[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1400.10.41.9.9]

VEre ole gyl g 3595 b)Y ojled V0l (aLS 3 S, 5 anl B

(Triticum aestivum L.) pu8 K58 58 Slive (55 5 Joad sl (S i 56

Y - \
L?“\’ CJS‘ K] LS'L‘"“ ,S‘J&
Ols 5351 oS 5 risel (Sl Blojle Olnis Ol ek gl 5 (53,505 25 sl 5 Slidos 55 0 )
Obx (85,518 s o Sl ol Bl (Ol Ol d-ly JUg 5 50 A1 5 Cod Sliion Ao |

(YR ATt ol hpdy fsl ATV il o 5 ,06)

oS>

5483 5 AE o ) ol i 5 S35 5P Basm oS ol N 3 ame S o e 1 b el T 2
Slio Slps p Jodh sl (K25 25 0 s B b LT ol IS e 3l IS ledes S
DaSiap FUkod 48,50 3 QY48 5 AY-AY ol)) Jlu 53 s 1SS aw b ol elS slasSsh o b B s paS S50
BC; F3 (Fp F1 sla Juus of jor 4 DN11 oY 5 Gasspard Al 5o Jals f.\;f N EED R Wh JCIV- I K 4 plonil 7 S (sl (g555LE8
» 6okl g AT s el P2 Ly s S oS Gl gbay b sl (S 5 o gl ol Jl s 55 ;3BC,
S5l 3 Shes 3 I gne Sl 5 Flskiy Gasld 3 )ls e GRIP A el GLidles £ alo e 5l ey O 35008 15 Lyl 2
sime 25 Lulyd 5s sddodalin [EalS sl65s, Calds cu b 5 JbsdS Latls Slio glp A sdalie 5 Lyl 4o Gy
3590 S o b 1 edalie S5 Ll d 5s s A il b b el eled (sl sl ine b SRl b 5l s
275 0RO &S 4D sdalia (g l3 pme IS (55w s S 7ra) edds S o3l (K35 508 Slbwo paled Blodd 51 g

.;J;)lﬁ4\:?_,5:)_,.oui.'a")fdl.auuﬁ);x|j@6>ﬁgwdﬁ'|d|ﬂh‘}mﬁ;ﬁlaﬁﬁcﬁ

JBsAS by b 6555 calla 2 oS Jo NS et i (Glee ki) el g S slaesls

LS oo b S byl OF & oS 55 sl (CL5L)
olaoshs IS e 4 ST LOYAT OKes 5 )
Wl Gliods 55 JS Y B 1) cad oS L L ks
Maxwell and Johnson, ) <ol OLT Sls 0T (5 ,Ss 1Ll
Blam Fo lols a5 uilesh claadle (2000
S Fr St b osli,sle S s uilag,l
e Ol By (LS00 b ediy S5 S s el
Sl b edi 5l S 5l e il L b5l

FURYY
s apilior el 5 OUSL G e 3 il sl
SLis 53 s g0 SRt Sladxly a5 n s Sl e
Glacsl s s b, s el LSO
O 33 55 gondsb b s 3l 1 0F L5 eaiiS (sl xar
G 2 4 Sl dnled e Jime e b 2S15 S e
Lot 09 S s 05 S Ul ol 1 e 5383

o Ko s 58 o G55 3K s

hatami33@yah00.com : S s 231 Sy SLis ¢ s sk 557


https://dor.isc.ac/dor/20.1001.1.23222727.1400.10.41.9.9
https://jispp.iut.ac.ir/article-1-1393-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1400.10.41.9.9]

VEvs Jlu ) ojled N M alS 5 5,18 5 i B Ak

5> =5 S (Blanco et al., 2000) sl wlo g L) 55 a0
s s s e Sl St Ysens Wl S
SSosba (Mwanamweng et al., 1999) 5,5 . a3 S
Olddis 53 b Clewy Sas 25 oS Cl ol Lo
b)) Jdsie 55 COz 4 o ps S ams 55 5 laddy,
g JalS Lol (gl pr s Ol S5 puiiee S
baaiys, Oddan .(Yordanov et al, 2001) 55 . oS
23 Sl Sl 5 el (S s adsl sbasal I S
Slads 4 (KL il Cod glaiiss Culde s s g
e slaasl (Koc et al, 2003) coul sl i1 O3
Sy ety Losse e e (SE 25 oS Aas e OLES
AL S Sl el 5RUBP o Jals 5 b
(Lawler, 1995) das o jalS |y (giuwgs oub b oo
sl s Bass, Oddate b oeles Ad; Sl Sl
Klamkowski and ) <.l Six o 0blS slagal
Baas Lol IS 53 ($5mmsn wilSe (Treder, 2006
sdos Cudgde SO adyl Jole bos 5 cl sl
(Chaves, 2002) ol a5, Oddaray 31 30 uw g s
b S G s el s s Olak
Sl by I35, Solda LA Olea b 455, 05 st
.(Polley, 2002; VYA (O,Ken 5 (S 3w 30 (Sha)
b3 SWI Sl Glasss wbt hw g (GRS Cos olals
Chinnusamy et al., ) w8 o 5,8 s &m0 b 5l of
Jsa or Ll e Gomd bl L3 Rl ooees (2004
Slasss colta Jals Maw oo 5 s Olpe Sl
Baker 5 Ahmadi axlas o .(Polley, 2002) ..b
oS 55 1y S Jbs IS Ol 0T 25 a8 sls Olas (Yer))
o S Sliiss s S Jss e e ralS puS
i sdalive i Lol by ‘C'*f oS s IS s ials
0> SIS Glgme Ol 2als (Hamada, 1996) ..
oo 355 ol 25 I3l s Yzt (T 25 Ja 3
b s el s s 0T cxle zalS Lo

Erdem ) ol (53 aliS; s Jstes slag 5

oo 92 W}Sﬁ L;dj:.:ljs Jﬂa& Lﬂ L;'bLg j:S‘v\.} Fv/Fm
S 3 Shas FfFg 5 S50 L eas, K5l Ll s
L Fo Sl 5o 5 eap atasls b3 Go0d 5 Som
Maxwell and ) 55 o S 30 Sl il
sl i 5 cou Fo b adsl -le, 5 .(Johnson, 2000
E) ‘_;i.;;- Q)va;" ‘u'.’.‘f’l'“ “‘:’éﬁ )\J.; JJ)}TJA Sy u 1
Sl c e 1t 1Sl ST e 0 ol L LS
Paknejad et al., 2007; Araus et al., ) 15,5 » Fo Jas
.(1998; Bobo and Planchon, 1992

G e Se Ulssa LS Gl il SO
S50 AS s Sl Sllles o3 5 5 ol
Baker and Rosenqvist, 2004; ) <ol 4 S 1 3 Jls a4 45
ol s (Sayed, 2003; Maxwell and Johnson, 2000
sslil s IS olepsl ool s Lt sl
Sl SLb e Ssle S s (Jls Olsea s S
FVFM) s o tlS 5 Shas L 4 ST
5 o3y I W}B r}:.o\js u{bls JTS‘J} slasOlis
il o oS s s She ol e el
Sy gsdae Oldlas 53 (ol oLy «(Johnson et al., 1993)
wﬁ)‘}obm‘bjyébgwdu%yj o S
S Jes s sl sls (Slafer and Araus, 1998) ..
3ol & ol 51 s il e contls IS Slasiin
j“g):"sbjg\j‘ﬁ)‘}" e.)\..SCML\JJ: 6\.&4&)&.};» 6@&3)4&
Maxwell ) L ss oo 505 Glares 05wy e 525 93
Cowd Dby s o8 ol sl «(@and Johnson, 2000
3D passasS Jle Olgea sl 13 Glana glaos L5t
«r! »Ls .(Bobo and Planchon, 1992) 1t e 11 e 5
g Jal gt glanas lals @U Lg:lw'.x;-lj}g&T oy

Ol g aul b 5 b 51 COp el geedlan]


https://dor.isc.ac/dor/20.1001.1.23222727.1400.10.41.9.9
https://jispp.iut.ac.ir/article-1-1393-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1400.10.41.9.9]

WY K5 Slho 5y p b s\l St i 50

JS 2 Ses gl Calls b S s S el
ot by Slio Sl s i IS il
blde Coale Clea |85 A5 Suila 5 5 glaiss cylia
5 (o35 xSe3lbl sla bl 3y James Ll 55 L0)
Olgn b i eslizad Fy s 31 0T (6 ,:Se3lil 0n 5 0k
S50 Sl by S 5 Kos Jud A sl
s a1 s

S (Jba s chld) S ki S el cio
Total Relative ) S, IS s IS i Jldis 51 g3,51 5
Slidles S 51 e 55, V0 .0iL e (Chlorophyll Content
CWJL‘DJJJS Koy S w ol asla TR S
sbesle Sl o3l s (Hansatech model CLOL) col jon
5 i Sl 5 Olo gl s VE LY
b 3 ) g 2 Gt B S see
Shoom Sas Yo s As el s 6, Sesll
Hanstaech Model ) s yuilu, 5o o&is Lo s Slidles S
slais, V8B glacels Sl o3k s (Pocket Pea
Slmbly s Sl e S s Gl 5 Gl
ol sl 1 s Sole o ol baw 5 el (g S eI
Frr=F) site il sl o(Fn) ST il 5l o(Fo) 42
FUlFo s Il s 55 S1am 11) FlFy s (Fy
Performance ) Sleedis exli 5 (giumss > Shae)
5l Sledles S 51 ey 5y Y0 Gl Culda o s (Index
Decagon model SC-) o yos 205 olSaws bave i o S
SOl 5 Ses S (Sl gl Al g Seslil (4
A F s el Gladas Bl plas a5l O A s O
S Sla i 51 oS g 80 By ol g Ve plaS
O U & Fy slaeal il 51 alIS o 5l ulgis 5 wis Th-YO
A S eslul el s Shas 5 s Ol bl & 4

Laesls a5 pdbe 3 o gesl 1ol Sledb! 6)_5th.>.- S o
LS e DS Sose bl sl &b
Lild 5 sl S5 aps Sosea ey ULl

o b el O 558 5 5 sl (5l il

Gy Jldis [2alS L ol 55 (imees (et al., 2006
sl p sladhh K, oS el by IS @ sl
(Yuanetal,, 2005) >3 5 oo Il @t 535 (5, 5

SSPnd Pl e s Sl S
Ll oS slaglnl Sl eslatal Uy s Sles Cusgdoms
Shaceal alsl BB (St 4 feos (S35 5y S
Ll Ll (S5 45l Cdo a UL Folol s
53 8es Lo S Seen (5 S5 g0
Jackson et al., ) Al s Shes & Caes VL (6 sl
Oyl s olud (e Rl Slis L5 e sdleas (1996
4= 5 L .(Araus et al., 2001; Johnson et al., 1993) il
i S Sidnss Slie e slagis b
Sis i b ey G b g opl el s alS
NGRS

L&j_})_,.ﬂ}n

2 e sl Sas a5 oLl sk (bl ol
Sk b LB s 06 S (S5 Slie S
Ar-ag 5 AY-AT elys Jle 53 3 LS5 e b sl Sls
rbu‘ CJS &\M 6))}\...\5 a.L<.~».bj}.l Wﬁﬂ ae e 3
Gasspard Wis 5> Jold oS cile fod Cda .23 S
Fr1 sl s ol jonas (554 WI) DN1L Y 5 (s)5b Aly)
ool bl s e (b3l 55 55 BC, 5 BCy F3 F
S s Lol o LaFy last s js laFy e e 5 ol
Cosons Fy s 21 3 5 bl o plIS ol S S
)Lo.:s DL (F3 a.)bil?' \0') LA C,\MS r.h)l.«s L .b? \0'
gorh oo 3l dmr oLl o 2T b glenl (Sis i
Cos o cslbe LT Slas s bl s plmil GLidles S
plil 35wl OAd 5 duals Jole o3 iy sl
NGRS

Sl L cole bl cpl 3 edig Seslul Sliv


https://dor.isc.ac/dor/20.1001.1.23222727.1400.10.41.9.9
https://jispp.iut.ac.ir/article-1-1393-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1400.10.41.9.9]

VEvs Jlu ) ojled N M alS 5 5,18 5 i B A

o2l s gl cola oo (Jd IS Lelh olis
353 g 55 Sty s obea 5 s e Slesdi
Slio 3 s 0L Sl cul @l e Ll
SSle Slaslis 5 odd el luld o 53 Wbl 45
el o e3ls OLES ol is gy lasls sad o
3353 S L S (el s i A patla
31y 0L Csllas ookl 5 b el F 35008 25 L2
ol o b Sl A5 Bl e s IS pels s
2 S5 HS parle (ke () Jsdr) 355 s me a8
G g bl Oli als Aoy 0 Of ssmeS 2 Ll i
Ly oS Ad asets b x Lod Blite 1 OAd s s
Sl it O Laee 5 5o il (gl fud o s
Gl 5 s Sosline LiSly bl 4 baee bl
53 53 (BC, 5 Gaspard Laas) 238, W 5l ol
S 1 Lol sl s sl el sl Jas
St Ol A5 Ll s s sl gl el oo
Olpeas suwys (V ISKE) Lo o LS ) b5 S e ls
50T s 5 Gl oS (S5 e slaul 351 S
s b Sl bis 5 b e Al T oS Ll
SaS Ll pd ) 5o ey Ol 4 SOS  Lal s
Gusegnova et al., 2006; Castrillo and Calcargo, ) .S .-
55 S lgme L2alS sl oS LY e I (1989
Glis oy 55 4 Ol o l2llpe (S5 A5 Ll 2
A3 SB35 $o5 OsraldenS) 5 Sl 5 S (sladd SO
Ashraf et al.,1994; ) 0581 Jld slaai § Cled )58l
s 08l 5 (Moran et al., 1994; Alonso et al., 2001
&l g 5 S o Ll (Huffaker et al., 1970) M, JS (,J”Jﬂ
S DA e 3 SIS Jalse 5 (S S s kS
cLle 5l .(Ghosh et al., 2004) (il o St oo LS55
e Do bl gl erls S Olgea S s S
Ll 55 ol 3 2als 1 5 (Herzog, 1986) 354 o sb
25 Sl b e liSo s Jule S Olgsay Ll 0 A5

S s ey Ol s b 05,5 oslize 13l slaws
b G 35750 SN ¢ Jgome b5 4 (Dlis
Slp S A O bl Se el Ol zesa )
ool a5l esliad s OF 035 Olyeay Jud o
O o3 3 s ol e UM s paas U Ul el S5
s sl s &8l S5 rﬂ ey Ol | s s
s slajubl s 56 5 Sl 5y slad sal
Colde 5l kS il sl s ol pl
Slao 53 5 (Fs Jus Op) wl L T 51 LS gladss,
Sl des VSl Js S patla 5 G SO a5 Shee
s dodr 53 s cpes 4 S eslinad Slis (6,865l
Bl 1o i e 4 by s o331 Sl s b
0 e e s il e plite b 5 b s L
5wl bl aes bl G Os gl pae D see
oSk Slglis (S35 Spse e Ll s
Lo s 0 ezl mhaw 3 (SSls lasls L g3l alal
Ly Zalgss b el SAS 9.2 Sl 5l eslind |
bl o 53 pwpp 3y slafes 3 Clio Ol

WL esls QL.LJ )‘)}A.: Q)}.,psu JM.S‘ )‘jﬁ%): )‘ eslel

oy mli
L obisine Ol S e bl 5 S Jols s
als 3 Shas 5 Sl Herls Slis ly baes 95 0
5 ol Sl Slslis () Jads) sl Olil G SO
3 Sleds el iy e L ol SRals
Slao gl ol Olis Ao il s 0 SO oAb s Slas
oA gles, e e s Js S Lerls
Slpl b Sl s Sl e a5 Ll b s eddedalia
03 Js S eilen s Gla bl sl Gl ol me 28
A edalie 5 Lol 4

Clio plad Bl Sl e 3o sl o
N (g R 5 DS ) g pSe sl (S35 5 5
Gyl X igs Bl 1 AS sdalie gl as


https://dor.isc.ac/dor/20.1001.1.23222727.1400.10.41.9.9
https://jispp.iut.ac.ir/article-1-1393-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1400.10.41.9.9]

N S Sl g Jab sl S 5 ST
Jab el (Kas 25y Ol 5kl Ll o Kike Slalin b ol e Jases Ll g3 55 S e pibyly 4o ) Jgd
N Sla e Sk
s Ses 4 Sl 4
™ sl Sl Al bl s el B ks
SSals el s 3l
Jes S sl wb Al P S Slaeds
s ([ JPERE
ARV 73 bt 3 £YE/) YA Vin /N4 0/A Yy AN 3 Los
ENY A 3 AVAY/4 oY YV oY /81 /8 o/ar0 ¢ Lo 52 S
dEeV' AT vt e ™ Y AMEVIS | YL LT VAT TR Vo VS s
WY 1 viov/A™ /ey o\ /ey SAYY ANY JOVEE 0 Loseax o
AYA a4t Yt RLRVE) V/aY0 /490 /et /44 /4 /e80 Y ot
Vo IAY YA/Y oY o/ s Yi/o A\ o/ /CV
blaoe 5 S0lke anlis
A Ta\ IR VA TA VAVS OVEA/YE  YVY40/4'  YAYEA/Y? VAV ¥vY?: £/YVR O 35S i
AaVA I AVAR . /vl OATENT  YETIV/YE VAOVA/A oY ¥/vo? v/eP sl
b 55 5l amglis
AAV AL A VA S £V TR YVOAANE YoV VY42 ¥/OYE  Y/evye DNy,
VAP /Y ACVARS OWAVE®  YOAV/E®  YaYrqN® VAR AT YAt Gaspard
Yo/A0  gy/ave 0+/4¢ OVYFE/YY  YOATVP 144) VAP C/VVAR Y/EVE Y/VA® F1
vi/osh vy aint 04+ /b®  YEYAW/T AAVFON®avyP ATATAC VAN F2
ARVCLI VAL F3
AETACENR VAV VAN OMY/P Yoo /A%  AQVTIO/AT v ® AAALS A\ BC1
YAYVE O Ye/eYP VAR 0N /NS YFVIA/ES AWVAAMNS VOV \ARYN TIAL® BC2
i s L33 0 ) Cla.ﬂ)g BIVEEVR PR

eed 4 dg S b IS el Cdo 4 Sl ey 30 la hd slaas 3 IS b, 5 gls el )l 5 gl colias olis s

33 Ap g Ol (S35 25 Jleel s e e
Mamnoei and Sharifi, ) Ll o ialS g il slaed,
53 Ll e olS U545 5 SPAD Ol ials (2010
s s pdes Aol ey (b5 JS) iy o g 55 i
Lo dalyr e el csley s el 4 S il
4 «=4 L .(Johnson et al., 2002; Legg et al., 2000)
sbul Cel oS OYAY) OLs 5 o 5 Slalie
S05mST e ouns el o 5T lagi 53 I
o Colest a5 b oo OgelinST Al (s
b oemen 3350 S A s e sl
3ol lediS Bl I S Slade Ll

Sl ol Slas pl (gl s sl ol s Jds

A e OLis O 35S 25 55 1) S by IS Ol 2alS
Ll s (Majumdar et al., 1991; Kuroda et al., 1990)
Ll 53 JobsslS 53 (el o ez Sl S (A
Kulshereshtha et al.,, 1987; ) xas oo olis 1, i
> a8 &S u e Liay ((Hamada and El-Beially, 2003
.sj\sﬂamjﬁtjqﬁﬁyjﬁbl%
(\YAA) Q‘)K.a.h B JS;J .la...uj: e.l.mrl}u‘ Sladlles
35S SRS s s IS axls s sl Oli 1 S
OLKen 5 Ganji 5 (Yooo) 0K 5 Bruck Ly of

Ol 58 Sl o5 gl ol 0l (3,158 53 (YY)


https://dor.isc.ac/dor/20.1001.1.23222727.1400.10.41.9.9
https://jispp.iut.ac.ir/article-1-1393-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1400.10.41.9.9]

VEvs Jlu ) ojled N M alS 5 5,18 5 i B VY

50 -
40 - agb b
b t
b
43 30
y 20
JS 10
0 - -— =
DN11  Gaspard F1

ab

F2 F3 BC1 BC2

e Ll 5 95 50 b A el gl b fd Kile Ol uis Ly, ) K2

Lasg OLS 1 s S Gastls Sl g Ole A5
2 53 DNIL Y s s IS asls ol Ol (1 ISS)
@ s Y ol B0 55 Jdoa LS Jaes Lol 2 o
AL Gasspard o5
CLoSle o ey Loigldly, Calds G
33 03 Gl Salhe ol S gl edki(g Sesll
S 3yb gn odalie (V Jsdr) 25 5 csllae (bl Laoms
3355 Sho Gl 53 Sls pan und el O sseS iS
0oy e Sl b Waw Llg e ol ol 0d5 S
sYordanov iolesl b asb ddy e, b s i £55
Cloas juagn js Jals Wssed Ll (V00F) 0L
Sl Sl Culda als 5l Lab i (S A
S Glals Ol baizsy sl SRalS 5 oS5 Rl
Maes etal., ) ool o oo S 25 @ LS 5,550
Joss L;La(,.mgjlﬁo e sl S S el r.:b.u .(2009
Lyl 5 5 5 (Subbarao et al., 2000) ol OlalS 55 i
b St oows Bl 5 Gl whS Gk Sl aleS
Shangguan et al., ) &S o SKaS 5L 5,50 5lse i 5 Jaa>
(Y1) olL,Kes 5 Al-Messalmani - iays 5> (1999
J=le oo pdS Cilis glaanly Ol oS azils Lk
Sl gme sl S O e (gl s 5l A Cilas
4 el glaay iy 5o “TJIW‘:’LS\):’” Olsae 9 5403 352

v 3 LS‘ e Q‘j:n BE) quﬁ .JuLL@ u.;.hls oo :.... ’Swm;':‘ -

S P IS s (S 55 s el S
Lyl ;o s s IS 38,05l .(Draikewicz, 1994) s 45 o
LoOsr Al adly )85l aax Llg o Sis i
SR g b edsesn Sy 05 (i IS 2l
ST baoly LSas 51 ab gbae b of Jlisas 5 asl
(Kranner et al., 2002) wL . ialS 0551
Li~ 5 g el (1444) Pessarkli 208 b
Glaarls dex 5l i Ll cou by s chle
o S P e 3 il (SO e (S5
A5V pB) o 03 Solasme e slis (WWAY) 030 a5
Slaalie Gb sged OIS b Ll s s Ly IS Ol
OLa 5 Ganji s (Y+\+) Seyed Sharifi s Mamnoei
o3 bl gl b Slae 1 LIS sue (YAOY)
ool sy 53 Lzl a8 Mol slaasls
oS ke ails Lkl (Y+rV) Holm 5 Gregersen
Slyoes Sl 2Bl 5 Al o JalS 35 IS (sl s S
S5l o g rie caslie YL L S

03 e x fed Jlite M O ls e 4 a5 L s e

OLiS 5 3l

03 cilises (gla b Sl ks s, &S AE asiie Gaiss
Sty bl B Blize 1 cpl ocnns 0SS Lo 5
Uoas) 238 0 W Sl Jools gla o 5 cplly Oosline
sl s 5 ool ol sbwl e 53 53 (BC, 5 Gaspard
Ll 5 ey e oS 25 0 O 51 Jols


https://dor.isc.ac/dor/20.1001.1.23222727.1400.10.41.9.9
https://jispp.iut.ac.ir/article-1-1393-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1400.10.41.9.9]

WSS Slhe o Jead sl S S

sl QLIS 1y s b Gl culde oyl 5 bl Ll
A Bl s a5 238 N L 55 S, sba
Ll Wy blis 5o ails 1y glajs, Culda Ol
by 1y glasay Culds o b Ol o xS (Gasspard)
(Y )

ool s Jsdr Sl Jols il idils s Shes
2 Jead bl ¢S o ol &S sl 0L (Y Ju)
S f e SO als 5 Shes G55 Aoy K el
A e SOl s Sae gdo s Yoo fals Cel 5 il
F1 s 5 DNIL oV 55 addles 5,50 sla b o o
sl Ol aadllae 550 o s 53 1) 5 Shes o 2oy
Sl ol oS 5 Il s W ST Al 3 Shes 1Al
ol G518 58 (YY) OLSes 5 Savic 3,158 55 Juas
olis (Y+\Y) Rashidi 5 Chalab-Yani (ialy e 53 .ol
S gl LB b 4l 5 Shes @S 3 48 sl
5 Abdoli b e Al Juab glesl s b
Jab lesl oloS Ll 53 48 Wsls 0L (Y4)Y) Saeidi
Al e Fals a3 WA b g bl s 4 cod il 5 Shas
1y als 5 Shae Yot ¢ SLadl o3 S 51w S22 55 5
L 5 Ll 30355 olse (Silue 5 el 5 b
Aas e alS baails (g5lue s b b

Cdo 5o S e Sl g M b, B sla gl
gl ol b 3O i) Al s e Sleekiy et ls
DL Slaimn b 3 o 358 G35 Tl 5o Lo el
U5 s wslhe bl b 53 Ske Slglie s
s bl sl 4 das e 0L faad el (S
MJJL;)&WQJ&AS@[{H)TJMJJJQH
5% Ak edalie 1) Jlasl slaw 3l e G s
8 ORI el Ol a8 5 S il sl
LY gl 53 bl e asmge IV Al s s
ALk ol e b SRl Ol 5 paS (20 0 g s s
10 w53 bl o Gemer A ki el sl

il sl O 35S 2 cls sy s e ]

S w3 baagls LUy Gl 4l (Ses O
Wsaissy Gk 5 ol olib Jzs LUls b 5 sl 5l o
Sl AU Cnl S Sl cpl e 55 sl G
JLid Bi S el @l s baanly IS ol
Al S5 slacdlas OF lse 5 boil s 5,5
o Dl i WOl o3l o Al 3 Ladiss) sl
Hetherington and Woodward, ) 5,15 oLS 538 <¥sls s
Sty Lo,e 5 Jsb s Gols e sl (2003
dsb s edd sdalin oy S Jlew 5 B sl
A 2l G O 3 WUT 2se 4 e b,
s oS Ka (Mohammadi, 2002) ol sl i ,15S
Gy el @2 le i e huge g S5
S S Al olS B st e e S b (528
Loy i gyl 51l s 03 o ol ssS i
Sty sl 5d e JSa S oy S S s S
o 3 5 Lo 0l b 4 e bled S e
Rl b 53l 0T (S5 5 edd 55 o a ey,
(Singh, 2000) el el an a3y, OAE 5SS L el
Ol b glaea Laiy,  3pde e S IS
53 e b ri el b g s 1) 55 ol olS 5zl
i 8 e el ks ok 4 cund bz, 50
O3 pbete o ol Vb S pAils i s L e s
Syl 4 S8 5 Ko Jeos o gl Slis
Sl 55 dbsg s Jeme pB)l 55 03 (Lol slaasli
Al e Sl s s b
W s b e Sdo ol e Lo x fd flae i
A by e S8l Glaw s 53) (SSke anglis I Jool>
S5 s sl ol s b S 58 et (e
oo B Sl (ol me Ml Lad sl ST 35S
ols sy anlllas 5y5e Gba fud pn s las,s Cols
Cond K& Jb )5 sl s 3 s (ol Lois (Y 2
Ll d g ehsa Jase bl s 5o 0 Fy lud 5 pdlls &

03 G db s s fd e Sl e uT 3geS RS


https://dor.isc.ac/dor/20.1001.1.23222727.1400.10.41.9.9
https://jispp.iut.ac.ir/article-1-1393-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1400.10.41.9.9]

VEvs Jlu ) ojled N M alS 5 5,18 5 i B \YY

80 - a a
70 a . ab
. o)
1. 60 - c c
ff‘ 50 d
b
_}' 40 - b
' 30
2 20
3
10 -
0 T T T T T 1
DN11  Gaspard F1 F2 BC1 BC2
L TR B [P

amee Bl 5 95 53 61455, Calde o sl b el Kl Suis Xy, -Y JSS

Sl Stz 1 b e s e ol LS
s osge S0 L Ol syaS i (Lotfi et al, 2015)
ool 1y 0 S Jlsl 5 o dy cd b S giledSlen
el 3l Sl Ll 6 4 Oy S 4D 3 ks
LS

Mo Rl e ilupsls cplple b

wlhesd g 3l L1L,S (Bhardway and Singal, 1981)
3oy atly 3L Suod s o el w s el sl
Maxwell ) 55 8 o Saie Sl il o U Fy i s
(Yro+) OLKa 5 Shangguan .(and Johnson, 2000
05 e (YY) OLKes 5 Gale .S o sl s 57
é_.f.ﬁ- g):«.: JL«&\ L: aS J\.:st odalie r.,\.f Caliss rb)\
3 Il g 8 bt g8 aLIS Ol 53 (50
55 (Ye\+) Seyed Sharifi 5 Mamnoei Ll ;s .l o
J3 S ol by s ol 2 0 e
3ol pele,sl il e oS W S Ol s HB
wheadsd S Bl el ele,b 0 Ll
v.<.m> S Ll s s a8 sl Ol (Y Jsds) M
L;:Lﬂo.,\.’) u.a;-LS: E) 1 Mﬁiﬁ L;ibs JIS‘.,\;- ¢6J1-j1.9
Sl Ll s 5 s 3l sy Sols pae e M
Loos Sl s Db e Sheen Jbj

LM e S QLS bl e e
SQESEREY)
5 03N ek ) 5SS 5l
Sk Cens) e dddenSI OIS Cny 5o (I e s
ol 0 S Shls s cien (I a8 (251
L .(Bhardway and Singal, 1981) ..l (a5l il 5ls)
Bl Gl el sl O pS lad s 5e DALl 15
I g 558 53 058 S sS5e JolS sl b g5 ol
03 s S e S A i 3l e bl
oo s) el 2l Ghls ey oS gl
e gla i 5b cou sl Sule sl ol (STas
3 Il e g gl STy S1he s Ol o &S
Loples 5 S ool ol a8 15 sl

53 Sl B Sl ash s s 3 S e
AU el (s pde ol s e sdalie Ll
Rl S Seslnl Ol 53 b sl ol 5 Jaul 5 Sl
Ol 35S Sl w53 (Araus et al., 1998) Wil caiw
0313 QLIS g o) A8 & il s la e LS )
FVIFm 5 Fm Fv Ol als cel S o ol

oS M e 5> (Mamnoei and Sharifi, 2010) 555 s

Olpee Si i Jlasl b ol jasein 158 (g5, Six
slasolis als nl aS uS s Iy alS FVIFmM el


https://dor.isc.ac/dor/20.1001.1.23222727.1400.10.41.9.9
https://jispp.iut.ac.ir/article-1-1393-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1400.10.41.9.9]

WY S5 Slhe B b sl S i S

6

a

5 b
3
Q) 4

, d

N 3 =
3
3 2
'\.)

1

0

DN11 Gaspard

c be be N
F1 F2 BC1 BC2

[_BEThg = P

e Ll s 95 50 Sledi) Gasli gl b s 5Kle Luid Ly, Y K2

S bl ol VU gl 5 5 etiis a3l slas
S edalie byl 53 (ool ol s e Ll 2
ol gl Wbl Ll s asle ol Ll s il
Ll s s bag Seslll oyl <=l>.L}\ S s 3,8 Syse bajls
g gl.':qlT.L’..L.Z SYsb Sleesl os 5
Slaslie Jae x Jud flite 31 OAS 0 pme 4 4 55 L
b bl aled S sls OLid s a3 A1 S0l
o5 ks s 1y i Sleiy el DN1L Wiy 5
.,UU BE .h.:m ELIN ISt u.a;-u U'i‘j .,\;AJ‘-;A QL.:.;

(P JK) sy i 4y 4 Sl Gaspard

& S 4omi
Ghoys Yoo als el b slenl oS sl
Lyl 50 Glas Sulda o A 8y STl 5 Shes
AU e Wlg e oS sl Ol glaasdle LB ok i
axg Lol LSy ey b s A5 g5 Ol e S
oerli s IS Laxlh Cds g s sldnbel Ol oS @
G bl s Shes y Sliv ) b 5 G b SOl Sless
Sl Bl Mol el s w5 e do 3 opl S5
SAE 5 Ol 53 md LS IR s s 5 Shes
g5 4 Ja S Sl sl ot a S5 b sl

e Bl o a5 25 dlesl Ol e 5 1

I s sty La0yS8 Gae oD 2als
53 3 1 g GLS falS s e e e
SEEL sba LS s Sl dsl idas Fo Sl
I s 528 S 0 0 a5 A0 ,S 5,08 LA 550 5 me
&b s Cussdoe 5 yme 534S g 35 3 K0 wedo
LAs sl g b JalS ol nl s sl
G S g talinE GRS 8O
T g oL E IS PE S W
L = selie mls (Mohammad et al, 1996)
Mohammad et ) ol s (55158 Calisee sla ) 5
aS A S S s (@l 1996; legg et al., 2000
FUFM ol o (S8 5 G50 o Joemie pL5)
R L R T "
Gl 03 i ol o3, 55 1 (6555 ot 21
50 (VAAQ) ol Ses 5 Genty .(Ramzi and Morales, 1994)
wberdign SL Ol &5 WLsls 0lis S Lyl b s
5ol i e b ate Saen Il e s
i Jard il ke e slS o Ses S L)
S A s Gl B Al sl al e 6 5L
a5 e bl Sl s sl ek 4 S plnil Sl
Al bas S50l Olej 5 ol b 5 edadles] 25 g5
Loomrme Sl o SO L3 b e Sesliil sled |3
S5 sl s Js sk bl LSy s Ll


https://dor.isc.ac/dor/20.1001.1.23222727.1400.10.41.9.9
https://jispp.iut.ac.ir/article-1-1393-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1400.10.41.9.9]

VEvs Jlu ) ojled N M alS 5 5,18 5 i B VYE

4 Jeoie pBl 4 gl S OS5 e B xS Ll 2 S5 aallan 50 slaJod o 02 Son Bk 1l (S
oslizl Slio opl 5l Mol Sdetils glawsl 3 i b aS Cls s 55 o g0 Seidnd Sl
25 S bl sl el slane 54y Caslis @ 4 g

B e U B e W~ SV G Py R A P

2 S Slie Sl Ssee e S A

@L:.a
TVO=YAY XY Ol 5l by 5 e (Brassica napus L.) 1S olS 3505 58 la el 5 5 oS 25
V=N Ol el shT o8l Lz ¢ sk 4t Jas (Salvia leriifolia Benth) 55,5 olS 3 pels
L;;}J:JMMJJNL“} (G)‘ JJQA; &.ﬁ)’jjﬁjﬁﬁ ‘_;Law f_)" S ss (\YAAN) o ceélj':lﬁj.tcé.’w}‘ el LL;LS‘}:
YNV ke Ol el oS o sl dlos Slidles S5l Ko 15 bl b o (‘“"5
le.w)}b )‘ ebu.lwl b d:ﬂi Lgl.db u,"w; 4.! J““”J lej" CJJ LSL“‘:.":‘_}")“ LSJQL’_/’& (\Y‘/\-\) 6 G)ﬁdd 9 d ‘L;J‘J" L&:J ‘W
(6555 abobl . Kis a4 cwslie L bLI s <=,\;§ oGl s e 5 Liy SKSsl s slaass (\WWAY) § e htn g s
Q\ﬁ\ ‘C')S LQ\J.éj eK..:.;‘J Lg)'))LiS oISl

Abdoli, M. and Saeidi, M. (2013) Evaluation of water deficiency at the post anthesis and source limitation during grain
filling on grain yield, yield formation, some morphological and phonological traits and gas exchange of bread wheat
cultivar. Albanian Journal Agriculture Sciences 12: 255-265.

Ahmadi, A. and Baker, D. A. (2001) The effect of stress on the activities of key regulatoryenzymes of the sucrose to
starch pathway in wheat. Plant Growth Regulation 35: 81-91.

Al-meselmani, M., Abdullah, F., Hareri, F., Naaesan, M., Ammar, M. A. and Zuherkanbar, O. (2011) Effect of drought
on different physiological characters and yield component in different varieties of Syrian durum wheat. Journal of
Agricultural Science 3: 127-133.

Alonso, R., Elvira, S., Castillo, F. J. and Gimeno, B. S. (2001) Interactive effects of ozone and drought stress on
pigments and activities of antioxidative enzymes in Pinus halepensis. Plant Cell Environment 24: 905-916.

Araus, J. L., Amaro, T., Voltas, J., Nakkoul, H. and Nachit, M. M. (1998) Chlorophyll fluorescence as a selection
criterion for grain yield in durum wheat under Mediterranean conditions. Field Crops Research 55: 209-223.

Araus, J. L., Casadesus, J. and Bort, J. (2001) Recent tools for the screening of physiological traits determining yield.
In: Application of Physiology in Wheat Breeding (eds. Reynolds, M. P., Ortiz- Monasterio, J. L. and McNab, A.)
Pp. 59-77. D.F.CIMMYT, Mexico.

Ashraf, M. Y., Azmi, A. R., Khan, A. H. and Ala, S. A. (1994) Effect of water stress on total phenols, peroxidase
activity and chlorophyll content in wheat. Acta Physiological Plant 16: 185-191.

Baker, N. R. and Rosenqvist, E. (2004) Applications of chlorophyll fluorescence can improve crop production
strategies: an examination of future possibilities. Journal of Experimental Botany 55: 1607-1621.

Bhardway, R. and Singhal, G. (1981) Effect of water stress on photochemical activity of chloroplasts during greening
etiolated barley seedlings. Plant Cell Physiology 22: 155-162.

Blanco, I. A., Rajaram, S., Kronstad, W. E. and Reynolds, M. O. (2000) Physiological performance of synthetice
hexaploid wheat derived populations. Crop Science 40: 1257-1263.

Bobo, M. S. and Planchon, C. (1992) Chromosome 3D influences photosystem Il quantum efficiency in winter wheat.
Crop Science 32: 958-961.

Bruck, H., Payne W. A. and Sattelmacher. B. (2000) Effects of phosphorus and water supply on yield, transpiration,
water—use efficiency and carbon isotope discrimination of pearl millet. Crop Science 40: 120-125.

Castrillo, M. and Calcargo, A. M. (1989) Effects of water stress and re-watering on rebulose-1, 5-bisphosphate
carboxylase activity, chlorophyll and protein contents in two cultivars of tomato. Journal of Horticultural Science
64: 717-724.


https://dor.isc.ac/dor/20.1001.1.23222727.1400.10.41.9.9
https://jispp.iut.ac.ir/article-1-1393-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1400.10.41.9.9]

WO S5 o (S b Sl S 5 3T

Chalab-Yani, S. and Rashidi, V. (2012) Selection indices in the improvement of wheat grain yield on drought stress
conditions. African Journal of Agriculture Research 7: 1177-1183.

Chaves, M. (2002) Water stress in the regulation ofphotosynthesis in the field. Annales of Botany 89: 907-916.

Chinnusamy, V., Xiong, L. and Zhu, J. K. (2004) Use of genetic engineering and molecular biology approaches for
crop improvement for stress environments. In: Abiotic stress: Plant resistance through breeding and molecular
approaches. Food Products Press 47-107.

Draikewicz, M. (1994) Chlorophylase occurrence functions, mechanism of action, effect of extra and internal factors.
Photosynthesis 30: 321-337.

Erdem, Y., Shirali, S., Erdem, T. and Kenar, D. (2006) Determination or crop water stres index forirrigation scheduling
of Bean (Phaseolus vulgaris L.). Journal Agriculture and Forest 30: 195-202.

Gale, A., Csiszar, J., Tari, |. and Erdei, L. (2002) Change in water and chlorophyll fluorescence parameters under
osmotic stress in wheat cultivars. Proceedings of the 7" Hungarian Congress on Plant Physiology.

Ganji Arjenaki, F., Jabbari, R. and Morshedi, A. (2012) Evalution of drought stress on relative water content,
chlorophyll content and mineral elements of wheat (Triticum aestivum L.) varietes. International Journal of
Agriculture and Crop Sciences 4: 726-729.

Genty, B. E., Brain, T. and Baker, N. R. (1989) The relationship between quantum yield of photosynthetic electron
transport and quenching of chlorophyll fluorescence. Acta Agronomy Hungaria 99: 87-92.

Ghosh, P. K., Ajay, K. K., Bandyopadhyay, M. C., Manna, K. G., Mandal, A. K. and Hati, K. M. (2004) Comparative
effectiveness of cattle manure, poultry manure, phosphor compost and fertilizer-NPK on three cropping system in
vertisols of semi-arid tropics. Bioresource Technology 95: 85-93.

Gregersen, P. L. and Holm, P. B. (2007) Transcriptome analysis of senescence in the flag leaf of wheat (Triticum
aestivum L.). Plant Biotecnology Journal 5: 192-206.

Gusegnova, I. M., Suleymanov, S. and Aliyev, J. A. (2006) Protein composition and native state of pigments of
thylakoid membrane of wheat genotypes differently tolerant to water stress. Biochemistry 71: 223-228.

Hamada, A. M. (1996) Effect of Nacl, water stress or both on gas exchange and growth ofwheat. Biologia Plantarum
38: 405-412.

Hamada, E. E. and El-Beially, E. M. A. (2003) Assessment of some breeding parameters for yield and its attributes in
bread wheat (Triticum aestivum L.). Egyptian Journal of Applied Science 18: 1552-1563.

Herzog, H. (1986) Source and Sink During the Productive Period of Wheat. Scientific Publishers. Berlin and Hamburg.

Hetherington, A. M. and Woodward, F. 1. (2003) The role of stomata in sensing and driving environmental change.
Nature 242: 901-908.

Huffaker, R. C., Radin, T., Kleinkopfig, E. and Cox, E. L. (1970) Effect of mild water stress on enzyme of nitrate
assimilation and of the carboxylative phase of photosynthesis in barley. Crop Science 10: 471-474.

Jackson, P., Robertson, M., Cooper, M. and Hammer, G. (1996) The role of physiological understanding in plant
breeding; from a breeding perspective. Field Crops Research 49: 11-39.

Johnson, R. N., Frey, M. and Dale, N. (2002) Effect of water stress on photosynthesis and transpiration of flag leaves
and spikes of barley and wheat. Crop Science 5: 728-731.

Johnson, G. N., Young, A. J., Scholes, J. D. and Horton, P. (1993) The dissipation of excess excitation energy in British
plant species. Plant Cell and Environment 16: 673-679.

Klamkowski, K. and Treder, W. (2006) Morphological and physiological responses ofstrawberry plants to water stress.
Agriculture Conspectus Science 71: 159-165.

Koc, M., Barutcular, C. and Genc, I. (2003) Photosynthesis and productivity of old and modern durum wheat’s in
Mediterranean environment. Crop Science 43: 2089-2098.

Kranner, |., Beckett, R. P., Wornik, S., Zorn, M. and Pfeifhofer, H. W. (2002) Revival of a resurrection plant correlates
with its antioxidant status. Plant Journal 31: 13-24.

Kulshereshtha, S., Mishra, D. P. and Gupta, R. K. (1987) Changes in content of chlorophyll, proteins and lipids in
whole chloroplast and chloroplast membrane fractions at different leaf water potentials in drought resistant and
sensitive genotypes of wheat. Photosynthetica 21: 65-70.

Kuroda, M., Qzawa, T. and Imagawa, H. (1990) Changes in chloroplast peroxidase activities in relation to chlorophyll
loss in barley leaf segments. Physiologia Plantarum 80: 555-560.

Lawler, D. W. (1995) The effect of water defection photosynthesis. In: Environment and Plant Metabolism (ed.
Smirnoff, N.) Pp. 129-160. BIOSScientific Publishers.

Legg, B. J., Day, W. D., Lawlor, W. and Parkinson, K. J. (2000) The effects of drought on barley growth: models and
measurements showing the relative importance of leaf area and photosynthetic rate. The Journal of Agricultural
Science 92: 703-716

Lotfi, R., Pessarakli, M., Gharavi, P. and Khoshvaghti, H. (2015) Physiological responses of Brassica napus to folic
acid under water stress: Chlorophyll a fluorescence and antioxidant enzyme activity. The Crop Journal 3: 434-439.


https://dor.isc.ac/dor/20.1001.1.23222727.1400.10.41.9.9
https://jispp.iut.ac.ir/article-1-1393-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1400.10.41.9.9]

Verr dlo 8 oyled A A alE 5 SIS 5 al YY1

Maes, W. H., Achten, W. M. J., Reubens, B., Raes, D., Samson, R. and Muys, B. (2009) Plant water relationships and
growth strategies of Jatropha curcas L. seedlings under different levels of drought stress. Journal of Arid
Environment 73: 877-884.

Majumdar, S., Thomasson, D., Shimakawa, A. and Genant, H. K. (1991) Quantitation of the susceptibility difference
between trabecular bone and bone marrow. Experimental Studies 22: 111-127.

Mamnoei, E. and Seyed Sharifi, R. (2010) Study the effects of water deficit on chlorophyll fluorescence indices and
amount of proline the in six barley genotypes and its relation with canopy temperature and yield. Journal of Plant
Biology 5: 51-62.

Maxwell, K. and Johnson, G. N. (2000) Chlorophyll fluorescence — a practical guide (Review Article). Journal of
Experimental Botany 51: 659-668.

Mohammadi, S. (2002) Inheritance of tolerance to water stress in wheat (Triticum aestivum L.). Ph.D. Thesis.
University of Newcastle, UK.

Mohammad, J., Naziri, M., Nazir, A., Shah, D. and Jamal, H. (1996) Wheat yield component as affected by low water
stress at different growth stage. Sarhad Journal Agriculture 12: 19-26.

Moran, J. F., Becana, M., Iturbe-Ormaetxe, 1., Frechilla, S., Klucas, R. V. and Aparicio-Tejo, P. (1994) Drought
induces oxidative stress in pea plants. Planta 194: 346-352.

Mwanamweng, J., Loss, S. D., Siddique, K. H. M. and Cocks, P. S. (1999) Effect of water stress during floral initiation.
Flowering and puddingon the growth and yield of faba beans (Vica faba L.). European Journal of Agronomy
11:1-11.

Paknejad, F. M., Nasri, M. and Tohidi Moghadam, H. R. (2007) Effects of drought stress on chlorophyll fluorescence
parameters, chlorophyll content and grain yield of wheat cultivars. Journal of Biological Science 6: 841-847.

Pessarkli, M. (1999) Hand Book of Plant and Crop Stress. Marcel Dekker Inc.

Polley, H. W. (2002) Implication of atmosphericand climatic change for crop yield and water useefficiency. Crop
Science 42: 131-140.

Ramzi, B. and Morales, F. (1994) Chlorophyll flourescens as a possible tool for salinity tolerance screening in barley.
Plant Physiology 104: 667-673.

Savic, J., Dodig, D., Kandic, V., Gelamoclija, D. and Quarrie, S. (2012) Bread wheat traits related to yield under post
anthesis stress. Original Scientific Paper. Proceedings. 47" Croatian and 7" Inter. Symp, Agriculture Opatija,
Croatia.

Sayed, O. H. (2003) Chlorophyll flourscence as a tool in cereal research. Photosynthetica 3: 321-330.

Shangguan, Z., Shao, M. and Dyckmans, J. (1999) Interaction of osmotic adjustment and photosynthesis in winter
wheat under soil drought. Plant Physiology 15: 753-758.

Shangguan, Z., Shao, M. and Dyckmans, J. (2000) Effects of nitrogen nutrition and water deficit on net photosynthetic
rate chlorophyll florescence in winter wheat. Plant Physiology 156: 45-51.

Singh, B. D. (2000) Plant Breeding: Principles and Methods. Kalyani Publishers.

Slafer, G. A. and Araus, J. L. (1998) Keynote address: Improving wheat responses to abiotic stresses. In: Proceedings of
the 9" International Wheat Genetics Symposium. Saskatoon, Saskatchewan, Canada.

Subbarao, G. V., Chauhan, Y. S. and Johansen, C. (2000) Patterns of osmotic adjustment in pigeonpea, its importance
as a mechanism of drought resistance. European Journal of Agronomy 12: 239-249.

Yordanov, I., Tsonko, T., Velikova, V., Georgieva, K., Ivanov, P., Tsenov, N. and Petrova, T. (2001) Change in CO,
assimilation, transpiration and stomatal resistance to differentwheat cultivars expressing drought under field
conditions. Bulgarian Journal of Plant Physiology 27: 20-33.

Yordanov, 1., Velikova, V. and Tsonev, T. (2003) Plant responses to drought and stress tolerance. Bulgarian Journal of
Plant Physiology, Special Issue187-206.

Yuan, S., Liu, W. L., Zhang, N. H., Wang, M. B., Liang, H. G. and Lin, H. H. (2005) Effects of water stress on major
photosystem Il gene expression and protein metabolism in barley leaves. Physiologia Plantarum 125: 464-473.


http://onlinelibrary.wiley.com/doi/10.1002/mrm.v22:1/issuetoc
https://dor.isc.ac/dor/20.1001.1.23222727.1400.10.41.9.9
https://jispp.iut.ac.ir/article-1-1393-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1400.10.41.9.9]

WY eSS e S b Sl S 5 3T

Effect of water deficit stress on physiological characteristics
in wheat (Triticum aestivum L.)

Ali Akbar Asadi' and Akram Hatami®’
! Crop and Horticultural Science Research Department, Zanjan Agriculture and Natural Resources Research
and Education Center (AREOO), Zanjan, Iran
2 Seed Certificate Research Institute, Zanjan Agriculture and Natural Resources Research and Education
Center (AREOO), Zanjan, Iran
(Received: 06/04/2020, Accepted: 02/11/2020)

Abstract

Water deficit stress is one of the most important environmental stresses in cereals, affecting plant morphology and
physiology and has major effects on agricultural production.The purpose of this experiment was to investigate the
effects of water deficit stress on changes in physiological traits of wheat in a randomized complete block design with
three replications in two cultivation years of 2013-2014 and 2014-2015 at Karaj Nuclear Research Institute Farm. Seven
different generations of wheat, including two parents Gasspard and line DN11 along with generations F,, F,, F3, BC;
and BC, were cultured and compared separately under normal and terminal drought stress conditions.The last irrigation
was done under water deficit conditions after pollination.The results showed that there was significant increase in
performance index but significant decrease in single plant yield under stress conditions. For the chlorophyll index and
stomatal conductance coefficient traits, the observed decrease in stress conditions was not significant. On the other
hand, no significant increase in chlorophyll fluorescence parameters was observed under stress conditions.On the other
hand, there was a significant difference between the generations studied for all measured physiological traits (except
photosynthetic efficiency), indicating that there were variations among these generations for these traits. This diversity
can be addressed in selection programs.

Keywords: Chlorophyll fluorescence, Leaf chlorophyll index, Performance index, Stomatal conductance coefficient.
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