WA /Y ojled / ¥ sl / (O 5 S p ko) S glgagy abows

1255 olo) bl G 5,5 oan B S e
esepehr@yah00.com tol 5 S Olidos dw o ale Old e 5 oode Con s o &Ktils wltS 5 35 (s il
mjmalakouti@hotmail.com : _.lzs's 55,5 (650 3WES suSCESIS (e a5 SRl sl
bkholdeb@biology.susc.ac.ir ¢ gl cow 55 e saSasls ¢ s &l b
karimian@shirazu.ac.ir ¢ wlaS o538 (55, 5laS sasiasls ) s oy sl
asamadi@myway.com ¢ wluiS G 05,8 (55, 5laS saSiisls wame sl ol lutils
sadaghianii@yah00.com ¢ wleiS o8 (55 5LaS saSiisls ane sl ol Lz
nourfg@yahoo.com sl 5 S Slidss dum 3o e Ola sae
rezaei_h@yah00.com ol 5 S Slidss awm 3o ole Ol yiae
zr_khademi@yahoo.com <ol 5 S Olidn du 5o wle ols ac

oS>

Sl T VPAD Jlo 53 (pB,] (215 jiud) yiud B pan 9 iz 55 SN Ciliso Byl (S (o) 2 ookt &
MO/KG) Gty o s S yind L (ST5 55 (5305 JalS sleSoks sl b b JessiSB g0 4 sl SIS
=50 VY Giala3T sl 530955 Lol OT 9 S5 Olisions duwge 55 \YS e MOIKG S ind 9 (Porsen < &
9= =5, ¥ (Triticum durum L.) pg,95 pasS o3, ¥ (Triticum aestivum L.) ob pasS o3, A Jolio 32
5,1 9 (Avena sativa L.) jw 95 5= =) (Secale cereale L.) ;lsgl= PEER «(Hordeum vulgare L.)
Bl 51 )] .05 g lin 0 b 1,55 auw 55 (AF MO/KY 5 +) yaud b 95 45 (Triticosecale L.) Al 5
Ol 7\ b 3 (lod plasl Sies 039 9 0SS5 jiucd ailgn plasiys jiud CoBle douy slaa
s9b 4 a5 15,5 eslitnl Jiud LIS asli Olginy 2l pl] (g 5,Sas Gasls 5145515 YLis )13 (G
0L pasS 05, 9 (M-A=1$) g ¥ as bgs o i 5 a3 +/AY B+ /BY 5l g sl Caws 4y« /¥ 5L
3\Y/YE MY/POt 5 ioss + /18 s 5 4 ailsd ISl 53 Hiwd S Qi g CBilE (uSle 135 udS (5315T)
S90S bl 55 .l Cwds i3 O puan Sl 55 FF MO/POL 9 203 +/FY 5 Haud b pao 09 bl i
4 by o /A0 MYIPOL OT (2 565 9 wasla b w35 42 bgspe ¥+ /10 MY/POL yiud i Olise (2 5L yiud
Blod 513 5,5 adgi 1) 5 Sos 00 WL 00l Qi jaud A>ly G5 wgd 92 .39 (M-A-\F) 5 Y
9 &1 P51 jiuad Cdzr S5 oo Ol BLod 51 Ll 393 055 (2.5 1 0LS JS13 13 yiuad G e )8
e (Sugad 04 D3 Hid JS' Oljen b 2 paslis 6091 )0 53 +/FY 5 < /FO L s 5 4y puaslsl

1 OliS 615 (Sin (Kot 0lS 5 Haud CBIE b g (M =+ /55™) 00,3 | b 53 )15 (G g

PRES ‘&IJL{ pnd (NS :QSJ-A{ <la O)‘)

LLSJ'JJL'LS oSSl Lm).)w C,..gjj eli.i.?‘b—.).v' JT Jﬁ’\;—julﬁfss%@l’e]ﬁ)f Clau;—d\)@_? IUAJJT de oJ;m..{jj—\
VENNO-MY ey Gl = liiSs o5 S

AVIO/Y 2 s ds 5 AONY/YY sl s *



A Dl Blod 5 SN il pU 1 )l o, 2 N YP

pH of,.s5 (Y44Y) Nielsen 5 Gahoonia .u> S 3 e
o, L sls 18 sy syse 1yl Olbl adeis s
(Root (gl aisy Ol 5 a0 i (V440) Marschner
L5 S ol (VAAY) Jungk 5 Fohse . s ,, exudates)
e S Slayl K35 ek, Ay 5 SbE s Ol &S
LS 5 0zZturk . a,ls 305 ady, Slwd 5 Olge
p305> 5 O pasS e Gl 55 s 2 53 (Y400)
At B 511 o0l slgisle &5 sl s
23 2 (o 250 pBI O 3 5 50l 2y SIS
Ad 4S5 S 5e 5 ege (ACquisition) ool
e ol r\,\_’,l e 3,8 e il sy LIS
A5 Wsls 0L 5 63 S eslizal LIS i Lantls Ol e
slor ol s Shas 5 olS 3 i IS CBlE gbs el
LG artls Olse 4 L5 e 55 SSL and S s
s Gahoonia ._sl LS s L5, gl oluabl
P rxf ol 2 il s 55 (1445) Nielson
oL551 51 SIS el s 5 liensy piS o6 48 il
Sl il LS leisls 5 dmes Sl s
s S 0l 8l iy Sl et S slasl Jsb
S e 2 b anslie 53 (144Y) 0,Kes 5 Horst
35 a8 el OF s o35 S L S L o3,
Ji“_éc,_lLéSc,JB);r.ajvleUQJl});raJﬁJe-
=S s el s (.j))'lj.‘;\)lfj syls oYL s Shee
Sz olmlr wlo) G505 Jule an 3l kel O
Lig0 .45 S Ol olS Jorls 5o jad agy G pame 5 i
ods — VA e o Wil 55 (Y400) 01,
Aol Gl IS s s VL S A LS S Y s
b ol 5 A 5 pBl s (S0l e Sl oS
JS s Ghlesl opl s 5 5l 3y St g 9> A0
Stson oln olil s Shas b olS Loy o Sl
ot Ll aed | S 4SS W S Sl 5 osls Ol o
el plwlid (gl Olabl JUB bl S Ll s
sy 53 (Y0 8) O San 5 Gill il LS i
3l H—U = SOl e sl slE o)l f-*if sle 4l
e oS 5 (P ouptake) i s Gl Ol bl
05,5 A sl el 5 L S 1 (P use efficiency) jaus
S5 5 (Vee?) OLSn 5 Gunes .sls )l 3 oo lae
o o1 e Sl Wl p S (55 TO ey 2 o
pIS U035 Ol 5 3 S Iy IS i Llsd 51 0
e 53 5 A5 SIS 0 gls p S i £ 555 gl
u)}njawf):&\)lsjbﬁém;@?w&ﬁ@.h
44 )z ;3 (Y++Yb) Rengel 5 Osborne ..us S 1y
3 Sas Slre slex Sl sl ¥ Al 5 A A8 wl;

Aol

sep AL I 5 ge ols 5l S s
Sosb am s Wis a1 G pae op i 055 %0 3l e
Batten, ) Los 53 s 5 O 17 51 i VL0 &S
by Ol 536 b 55 S 5 sl a Ave (1992
e odiomy canh Jﬁb 4 Ll (\WAY ‘uj).il.a) S5l
Jsl CeiS s el G pme i s 1Y LoLi o Sbt s
Ceels S 53 OVIAY 55,8 o 513 olS eslinal 5550
Al e e oS s LB S e
b A 5l i ez (Grotz & Guerinot, 2002)
gnjj/u_a f.x_;f Ol s 55 Shes JalS 4 e
sle! am ol jaed ol S Slps 54,5 Gromen
53,5 - (Eutrophication) Ss,5 4 w5 b
2 e ol Gl Sl b 5OV Ol S)
5 (CE bl ) (Sal glesls oa s s
S Ll o ol (FE 5 AP L) sl sl
G b ol slas S Al aen g L Cgr
S ot (S I 4 o ol AL s i
b gl gsladl 5 e Sy JVs 5 b S
g 0 Olheily b A Cel st ans 5o s Koo
sesls Jl3 Biae 1) S sk Ll i L OLLS 05l
s sl aS placd 55 Aol 5 ol 4 s
Aglad o3 S e e W eajl L1 558 5 St
.(Marschner, 1995)
23 ALS il gle 55 oUlS el
Gl Okl bug Sl ole G rme 5 Ol
5 Ll LS Coslis 4 a4 5 15 a5 555
bl o (Nutrient efficiency) olie ole 5l eslazal
(Utilization) oLS Lo 5 G pae b daadn ;) dew y wodor
L 51l ) el gl oS 353 00 e 53 8 L
R S P I G P G I TRV
(Y44#) Nielsen 5 Gahoonia .(Marschner, 1998) .:L
2 DS ) AL ol b abd 5l aS Ll sdie
Sed Ll &S ol 555 (P-efficient) i Ol
iy b s Ll ol o0 S Jgows 2l |, S
Cothe s Jpae A5 Gln ol ol i
S 1 LS oLs, Sbs) (1V44Y) Batten .yl sz
55 Las S Gpas s oSl o 5 Ja i
05 Sy wlul (VAAY) Mahon 5,5 0L (65,5Lis
fu)\ B ol ctled ay by |y 55l
| adters 5 (144F) Ol LSan 5 Gahoonia Ll «osls
Nl L e s e Jalye US55 e sdke
e Joele | eaii S slayl (V44Y) Ol 5 Fohse



VIV AWM /Y ojlad /Y il / (O 5 S ple) S (sletags alows

VO MO/KG s, Sy 5o 4 (555 10 MOlkg
O s YO MOKY GKie Sl Sy o 4 5K
Aol Syso 4 50 Y/OMOKY 5 e S s O 50
L o35 500 Ol S5k a0 IS ales 3 (S s
C}ﬁ_w‘)ﬁ Ny EULSMQLQL‘;T)MS&\@@}:
35 alse OF G il bl ey 2 3050 pie LS
ol = AY MG PIKG Ol s 4y s o3 el 10
OLLSa 5 Gunes 5 (Y++0) 0l,Kea 5 Ozturk =Ylis
.Juiwﬁ#‘)ﬁk;ﬁlﬂ.sdﬂodo\):&@(r"f)

L Jomene S5l e 51 e B 3550 S
s eals S5 e SAS Ve Sl s s (ST
Ll sliss 058 jems 3l o 5 S LV OIS 8 s
Tol)j(a)'vdl_@.:ﬁlf@u.,\_‘im\:ﬂlSGﬁV4_..
o lales sled sl Cusby 5 s iS5 ol Ak
Cils b S aia A Gl e s 45 S dlesl UL 5k
S5 oy ) oS s jid chale (Sl 03 L
53 s Bl s ole) i S e (e
s Olgee) Jand Ol S8 iy slaas (S O3
03ls A 5) i Goan LIS ok Dl jed S
LS olll (e ol jaud sy glyl 0 Sis
L ab g e oLl (pilpe bl 2 mls adS Al 4l
05 Lajlssed 5 Jdes 5 a5 SAS |53 ff;j‘ oslaiul
A3 S 4 Excel wl
oy

s B 5l al 1 als 0Liss (lasl b
L olS 53 0T JS Ol 5 yied chale (St 035 ey
(¥ Jgde) wnils (g5l oae D mev.z
T STREIREY)

ay Sl bl (S Slo g s ax 5 L
55 (YY) VL Slasls ys 5 (F/YF) o S K 5 50
O PNV 5l hagte jeb 4wy Slaad el U b
S il 3 1y pied Coeal oS 3L A5l 40V
Ly amey slaas PA bugie job 4 oS Kl e amy
5 by Jee 0L (’““f Bl 5l eam 3 5 sy Bl
TN 5l G amey slss aed O e LM-AYV-NY Y
s Horst o boasl cpl (F Jsd) il ol
Mg PKG b pzs L a5 Llad o Siillas (144Y) 0,0
o e o3 1 a2l Sl YV 6 V0 5l amey slaas £
ay sl Gl Klg e 58 s (O3 g edle (638
S
d.\}af\.u\&f;"djj

sl (..BJJS—/M—\/\ <=.L'.§ Y s g
My e V0 ols s @f/\j/\/\\“/\/ﬁpg.ﬁ;;@

(sl rU_?\ e 3 S das ( BEL sy plsa r\JJ‘
Al > Shas) jind G peme SIS 5 Jind Sl LIS
Ol 5 1058 eslanwl (LS 3 jaud a1y 3L olsn
v})b‘j&@@‘ﬁ)kﬂfﬁ))&)@ﬁxb;
SLE A 5 g sl SBL s S s L S
r,ufrl_i)‘jbbﬁwg_éjujgjq-ﬁ f.xfj
10 .45 5 Cadoux rxf ell 5 51,8 Durati 5 Egret
ole cdr 3 LS LU Ol Ceal 4 cole
ol Ol ml 3 SaUl Slidios 5 jied o goase ol
3> OOle el (sl_“e)l =S bl e Ju_uj
o A ) Rt g esliad gl o i ol
b S e S
gy 53 g0
S obss!

&l a,u:é,jcqgsu PV Y N W
s sl A Ol g S Olidey dae g 3 <=J.;§ej)_f1
3 N Sl ezt B 5las as Ot g e
J=b e B sl ol Cus s Ol plend
5 s e OmOKg 51 eS) ol d 53 e s
Ll 5l e Dl S 55 03 By 4 LSl s
Vs St oK.V i) Lds 8w IS aud
s S ol sy S i Olse 0 5V Ll oS
(YJsa)
f’@)‘ ol

‘6>\j‘&_~:})>gu¢4_;§(._fe)/\&u¢u)|
“AY=AA 5 N-AY=4 MoAVV Y CAV=F Glaiy e
=T dD-A=10 5 sl LD SSTERS PRI
o ooV AM=ANS 5 s S 5o 03)lS) s
OblSen o)slis L S5 035 ) laslr o35) s
clasl 5 g g Olidss daupe i
o 9 el CM‘ tu)\ 5l as semme S L5 S
=5 gl gl 5 sas e bl sl
Al e 03 juS
&) S aleyT

b s LB ek T
aM;)SCEJTjrBJ\VQLg:MJALSdL@S}L
YWAO Jlw 53 LSS 4w 53 (AY Mg PIKG 5 i Jol)
e s Sl O 5 St Sl i 50 6158 s
Sy S Sl 5 S sla [ Shsd, >l
sl Ve miKE) (535S il ole 5 s Aol
oo 4 peslty O MOKG oS 53 53 0551 oy 502y
Sl 5o an e T MOKG el DA 5
YA al o S & say al Ve MGIKG o e



S Dl Blod 5 SN e 61 S oy 2 VYA

(5‘J-’ rl_;)\ Aﬁbj &WL‘Q o g_JJ;- PQ‘J;A wl;»-.a
o=l = G Gl s 1 sl (6 s il Jseae A

Peont INP :
Olsie s Prgy = | 55 [ 01 (o 5 51 el
Peont INPgy

5 43,8 el (Acquisition) Cle 5 LIS axls
ol 3l aS ael s /Y e gte b w0 O e
VL slsls pass pdS 5 0L S oSl Cgr
omly IS 5 5 sl s s pBl 5 S0l
A5 b e ot ) s e OLES S sy Sie
o=b Rle Kl 6 xS jaud Ol Ol VU i osbe
L3l LIS jid G an 53 i oyl nl T e i
Ay 4 S Y 5 YO L S aslsl s sl
L w}\)ub '/\Y LM —Av=\? 9 vj)j JJJ}JJ:‘)S
(O Jpdr)s s id Sl

YV o b (VAAP) Batten alie Sl s
=5 s (Y++Ya) Rengel jOsborne‘r.x_{ 5
Slgsls amBl s Ul al 5 odle Calsee 385 V08
Syoms OO Ole po jad Cdo B 5l ol 055
3 S5 Pose 5 ol SE LA0 1 gl ol 5 55l
b g_).’s_>- L uil)lJCH\/IMYT L (Y"')wa
DL, cbbﬁ&)‘jﬁ(ﬁ)) cJJ..a_/AJJ @\)SJ‘M
L Jele 33 8 a8 5 53 (Y 0)0L K 5 Ozturk 4L~
Soladls 53 (V447) OLKs 5 Gahoonia ceusls Jge
godd ol =Pl — (Y444 5 )44v) Baligar
53,8 e kMo ol sl ‘J;stjjbéﬂjt.l_zf
i s ) O il o1 sl plE s ais Sladlas
=l Frda b e e el e anl S
YIS o ol em A 5
(Puﬂ))w d)..a.n )) @“)L{ uﬁ?\w

Mpgwazbmﬁjuﬁ}u&l
slses (p = W

= ) sl S 0l ol

cont

Ol b Ay sl a alS s el A 5 s
b J}> ‘;S.)}.vbﬁ L_SL@:.;.“:.‘) JJ‘FAS‘_SQ.;)}JML&OJM
3 b o L‘<:. . G)Lﬁ} J{‘LQ-.’ “ln,.. P &:.Lli ..]' . 33
)J\)UP}%LMJJ)AGMUJ}'NJ}‘}MW

f/Y glpot L L, poas3 o3y 5 Al | Six esle
osbe Haud b pme b (Y Jod) s 1 A5 o S
g5 ok Gl ol pme jsb 4 pB)l sl S
Ole ol 53 5 dwy A/VV gIpOt & #/AA 5 Lo gie 5 4b
oY by 00 oS LBl G 53 358 @ el R
rG)\ O 00 3 dewy VYV 4 O/AY 5l oS 55 M=AY-YY
=V Y e rL’a)\ O 03 s VPO 4 YAY I 093
Lot pl ey Vo/\V @ ¥/YY gr/pot 51« M-As
(Y++Yab) Rengel 5 Oshorne (\4A?) Batten sla S
s (Yerr) OLs 5 Manske (Ul el s
5 Gunes 5 (Y+:0) OLKa 5 Ozturk CIMMYT
(1447) 01, 5 Gahoonia s 5 53 (Y2 +#) O, K
O 5 Liao «(Y++¥) ol,Kea 5 Gill (S Lals s
S = s r.Jc.f (slfa)\ Sy 2 oS Wil 53 (Yer0)
Al o Cilae Ll o3 S aslllas Olis
(Poonc) LS 53 hud lalé

el 53 ol 3 jand clale bawgze 5k 4
sl 53 5 VY G e 3 03 s 200
Osd Ll 5 53 (Y Jsd=) 350 o VL s ys +/YF
G Ly S N s il (o Sile i s
50U ("“ff‘:’)‘ Po Ll i 5wy Ao s /FV 4 ol
azjjr.,E.'J Loys /Y exgdoe 3 1 b Chals £33
35 g 5 bl G el 5o Jlaie pl a8 b s s
el das e 0L S ey +/10 5 S 4y e
S Dy s b i S stone Jald 3 WIS e
534S L s el 1) 55 Sl sl o Jls
ol 418 Aops /Y ad Culis cbls Jgene DI
< .2 L Lsl (Reuters and Robinson, 1997) ...
Ypéjl:@xﬂ)}bgjmwvﬁjlwwjzp
A4S Ay doys /Y 4 0N Gl g e 4 5 S,
(Y++0) 0l 4 Liao (Y++Yab) Rengel 5 Osborne
Al plie s (Y++0) 0l,Ka 5 Ozturk
35 S el 5 (Peon Jodkih @i Laud IS O 5
(Pacqu- ) r

e ratol Sledd Cdr i JS Ol
Peont- = Peone- ).\isjf dsles it o3l 5 b bl
p5093 pa=S 5, Po - s i g cpd 5 (* DW
L syl ol r.\_;_f o=, 5 YN mglpot L sl
=M -AVP o o Y g o i o \V/Y mg/pot
WS an sy anal 1) Ol e o %S 0/Amg/pot
35 WY Molpot aes Gk ol s s Gl Sle
a5 Sl Gl gols pme sk jald O LS
534S Ll 31 Ll L(F Jads) dewy OIS s oS ke Y7



VY /AFA /Y ojlad /¥ s / (O 5 S ple) S (sletags alows

=V s Yl pl sl S Ju“;; esleiul (Pesficiency)
L 33l 0L a8 o35 5 e o 28 /FY L M-A
=Y iy 5 e ftsjtja;fj\;)ij/w
Solal 03,5 S 53 sl oL s s s SAIA
o S (sl_“e)l Ol o 10 o0 o) w3 S 513
el s as s | S- el Olge 4 5 S0 (al.“e)(
Cte (Simsen LS 55 i IS Ol b (Pat) 2LlS
b Chle LS J s () JK3) (r=0.66%*) s jme
Lo ol 48 313 UL nd Sl (Stan olS 5
S cils el (Y040) O, 5 Ozturk sla S
Aol G 4o 12081 |y S ol i T
Baligar 5 Fageria 5 (144Y) 0l,Len 5 JONES oo
b 5 oS 3 s SRl o (Stes s (V449)
M colallae C el s Ll ass SOl oIS
Moy 2D paed bods Cdr and IS Olie 0 (257
Gill et al, 1994; Fageria Joneset al, 1992) ..l ol
S e 2L (and Baligar, 1997 and 1999;
tloms DS et U (ol sl e 3 ,Shas)
Syso do (Y00 )) 0L Kan s MoOnasterio L & 45 ol
2SS 3 oS s ol s LS oa ol
a.u”sj.f Ols (Pt = Paggu.x Pyg.) jzie Cud gdme Sl
sl plis (r=0.86) 7.\ Ch" 05 Ll sme L}izm@ sl
;wu:wowwosﬁm{c\fﬂ Jﬁ,.«)
3 2L Jsle o5 a1 et 4 oles HJ\J\ o
b 535S 03 S ae 3 QLIS 5 i
@S Sied 2Ll Gln el s oS U5 e
sLia0 5 (7+40) OLSan 5 OZUIK g5 L 5 il s
Jlazmt Lastls ol b Ll syls s (Y400) O Kan
Ol e s Shae P s i S 5 a5 65150
MJJ'CWQVAJ)S‘JI@@MQWQJ\})JJ
Lynch 5 (VaVY) Gerloff 100 W 4o a b LS jaus
Cdl s oSl e s Shae lal 4 (144A)
s (low input) eslg =S e = L P o s
o3lg p ot Gl L P cols e - o op Sl
e Sless CAl- s as uls S slei (high input)
Loy aS glaadlbs jsais Seslaul g pds S
e Wl ol 53 (Yer YD) — Rengel , Osborne
Gl ad) e e LS5 WY Ol o 28
Sl 11 Bl 135 S sl s bt s

3l Dslie W5 e aslllas Glal 4 a5 L Gl

JJJJJMQJ&)UJ})JQWM.J&MCG)‘U:;

o 2050 pBON Ol )3 5 5d e Al il s
g DW/mg P L (5,050 SYA S s ]
s fBl S nl )08 i s 20 /A
50 oS 2Bl Ll gy SIS WSS 5 5 sl s
(0 Jsd) kils ol LK £33

ol b D pae LB le 3 S 5k 4
Sle sk a5 Sl eSSk b 4 e ls
CAl- 5 oLS das e OLES a8 sy /YY) @ +/00
A S e p |, (Adaptation) ¢85l s (us s
(VAA) O, LSan 5 Fageria sla,ls ams b asl ol S
Ol Gopas SIS Qi G yme b oS Lled oo llas
et (3l L;&Séj‘éw)}lﬁyéﬁ rG)\)b
Ll s ¢.x;§ el s L (1444) Baligar 5 Fageria
el Sl LS e VY aed G ias oL
0> 2l @sls (144Y) O, Kaa 5 Horst sl o 13
AU 05 S Ol 5 A 1 p S Gl s i s
03 Sl a5y 4l Sluws @UML@?‘ 5 Shas a8
50800Me Iy o ol S e Sy gl
3 olasls ‘r,\f wilises o512 53 (Yo YD) Rengel
Cnd e 3 LS, f.ng oY Lsls Olis s 5
Yo ke GULS o kS Ss 035 YA el e 4 IS 5
DL (gl B oS iy [ gl e a8 Slasls o3,
S8 = 5 o oS s Bl el g5 ekias
el L}.ALS
(Petr.) 21y ud Lamli

Jj_Q.u« O 2 L;:Lkﬁm(_gk.ﬁ oela sl Olidee
PI] o 5 Shee ol Clr b las Ol e 3l
Ao Lk s e Dlgs i il e li ol 5a
(e s Ol a pied Cdor Olje codd ol
Sl by dsb Al b O35 a4 oder Ol
Rengel, 1999; Osborne ) Jl o5 S eslazul oS ,ad
& Rengel, 2002ab; Fageria & Baligar, 1999;
Monasterio et a, 2002 ; Gahoonia & Nielsen, 1996;
Ol g 4 Lls 5 (Damon et d, 2007; Ozturk et al, 2005
Ll ea,ld0 34 9 C},\a)ﬁ Rl L;\Scl.v\ S oS
gdsjbujeué\jdﬂsjfmjuiﬁé@\
A s s Shas Cand Sl sl 3 (s 88 o 5o
il o P el a5 OF e 4 P oy i
LS Jsle 55 8 36 Il ol &S (Rengel, 1999)
a5y gHLS 5 (Acquisition) i Ol 53
3l G ) 53 1 o8 e 5a 1, (Utilization)
sl rl,\_'\ T WA SOOI ) ¥ W7
DW inP, J

LS s asli Ol _
&b S e La Olse RDW =
(DWinP%



S Dl Blod 5 SN s pU 1 )18 o AT

4S 5 Jalg i las S O e Sy pde 3 s
SoblS S s 5 wland las S b e LalS e e
5ok 63slS S L3 cute S8 I glaas pa
oSal oa LS 5 55 el s L ) 2Bl
Sl L& 5 Comemr A3 Ol S 2 Slr e
i Rl s oS b s s O b Sl e
B3 s OB a3l s b 1 T ) sl gl
A oS L i Mg e s @ L Gl el sl
Fla= L L 5558 G rme Ol W5 g 3 S
DS LB e
A g g

23 p e OLLSr Slasj 5l adews
5 et bl 03 O 5 St Sl a5
3 RAE IS oS5 UL 5 s S g5
Q')A_édi_;u.p_:mol)m)'\jw_;ﬁﬁu
ool g bl G Jlg 5 Hd Dlided dn e
Al e Sls,18

Obs 53 ey (oo b as climal i 5l ol 5,0 b 55500
BUs 5 iy pssss 5 06 oS o1 g2 3,50 6|
S I&a 5 5 sl s o Ul 5 s Sl
50U S 2B Ylorml 5 ety IS s 5 ae Ll
oS (S gy iy ed s gdons b 55 0550
TE 5 ey RS Sl il i gls
5ol sd g s pB) 5t e (T sladad
S 5 e g O Sl iy JISs 5
Los (S slae glgadled 5 anled o bzl 1 olS
ol e i 5 A 1 S e o 55
oo ol 3ype 3 skl am el (eSS | eslizud
WS L Al o it o1 b iy e a3l
LgLa)L:.é)ﬁdAL:f dﬁ&&\b)sdb-;ilb'ufléjl
Gl el il id G yemn 5 i Bl 51 5 sline
Sl LS p5,1 plulis e sdle o] lidss s
3y 50 Ll oS J xS gls 05 5 oL e eiSa
L bl (S5 Sl Jlasl L Ol U 5,5 513 4
S el sl G Dy se 3 aS 5 S WS YL LIS

35t 3330 SRS U5 s 3 ol d ) i

Yokiol ) okho!l S YouE doud  od Yol )gles | ASE
(mg/kg)
v/¥ Y/A /o £y /A /Y ) ol i
V-ov Y -y YoV VIY0 Y- M- JS yiuud
ialejl 2590 SB lowad 9 (K58 Sloogad T Jgso
Sl 2alg 7ok Sl 7ok Jade sy el
Vatd Fe DAY EC Y. cm (oS
Y/A Mn TS o.c 55 o
-/o mg/kg Zn YIVO TNV Yy YA o
-IAY Cu \ii2 ‘ Paa WY o
mi
o/¥ B YVSIA o/kg Kava vIvs _ pH
w2 2590 S el Slape aSSle Y Jga
(MS) a0 5sn
— . DR Low
JUCIEN WS yhoaud Clale .. ) gahhe J
_ _ SUiS 39 Ay dlaxd
ols s ol 4o
van™ oo\ Voa™™ v/vs™ ¥ Soks
vo/s¥ ¥ ofeey AN ARAVAY- T \# el
yvay./-a * vaa ** vAY/AY ** yav/ey = ) Y zglans
oo/ay ** RES TR WY * \# Yad D o) LiiSed
ARVAN ofeey AV \iig 55 s

\:ﬂ-*;-; )‘-5 d'.v.a ns g/\ ch.a 33 JL’ ;;'\.'.4 %



WA ZAFA /Y ojlad /Y Al / (O 5 S ple) S (sletags alows

S pinad 9 oS ;3 pundd CABLE (SUiS (39 iy s 2 phend B puro 3 F o

olS JS yhuud oLS )3 yd Clilé Sis (439 Sl
(mg/pot) (%) (g/pot) iy o
P84 PO P84 PO P84 PO P84 PO
OV <A \O/YO -[00 HAS /vy v/ay Yo INARS Cyd9)
Ya/5y \YIYY AL AS NYA MY \ilz2 \yizd ) )'T
/Y VY/¥N </¥N AV AYD £1a5 \7&D \iz o8
OYV/5O VEINA <I¥A +I¥ Vo /VE YI¥A /vy Of - g
YY/AA ATRE /¥ +I¥ Vo/¥ A7A%S VWYW/AY NYY C-A-¥
¥E/FY Y/ -[¥¥ -I¥N VoYY oAy - Y/ M-AY-\Y
¥&/a. V-0 -[¥¥ -IvY VoYY AR ¥/ /vy N -AV-A
¥o/Y \EIYO -[¥¥ Iy V/YY NAY \7An8 £IvY S-A-—VA
Yo/ay Uy NAid -IYY Y5 ¥Y /vy YNy L )'l
Fa/¥ - WYY -y AR /0y 150 Nizd \Ans D-AV-V0
\a70) Y-N0 AR -Ivs a/s- visy FIvY \RE oasls b
FY/VE ¥ -I¥Y AN VYA £I03 FIvY YAns 255 5 09,
FY/A¥ INEA -I¥Y AN VoY ¥IvY Y/ ¥/ M-A.—\&
NI VV/EY </fA LAY Vo/A¥ YIYA Yy/XY YV/e- )las.l%
¥y/Aa¥ ARIAYA </¥N <\Y Ve/NF A4 Nefoo sl5s 993 5>
Y¥/5Y VV/AA /¥ NAYS a/y- YI¥¥ \izd Y/XY S 5
¥&/-a VWIVY I¥Y ALY a/vy SIAA a/05 £V U&L.o
YA R VS vis- (lusisis cely) LSD
¥ ooy .¥a J5Y (P zgaws el LSD
SIvY ¥ VY VIAS (P it 15 o3, cly) LSD
WY Vo/A ARTAY Y-/0 Cv

O Bl s Cuigil o (2,5 b s Wi -0 Joua

o Aud S pao ] ) e
S ind (g DW/mg P) L Sadg
Pas Py -

-IAY <NA eV Iy %9
.Jay -1 .J$5 ¥ 3l
<JAY -Iv¥ .10 Nt o3
e g -I¥5 /¥ Slii
- VY I¥Y ¥y M-
</OA <Y I¥5 HARN M-AV-VY
LsY LYY JJEs LY. N -AY-4
A SIvY -[o- NAle S-A--1A
.Io¥ - IY JIFF s L)l
Y- A JI¥A «IYA D-AV-Y0
-Iva " <IYA -I¥Y o*als b
-[oA JYE -Ivs Y- 285 2 09l
LY ¥y -Ivy VY M-A.—\#
VY Y < /0¥ -IY¥ Ay
JSA Y- N -IvY Pl
<IAY -Ive N -/Y0 29
v <Yy .Y <IYA A
VY </¥) 100 Y- oSk
Y- WRY AN (ka5 s1,2) LSD

WIY WIY yoly cv




S Dl Blod 5 SN s pU 1 a1 o AT

03 12
'.1 0.25 1 .o 1
1 o2 1 08
; 06
3 o] 2
1 Y 04
3o
02
L
3 ) —
0 : ; ; . , 0 5 0 15 20 25 3
0 0.2 0.4 0.6 0.8 1 2 P A
_ 1 (MQIpOt)sas ciis ind S ¢
L;'_"JLS )Luﬁ
Ol 838 dnwlme (yf10 5 (25 piand (2 (Shaamod =Y S5 B e pund S (1500 9 (211, phnd (e (Shuno =) S

Folas VY uls (O 5 SLs adoms id pland (slas S G me 3 (50503 ladsls L(OYVY) 0 Oke s )

Ol ol,e

Lg_}f.,)l_:l_;c}_.ﬂ Sl Ol 53 38 G e ileane b Shee (51580 5 Il (65,5l L(VWAY) T (S Y

10.

11.

12.

13.

Ol O e Ll ¢ Jals

Baten, G. D. 1986. The uptake and utilisation of phosphorus and nitrogen by diploid,
tetraploid and hexaploid wheats (Triticum spp.). Annals Bot. 58: 49-59.

Batten, G. D. 1992. A review of phosphorus efficiency in wheet. Plant Soil. 149: 163-168.
Damon, P., L.D. Osborne, and Z. Rengel. 2007. Canola genotypes differ in potassium
efficiency during vegetative growth. Euphytica. 156: 387-397.

Elliott, D. E., D. J. Reuter, G. D. Reddy and R. J. Abbott. 1997. Phosphorus nutrition of
spring wheat (Triticum aestivum L.) 1. Effects of phosphorus supply on plant symptoms,
yield, components of yield, and plant phosphorus uptake. Aust. J. Agr. Res. 48: 855-867.
Fageria, N. K. and V. C. Baligar. 1997. Upland rice genotypes evaluation for phosphorus
use efficiency. J. Plant Nuitr., 20: 499-509.

Fageria, N. K. and V. C. Baligar. 1999. Rice cultivar evaluation for phosphorus use
efficiency. Plant Soil. 111: 105-109.

Fageria, N. K., R.J. Wright, and V. C. Baligar. 1988. Upland rice genotypes evaluation for
phosphorus use efficiency. J. Plant Nuitr., 20: 499-509.

Fohse, D. and A. Jungk. 1983. Influence of phosphate and nitrate supply on the root hair

formation of rape, spinach and tomato plants. Plant Soil. 74: 359-368.

Fohse, D. N., Claassen, and A. Jungk. 1991. Phosphorus efficiency of plants, II.
Significance of root radius, root hairs and cation balance for phosphorus influx in seven
plant species. Plant Soil. 123: 261-272.

Gahoonia, T. S, and N. E., Nellsen. 1992. The root induced pH change on the depletion of
inorganic and organic phosphorusin the rhizosphere. Plant Soil. 143: 241-248.

Gahoonia, T. S, and N. E., Nielsen. 1996. Variation in acquisition of soil phosphorus
among wheat and barley genotypes. Plant Soil. 178: 223- 230.



WY AYM /Y lad / YF dlr / (OF 5 S p ko) S glgdays alows

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Gahoonia, T. S., S. Razaand N. E, Nielsen. 1994. Phosphorus depletion in the rhizosphere
as influenced by soil moisture. Plant Soil. 159: 231-218.

Gerloff, S. 1977. Plant efficiencies in the use of N, P and K. p: 161-174. In: Wright.
M.J. (ed). Plant adaptation to mineral stress in problem soils. Cornell Univ. Press:
New Y ork.

Gill, H. S, A. Singh, S. K. Sethi, and R. K. Behl. 2004. Phosphorus uptake and use
efficiency in different varieties of bread wheat (Triticum Aestivum L). Arch. of Agr. Sail
Sci. 56: 563-572.

Grotz, N., and M. L., Guerinot. 2002. Limiting nutrients. An old problem with new
solutions. Plant Biol. 5: 158-163.

Gunes, A., A. Inal, M. Alpaslan, and I. Cakmak. 2006. Genotypic variation in phosphorus
efficiency between wheat cultivars grown under greenhouse and field conditions. Sail
Science & Plant Nutrition 52, 4: 470-478.

Horst, W. J, M. Abdou, and F. Wieder. 1993. Genotypic differences in phosphorus
efficiency of wheat. Plant Soil. 155/156: 293—-296.

Jones, G. P. D., R. S. Jessop, and G. J. Blair. 1992. Alternative methods for the selection of
phosphorus efficiency in wheat. Field Crops Res. 30: 29-40.

Liao, M. T., P. J. Hocking, and B. Dong. 2005. Screening for genotypic variation in
phosphorus uptake efficiency in cereals on Australian soils. p. 114-115. In: Li, (ed.), Plant
nutrition for food security, human hedth and environmental protection, Tsinghua
University Press. Beijing, China

Lynch, J. 1998. The role of nutrient-efficient crops in modern agriculture. p. 241-264.
In: Rengel, Z. (ed), Nutrient use in crop production. The Haworth Press, Inc. New
Y ork.

Mahon, D. J. 1983. Limitation to the use of physiological variability in plant breeding. Can.
J. Plant Sci. 63: 11-21.

Manske, G. G. B., J. |, Ortiz-Monasterio, M. Van Ginkel, R.M., Gonzalez, S. Rajaram,
Molina, E. and P. L. G., Vlek. 2000. Traits associated with improved P-uptake efficiency in
CIMMYT's semidwarf spring bread wheat grown on an acid andisol in Mexico. Plant Sail
221: 189-204.

Marschner, H. 1995. Mineral Nutrition of Higher Plants. 2" Edition. London.
Academic Press.

Marschner, H. 1998. Role of root growth, arbuscular mycorrhiza, and root exudates for the
efficiency in nutrient acquisition. Field Crops Res. 56: 203-207.

Monasterio, O.l.J., G.G.B. Manske and M. van Ginkel. 2001. Nitrogen and
Phosphorus Use Efficiency. p. 200-207. In: Reynolds, M.P., O.I.J. Monasterio and A.
McNab (eds.), Application of Physiology in Wheat Breeding, Mexico, D.F.:
CIMMYT.

Monasterio, O.1.J.,, RJ. Pena, W.H. Pfeiffer, and A.H. Hede. 2002. Phosphorus use
efficiency, grain yield, and quality of triticale and durum wheat under irrigated conditions.
Proceedings of the 5" International Triticale Symposium, Annex. June 30- July 5.
Radzikow, Poland.

Osborne, L. D., and Z. Rengel. 2002a. Screening cereals for genotypic variation in
efficiency of phosphorus uptake and utilization. Aust. J. Agr. Res. 53: 295-303.

Osborne, L. D., and Z. Rengel. 2002b. Genotypic differences in wheat for uptake and
utilization of P from iron phosphate. Aust. J. Agr. Res. 53: 837-844.

Ozturk, L., S. Eker, B. Torun, and I. Cakmak. 2005. Variation in phosphorus efficiency
among 73 bread and durum wheat genotypes grown in a phosphorus-deficient calcareous
soil. Plant Soil 269: 69-80.



A Dl Blod 5 SN e 6,1 S oy YE

32. Rengel, Z. 1999. Physiological mechanisms underlying differential nutrient efficiency of
crop genotypes. p. 227-265. In. Rengel, Z. (Ed.), Mineral Nutrition of Crops:
Fundamental Mechanisms and Implications. Food Products Press, New Y ork.

33. Reuter, D. J. and J. B. Robinson. 1997. Plant Analysis. An Interpretation Manual, 2nd
edn., CSIRO Publishing, Australia.



