Olp! 85:9lis pole aloxe
(FY-FYV) IYAY Lo oY ol « YF ol

S bogw £ai5 H oolaiwl b g 10 (Sya0 SV Zokaw 4 Joxio S pY W gS

"SI A duol L Alyon 55 b O 0
TS SIS G55 gy i s o bS5 Ky ¥ )
VARV RV AR W T

oM

g b Gy Yo Shes b od) 51 o084 oo 5 gy lagnY obul sk & G
Sogb 4 b Jood b gl 3 (650w Vb g es S o b slacnY sbnl fiomes (pdlly) (6552
S 3l e Glghle gy cpl 5o s S plodl G S g g5 51 aslinal | Ul 5 5Ll (sl
Y/0 5 VO 54) S s IS 5 aikas ;5 IS 3l S oS 5 5 (diop BVt 5 A 0 8 F) idenyy S
5 b sl (L3815 ekl 5,0 g i el S sol S bk 3 (A s f;f
S Bz g9y (oS sy 5 0jey Y0 WA VD) il e b edd S5 o35 Sl ek
Q4D bgy5n 5 A s p S ke ) 5 10 Yo slis gl MS Wl i Baswe) gl 0 S
2 b (9, SESIS Y o sl (G olSbogu p 5 il GWI g IS 2, e 4 S 28
Blim) 25 51 T3 1S 51 s plowl S 5 BA 5 2,4-D Uil slis 5 MS il
3N Go5b GV b s Jasis gl IS s S aslil (5508 slghons 4 JET g (ciSTy LY
#eSde Y MS 24D A s e S eV i) oI55k s slghame 4 (NACT 2550 510
(MS + NAA 2 5 ¢ £ o\ + BAP ) 35 ¢ £ e ¥ 5 MS + 24D 2 s ¢ £ s 1+ BAP )
3 oslial b gl55k 5 3 mdS Ays fud 5 e sl gSU G sl ) (b s ks S Jats
CL‘ i f o g JosSt 6"“&&“‘.“}1} L Ml sl b B s GSbsly wps Sy,
9 @I e 0igy W b e =Y Ll s g w8 LSS s Cai g3 S ) sl Ol
VO b =t g ls pwe o g g 85 Jlls FI Yl 1y ol el S ey
+ BAP,‘._J,;C;‘;\.,J thases =035 L 1) e 51 2l s op i MIS + 2,4-D ) 55 (jfdl..»
+ NAA jdjsp B dea) + BAP 2o S Ju¥ thams 5 pl5adsy cp sy MS + 24D 2 5o p 5 e
NaCl,:g,;pfA b osd Vb a4 ot JolS oS YV slias = g yls 1) pljasls op i MS
Cods mld 4 axg b L3 8l o 2590 g Bl (EC? =\11 38 el Fo )
388 4y phe 53 0dd sbul S Sbsw Sy (5558 4 e Condy Sl Dlid wlp el
ST FRPSTINY

fB)l‘(CaClz ) NaCl,)‘_;,‘,:» “ JA?(J ‘ 6‘4-33?3 C)‘g)-‘c %de.\‘ ¢ ‘;a}lsur &‘,‘5 . gs..\.&lf 6&05'5
IAAL BAP 3 2,4 —Dgf

1. Murashige & Skoog medium Ploca b lie ol a5l
2 . Electronical Conductivity



VYAY Jlo ¥ o)l FF ale gl (65,5LS psls aloe YSA

CiS S5 6o 45 wiols oLt oaste lidios
3 0D 6ysh 4 pslie slagnY wg 4 e gladntinge
Jsl was laz pglie slashe 5l oS Qb 233k (s
WS Ojgo g g S )3 6ysh 4 Cuglis Cho
AR RN & SR A WP R WA T RUW
93 3 a9 & Jooxte lauglls (VM) o Sen 5 05
¢ (Oryza sativa) iy s Kosil o3, 33 5 Kaiple o,
Weee gAVeee Qeve $orn ool oS gladama g,
Byl o L g Wi S Ll (NaCl) Slai((y gk 3 annd)
s 5 S S | Jate LS ISl
YoSan 5 Sy winges ik (NaCl) Ko slacdale
SC) S9loges Sl pys Jud U oy 2 | oy (VNP
SC) FelSlogs sle¥ pgo Jui b VM) o San g 55 5
Ndged )98 & Joodie 3w dnal SlenY WF @in
O 50 )b eSS Gk VAR S 5 5o
3elS VA slaws Lilets g sbml (5,55 41 Jooxie sleglSLoges
Sy e g oS F o5 wsS ik |, il o
ilples 0l i GlalS nl 5)90 4 Jood g il
4 Jorio glaguglls ol ol Slik plalS (VA
Sy0 zp o |, (109) Ly T L (1) ghaw o) NaCl
crl gls ) golass wa)s AIF g sl 13 las e b))
sar S5y Sleogas Sl eh LS s kS
S5 (138) Sen 5 Jb aivg 5y aals L awolis 5
2l sk VO ghv ) S 4 Joxde lalS
05,5 G55 Sl ey sl o f (S sS
&b 3l Brassica Juncea L. ,» (V44+) ) Ke2 ¢
St & Joxe SlSlegw nY 93 (JUglSlogw g5
)l SRS 5 slaeype syl o & WS 5151,
loaalds 5l i wls Jla 059 9 Yok (o2aly B xS
Jol> oS ¥ YA sl (198)) S g o izl
3,90 1y NaCl d jo 05 Ao ¥ L (glasid (900 Sl
AR sy clae 5 et 4 Jood lp Gl L)
o 45 08,5 bt (5,5 & Jarie oY oSy 5 i
2 G (loge) 038 g alls oSkes (g5 gine
5 Soge by Lulls 093 lly @ S 15 i 9 2 Ll

doddo
g Sl gy ol el (olyy DVspame | (S g2
SeS Corer 5 4 el ;o8 g el ok WIS o0
JSI g o age placSTygs ol 3 i 08 las (P)ayled
1AV gl a5 a5 s BT pmeg0 ()bl e
Lol e 5o Ll o S8 Slidos & e s ke
a palie 5 Vb plaadly b plalS odg) Lol g5d50 (0n
4 AL bl g Jhe ciS S5 Ao 5 ka)lon
WLLIS Ao Jsb jo gl 1S g olml i 3590 pB )| s s
g JUslSlog g5 S wiols olis o ladis Slalllas
\GlatatngeeatS alay 4 ond slul JbylSgls
JB S e i iy 55 LS slagshe
lize Jelge @ polie (lalS 23lal sloaaly 5 (515 0 2
crl o8 il (o 5 (e slagis deglow) S
4 pglie SLLS oy 4 eyl Sl 0 LSS
e 5l elge plo g (S22 0590 Joo aeme slais
x5 Saalndan il o S iS5 gl
3390 )] (e 5l odliil pr JUglS giels b JUglSLogus 45
32ly kS & wyax slacaisy o 0 a5 Cul gl oy
=y clite Cho S 4k aiies 50k slaa ly Dlao
L slom &5 S Caglie 8 ) (S Slio p odle
SESS5 ol o)l L e Ll Gl 1) e g (6580
SlS Led 51 Sl ol SedlS cla s, ggsgiss
Los (S5 855 oS 90 TS 90 0 Gk
walg: by (B35 5 x5S0 slaanlp pus GYsb
I oean o5 cul e ol ol clidw (M
2ol olS e S blse a Caglie slapaslSe
snr gloes @ Jlil LB o ol o sanlice 5 Lo uglls
(Y) 35l 00525t | (omolio 555 33k (o0
el (Seiloger Jsho Slitnozr ;5 Ll G,k
Glboe gl a pglie slonY lated g9 oS
(TF AV)lonys 57 SLil (ASale g Lojw ¢ Si3 45,5%)
Sla)liF 3 e S 4 pslie (Joke slenY Sl
QYXY Y DA V) cod oags 5 &) ilieo

1. In Vitro



\fa wyd 6% Vb ol & Jootie slogpY adg: S0l pos g olycw yo

paS Al sudg Sis oole o Slos ralS jo 1y YU
o) IS

4 Joxe g Jpamoy bV ol ol i San
05)) 69 4 e Jg Vb o Shae b o8 5l 9200 (5,58
a Yy oo pnS o b e sbml rimen (il
5 L, B 5)ph @ o Jozd b o8 I )50
bl e Sl lage £33 5l ooliz b (L]

lgwg) 9 3lge

w) iy £ls 92 o) ez 5l e ol el 6
AT g el il ¢ (9 4 oo (Jy Vb o Shas |
ol ()9 & (ord Jood g Lawgio 3,Skes L o))
) a9 )15 S 5l ilidee Gelale (cusy ol 53 035
g 98 DUl S5 g (R 2 p S Ve g AF DY
Jale ol G 53 05 VIO 5 FIOGS 5 4) el )18
o)Ll )50 pB)] LugllS” (5l cuiS Glodarma ) (5558 A5
S50 Sy & Jexie 5 Jyazman slend sbml jshie o

i )5 anlllas
S350 a8l el Giailex jokaie 4y GllAS cis o
GG P e b e Glo X (g5, )0 allax sl
Voosles o gpigid 315 50 b fass iy 5 ool osls )3
Jor 53 (ppm 5 Sl T Do 40 (S0 690l 5 il a0
sebie 4) celo FA oe @ ol § il ax 0 F les o
g odd odls JIE (SSleSe Sl 5 sh Sl RS
b alidg )90l S ilo a0 Vo gl b 95 4 loaome
algz jod ol ool H1F (55t il ¥ glaazadle 5>
Jsb g ol ilo az 2 Vot ¥V &> a2 po b AlBS 4 09
Jlo S Lyl ) alS s 5 i celo VP 3,
5 2,5 S (lee S s 53k aleg S SB )
ye 4 A B ol o i oy Ay b
23S el ) anz g 5 glaspe CAS (SRS cis
Jolsd Loo)lal op5e 52 68) [z odem) 5 )b Sl
0dew) 9039 Vo VA NF) (2alS 9,0 5l Ble Sl
o @y wias S lioeelS CutS lae oy, (S
(U Egpd 5l ot o)l Gloy el o pslaie

09, Sl JUsSlogw g5 glao )5 (VA (] Sen
) e 5 b i3S SIS wp el ln ) lased
035 5ok slloe 555 » (SeHigw owpp b O
g @ ool Qb Jol> )98 4 Jeie plalS
V) (b psigen)S Sl s GlalS TFY wo 57 3158
el Ve s XY 5 il 1) glls XY (g
s analie T clls o5 ol Lo 5
Jorta S 2Ll sl 5 agil iy T (O149Y)
sk 5 28l clS eSS i els dae (slai 4
505 31 WSy (i 5 S (el (sl
Ol o)) oy g 1) Jsho g 8l cutS by Lasd
VAAF) e 5 500l 05 (Byae e 5,50 & Joota
SLl Bk 5l 6yeh & Jexie GlLS Wl 4z o (
OV hlSes 5 GugpaS.aia s SIS 1) slazeds 9,0
ol SoGz SlALed (19,0 S (Sijslsdse slaguly
bt slojles 5 NaCl il gloibile o ) puis
) OSes 9 Selsly ol I3 ) 3j90 508 slaoaS
;) eslaxwl L Cymbopogon martinii (Roxb) , (1444
450 5 5 93500 5 Loy Y A JilSlager 55
BB L oy, oy gl oo lae ot o8 lio
) 5 Sl Y T Lol 5 905 5 i 3,50 sals
Sk 55 sl laiilesl yo by ol o o 8 Sl
ols oyl
2lls S S S 5IE OYVF) o Kad 5 olsis
s 5 ol o et 3 S | b S5 sl oY
g ecedls plaisl iz g )b 3l 5 4 e 4 o)
@hil 5 sy slegrz oy Gl S e e
G o)l 3l 5 50 e g b 02 3 i 4 olS
Al Caws
& Josia slayY Sl & a3l (1TY+) s Dl
b1 5 slo ol Jard (V) 55,5 i3 95
pobie Sialidl VY jeale ol 15 anlllas 90 1, (6,
Lld joats, 5 2l plal )3 555 5 pedS S (paos
oS ol cady Sis esle Ltals (VVVY) e st

Gl ege S OTYY) Ll 5 o Luls o 1) Gyl



VYAY Jlo ¥ o)l FF ale gl (65,5LS psls aloe YV.

S 0395 9 T Hle azys Voo b ) les b 508
Sl Ole g Jitie 10 qd Casby 5 Gyl VFIA
Y I 5w bolals (g )0 .au0)F J S 59, o bapylals
3 V0 IV vg0 5l e g il anile y JelS ek atan
o gl a0 Ye-V0 Ol ax o b alls 4 lalS
WS Jie

sy Bide byl Ol gdes gl (b
2oy® (§9) ¢ CuiS lame g9 g ez (Sdew) o) g &5
B s bl 4525 b jleslinal b 2l g (2liesll
3550 (ke Wals aply L) hoy3eS 5 (ol Wl slo> b
L8558 )

oyl IS sy was go olis Fg) Jolax slacsls
S losine Dglis s ylal S5l gy 350 2y g2 o8] o
 @bodll eivier Ja8l o8, a5 gpsb amishy ol
L aSog jlocme ugllS LS5 0 gy 1 Sk <ty
Oz S 5 sz e OAAD) e 5 Jie sletales]
R PR ) B SERC A R VIVIS B\ B G- N gt G
claSih pasS 0 VA) (e 5 (2lo 5 (G (ooshisSeal
Sl Cllas(Slay i g )b i
Il JSsS aeps (ppeS Y Jpue 4 a9 b
Oen 5 o sledaleil b oSog on; iz disai,
9 szly pald 0 (VAN) e (2le 9> 0 (VAAD)
paiS 10 (V2AY) Gl 5 550 S @3 50 (124Y) o)) Sen

Syl caisllae

O 5 =y 97 Alisee Gloedsiy (il g 4528 ) Jgo
ol oo il i Al
oSlke ggeme  dx e

WWORNWEEE ey qifq. ¥ I
YOYADYYY *E* AF8/AQ \SYAYEA Y O oy
/oYYy EEE VINED  Vglpef Voo X cuie)

YNV oYY oLzl

CV =j.1v¢ VEVYIVY. FY Js

o) by o gime FHH

olSalesl & JUEHI e g b ol 5l aliis Jul> (slaeils
IR GRosr B 5o ) SIS a5 T el Sl jod,
B odls

S ISy el oyl 398 50550 sy 2 9
ColS g Joloro )0 w94l Y JIY Go 4y 4> 0 4F
ol 3] e 3 00 jgabogt 4o & 1Y e 4y A S
Vool 4y Jopl ead hi jbgs O JBls 0 d
Lulyd CovgdeS ) )0 (e WSS piled 450
S Lma Sy s i it S gsir
slo b epgnd 4 onds cuiS glacpas o ools I3
Jhiie & Kb Luld o oS le arp VY E )
a3 5 S a3l

cilizee gl b oolpan (V) MS a4l ciS Lo
S s e G 0 pSides ¥ 5 VD 2) 24D
9 5 ool ol gl

S lage £33 it il 5 la S S5 gl o
olie sgle MS aidly o Lo (g9, <uiSTy ¥ JSla
2S5 e o el 5l a0 )8 bl 2,4-D Galixe
Gops gohme 4 Jil cqz (cusly b Y Jle)
Jolt lié lobims (g5, Lol lala o S ool
g 24D Gltke polie s> MS ail o Lo
Lilyl 5o bods wad culS 6,60 5l gl sleakle
oo g S 13015 le a0 YVE)Y Gleo g S0
S esliid b lapuglls (o 0sy (ol laings S sy
20,5 ploxl 5 Jge?

w,ﬂ{w.\.&:)= XY

Sl o

2 e VD) 6t Vb ok 3 Jeode lagugls
oS5 MS o) 55k bz sledameys ( NaCl )
+BAP s pop S e ¥ 0 24D il o 68 o) Lo
V+ BAP iy Sl ¥ 5 24-Dycd o 05 Lo
s Jazze (NAA s 5 o
I edorie Slagugdls ik 5l ead oy slaazals
Vo d ey Coy 1 bslie L) G e talesT o)
by sy 5 5 Sl slite & 5 Jize (0 4
4 bolls e ol sadg Slad (S g o



V) wyd 6% Vb ol & Jootie slogpY adg: S0l pos g olycw yo

OSes 5 QI8 bawgi o MS + 24-D o) y0e 5 e
MS 24D oS dodihms sl 5 (VTVS)
iz 3 hoez oS g led sl ongs 5 (818
Yuls bwg 2,4-D ;| solicwl L (Hordeum vulgare L.)
Slids S 5 oprimstlS ((VIAE) ) Kan g o2 (1204 Curandls
5 s (VAAY) gagd (VAAD) Sen 5 J3o ()AAS)
005,515 (13A0) ol 5 wlegi 5 (VAAY) (g, 8IS
Lol

blite SIS LB mlS o) (Sile dslia ¥ Jgoo

O 0 X G )
) o8 aoy (Silke (A) iz X (G) gl

TAOYEd gl x al
AISES gl x a2
JAYNYE gl x a3
JALAARY gl x a4
JAYNYef* g2 x al
720/+\b g2 x a2
/AYioef g2 x a3
IVVIAYE g2 x a4
JAYISFE g3 x al
IANAYSY g3 x a2
JAYIef g3 x a3
IAZZINGS g3 x a4

7A0d g4 x al
/2¥/0bc g4 x a2
JAYNYE g4 x a3
INFIPg g4 x a4

2 G e Sl g e 0 S e By b gla Sl
(@=1) )05 7 el
gi= Jail &= LK1 g= Ll g illy
A= 0jg) VP (i AT 09y VALl 83= 0y, Ve (i
A= 0oy (>
oolil 500 CuiS glodame (uilyly 4326 - B Jgor

shods
F ol e Sl Slaye ggome il a0 Sl e
2 7AR ok VASIAQ. YYYIVA) VocuShow
- AR \IAOF 5 ol
CV=17-1m - YvosYS A Js

Lo 1N g ) lo gise = HHH

Slegi 2l ol w0 (1 She anolie =Y Jgu

=l 97 e
@y gl 9oy (Sl ]
IAPIfS a il
JAOIYYD* Sl
JA¥190b Sl
JABIYAb il

PG e Dl e 0 S e By b (glag Sk

@=7Y) 205 1Y s

o wlize i ol wellS o s Kl duslas -V Jsuo

@ ol aop (ke () ez G
JA¥Y b VP el
AR VA
TAYIYY ¢ Y
yyhad s

PGP (e gl g o 0 S i Bg o b sl il

@=7Y) Wl 7Y xla

STl el |y @liodlS eyt 039y WA oz
b oz 3l el g 92 50 (VAA0) ()Sen 5 3o
5 o505 S bl (JI gl Qlesl al>pe j0ds 5
SN0 oyl e 5l el ady pus 5 (VAAY) e
S oS adg paS 0 (OYVF) e g 2l g, VA
33 (V) en g 2le 5059, VF VY o)l i
250,85 55 15 039) VF oyl G 51 egllS g pu
e o g ey Bl JLE Jour 4 angi L
i ojy VA i b a8l 08 aSs ek 4y 0 o
S o1y ghowdls
+2,4-D Fod )0 5 o Didas « #90 Jglax 4 axgi b
R e Sl b cesls oz 3 @londllS (e yiis MS
22 ON) phlSen 5 Jio by izl 2l egllS Lome
S L MS & 24D 0 5 Lo s g2
E s 0030 oiSes 5 2l 5 (198Y) ol )Sen
§ wierls Loy MS + 24D e S LY lns
b 24D 2 oo S et s w50 5 (043Y) K
Yoo @y 0399) oKes 5 Sy Lwg N



VYAY Jlo ¥ o)l FF ale gl (65,5LS psls aloe VY

S sldaoe oliasls as s (1Sl dslie -A Jgo

il ke
hals wo o (Sl RASREIEN
IYYIY b MS +\mg/l 2,4-D
/ANl A MS +\mg/l 2,4-D+vmg/l BAP
JARE:! MS +ymg/l NAA +Ymg/l BAP

PG e Sl g 2 0 S e By b (slan Sl
(@=1)) )05 1) oo
Sl ol alisee ciS slpbae Guily g 4526 -1 Jga

@Iju.w W3R

F Slayye ke Slayyo Egame 6.>|)'74?)o Ol ge

YY4VD R YEYPL \BYIVTA Y i o
- STYY \/¥Fay 5 Lz
CV =) /fY - \OFY A Js

To N oy Jlo e =*H%

ciS sllaxe oljads ) do s Sl dwslas -V e Joox
&‘jjl{;&l}?’u

S so 3 Sl caiS b

IYSIPY ¢ MS +Ymg/l 2,4-D
ARV MS +\mg/l 2,4-D+Ymg/| BAP
IYVIF# b MS +VYmg/l NAA +Ymg/l BAP

36 e gl g o 0 S ke By > b (slanSile®

@=7)) 8l 7Y s

oS SV JSE) el Wl 4 bgge pglas
Joziie S welSuY JS5) ulas sl wglSY  JS5)
JS8) Jorxte (glaazal S JSa)augls’ oI55k o T JS5)

el 033,51, (¥

039y VA o b i 5l gl elall -y S

S slobs gl gl o) (ke duglis -7 Jga

oolaiwl 5,50
JYY/AC MS +ymg/l 2,4-D
/a0/va MS +y/emg/l 2,4-D

A0/ Yb MS +ymg/l 2,4-D

2O e Dol e 0 S e Bo o b gl Sle®

O=7.) 35,}05 7Y pelans

S gy e 50 b gllS anlaSy s 0, Jawgie
el 8y 5o /YIFA Ll 08y 50 /P10 pmilly 68 o
@ b wgllS JUsl 3l o gt VALY L8l 08, 5 94/ ¥/ Y
o &y «(NaCl i o658 YY) S il sl
3 g e Lol il alS i g0 Jasme 4 s Ll
oo aby NaCl pdpop S A (6)98 mhw 5 &>
iy IS Lo olS 5y 48 e ) 51 5 L oS
32 Buglls daleSy cod 0l Jagie aSG sk s S gy
el o3, 50 NaCl ydyse S A Gol> )98 baons
05y 30 9 +/YIAD Ll o8, o /5 JLal 83, o ~LFNY
5 oS by 2 M3 SIS pl & 09 SOV il
Dgr 04y )8 &l paiS 0 (VYY-) (oSl 5 (V2AY) o)) S

Nacl /;:,J)o(z)f\~5 A Cj.la.w » J.w LsL&su.u}JlS
AV gl @ azgily ol Jsl 5k Laes 4 5 L
FedpopS el t BAP 2 jop 5 el ilaze 2V 5 8
i S et s 5l ity MS NAA
l, @hais) oyt MS + 24-D oJjop 5 LoV+BAP
5 Jre by gl b (g 4T Jlo ool anils
&;.3 Ja...;93 ‘2,4-D Q9 MS Ja...z.o 9> 50 (VAAQ) les.o.b
NAA).L"J)Q[a;‘;.:A‘/a» .E.:?u @).’ )é (\Q"\?) u‘)&o&b 9
O Ser g zle Lawg«MS + Kinetin s 55 LoV+
5 «MS + BAP  zJ )56 S Juot VY laze suiS 0 (V49A)
el 00305 5135 «MS + NAA o 5 Lo\

Bl el @bse cnS sllase il g 4525 Y g0
G;.I}A.&Liu oy

F Sl 1Sk Slas e ggome oliTax o Ol yads pdn

FYSAAY #5155 YIVANY Y S b
- YO VoY 4 oLzl
CV = /\N$ YV A Js

To) s (o o e = F5H



Yy "')’)‘5)9'&LSY[*deewdudﬁywﬁstélﬁ‘ﬁégsﬁu@&g}&

Joie o wdllS” I35k -7 S

S &y Joreie ol S il Y S

GYL.’ CJa.w 4 J.om J.alf ol,:f YY olass C)J’ U"‘ 5
(bl g LalSo )l oLal zilly) (cwy 950 92 08 5z |
abyp 0 wdel Condy @l 4wy b ns S o5k
SolSlog k¥ gy98 4 Jov Cumdy S Cliios
49085 walys 3 obj)lo)se ashe s 43 oud slon
9 Vb pshw 4 Joio o) Byb ool S il ey 0 S0
led ool (6550 4 00 1S

6 el
el 0aiiS Gl oS 595 oole Slotiagyy (g
proee el jl sl oo 6yl Rl Cul 035y g
5 % s Jb audy Pl Sl duwge yol> 5 Gl
75> BT ohg 6585 SiSize Olinid duss
5 obo B ol 558 (9 Sin Loy 55 (gaume pdlul




VYAY Jlo ¥ o)l FF ale gl (65,5LS psls aloe YvE

OPoyerle 5 hug del Ganige QLT g plass g ho Ol &8 pha pST e 550 g Loww 35 (295 el S
ok 1y b g opl pll o a5 Jlnse alS ¢ i, o2l 3 55 opl sl g ballisle;l g Olpgzs ) soliul

pled oo (1908 diloans Wilosge 8 i @l pen 005 o lojad ¢SS wlodgas
REFERENCES oSl 3590 &>l 40

eS8y b ] Ol Lasl (e g5 YV e Lyl )T )

Dol 5 el psle 0,55 mages SVl aodls 08 0, 5 6 ltl Ol 5 s o s €gm S ATVY g o Al Y
00 o8y ol bl

0 S5 Cpragms 60lS EWlis el LS ol ;5 In ViMro gl 5 JUslS 52l ¢ JUslSloges g5 8,5 NYVY 5 i ¥
o ol&dls Ll pl Sl ANl g el s

S ) Lol goslS 6y & oot sy ATVE S o £ 50 50lin of diidoges o] o oo ¢ p o e ¥
FA Q7 Olxio Folad AT ala )0 g Jlo alms sogian ledae )3 pusS 08 Al

bl ol I5 sl bl @y o 69 4 psliie (Y wdg pslate 4 alS Sl 2 ST ool ATV e g P 0
oy Sy oliils

ol oKails Sl ezl (e VPVE  eanlas S

algbl (a5 b 5ye8 4 Jomdie slocn¥ Sbail cyz jo paiS 3 S5k 5 GeallS adg CllB ) ATV pg S Y
Sleal ol ez ageds ol8iily (63,9LaS 0aSisly (sl pulis S

ol g el pole 0 K5 rogw OYlie 4> (655 4 Cunnd palS a6 Joos (0 Slawd o& cwnypp MYVY o palle A
5y olEIS (ol L

9. Abbas, ST; MY, Mirza & MID, Chughtai, 1991. Cytogenetical studies on a tissue culture selected salt
tolerant IR-6 rice (Oryza Sativa L.) mutant. Pakistan Journal of Scientific and Industrial Research. 34: 2-3,
88-90.

10.Bong, BB; S. Tobita & T. Senboku, 1996. Variation in salt tolerance of rice plants regenerated from salt-
selected calli of a susceptible variety. International Rice Research Notes. 21: 1,38.

11.Bouharmont, J; A. Dekeyser; V. Sint-Jan; YS, Dogbe & V, Van- Sint — Jan, 1991. Application of
somaclonal variation and in vitro selection to rice improvement. Rice gentics II: Proceedings of the second
International Rice Genetics Symposium, 14-18 May. 271-277.

12.Bozorgipour, R & J.W, Snape, 1997. An assessment of somaclonal variation as a breeding tool for
generating herbicide tolerant genotypes in wheat (Triticum aestivum L.). Euphytica. 94: 335-340.

13.Chaleff, RS. & PS. Carlson, 1974. Somatic cell genetics of higher plants. Annu Rev Genet. 8: 267-278.

14.Chaudhary, MT; SJ, Wainwright; MJ, Merrett & M,shah-E-Alam, 1994. Salt tolerant plants of lucerne
(Medicago media Pers.) regenerated from salt-selected suspension cultures. Plant Science Limerick. 98: 1,
97-102.

15.Chu, C.C., C.S. Sun, X. Chen, W.X. Zhang, & Z.H. Du. 1984. Somatic embryogenesis and plant

regeneration in callus from inflorescences of Hordeum vulgare L. x Triticum aestivum L. hybrids. Theor.

Appl. Genet. 68: 375-379.

16.Collin H.A., F.M. Burton K.M. Ibrahim. & J.C. Collins. 1990. In: H. Kijkampa, L. Nanderplas and J.
Artrijk (eds) Progress in plant cellular and molecular biology. Abstract of the VII th. International congress
on plant tissue and cell culture. Amsterdam ,151.

17.Croughan, TP; SJ, Stavarek & DW, Rains, 1979. Selection of a NaCl tolerant line of cultured alfalfa cells.
Crop Sci. 18: 959-963.



YV wyd 6% Vb ol & Jootie slogpY adg: S0l pos g olycw yo

18.Dix, PJ & HE, Street, 1975. Sodium chloride — resistant cultured cell lines from Nicotiana sylvestris and
Capsicum annum. Plant Sci Lett. 5: 231-237.

19.Dix, P.J., 1980. In: Lsala, b. Parisi, R. Cella and O. Ciferri (eds.) plant cell cultures: results and
perspectives. Eisevier. North Holland Biomedical Press. Amsterdam, 183-186.

20.Goldstein, C.S., & W.E. Kronstad. 1986. Tissue culture and plant regeneration from immature embryo
explants of barley, Hordeum vulgare L. Theor. Appl. Genet. 71: 631-636.

21.Hanzel, J.J., J.P. Miller, M.A. Brinkman, & E. Fendos. 1985. Genotype and media effects on callus
formation and regeneration in barley. Crop Sci. 25: 27-31.

22.Hasegawa, PM; RA, Bressan & A, Handa, 1980. Growth characteristics of NaCl selected and non-selected
cells of Nicotiana tabacum L. Plant Cell Physiol. 21: 1347-1355.

23.Jain R K., J.B., Chowdhory & S. Jain. 1990. In: H.Nijrampa, L.Nanderplas and J. Artrijk (eds). Progress in
plant celluler and molecular biology. VII th. International congress on plant tissue and cell culture. Kluwer
academic publishers, Amsterdam, 151.

24.Jain, RK; S, Jain; Hs, Nainawatee & JB, Chowdhury, 1990. Salt- tolerance in Brassica Juncea L. In vitro
selection, agronomic evaluation and genetic stabily. 48: 141-152.

25.Kim, H; TY, Chung & WY, Choi, 1988. Increased regeneration from NaCl-tolerant callus in rice.
Euphytica. 39: 207-212.

26.Kintzios, SE; M, Barberaki; G, Aivalakis; J, Drossopoulos & CD, Holevas, 1997. In vitro morphogenetic
responses of mature wheat embryos to different NaCl concentrations and growth regulator treatments. Plant
Breeding. 116: 113-118.

27.Kochba 1982. In: Citrus sinensis, L., osbec & C. aurantium L.Z. pflazenphysiol 106: 111-118.

28.Lupotto, E. 1984. Callus induction and plant regeneration from barley mature embryos. Ann. Bot.
(London). 54: 523-529.

29.Lupotto, E; Mc, Lusardi & M, Mongodi, 1989. In vitro selection of maize (Zea mays L.) salt tolerant
somaclones and plant regeneration. Journal of Genetics and Breeding. 43: 4, 215-222.

30.Machii. H; H, Mizuno; T.Hirabayashi; H, Li & T, Hagio, 1998. Screening wheat genotypes for high callus
induction and regeneration capabily from anther and immature embryo cultures. Plant Cell, Tissue and
Organ Culture. 53: 67-74.

31.Murashige, T. and F. Skoog, 1962. A revised medium for rapid growth and bioassay with tobacco tissue
cultures. Physiologia Plantarum. 15: 473-497.

32.Nabors, MW; A, Daniels; L, Nadolny & C, Brown, 1975. Sodium chloride tolerant lines of tobacco cells.
Plant Sci Lett. 4: 155-159.

33.Nabors, MW; SE, Gibbs; CS, Bernstein & ME, Meis, 1980. NaCl tolerant tobacco plants from cultured
cells. Z pflanzenphysiol. 97: 13-17.

34.Patnaik, I; S, sahoo & BK, Debata, 1999. Somaclonal variation in cell suspension culture-derived
regenerants of cymbopogon martinii (Roxb) wats Var. motia. Plant Breeding. 118: 351-354

35.Powell, W., & P.D.S. Caligari. 1987. The in vitro genetics of barley (Hordeum vulgare L.) detection and
analysis of reciprocal differences for culture response to 2,4-dichlorophenoxyacetic. Heredity. 59: 293-299.

36.Scowcroft, WR; 1977. Somatic cell genetics and plant improvement. Adv. Agron. 29: 39-82.

37.Shyamala, B. & R, Smith, 1990. Regeneration in cereal tissue culture: A Review. Crop Science. 30: 1328-
1336.

38.Subhashini, K & GM, Reddy, 1989. Evaluation of the progeny under stress of regenerated salt tolerant rice.
Journal of Genetics and Breeding. 43:3, 125-129.

39.Tal, M; D, Rosario; D, Del-Rosario; J, Cuartero; ML, Gomez-Guillamon & R, Fernandez — Munoz, 1990.
Improvement of salt tolerance in tomato by conventional breeding and selection in cell culture. Proceedings
of the XI th Eucarpia meeting on tomato genetics and breeding. 87-92.

40.Tal, M, 1993. In vitro methodology for increasing salt tolerance in crop plants. Acta Horticulturae. 336: 69-
78.



VYAY Jlo ¥ o)l FF ale gl (65,5LS psls aloe Yvs

41.Thomas, M.R., and K.J. Scott. 1985. Plant regeneration by somatic embryogenesis from callus initiated
from immature embryos and immature inflorescence of Hordeum vulgare L. J. Plant Physiol. 121: 159-169.

42. Timm, DA; RM, Waskom; DR, Miller & MW, Nabors, 1991. Greenhouse evaluation of regenerated spring
wheat for enhanced salt tolerance. Cereal-Research- Communications. 19:4, 451-457.

43.Vu, D; D-Q, Tran & P. phan, 1988. Mutagenesis and screening method for salt tolerance in rice by anther
culture. Genome. 30( supple 1): 459.

44 Wong, C-K, S-C, Woo & S-W, Ko, 1986. Production of rice plantlets on NaCl-stressed medium and
evaluation of their progenies. Bot Bull Acad Sin. 27: 11-23.

45.Zacchini, M; A, Marotta & M, de Agazio, 1997. Tolerance to salt stress in maize callus lines with different
polyamine content. Plant Cell Reports. 17: 119-122.

46.Zenk. 1974. In: K.J. Kasha (ed.) Haploids in higher plants: Advances and potential. Univ. Guelph press,
Ontario, Canada, 339-345.



Yvy

[ranian, J. Agric. Sci. Vol. 34, No. 2, 2003

Production of High Salt Tolerant Barley (Hordeum vulgare L.) Lines
Using Somaclonal Variation

M.ENAYATI SHARIATPANAHI' AND O.DABIRASHRAFI*
1,2, Agricuitural Biotechnology Research Institute of Iran
Accepted Dec., 25, 2002

SUMMARY

This research was carried out to produce high yielding high salt tolerant barley lines
from either salt susceptible, high yielding varieties or low salt tolerant low yielding
varieties using somaclonal variation. In the research, different concentrations of sodium
chloride (3,4,5,6,8 and 10 gr/l NaCl) and a mixture of sodium chloride and calcium
chloride (3.5 gr/l CaCl, + 6.5 gr/l NaCl) were used in the media that included different
cultivar (Val-phagre, Ashar, Arigashar and Afzal) calli. Embryos of both mature and
immature seeds (16, 18, 20 days after anthesis) were cultured on Murashige and Skoog
(MS) medium supplemented with different concentrations of 2,4-D (1.0, 1.5 and 2 mg/I
2,4-D). Embryo-derived calli were cultured on MS medium (supplemented with
different concentrations of 2,4-D, BA and Kinetin) for callus proliferation. After 3
subcultures, calli were transferred to NaCl containing medium. Calli which had grown
normally at high NaCl (8 and10 gr/l) concentrations, were transferred to regeneration
medium (MS + 1 mg/1 2,4-D, MS + 1mg/1 2,4-D + 2 mg/l BAP and MS + Img/l NAA +
2mg/l BAP). During the research, different factors such as the percentage of callus, root
and shoot induction were analyzed using chi-square test. The results showed that: 1-the
genotype effect on callus induction was significant. 2-the immature 18 day embryos
exhibited the highest callus induction while the mature embryos had the lowest callus
induction. 3- the genotype and embryo age interaction was significant. 4- the best callus
induction rates were obtained when embryos were cultured on MS medium
(supplemented with 1.5 mg/l 2,4-D). 5- the best root induction was achieved when calli
were subcultured on MS medium (supplemented with 1 mg/l 2,4-D and 2 mg/l BAP). 6-
the best shoots induced were observed when calli were subcultured on MS medium
(supplemented with 1 mg/l NAA and 2 mg/l BAP). 7- 27 plants tolerant to high NaCl (8
gr/l) concentration were regenerated. In future studies, according to these results, the
regenerated plants will have to be transferred to field for further salt tolerance
evaluations.

Key words: Somaclonal variation, In vitro selection, Salt tolerance (CaCl,, NaCl),
Hordeum vulgare (Barley), 2, 4-D, BAP & IAA



