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1- Leaf Area Index (LAI)
2- Light Extinction Coefficient (LEC)
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1- Radiation Use Efficiency (RUE)

¥4



| Ao

*'9

¥

ey Al £y (LS o

Y43 ((Y)

3 w?m}gﬁn—ﬁnﬂ%_ﬁﬂo%fﬁ\“{ﬂ.

#
eF o (Ce) - A\ A A3 A\ LA (VN VA o
=S (™ L LvV/s A+/AA3 Ao/ LAALL Y/0bALVO 0+ UA VbA/3 AL
SEC0 x 5 3 LAQ/ AVAV3A W\o/s /A 303 3/BVAAY LA/0 R 7ANS 3AL/A
S5 A w0300 043 e VAV/S ws@/MLALTL VALY WA RZATH FWAVAY
alits A saD /0N AL wabOL/\ weVIAALLLOALLIL0L3 7NN T LIN3
e A s MY U300 LAV \3VLAA SNVALAVE L AAL/A 2sA3/30 AVALL
S oo ™=
2 ot le €00 v o e o e Ko (3 F o
o ! . sopste (B =3 0
Nead
A e

2 - MR el GO SO6C0 € F5e

K069 1D aopslc € KD v 57 of e

Cons) T«S

o



@be e g F90 W

A Ll LSO L sl eSSl al b LB s S o SibesT
oLt o3 Jole 5 (ol e 31U 3 0SS Vor 500 is) 055 5 b ¥ ol sl Jole
v.ir.i:Quaf«‘wls)'\‘}?})L@Jﬁ)s.ﬁéﬁ<)m);¢ﬁ)l§0' s Yo ‘p)gﬁﬁc@m
3 il Ol 53 p S Olgad) 055,50 355 @35 5 e e 5l 5 A el Ss
A5 (ClS Oy 3 358 ) 3,88 5 (A Juad sk 53 S 355 & geoay OF el 3L
slativo plo 5013 She slirl 55 e ¢Sl gl s S 4ty 3G sr Skl 4 ol
bl e Y dsb e il S cales b Gl L s 5l ek s ¢ eS
4 ooy (353 Jld LU Sl (6558 SOl o b 5 5 Diman oI albse
S s Sl Sl oais SILAL S mhan ol 5 o358 S5 Sllie 5 (e
A talome (Vo0 8) 5dle 5 JoST (i, 5l eslinad U g G s oIS s S eslizal ' 0l dS!

Al s ozt ) alaly Sl estized U olS Jav 5 e odr (g e g Jlad 2l lide 1o
PAR, = PAR, - PAR; M)

Jbu PAR. n:l_“f U’:"';’ﬁ CU dc.wjda 0l u.\> LSJ:""'"_}:") dw U:'JL ;QL;J PAR\ ¢QT L S
Cde) Slllale 55 5 gime s Jld (AU Slas PARy Glulaule VL L sdewy (6 528 Jlad
Bl o cal_S )U_.‘M“l_w .b_wjﬂ PUEY & J}a 3 el uJ}- PAR JS .Lw?:bu,c (al.“f .19.,«:)5 oS
exlizal U cailaie _olidlpn sl SleSLI 5l ostizd L s PAR, / PAR.) Gl G dolons

A araloes ¥ e,

PAR, (SRyx+/£V)

v
PAR, ™

PAR|D =

VY 5 e il g oSl Sl el sy Sia (st 56 g pemme SRy 0T 5 S
Sl 03 (VAL LS 5 Se) ol (el b g gaoms 5l (g5t s b AL g
503553 fyaims a3 O S5 cd SISy Sa ole 0 5) L5 pae 1S
Slaesls 5l esliul Lol mezsd L3 55 Sodd amwles (gl A arsles rexs PARp
S loms ¥l Sl il 55 S mdadS ¢ ol o855 bl g o) el Al bl gn

1- Sun Scan Delta D Cambridge England

£



WY (1) pocty sl es81)5 GBLS g5 Sy S dore

VA«

d ¥d
— [=\V++/-rtC0S
d vo/Yo

coswhs =—tanA.tand

1, =(a+ b(%})

—Y
I, =sc/r{%} [th{ T }sin A.sind + cosA.cos d.sinwhs] )

S a*-a
N =[ A }whs
at
8=n~/osin[m}
Yo

edy gt B ey Aol S (i culb SC o VL s mials g Ol s
Jowe gl (o, w55 Il 50D cam s e s s ol 4l WhS
Jsb N /05 +/Y0 Uslee s o ol sliel D 58 ae o b Ta (us Shediys5 oo O
(1899 (L3 asle) ol e 4 sy wiadt s 5 55 Sl Slele sl N Gy,

Al Al (gl mas pes Al e s s Ll S C.’:;...’:J)'\ eslaal b 5 e
Sleslinal Ligas a8 8 5 55 PAR Olsiea ()l e sed 5l o o 55 winls 5l o5 £0
i3 Sleslial LS e e a3 eld aule pnesd mialS ool Cowsas it osle
(Y OLSan 5 SUdbl) Ll anlons £ alaily b

RUE =DM /I (¢)

53 s (Bl g oas il 5 S el paz DM (ials G e 1S RUE Ol 5 &S
}Q)lju::_}))‘ b.)Lﬁ.:_w‘l_nL;)j_’ 6%‘ g.,uﬁj_.,og;.w\ JJ}KAW-JJOS J\.&)ML}S
(60 ) L asbons (Yo 0 £) OLiSan 5 555l 5 (143A) O\San

gy



@be e g F90 W

II_:e—kaAI 0

cere K S ol LY 5555 (b Sl ] iy 26 VL Ls (6 e o Ol s &S
(o0 8) OLLSan 5 Uy dlogy 5 (Vo) O Ken 5 IS alasly 51 oo Cusboy (6l gimea

WRC =[(FW — DW)/(TW — DW)]x+ « )

a3 V0 Ol 3 LalS 1 alged (6,515 5l dm) i 03 DW 5 055 FW 0T 3 oS
O gas 00y sabgb 5l dm) bl 05 TTW 5 (YooY o sn) (Sl 05 J e b 31 S sl
(oo O3 53 Shie OT s 53 S

A eslizal A 5V gladlaly 5 el g sLiE 6 L 5 el Ol e annles (gl

Le ool A3 = {0 =T, /T) /(= C,/C,)}x\ )
Tl gl doys =) — slid (cgnl) Sl Ao s )

S gl eliana 5 L oS ) et Sl e 650 EC s a To 5 Ty 0l s o8
dals S5 EC s 5aCr 5 Cis oS 5l 51w 5 18 0 o o3y 13 I =) Jglous s
o gl (Y8 O 518 5L il e IS 5151w 5 18 (La g a3 S 13 Jaie O 13 )
s 0 g3l 5 sl Laesls S0le avglie A 03liul SAS i3l 5 51 baesls 3
JENNEL P S W G U R TN POV s Sl e A el (LSD) s e 9|

A esleal (Excel) s

5, Shes d\ﬁ\jsﬂwﬁ;ﬁﬁjgjjﬁdﬁmcjbds\s Ol ilisls 4 s @L:J
b ae halial L osls Ol u,:f;l_..a anlie 4S5 b (Y Jod) Cils (gols e K8

1- Relative Water Content (RWC)
2- Membrane Stability Index (MSI)

Ly



WY (1) pocty sl es81)5 GBLS g5 Sy S dore

233555 p S5 AS 00 50 rme o oS Ad pasiie 3L L5 b et ld e O35 2
5555 5l 5 s ol 4l Blas 5 055,50 G e 15 35100 59 s (oI5 s SV LS
U dsds) sl b pme 5 e alaly s 5 Shas L o ol 45 5l OLiS  Sted 40525 5 5
OLLSn 5 s slatasn 5 3l Clle (VAAY) SB 5 & S (slaasly b el Cozey il
S e b1 0T 55 (Y00 A) L 2 5 (V44A)

0358 S SR o se 5t 055550 358 dlesl bl 53 edal ot S il
G yae slajlas 3 (YEA 5VO/Y) Ol Rt 3 RS S sha A m e e
315 0L LSOl amglie ol sy JUSa 55 055 25 0 S kS Vo0 3 1z 5 (Aald) 358 O
(F Jsds) 350 s e S ol g LS s gjfjffjfjlasm 5 Y0 358 o OVt &S
PR S U SN N WP T ICIOW I JOUND VRSP PP KPS B R Pt PR - S NV S
5 (Yo A) OIS 5 sl 5 (V447) b 5 solasgl e w5 5 S8 5 S Lwy j50)58
sl s 55158

eSS Vo O Ll 035 3GRe Sonl S daesls S0k avglie ulul
S s e sl LS 53 055,88 0 S S0 e L s ol Cowsay S 55 035,50
LSe35 5, S DST,L“SYO 255 sl <fJ§ ENTN) &lsds 03 e SV o (¥ Jsu)
Aald 5 055 et SV ST lasl cnl s sdel sy s bl el s
)m;b;:;p_f}gswu 500 O ae o Js s S edalin dlsds O35 sdon VAN L5
Sl alsas O35 s Vhis s 0355l Wadils O35 2 5 5,558 G yume b ddd sls g lel ooyl s
35S0 S S 00 G an bl e LSt 4 el sy S 35 58 SLS YO 508
el 5 laslienl sl 5 53 1) SIS 5L 558l ) eSS YO s ey oo iy I
AL psle 555 WAL 38 S e Brae 4 3L s eased Bib A5 e 5 S S
s oipt dln ShalS ol s s il el sl 5 S Ll il Lhuss A3, Rl Sl
s 5, Shes L dilsds 035 o 45 5l OLES  Stecer 40520 W el ol Klsds U35 SalS

O)'_g_g)jq& LQJI.WJ}:.% J‘fr_é'w)jd' Sl u?«;\j)‘b(W J}J}) 355 S5y LS)‘J(;'&.A}C,.;AA.E.‘)

%3



@be e g F90 W

(Y A) Lm0 5 (V4A) OS5 p 58 sl 50158 G ol e 2alS silsas
g als)lia 055 0558 Sate Rl siasOlis 15 (Ve 4) Gl sla ey

YAVENY 5 V0A /0 o san) adils 3 Shee Jlis cp 5k 5 op SeS bappSibe amlis 4l
G S 53 035 0SS Vv 5008 5 (548 0S5 G peme) el Sl 4 (LS s p SLS
Jsdor) el sy S 535,558 6 S S Y0 Jlantaal 51 &y 3, Shas 1 5 women 2313
53 S S YAEY) ls 5 Shas 5t 4 35 paseta Ghlasl cpl s alal sty s (Y
J_s 3 OA/O Mupwuﬂ);uwiww)mﬁo;b:”;%w 5,8 5 (lsa
5 el Gy Sl 553 88 0 S S Y0 G s 1wl 5 Shee (5t Gromen (Il i 5B
5 S e SR 035 0 il 5 Shas Sl 5 S S5t pslie O s
Sl s Jl 5 e lsdes O35 5 6358 Sl (sl @l sl esn o Shes gl 5 Lt
Rl 5 L T SCas 05 OF it ol 4 5 g 525,858 5,08 1550 4ils 5 Shes
Ul L cdims (a5l 1 il s Shas 5o (g5tn 338 5l g0 Sl 5 ol 3 oty SLS 5
adaly 5 olsy SB35 88 s b BT sl (Ses 0T VL olis 4 olS it 1S5
3 5 sl Sl ALS el s w5 s JWl 5 ol f@@ﬂtﬁgx\djwu
e ole sl el ul g A 5 b 5l J e A 55 03l 20l530 4S5 adiae (144Y)
o 3 g Sl oS 3T alhe w5 03,5 3l ol (Jlisl o e Sales i
L1y SS 8 os i dls 5 Shas il53) (Y40 4) Sleder 5 (0444) sl 5 ok (Y00 Y)
=y b LS s el So a (V448) uls 5 uls 5,87 518 VL 055 50 G eas
OLLSCen 5 sy (1440) LS 5 wledge . iles ;S o)Ll 5,558 SV slis 4 S
Sz S8 525 555 ¢ SAS Y 5T G e Sl e L SIS s Shes 0 5L (Y00 )
5 (084Y) 5,5 5 84T sl 5 WG Lo 5 SIS 5 Slas Sl 25,858 1306
g0l J.ilj

S5 beas 1y S 03 50 05555 355 O me Lilsl a8 3l OLES b jlew o Sls amylis

onmen el s JUSs 53 035 %0 eSS Vo e OF e cp 5t 15 das oo

1- Antagonism

£0



WY (1) pocty sl es81)5 GBLS g5 Sy S dore

LR Cho ol 3 Sl e sl SIS 53 5SS 0SS 00 5 Y0 5 IS oS A5 jasis
B L0550 el ols (S alsr laplhil As; Oljeay S 835 Olge (F Jsi)
Dle s eals Rl (g slpe Ll Ll Ols Wl e alsn Slaphdil A Ol
Sg gl 5 alerls GBI L KIS 5o e ican Sl cpl S Wl 03Bl My
Sl (St Slad 15 el @S I e b L 5SS i ol e
e e Sl es Sl s W 5 el alS il ] s S esle S 002 VL

285 08 ol G pde 5 055 8 e Sl S SO bl 4 b
Sl et ol 5 eV 8 A8 Gaseia (Rl Gl padY i) s Sl et
pde) dals 5 SUSa 3 O3as p SIS Vet o3 e SHE I (dess VA 5 Th/0d)
e (Il Gatld 0550 5 e G OB L (7 S Ll sy (55 b s
SRIP edle g D I L 055 28 ailicdo ol olaime G 2SS
ol 4 e el s a1 (810) ol (ealail ik g3 (g s ol g anasS w2 5l
380 b gl i 5 St daly Cdoo nl (Shes w2 s el p o3 S il el
Ao S 3515 55 (YerV) bglm 5 (1489) ol 5 (ol 1y ol o 3l 0L wils

Wl ol 6 g i) 2SS 5 035 28 bl e ml el
LagSils nglie ool (VTUm) 35 Jlspme s il 2 355 53 () (ESea s (rmmes
WI0) s gl WL DS 53 5,858 0 S5kS 00 5 05550 oSS Ve el S S
Shastls sl gyl 5 858 5 03 slasss 3, 00 IS 48 Cr e 1 e sl
EY/YN) a5l Ll sl i) o YL &S (g sbas (Y Jadr) 55 Jlosms o (e pelans
S asS gnl e S5 L s el Cesay JUSa 3 035, eSS 00 38 e Sl (e Sl
O Gre Bl £Y/Y) e ck..d Shastls Gl Aol 5 Ay romen S S Ciw pl lde
eSS 00 s e s S L sy gl VL el sy 388 JUSa s p SAS 00 s
Loag Lol o ddaly 8 3l Ol (Shes 4325 S el sy SlSa 53 3 S8 5 055,
A dsd) cnl Sls g 5 oo ails 5 Shas

3555 5 05558 355 polaw B ol Cushy G oS 3l 0L bl 4 S

SV L3 OF Jldie S e &S A asde ba i Sile amlie Lulul o (8 Jsd) <35 13

£



@be e g F90 W

Ssiime e U O dmesls bty 4 e elal el Csay 35S 93 cpl 38 slis
Sosba (b Ll Chae cpl e U358 Gaae SRIBH L clie golul 5SS
Jadr) el sty s 5 055 %8 oSS Ve G 5l (s ATYEE) O Jldis cp 5
Gkl S s Susb, e SRIBIL LS 50S (Y0 A) OLISGs 5 (s pmens (0
S ol ane g 5 Ad, O S VL b s 53 1 sd e S il Lis
Coils Ol (Yo ) O 5 Bl 305 s e Jsho clis (oIl 2alS 4 5 oin S al 6
A eli Il Salpl Sl I35 cileiys 0 5,08

Sagmn J S mlaw asls 53,858 5 035 2,0l8 & SO Lkl 4wl
S a o eag 3l OF Slade s 868 5 055 %0 O mas llie SRl b SOk (8 Jsd) s
Ol Sl 53 388 0 SAS 00 5 Y0 58 aS s S pastala Sle aglie il
(o) OLar 5 daxl 5 (Yo oV) 3515 o s o 33(0 ) 3,10 5925 (b3 ome (556!
Rl gl LB sba IS 5 SIS s 1) STp e yasls 3 858 5 055 B e
s gl SRl L 5 es S S Joke o301 Bus S5 5 ety s S 4 05,50 0
sy o 3 g | (e 38 Sl oS

So5 SOgel coys 2 358 5 Blagi oS pske bl 4 @l el
2k alS O Slie sl 55858 5 05, 5,8 Sill b S sba & Jsdx) s ls ans
00 5 yio sl oo Aol cosw dals L s (VA OF Jlie 5t 4Sopl OV
A 5 (VD) S e A sdalie Jlscme Bl LS s 035 % C;jl:s
(0 Jsd) el s S 53 3 558 oSS 00 5 G ian 355 53 o S ol Jlaas (+/07)
e 53y s Sl oo Ll (V440) Cojlgnl 5 O gn e 5 (V44Y) 0L 5 IS
A 55 G e G (bl 4 s bl il S Mol Sy a5 sl 2alS
Ssgme o pl 55 355 Jolo 53 pl Sean ien (23S 1B S8 5 055508
Ve a8 g Drae gL Sk 4 s Gl ol oSS e (8 ) LS
(Yoo)) OGen 5 sbsde (Y JK2) 55 JUSe )3 5 558 ¢ S LS YO ol jan w0 055,55 p S5kS
2l (Sa 5 55 e 2L 4 e Ol nesdle s ol A5 e ko

Bas) JJ\G.)JSb)L;:‘ ‘ﬁ)})};dﬂd &‘)Sﬁdjjﬁ%ﬁ‘%(\‘"q) Q\)&@ji).}l.;«.:ks

gy



WY (1) pocty sl es81)5 GBLS g5 Sy S dore

Colg 53 5 Gt Cud b (S 050 Ol &S Lsls Ol b oS s (Yero) 0L

S 5 4o
Bl e 3 s Sl il 53 Shas 5 gl (olaine ssbe 0350 582 008
DB |y ege L oS A3 Sl anls 5 e) s sliad il bl sl 5T G s
bl S8 5 Y Canl 0L il 5 Slas s 00 31 o Rl s S Wl als 5 Sles
3558 W Grae el ol Sb Consy Bl s s s KPS Ssskadl Mg s 055 5
35S sy dalsn L dlg e oS (S0 ed o 8ol glacis 5 b s Sl b
s i o L VL slie s ea 555 e e 3 oal e S L SLE s IS
Usee 5ot o338l Jobw glacdlas oo jole Clo 5 05550 ehion s S 58 LS
sl S ol Case s SialS e el el s 53 5 555000 YU O 5le 5 s
R R L e R e LI IR LNy SRETE I
508 Sl o SRSTL Cllsy pasls Il s S e S e arls 5 LS,
AV 53 romen 3L I Jpame A5 a3 5 e olen 55 S pae LIS 1
Slacio (Pl Celibpae 3,558 pho ¥ o b jaie il (Sea (B rae 0355 ¢ e
350 53 O35 e i edkas0lis ol ol S s S g gl 5 L5 Dpae LS @ by

Ll Slis ol

A



@be e g F90 W

AN A <O 9 qer @ 0 e (D (0 qS T o =P o Cor e

o L OA/b NIV A L MAIAL RV L A0 S LA L3

01 o LD o LA SLA3 + b/3AVA L LAVLY L AL/ o V0L JL/03

il q OV/A a AL/OVA o YO/A Q AL a A/bADY o AL/2A 5 A/AL o AAL
Fe(SFSI o)

(RN MEVINY e L/V3A e 3A/3 VA TAAY o A/OLTAN e b0/ e LV/AA @L.(\«L.

‘o L AVIV RN YV o L3 RRVEISNY QAL QAU W LA/A3

Caal 5 A3/A 5 AOAL 0 3 L 0/+vo\ 5 VIATAY S /% 5 AVAL Q00 VA
0 (SF 5 o)

af A (#o) () G SFsHCen)  (SES 0 () () (=)

e ereme oG foeray s o s fe e Kgrn md¥y md e

TP A ™y AT 4 SO0 6 F S K 6D | LD sy € K oD 5o g ne

€4



WY (1) pocty sl es81)5 GBLS g5 Sy S dore

.&)f):ﬁadhCM?ﬁ})jdﬂd|)Eﬁ:;ﬁ;bj;,@;‘wﬁul}qkﬁ@lﬁ—i APRTY

Sla e Sl
a2
Sl s Slesl iz glub sarls S5 s Jre gy

o5 oF e e Spphe i oby

egt® TARA RS ova/t® v/oY4® MAZ \ S5k
JYASEE AN q00/1*" AY006™* Vg Y U5 A
o/’ VWA £4/10 (VAR 2R P e \ 558

A o/ave® Ve VYL \RVC\S ¢ 558 5 05550
RV /a7 Y\ VA JATY 0/Y 1 il gllas
VY70 2%l Y/ \Y/Y /Y = (Loy3) Sl i oy o

RS Ju»\éw);)l;&uij);o Jub\éaw);)\;&uﬁ

.&ﬂ):ﬁath?ﬁ})jdﬂdl)Gﬁ:;;;b};jzidl.él‘_;h;|m§i\:»wuu—o Jgde

2 o5 S pae bl L ok ol b, e Slis
s SOl U3 08 (o) Wi Sy (Ao)3) o s Jsle

QLS s 0 SHU8) 055 2

Va2 \VE AV/AQ Y/\© 14/84° o

VYR 1/4AP VY/AQP v/qP vy/P 0r

NI YA av/s¢? £/ YV/VAR Voo
LS 5o 0 S50 5 555

oy VAN AY/4? Y/oA w° Jio

oA Y/ov2 Ao/+? v/ey? vr/sP Yo

/01° T Av/YR /@ YWV 0r

O«



@be e g F90 W

RE% ‘5}_05/0)"43‘ ‘5Lﬂw R oslw M g,.ﬂf\b -1 d}-l?

\4 a1 0 ¢ Y Y \ oles

) LRSI

\ a\A Sy gl Y

\ VAt R SRV VA S PRpRIR ISR

| JARSTT AT AN sy s gblas 8

\ YA S Y\'AV YA\ C R VA A <ol O35 0

\ VAAL SV A -V V-L M Vo U R/ ARG PR I 1

\ ~//\%%M ./v_\oess;ss ./vivsss;ss '//\f, \ sk ~/'\\//\5M .//\. Y-ﬂ‘r-ﬂ‘r 44‘} }ng‘a& Y,

AM)}\jOJW\C’e.A):)‘A&u%);Q E)

(o Slo) 4 g glisl

O s pf)l'.s) 8355 ssles
.(wyvjj)&)fuﬁtw)‘ﬁ;;;;bj;ﬁj&srnﬁ—\ JSJ»

SUSa 5 05 4 r,f,l.;\-- =N 50+ =Ny oz =N,
)&A)ééﬁﬁfﬁ%(" =S‘-_3Y°=S\r QP=S\

o)



WY (1) pocty sl es81)5 GBLS g5 Sy S dore

25 S pas oS
(3% 5 e )

O s pf)l;s) $355 ssles

(o (135) KJE 55 G pan 28 388 5 0598 Sy Y JSo
,m,;o;,;ﬁsfﬁ,&s\-- =Ny 50+ =Ny « 2o =N,
)&A)ééﬁ"fr;‘,%SO' =SVJY°=S\ﬂ ¢N=S\

Sl Sl

("ﬁl"”u“ d)\j—<~’l—;~" u:*‘”}}l Q’l‘

&b

Ahmad, G., Jan, A., Arif, 1., and Arif, M. 2006. Phenology and physiology of
canola as affected nitrogen and sulfur fertilization. Agron J. 5: 4. 555-562.

Akmal, =M., and Janssens, M.J. 2004. Productivity and light use efficiency of
perennial ryegrass with contrasting water and nitrogen supplies. Field Crops
Res. 88: 143-155.

Atlasipak, V., Mamghani, R., Mesgarbashi, M., and Nabipour, M. 2006. Planting
arrangement impact on the light use efficiency and dry matter accumulation in
the canopy of three spring canola cultivars. Crops Sci. 29: 4. 139-152.

Beech, D.F., and Norman, M.J.T. 2002. The effect of wet-season land treatment
and nitrogen fertilizer on safflower, linseed, and wheat in the Ord River Valley.
Aust. J. Exp. Agric. Animal Husb. 8: 72-80.

Botella, M.A., Cerda, A., Martinez, V., and Lips, S.H. 1994. Nitrate and
ammonium uptake by wheat seeding as affected by salinity and light. J. Plant
Nutr. 17:5. 839-850.

oy



@be e g F90 W

Chaudhary, H.P., and Dass, S.K. 1996. Effect of P.S., and Mo application on yield
of rainfed black gram and their residual effect on safflower and soil water
conservation in an eroded soil. J. Ind. Soc Soil Sci. 44: 4. 741-745.

Clavel, D., Diouf, O., Khalfaoui, J.L., and Braconnier, S. 2006. Genotypes
variations in fluorescence parameters among closely related groundnut (Arachis
hypogaea L.) lines and their potential for drought screening programs. Field
Crops Res. 96: 296-306.

Curt, M.D., Fernandez, J., and Martinez, M. 1998. Productivity and radiation use
efficiency of sweet sorghum (Sorghum bicolor Moench) in central Spain. Biol.
Bioenergy, 14: 169-178.

Das, K.N., and Das, K. 1994, Effects of sulfur and nitrogen fertilization on yield
and N uptake by rapeseed. J. Ind. Soc Soil Sci. 42: 476-478.

Dhopte, A.M. 2002. Principles and techniques for/ plantscientists. Agrobios
(India), 373p.

DOR. 1996. Annual Progress Report-Safflower, 1995-96. AICRP (Safflower),
Directorate of Oilseeds Research, Rajendranagar, Hyderabad, 157p.

Dreecer, M.F., Schapendonk, H.C.M., Qijen, M.V., Sanderpot, C., and Rabbinge,
R. 2000. Radiation and nitrogen use at the leaf and canopy level by wheat and
oilseed rape during the critical period for grain number definition. Aust. J. Plant
Physiol. 27: 899-910.

Dwyer, L., Stewart, R.I.H., and Honwing, L. 1992. Ear position and vertical
distribution of leaf area in corn. Agron. J. 84: 430-438.

Gharaati, L. 2007. Effects of nitrogen levels on yield and yield components of
safflower. M.Sc. Thesis, Faculty of Agriculture, Technology University of Isfahan.
Gilbert, N.W., and Tucker, T.C. 1987. Growth, yield and yield components of
safflower as affected by sources, rate, and time of application of nitrogen.

Agron. J. 59: 54-56.

Gollo, K.P., Daugrty, €.S.T., and Wiegand, C.L. 1993. Errors in measuring
absorbed. radation.and computing crop radiation use efficiency. Agron J. 85:
1222-1228.

Hajghani, ‘M. 2007. Application of different nitrogen levels on vyield, yield
components, oil and protein percent of spring safflower. M.Sc. Thesis, Faculty
of agriculture. Shahid Bahonar University of Kerman. (In Persian)

Hasheminia, S.M. 1999. Evaporation, evapotranspiration and climatic data. Nashr
Amoozesh Keshavarzi. Pp. 258. (In Persian)

Heidari, S., and Assad, M.T. 1999. Effects of irrigation regimes, nitrogen fertilizer
and plant density on yield of safflower, Razghan 279 cv. In Arsanjan region. 5"
Iranian Congress on Agronomy and Plant Breeding. Research Institute of Seed
Production and Breeding, Karaj, 485p. (In Persian)

oy



WY (1) pocty sl es81)5 GBLS g5 Sy S dore

Klishadrokhi, M.K., Koocheki, A.R., and Nassiri Mahallati, M. 2009. Impact of
nitrogen and plant density on light use efficiency and absorption in two spring
canola. Iran. Agric. Res. J. 7: 1. 163-172. (In Persian)

Maddonni, G.A., Chelle, M., and Andrieu, B. 2001. Light interception of
contrasting azimuth canopies under square and rectangular plant spatial
distribution: simulation and crop measurements. Field Crops Res. 70: 1-13.

Majd Nassiri, B., and Ahmadi, M.R. 2006. Response of growing season and plant
population to light absorption and distribution through the plant communities of
different safflower genotypes (Carthamus tinctoriuos L.). Iran.J. Agric. Sci. 36:
1. 63-73. (In Persian)

Meek, D.W., Hatfield, J.A., Howell, T.A., Idso, S.B., and Reginato, J.R./1984. A
generalized relationship between photo synthetically active radiation and solar
radiation. Agron J. 76: 936-945.

Mendham, N.J., Shipway, P.A., and Scott, R.K. 1981, The effects of delayed
sowing and weather on growth, development and yield. of ‘winter oilseed rape
(Brassica napus L.). J. Agric. Sci. Camb. 96: 389-416.

Mohd-Abbas, T.S.S., Nigam, K.B., and Abbas; M. 1995. Effect of phosphorus and
sulfur fertilization in safflower (Carthamus tinctorius L.). Ind. Agron. J.
40: 2. 243-248.

Morrison, M.J., and Stewart, D.W. 1995. Radiation use efficiency in summer rape.
Agron. J. 87: 1139-1142.

Nepalia, V., and Sarhoa, M.S. 1992. Interactive effects of nitrogen, sulfur and row
spacing on the grain and oil‘yield of Toria. Indian Ann Arid Zone. 81: 77-78.

O’Connell, M.G., O’Leary, G.J., Whitfield, D.M., and Connor, D.J. 2004.
Interception of photo synthetically active radiation and radiation-use efficiency
of wheat, field pea and mustard in a semi-arid environment. Field Crops Res.
85: 111-124.

Pourmousavi, S.M., Galvi, M., Daneshian, J., Ghanbari, A., and Basirani, N.A.
2008. Investigation® of drought stress and manure on humidity content,
cell. membrane stability and leaf chlorophyll content of soybean. J. Agric. Sci.
4.4, 75-85. (In Persian)

Qayyum, S.M., Kakar, A.A., and Naz, M.A. 1998. Influence of nitrogen levels on
the growth and yield of rape (Brassica napus L.) Sarhad. J. Agric. Sci.
15: 263-1999.

Rathore, P.S., and Manohar, S.S. 1989. Response of mustard to nitrogen and
sulphur. Ind. J. Agron. 34: 336-336.

Ravi, S., Channal, H.T., Hebsur, N.S., Patil, B.N., and Dharmatti, P.R. 2008. Effect
of sulfur, zinc and iron nutrition on growth, vyield, nutrient uptake
and quality of safflower (Carthamus tinctorius L.). Karnataka J. Agric. Sci.
21: 3. 382-385.

og



@be e g F90 W

Rosales-Sernaa, R., Kohashi-Shibataa, J., Albertoacosta-gallegosb, J., Trejo-lopeza, C.,
Ortiz-Cerecerese, J., and Kelly, J.D. 2004. Biomass distribution, maturity
acceleration, and yield in drought-stressed common bean cultivars. Field Crops Res.
85: 203-211.

Saneoka, H., Moghaieb, R.E.A., Premachandra, G.S., and Fujita, K. 2004. Nitrogen
nutrition and water stress effects on cell membrane stability and leaf water
relations in Agrostis palustris Huds. Environ Exp. Bot. 52: 131-138.

Shariatinia, F. 2008. Effects of nitrogen, boron and sulfur on yield and yield
components, seed protein and oil content of safflower, Isfahan native cultivar.
M.Sc. Thesis. Faculty of Agriculture. Shahid Bahonar University of Kerman.
(In Persian)

Singh, M.V. 2000. Micro and Secondary Nutrients and Pollutants Research in
India. Indian Institute of Soil Science, Bhopal, India,146p.

Soleimani, R. 2009. Study of rates and timing of nitrogen application on yield and
yield components of spring safflower. Iran. J. Agric. Sci. 10:1. 47-59.

Sudhakarababu, S.N., and Hegde, D.M. 2003. Annual Report, 2002-2003.
Directorate of Oilseeds Research, Hyderabad, 118p.

Vos, J., Van Der Putten., P.E.L., and Birch, C.J. 2005. Effect of nitrogen supply on
leaf appearance, leaf growth, leaf nitrogen economy and photosynthetic
capacity in maize (Zea mays L.). Field Crops Res. 93: 64-73.

Withers, P.J.A. 1992. Winter oilseed rape: Effects of sulfur on seed glucosinolate
content and seed yield.: Home grown cereals authority oil seed project report,
London UK, 21p.

Yunusa, I.A.M., Siddique, K.H.M., Belford, R.K., and Karimi, M.M. 1993. Effect
of canopy structure-on efficiency of radiation interception and use in spring
wheat cultivars during the pre-anthesis period in a Mediterranean type
environment. Field Crops Res. 35: 113-122.

Zebarth, B.J., and Sheard, R.W. 1992. Influence of rate and timing of nitrogen
fertilization application on yield and quality of hard red winter wheat. Can. J.
Plant Sci. 72: 13-19.

00



EJCP., Vol. 5 (2): 37-56
http://ejcp.gau.ac.ir

Gorgan University of Agricultural
Sciences and Natural Resources

Effect of nitrogen and sulfur fertilizer application on yield, yield
components, and some physiological traits of spring safflower

L. Forooghi' and *A. Ebadi'
!Dept. of Agronomy and Plant Breeding, Mohaghegh Ardebili‘University
Received: 2010-4-22 ; Accepted: 2011-6-3

Abstract

In order to study the effect of different levels of nitrogen and sulfur fertilizers
on yield, yield components, content of some elements, qualitative and guantitative
traits of spring safflower (Serin cv.) an experiment was conducted at agriculture
and natural resource research station of Ardabil in 2008. This experiment was
carried out in factorial experiment in completely randomized block design with
three replications. Nitrogen fertilizer levels included 0, 50 and 100 kg ha™ and
sulfur was 0, 25 and 50 kg ha™. Results showed that application of nitrogen and
sulfur fertilizers has significant effect-on yield, yield components, so that nitrogen
fertilizer application caused to increasing the number of lateral branches, number
of capsule, 100-seed weight, seed yield, biomass and harvest index. Some of traits
had no significantly differences.in 25 and 50 kg per hectare sulfur fertilizer. Also,
using of sulfur did not affect harvest index, but the plant height and distance of the
first branch from the ground level were significantly different by nitrogen and
sulfur application so that, the highest plant height was observed in combination of
highest amounts both of nitrogen and sulfur fertilizers. The Leaf relative water
content increased with increasing nitrogen and sulfur fertilizer. The highest leaf
area index obtained with 100 kg N ha™, but application of 25 and 50 kg ha™
nitrogen had no significantly effect on LAI. Light extinction coefficient was
decreased by applying both N and S fertilizers but light use efficiency was
increased.

Keywords: Nitrogen; Sulfur; Safflower; Yield and yield components; Light
extinction coefficient
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