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ABSTRACT KEYWORDS
Callus of Punica granatum ‘Nana’ were cultured on MS medium Dwarf pomegranate;
supplemented with various concentrations of BA and NAA to evaluate Proline;
callus growth. The highest callusfresh weight (0.61 g), dry weight (0.068 Antioxidant enzyme;
g) and diameter (16.16 mm) wereobservedin1mgL*BA and0.1 mgL™ Sdt;
NAA. In a separate experiment, growth and antioxidant activity (Super Drought.

oxidismutase (SOD), Catalase (CAT) and Peroxidase (POD)) of calluswere
studied in plants grown under saline (0-5 gLt NaCl) and drought (0 to 8%
PEG) conditions. Results showed that under both conditions, growth of
callus decreased with increasing in stress treatments. Under saline
condition, increasing in salinity increased antioxidant enzyme activity.
The highest CAT, POD and SOD activitiesobservedin4, 5,2gL*NaCl,
respectively. While under drought conditions, the highest SOD and CAT
activities observed in 6% PEG and highest POD activity occurred in 8%
PEG. The survived tolerant calli obtained had potential to produce salt

and drought tolerant cultivars.

INTRODUCTION

Drought and soil salinity aretwo major environ-
mental abiotic stressesespecialy inarid and semi arid
regionsof theworld. These stresses canlead to change
inwater availability in plants and reduce growth and
CO, fixation. Invitro culture of plant cellsand tissues
on the medium containing sel ective agent such asNaCl
for salt tolerance and polyethylene glycol (PEG) for
drought toleranceis an effective method to improve
cultivars. When the cellsare exposed to abroad range
of selective agentsfor alongtime, only cellscapable
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sustaining such adverse conditions could be sl ected.
Plant cells have devel oped complex antioxidant sys-
tems including superoxidismutase (SOD), catalase
(CAT), peroxidase (POD) to protect themselvesfrom
st stressed 22028, Gmiraly, characterization of sdlected
drought toleranceplantsisa so based on accumulation
of compatible solutemainly prolineaswell asestima-
tion antioxidative enzyme6192224_ | dentification and
selection of drought and salt tolerance cellsare also
useful to produce salt and drought tolerance cultivars.
Pomegranateisanimportant tree cultivated asfruit tree,
medicinal plant and alsoit’s used as ornamental plant.
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Identification and sel ection salt and drought tolerant
pomegranate trees could be used to increase cultiva-
tionareaof thisplantinarid conditions.

EXPERIMENT

A dwarf cultivar of Punica granatum ‘Nana’
(‘Minature’) with 30 to 50 cm height was used in this
investigation. Plantswere grown in greenhouse of the
Department of Horticultural Science, Shiraz University,
Iran. Cdlli were derived from leaf explantsculured on
M S medium supplemented with various concentrations
of BA (0,0.5and 1 mgL™) andNAA (0,0.5and 1 mg
L) for selectingthebest cdli growth medium. All treet-
mentswere maintai ned for 4 weeksunder dark condi-
tionand callusfreshand dry weightsand diameterswere
measured. Toinduceinvitro salt and drought stresses,
green and friablepiecesof cali about 5mminlength
were cultured on M Sbasal medium supplemented with
1mgL*BA and 0.1 mgL*NAA (control treatment)
plus various concentrations of NaCl (1, 2, 3,4, 5, 6
and7gL?) and PEG (2, 4, 6 and 8 %). All treatments
mai ntai ned under a16-hour photoperiod with 1500 lux
light intengity emitted from cool -whitefl uorescent lamps.
After 30 days, dry and freshweightsof calli weremea-
sured. Thencdli weretransferred to new fresh medium
and after 2 subsequent subcultures, treatmentswere
evd uated inrelation to proline contentsand antioxidant
enzymesactivity (SOD, CAT and POD). To determine
antioxidant enzymesactivity in each treetment, 1 gfresh
callus samplewashomogenizedin2ml icecold 0.1
molar phosphate buffers (pH 7.5) containing 0.5 mM
EDTA. The supernatant was used for the enzymatic
assay. Theenzymesactivity of SOD was measured by
amethod suggested by Beauchamp and Fridovich®
and CAT and POD were measured using Chanceand
Mahley®® method. SOD activity was estimated by re-
cording the decrease in absorption of superoxide-
nitrobl ue tetrazolium complex by theenzyme at 560
nm. CAT and POD were estimated as consequences
of H,O, consumption at 240 nmand purpurogallinfor-
mation at 420 nm, respectively. Enzyme activity was
expressedinU (U = 1mM of H,O, reduction min* mg
! protein). Extraction and estimation of freeprolinewere
conducted according to the procedures described by
Bates et al.[¥ at 520 nm. All experiments were con-

BioTechnology —

ducted in acompl ete randomized design with 3 repli-
cations, and each replication consists of 4 explants.
M eans separation was carried out by LSD test with
M STAT-C experiment.

RESULTES

Callusgrowth

Maximum calusgrowthwasobtainedinM Sme-
dium supplemented with 1 mgL*BA and 1 mg L™
NAA. Thistreatment had the highest callusfreshweight
(0.61g), dryweight (0.068 g) and diameter (16.1 mm)
andwasggnificantly different (P<5%) with other treet-
ments except atreatment containing 1 mg L BA and

0.5mgL*NAA (TABLE1).
TABLE 1: Effectsof BA and NAA concentrationson callus
growth of dwar f pomegranate
BA NAA Fresh Dry Diameter
(mgL™ (mgL™) weight(g) weight(g) (mm)
0 0 0.225 d* 0.025e 10.75b
0 0.5 0.313cd 0.035de 11.67b
0 1 0.30cd 0.035de 11.66b
0.5 0 0.366bc  0.048cd 12.08b
0.5 0.5 0.345bcd 0.038de  12.80b
0.5 1 0.423bc 0.046cd 1350ab
1 0 0.461b 0.053 bc 12.58b
1 0.5 0.605a 0.065 ab 15.75a
1 1 0.611a 0.068 a 16.16 a

*Valueswith the sameletter sin each column had no significant
differences (P<5%) using LSD test

Salt stresscondition

Salinity decreased thefresh weight of callus. The
maximum fresh weight was observed in control me-
dium (296.7 mg). Increasing in salinity decreased the
freshweight of callus, sothat in 5 gL NaCl minimum
fresh weight (233.3 mg) wasobserved which had sig-
nificant differences (P<5%) with other treatments ex-
cept 4g L1 NaCl. Inhigher concentration of NaCl (up
to 6 g L) browning and death of tissuewere occurred
(TABLE 2). Similar to theseresults, dry weight of cal-
lusdecreased withincressingthesdinity. Maximumdry
weight observedin control medium (43.67 mg). Add-
ing NaCl to medium decreased dry weight and mini-
mum dry weight observed in 5 gLt NaCl (30.6 mg).
Thereweresignificant differences (P<5%) between 4
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and 5gL* NaCl compated to control (TABLE 2).

TABLE 2: Effectsof NaCl concentrationson fresh and dry
weightsand proline content of callusof dwar f pomegr anate.

NaCl  Freshweight Dry weight Proline
QL™ (mg) (mg) (uM g™ f.w.)
0 296.7 a 43.67 a 3607 d
1 290 ab 38.43 ab 4166 c
2 260 cd 36 ab 5368 b
3 273.3bc 34 ab 5232 b
4 246.7d 31b 5732 ab
5 233.3d 30.6b 6180 a

6

* Valueswith the samelettersin each column had no significant
differences (P<5%) using LSD test

Proline content of callusgradually increased with
increasnginsdinity. Maximum prolinecontent was6180
(uM gt fw) in5 gLt NaCl which had significant dif-
ferences (P<5%) with other levelsof salinity. (TABLE
2). Theproline content of callusin2to4 gL NaCl
was stableand then significantly increasedin5gL*
NaCl and was about 2 folds of control.

Activity of al antioxidant enzymesincreased under
sdineconditions. Peroxidaseactivity gradudly incressed
and received to maximum (73.24 umol min™ mg fw)
in4gL*NaCl. Therewasasgnificant (P<5%) differ-
encesbetween4gL*NaCl with1,2and5gL* NaCl
(Figurel)
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Figurel: Changesin CAT and POD activitiesin callus of
dwarf pomegranateunder salineconditions. Valueswith the
samelettersin each enzyme had no significant differences
(P<5%) using L SD test

Catalaseactivity wasmeasured by measuring H,0,
content. Minimum level of CAT activity observedin
control (32.88 umol min* mg* fw). Increasinginsdin-
ity gradually increased CAT activity, sothatin5g L
NaCl rechead t0 59.12(iumol min* mg? fw). Therewere
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significant (P<5%) differencesbetween4and5gL™*?
NaCl with other treatments.

Maximum SOD activity during salinity observedin
treatmentscontaining2 gL* NaCl (444.7 umol min?
mg' fw), which had significant differences (P<5%) in
comparisonto control. However, therewereno signifi-
cant differences between treatments containing NaCl.
Increase or decreasein salinity decreased SOD activ-
ity accordingly (Figure2).
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Figure2: Changesin SOD activity under saline conditions
in callusof dwarf pomegranate. M eanswith thesameletters
had no significant differencesby L SD test (P<5%)

Drought stresscondition

Cdli werecultured in M Smedium containing vari-
ous concentrations of PEG to induce drought stress.
Datapresented in TABLE 3 showed the effect of vari-
ous concentrationsof PEG in freshweight of callus.
Freshweight of callusincreased withincreasing PEG
concentrations, thehighest freshweight obtainedin 4%
PEG (330mg). Increasingin PEG concentrationsup to
4% decreased fresh weight of callus and reached to
146.7 mgin 8% PEG Therewasasignificant (P<5%)
difference between 4% PEG with other levelsof PEG
inrelationtofreshweight of calus. Effectsof PEG on
dry weightsof calusareshownin TABLE 3. Similarto
freshweight, themaximum dry weight observed in 4%
PEG (58.67 mg). Increasing or decreasing PEG con-
tents of medium, significantly (P<5%) decreased dry
weight of callus. Minimum dry weight (35.67 mg) was
observed in 8% PEG which had significant differences
(P<5%) with other treatments. The proline content of
calusunder drought stress condition slowly increased
withincreasingin PEG concentrations of medium, the
highest proline content was 4471(uM g* f.w) in 8%
PEG which had significant (P<5%) differenceswith
control and 2% PEG (TABLE 3).
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TABLE 3: Effectsof PEG concentrationson fresh and dry
weightsand prolinecontentsof callusof dwarf pomegranate.

PEG Freshweight  Dry weight Proline
(%) (mg) (mg) (uM g™ f w)
0 296.7 ab 43.67b 3637 b
2 300 ab 46.67 b 3309 b
4 330a 58.67 a 3848 ab
6 206.7b 46.67b 3908 ab
8 146.7b 35.67c 4471 a

* Valueswith thesamelettersin each column had no significant
differences (P<5%) using LSD test

Theactivity of CAT and POD under drought con-
ditionareshownin Figure 3. Peroxidaseactivity of ca-
lussignificantly (P<5%) increased withincreasingin
drought stress conditions. Themaximum POD activity
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Figure3: Changesin CAT and POD activitiesunder drought
conditionsin callusof dwarf pomegranate. Valueswith the
samelettersin each column had no significant differences
(P<5%) using L SD test
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Figure 4 : Changes in SOD activities under drought
conditionsin callus of dwarf pomegranate.Valueswith the
samelettersin each column had no significant differences
(P<5%) using L SD test

was 73.31 umol min™ mg* fw observed in 8% PEG
which had significant (P<5%) differenceswith other
treatments. Catal ase activity measured asH,O, con-
tent. Increasing in PEG concentrations of medium, to
inducedrought stressresultedin gradudly increasingin
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CAT activity. In6% PEG thehighest activity of enzyme
was observed (45.68 pmol min* mg fw) which had
sgnificant (P<5%) differenceswith control, 2 and 8%
of PEG. Therewere significant (P<5%) differences
between treatmentsin relation to SOD activity. The
maximum SOD activity observed in 6% PEG (404.7
umol min mg* fw) which had significant (P<5%) dif-
ferenceswith control and 8% PEG. Increasing in PEG
concentration gradually increased SOD activity. How-
ever, in 8% PEG, SOD activity was decreased (364
umol min’t mg* fw). (Figure4)

DISCUSSION

Plant tissue culture has been proposed asauseful,
quick and economicad tool for evaluating the salt and
drought tolerances viashoot organogenesisfrom | eaf
explants. Adding NaCl to medium changes growth of
cdluswhichisdueto changein photosynthesisactivity
of tissue and osmotic condition. Salinity causesion-
specitic stresses resulting from altered K*/Na' ratios
leadsto build up in Na" and CI- concentrationsthat are
detrimenta to plants?”. The percentageof reduction of
thedry weight, generdly considered asasengtivity in-
dex. Reduced growthratestartedin2g L NaCl, this
concentration wascritica leve for tolerant of tissuein
Punica granatum 2Nana’ In fact, during the appli-
cetion of sdlt stress, some calli showed NaCl-tolerance
(lack of browning and keeping acontinuous growth).
These calli had potential to beused for evaluating en-
zZymeactivity

Reductionin growth rate under drought condition
was observed in 6 and 8% PEG treatments. Thesere-
ductionsingrowth rate were significant and probably
wererelated towater content of tissue. Thisresultisin
agreement with many reportsintomato!¥ and pam.
Moderateleve of PEG (lessthan 4%) had positive f-
fectsinfresh and dry weightsand a so shoot regenera-
tion of callus(datanot shown). in somereports, posi-
tiveeffectsof low level of PEG ingrowth and embryo-
genesisof callusare shown™ 1, Scavening of H,0O, by
CAT induced organogenesis. CAT isknownto play a
roleingrowth and organogenesis¥. Increasing drought
and linity increased proline content of calug? 3. Higher
plants accumul ate free prolinein responseto external
sdt and drought stresses. Proline can act asan osmotic
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regulating agent and protect enzymeand cdllular struc-
ture, al so as storage compound to reduce nitrogen dur-
ing the processof rapid re-growth after stresses. Inthis
study, anincreasein proline content was observedin
both conditions. Theresultsof thisinvestigationarein
agreement with earlier reportson prolineaccumulation
under stressconditionsin seedlings, aswell asinfully
grown plantg”®. Under normal growth conditions, the
production of reactive oxygen species(ROS) intheplant
cdlisgenerdly at low level. However, under salt stress,
cellular homeostasisisdisrupted and leadsto the pro-
duction of rlatively high levelsof ROS*31"22, These
radicalscan damagevitd cdlular macromolecules (ex-
ampleviadenaturation of proteins, peroxidation of lip-
ids). Inthisstudy, ROSactivity increased in both drought
and saline conditions. The SOD enzymedestroysthe
superoxideradica; however, asaresult of that it cre-
ateshydrogen peroxide, which aso hashightoxic prop-
erties. It was stated by other researchers that SOD
activity increaseswith salt application*%, CAT and
POD eliminated H,O, by decomposingit directly to
water and oxygen*?%, Inthis study, Salt and drought
treatmentsincreased CAT and POD activitiesunder
gressconditions. Inhighleve of sdinity (5gL*), POD
activity decreased and CAT activity increased. Butin
higher level of PEG theactivity of POD and CAT was
reversed so that, CAT activity inthe highest level of
PEG decreased and POD activity increased. Thesedif-
ferencesin POD and CAT may berelated to thekind
of homeostasision that produced under drought and
sdlineconditions. Under salineconditionshighleve of
Naionswere produced and affected enzyme activity
andionratio. However, under drought conditions, wa:
ter deficit occurred and mainly affected water potentia
and increased concentration of solutewithincell. There-
fore, differencesin antioxidant enzyme activity under
drought and saline conditionsmainly rel ated to changes
inionsand osmotic condition. M easuring antioxidant
enzyme of calusgeneraly showed asimilarity tothe
results obtai ned from experiments conducted with the
intact plantg*®22629, Byt the callus culture gave more
useful parametersto screenthe plant for salt-tolerance.
For example, SOD activitieswereincreasedin callus
tissuesof dl of themelon genotypes, except sdt-sens-
tiveones®. In conclusion, the antioxidative enzyme
activitiesplay aprotectiveroleagaing sat and drought-

stress, and that antioxidative defense mechanismwas
effective in providing tolerance to salt and drought
sress. Cdluswith high levelsof antioxidant activity has
potentia to produce salt and drought tol erance culti-
vas
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