GJKoﬁdpﬁQyw )‘}A‘—\VQFWAUO dL&bC}baﬁw@

ng)é@|ﬂ)é‘sﬁﬁ5ﬁmtﬂohﬁ§)oﬁﬁ‘jyﬁﬁoww‘?ﬁw)ﬁ
¥ Sl e ygs T Sl

Ole3lo €538 Lol Dlidiond o go 512303 =Y 08 o o o8ty (ns sulin 5 (5555L8S7 oLl SLEL p ke 09 8 o0 =3l (5575 oo (5 milsm)
[_)‘J.J_‘Q)\,@J« L;})juuf@;)?; J)}ATcQUz:.E:J

imani_ad5 @yah00.CoM :J s oy g

o

FRRYir ArSTVAL TN N PORNIN I UPTSRIPSPS 2 0 VIR WO IO e & S R A i 5 s o F o
S5 P58 sla atli 55 0p93 0L 53 8 8 I s 3y g0 alE 0555 laes p3ain F e 4 OT iy -0 /59
Lol (i A5 sl 0l OlaylesT mls s 68 oIl los sladd 5 gimuss gl 0355, «f ST s, s
w)x;ﬂ‘@uwb‘f.-%’;J@&;‘{é‘wg}“‘{ww)gﬂ"ﬂ;cj)ﬁw‘djl’“dhud‘)b”ﬁ‘?‘
WY 3g,alh 5 ) 59 ,als pliyl Sl 5o ils (St 4 (5 th gl ol le ity 55 5 i g o)) S 3 8 it
Olis 5 5l Jaw e ol)l8 S 4 Cuglie 3550 o Pl e S @ i 055 e s I3 55 (6 S sl

2l

IS kst plsl 5L i S 25 cplsl (Gl Olods”
dohdo

A5 o QLS (gla ol s (s el Al Sl (S 35 b5l 0> (S5 sl il (S 3l ealial Lo el
slo s el Ll s s oS cl JT JsShe o 2ege ods  (Taylor, 1996) 55bb b b oS (gy5b 4 4,8 o L8 &
ol 33 (St 2T e L S O gt a4 (6 o 558 (618050 (61 sioes QPJ‘-&E@@#O‘AK Gl 3Ly laes
Gl 68 55 1y sldnST S5 Sap (o) alnd 09,5 A5 Lol 5 s (Sivritepe et al., 2008) il o C e A e Sl
sh o0 65 by IS e ls gme 2l Eel LT (25 &S Wsls 0lis « (Ramanjulu et al., 1998) .3 se5 Aol o
by bl 3 (g jeml Sl 5 (6 al @it 1 (5l o o Jshomn (Sla Sodngy ST DT 3508 il s Sl 0k iyl 8
Ll s s Sas 25 Jleel bt 4 05 40 (Wang and Stutte, 1092) tias s olamsl s 4 by bs 4y 5 bs @il ol &5,
S Laes 3 el OT il o Lim g bl &7 ol OT 51358 o o3lizl (PEG) IS ksl 51 sl aducd 035
(Sl (Sl ity Sl (5 b 310 31 3Lzl b (T 25 Loyl )5 (ol Bnly ol 53 el S by 5 (6,8
b gy ol 4 g b g ly al 3 358 o b aiab Ops B p T 25 ST adlle la Bs) 5 el

W3S 1 aglie gy g 3)sm aied 05)3 damee 53 0di 3L elst HJ"&‘{@)L&“

lewgy 9 oMo
‘W:Jﬁu)pﬁﬁﬁ;,d)@%wuua;,uﬁwx?duéugujls@\@uaﬂﬁ,&u&aw@fﬂy
)\,E.:_wiMS w.la.«znji Q’;G}“M}u“-’ﬁﬂ)%ﬂw3}“}}-’;’.}“’}“\ J}ﬁl&g(w‘f)\* J}}AL& c}:‘}.’"
S FY sl wlr a4 (6 b 4 L) canlis 031l 4 L @l g 45 oKin s gad i) b 0 8 e S o ls 4l (B



GJKoﬁdpﬁQyw )‘}A‘—\VQFWAUO dL&bC}baﬁw@

2508 4 55T do e (s1r 48 BAP 1) 5568 e ) (65l MLS e 4 5 0k 1 08 e i/ cizdls 4l anu g

Ly 25 Jlesl gl S 03Il 4 &5 s 5 Sl b s CiS
ﬁﬁ‘@r‘ﬂ*J‘u)‘ﬁf‘54-'3¢l>.=?bb§5MJJJQJW%KC}&JGJJJ&»:;&&WT&C)Jﬂ“i&:ah?&:‘
Jeily ol o8 s (St 25 3 5586 5 S e b w0 o O 3 plsb Bl sl 5 pSTB sy wsais) ¥ ssl 4kt
e b SIS sl oS el ool it o B lels 5 Lids ol SIS e (WS) g1ie S gloe (5 ja!
polie s g ea5h o ST il S /87 5 M NP ol S w0 aS dopn # s Y tcble LS S S5

35 ums (Berg and Zeng, 2006) faall) s ol a3 35 90 (6 jomsl 6o Junils (5515 5 (512 PEG 3L 3 50

6“\.@&)\))&\.&\)’"‘): L;,:fo,'uuuw:&u ool

12 85 3 b s g le Lasli 5 b o3, sT Oy ,m S Lases SHOWLLE ¢ 55 Al o slgsl 3 m

b lis IS sakss )5
T d_,.]a Br) j‘;a_,.‘éjjg?uljl aJLi';a‘\{;.);\e- Q\}:aj oslazul (Guerfel eta|,2009) j,,j!b;a&;jﬁ 6}.:? dj‘u\."‘)}]é;.d @

A5 8 dnloes OLalie 5 i 315 e gl #FO 5 FHY cla

Joloer (s 1 gl gien
oKaws Lo g ba 68 5 oIy Ol 6,8 o301 5 i eslizl (Al-Khayri et @.,2004) 35, 51 s Ol 55 o310 sl

3 8 b 5 SIS e U OV e sb 53 e g s 2

Slyder s S

s3lizwl (Chandel and Chauhan, 1991) Gl s> 5 Jdid @bl ,uis 55, 5l & gas Slydn g S Oliee a8l SaalesT opl s

3 5 acalomn T 015 5 0k C51 3 20 56 FAD = g0 s 53 e g5 Sl olSiis Jon g o 4 g

o g b

MR AN AT J),\?,ggii;,sﬁjgL;uj;,_}sﬁfa;\.uulyu@u

Cr 13 a5 g O en 31 5ls DL Ua a2 &5 0 53 3 g gn ST g Ol (55 051 1 ol ks
o295 03 (Vg )l o35 )l (gme 5 Calides o)1 53 s Ol e sl pimmai 3 )13 5 92y Calibes (6 Gael 25 Sla sl
,;;g)ﬁoi}:ﬁd;@@u,uum&u\,brgjnf)y;u.m@mw»r\s,\g?ﬁ;iymL;,:,:.:{ﬁm,,:u
b aS Jl s deT Sy Y ;,,au{.s,,,owﬂ,ol}fd;;ﬁpw;)ﬁurg,,w,g?&ytcgwﬁfdu)w
Aa3 (oo Ol e el o35 0B a5l a8 s gy e S 55 515 5 e p3lie 15 (6 el AT DS 13
A{um}:‘5.,3613\,.(,qu_sfﬁ);dgMc.m;m:,\‘@\prqy,gﬁtﬂ,;}gw@gﬁsdu SRS 3
Al S b 0T (St a4 oo



S o g 6 o gy Yo Ssal—AYAF g A LD Sl pole o XS pags

L.a4;}A5ﬁ)g&jgﬁ}géuj}}éﬁfa)'\,\;ljlybéun\;wsli)l}qﬁ@u -V J s>

Slay o Kl

Shtan S S JSsAS S SD J#s5a osn :::T St pabee
)
53\ Y/ FA 2#fV/OYF s /VYOY #:01/F0F YV VY ¥ (.5)
A INAING SEARRVAR AN #xY/QV Y #3VA/VAY 3PV 00/VA Y e
538/ AAA \/+¥Y NS /A7 NS sesee /QYY EARR VA4 VY V’)¢)L""
/YO /000 /YAYY /Y04 VoY g Lo
Y/ Y/X \LZANE YY/ Ve VV/OA - Ol ks o o

JAl CJM); Ols e 1 70 CJM,: DI gme i Hls gae e NS

B
Titar Serand Shos =n7

L}{G(V}Y)&b)‘b}@)b&)}]@wC..w‘av\..v‘bjf.]a.b-ng‘yl{ub-)JM(G)\Kﬁ).ﬁ\.ﬁ&jﬁ)‘-&aﬂb—J&j};).\

9 \Y aj,auuﬂt.}(ls,\Eéb-,;.ulabl)dg,,&ﬁ\folﬁaj&jjvsjoT,'\w,\j;,__yrjﬂgm\aJ.auu
&ﬂgﬁwﬁ@ulwr@w.xumJ;,)fu\&)olkum\f,l{wu,\ﬁu;l%\'\ 59 2L OT 31

O, en 5 i, 8 il ke Sl alS L g 5385 I8 e a4 Lo s S Sltie tals .l ails
Codle K 35 o odalin St (15 St LS 68, L JS Ol o &7 halS & dmils bl (Guerfel et al.,2009)
tor 5 jim S S 513 a o 155, (gl sme S2alS 457 5l OLiS (SMIMNOFF, 1993) uomas ol 5518|305 duadelin
s Krausetal, 1995) .asb s Sis 15 g odd oWl 55luenS 25 ST o 51 (S 6T 5 mpm 4525 4 )2
Lim VU o > (St @ Jamte o)) 65 55 b 35 IS e S 2 Ll 355 Lisls 0L 5 (Sairam et al., 2002)

Pt s



5 I8
1
& 4 1o
0 d' 2
3 3 -
‘j L, =
'.:‘ 1-|~ 8
L 5
'-.l.,‘ "_l._ %
- 3
31 3 4
III. i
- 2
a ol
Cultivar  Sahand Shi2 Sh2i Supsrmova Tuwono Cultiver  Sahind $h13 g1
(PRJOCTTRCL GPTY PYNL 10 SPGB S YO b tigass @S a8 eSS0 ey giaml AT S1-Y 1 gal

Jplos gla Dol jbn o S
9 4 25 lone S pten S Bl sl DL bl 4 daeter 53 85 Jplne S Dl (55 0l I ol
Sl plal 1 2 Pl e A5 ags OLL s AV e ) o] d.li_f_,'ljé&i—ﬁigh_;h;_} E.r.iﬂ (S vy _,511 e (gl fes
SaDldn o 8 B Bl 3y 6 s o 4 b Slsdan gy 8 CEE Sis () pdo)ulnls DL K40 L 6 ls e
dat 33 (F 415 40) 316 0L 5 0T gl o ali] ald (5la jlas sl b 487 3 als slas 3 T 35805 03 & by J e
S g 8T A0 b AL g a2 S JALE I 2aS dalt JlE Ugles Sl jtag 5 SBE (gm0 45
=Syt g 8 S 53 Sl s e S el ) Aes 3 cias e DL 1 pad S ab Ol il Sl 5 05 J gl
Chle (A5 o B Lk Ay g g o) A 50 040 e sdalis Sos 55 S Cou oF, U ol
Pl 52 a8l 3 i 235 o VL 4 ISSIET il L oo B ol 3 3L R e b s e ka5
CBlE e 0 s mi (g e s Tt w lg e Jales Silhda s 5Bl 2 LYY 35 L0 5 1Y sy Ll
o O s i glie pB)l s (R LST a )s doue cls Slpdia 8 mend e 3 S S Sy sl S pdn S

'**"-154-;fﬂJLﬁd‘nj;lMJh'ﬁj_}lﬁﬁ_g;jJﬂﬁl?ﬁu’-_]“lﬁhﬂjﬂfﬁjﬁ¢g|ﬁjjjd1iﬁljiﬂi

v o 25 &

..I

_'1 ] b B L]

g Beds bed et
defg codult

._-trr fg uﬂh af gdﬂ'l]’ af L]

t-' -]

by |

3

[ 10

5

el

\.I -

[+ —
Cultrvar Sahsmd Shiz Shal SuUpErmrT Tumsna




GJKoﬁdpﬁQyw )‘}A‘—\VQFWAUO dL&bC}baﬁw@

CPE
(juu g_,.;j44éi‘:-44&14‘5&&}]44‘)‘w)j})f(ﬁ)‘w)b‘@%b)"-)‘ ov\.a-‘-g:,.wbd..vc;bab‘s U”L“‘jjél" U:"hj}-’:)J
oy ol gl elel Bk s ST e 455 1Y 558l 5 YN 0y alh (g (55 g e pBL OIS (0 5 e 4 S
(=l§J\ﬂL~4{C_A,~Ju_§.i.>'jl U A Blae 55 (S Jem s Y sy als o VY sy als e LByl ls Hlebl Ol
T ol 0y (i 25 51 36 BT Jaosd Sp8 o b ) 2 555 515 gm0, 457 b 55 s ol 50 slasd S

..U}..iu\:,.a}:;.)T;'}fmtg)}aﬁgo:ﬂYQ%‘}m?G)\Q\};&A{M\}S

&Uo
V‘SJC“*‘)‘? GL&JL@;‘J &5':"{}) u\.ﬁ:) CwL_v_ (“‘/\/\) U}_f c&;@\w LUJSW ‘V-"'J‘ LLg)LTU ‘N‘u\?ﬂué}wjﬁ A
DOV-02Y Olowrs (F a)l.«.ﬁr JO-) u\l> )..La 9 JL@.: 6:‘}’4.’ A.lm ‘5’T§'§ &5 LY (>|.>L:

2. Al-Khayri JM, and Al-Bahrany AM (2004). Growth, water content and proline accumulation in drought stressed
callus of date palm. Biol Plant 48: 105-108.

3. Berg, L.V.D. and Zeng, Y.J. (2006). Response of South African indigenous grass species to drought stress
induced by polyethylene glycol (PEG) 6000. South African Journal of Botany, 72:284-286.

4. Chanddl, J.S. and Chauhan, J.S. (1991). Accumulation of proline, ABA and carbohydrate contents in starking
delicious apple on clonal rootstocks and their correlation with drought resistance. Progressive Horticulture,
23:5-11.

5. Guerfel, M., Baccouri, O., Boujnah, D., Chaibi, W. and Zarrouk, M. (2009). Impacts of water stress on gas
exchange, water relations, chlorophyll content and leaf structure in the two main Tunisian olive (Olea europaea
L.) cultivars. Scientia Horticulturae, 119:257-263.

6. Krause, S.C.,, Raffa, K.F. and Wagner, M.R. (1993). Tree response to stress: a role in sawfly outbreaks? In:
Weagner, M.R. and Raffa, K.F. (Ed.), Sawfly life history adaptations to woody plants. Academic Press, New
York, pp. 211-227.

7. Ramanjulu, S., Sreenivasulu, N. and Sudhakar, C. (1998). Effect of water stress on photosynthesis in two
mullberry genotypes with different drought tolerance. Photosynthetica, 35:279-283.

8. Sivritepe, N., N. Sivritepe, U. Erturk, C. Yerlikaya, |. Turkan, M. Bor and F. Ozdemir. 2008. Response of the
cherry rootstock to water stress induced in vitro. Biology of Plants 52: 573-576 Slavin, J.L. 2006. Figs: Past,
Present and Future. Nutrition today. 41: 180-184.

9. Smirnoff, N. (1993). The role of active oxygen in the response of plants to water deficit and desiccation. New
Phytologist, 125:27-58.

10. Taylor CB 1996. Proline and water deficit: Ups, Ins, and Outs. Plant Cell 8: 1221-1224.

11. Wang, Z. and Stutte, G.W. (1992). The role of carbohydrate in active osmotic adjustment in apple under water
stress. Horticulture Science, 117:816-823.



6)Koﬁ6}aﬁ&yu.n )‘}A‘—\VQFWAUO dL&bC}baﬁfw

Effects of drought stresson the morphological factors of 5 almond explantsin vitro
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Abstract:

in the present study, effects of drought stress on the physiological factors of explants of five commercial
Iranian-native and imported almond cultivars (Supernova, Tuono, Sahand, Shahroud 12 and Shahroud 21)
were studied. explants were exposed to four different mediums containing 0, 2, 4 and 6 percent
concentration of polyethylene glycol, respectively equal to O, -0.14, -0.36 and -0.66 (¥s) osmotic potential
for 4 weeks. At the end of the stress period, physiological factors including proline, Chlorophyll a,
Chlorophyll b and carbohydrate were measured. results showed that drought stress increased the proline,
and reduced Chlorophyll a and Chlorophyll b. based on our results, we can conclude that the supernova
and Tuono cultivars are more resistant to drought stress while the shahroud 21 and shahroud 12 showed
less resistance. Also, comparing to other cultivars, Sahand cultivar showed intermediate performance
against drought resistance.

Keywor ds: Almond, Drought stress, Almond tissue culture, Polyethylene glycol



