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Houttuynia cordata Thunb. is a plant enrichment in potassium in plant was reported. Salinity
and low potassium availability are important environmental factors restricting plant growth
and productivity throughout the world. The interactive effects of salinity and potassium on
growth, water content, chlorophyll content, lipid peroxidation content, ion accumulations and
K*/Na* ratio, and organic accumulations as well as oxidative enzymes were investigated in
Houttuynia cordata Thunb.. Plants of three-leaf-stage were selected for uniformity, then
treated with four levels of Na* (50, 100, 200 mmol/L) and K* (0, 0.6, 1.2, 2.4 mmol/L) for 20
days. Plant biomass production, ratio of root and shoot, root numbers, water content and
MDA content significantly declined in the combined effect of salinity and K* deprivation, and
increased with salinity. However, salinity in conjunction with K* deprivation led to an increase
on leaf chlorophyll content, which even increased with increasing salinity levels. As expected,
K* content in plant was positive correlated with supplementary K* concentrations, while Na*
was well correlated with salinity, especially enhanced by the interactive effects of salinity and
K* deprivation. Soluble sugar and proline contents remarkable increased by the highest
salinity. SOD activity also substantial increased by the highest salinity, and increased with
supplementary K* concentrations. However, elevated CAT and POD activities were not
accompanied with an increase in SOD activity.
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Houttuynia cordata Thunb.(H. cordata) W01-100
is a pungent, heart-like leafed perennial herb and
constitutes a single species of the genus
Houttuynia. H. cordata has been identified as one
of the most potential medical and edible wild plant
resources (Wu et al., 2005a). It is mainly used to

reduce fever to ease malnutrition, clear toxins in

body, and also used to treat lung carbuncles, and
has  anti-bacterial and  immunomodulatory
properties (Chen et al., 2008) and recently, it has
demonstrated considerable efficacy in anti-SARS
(Lau et al., 2008). Addition of its young plant is
popularly used as wild vegetable (Kim et al., 2001;

Nuengchamnong et al, 2009). Due to these
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advantages of H. cordata, wild resources can not
meet the great requirement. It was reported that
H. cordata W01-100 was rich in potassium in plant,
which had relatively higher absorbed K* capability
(Zou et al., 2011). Intensive research also reported
that the optimal potassium concentration for H.
cordata W01-100 culturing in MS medium was 1.28
mmol/L K, which was much lower than other

plants’ growth requirement (Xu et al., 2011).

Salinity in agricultural land is a major problem
worldwide, placing a severe constraint on crop
growth and productivity in many regions, and
increased salinization of arable land is expected to
have devastating global effects (Sobhanian et al.,
2011). Therefore, salinity is one of the most
significant abiotic factors limiting crop productivity
(Gama et al., 2007, Munnas 1993). Growth
inhibition and poor plant performance under saline
conditions are attributed to osmotic stress imposed
by salinity and to specific ion (Na* in most cases)
toxicity. The effects of mild cases of salt stress are
primarily limited to plant growth, development, and
crop productivity, but in extreme cases, salt stress

can lead to plant death (Aoki et al., 2005).

It was reported that detrimental effects of
death of these factors are crucially dependent on a
plant’s ability to maintain K* homeostasis and
control K* transport across cellular membranes
(Shabala and Pottosin, 2010). It has also been
suggested that the primary reason for salinity
induced programmed cell death is the resultant
depletion in cytosolic K* (Hafsi et al., 2010). Study
reported that potassium greatly lower ROS
production by reducing activity of NAD (P) H
oxidases (Cakmak, 2005). Zheng et al. (2008)
demonstrated that suitable increment of K
alleviated symptoms of the individual salt stress by

improving growth of shoots and roots, reducing
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MDA content, enhancing activities of anti-oxidative
enzymes. These emphasize the pivotal role of
intracellular K homeostasis in plant salt tolerance

(Shabala and Cuin 2007; Cuin et al. 2008).

Therefore, the present experiment was
conducted to study the influence of salinity and
potassium deprivation on H. cordata WO01-100,
which was as a kind of plant enrichment in
potassium. Changes in plant biomass, root number,
ion and organic solutes and MDA accumulations, as
well as anti-oxidative enzymes activities were

analyzed.
MATERIALS AND METHODS
Plant materials and growth conditions

H. cordata (accession number, W01-100) was
obtained from Good Agricultural Practices (GAP)
base of 999 Pharmaceutical Group in China, which
is planted as a new line for disease resistance and
high-quality and vyield (Wu et al., 2004). Its
chromosome number is 90 (Wu et al., 2003). The
plant first was cultured in Murashige and Skoog’s
mediums, when it was at three-leaf-stage, sterile
plants were selected. Plants were selected uniform
to subject to salt stress treatment for 20 days. The
study were both set four levels for sodium (Na*) (O,
50, 100, 200mmol/L) and potassium (K*) (0, 0.6, 1.2,
2.4mmol/L), listing in Table 1. Plant growth in a
controlled sterile chamber under 12h of light and
12h of darkness with an average day/night
temperature of 24/20°C and a relative humidity of
50/60% day/night. During the entire cultured
period, the photosynthetic photon flux density in
the chamber was 30umolm™s™. Light was provided
by cool-white fluorescent lamps (Philips, China).

The whole plants were harvested for determine.
Growth parameters and water contents

After 20° of treatment, the plants were
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harvested. Water content and growth parameters
including fresh weight of aboveground and
underground, dry weight of whole plant, root
number were measured. The ratio of root and
shoot is fresh weight ratio of underground and

aboveground.
Chlorophyll contents

Chlorophyll contents were measured by a
portable chlorophyll meter (SPAD-502, Konica
Minolta, Tokyo, Japan) of the second fully expanded
leaves from the top of individual plants. SPAD value
was an indicator of chlorophyll content. The
average value of three points per leaf at upper,

middle and lower positions was used.
Na‘, K *contents

The fresh plant were dried quickly at 105°C for
30min, and then oven-dried at 70°C for 24h. The
dried material was smashed to pass a 0.25mm
sieve. The sample powder (0.1g) soaked in 10mL
1mmol/L hydrochloric vibrated for 30min, and
filtered, and then take out 5mL settled to
volumetric flask of 50mL with 1mmol/L
hydrochloric acid. The extraction solution was used
to determine Na* and K" concentrations by flame
photometer. Foliar K* content was calculated in
terms of Ug™ dry weight (DW).

Proline, soluble sugars determinations

To determine free proline level, 0.5g of leaf
samples from each group were homogenized in 3%
(w/v) sulphosalycylic acid and then homogenate
filtered through filter paper (Xiong, 2008). Mixture
was heated at 100°Cfor 40min in water bath after
addition of acid ninhydrin and glacial acetic acid.
After cooling the mixture, added 6.0mL of toluene.
The  chromophore-containing  toluene  was

separated and absorption at 520nm was read, using

toluene as a blank. Proline concentration use L-

proline for the standard curve.

Soluble sugar content was determined by the
method of Xiong (2008). A total of 0.3g of fresh
tissue (leaf) was mixed with a 5.0mL aliquot of
methanol (80%) in covered glass tubes and boiled
at 70°Cfor 30min. After cooling the mixture, a 1mL
aliquot of the extract was mixed with 1.0mL of
phenol and 5.0mL of concentrated sulfuric acid.
After agitation and cooling of the reagent mixture,
A640 was read using methanol as a blank. Soluble
sugar concentration was calculated using glucose
solution as a standard curve. All the analyses (for
proline and sugars) were carried out on both young
and old leaves.

Lipid peroxidation

Malondialdehyde (MDA) was assayed as an end
product of lipid peroxidation by the 2-thiobarbituric
acid (TBA) reaction according to Steemart and
Bewley (1980). Leaf samples (0.3g) were
homogenized in 3mL of trichloroacetic acid (TCA).
An equal volume of 0.5% thiobarbituric acid (TBA)
was added and samples incubated at 95°C for 30
min. The reaction stopped by putting the reaction
tubes in the ice bath. The samples then centrifuged
at 10000xg for 30min. The supernatant removed,
absorption read at 532nm, and the amount of
nonspecific absorption at 600nm read and
subtracted from this value. The amount of MDA
present calculated from the extinction coefficient of

155mM™cm™.
Enzyme assays

Leaves (0.2g) were homogenized in a mortar
and pestle with 10mL 50mmol/L sodium phosphate
buffer (pH 7.8 for SOD, pH 6.0 for POD and 7.0 for
CAT) containing 1% insoluble polyvinylpyrrolidone
(w/v). The homogenate was centrifuged at 15,000g

for 10 min and the supernantant fraction was used
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as crude extract for enzyme activity. All operations

were carried out at 4°C

Superoxidase dismutase (SOD) activity was
determined by monitoring its ability to inhibit
photochemical reduction of nitroblue tetrazolium
(NBT) at 560 n. The reaction mixture (1.5mL)
contained 50mM phosphate buffer (pH 7.8), 10uM
ethylene diamine tetraacetic acid (EDTA) -Na,,
13mM L-methionine, 75uM NBT, 2uM riboflavin
and 0.1mL enzyme extract. Riboflavin was added
last and tubes were shaken and illuminated with a
two 20-W fluorescent tubes. The reaction was
allowed to proceed for 15min after which the lights
were switched off and the tubes were covered with
a black cloth. Absorbance of the reaction mixture
was read at 569nm. A unit of activity was
determined as the reduction of 50% NBT. Enzyme

activity was calculated in terms of U/g FW.

Peroxidase (POD) activity was determined based
on guaiacol oxidation. The reaction mixture
contained of 1.0mL 50mmol/L sodium phosphate
buffer (pH 6.0), 0.4mL 5mmol/L guaiacol, 0.2mL
10mmol/L H,0,, 0.02 mL enzyme extract and 0.2mL
distilled water. Increase in the absorbance due to
oxidation of guaiacol was measured at 470nm. One
unit of activity was determined by the variety of
0.01/min. Enzyme activity was expressed as U/g

FW.

Catalase (CAT) activity was measured according
to Aebi (1984). About 2mL reaction mixture
containing 0.9mL 100mmol/L sodium phosphate
buffer (pH 7.0), 0.3 mmol/L H,0,, 0.1 mL enzyme
extract and distilled water to make up the volume
to 2mL. Reaction started by adding H,0, and
decrease in absorbance recorded at 240 nm for
5mins, reading one time every minute. CAT activity
was computed by calculating the amount of

hydrogen peroxide (H,0,) decomposed. One unit of
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activity was determined by the variety of 0.01/min.

Enzyme activity was calculated in terms of U/g FW.
Statistical analysis

Values were presented as means * standard
errors (SE) from three independent treatments.
These data were subjected to analysis of variance
and Duncan’s multiple range test (P < 0.05) using

SPSS version 17.0.

RESULTS

Growth parameters

Both salinity and K* deprivation resulted in a
significant reduction in plant biomass of H. cordata.
Yellow, wilted, shrinkage leaves were observed in
salinity and K" starvation treatments. A
considerable decrease in whole plant biomass
production was registered when the two
constraints were applied simultaneously (Table 1).
Plant biomass increased with the increasing K*
when treated with the same salt levels (Table 1).
The ratio of root and shoot decreased caused by
increasing salinity, while increasing with supplied K*
concentrations excepted in the highest salinity
(Table 1). Table 1 showed root numbers were
significantly decreased in the combine effect of
salinity and K* deprivation, and decreased with
increasing salinity. Root numbers were increased by

supplied K* concentrations under the same salinity.
Water and chlorophyll contents

Table 1 showed that the lowest water content
was observed in leaves of plants subjected to the
combined effects of highest salt stress and K*
deprivation. Water content increased significantly
with increasing K" regardless of salinity levels.
Opposite to the variation of water content,
chlorophyll content and salinity concentration
showed a positive correlation. High salt stress

resulted in water lose in plant and coarse small
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shrinkage of blade was observed in high salt
concentrations treatments. The highest salinity
showed the highest chlorophyll content no matter

what K* concentrations was.
K* and Na*contents

Na® content in plants increased substantially
with increasing salinity, and reached the maximum
value at the highest salinity and K'-deficiency
treatment (Table 2). But Na' content significantly
decreased by supplementary K'. K* content was
negative with salinity levels, but had a positive
correlation with supplementary K*. And K*/Na* ratio
was also positive associated with K* concentrations
in low and mid salinity. However, the K*/Na* ratio
showed no significantly difference in high salinity

with different K" concentrations.
Proline and soluble sugar content

Proline content in fresh leaves of H. cordata
WO01-100 significantly increased by the combined

effect of salinity and K* starvation, and reached the

peak at the highest salinity (Fig. 1a). Plants treated
with the same salinity, proline content increased
with the supplied potassium concentrations; and
the same trend was observed under the same
supplementary K*. The soluble sugar content was
greatly increased in the highest salinity level (200
mmol/L), and being highest also in the highest
salinity in conjunction with K* deprivation (Fig. 1b).
Then under the same salinity, soluble sugar content
decreased with increasing K*, but was positive
associated with salinity.
Lipid peroxidation

Fig. 2a showed that MDA content was
significantly affected by the combined effect of
salinity and K' deprivation, and reached the
maximum value at the highest salinity. The supplied
K* decreased MDA content in leaf. Plant being
treated in the same K* concentration, MDA content

increased with increasing salinity.

Table 1 K*and Na*contents of H. cordata grown in mediums containing different concentrations of K*

and Na*
K* content of plant Na*content of plant K*/Na* ratio
Ko-s0 1.32+0.00 D 2.25+0.05G 0.58+0.01 BC
Ko.6-50 1.69+0.00 C 2.41+0.02 FG 0.70+0.01 BC
K1.2-50 1.97+0.04 A 2.22+0.05G 0.89+0.00 BC
K3.4-50 1.9310.00 A 1.91+0.03 H 1.01+0.02 A
Ko-100 1.031+0.04 E 3.73+0.06 C 0.28+0.01 D
Ko.6-100 1.40+0.04 F 3.561£0.06 CD 0.39+£0.01 DE
K1.2-100 1.77+0.08 BC 2.88+0.09 E 0.61+0.03 CD
K3.4-100 1.89+0.04 AB 2.5410.02 F 0.74+0.01 BC
Ko-200 0.95+0.07 E 4.77+0.03 A 0.20+0.02 D
Ko.6.200 1.36x0.04 D 4.28+0.09 B 0.321£0.01 DE
K1.2-200 1.40+£0.04 D 3.48+0.07 D 0.40£0.01 DE
K3.4-200 1.36+0.04 D 2.98+0.03 E 0.46%+0.02 DE

Note: Koso, Kosso, Kos10o, Kosa00 represent K and Na concentration were 0.6 and 0, 50, 100, 200 mmom/L, 0 and 100
mmom/L, respectively. The rest can be done in the same manner. Each value is meanSE (n=3). Values in the same
column followed by the diffierent letters are significantly different at 1% (P<0.01) according to LSD multiple-range

test.
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Table 2 The interactive effects of salt and K* concentrations on growth parameters, water and
chlorophyll contents of H. cordata

No. Dry weights Ratio of root/shoot  Root numbers Water contents  Chlorophyll contents
Ko-so 4.34+0.16 C 0.21+0.01 AB 8.60£0.20 AB 14.01+0.01 D 27.55+2.04 DE
Kosso ~ 4.02+0.01C 0.21+0 BC AB 7.40£0.72 BC 11.10+0.02 F 27.29+£1.20 DE
Kizso  6.2320.03 A 0.17+0.02 ABC 7.67+0.18 BC 22.16+0.01 A 29.89+0.76 ABCDE
Kisso ~ 5.19%0.01 B 0.1540.01 ABC 9.73£0.07 A 12.0540.05 B 30.05+0.72 ABCDE
Ko-100 2.98+0.04 D 0.14+0.02 CDE 5.33#0.87 E 16.93+0 B 30.8+0.65 ABCD

Koe100o  5.24+0.06 B 0.14+0.01 CDE 5.8740.35 DE 14.2840.07 C 30.44+1.17 ABCDE
Kizi0  5.43£0.22 B 0.13+0.01 CDE 6.33+0.29D 9.63+0.01 H 28.85+0.48 CDE
Kra100 4.21%£0.05C 0.15+0.01 CDE 8.33+0.97 BC 13.12+0.01 E 29.37+1.07 BCDE
Ko-200 2.30+0.04 E 0.03+0.02 E 0.87+0.68 H 2.95+0.06 K 31.5+1.64 ABCD
Ko.6-200 1.16+0.03 F 0.02+0.01 E 0.40+0.23 H 7.87+0.02 1 34.29+2.20 A
Kiz200 2.97+0.09D 0.12+0.02 DE 1.90+0.25 FGI 6.85+0.05J 32.65+0.87 ABC
Kya200  3.17+0.06 D 0.04+0.01E 3.40+0.20F 10.01+0.02 G 33.44+0.90 AB

Note: Koso, Kosso, Kosioo, Kosa00 represent K and Na concentration were 0.6 and 0, 50, 100, 200 mmom/L, 0 and 100
mmomy/L, respectively. The rest can be done in the same manner. Each value is meanzSE (n=3). Values in the same
column followed by the diffierent letters are significantly different at 1% (P<0.01) according to LSD multiple-range
test.
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Enzymes activities

CAT and POD activities enhanced obviously by
the combine effect of salinity and K starvation,
expecting POD in the low salinity (Fig. 2b&c). POD
activity was remarkable decreased by the low
salinity no matter what K* concentrations was,
while it was greatly stimulated by the highest
salinity. Salinity and supplementary K+ both
increased activity. However, it had a negative
correlation with POD activity and supplementary K*
concentration. SOD activity varied different from

CAT and POD (Fig. 2d). SOD activity was declined by

the combine effect of salinity and K* starvation, and

it was substantially stimulated by low salinity, while
decreased in the highest salinity. Therefore, SOD
activity decreased with increasing salinity under the
same K*

concentrations, but enhanced by K*

concentrations without salinity effect.
DISCUSSION

Heavy salinity stress generally leads to growth
arrest and even plant death (Parida and Das, 2005).
In the present study, salinity also led to a reduction
in  biomass production, but increased with
increasing supplementary K*. Growth was more

affected by the interactive effects of salinity and K*
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deprivation than either factor alone. This could be
partially attributed to a substantial reduction in
root growth, water content and mineral nutrient
absorption in plant, as a result of high osmotic
pressure in plant cells. Study reported that salt
stress had no significant effect in leaf chlorophyll
content (Li et al., 2010). Cha-um et al. (2010)
reported that salinity significantly decreased leaf
chlorophyll content, and supplementary potassium
marked enhanced chlorophyll content. However, in
this research, leaf chlorophyll content had a
substantial enhance with increasing salinity,
reaching the maximum value at the highest salinity.
It was suggested that high salinity resulting in much
water losing, led to chloroplast shrink, thus leaf
chlorophyll  content increased (Salin, 1987;
Valentina, 2000).

The lipid peroxidation of membranes has been
considered a good marker for oxidative damage
and results from a degradation of polyunsaturated
fatty acids, which severely affects their functionality
causing irreversible damage (Halliwell and
Gutteridge, 1989). Our data showed a considerable
increased of leaf MDA content by increasing
salinity, and being highest in plants subjected to the
combined effects of salinity and K" deprivation,
which was in well accordance with Hernandez et al.
(2010). This reflected the severe oxidative injury of
membrane. Supplementary K' decreased lipid
peroxidation content in high salinity treatments.
Hafsi et al. (2011) also reported that supplied K*
nutrient obviously declined MDA content of
Hordeum. The results confirmed the significance of
K* nutrition in alleviating the detrimental effects of
salinity stress on biological membranes. Therefore,
the observed increase in the level of Ilipid
peroxidation reflects impairment of membrane

integrity.
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Plants growth inhibition and poor plant
performance under saline conditions are attributed
to osmotic stress imposed by salinity and to specific
ion (Na® in most cases) toxicity. To deal with
osmotic stress and maintain sufficient turgor
pressure required extension growth in roots and
shoots, the primary physiological response of plants
is to undergo osmotic adjustment through two
processes: accumulation of ions in the vacuole and
synthesis of organic solutes in the cytosol (Lee et
al., 2008). Halophytes in saline conditions usually
accumulate inorganic ions in vacuoles to decrease
cell water potential because the energy
consumption from absorbing inorganic ions is far
less than from synthesizing organic compounds
(Munns, 2002). In the present study, low salinity
had relative higher K* content in plant, compared to
the highest salinity, and enhanced its content with
increasing supplied K*. This also reflected in the
enhanced plants biomass productions and root
numbers in low salinity and higher supplied K*
treatment. The increasion and reduction of Na* and
K* contens in plants, indicating that a competitive
inhibition between the absorption of Na® and K,
similar problem also reported in Parida and Das
(2005) and Li (2010). Not only Na* and K* contents,
but also K*/Na® ratio can be used as phyto-
physiological for salt stress (Keutgen and Pawelzik,
2008). In this study, increasing K* concentration
enhance K'/Na* ratio, but showed no significant
difference in high salinity. It was may existed a
positive feedback regulation that plants cultured in
high salinity stressed stimulated root growth to
absorb mineral nutrients, but higher osmotic
inhibited nutrient transferred to aboveground.
Therefore, plants treated in high salinity K*/Na*

ratio showed no difference.

Meanwhile, H. cordata WO01-100 can also
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synthesize compatible organic solutes to prevent
dehydration (Lee et al., 2008). Furthermore, some
of these organic solutes also can protect
biomacromolecules in cytoplasm (Parida and Das,
2005). Soluble sugars and proline accumulation in
plant play an important role in turgor maintenance,
which consider as an adaptive trait concerned with
stress tolerance (Najafi, 2010; Rhodes and Hanson,
1993). In the present study, it evident that soluble
sugar and proline contents in fresh leaf of H.
cordata  WO01-100 increased not only with
increasing salinity but also with increasing
supplementary K. This suggested that the induction
of the synthesis of soluble sugar and proline was
associated both salinity and supplementary K*. The
data indicated that accumulation of soluble sugar
and proline might not only being as osmolyte and
protectant, but also have other roles related to K*
physiological metabolic activities. The increase in
proline content under stress condition may be due
to breakdown of proline rich protein or de novo
synthesis of proline (Tewari and Singh, 1991). The
correlation between K* and soluble sugar and
proline accumulation should be investigated

further.

Recently, a third component, an ROS-induced
damage to key macromolecules and proteins, has
been added to the list of detrimental effects of
salinity (Zhu, 2003; Tester and Savenport, 2003). To
minimize the effects of oxidative stress, plant cells
have developed a complex antioxidative system,
including low-molecular mass antioxidants as well
as antioxidative enzymes, such as SOD, POD, CAT
(Noctor and Foyer, 1998). SOD represents the first
line in the removal of ROS in cells, it converts
superoxide (O%) to hydrogen peroxide (H,0,) and
molecular oxygen (0,) (Mittler, 2002). In this work,

a decrease in total SOD activity as a consequence of

salinity was observed. Preview study had
demonstrated that leaf SOD activity increased with
salinity levels (Hernandez et al., 2010; Koca et al.,
2007), which was against with this study. However,
it was implied that an increase of 0% under low
salinity compared with high salinity. In another way,
elevated SOD activity was not accompanied with an
increase in the activities of major H,0, scavenging
enzymes CAT and POD. CAT and POD activities
increased as a result of increasing salinity, but
decreased with supplementary K* concentrations
when under the same salinity. It was indicated that
the increase of O might not only accumulation
from salinity stress, but also from other sources. It
was reported that oxygen-dependence
photosynthesis may be “leaking” energy to
molecular oxygen, forming ROS such as 0% (Wise
and Naylor, 1987; Ort and Baker, 2002). Therefore,
it implied that accumulation of 0% might be
partially suppressed by the low photosynthesis rate
in these treatments. However, it can not exclude
the possibility that there might be other antioxidant
compounds in H. cordata which could be more

effective under salinity stress.
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