.
Magnitude of mean leaf fresh weight was lower in
stressed seedlings after 3rd day however the difference
was non sigmficant (p> 0.05). Rate of mcrease in mean leaf
fresh weight was slow during 3rd to 5th day n both type

of seedlings followed by more rapid increase between 6th
to 8th day of germination. Minimum and maximum values
for leaf fresh weight were also observed on similar days in
both types of seedlings. Collectively hydrogen peroxide
treatment induced a non-significant effect on leaf growth
in etiolated wheat seedlings during early ontogenesis.

Leaf length: Mean leaf length (cm) was sigmficantly
{(p< 0.01) lower n stressed seedlings (Fig. 1b) as compared
with control but only on 5 to 7th day, however the
deference was non-significant (P>0.01) on 8th day. Mean
leaf length increased steadily (R’ 0.970) in control
seedlings from 3rd to 8th day with least increase on 5th
day. Tn stressed seedlings leaf elongation rate was
slightly lower than control (R* 0.970) as evident from
regression coefficient value (R* 0.866). Mean leaf
elongation rate (increased in length per day) in stressed
seedlings was 0.086 cm for 4 to 5th day which indicated
that no increase in leaf length take place between these
day. In other word there was a non-sigmficant (P>0.05)
deference m leaf length on 4 and 5th day in stressed
seedlings.

Max leaf length mncreased from 31d to 4th day and
then decreased on 5th day in both control and stressed
seedlings (Fig. 1¢). After 5th day max leaf length increased
gradually tll 8th day in control seedlings. In stressed
seedlings max leaf length mcreased on 6th day followed
by a decrease on 7th day and then again increased rapidly
on &th day. Comparing mean maximum leaf length in both
control and stressed seedlings, it was almost equal on 3rd
day but lower m stressed seedlings on 4th, 5th (maximum
44% inhibition) 6th and 7th day (41% inhibition) and again
almost equal in both types of seedlings on 8th day.

Fresh weight of coleoptiles: Fresh weight (mg) of
coleoptile in control and stressed seedlings increased
from 3rd to 4th day (Fig. 2a), followed by a decrease to a
minimum 12.7 mg on 5th day in stressed seedlings and on
oth day (21.5 mg) in control seedlings. After 6th day in
control seedlings, coleoptile fresh weight first increased
(27.5 mg) on 7th day and then decreased on 8th day to
22.0mg, similar to that in stressed seedlings (22.2 mg) on
same day. In stressed seedlings after 5th day, coleoptile
fresh weight increased (17.6 mg) on 6th day to a value
previously on 3rd day and was similar to that in control on
6th day. Then coleoptile fresh weight remained almost
same between 6 and 7th day (17.7 mg) and mcreased on
8thto 22.2 mg.

Coleoptile fresh weight was significantly lower
(p=<0.01) in stressed seedlings (Fig. 2a) on 3rd (p<0.01),
4th (p<0.01) 5th, (p<0.01) and 7th (p<0.05) day. Mean
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Comparison of leaf growth rates in seedlings
grown in absence (control) (gray columns) or
presence (white columns) of exogenous hydrogen
peroxide. Seedling age (x-axes) is expressed in
days. a. Comparison of seedling age and mean leaf
fresh weight. b. Comparison of mean leaf length
and seedling age. ¢. Comparison of seedling age
and maximum leaf length

coleoptile fresh weight was same in control and stressed
seedlings on 6th and 8th day with a non-significant
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Fig. 2: Comparison of coleoptile growth rates in seedlings
grown 1n absence (comtrol) (line) or presence
{columns) of exogenous hydrogen peroxide.
Seedling age (x-axes) is expressed in days. a.
Comparison of seedling age and mean coleoptile
fresh weight. b. Comparison of mean coleoptile
length and seedling age. ¢. Comparison of seedling
age and maximum coleoptile length

(p=0.05) difference. Maximum and highly significant
(P<0.001 and 52% mhibition) difference n coleoptile fresh
weight was observed on 5th day.

Coleoptile length: Mean coleoptile length (cm) showed a
parabolic curve like trend m comtrol seedlings, a
consistent but slow increase from 3rd to a maximum 3.822
cm on 7th day followed by a decrease on 8th day (Fig. 2b).
In H,O, treated seedlings, on the other hand, mean
coleoptile length increased from 2.5 cm on 3rd day to 2.8
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cm on 4th day. On 5th day there was a slight and transient
reduction in mean coleoptile length (Fig. 2b) most
probably due to extensive water loss and cell shrinkage.
On 6th day, mean coleoptile length increased again to
2.9 c¢m almost same as on 4th day. Here after mean
coleoptile length mereased slowly to a maximum 3.2 cm on
8th day. Mean coleoptile elongation rate between 6th and
7th day was negligible bother 0.06 cm in control and
stressed seedlings. This designates that mean coleoptile
length remained same between 6 and 7th day.

Mean coleoptile length was significantly (p<0.01)
lower in stressed seedlings during 5th to 7th day,
however the deference was non-sigmficant (p>0.05) on
8th day. Maximum and highly significant (P<0.001)
difference was observed on 5th day.

In control seedlings max coleoptile length increased
up to 5th day (4.2 cm) and then there was no net increase
mn length but a slight decrease on 6 and 7th (0.2 cm) day
(Fig. 2¢). In stressed seedlings max coleoptile length
increased up to 4th day (3.2 cm), then decreased hasty
(p<0.01) on 5th day with a maximum 47% inhibition and
then there was a gradual mcrease.

DISCUSSION

The growth of the first leaf could be considered as an
indicator of the success of crop management strategies at
the sowing and early growth stages (Boubakeur et al.,
1999). Therefore studying the influence of hydrogen
peroxide on mmtial leaf and coleoptile during early growth
stages using few-days-old seedlings may provide reliable
predictions about its possible impact on crop after its field
application.

Our studies indicated that exogenous application of
hydrogen peroxide induces age dependent cyclic changes
in leaf length. Effect of H,O, treatment on maximum leaf
length appeared after one day and here after with cyclic
mcrease and decrease stress effect start dimimshing. A
non-significant difference in mean leaf and coleoptile
length on 8th day indicates that exogenous application of
hydrogen peroxide during initial growth of seedlings
mduces a transient effect on leaf and coleoptile
elongation process and effect reduces to a sigmficant
extant within next few days. The possible explanation for
this behavior is two fold i.e. either seedlings had passed
away the growth period in which they may had adverse
effect of treatment or they got adapted to stress via
inducing their defense response. The first possibility is
explained by the fact that induction of anti growth activity
like apoptosis due to exogenous application of hydrogen
peroxide has been reported during this period in both leaf

and coleoptile (Zamyatnina et al., 2002). Second
possibility that seedlings got adapted to stress with
passage of time 1s also sported by the fact as 1t has been
reported that Exogenous hydrogen peroxide signals the
induction of defense responses in plants against
pathogen attack (Levine ef al., 1994; Alvarez ef al., 1998)
abiotic (Prasad et al., 1994; VanCamp et af., 1998) and
oxidative stresses (Morita et al, 1999). Therefore
hydrogen peroxide is a key player in oxidative stress
signaling and leading to the mduction of defence
response, which enabled the seedlings to adopt the
stress.

As there was transient leaf and coleoptile growth
suppression during initial days, exogenous application of
H,O, for any beneficial use i.e. root growth improvement
and prevention from disease, should be made after 8th
day of seedling life. Bay passing the period of growth
suppression by H,O, and applying it at least after 8th day
of germination, this treatment may have a pronounced
growth stimulating effect on sprout as already reported in
barley, wheat, pea, maize and melon after low dose
oxidative stress (Anonymous, 2002).

Oxidative stress at cellular level in abiotic stresses,
for example heat, can affect coleoptile length as well as
number of primary roots and eventually the germinability,
in wheat (Sharma and Tandon, 1995). Under stressed
condition, proper coleoptile growth is very important, as
some times seedlings did not emerge when their coleoptile
stopped growing and the first true leaf developed below
the soil surface (Guedira et al, 1997). A final non-
significant change m coleoptile weight and length
therefore roll out such possibility as a result of hydrogen
peroxide treatment.

Furthermore hydrogen peroxide has also been used
for surface sterilization and disinfestations of pine
(Barnett, 1976; James and Genz, 1981) and Lettuce seeds
(Pernezny et al., 2001) to reduce root and leaf diseases
caused by different soil born bacteria and fungi. However,
some problems with seedling toxicity and reduced seed
germination have also been reported (Edwards and
Sutherland, 1979; James and Genz, 1981; Pernemy et al.,
2001) that warns its cautious application as seed
disinfectant. Collectively, as evident from a final non-
significant effect on leaf and coleoptile growth, no
seedling toxicity and reduced seeding growth due to
exogenous application of H,O; was observed. Therefore
potential use of hydrogen peroxide for surface sterilization
and dismfestations of wheat seeds to reduce root and leaf
diseases caused by different soil born bacteria and fungi,
which could be of tremendous agricultural importance for
better crop production may be investigated.

1124



Asian J. Plant Sci., 2 (15-16): 1121-1125, 2003

REFERENCES

Alvarez, M. E., R. I Pennell, P.J. Meijer, A. Ishikawa, R. A.
Dixon and C. Lamb, 1998 Reactive oxygen
intermediates mediate a systemic signal networl in
the establishment of plant immunity. Cell, 92: 773-784.

Anonymous, 2002. Report by the Mass Governor's
Advisory Council on Radiation Protection, 3rd
Edition, Center for Nuclear Technology and Society
at Worcester Polytechnic Institute, <Worcester.
http://ents wp1.edu:9000/rsh/dd3/_database.jsp.>

Bamett 1.P., 1976. Sterilizing southern pine seeds with
hydrogen peroxide. Tree Planters' Notes, 3: 17-19.

Boubakeur, M., M. Ben-Hammouda and H. Gdiri, 1999.
Response of durum wheat to water stress and
seeding depth durmng early growth Science at
changements planétaires / Sécheresse, 10: 35.

Dat, I.F., H. Lopez-Dalgado, C.H. Foyer and I.M. Scott,
1998. Parallel changes m H,0, and catalase during
thermotolerance mduced by salicylic acid or heat
acclimation in mustard seedlings. Plant Physiol., 116:
1351-1357.

Edwards, D.G.W. and I.R. Sutherland, 1979. Hydrogen
peroxide treatment of Abies Seeds.
Forestry Service, 35 3-4.

Guedira, M., I.P. Shroyer and G.M. Paulsen, 1997. Growth
and survival of wheat seedlings after dehydration
and rehydration. Agron. I., 89: 822-826.

James, R.L. and D. Genz, 1981. Pondercsa pine seed
treatments: effects on seed germination and disease
incidence. USDA Forest Service Report, 13: 81-16.

Levine, A., R. Tenhaken, R. A. Dixon and C. Lamb, 1994.
H,O, from the oxidative burst orchestrates the plant
hypersensitive disease resistance response. Cell, 79:
583-593.

Lin, C.C. and CH. Kao, 2001. Abscisic acid induced
changes in cell wall peroxidase activity and hydrogen
peroxide level in roots of rice seedlings. Plant Sci., 2:
323-329.

Canadian.

Morita, S., H. Kaminaka, T. Masumura and K. Tanaka,
199%. Induction of rice cytosolic ascorbate peroxidase
mRNA by oxidative stress; the involvement of
hydrogen peroxide in oxidative stress signalling.
Plant Cell and Physiol., 4 417-422.

Narimanov, A.A. and Y. N. Korystov, 1997. Low doses of
lomzing radiation and hydrogen peroxide stunulate
plant growth Biologia (Bratislava), 52: 121-124.

Pernezny, K., R. Nagata, N. Richard, R.J. Collins and A.
Carroll, 2001. Investigation of seed treatments for
management of bacterial leaf spot of lettuce. Plant
Dis., 86: 151-155.

Prasad, TK., M.D. Anderson, B. A. Martin and C. R.
Stewart, 1994, Evidence for chilling-induced oxidative
stress in maize seedlings and a regulatory role for
hydrogen peroxide. Plant. Cell, 6: 65-74.

Sharma, R.K. and I.P. Tandon, 1995. Effect of heat stress
on germinability of some wheat genotypes and their
hybrids. Wheat Information Service, 81: 18-19.

Shearer, R.C., 1961. A method for overcoming seed
dormancy in subalpine larch. JTournal of Forestry, 59:
513-514.

VanCamp, W., M. VanMontagu and D. Inze, 1998. H,O,
and NO: redox signals i disease resistance. Trends
i1 Plant Sci., 3: 330-334.

Zamyatnina, V.A., L.E. Bakeeva, N.I. Aleksandrushkina
and B.F. Vanyushin, 2002,  Apoptosis n the imitial
leaf of etiolated wheat seedlings: Influence of the
antioxidant ionol (BHT) and peroxides. Biochemistry
(Moscow), 67: 212-221.

Zhang, X., F.C. Dong, J.F. GAO and C.P. Song, 2001.
Hydrogen peroxide-induced changes in mntracellular
pH of guard cells precede stomatal closure. Cell
Research, 1: 37-43.

1125



	AJPS.pdf
	Page 1


