=155 QLS g5 Sy 2SI e
Qe ke gl o5lend o le Al

0y
i5CPBS Yo-4o g . ey
%§ ejcp.gau@gmail.com @&’J”“Fﬁ"&”
i yShos 359890 b Slao 33 il 9 59 WU e il
K 5 i 3

ool asal ol 975 g Lid jule (5 im0 (5un 9 (s < (u yo s (Ssle dsl g
ol oS (5, 5LES 0aSiils (LUl 5 sl 05 8 Akl i S S mils’
Tl il (53,5LaS euSCisls SULipdlal 5 celys s S Skl

4S5
ol SIS s Shae 5 S5 Slio ey 5 555 b sbne SSU ) ) sliten,
WAV Jlw 3 gl oKl IS 55 SIS bl (e 5 lals s O E Olghl o3,
Sladele (235 ool 5SS an b sl Sl = b LB s 586 ooty il s |
03 5583 oty e 53 15 38p (15 05k 1S1) e lezr 53 (S i Jels e
F1) mlaw ez s il i e 5 (03 002y al o s (55 Sy Slidles S 5 adlS 4l s
s Fa sy DWW 3T s By lade T 8l s o (20 slows 05,
iy Ay e e s (S s lal s S sl 0LES el s Jlee! (el il 5
YO @ Jbs IS 5l 6 5Vl Olge ol s g edd 3L gl oty 5 S5 ,obe L &S SlalS
O slaslasd an S (U 53 49/0) S Jsdos ladld 5 (Ao s AVIA) 5 5 (s o
(Aeoys YV A Jdu IS (lisl Sl hly al e 25 Sl 53 (Ahdshoe Ln g (2L sloe
Sla 5o Lol eds (Ao 33 YVA) IS sloee sladkd 5 (A3 0Y) s (Ao YY) AtD b, IS
el 5 Sy (AL g (ZBL Ll (Mo )3 £1/8) IS Jslows (sladd Les 0Ud Al 0 A
13 Gl GLadles ;S5 (addS o e S e (R laled aes s | 4l 3 Shee
5 o B80S Ol Rl o ool 5 s (Ao a5 (KA A5 o (S sba
OLalS 3 olS wils 5 Slas 55 OLL 55 . Lus KIS wdy ol dan 53 S 5 IS J o slaud

Ol Al she gl by s OLLS L1l el 5 (S5 AL shoen b Lol (3L alS SIS o

Movahhedi54@yah00.CoM 43 J stns

Yo



Y ojlend WY (£) sl (ool5 QLS Mg5 Sig iSUI dloe

J;&éogﬁwﬁwjitud%)bdw\)ww

.l..ir) J}\jﬂ LJS J}b«.& 6LAJ..§ ‘A.fljj)'é cJ:éles .";J:del-@aj’j

dodio

sl 3 B rae G 3l Shedes isu piS 53 gy dls 5 L YY) WVl WS s b
Gl sy ol et Sl 5l s ladls CES w5 opl b 58 e el s
pslie olS G Ul OIS 558 Ll b LSSl sy, glaails ppm SV 0 A (S )
g el el s ol slags Al L s (YooY (SBIS 5 ful) S5 5 (o0 S50 0
Of iS55 0l il 5s hies SIS oS 55 Oler 5538 e 51 2 (Yo ealolly) 355
(YA (S ) A SETTT Dl Sl s, oS G Ol e

oz 1S Slallas olal blize Sl 1 5 Jams Jolse 51 b ol 0balS 5 Sas 5 As,
GL 558 (ushs (ol a5 (SHL) Ll 5 T Jele wile Jass Jolge 18 5,50 5
ol (G slacile b el dagsslon 5 SUT a8 (1 slpe (St cusb ) Lalilé Jalye
Sl oy ool @ 6lS gad 5 i) SRl L 28 55 (655508 laeslg Ol 5 (8105 (2 e
b e s S5 sladnl b gnle b diss amt 1 L35 (V4AR) S LOAAY oy )
Jelse cpl canlial s e i 55 e st Jasee 5 e belse 5l S 5L
(Y0¥ (ole 3 5 GhunSdesws o) LIL Slu |0k 65 35 50 (8l Ll 5 00 &S il

05 94 (Sl 25 st b s 5 Ll Jas (sla 155 (g8l C\}" o 53 Oals
S33LaS 53 s Jgame A5 5 kS iy oS ool (lallis s S ()58 5 S Sl b
Fr S Gl b (i 5 o 3 OLalS L0888 Sk s 5 s S) LS e 3 sdoes
Sge g s e Gealy Cidie Gla 5 4 S e bl 3 (S35 Sl et
Y UL 5 sale) col el L= gl ol (5 5ol i) S el 3 ol
Sl andl ool 25 a4 eses L2STy e gugf,;:\jibgjﬁ@?,;swj&,mg

ol ol i ol i Lol b e il (g5 5 S A5 S s 503 diel dewl i

\a'



Ol 9 (2,5bL gule aildgm

(-_AeJeL:f):Ji‘;_?L..{\J_.iﬁ«jkgzlf}f.iajl.(\‘\‘\'\ c&ﬁ)wkﬁ})ﬁ@xbww
Jeelse e 1S e (hs) 53 4 Ll Ol G5 o 4 el e slad L o
OLLSan 5 &5 V48T i, 5 ol ) gl sroans e bli=" Olsear b 5 (g ol
bz 5 el oS b 5l sme sgba (T 5 b A 15l (el oo Ol pea (1444
syt it 5 Lacatis L Sl g ol sliSblim Olpoas 5 83,15 (Stan le]
sl 3150 Ol gt ol @S 53 I35 o s 5 Tl Lol .(VAAA OLIen 5 il
S Dlio dhoz 5l 55 S 5 IS 0l5e 048 L 5 ol S g ealizad 5L
3 S S IS e ) O s = 5515 Ul o kS (5 o S ] (g
33 SIS Slaie ddies 5 ddls olS )ty aome slajlid sdiasglis gla jastls oy age
Byhp ol g g e IS RalS Eel s b e SRS RS o OlalS

S SaS il gl i e 55 olS 4 i U Wil e 5 lal b Cod sl 0
Sl G032 #105 OLS Jtedd 55 5 mb A5 )2 &S el (55,8 S annS ol Sl (5,
OLLSar 5 poial) 355 00 JLSay (eS| ALS Og0s5n 5 Sy 2w 53 5 (Tt (s 4lD)
Gl OF Gl ke 5 (VAAY W e) S5 5 508 Joml e 5 ag L) sl (955 0 5L .(144A
L oS sl 5 pobs 5l me ol el edd 3158 (V48Y (gl 5 es) (S5, sy 3,5kas
Jos oo b bl le 5818 G Olseas b 5 ciliis slag 5T (63 25 S Ol
5 o AL i) 3ls aaly sy e s e B Sl e plie b ol ol 5 S e
(1448 Ol Kan

5908 55505 5330S 8 Sk olS 3 aS .l olS 3L 5500 sy ole s V.:ML:;
Sl O (IS 55 mily 3505 a3 oo J2alS Laggsley 5 ST 2l 53 1 oS e slin O
oL mb céw\ﬁv@ﬁ;ﬂ@;dgyﬁ.(\“nb (555Le) 3,05 ol Coanl alS
SLES i 53 08 ) 1880 OLKen 5 aldS v OLan 5 VULE) il sdd 55158
(YooY Gl e 5 Gheam) LS o0 Wl 18 slis) J S 5 el

AS hale s s ke 4 L LB ol o dizes oS eyl ol ety ole Ol
o s o malS 1y Las S 5l el 5 ) e eslitul (IS o sgdeme S 5 |, plde jole w2

5 e D) 35 el S Jlental Al st Ll 0 QLS sl e jole dal byl

\A4



Y ojlend WY (£) sl (ool5 QLS Mg5 Sig iSUI dloe

S8 o o Gl ol 055 (gl Wls 53 2L dee L (S 235 (1400 OIS
OLS o zws Wil oo S o Jlemtael (Y0¥ 0 08) ConlaOa 51 Laol Gl 5 olS sladile
S 2 23355 (S5 ST s 51AS e WU s Ses Oal Gz gl 1y pldE ols @
35t palb oS oy e S gl M jobe 508 pslie D ol U5 LG
O4A O 5 ezl

sy ge QLS Ll i § )3 Slistaas 5 S oLl ae adkie j3 &S sl (65558 Ol
e ole Bob sl SES 25 5 me 3 395 A il e 5 (gble nl s
5 G 48 ol Slasl andls liwar 55 Jasee cilises gla 55 4 olS gl 53 Al 5 e
s 93 ol D el g Gl s 01 LS e slie 3 pege by el
(235 bl (S 25 Ll i s SOLIS oS e K3 Slao 5 5 Shas

9 g dlge

R 93N el B pan 5 Sa) SpaneS paie (Lo H ) s
SIS YAV Jlw s Gl il (Ses s bl s S8 S s Slis
Pl 1S5 aw by ol Sl = b LB s S st il A bl sl oK
S S (S 55 05 Sles S1) mlae Sl 53 (S 5 Jels bl Jelse 23S
S 23S 5 Gldles S A A e s (S 15 Sg ol A Al e s SO
Fo o 2ld s 050 F1) e Sl 5o 0 AL s Sl 5 (a0l Ol e s
03 5 (melty DA e (3L slome By 5 (555 Dl 3L s TPyl T 2 sl
Ly 5t 0S o a3 ool oods oS 35 V8 Olghol o35 Shlesl cnl s eslinul 5,50 o3,
(T8 ol B o) Wil ) 528 (5 et 4 pislie 250 U e 3 sl S

3RS el a8 A el Gley sdme (5l 3 (LT wlad gy (S 25 Jles
O 5 3dew) s S edalics s o ladised 53 S 5 o S0l Sy e
L coris Jlasl jlal>pn o 33l aslal ey G555 508 al e OLL G Jae cpl (Y00
Olimnts oosly 5 (655 Sl g (5L shome Ll L5 25 O Slad wlde (1 L (gl slas
Wl Al a0 b A slee sl St A el oa Sl 555 00 abolb 4 s 55 55 5 58 Y
Pl 5 YY ks 4 el Sl bl ! plnil S (VAT (GBS 5 ) 238l

YA



Ol 9 (2,5bL gule aildgm

oslatal 540 St Olasin 5y Lis, e S p@\:sw Sl S sl e sl Yo
S5 ol ol g ey Jold (LS (gl eslinad 550 S Ll sl 63,91 ) Jsd= 53
i o S 0 Ol M;)JQLMG;U-\ o i 355 5055 0,5 /Y0 Uljens oyl 35 &S
Sogots LIS a ghl o)l oS 0 Sl oS el S5 0LLE 3 S LS Q\MJAA{<=):.}}J
ui_iajl_“el_i))i_g IR [ W N PPy | IS o St @ bl Ay gldnl d e 55 S
3o S o ol g N Sl sl 53 K Olpeas WSl
Gas LU S5 OIS a3 azealS Y w0 beasealS il 5l e oS A aslS LA ollS

Ao an § b s e gle b culs

aalaiul 3,40 S Olasin -\ J}J}

ST

b i Slasiia
G _ B = O35/ oS WY ol K
o pa o oal s 6 6 . 25
S & & Js Sl gl S gl
cle ol sl
(pH)
Sal /A UVY AW jet Mg vA VAT N8 YO VA v/A ool
. £ Sk ek Sk Sk Sk s
“(% 3 ;';“ZL‘ N 3 N Iy Aoy Aoy Aoy e RENP)
Vs P ks sk sss ks 7

5 0 9 5l dr (6 S se sl (S sladi sl lome A 5 s s Sell 6l
5 mls e 53 i s 4 ey S S W el 5 s Al e 3 sz okl 5
s iy 3 il s ol 6l Ol S s 58S s ol 4 00,8 Do se il DS,
<=L?;,\ QL»)L?:\J_fu:jL.A a5Vt le_n).sjJﬁzﬂjﬁjépwj.uo:l:)l)é@&\:
A A o 5Y sla il
SSe3Nl (V484 03,0 05,1 (salgminy oy 3l eslinal L olS Sy 53 55 50 b IS Ol e
5 pbes Sl (5 Se311 sl 5 (VAVA) 3l 5 o8 SU 3y 5 ol S,Seslbl (sl s
Jsloes Sl 5 s s Ol pee (6 S5l g A eslizad (148Y) OLKan 5 o555 2l s, Jf
G (S 3l Sl e 5 0/0 skl wapd 4 S 5l S e slas sy o3Y L
ke 0 W.,k_isjfdghg Osla 5o 5 ol (LS ol am 53 =YE (sles) 3 b 53 ol
S Al Y Qupjxﬁaﬁt}};ﬂ)lsgﬁ J':{uj@@.,au\ Ol & ds s 90 Jsbl

va



Y ojlend WY (£) sl (ool5 QLS Mg5 Sig iSUI dloe

W.J.‘;Ji:\;.aww\“go—gj;gﬁdﬂ@;\.@-&”Gu@.m(es\bdﬂ.{io.&iq)
s S g s SlS 5 wlsl elle U dalr isw 4 w3 Ve Il 2d e 0 L a5 as e 5o
Jime el dd 4 ps) mle (i s 235 ool oS 55 pla 53 B8 ol S
Ai3s 53 3o Sad ol b akds 10 Sideds ool e ojlas 31 2 e 10 ol s Al
Bl 5) s S Jame ol S Sl am s b e 4 5 1 S35 4 VL b b 5 edd 5k Sl
bl gl ) Lajles slaws a1l 5 0 68 o3l (gl .(VAVA (3l 5 5 SL A\ FVA
by A eslase 5l ) Lo ) s ds o 53 s S g 1) e T Bl a0 s
e 0 e 3 S 6Ll O et el JLas OF 2 e Ve e sdisl sladl )
03 s 5 Y0 el a il st e Cgr) LS Ll Ladsal 4 sdea
5 s (Ao 53 44/4) LS Sl el 2] e ¥ 5 Voo T i el 2 L Y
VDS [ TP TR PUN (Y S PR L PO PN KL R WL PRI I | UV
(o) S o plam 1 ek sad 5 3 8 a3lol 5l o 4y (A3 49/4) JLdIS S
,MJ.QT,'\@.&sﬁ&kﬁmdm);ﬁ@u—uargw.xmeg\;)\;@gio Sy
ol 3l a3, 8 05 3L a5l s B esls QLSS e 5 Blal O 1 e Vo sel
0 lasad 58 Odor Ol e 5 A 03l 5l 3 0 Sl Jl;-«.gg;.obmjc).ug ad g cal> 10
51 J8 s S 2313 (SHIMADZO 54A Jue) sz s s Sl Sl oslizal b 256010 = 50 J b
W/Y el e glac e U C oy =D sl s bl B s 03V G55 e ol
ssbe pl a8 e md e 5 Jses S /N 500 /8 /Y /Y /) /00 ek /e
Do oS WONY ol sy =) (J5835m 039) A8 2313 sy (S0 055
o3liwel OF 3l alis J s Olseas &8 L3 S g s 5l DV e s G Uslons s (AL o
)t_zﬁqj_;_;&_,{);((;,_«/nw S35 b i) (s e S e VYONT it cpla

43S Joedd s

1- L-Proline

Ao



Ol 9 (2,5bL gule aildgm

o N € e P A <l

e € e |0 B2 <Cop € W T

Eahatalln bA/e AV ALY Wb/ VAN Lb/0 WA VAAL VS
= 14 RZERRY IWERRRYR o\ree/e ovee/s VAeene/e OAv e/ A/ LA eee/e AALS e/
PR x o0 b A AR e qddr e/ RUTRYE athress 2T O SRR WO RYR IRYERRYE
e Ay A YRy R T PO S R RVL R 2SR IS IR RV ekl IR TRV C IRV IRNE JORVR
=0 A SR R T R S Sy PN TR S TR0 eel Ve e/ I IRV WERYA pat Ve
o e g% e g% q g4l e g¢Hf e g9 q géqre gl e g% q 9 qre
B v Lo 6T e L Eore

20fp gp- Ang Lo e (sl G0ReC Fj0 s Fe ¥ o

M



Y o,lad 1¥ e (£) sl (1,5 (oS sgi Sig 58U oo

w0

e <€ e P B <l o mepd e B2 o € ooy

tahalsialle LAV/0L /oL 0A3/A v3/A0 001/A\ V3/4\ oVA/b
=N Ad 3VA/3 L3/0A0 YVL/ JEVARWY AV3/\ AL/3L3 Loee/e
AT x e b A3 asAV/LYDL aa AV aaOL/b0AL sudANA AN aebA/t
et A sx0\N 0 IRV YIYYWS PV RWAY /3L suAAY/ s ALY IR
fall A ROV e L/000bA RVSVIEL e DAVLILY waVAL/LA e D/VVALL sat LA
. weE eraS ' Hepe fraS et Hepe fraS e e
jb Icaad v (e )
i ey O e G L v =o1sTe g

.AJ)DJ EVI}WV-R.J c\j«.) .A\J) _m,m..n.ﬂ,mv ﬂ_ﬂJw{D wﬂﬂnﬂuﬁmﬂnﬂﬁ quhqﬂﬂﬂ)v\\w,ﬂ%n <jev

AY



Ol 9 (2,5bL gule aildgm

bl sos bl sl P iolesl glales sliws a0 Tl J gl gland (5,831l (ol
e ¥ e i aie; lesl glad I s 5 ol ISl e las 1 nd Jee /) e s S
g Gl s el 8 S \.j(-l.«}y«i;w\' Sdaas 5 sl O 4 sl 4 o3 C)ﬁfj
A o ONIW) 035 /0035 Ao 33 VY S sl sl 2 hia Voe 53 0581 0 8 oo VOr 05 5
St ) 335 4 335 A 3 o35 oty e sad sl 4 a5 L L 05 3T oS 350 a5
o ) eslinal b 2 U0 50 b s eyl ds Ol e WBislesl Lo 5 Ladi gad OAS
S alassltlnd 35 Jolie ploit 51 43 s S 23l 5 (SHIMADZO  54A Jue) e gib 5 oS
ol (s okisl o alS 5 s S agplgg Vrrr 500 Ve 00 Y0 o slachle L SIS
Jgdomn (a3 Olsce 5 oy SIS 5 lll 5l eslinal b O gl oIS omin o o plol 33
(Yort (g 50) L3 S ansle S 0 5 055 (-Jffa): r)f&h,a ool s gl
o 3 S 5 elS gilulaz 3l s OIS 0553 @ g b 5 Sas (Sudls CK;AA{
L Laosls o 5 a8 A3 S dlou cmfwﬁj o) S35 L sl S dew e adls

LA <=L>u\ Loy 0 JL{;}‘ C]a..z B LSD QJAJT Ja.m)s Lﬁwi.:u Mu.a 9 SAS )\J.e\m_, )\ oalaiul

oy g b
ke 538 s lS Ol sl ey 5 S0 A sle 5 Sl 5 Jili A J IS
Loy 0 Ju}\ch_djbgLiJ\o:ﬁ}Jaﬁbf);jM):&J\»:;—lc\a.ﬂ): gy
O slad g Cs 1 @ |5 J8 Ol Jol im0l 5o (il d sl (YA dr) Ll s

S sls pae 235 0 Jles o S B ol (7 dgde) sl aulssl Sbd e

o Las S 4 g0 5l Sogmn 53D 35,18 5550 55 25 5 3l ploes S en D fdy IS
e G b b by S lisles § 5 adlS al> s (5,56 ses s s (YA Jsds) A
&fdj_sfuﬁﬁm_wtijéwv_&l.;dj_lm.(i Jadr) sls OLis fals dops £Y >
T S CRIPNES IV WU By o I W P COST A RTWESTN | g VAP VA A BRES  PERPH NI R e
33 Sdo sl s pme EalS SHl s olS 3 D L5 IS Ol e 5l de 50 (Y00 0) OBLS
= G LD S 55wl 53 sl ot dals oS @ s ol 55 o lales
VoV L 5 a3l ele) il Jhals

AY



Al (8155 OBLS g8 Sig Sl elore

) b)w yya- (i)

I e TN gl

.j_v..ﬁjwﬁm(.Ajmj (9 R <
: TMJ«!!‘.:JWZJU

<P 0 <ot @FD ol ¥

7|6 D T < ..Jl)?ﬁﬂ)

10 @sTYY

e ) et OV
frvalia el < PATT 69 ITRLVIN
. Iohe/e AV/LA
e A | ® ® \
PRz | e’ v ALV v RRSTYE ™
e . AAVY e/ WYV/ARL PAIYE
lieiind N KRV " A o AL »
5 N pAbVe/e HYA/AAN ® \/+ AYARYY
PR ey s A33/00 " RENVE ALY " AT ™"
D - pYAb /e VA AV S /EANY v \
=0 O et PRy (65 - R o Arbe/e A ATV w PAL/304 "
e . Arbe/ AMAV et ALY MYYARL e \
PR 1 o ALY bOLL/ L0/ NAY
oo . YLV /e SW/AAL AATL PAO/ALL Qv
et . WSVEN o M . LAV s Q" VAL T
e PR Qb o\ RECIVE ¢t VAV A/
PR I N ALY N I N QU 3A/AY N V3L w
. . NNVE \/e /e CAVA ..
o R PR (69 _v¢ SANO/ 3 i/ 4 SVW/AL ' RVISNS _Wo
ey . AN QLA/A0L QAL Qvi/ol $304/0
P | QBLA SbAAL/ JIAB/AL SLAAL
oo . QBAY/ qLb/L3A RRVNYE Q'V/33\ M2
et v 20340\ v WAL/ " IV i AAVAL iy
- . thve/e V/VVA REVAVE e AL e .
N q
i B o RSN o RRIVE o3 RINVAY . VAL ou
P . LoV NYZAVNY o3/ VALY q .
e o <P 69 AW/ ; v . LLLbY ; L VAL o
ey . AAD /300 Y8 2 IMAOL eABV/
- v e q
PAr | AbAY L0AbH /8 KBS AUAR
Heo N PHOAL/s ARG SWVAL/ 3TN 5333/
daidtiol 2bA3/Y RS PAbV/Y AL
ot OA ] N eAMLAL W Ao/ 0 A0/ I b A3/
\3/ AbY /0 b0/ AL
=0 oK G o ’ RWEIVA ! 2/ Wi
P ) - ] Al \ q
Pay ey ) P YA/ VLY LAI/LOL
(S 59 . 0L« AU/ ot O/A DL/
g “ oo & o f o B BYGEN
g e g’ ; 2 o LF . .
A9 0 sl e oo et S S s 0 L ey Frorr /AL ol IV
P era®~r SV eSS @ S felie) 2\
Ly (6 see e ool (AR (s o £ K5y
¢ q+e e Mx ?JBMQ.RMQ >
Ly (S oo e ara® £ (5
.. - ~rr Ea g
= Feve -

6P A- ™y g™
v J«Mb.\acwl)l.j
Phe? €9 omm EHFCR s

A



Ol 9 (2,5bL gule aildgm

MJAOJLq:alch.u);LSD u;‘?)Q&Jﬁé‘ﬁﬂ‘MCPW‘éu;‘Oﬁbwu‘_i Jgd>

AJ‘)QJJ:J__;AJ;-JA L;.I-{‘JA.[;-JA
é .o ¢ z - =z P . J-..‘
(Sx 5 WseS 2dssSe) Sdin (S 505508 np Sk b Jas s
AYoo” At O O
a1y P RAtS s S
V/'\\'\b ./.\"\/\b s i
e ega? Ok

Al e ol .LaﬁoJL;:;—\Ckﬂjs‘mdjzi.u_éf&é\)\;y\»é&u&ﬁl@ N

Jeo 3 0 Jh:;lch.‘.); LSD g, 4 Jds s dlﬁ@kd}ﬂhﬂﬁucﬁ.ﬂy| S5l Kl Ao —0 J gt

$ls O al 5 PETPRICSS ,
(S 505505 2 e Sk D Jisls (S 505505 e S ath Jo, -
T JAVYAAD olbd e O
Jegsol vay’ e T 2L J e
eoeod % Sao Bl sk
v/roxo? TAlats ey 5L sl

Al e ol .LaﬁoJL;:;—\Ckﬂdﬁ‘mdjzi.u_éf&é\)\;y\»é&u&ﬁl@ S

J3a S Olin e 2l al o sS4 ped 03 e (2L sle 5 5 (S At L S
a8 5 s G aS SalS o SWsel pl gs (YA Jad) (P<e/0Y) sp ls sme @tD
Jader) Lsls (ol 3l Ao ,s V0NN spu |y s @D Loy IS nls 5 o) (SLd ol L i
sl ath s 0S5 o sb s, Al e S5 sl e sdalin £ sl 3 a5 &S0k (1
OXd a5 25 (8 Jads) (Y00 w o /AYAY 5D sls 215l g Bl 1 OF s s
28 Jsd) LB S 5 055055 o 0 S VAT Oljen @b L5 IS 5155 o 4l
il d e L calls Oy o 5 ly 5 S EL Tl (R d e (55050
(0 Jgdr) asath s IS s pms il o (55
o ol 03 R s o s b s) A e ls DL Ll Al e (6 S0 e 2

Ao



Y ojlend WY (£) sl (ool5 QLS Mg5 Sig iSUI dloe

53 el 5 (535 B s o Lz AL 3 o e 5 w3 il gige ls ) S iny
st By NS Al e s g el IS Ol Dl pae (I o (S22 15 il
dids IS s San Uledld o 55 &S Sl b IS 51 VL Olsee sl 55 olS (ol
Loap 58 5,50 wa s O 5 ol e o 5@ Js S L LS o) d e > @D
OV dsds) 395 e edalia 50 @l:jﬁ«S:ﬁ)bu;u} e b Jebs AS

HeS g 53 S IS pend Eol (S s JalS L (SE oS o s Jlezl
Ol il 53l 55 (Yo v ) OLSan 5 (g gmngd 5o .l ol of Clale 153l pl oo 5 LS 5
ey ss oy aholb 1580 50 Seipw 55 s S b S8 s i s s Jebs S
e by $ 55 (T A OLSs 5 355 o) i b5 IS sl a3l Sl o]
L s S s S0 e obe w Bl Ll e Ll S5 L5 0 S0
(Y0¥ (Sea 5 L) Al e s 5 oal dsle s 35 JS U050 5l end &S (6 pole
ol ol S s i IS Gl e iR 5 ) L sl (SIS s e
3 S ga) dil by IS ol 5 055 28 e i 53 polie ) A8 Cleas WIS e
3 e el SLd glee S A5 S S 5 (Y00 0) OLes 5 Gy (Yoot O
i 2 b s Ry e 5o olS S Sl Gl OIS e IS 00 S o SAS 2 T g8
o S e el 5 Sy o Sl s obe (Sl e S IS (KA A5 (5 e 3
xS s o ol (0l 5 A S S SIS s (RalS Sl ke b os Js IS 18
S8 oS s G b cnl 5 358 g olS WSy a3 5 (S 5alS s jn g alS
AL sl s s Shee LS i 5w B AS s
s e 6 S sa0 53 oS Bl QLS LELslome 5 A5 S s Sla ke dglie 1oy 5
(YD Jpdor) el sy (2l sbmn 5 (20 o Ul ime Blie 1 GLASI S 5 (AIS 55 5
AVIAE Ol ooty s 5y G2l 31 o sy (3l sl < 20 5l 53 ey al o (5 S ses 02
i o (6, Salgad 53 s e Ly s o YVITE Jaulil 65y b hoee 5 Al Ao ys
SV S e el 5 oy Sbd e Slasles 5o s Ol (5 les 5 5
3 s 05 e 3 Olye ol aS I 53 000 S 5 055 05 1 e S WWITED

A



Ol 9 (2,5bL gule aildgm

s Oln 55 2o QLS (s S i pd ol 03 (YD Jsir) 555l o (il shme 5 (23
S S a0 a0 ol 53 (8 Jsds) dils (A/Y00) 55 s OalS & s (VY/VEY) (6 5 o

(0 Jr) G S s Ol lagne B 55 L sl
5 o e 53 JS sk sladd  palidloee 5 (S 25 i 1S d gows glad
Al e Ao 53 0 Jlazml a3 &y Oy al e 55 5 Ao K ezl o 3 25
T o ol e Sl (RS O ol 534S das e OLS Y Jod= .(Yh Jsa>)
oy (il o gl gy ) A5 e a5 Lel g pad edalle 3L sl
03 A S e Lol s Jls e Gl o e sl 5 (S5 (Bl sl (Gl 0US
sk b S s (sladid Olee oy 55 Sl DL 53 (s Al jo (55 4 5
Sl Gl ald s 05 lad 4 G A2 52 44/0 5 s 53 YA/ il Sy oy 5 S0
350 15 S J ko (a3 (slty 5 (55 (ELdshome (2l Al o (5,84 pas 55 (¥ Jsx)
G 55 asls §ud 5 ads ey sl Sl Bl AL e Ol 4 il Loy YVAY
A S Ao 3 TYNO ity 2L glome L s do 3 YF/YE (g5 (3L ke b S 2 sl
ealS 1 OlalS gl 5 ad; s 6 S (F ol sl Ol il 5l il e 05 e
Sit T b 53 33,8 o0 5 e pbe GauLE (S e 53 i e S s s
Lacdple oo cble i 4 omie ooyt LB O 2alS clows sl 5o Jlil el
Gadanl sl (IS glanid (s aile i w0 S50 Jlowe 3l g0 Olsne 05 (g 31355 o
SLAE (YooY (S 5LS 5 55 AAY (Kojs) b oo Jaalbl il 5 S oy el e s
3 i s M 5 el SLES (R L S s placd pend 35 s 5 sl
O 5 j2iln) S o S St 28 4 Cuglie 53 olS 4 by 5 blis g lul
D b e Glad g ez 53 (04AE 0L 5 KL 1AM OLIKes 5 KL 494
i b 5 Jsleel glacllm g S 50 (V) Ldsa Wlg oo (s 25 05 54) (2
Ol a0t 8 e (7)) 5 (6t 538 8 (Sl s 51 LS 5 ) s (V) Jgloee (lakid
e A5 o 5 el 25 45 Kles S Olo s 31 5 0 L 8 .(VAVY (lea) L
S 5 ekt L 5 (Voo ¥) 01K 5 155 (V44T (K y53) 55 eSSl g ol 58l
aS Wals LS (Yoo A) Oes 5 rdy o dos S atulil (gl S Col ol a5 S WS
Sl ol e s sbay (St 5 Jleel b o Cilsn 651 S 5wk gl (sladd Ol s

AY



Y ojlend WY (£) sl (ool5 QLS Mg5 Sig iSUI dloe

4S 405 S Oy e Ol pl by OLS Hls pme halS winy 5 S o anwlis Ol Lol elil
Is0pns Sl ol s 5 4l a5 oo 5008 5 o808 w0 el 5T llas a3
;"S—E‘.‘jg;—ijla).\u'j“.‘:’.d""dLS‘ﬂQ)SJMrBJ‘)JJ*;d\AS::ﬁL;‘J:&’JJSLSLA"\}\J4‘3
ORI e s QLS 5o ol S RRS5 0 Odan 200 02 S o Dse S
OHLSan 5 (g sl 50) SOAS 55 ala 3l sjls 3y Sl 25 Lal 3 s Lal Aol oyl
o s OLalS s s Olie 3 ial5dl oS (Yool o3 ot s o 5 (Ska) (’"‘53(*"1
NV 0S5 o5 k) 0S5 O SLALS 53 otmman oulS ot A8 sdalie S
OHLSan 5 5D 0555 (Y00 V O 5 o3l wle) 4 s yol VARV O, 5 sl5cas
L;},ga;mgutj,; Q:Jjﬁ@qdﬂaki».w\ sl 58 55 (YooY (ol 5 ool VY
22 SR b s e sl alie (VAVY) O 5 O gucis .ol sl il ol
sy o S O il LS Ol e 55 SNt 4 g 035 4

il s Lty o A5 Al bl o 55 LS e s e Y
5 Bl 53 S e 1S 5 J sk (s el DL Sy Bade g 3 31T sladesl sl
Ol (Y40 0) 5L 5 KL 3 .0AVY (loa 1448 LS 5 Ol 30) ol 0 odaline St
)A.EL...JL\)_AM);VAU}LMéumﬁjﬁﬁj\m&y}:ﬁg\ﬁﬂ,\imL.:AS.,L}:JS
Sl OLT sy ol e sy e 18I Ks) pl &S Bl Al iy s om 5 S
S 535 Dl 5T a8 | sls Cnd 59 5653, Ol Bl el el w1 s
oo oS5 ol ety s a8 L 0T lad 5 g Sy by Conds Sl d 4 el
OAAY Gls = o stle 5 g2e) 355 0

— 3 S) OLALS 3 3 g g0 3T S 8 3 &S el G paadS 5 (s b S e S5
w53 ol gadls oS 5 (380 5 Y an ol eyl sl dasl,andl 5 dasls s,
2l 5 O3S LT Sladlslaly 5l Lie lablone J shor oo ilie dalydon gy S 5 acnSs
08471 Slasl Blen) IS o Ll age 28 da 25 4 0alS ()85l Lol b s e slaul
Sl s s 5l Sk 5 ol ol Jedly Bis 3 o8 28 @ ax 5 L 55 B ly 3
W5 g s LAD SRalS 5l (S sl 5 gy b Bk o T 5 Bl s )l
0SS 2 Olg e 1 pobie cpl 28 cpl ol (V00 Y 0L 5 L) 53,8 o (g 5 528 3l 50
L oBsle sl Lacd sand jue 5o s L oS oodls qub)ﬁla_i\ﬁﬁéw\ml&;:

A



Ol 9 (2,5bL gule aildgm

Olpe S8 50 5800 5 55 P2l sl S o Ll 1) 5 A il SLES Lo 5 25
5 S=assdse) lesls fli il ghls e jaba SLd ke O dald 4 s | s
s SRl ale oS ol lsee (sUlspme b ey (S Jleazul (YorE OLSen
ol 8l Eel s S U S S (Yo eA) O 5 ealplaas (Yo o1 Ol 5 & 5J6)
S by Ad asie s ees 3.3 ,S CJS)J J gloes :\)'TLSLAJ;SJO:))JJTJ{:LE.«)\:@M
S 5 giw..}é\j:m @ el Ao 5 sl S50 glads Aoy (O e o YL gl
Oealsdl e sl andls 5 (g 5 e A jo dls Sluas S S o el ol s S (6 5 A

AS o SaS 5 Shas
S35 5 polis il sl 5 St (5 o lite 1 osls il ls 4525 el 2l 5 Shos
B CPAgY ¢J§\/'\‘\Y) $ls 5 Shas 1 VL L(YD Jsu) sl olad P<e/a ) Jls pme dils 5 Shas
i bgye (S 53 0,8 TNV OF e 508 5 66 (Al Dsbmn 5 25 05 (oo S 5
3, 5kos 45 Lisls 0L Laesls (1 g ol sy il ol plome 5 20l Al e 25 e
ety 5 G0 sl b GLidles S 5 allS Al e 55 e (R0 glasles aes 3 4l
ebd s 355 5o Gl b A8 O Dles 5o (Vi) S3L A1 gols sme sba
s ol i s e G5 Sbed 3 s (Ao s YO/A) el 51 5 R (Ae 3 01) (55
Ao TVEE [l vy 5L e 5 5053 AL (il 81 sy b sk 5 A3 o
o Loy £1/0) 550 1y als 3 Shae abdshos ails Qs a0 25 53 .0l 5 5 |,
aly 25 s a3 e 2l Ol o 5 5 (7 Jsdar) sl 2l 58l 3L shloee O lag 4
o=l Camlas siasplis 5 wal (S i 31 s W IS hade say Ll e oS 0l @)
aS A edalie ally s e 5 ool Jals 35 gy o] SKa 5w ads s
s ialS Eool ado e opl 03g Vb & | ol Al ol 0Ly Soke bl & Yl
53 LA sl iy sy i Laglil 53 gl o,0503 deS 53 5 58 5 Sy b
(Yord) O 5 gasgds g0 Cul 5, Shase Wl & Els o s a0l 5 Lls al> s
b sl s, e fals 53 (Yerf) ob&@,@u@); S0 5 (Vo0) Gdmw 5 ol
Sl ar s B als s s 5 Slas 5o bgw 53 a3 S 218 1, K8 55 osb,y i
5 JUE laasl (VA OLSlan 5 pwsdyss Yrvd OLGa 5 S8) W 5 Slas i

A



Y o )lowd V¥Ae (€) ala (£1)5 LS Mg Siig pSUI dloro

bS5 Ko osle 5 ails 5 Shas (5ol e sba (53, S dlamial &S sl OLaS (14A0) 01,

e et 5 S5 BLd P 5 el PSS 3 ad s ol il 58l Giza-3 sl NPEED
5 (Ve V) O 5 Sl IS Sl (Y00 A Ol 5 Olsle) L olS 5o ails 5 Sas 2530
aSls s Sl St Jleszal a5 2L e oot a5, 255 Sl eslial &S W3 S 1S
Bls sl ) s b |y dls s ,\.p,;”,uf
i L il ge 53 olS S cils Sl Ol o s 2 opl 3 sdel Csa EE e
3 088 dhex Sl ol sl IBIL 1 SIS cpl 5 a5l 555 (el HLES Laas 5 K3
LS o SaS oLS sladdn pilniys 5 slisd Lais 4 oS s el Jsloee las
5 ol Sl T3 (6550 53 age SR oS aenly 5 S aher 3l 5 pole sl sl
e e penl SR15l 6l 555 5L 35 5e obie olS (ls sdge p olS 3 Jke el Lais
Cole s g das e aalsl ss 2 Sl glac Il 4 gk O Sopds o)l Jlatl s Sea)
5 o pae S (o Sl Ol Gln S M5 Bl 0l 53 6 5B G 5 Ses
o e e e asOl Sl ey b ) Ll 4 2S5l G 55 olS & SS

ﬁﬂd@\)abfﬁ}ﬂcgﬁuu)uﬁ)b .,\J\‘)J'L;d sz..pl.&«

&l

Abbas-Zade, B., Sharifi Ashour-Abadi, A., Lebaschi, M.H., Naderi Haji-Bagher
Kandi, M., and Maghdami, F. 2007. Effect of drought stress on proline, soluble
sugars, chlorophyll and relative water content of Melissa officinalis L. J. Res.
Aroma. Plants Iran, 23: 4. 504-513.

Abolhasani, Kh., and Saeidi, A.M. 2006. Evaluation of agronomic traits of
safflower under two irrigation regimes in Isfahan. J. Agric. Sci. Natur. Resour.
13: 4. 54-43.

Ahmadi, A., and Siosemarde, A. 2004. Effect of drought stress on soluble
carbohydrates, chlorophyll and proline in four wheat varieties compatible with
different climatic conditions in Iran. Ir. Agric. Sci. 35: 3. 753-763.

Alinaghizadeh, M. 2009. Effect of sowing date on growth, yield and yield
components of different spring safflower (Carthamus tinctorius L.) cultivars as
double crop in Yasouj. M.Sc. Thesis in agronomy, Faculty of Agriculture
Yasouj University, 90p.

Alloway, B.J. 2004. Zinc in Soils and Crop Nutrition. Int. Zinc Assoc. (I1ZA),
Belgium, 128p.

q.



Ol 9 (2,5bL gule aildgm

Altindisli, A., Irget, M.E., Kalkan, H., Kara, S., and Oktay, M. 1998. Effect of
foliar applied KNO;z; on yield, quality and leaf nutrients of Carignane and
Colombard wine grapes. In: Anac, D. and P. Martin- Prével, Improved Crop
Quality by Nutrient Management. Pp: 103-106.

Ariji, A., Arzani, K., and Ebrahim-Zadeh, M.H. 2003. Quantitative study of proline
and soluble carbohydrates in five olive cultivars under drought stress. J. Bio.
16: 4. 59-47.

Arji, A., and Arzani, A. 2003. Evaluation of growth response and proline
accumulation in three native Iranian olive cultivars to drought. J. Agric. Sci. and
Natur. Resour. 10: 2. 101-91.

Arnon, D.l. 1949. Copper enzymes in isolated chloroplasts: polyphenol oxidase in
Beta vulgaris. J. Plant Physiol. 24: 1-15.

Bakhash Kelarestaghi, K., Madani, H., Bazoobani, M., and Asadi, M. 2007.
Optimizing of zinc quantity and application method on bread wheat (Triticum
aestivum L.) in Bam region of Iran. In: Proceedings of Zinc Crops Conference,
Istanbul, Turkey. Page?.

Bassil, B.S., and Kaffka, S.R. 2002. Response of safflower (Carthamus tinctorius
L.) to saline soils and irrigation. Il Crop response to salinity. J. Agric Water
Manag. 54: 81-92.

Blum, A., and Ebercon, A. 1976. Genotypic responses in sorghum to drought
stress. I1l. Free proline accumulation and drought resistance. Crop Sci Soc Am.
16: 428-431.

Bohnert, H.J., Nelson, D.E., and Jensen, R.G. 1999. Adaptations to environmental
stresses. Plant Cell, 7: 1099-1111.

Bowler, C., Vancamp, W., Vanmontagu, M., and Inze, D. 1994. Superoxide-
dismutase in plants. Crit. Rev. of Plant Sci. 13: 3. 199-218.

Daneshian, J., Majidi Hrvan, A., and Jonoubi, P. 2002. The effect of drought stress
and different amounts of potassium on quantitative and qualitative
characteristics of soybean. J. Agric Sci. 8: 1. 108-95.

Dehganzadeh, H., Khajehpour, M.R., Heidari Sharif Abad, H., and Soleimani, A.S.
2008. Effect of limited irrigation on the accumulation of proline, free soluble
sugars and potassium in bread wheat cultivars. 10" Iran Cong Agron and Plant
Breed Sci. 430p.

Dornbos, D.L., Mullen, R.E., and Shibles, R.E. 1989. Drought stress effects during
seed fill on soybean seed germination and vigor. Crop Sci. 29: 476-780.

During, H. 1992. Evidence for osmotic adjustment to drought in grapevines (Vitis
vinifera L.). Vitis, 23: 1-10.

Gabal, M.R., Abdellah, .M., Abed, I.A., and Ei-Assioty, F.M. 1985. Effect of Cu,
Mn and Zn foliar application on common bean growth, flowering and seed
yield. In: proceedings of 10" African Symposium on Hortic Crops, ISHS: 15.

9



Y o )lowd V¥Ae (€) ala (£1)5 LS Mg Siig pSUI dloro

Ghorbanli, M., and Niakan, M. 2005. Study the effect of drought stress on soluble sugars,
protein, proline, phenol compounds and reductase enzyme activity in soybean plants
cv. Gorgan 3. Tarbiat Moallem University Sci Magazin. 5: 1, 2. 537-550.

Gzik, A. 1996. Accumulation of proline and pattern of a-amino acids in sugar beet
plants in response to osmotic, water and salt stress. Environ and Exp Bot.
36: 1. 29-38.

Hamidi, H., and Safarnejad, A. 2003. Evaluation of morphological and biochemical
characteristics of alfalfa (Medicago sativa L.) calluses and their regeneration
against osmotic stress. Pajuhesh and Sazandegi, 58: 84-89.

Hanson, A.D., Nelsen, C.E., and Evanson, E.H. 1977. Evaluation of free proline
accumulation as an index of drought resistance using two contrasting barley
cultivars. Crop Sci. 17: 720-726.

Hemantaranjan, A. 1996. Physiology and biochemical significance of zinc in
plants. In: Advancement in Micronutrient Research, Ed. Hemanteranjan, A.
Scientific Publishers, Joudhpur, Rajasthan, India, Pp: 151-178.

Hissao, T. 1973. Plant responses to water stress. Ann. Rev. Plant Physiol. 24: 519-570.

Ingram, J., and Bartels, D. 1996. The molecular basis of dehydration tolerance in
plants. Ann. Rev. Plant Physiol. and Molecu. Bio. 47: 377-403.

Irigoyen, J.J., Emerich, D.W., and Sanchez-Diaz, M. 1992. Water stress induced
changes in concentrations of proline and total soluble sugars in nodulated alfalfa
(Medicago sativa L.) plants. Physiol. Plant. 84: 55-60.

Kargar, M., Ghanadha, M.R., Bozorgypour, R., Khajeh Ahmad Attari, A.A., and
Babaei, R. 2004. Evaluation of drought tolerance indices in some soybean
genotypes under limited irrigation. J. Agric Sci. 35: 1. 142-129.

Kaya, C., and Higgs, D. 2002. Response of tomato (Lycopersicom esculentum L.)
cultivars to foliar application of zinc when grown in sand culture at low zinc.
Sci. Hortic. 93: 53-64.

Khosravi-Far, S., Yarnia, M., Khorshidi Benam, M.B., and Hossein-Zade
Moghbeli, A.H. 2008. Effect of potassium on drought tolerance in potato
variety Agria. In: Proc 10th Ir. Agron and Plants Breed Cong, 358p.

Kidambi, S., Matches, P.A.G., and Bolger, T.P. 1990. Mineral concentration in
alfalfa and sainfoinas influenced by soil moisture level. Agron. J. 82: 229-239.
Kuepper, G. 2003. Foliar fertilization. ATTRA. available online: www.attra.ncat.org.
Kuznetsov, V., and Shevyakova, N.I. 1999. Proline under stress: Biological role,

metabolism and regulation. Rus. J. Plant Physiol. 46: 274-287.

Levitt, J. 1980. Response of plants to environmental stresses. Vol. 2. Water,
Radiation, Salt and other stresses. Acad Press. NewYork, 607p.

Lewis, D.C., and McFarlane, J.D. 1986. Effect of foliar applied manganese on the
growth of safflower (Carthamus tinctorious L.) and the diagnosis of manganese
deficiency by plant tissue and seed analysis. Aust. J. Agric Res. 37: 567-572.

ay



Ol 9 (2,5bL gule aildgm

Malakuoti, M.J. 2000. General diagnosis method and essentiality of optimum
fertilizers application. 5th ed. Tarbiat Modaress University Press, 131p.

Marschner, H. 1984. Function of mineral nutrients: micronutrients. In: Mineral
nutrition of higher plants, Acad Press. NewYork, Pp: 269-300.

Mir-Mohammadi Meybodi, A.M., and Ghare-Yazi, B. 2002. Physiologic and
Breeding aspects of salt stress. Esfahan University of Technology Press, 274p.
Misra, A. 1992. Effect of zinc stress in Tapanese mint as related to growth,
photosynthesis, chlorophyll content and secondary plant products-the monoterpenes.

Photosyn, 26: 2225-2234.

Misra, A., and Sharma, S. 1991. Critical Zn concentration for essential oil yield
and menthol concentration of Japanese mint. Fert Res. 29: 261-265.

Moran, J.F., Becana, M., Ormaetxe, I.I., Frechilla, S.L., Klucasc, R.V., and Tejo,
D.A. 1994. Drought induces oxidative stress in pea plants. Plant, 194: 346-352.

Movahhedi Dehnavi, M., Modarres Sanavi, A.M., Soroush-Zade, A., and Jalali, M.
2004. Changes of proline, total soluble sugars, chlorophyll (SPAD) content and
chlorophyll fluorescence in safflower varieties under drought stress and foliar
application of zinc and maganese. Biaban, 9: 1. 93-110.

Movahhedi Dehnavi, M. 2004. Effect of foliar application of micronutrients (zinc
and manganese) on the quantitative and qualitative yield of different autumn
safflower cultivars under drought stress in in Isfahan. Ph.D. Thesis in the field
of agronomy. Faculty of Agriculture, Tarbiat Modarres University, 211p.

Naderi Darbaghshahy, M.R., Noor Mohammadi, Gh., Majidi Hervan, A., Darvish,
F., and Shirani Rad, A.M. 2004. Evaluation of response of three safflower lines
to different drought stress severity. Iranian Agric. Sci. 10: 4. 14-3.

Paleg, L.G., Stewart, G.R., and Bradbeer, J.W. 1984. Proline and glycine-betaine
influence protein salvation. Plant Physiol. 75: 974-978.

Paleg, L.G., Douglas, T.J., Van, A., Daal and Keech, D.B. 1981. Proline, betaine and
other organic solutes protect heat inactivation. Aus. J. Plant Physiol. 8: 107-114.

Paquine, R., and Lechasseur, P. 1979. Observation sur une methode dosage la libre
dans les de plantes. Can. J. Bot. 57: 1851-1854.

Paseban Islam, B. 2001. Safflower. East Azarbayejan Jahade Keshavarzi, 694: 1-2.

Rafiee, M., Lari, H., and Abdipoor, F. 2008. Change of corn cultivars carbohydrate
under drought stress. 10th Iranian Cong. of Agron and Plant Breeding Sci.
318p.

Sanchez, F.J., De Andres, E.F., Tenorio, J.L., and Ayerbe, L. 2003. Growth of
epicotyls, turgor maintenance and osmotic adjustment in pea plants (Pisum
sativum L.) subjected to water stress. Field Crop Res. 86: 81-90.

Sanchez, F.J., Manzanares, M., De Andres, E.F., Tenorio, J.L., and Ayerbe, L.
1998. Turgor maintenance, osmotic adjustment and soluble sugar and proline
accumulation in 49 pea cultivars in response to water stress. Field Crop Res.
59: 225-235.

ay



Y o )lowd V¥Ae (€) ala (£1)5 LS Mg Siig pSUI dloro

Sawan, Z.M., Mahmoud, M.H., and H El-Guibali, A. 2008. Influence of potassium
fertilization and foliar application of zinc and phosphorus on growth, yield
components, yield and fiber properties of Egyptian cotton (Gossypium
barbadense L.). J. Plant Ecol. 1: 4. 259-270.

Shabala, S., Babourina, O., and Newman, L. 2000. lon-specific mechanisms of
osmo- regulation in bean mesophyll cells. J. Exp Bot. 51: 1243-1253.

Siddique, M.R.B., Hamid, A., and Islam M.S. 2000. Drought stress effects on
water relations of wheat. Bot. Bull. Acad. Sin, 41: 35-39.

Souza, R.P., Machado, E.C., Silva, J.A.B., Lagoa, A.M.M.A., and Silveria, J.A.G.
2003. Photosynthetic gas exchange, chlorophyll fluorescence and some
associated metabolic change in cowpea (Vigna unguiculata) during water stress
and recovery. Environ and Exp Bot. 51: 1-13.

Stampar, F., Hudina, M., Dolenc, K., and Usenik, V. 1998. Influence of foliar
fertilization on yield quantity and quality of apple (Malus domestica borkh.). In:
Anac, D. and P. Martin- Prével. Improved crop quality by nutrient management.
Pp: 91-94.

Tejo, P.A., and Santos-Diaz, M. 1987. Nodule and leaf nitrate reductase and
nitrogen fixation in Medicago sativa L. under water stress. Plant Physiol.
69: 479-482.

Thalooth, A.T., Tawfik, M.M., and Magda Mohamed, H. 2006. A comparative
study on the effect of foliar application of zinc, potassium and magnesium on
growth, yield and some chemical constituents of mungbean plants grown under
water stress conditions. World J. Agric. Sci. 2: 1. 37-46.

Veberi¢, R., Vodnik, D., and Stampar, F. 2005. Influence of foliar- applied
phosphorus and potassium on photosynthesis and transpiration of ‘Golden
Delicious’ apple leaves (Malus domestica Borkh.). Acta Agric. Slovenica, Pp:
143-155.

Wu, R., and Garg, A. 2003. Engineering rice plants with trehalose producing genes
improves tolerance to drought, salt and low temperature. ISB News.

Younes Sinki, N. 2008. Evaluation of oil quantitative and qualitative characteristics
in safflower varieties produced at 2009. Aftaabgardan, 27: 11 (In Persian).

Zaifnejad, M., Clarck, R.B., and. Sullivan, C.Y. 1997. Aluminum and water stress
effects on growth and proline of sorghum. J. Plant Physiol. 150: 338-244.

Zarco-Tejada, P.J., Miller, J.R., Mohammad, G.H., Noland, T.L., and Sampson,
P.H. 2000. Chlorophyll fluorescence effects on vegetation apparent reflectance.
Remao. Sens. Environ. 74: 596-608.

AL



@ EJCP., Vol. 4 (1): 75-95
% §§ ejcp.gau@gmail.com

Gorgan University of Agricultural
Scier d Natural Resources

Effects of Zn and K foliar application on physiological traits and yield
of spring safflower under drought stress

S. Abedi Baba-Arabi', "M. Movahhedi Dehnavi?,
A.R. Yadavi’ and E. Adhami®
'M.Sc. Student of Agronomy and Plant Breeding Department, Faculty of Agriculture,
Yasouj University, 2Assistant Prof., of Agronomy and Plant Breeding Dept., Faculty of
Agriculture, Yasouj University

Abstract

In order to study the effects of foliar application of Zn and K on yield and some
physiological traits of spring safflower (Carthamus tinctorius L.), cv. Esfahan 14,
under drought stress, a pot experiment was conducted in research greenhouse of
Yasouj University. Experiment was a factorial based on completely randomized
design with three replications. Factors consisted of drought stress (S;- without stress,
S,- stress at vegetative stage, Ss- stress at reproductive stage and S,- stress at seed
filling stage) and foliar application of nutrients (F;- without foliar application, F,-
foliar application of water, Fs- foliar application of zinc sulfate and F,- foliar
application of potassium sulfate). Results showed that in drought stress at vegetative
phase, foliar application of potassium has maximum chlorophyll a (25.7%), proline
(87.8%) and total soluble sugars (26.9%) compared to without foliar application.
Foliar application, compared to without foliar application, increased chlorophyll a
(26%), chlorophyll a+b (32%), proline (51%) and total soluble sugars (26.9%) at S;
stress. However, in stress at seed filling stage, total soluble sugars increased (41.4%)
by foliar application only. Grain yield increased by foliar application of zinc and
potassium at all stress treatments except the reproductive stage stress. Finally, foliar
application of zinc and potassium increased the concentration of osmolytes, such as
total soluble sugars and proline and led to improved osmotic adjustment and plant
tolerant to drought stress.
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