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Summary

HAMADA A.M. & AL-HAKIMI A.-B. M. 2009. Hydroponic treatment with ascorbic
acid decreases the effects of salinity injury in two soybean cultivars. - Phyton (Horn,
Austria) 49 (1): 43-62, with 9 figures.

The addition of 0.5 mM ascorbic acid (AsA) to the hydroponic growth solution of
young soybean cultivars, cvs (Glycine max Exford, high sensitive and G. max Giza
21, low sensitive) under normal growth, conditions provided protection against sub-
sequent salinity stress. This observation was confirmed by fresh and dry matter
contents, dose of response, total water content, photosynthetic pigments, transpira-
tion rate, AsA contents, membrane stability index, K+ leakage and minerals (Na+, K+

content, translocation, uptake and K+/Na+ ratio). In addition, analysis of antioxidant
enzymes showed that AsA pretreatment causes an increase in catalase (EC 1.11.1.6),
ascorbate peroxidase (APX) (EC 1.11.1.11) and guaiacol peroxidase (EC 1.11.1.7) ac-
tivities under salinity stress. The seedlings of two soybean cultivars differing in salt
sensitivity were treated with 0.1, 0.2 and 0.4 M NaCl for 3 days.

Zusammenfassung

HAMADA A.M. & AL-HAKIMI A.-B. M. 2009. Hydroponic treatment with ascorbic
acid decreases, the effects of salinity injury in two soybean cultivars. [Ascorbinsäure
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in Hydrokultur verringert Salzschäden bei zwei Sojabohnen-Kultivaren]. - Phyton
(Horn, Austria) 49 (1): 43-62, mit 9 Abbildungen.

Zusätzliche Ascorbinsäure (AsA, 0,5 mM) zu Nährlösungen bewahrt junge So-
jabohnen-Kultivare (Glycine max Exford, hoch empfindlich und G. max Giza 21,
wenig empfindlich) unter normalen Wachstumsbedingungen vor Salzschäden (Be-
handlung mit 0,1, 0,2 und 0,4 M NaCl drei Tage lang). Insgesamt war die Stressant-
wort geringer. Dies wurde anhand Frisch- und Trockengewichtsbestimmungen, Er-
mittlung des Gesamtwasser- und des Fotosynthesepigmentgehalts, Messung der
Transpirationsrate, dem Gehalt an AsA, dem Mebranstabilitäts- Index, K+ und Mi-
neralsalz Verlust („leakage") (Na+ und K+ Gehalt, Transport und Aufnahme sowie
Bestimmung des K+/Na+ Verhältnisses) belegt. Zusätzliche Bestätigung erhalten
diese Befunde durch den Anstieg der Aktivitäten der antioxidativen Enzyme durch
die Asa-Behandlung bei Salzstress: Katalase (EC 1.11.1.6), Ascorbinsäure-Pero-
xidase (APX) (EC 1.11.1.11) und Gujacol-Peroxidase (EC 1.11.1.7) wurden bestimmt.

In t roduct ion /
/

Oxygen toxicity is an inherent feature of aerobic life since it has esti-
mated that 1% of the oxygen consumed by plants is diverted to produce
activated oxygen (ASADA & TAKAHASHI 1987) in various subcellular loci
(DEL RIO & al. 1992). It has been proposed that salinity-stress condition, in
particular, may trigger an increased formation of the Superoxide radical
and hydrogen peroxide, which can directly attack membrane lipids and
inactivate antioxidant protective enzymes (CHEN & al. 1999). The oxidative
burst phenomenon, caused by environmental challenges and pathogen at-
tack in particular, oxidizes the apoplast. AsA, the major and probably the
only antioxidant buffer in the apoplast, becomes oxidized in these condi-
tions. The apoplastic enzyme, ascorbate oxidase (AO) also regulates the
reduction/oxidation (redox) state of the apoplastic ascorbate pool (re-
viewed by PIGNOCCHI & FOYER 2003). Also, it is not only an important an-
tioxidant but also has many other roles (NOCTOR & FOYER 1998). It is a co-
factor of many enzymes (SMIRNOFF & WHEELER 2000) and a regulator of cell
division and growth (KERK & FELDMAN 1995). Moreover, AsA is a signal-
transducing molecule in plants (PASTORI & al. 2003). Application of AsA
may help in improving growth of stressed plants by neutralizing the ex-
cessive Superoxide radicals or singlet oxygen. The primary purpose of this
investigation was to test the hypothesis that AsA pretreatment can com-
pletely or partially alleviate salt stress effects on plant growth.

Mater ia l and Methods

Plant Material

Preliminary experiments were carried out in order to detect the low NaCl-sen-
sitive cultivar versus the high sensitive one. Soybean {Glycine max Exford, high
sensitive, and G. max Giza 21, low sensitive) were grown hydroponically in half-
strength Hoagland's solution in growth chamber (16/8 h light/dark at 22/20 °C, irra-
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diance at leaf was 250|.imolm~2 S"1) periodicity for 2 weeks. Some of the plants pre-
treated with 0.5 mM AsA added to the hydroponic solution for 1 d under normal
growth conditions. After that, the seedlings were treated with Hoagland solution
containing 0.1, 0.2 and 0.4 M NaCl. Control plants were kept in Hoagland solution
without NaCl or AsA. After treatment (3 days) fresh and dry matter yields of shoots
roots were determined by drying in an aerated oven at 70 °C until constant dry mass.
Total water content was calculated as dry weight subtracted from fresh weight.

Transpiration Rate Measurement

Transpiration rate was measured as described by BOZCUK 1975.

Photosynthetic Pigments Measurements

The contents of chlorophylls a and b and carotenoids were determined spectro-
photometrically (METZNER & al. 1965).

Cell Membrane Stability Index

Cell membrane stability index was determined according to the method of BLUM
& EBERCON 1981.

Percentage Injury (%) = 1- (T1/T2) / (1-C1/C2). 100

Where Ti and T2 are the first (before autoclaving) and second (after autoclaving)
conductivity measurements by conductimeter (YSI Model 35 Yellow Springs, OH,
USA) of the salinization treatment, respectively, Cx and C2 are the first and second
conductivity measurements of the control.

K+ leakage, Na+ and K+ measurement

The flame photometric method (WILLIAMS & TWINE 1960) using Carl Zeiss flame
photometer was used for the determination of potassium.

Ascorbic acid measurement

AsA content was determined spectrophotometrically at 524 nm (TONUMMURA &
al. 1978).

Enzyme assays

For the analysis of catalase activity, 0.5g leaf tissue was homogenized in 2.5 ml
ice-cold Tris buffer (0.5 M, pH 7.4). The enzyme activity of the extract was measured
spectrophotometrically by monitoring the decrease in absorbance at 240 nm in Tris
buffer (pH 7.4) containing lOmM H2O2. APX activity was measured in the presence of
0.25 mM AsA and 0.5 mM H2O2 by monitoring the decrease in absorbance at 290 nm in
Tris buffer (pH 7.8). Guaiacol peroxidase activity was measured by ÄDÄM & al. 1995.

The total protein content in enzyme extract was determined by the method of
LOWERY & al. 1951 using egg albumin as a standard.

Results

Fresh and dry matter yield as well as the water content and also dose
of response (% of inhibition different of control) of the two soybean culti-
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vars was substantially affected by NaCl supply and its interaction with the
applied As A (Figs. 1, 2 and 3). The results reveal that NaCl had an in-
hibitory effect on fresh, dry matter and water content of the two cultivars
plant shoots and roots. The reduction was much lower in cv. Exford than
cv. Giza 21.

The beneficial effect of 1 d of 0.5 mM AsA treatment in alleviating
partially or completely the adverse effects of salt stress on growth, water
content and dose of response were clearly exhibited by the two cvs plants
(Figs. 1, 2 and 3). AsA not only alleviated the inhibitory effects of salini-
zation treatments but also in most levels were of stimulatory effects where
the fresh and dry matter gain and water content in shoots and roots
showed marked increase as the concentration of NaCl in the culture media
was decreased.

In addition, the response of the test cvs to salinity reflected in ham-
pered transpiration rate, which gradually decreased as salinity, increased
(Fig. 4). Furthermore, the data presented in Fig. 4 clearly demonstrate the
effectiveness of AsA in alleviating partially or completely the depressive
effects of salinzing the growth media on transpiration rate of the test cvs.

Membrane stability index clearly showed a significant decrease with
increase of salinity levels (Fig. 4). The highest value of injury was recorded
in plants subjected to the highest level of salinity (0.4 M NaCl). In the
presence of AsA, the level of injury was significantly lowered i.e. mem-
brane stability index is improved (Fig. 4).

One of the expressions of membrane damage is the leakage of some
cell components. In this investigation, K+ leakage of the two cvs exhibited
a great accordance with membrane stability in response to salinity i.e. in-
creased or decreased in accordance with the rhythm of membrane stability
index (Fig. 4). Also, the lost of K+ was proportional with the level of stress.
In AsA pretreated plants, K+ leakage generally lowered indicating that re-
pairing of membrane after deteriorated by stress.

The effect of NaCl supply on the biosynthesis of photosynthetically
active pigments (chlorophyll a, chlorophyll b and carotenoids) in the leaves
of salt-stressed soybean cvs., in addition to interactive effects of salinity
and AsA, are shown in Fig. 5. The data clearly show that all the in-
vestigated salinity levels had inhibitory effects on the biosynthesis of pig-
ment fractions in soybean leaves. On the other hand, the effect of 1 d of
0.5 mM AsA pretreatment was generally effective in alleviating, partially
or completely, the inhibitory effects of salinization treatments on pigment
biosynthesis (Fig. 5).

The interactive effects of salinization and AsA treatment on the con-
tent of AsA in variously treated soybean cvs were tested (Fig. 5). It can be
seen that the contents of AsA in leaves were significantly lowered with
increasing NaCl salinization in the culture media. This reduction was more
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Fig. 1. Effect on young soybean cultivars of Id of 0.5 mM hydroponic pre-treatment
with AsA on fresh and dry weight of shoots and roots before 3d NaCl treatment. The
values are means of 6 replicates ( + SD). Bars carrying different litters are sig-
nificantly different at P< 0.05.
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Fig. 2. Effect on young soybean cultivars of Id of 0.5 mM hydroponic pre-treatment
with AsA on water content of shoots and roots before 3d NaCl treatment. The values
are means of 6 replicates ( + SD). Bars carrying different litters are significantly dif-
ferent at P< 0.05.
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Fig. 4. Effect on young soybean cultivars of Id of 0.5 mM hydroponic pre-treatment
with AsA on transpiration rate, membrane stability and K+ leakage before 3d NaCI
treatment. The values are means of 6 replicates ( + SD). Bars carrying different litters
are significantly different at P< 0.05.

prominent at relatively higher salinization levels. Exogenous AsA for 1 d
before salinity treatment induced a marked and progressive increase in the
AsA content in leaves of soybean cvs., as compared with those of plants
subjected only to the corresponding salinization levels. The inhibitory ef-
fect of salinity was completely eliminated at low and moderate salinization
levels. Moreover, AsA treatment elevated the production of AsA in soybean
leaves over those of the absolute control plants (00 NaCI), at the lower
salinization levels.

Special attention was focused on the interactive effects of various le-
vels of salinity and AsA treatment on catalase, APX and guaiacol perox-
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The values are means of 6 replicates ( + SD). Bars carrying different litters are sig-
nificantly different at P< 0.05.
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idase activities in the test cvs. The results presented in Fig. 6 reveal that
the enzymatic activities of the experimental plants were markedly affected
by the salinization level and it decreased gradually as salinity increased.
The presence of NaCl in the culture media at high concentration (0.4 M)
greatly attenuated the enzymatic activities of the two-cultivar plants. The
retarding effect of salinization on enzymatic activities of the test plants
was partially alleviated as the concentration of NaCl in the culture media
decreased. Furthermore, the data herein obtained clearly demonstrated the
effectiveness of AsA in alleviating partially or completely the depressive
effects of salinzing the growth media on enzymatic activities (catalase,
APX and guaiacol peroxidase) of the test soybean cvs.

The data in Fig. 7 showed a considerable accumulation of sodium in
either shoots or roots of the soybean cvs. This accumulation was more
prominent at moderate and higher salinization levels (Fig. 7). AsA pre-
treatment retarded the accumulation of sodium in shoots and roots of sal-
inized test plants (Fig. 7). This retarding effect was more pronounced at
lower salinization levels as compared with those of the correspondingly
salinized levels. The increase in salt level had generally a favourable effect
on the accumulation of K+ in shoot while in root the opposite trend was
exhibited in the two soybean cvs. (Fig. 8). The maximum accumulation of
K+ in shoot and its minimum concentration in root were estimated at 0.4 M
NaCl. AsA pretreatment resulted generally in a marked increase in K+

contents in shoots and roots of the two cvs as compared with those of
plants treated with NaCl only (Fig. 8).

Also, Na+ and K+ translocation increased with increasing salinization
levels (Figs. 7 and 8). With respect to Na+ and K+ uptake, Na+ uptake
showed increasing with the increasing of salinity levels, and K+ uptake
showed non-significance differences between salinity levels. On the other
hand, AsA pretreatment showed non significant effect on the Na+ and K+

translocation and uptake except, at levels 0.2 and 0.4 AsA decreased the
Na+ uptake (Figs. 7 and 8). In addition, the response of the test cvs to sali-
nity was reflected in hampered K+/Na+ ratio in shoots and roots, which
decreased as salinity, increased (Fig. 9). Furthermore, the data presented in
Fig. 9 clearly demonstrate the effectiveness of AsA in alleviating partially
the depressive effects of salinzing the growth media on K+/Na+ ratio of the
test cvs.

Discussion

Down regulation of growth and development is a key feature of the
plant response .to stress. The retarded growth of salt-stressed plants may
result from high internal concentration of toxic ions, impaired uptake of
essential nutrients, disorganization or damage in cellular organelles or a
combination of these (DE LACERDA & al. 2003).
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Fig. 6. Effect on young soybean cultivars of Id of 0.5 mM hydroponic pre-treatment
with AsA on catalase, ascorbate peroxidase and guaiacol peroxidase before 3d NaCl
treatment. The values are means of 6 replicates ( + SD). Bars carrying different litters
are significantly different at P< 0.05.

The effectiveness of AsA treatment in relieving the inhibitory effects of
salinity stress on the growth of the different organs of the plants is in
agreement with the results obtained by KHAN & SRIVASTAVA 1998 that used
AsA for ameliorating the retarding effects of NaCl on the early growth
stage of maize. In addition, BORSANI & al. 2001 concluded that the presence
of reactive oxygen-scavenging compounds (2mM AsA and 3mM reduced
glutathione) in the germination media reversed the Arabidopsis wild-type
necrotic phenotype seen under salt (100 mM NaCl) and osmotic (270 mM
mannitol) stress. Moreover, the AO-generated oxidized forms of AsA (i.e.
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ferent at P< 0.05.

DHA and MDHA) cause cell enlargement (GONZALEZ-REYES & al. 1994).
Increases in apoplastic DHA leads to cell expansion by favouring cell wall
loosening (LIN & VAKNER 1991). In addition, increases in apoplastic MDHA
lead to cell expansion through depolarization of the plasmalemma and
vacuolation (HIDALGO & al. 1989).

The osmotic effect, resulting from salt stress may and very likely will
cause disturbances in the water balance of the stressed plant, leading to a
reduction of turgor, stomatal closure, reduction of photosynthesis and
consequently an inhibition of growth (POLJAKOFF-MAYBER 1982). On the
other hand, ERDEI & TALEISNIK 1993 suggested that bulk tissue turgor was
not limiting growth under these conditions and emphasized the possible
implication of alterations in the elastic condition of the cell wall in stress
responses.

The inhibited transpiration activity with salt stress was attributed to a
reduction in leaf area (WEST & al. 1979), to stomatal closure (BEHBOUDIAN

& al. 1986) and/or ascribed in the first place to impairment of water up-
take by roots (HAGEMEYER & WAISEL 1989) and to hinder the stomatal
function and consequently the transpiration capacity is altered (HAMADA

1996). The mitigative effects of AsA on the inhibited transpiration capacity
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of the test-salinized plants may be one aspect of the role of vitamin in
hairy root growth, which should be considered helpful in water uptake and
concomitant water loss via transpiration.

Membrane plays a central role in plant cell structure and metabolism
as they participate in metabolic activities of plants directly or indirectly
(RHODES 1987). In addition, in this work, leakage of K+ was assessed under
conditions of salinity. Under moisture stress, decreased membrane stabi-
lity, chlorophyll content and chlorophyll stability index or Triticum aesti-
vum were recorded (SAIRAM & al. 1997). Moreover, increased rates of solute
leakage into non-electrolyte media are commonly associated with stress
(NEORI & BOROCHOV 1991) and attributed to membrane modifications.
During stress, the increase in Na+ content and decrease in K+/Na+ ratio in
leaves resulted in a rapid increase in electrolyte leakage, H2O2 and O.~2

content (CHEN & al. 1998) and disruption in equilibrium of oxyradical
metabolism (CHEN & al. 1994). Supplemental AsA can stimulate tonoplast
H+-ATPase and H+-PPase activities under salt stress and suppress lipid
peroxidation and membrane permeability, thus improving salt-tolerance
(CHEN & al. 1999). In this context, GUO & al. 2005 found that L-galc-
tono-y-lactone and low concentrations of AsA (0.5 and 1 mM) decreased
the electrolyte leakage of rice seedling subjected to chilling and water
stress, indicating AsA and its precursor increased the resistance of rice
seedlings to chilling and drought.

The reduction in pigments contents could be probably due to the in-
hibitory effects of the accumulated ions on the biosynthesis of different
pigments (STROGONOV 1964). Moreover, the activity of the specific enzymes
responsible for the syntheses of the green pigments was suppressed by
salinity (STROGONOV & al. 1970). Also, it was found that salt stress induced
important alterations in the chloroplast structure such as swelling of the
thylakoids which might be related to the severe drop in chlorophyll con-
tents (JEAN-PAUL & al. 1993). On the other hand, PELTZER & al. 2002 con-
cluded that the changes in the photochemistry of chloroplasts in the leaves
of water-stressed plants result in dissipation of excess light energy, thus,
generation of active oxygen species (AOS), which are potentially danger-
ous under water stress conditions. Where, water deficit stress induces oxi-
dative stress because of inhibition of photosynthetic activity due to im-
balance between light capture and its utilization (FOYER & NOCTOR 2004).
AsA was recorded to affect the chlorophyll content (CHOUDHURY & al. 1993)
through promoting the capacity of chlorophyll by stabilizing and protect-
ing these molecules from being oxidized. AsA has a central role in photo-
synthesis, since it acts as an antioxidant by removing hydrogen peroxide
generated during photosynthetic processes in a group of reactions termed
the 'Mehler peroxidase reaction sequence' (ASADA 1994). In addition, it is
an essential cofactor for the synthesis of the energy quencher, zeaxanthin
in the thylakoid lumen (PFÜNDEL & BILGER 1994).
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Reduction in AsA concentrations in response to water stress were re-
ported in Vigna catjang (MUKHERJEE & CHOUDHURI 1985), Cohlearia atlan-
tica ans Armenia maritime (BUCKLAND & al. 1991), sorghum (ZHANG &
KIRKHAM 1996) and Triticum aestivum (BARTOLI & al. 1999). AsA partici-
pates in the removal of H2O2 as a substrate of AsA peroxidase, directly
reduces O~2, quench 1O2 and regenerate reduced oc-tocopherol (FOYER

1993). Any of the routes for ascorbate oxidation, as well as a slow synthesis
rate of AsA or a decreased reduction rate of both oxidation products
(monodehdroascorbate and dehydroascorbate), could lead to the decrease
in AsA content in water stressed wheat (BARTOLI & al. 1999).

There is sporadic evidence in the literature to suggest that some en-
vironmental stresses, especially drought, toxic ions, organic compounds
and salt alter the amounts and activities of enzymes involved in oxidative
stress (GOSSETT & al. 1994). Suggestions include direct ion effects such as
the interaction of Na+ and Cr on enzyme structure and function, as well as
dehydration, or a combination of both of these effects (Nui & al. 1995).
Losses of catalase activity have previously been observed in salt-treated
plants by KALIR & POLJAKOFF-MAYBER 1981 and by SINGHA & CHOUDHURI

1990. The apparent declines in catalase and PSII activity were attributed
to repression of new protein synthesis by NaCl (HERTWIG & al. 1992). Most
probably, the inhibition of protein synthesis in the salt-exposed rye leaves
increasingly also retarded or prevented the increases in guaiacol-perox-
idase in the excised leaf segments (STREB & FEIERABEND 1996). In addition,
CHEN & al. 1999 reported that the activity of ascorbate peroxidase of bar-
ley leaves decreased after NaCl treatment. Supplementing AsA to the
growth medium containing 300 mmol/1 NaCl raised AsA content in leaves
of barley (CHEN & al. 1999), which might provide enough substrate for as-
corbate peroxidase, the crucial enzyme removing H2O2 in chloroplasts
(CAO 1994); as a result ascorbate peroxidase activity was improved. Our
findings on differential enzymatic activity of two plant cultivars are in
agreement with those of NAYYAR & GUPTA 2006 who reported that maize
had more amount of ascorbic acid and glutathione as well as higher activ-
ities of ascorbate peroxidase, glutathione reductase and dehydroascorbate
reductase in its shoots. While wheat, comparatively had more of catalase
(CAT) activity in its roots as well as shoots. The proportionately higher le-
vels of AsA and GSH along with their related enzymes (APX, GR and
DHAR) in maize reflect their greater involvement in C4 (maize) plants to
counter oxidative stress as compared to C3 (wheat) plants, which had re-
latively more activity of CAT.

The applied NaCl induced Na+ accumulation in shoots and roots of the
tested plants; the highest Na+ content was consistently displayed in plants
subjected to the highest salinity level. High salinity disturbs intercellular
ion homeostasis, leading to membrane damage, metabolic inactivation and
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secondary effects that ultimately result in cell death. Sodium toxicity is
primarily a cytosolic event but cellular adaptive responses to salt stress in
plants are complex and remain poorly understood (FLOWERS 2004). In ad-
dition, high Na+ levels lead to reduction in photosynthesis and production
of reactive oxygen species (YEO 1998). Movement of salt into roots and to
shoots is a product of the transpirational flux required to maintain the
water status of the plant (YEO 1998). Increasing salinity in growth medium
resulted in a considerable decrease in K+ contents in roots of both soybean
cvs. As common proteins transport Na+ and K+, Na+ competes with K+ for
intracellular influx (BLUMWALD & al. 2000). Many K+ transport systems
have some affinity for Na+, i.e., Na+/K+ symporters. Thus, external Na+

negatively affects intercellular K+ influx. However, salinity treatments
promoted the accumulation of K+ in cvs shoots. This accumulation may
contribute in osmotic adjustment phenomenon (BOLARIN & al. 1995). The
maintenance of adequate net uptake of K+ at high Na+ content is im-
portant, since the physiological functions, of K+ in plants cannot be sub-
stituted by Na+, except for the osmotic role of Na+ in the vacuoles. It is
therefore possible that K+/Na+ discrimination is associated with salt tol-
erance. On the other hand, AsA pretreatment induced, in most cases, a
significant decrease in the accumulation of Na+, while a promotion in the
absorption of K+ was recorded. This response may lead to the suggestion
that AsA pretreatment may be involved in the maintenance of the ions in
adequate amounts to enhance the metabolic processes. These nutrients
may also lead to consider that the AsA treating could play an important
role in osmoregulation, which could probably increase the efficiency of
utilization of water under stress conditions maintaining salt tolerance of
the experimental plants. Limiting Na+ entry into the cell probably is one of
the most important mechanisms to maintain a low Na+ concentration in
the cytosol.

The above results indicate that exogenous AsA (added to the growth
solution 1 d before the salinity treatment) can stimulate catalse, ascorbate
peroxidase and guaiacol peroxidase activities under salt stress and sup-
press lipid peroxidation and membrane permeability, thus improving salt-
tolerance. In addition, we can conclude that AsA may be reestablished ion
homeostasis by maintaining a relative high K+ content and low Na+ con-
tent in the cytosol of tested plants. Further research should be carried out
to determine whether the increase in enzyme activity resulted from the
change in protein content or configuration.
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