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Regulation of Exogenous Hydrogen Peroxide on
Wheat Seedling Salinity Tolerance
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cademy of Sciences ,Beijing 100049 ,China)

Abgtract : The chlorophyll content ,MDA content ,soluble sugar content and GSH content were determined
at the 2™ 4™ 6™ and 8" day ,respectively ,after treatments of Hoagland solution, Hoagland solution + 150
mmol/L NaCl , Hoagland solution + 150 mmol/L NaCl + 104 mol/L H:0. and Hoagland solution + 10
M mol/L H20:. The addition of exogenous H20: (10M mol/L) increased the wheat seedling chlorophyll con-
tent (by 8. 27 %,32.57 %,10. 19 % and 4. 86 %) and GSH contents (by 3. 09 %,23. 97 %,5. 85 % and
2.11 %) ,dramatically increased soluble sugar content (by 14.58 % ,8. 43 %,16.68 % and 5.8 %, P < 0. 05)
and dramatically decreased MDA content (by 17.53 % ,14.04 % ,4.75 % and 8. 47 %, P<0.05) compared to
the salt stressed (Hoagland solution + NaCl) group on the 2™ 4" 6" and 8" day ,respectively ,after treat-
ments. Exogenous H20: (10 mol/L) accelerated the maximum accumulation chlorophyll and GSH con-
tentsin NaCl stressed condition while decelerated the maximum accumulation content of MDA . Exogenous
H20: enhanced wheat seedling salinity tolerance.

Key words:H:20: ;wheat seedling;salinity tolerance;regulation

Soil salinity isone of the major abiotic stresses affecting plant growth and productivity globally.
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There are 380 million hectares of salinity soil in the
world. One of third irrigable fields is affected by
high salinity. In plants,hydrogen peroxide (H202)
is thought to be increased under various abiotic
stresses and to enhance gene expression of active
oxygen scavenging (AQOS) enzymes. In maize,
H20: production was reported to increase in re
sponse to chilling stress,and exogenoudy applied
Hz20: increased chilling tolerance'™. Increased
H20O: production was al 0 reported to occur gradu-
aly in response to salt stressin rice plants? . Pre-
treating rice seedlings with low level of H20: in-
creased their salt tolerance!® . Wheat ,as a crop of
great importance in the world,is one of the salt-
sengtive crops. Accumulation of salts in irrigated
il is one of the primary factors limiting yield in
wheat production. Research on salt stress tolerance
in wheat istherefore of great importance for future
practical advances. However , little research has
been devoted to the role of exogenous H.0: on salt
tolerance of wheat plants. In the present study ,we
exogenoudy applied H:20:
caused protection against salt in young wheat seed-
lings.

demonstrated that

1 Materias and methods

1.1 Pant materialsand treatments

Seeds used in the experiment were from ring
wheat ( Triticum aestivum L.) variety “ Plateau 448" .
The variety was developed by Northwest Institute of
Plateau Biology, the Chinese Academy of Sdences
(CA9 and released in 1999. It has become one of the
major cultivars in the Qingha- Tibet Pateau and
Northwest Soring Wheat Area. The seeds were surface
sterilized with 70 % doohol and thoroughly rinsed by
tap water and then tranderred to two sheets of seri-
lized moigt filter paper. Seeds were placed in plagic
traysfor germination at 28 for 48 hiin the dark. Uni-
form germinated seeds were sdlected and own into the
culture dishes,and grown hydroponicaly in a growth
chamber. The temperature of the growth chamber was
maintained at (27 +2) and light intendty was 400
M molem ?ss ', The humidity of the growth chamber

was between 60 % 70 %. The Hoagland nutrition was

aerated continuoudy and replaced every two days.
When the third leff gorouted ,treatments were made as
follows: (1) Hoagland solution;(2) Hoagland sol ution
+ 150 mmol/L Nad; (3) Hoagland solution + 150
mmol/L Nad + 104U mol/L H20: ;(4) Hoagland olu-
tion+10M mol/L H20:.Leaves at the same ledf order
were harvested at 9 O’ dock on the 2 4" 6" and 8"
day dter treatment , repectivdly and then stored at
- 70 for determination of chlorophyll content ,MDA
content ,0luble sugar content and GSH content. All
the treatments were performed in triplicates.
1.2 Methods

Chlorophyll content was determined as described
in Yang' s method*’. MDA and oluble sugar content
were determined following Hlman’ s method® . Re-
duced glutathione (GSH) content was determined fol-
lowing Hlman’ s method® . All the determinations
were accomplished by 751-UV ectrophotometer and
performed in triplicates and the average vaues were
presented. Excd and SPSSL5. 0 were used for data ster
tistic andyss.

2 Results

2.1 Hfectsd exogenous H.O: on chlorophyll con-
tent in wheat seedling

Aswe al know ,photosynthess is one of the
key metabolic pathways that are responsble for
growth and development of plants’”’ and chloro-
phyll isthe most important photosynthetic pigment
in plants. Therefore chlorophyll content could be
used as an index of salt tolerance of plants. As
shown in Fig. 1 ,after wheat seedlings were grown
in 150 mmol/L NaCl ,the leaf chlorophyll content
was decreased by 13. 58 %,12.82 %, 3.27 % and
1.82% on the 2™ ,4™ ,6",8" day, respectively,
compared to the control (Hoagland solution trea
ted only) . While the chlorophyll content of those
groups with Hoagland + NaCl + H2O: treated was
much higher than that of the groups with salt
stressed (150 mol/L NaCl) . The addition of H-O:
(10p mol/L) to salt stressed wheat seedlings in-
creased their chlorophyll contents by 8. 27 %,32.
57 %,10.19 % and 4. 86 % on the 2™ 4" 6" and 8"
day ,respectively. Especialy ,on the 4" ,6" ,and 8"
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day efter treatments, the chlorophyll content of
Hoagland + NaCl + H20: treated group was even
higher than that of the Hoagland treated group. On
the 2™ and 8" day after treatment of Hoagland +
H20: ,the chlorophyll content in wheat leaves was
a little higher than control. Furthermore ,the maxi-
mum chlorophyll content appeared on the 6" day in
Hoagland + NaCl treated group while on the 4™ day
in Hoagland + NaCl + H20: treated group.
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Fig.1 Chlorophyll content in wheat seedling
with different treatments and time
H represents Hoagland solution ; Results are presented as
means and standard errorsfrom three replications.

The same as below

2.2 Hfects of exogenous H.O. on lipid peroxida-
tion in wheat seedling

Lipid peroxidation of wheat seedlings ater treat-
ments ,measured as MDA content ,is shown in Hg. 2.
After sdt stressed treatment (150 mol/L Nad) ,the
MDA oontent was increased by 13.89 %, 27. 63 %,
29.35 % and 19. 67 %on the 2 4" 6" and 8" day ,
respectively ,compared with the control. While the
MDA content was decreased by 17.53 %,14. 04 %,
4.75%,8.47 % in the Hoagland + NaCl + H202 on
the 2" ,4™ 6" and 8" day after treatments (P <
0.05) ,respectively ,compared with the salt stressed
group. In addition,on the 2™, 4" 8" day after
treatments,the MDA content of the Hoagland +
H2O: treated group was decreased alittle compared
to the control. MDA content was increased before
4™ and decreased during the 4" 8" day after treat-
ment of Hoagland + NaCl. While the MDA content
was increased until the 6" day and then decreased.
Exogenoudy added H:0: not only decreased MDA
content but decelerated the appearance of maxi-

mum MDA content in NaCl stressed condition.

——H —a— H+NaCl+H,0,
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Fg.2 MDA content in wheat seedling
with different treatments and time

2.3 Hfects of exogenous HO: on soluble sugar
content in wheat seedling

Soluble sugar content is shownin FHg. 3.Both st
stressed treatment ( Hoagland + Nad) and Hoagland
+Nad + H:0O: treatment increased the wheat seedliing
oluble sugar content to different degrees on the 2™,
4" 6™ and 8" day ater trestments. The stressed treat-
ment (Hoagland + Nadl ) increased soluble sugar con-
tent by 22.38 %,11. 66 %,8.41 %,7.07 % on the 2,
4" 6™ and 8" day &ter treatments,respectively ,conr
pared with the control. While the soluble sugar con-
tentsof Hoagland + Nad + H:O. treated group were
increased by 36. 96 %,20. 09 %,25. 09 %,12. 87 % on
the 2" 4" 6" and 8" day ,repectively ,compared with
the control. Hoagland + Nadl + H2 O, treatment further
increased the sluble sugar by 14. 58 %), 8. 43 %,
16.68 % and 5. 8 % ,regectively ,compared to the st
stressed group ( P< 0. 05) . Soluble sugar contents were
increased from 2™ to 4™ day and then decreased during
the next 4 daysin the al treatments except for the Ho-
agland + H2 O: treated group.
2.4 Hfects of exogenous H:O: to GSH content of
wheat seedling

GSH oontent is diglayed in Fg. 4. St stress
treatment (Hoagland + NaCl) decreased the GSH con-
tent by 8. 68 %,20. 27 %,10. 06 % and 8. 62 % on the
2" 4" 6" and 8" day ,resectively ,compared with the
control. The addition of H.O. (10M mol/L) to Hoag
land + Nadl increased the GSH content by 3. 09 %,
23.97 % ,5. 85% and 2. 11 %, regoectively , compared
with the sdt stressed group at the 2 ,4" 6" ,8" day
ater treatments. GSH content wasincreased more drar
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maticaly in Hoagland + NaCl + H:0: treated group
than in Hoagland + Nadl treated group from 2" to 4™
day ater treatment. The appearance of maximum GSH
content was a0 accelerated by exogenoudy added

H.O: in Nad stressed condition.
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Fig.3 Soluble sugar content in wheat seedling
with different treatments and time
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Fig.4 GSH content in wheat seedling

with different treatments and time

3 Discusson

Compounds that are able to reduce damaging
dfects of various stresses should be of great impor-
tance from both the theoreticd and gpplication points
of view. The ROS hydrogen peroxide (H.0O:) has gen-
eraly been viewed as a toxic cdlular metabolite. How-
ever ,it is clear that it may a= function as a sgna
molecule in both plant and anima cdls® . The genera
tion of H20: isincreased in regponse to a wide variety
of abiotic and biotic stresses,and some authors have
suggested that H.O: plays a dua rolein plants:at low
concentrations it acts as a messenger molecule i nvol ved
in accimatory dgnaling, triggering tolerance against
various abiotic stresses,and at high concentrations it
orchestrates programmed cdl death™®'. Thus,it ap-
pears likdy that H2O. accumulation in gedfic tissues,

and in the appropriate quantities,may benefit plants by
mediating plant acclimation and cross tolerance to both
biotic and abiotic stresses® .

In the present study we showed that exogenous
H20: caused protection aganst sdt stress in wheat
young seedlings(Fg.1 4). Chlorophyll content could
be used as an index of st tolerance of plants. Decrear
dng of wheat seedling chlorophyll content caused by
st stress (150 mmol/ L Nad) was aleviated by the
H20: (104 mol/L) to different degrees. Hoagland +
H2Oz (10U mol/ L) treatment a0 increased the wheat
seeding chlorophyll ocontent of Hoagland + H20:
group to the level of being beyond the control on the
4" 6" and 8" day &ter trestment. At the same time,
the gppearance of maximum chlorophyll content was
accelerated by exogenoudy added H.O: (Fig. 1) . That
indicated the exogenous H20. could play some protec-
tive rolein st stress condition.

Salt stressis known to result in extensve lipid
peroxidation ,which has often been used as indica
tor of salt-induced oxidative membrane damages™®' .
MDA isan end product of lipid peroxidation. In the
present study (Fig.2) ,wefoundthat MDA content
was decreased by the exogenously added H:O: (10
M mol/L) compared with salt stressed group. We
can see clearly from the data that the protection
caused by H20: against salt stress occurred mainly
in the early stage after treatment of H:0. (10
M mol/L) . It also showed that H2O. had little effect
on unstressed wheat seedlings. Exogenoudy added
hydrogen peroxide not only decreased MDA con-
tent but decelerated the appearance of maximum
MDA content in the NaCl stressed condition.

Water deficiency caused by salt stress is a
common phenomenon in plants. Water deficiency
often leads to metabolic disorders. In order to keep
a relatively higher osmotic potential 's) ,plants
often postively synthesze and accumulate some
compatible solutes which could increase the osmot-
ic potential of plant cells. Soluble sugar is one of
compatible solutes. In order to protect plant cells
from lodng water excessvely, soluble sugar con-
tent was increased under salt stressed condition,
while the addition of H2O, (104 mol/ L) further in-
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creased the accumulation of soluble sugar in wheat
seedlings (Fig. 3) ,hence protected wheat seedling
cells by keeping a relatively higher osmotic poten-
tial s) and improving their salt tolerance. It was
showed that at the 2™ and 6" day af ter treatment of
Hoaglan + H20: (10 W mol/L) ,the soluble sugar
content was also higher than control (Fig.3). S
we could speculateit isthe “ PFieup Efect" of salt
stress and H:0:.

GSH is an important metabolite as it is in-
volved in the protection of plants from oxidative
stress buildup due to various environmental stres
ses™®*! GSH is one of the norrenzymatic antioxi-
dants like ascorbate (A SA) ,tocopherols and carot-
enoids for scavenging reactive oxygen gpecies
(ROS) produced in the stressed condition. One of
the damages caused by the salt stressis the oxidar
tive stress. Our work showed that salt stress de-
creased the GSH content while the addition of
H20. (10 J mol/L )
compared to the salt stressed treatment, hence
increased the salt tolerance of wheat seedlings. The

appearance of maximum GSH content was als0 ac

increased the GSH content
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