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METABOLIC CHANGES IN RHODODENDRON ARBOREUM SMITH IN RESPONSE TO
ABIOTIC STRESS INDUCED BY SALINITY AND ABSCISIC ACI D
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ABSTRACT

Studies orin-vitro abiotic stress oRhododendron arboreum revealed rapid disruption in the physiological and
biochemical activities when simulated stress caomaiti.e., salinity and cold were induced by sodehtoride (NaCl) and
abscisic acid (ABA) All the stress treatments increased the produatioprotein, soluble carbohydrates and proline.
Salinity induced stress led to maximum membranerideation as evidenced by electrolyte leakage rmrthbrane lipid
peroxidation. Phenols, known for its antioxidantivaty could maintain its level with 100 uM ABA teément; in all the
other cases, there was drastic downslide in tha faftenol content. Carotenoids levels were geneerhanced and
chlorophyll levels generally decreased in the gisgass treatments. However, ABA caused stimulatfgphoto system-I

activity.
KEYWORDS: Antioxidant Enzymes, Osmotic Adjustment, Oxidativ@mage Rhododendron arboreum
ABBREVIATIONS

ABA = Abscisic Acid, CAT = Catalase, EC = Electficg@onductivity, MDA = Malondialdehyde, OS = Osmotic
Stress, PEG = Polyethylene Glycol, POX = PeroxidB¥&C = Relative Water Content

INTRODUCTION

Studies on the physiological and biochemical respsnofR. arboreum under abiotic stress conditions are
lacking. Understanding the responses of planthéir xternal environment is an attractive targetifmproving stress
tolerance (Madhusudhan et al., 2002). An undergtgndf the physiological mechanisms and identifatof specific
characteristics conferring stress tolerance coildg p major role in the development of new varetiitable for such

stress conditions (Chhetri and Mukherjee, 2003).

The effect of NaCl stress can be classified as @ispautritional and ionic toxicity of which ionitoxicity is the
primary stress and the other two are the seconstaegses. Under NaCl stress the plasma membranesaiity is
disrupted which leads to reduced nutrient uptalk®CINstress also mimics the effects of oxidativesstrand results into
enhanced peroxidative damage to the membrane systadiated by oxygen radicals. Salt stress anddilatign stress
show a high degree of similarity with respect tgygblogical, biochemical, molecular and genetieef§. Sub-lethal salt
stress is ultimately an osmotic effect, which ipaently similar to that brought in by water defighd to some extent by
cold as well as heat stresses (Almoguera et 85)1%alinity affects various aspects of plant gloand metabolism such

as osmotic adjustment, ion uptake, pigment confentein and amino acid metabolism etc.

Exposure of plants to ABA induces the cold acclioraprocess and many cellular changes have beentegpto
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occur. These include alterations in soluble carldodig content, changes in cell protein profile ahdnges in membrane
lipid composition. Many of the soluble compoundsitegsized during cold acclimation are responsibteaimeliorating
the harmful effects of freeze-induced cellular dirayion. Plants develop freezing tolerance at rmmiHaating
temperatures when treated with exogenous ABA. Mainthe genes or proteins expressed in low tempessitar with
water deficit are also inducible by ABA (Taiz andi@er, 1998). This supports the role of ABA in calid water deficit

tolerance.

Many plants accumulate free proline in responséh&imposition of environmental stresses such asight,
high salinity, and low temperature. Under stressmutlitions, proline acts as a mediator of osmatjastment, a stabilizer
of sub-cellular structures, a scavenger of freecedsl and a contributor of cell wall structural @ims. Thus proline is
regarded as having multiple roles for stress tolegan plants (Nanjo et al., 1999). It has beenaletrated that stress
induced synthesis of proline is the resuldefnovo synthesis of amino acid and not from protein deatian. Proline is
synthesized from L-glutamic acid vig-Pyrroline 5-carboxylate (P-5-C) by the mediatidrenzymes, P-5-C synthetase
and P-5-C reductase. The synthesis of P-5-C isceulbby ABA during water stress and salinity. ABA@kepresses the

enzyme proline dehydrogenase responsible for gralegradation, thus causing its accumulation.

Abiotic stresses exert their effects directly atirectly through the production of ROS and ROS scaging is a
common response to most stresses (Srivalli e2aD3). It was suggested that under prolonged adxelatonditions,

active oxygen species would cause lipid peroxigatisfNA damage and protein denaturation (Scandali®g3).

The present work is an attempt towards understgrithi@ metabolism iRR. arboreum available in this part of the
Himalaya. Effect of different abiotic stress coratis imposed in the laboratory viz., applicationAddA that mimics the
expressions of cold stress and NaCl that providdsphytic environment, have been tested. Improveéroéplant stress
resistance is highly important and should involvahbconventional breeding and biotechnological apphes for

improving biodiversity as well as crop production.

MATERIALS AND METHODS

Plant Material, and Stress Treatments

Fresh juvenile actively growing leafy twigs &hododendron arboreum Smith were collected from, Alpine
Garden, situated between 87° 5988° 53 East longitude and 26° 3% 27° 13 North latitude in the Darjeeling hill
(ca 2134 m amsl) of Eastern Himalayas in the magraimd brought to the laboratory for pretreatmemie @afy twig each
was placed in Erlenmeyer flasks containing abscia@d (ABA) solution (50 and 100 pM™) and NaCl
(200 and 500 uM™). The stems were cut under water periodically. Tlaeks were covered with brown paper and
aluminium foil allowing only the end of the twigs protrude. An appropriate control immersed inilitst water was also
prepared. The experimental plant material were a¢@0 °C + 2 °C with a RH of 78% + 2% and a 16Hotpperiod.
Young unopened leaves were harvested at the enadiod 14 days for analysis.

Determination of Proteins, Proline and Soluble Carbhydrates

For the estimation of protein 1 g of leaf tissueswiamogenized in 19 ml of 50 mM Tris-HCI buffer (k) with
neutral sand. The sample was centrifuged at 15@®0for 15 minutes. The pellet discarded and tlogim was estimated

from the supernatant following the method of Bradf¢1976) with BSA as the standard. For the exiacof proline,
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200 mg fresh leaf tissue was homogenized with 1@%lsulfosalicylic acid and centrifuged at 4, O@@nrfor 10 min;
the supernatant was used as the source for pnotiieh was estimated with acid-Ninhydrin reagenthggpure proline as

standard as per the method Bates et al., (1973).

Soluble carbohydrate was extracted from 100mg af fsssue from each treatment which were homogenize
separately with 5ml 80% ethanol and centrifuge®,800 rpm for 10 minutes. The supernatant was takesm watch
glass and evaporated to dryness and the chloropiagiremoved by washing with solvent ether. Resichaterial was
taken in a test tube by washing the inner surfdciae watch glass (three times) with 80% ethanal aeraking up the
volume to 5 ml with the same. The sample servedhassource of soluble carbohydrate. Estimation alfitse
carbohydrates was done with anthrone reagent follpthe method of McCready et al., (1950).

Extraction and Estimation of Total Phenols

For the extraction of total phenols 1 g leaf tissueess homogenized in 10 ml 80% ethanol and centifugt
10,000 rpm for 20 minutes and the supernatant celle The pellet was re-extracted with 5 ml of 8é#anol and
centrifuged at 10,000 rpm for 20 minutes. Both Hupernatants were pooled together, taken in a wgless and
evaporated to dryness. The residue was dissolved il of distilled water which served as crude pHeaxtract.
Estimation of total phenol was done with the helpacstandard curve prepared from 0-100 pg/ml caleab per the
method of Malik and Singh, (1980).

Determination of Antioxidant Enzyme Activities

For the extraction of catalase 500 mg plant mdterégs homogenized with 10 ml 0.2 M chilled Na-phiesie
buffer (pH-6.8) containing 1% PVP and centrifugegd5e000 rpm for 10 minutes. The pellet was discdrded the
supernatant was used as crude source of the erextnaet. The enzyme assay was carried out accotditige method of
Snell and Snell (1971). For the estimation of p&tase activity 500 mg tissue was homogenized witnI5300 um
Na-phosphate buffer (pH-6.8) and centrifuged a®Q ,fpm for 10 minutes. The supernatant was uséldeasrude enzyme
source and the enzyme activity was estimated fatigwwthe method of Kar and Mishra (1976). The enzauoivities in

both the cases were calculated by the formulaak &hd Qualset (1975) as given hereunder:
Enzyme activity =AA x Tv / tx v units minute® g * fresh weight
where, AA = O.D. difference of reaction set — control set,
Tv = total volume of enzyme extract,
t = time of incubation,
v = volume of enzyme extract taken for reaction
Determination of Membrane Injury Index and Membrane Lipid Peroxidation

For the measurement of membrane injury index 20Mfrigaf tissue was taken in glass vials and intadavith
15 ml deionised water at 25 °C. Electrical condutiof the leachate was measured after 24 hrs witlirect reading
conductivity meter. Subsequently, the tissue alaith the leachate was autoclaved at 15 IB/éon 15 minutes and the

conductivity was measured again. The injury indexs walculated using the formula of Sullivan (19&2Jollows:
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1T,/ T2)
Bercent injuy=1- ——————— =100

14C.C2)
where, G/C, is the EC of control sample before and after dataag,
T4/T,is the EC of stressed sample before and after iawiag

Extraction for the membrane lipid peroxidation waade from 200mg sample tissue which were homogerize
5 ml of 0.1% TCA and centrifuged for 5 minutes @tQD0 rpm in Plastocrafts superspin-C centrifudgee Supernatant was
collected as sample extract and lipid peroxidatias determined in terms of malondialdehyde (MDApaantration
according to Heath and Packer (1968).

Determination of Relative Water Content

For the determination of relative water content @Wen discs from " and 3 leaves from the top of
Rhododendron arboreum twigs were collected. After wet mass determinatibe leaf discs were floated on distilled water
for 24 h at 25°C. The hydrated discs were weigledetermine the turgid mass (TM). The leaf tissuese subsequently
dried in an oven at 60 °C for 48 h and weighed dtednine the dry masses. RWC was calculated aSmpart and
Bingham (1974) using the following formula:

(WHE-DM)

RWC@H = —— =100
(TMEDMD

where, WM = wet mass, DM = dry mass and TM = turgiass
Determination of Photosynthetic Pigments

Photosynthetic pigments (chlorophyll a, b and @oids) were extracted and estimated from freshsi@aples
of different cultivars. For the estimation of phsyathetic pigments 50 mg leaf tissue was homogédniagth
5 ml 96% ethanol and centrifuged for 10 minute§,800 rpm and the supernatant collected. Absorbahtee pigment
extract was measured at 665, 649 and 470 nm. Tfexadit pigment contents were calculated followthg method of

Lichtenthaler and Welburn (1983) using the follogvfiormula:
Chlorophyll-a = (13.95 Aggs — 6.88% Agsg) g mi*
Chlorophyll-b = (24.96< Agsg— 7.32% Aggs) g mi*
Carotenoids = (1008 A7o— 2.05x chl.a — 11.4& chl.b) pg mt*
Chl-a, Chl-b and caroteinoids were finally expresseterms of mg g of tissue.

Duplicate assays involving three replications waeeformed for each determinations and standard é&E) of
the means were calculated for n=3. A't' test wagduto compare the treatment value with the contalue.
The values which were significantly different asmpmred to the control value at 5% level of sigaifice are superscripted

with the letter ‘a’.
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RESULTS

Soluble Proteins and Soluble Carbohydrates

During the study involving the in-vitro impositioof abiotic stress oM. arboreum, a relatively high level of
protein content was found in all the treatmentse TBvel of protein increased when the plants webgested to any sort of
dehydration stress. The highest level of proteirs i@und in the leaves dR. arboreum. Only in treatment with
100 uM NacCl the increment in the protein level was that appreciable. Besides the simple indicatiboverall vigor,
the higher level of protein iR. arboreum may be explained as a plant response towards mgetbi environmental stress
conditions. When the treatments were extended twvelr4 days the rate of synthesis of protein dedlittean that in
7 day period. However, it remained generally higtiean the control. (Table 1). Several of the prateinduced in

vegetative cells by water deficit and exposure BAXTaiz and Zeiger, 1998).

The role of carbohydrates in the development adsstrtolerance has been demonstrated in tomatoirggsed|
(King et al., 1988). The synthesis seemed dirqmtbportional with the duration of treatment (Tak)e The highest levels
of soluble carbohydrate content have been foundheé treatment with 100 uM ABA during the presenidsts.

The syntheses of low molecular weight solutes acemulated due to stress response (Zuther et0fl4)2
Proline Content

The present finding indicates a high level of preliaccumulation ifR. arboreum in all the stress conditions.
The rate of increment was in direct proportiontte tluration of treatment. Only, in case of ABA tmeent the level of
proline remained almost identical over a two weekiqul (Table 1). The role of proline in protectipignts from osmotic

stress is well known. Proline level has been regabtd increase in response to low temperature Gadgt al. 1990).
Membrane Injury and Membrane Lipid Peroxidation

In the present study when membrane stability wstedein terms of membrane injury, it was found #ibtype of
abiotic stress had considerable damaging effectethrmembrane. The water content increases andrthmatter content
gradually declined with the increased duration bé ttreatment. This may be due to the fact that dbbkular
macromolecules cannot hold its own, for long unskeessed conditions and gets degraded. Assessrhamioof the
products of lipid peroxidation in terms of MDA acuulation revealed a gradual rise in MDA contentrfroontrol to salt
stressed conditions (Table 2). Abiotic stresses bratyg about hydrolysis of membrane components wltannot be

repaired by other synthetic processes.
Total Phenol Content

Higher level of total phenol content was the halknaf all the abiotic stress conditions appliedidgrthe present
study. The increased content of total phenols fadld the same trend like that of MDA accumulationl dine rate of

increment also showed upward mobility with the @ased duration of treatment (Table 3).
Activity of Antioxidant Enzymes, CAT and POX

The activity of the free radical scavenging enzyegslase and peroxidase may be an indicationeo¥ior and
the capacity for stress tolerance of plants. Inpileesent study, the highest level of CAT and PO in R. arboreum

has been recorded at- 100 uM ABA stress (Figurg. 1a2general the activity of catalase showed amease in all the
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stress conditions over the control value. The #gtishows a steady increase with the increasedtidaraf the stress
treatments (Figure 1). The activity of peroxidasecréased due to the stress treatment, except i@ ohshe

ABA treatments. However, on increasing the duratibthe treatment the activity was drastically reelt (Figure 2).
Relative Water Content (RWC) and Photosynthetic Pighents

Relative water content is an expression of wateimang capacity of plant organs. The RWC sligldhcreased
with all the stress treatments applied. The RWCwaltb increased decline with increasing duration loibtic stress

treatment (Table 3).

Photosynthetic pigments like chlorophyll-a eithermintained its level or showed a decline during the
stress treatments, with increasing duration ofttbatment resulting in decline. Chlorophyll-b wasdriably degraded on
14 days stress treatment and carotenoids eithartainaéd its level or showed an increased conteh@buthe treatment
duration increased it showed a marked decline @4dbl Impaired chlorophyll development may be duénterference

with the synthesis of proteins, the structural comemts of chloroplasts (Nag et al., 1981)
DISCUSSIONS

In the present studies the soluble protein leved feaind to increase almost two fold in responsealit@smotic
stress like NaCl (200 pM and 500 pM) and ABA (50 jakd 100 pM) over a 7 day period. However, thenggli
treatment to a level of 500uM may have become da@ tto raise the protein level to such extent. akmormally high
ratio of Na to K™ and high concentration of total salts inactivaesymes and inhibits protein synthesis. ABA treathad
both 50 and 100uM concentrations uniformly raiséé soluble protein level during this study. Applioa of
ABA mimics cold stress conditions. Protein synthdasinecessary for the development of freezingaalke and several
distinct proteins accumulate during acclimatiortadd as a result of changes in gene expression,(@80). Thus, ABA
induced increase in protein synthesis is not thgirssing. These proteins are thought to proteli ckehydrated by water
shortage or freezing by stabilizing other proteam&l membranes (Taiz and Zeiger, 1998). ABA indusgathesis of
proteins responsible for salt stress tolerant ptagse in plants have already been reported. Swaniti level of cold
tolerance can be induced by the application of ABAIntact plants, callus and suspension culturesAlfalfa, some
induced proteins are common to both low temperatund ABA treatments (Mohapatra et al., 1988). Hovewver a
prolonged period of treatment with the same stmssttere is no rise in the protein levels whiclevwedent even in the
two week period of this study. It may be due toalkown of protein synthesis mechanism or due taaed incorporation

of free amino acids into protein (Hsiao, 1970).

A common response of plants to environmental stessoverproduction of different compatible orgaswlutes
which are highly soluble and non-toxic at high gkt concentrations. Soluble sugars and prolinesacd organic solutes
(Pei et al., 2010). There is strong correlationdeein increased cellular proline levels and the cap#o survive both
water deficit and the effect of high environmergalinity (Sairam and Tyagi, 2004). A common obstoveis that proline
protects the proteins against dehydration and miaisita favorable osmotic gradient in the cell. Shpthesis of various
low molecular weight sugars, such as glucose, daectand sorbitol is a common feature of low tentpeeaacclimation
(Sakai and Larcher, 1987). Soluble carbohydrateveldoan increase in its content in all the treatsgmrformed here.
It may be assumed that even the short exposurkidtiastressors during the treatment was suffictersynthesize new

carbohydrates.
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Secondary metabolites like polyphenols are the festaition of stress response and its quantitatieevmay be
used for quality determination of stress toleraknts. During the present studies the level of plies decreased
gradually with the increasing duration of the treamt. Only in the treatment with 100 pM ABA thedéwf total phenols
could be maintained. Interestingly enough in adl treatments the level of total phenols almost dwlat the end of the

14" day of stress treatment when compared with itserarat 7' day.

Injury to plants from salt stress may be due stiedsced membrane damage, lipid peroxidation cabsefilee
radicals (Cakmak and Horst, 1991). Lipid membraaes vulnerable targets for stress induced celldéanage and the
extent of damage is commonly used to as a mea$tmieoance to the imposed stress. Usually, theeethreshold level of
salt concentration beyond which glycophytes begistow growth inhibition, leaf discoloration andsdoof dry weight.
The plasma membrane can be the primary targettbfdsmotic and ionic stresses. NaCl stress alsdasithe effects of
oxidative stress as a secondary stress and reBultsnhanced peroxidative damage to the membrang&rsys
(Singh et al., 2003). MDA is a decomposition prddofcpolyunsaturated fatty acids of biomembraneshbws greater
accumulation in response to abiotic stress condition the present experiment, the accumulatioMBf was found to
increase with the increased duration of stressrireqats. This is in agreement with the results dbé&tbet al. (1980) and
Cakmak and Horst (1991). Only ABA at 50 uM couléyant the increased accumulation of MDA.

The ability of plant tissues to mobilize enzymadiefense against uncontrolled production of reactixggen
species (ROS) may be of great importance for pdantival under stress conditions. Catalase andxjpase serve the
indispensible role of preventing the accumulatidnHgO, (Singh et al., 2003). Similarly, an excessive sgsath of
carotenoids in the photosynthetic tissue has besrsidered as part of cellular defense against ttidative stress.
In this study the activity of CAT increased with @de stress treatments and linearity was maintalretween increased
activities with increased duration of treatmentaffmay be because CAT does not require reduciniyaquts for its
function; its function might not be affected by lmoged stress unlike other mechanisms (Mittler 2002xic H,0O, is
produced in plants as a response to various s§eB§2X acts as scavenging enzyme destroyis@.Ht is well known
that peroxidases are often the first enzymes & #fieir activities during stress, and in seveesles enhanced activities
have been observed under stress (Srivalli et @032 High level of POX activity has been reportexin Picea asperata
(Yang et al. 2008) an@apparis ovata (Ozkur et al., 2009). However, in the present ysialPOX activity showed a little
or slightly more decline in all the stressors agglexcept ABA.

In general, both the abiotic stress treatmentsesh@asdecline in chlorophyll content, but the camotd level
increased, giving the characteristics of senestaawes. Among the photosynthetic pigments, chloytithshowed a
remarkable increase with 100 uM ABA and caroteramdtent showed a trend of increasing accumulatigh WaCl at
200 and 500 uM. With the increased duration ofsstrieeatment there was gradual loss of carotendidiupt rise in
chlorophyll-b levels by ABA suggests that ABA isopably involved in the stimulation of photo systéraetivity.
This is in consonance with earlier studies (Pioskavet al.,, 2010). The results presented couldribomé¢ to our

understanding of the mechanism of salinity and stidss in Rhododendrons.
CONCLUSIONS

The essence in all these stress conditions tol#me i3 the deprivation of water, in one way oresthiThe studies

on R. arboreum, investigating the biochemical basis of abioticestr responses are rare. The present results may be
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important to illustrate the role of different ssefactors in the physiology dR. arboreum, a tree that dominates the

Himalayan flora and shows a high level of adaptetido extreme cold, drought, desiccation, sunlightl windy

conditions.
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APPENDICES

Table 1: Effect of Treatment with Different StressConditions (200 & 500 pum NaCl and 50 & 100 pm ABAYn
Soluble Proteins, Soluble Carbohydrates and Prolin€ontent (mg g™* Fresh Wt) of R. arboretum
(The Values are Means+ SE, N=3Walues Significantly Different at P < 0.05)

Soluble Protein Soluble Carbohydrate Proline
S (mg g™ Fresh Wt) (mg g™ Fresh Wt) (mg g™ Fresh Wt)
Days after Treatment Days after Treatment Days after Treatment

7 14 7 14 7 14
Control 9.7+0.79| 102+1.06 55+0.24 6.8+£0.1 2.6+0.25| 2.7+0.20
NaCly 175+0.40| 12.4+0.70| 8.6+0.94 9.8+1.12 3.1+0.25 3.9+047
NaClq 11.4+1.36| 11.5+045 7.3+0%714.0+0.40| 6.4+0.68 | 5.6 +0.68
ABA 14 16.2+0.70 | 12.3+0.50| 9.3+0.75| 14.9+0.78| 5.6 +0.32 | 5.2+0.17

Table 2: Effect of Treatment with Different StressConditions (200 & 500 pm NaCl and 50 & 100 um ABA)
on Membrane Injury Index (%) and Membrane Lipid Per oxidation Expressed in Terms of MDA
Accumulation (n Mole g* Fresh Tissue) oR. arboreum. (The Values are Means+ SE,

N=3; #*values Significantly Different atP < 0.05

Membrane Injury Index (%) | MDA Accumulation(n Mole g ** Fresh Tissue)
Treatment Days after Treatment Days after Treatment
14 7 7 14

Control 61.0 £ 0.57 62.0 £ 1.00 10.96 + 0.84 338070

NaChgc 63.0 £ 1.15 70.0 £ 3.21 15.32+1.49 33.28+£1.31
NaClgc 69.00 +.3.05 73.0+1.15| 16.77 + 1.61 41.61 +3.78

ABA g 61.0+2.51 75.0+2.51| 10.80 + 1.83 38.22 £ 3.61

ABA 10 64.0 £ 1.52 66.0 + 2.08 15.32 + 1.50 36.12 £ 2.93

Table 3: Effect of Different Stress Treatments (20@ 500 um NaCl and 50 & 100 um ABA) on Changes
in Relative Water Content (%) and Total Phenol Conent (Mg g Fresh Wt) of R. arboreum.
(The Values are Means+ SE, N=3alues Significantly Different at P < 0.05)

Relative Water Content (%) | Total Phenols (mg g* Fresh Wt)
Treatment Days after Treatment Days after Treatment
7 7 7 14
Control 61.4+1.40| 60.6+6.83 0.78 £ 0.03 0.40 £ 0.01
NaChgc 56.3+2.17| 51.6+1.22 0.40 £ 0.17 0.21+0.02
NaClgc 49.0+251 | 384+1.72 0.37 £0.02 0.25 + 0.007
ABAsq 57.8+1.63| 57.0+503 | 0.34+0.02 0.20 £ 0.03
ABA 1 52.4+1.10 | 48.3+2.03 0.85 + 0.03 0.41 + 0.007
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Table 4: Effect of Different Stress Treatments (20@ 500 um NaCl and 50 & 100 pum ABA) on Changes in
Photosynthetic Pigments: Chlorophyll-A, ChlorophylFB and Carotenoids (mg g* Fresh Wt) of R. arboreum.
(The Values are Means+ SE, n=3Values Significantly Different atP < 0.05)

Chlorophyll-a Chlorophyll-b Carotenoids
Treatment | (M9 g™ Fresh Wt) (mg g™ Fresh Wt) (mg g™ Fresh Wt)
Days after Treatment | Days after Treatment Days after Treatment
7 14 7 14 7 14

Control 11+0.20] 12+0.1 05+0.11 0.5+0.152.4+0.30 2.5+0.40
NaChgc 1.5+0.17| 1.1+0.1Q0 1.1+035 0.7+0.15| 2.6+0.26 2.0+£0.20
NaClgc 1.3+0.26| 14+015 06010 03+0.05 2.5¥0| 1.8+0.25
ABAsg 0.8+0.05| 1.2+0.30 0.7+0.1Y 05%0.11 3.6260| 2.1+0.20
ABA 1 0.940.15 | 0.6+0.10] 1.7+0.17 | 0.4+0.11| 2.8+0.20 1.9+0.1y

07 Days m14 Days
0.4

035

03

025

02

0.15

01

CAT activity (units minute ' g -' fw)

0.05

Control MaCl 200 MNaCl 500 ABA S0 ABA 100
Stress treatments

Figure 1: Changes in CAT Activity (Units Minute™ g* FW) in Response to Different Stress Conditions
(200 & 500 pm NaCl and 50 & 100 pm ABA) otR. arboretum (Values are Mean of Duplicate Assays,
Each Consisting of 3 Replicates. Y-Error Bars Reprgent SE)
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Figure 2: Changes in POX Activity (Units Minute™ g* FW) in Response to Different Stress Conditions
(200 & 500 pm NaCl and 50 & 100 um ABA) orR. arboretum (Values are Mean of Duplicate Assays,
Each Consisting of 3 Replicates. Y-Error Bars Reprgent SE)
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