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. iilis Gliiir tC. f.+l t-S .LajJlJ -iUJ C*lJ *+ eJfcli;:,,,i^ clAtj^ ,s +...lt+ .lj=

.i,-li

# L3IJI.9 Gli-Jl i.-"rti. d €.:. d +tSt dr."3L-:.ll Oe",r.,ytt .rJc r_r.-r. ..3
.-a.j- - ijil+^S j i:". JiJJ-i U,-3t -.ll ob cr:lS elj- r+tlo 1^,; gSl gCl

:fill:ll 4*ilJi,.Yl

i-tL.." r-rt'3il ,-r U l.r!-r .t--&;+ 4p. 6tiE::,.,Ei.- rla:L,i3 , +IJ i!]l_nl .-Fjlfi
fUJl e+.-:i (LiU+Il LJ5. ii.,- tx;ll rJ,r.:s OI eS+ , *Jl i_,-till .jrJgll ,-,-.r;&ll ,+lts.

cl.s oi 
"'s+ 

ruiLiJl LrtL i,Dt- .jn .eF u,s..!13 rJal3 gL *u-tr LJE.J a-rill iJIc
.4.-,$ (-i*Jl di.$ 4Jn J i.J-l3jYl Aj.,- lt+I

dL"-3 Ji l-"JU+ fS--3 ,Jl C, lll-, :.J-.;.r.J. l-;ri. lJ^,SJ. l: r*=. :l:**il .:rl+Nl # iJ
.tJ-lJ-. _r !Jl^i JKI c+L:itYl c5+Lo dh-3..i*ilJ crlJa;JJ lilI j ,lr.-X

. i t. g! !-!itt r+r-i # ,Jr.Ei ,rul Ll.6i iF. JIJJ"{iI drliJl +\--, erL, ,:,lLr:J
:oxxl .-lJ^"Yl ft$l ,!-ull J+. L3J. J drJ,Lll ,",-". .ju.-!l u

cll" & ,Jrl]r 
".ll 

.;U,-!l ,&'1;r (i+i,-J A-,=". Jre,"iX ii.-tt jl_,rJ cuLnl. I e._* -l
.i-Lll orA

l



.Liti+ll LjLr ieill i_,=". Jr5^ill iiJl .;. J.tg_.;yl qr-: -2

drlll ,', -'. LCJ JLiJI i'r.". Jr+."iX aiJl .,Ic c.i.3iYl i--.;L. r,i. LLI g rSfil -3
.f.,.JLll\3jill

r-.rt-:3.i)13 .,.''5jl O++Clr (slL--)l .,. U:iyf di. (i.!*UJl o-*-rff O-,+ ef:l -4
... Cl ,i+^,,iyt i-l'13, ,crl3Ulr ,{+JIl e-':" lJrl &',.-Yl /.':r.,!,

a*^,-3ll.r,jl+,-iJl .t;r J! rills3^ i.rLs kirs (crhL6;.Jl Lj3J i-!..j3ll eb-:r
LI^-- o--a c6l"lL-a-),J i.-j.Llti. ... C i.4,llr.o-;l.;!l: L'.;ill-, (lllJl .P"illr ejlJr1

.;rir-a di+LeJ i-;iS Oti,- 3L.i=Y

i-"1. l+4SJ#Ilr i-,=". rJ+,illr i-,"J+LJl ,"--!t .1r,^ i--,s. tSl &l-.;I*J +-i dJ l-,h-r
Gr!.ll ,',-1 s-Js.l^ll 4+lljFill 1[-'".!t ,-rl-:::1, fr-fi J,b!l Lx e+-J.i=jJlr dtiJ] LrLiJ
JrJ 6-.-+ ,crl;$l Ji.j "oJFsJ (€Lriyl .,-!; Glellill \ i31 C+s .i--*Jlll_r i.1g A;rirtl

LCJ uj-:,rl1 G".1J3s-,1fl drLiJl J.--r (C.-h$ 6 +-t:Sl+ll-r .,,,j,;.Jl e)5.o1; rLa_2L,iml_1

.chta;yl clil otsll LrLL

. :riJisll dH,,.al.l..l dl.dl Oi.4r:ll ;rLiS gij

.aliJl "*l "!l!l 
C;Jl+ .+.j'll Ol"l,iJ ,jl i.illr e.ill .itu! #l-13tt +^,,-:lt e.U: -ih

.(12) +s!ul ,-!r=J,r5 <,I;i!r,.!l LJ ,hro ,.3l_.,-dl a*"-:tt el,,l ,,Jt',,,

._e.1._r.tt d"AJl L.;Dtll 4$1_rtt ;rt-lt 4,;"L d.n
- 

:r-rlEll &L:ll _,,+, .!Xj di=5r ,Llrrt ,ilj;-,..:i" br,"j-, f-*-_r.l l.ra iJ.: $l-

rrl-!-.flj ,ultJ^ll Ljti.lts Ll^ (J[i,-lr^J udl^-i &..: 
"jtl 

i"1. lJJl dr--!l drt.G -1
q;;:-,Jlr ,e-iill ,r-i" -rll-1 13Ji.,J; ,i".9lt Jl ilFlJ _.$Ul-r 

(1.!'JJlr_.,-i_Li+Jl r
_ ._. b*, i,t-r)lls LW arij")l +r^-11 4.-;6^ aryt

.d.ff Off:. , ihr - d 1i!- iL"r,.,.llJ Gt-.;, i1-,=.11 ,-iE -!l Lbtn -z

.-4J.lLJ 4n" lJrll cl;,!l .., Germplasm 1$13-eJl-1of.-.ll cJIL -3

' :o.! t- $$-:',.u .o;-.2.II r+i. .lSl-,r-:ll 6JLI e+^; qS-,

rJ-+ O-" i--,:- lJJl ;rL1ll OL- Evaluation p+-.r3-r Screening iJr.-.p i;Lo_'l_;=. ) ( I

'qf'J'I

..",Ur'ill-r ;etisIl +l[o 4+ -r*E ; ,ii!S. i.]-]-- o1-.1g{+3 *{ 6E s Y 6i

-.'"+sJ i-':" IJI l=+StJiI ..t$l_.,:ll asul )sJi 6l

i
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I
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i
i
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de-,rl 9JE6LJI J#,sll :.+Xc, crLj,-Jlr d,..iL.,-Jl 6l.i c:ljLrril l-,,1r-,-.. jS-^,r 6l ( .r

.\,__,ti:jl

1 €"tL.l 13JJt i1c dlllr , !.LJl d-,,:ff Cr:,"=:ff .g.: +l .1. riilS. OrS Y J (-o

- .Lrjill g-cl,i_,p , ; rt iii-:_r ,stl k+a, ; \*+ i-':- IJJ ,-.+SlJ,'l

L k+_r .k_.rill-r -trJ.ill c)---{ i,iss 6i .,,u .;.r3ti jsl u-l-t lt ;rul e+; o<t-r

-: o'19

,.rrr-.ll ,r.^-li -,r{ i:.lu a-nlJJl dLttJ # r.r-u (JJ'-rrn 4,;"lgl ,l .r.r..,1 ..,-'l (l
i.-Ju"lls) 1-. i*.-t. _rl ai.,-l ijs- ll iJ:. lJJl .alll.Sll # e r-ir_6a dlJi5

.(...? l.._&ll.r reirlillj,uJJ"$

,.-UJX.J-t-rJl Or:S"tt # oti_.,r^tt iF J#S Jro rr+r i..-p _.rf+l ..*^, (+
6)l =-:= 

Ld C.-.,,J d uJl, . r-rJ.:ll3 eJ,,i,ill OAlJ,.-(r-i_t\_.-... J,^ll 6Y)L-IJ
.tl+ii-l (..tlll ,,,tL'iJJ .6)l .,j= fri3.,.3 d, .l+ .61i. l( ..,i1 Or' &lSll J#,3X+
drt-eJ,.-Jl # a'*d oB_lr"ll dI} &F* ,e_b,y;-ra.b 1$l_13 q+SlJi

+Sl_Flt€i GLi,-llJ Uit -ill -elX,',.r-r (:-r:. lJJl jL.-.J O*:trj.Jl,ll
tl;=J Jl ellr .rj1 .r!; .e+f 

".-d d -t JGL" k;:.,e i-ll,-..+r-ll I,ilJJl
Pleiotropic gene s-i.Il ,JVt otl c:l5_l-rll 3i Minorgenes 15JiJI oE_r_rll

*,r- 
r"r-._-,'. ..*l New Linkaee-:1\ r*, .tffi/jflfr

sr-t;"S: l;-t =il dil63 clll O^.' 
-.1_r :d**rtll Stresses c,l.rt6JJ il-1,"-ll d+lit (-+

- "=l gtll .,,1L1 har...dll ...irjnL.r.-iJCJr.-ilrrL6_.fl-ei--j"Jl3.iliJ-r
:oJ-.liEI ua.,".AYl

- .Major genes 6$!l ai3-L2.1l ,r-jJ e^+Il
.Mnor genes LtJiJl crEdl G"..s:

a-r._tr;Jl Ur.3L^-illJ &LiJl 1.+"J 4rSlrill 4c,t"+ll i.- &. ,..j i .'t. ,rJo .ll-ioyl ( .r

L.--r. O- 6f-s.Vt -.p,-E 
f-+; Ot+- ,o*.,;]f o"'U".rif +$l-.13I1 jL-Jl os

eLlxL dl$.1i-i 6l a,-S^r-_r .$s-. d# LiJt dsi Idealvariety .,llLil Gi,.-I
o++illJ .Top qoss q.^r.I O+++!l i-,"JI".J .u,a r.+ O++ill .gr ilihll ,L)l
Segregation l+llj*Jyl i-eLJl crL3t! O-...: c.LiiiYl -5l.,Back-cross na;rll

UJI-i-l d$ population

d"-'-Jl &J,-r-: rri;Jl 19J,rSll trEJl &rS6^+JLncYl d6.--1,J,j.J+.. (-o
+!rf e+J Br" JJ eU-J U$ clll ,_r<.i"_-r .r+rll A.B2 , irll-t &1 ,J.i9
(d+ejllJ ri.ihnll a-rGJl &Li,- e-+ JL,:c,yl d to_r L li! L:." y ,{-,i.:l

.r=lj, ;i. ,J L:+ k** e. to*;l ipl_.,_J U,-il,-illJ .e,:jllJ

:d;i:ndl 4;trg,tt 3l,o.lt Jt4ii-y tis.rlls L*rnJl ,=.".IL,!l -,;itl sb tL&yl

:lDl:,,1,. dlll dtir

,'' . ;SI cJ,"-: oEL:l gsyJl r.-,]:.:i)l U"Li (Jl" alri "o ES cjL..:-. il.-p. & .rLioyl -1
.L.pJJ *.3t^-ill O" aS-.

:llu



.l.6.liiil ,.r+J ojl -f*:f cJi.-\ i-S..iJl 6E*:rU;$'s^tl crl-.,Jdill oe drLJ,td e.+

.lt-:+!t ; i-S," ro-p" *.,-ll* 4;itrrlt i-lt -Yl dHi.i.J.-J ,:-" iutrJl ;i-;J.ll 1t-Sl
(1n) L+4Jl i+,-X ,.+Ll drEL,Jl eE ls iilSJl ot:i:!. 1 Jl er+Xl pc c!,iii-l .a,fr"Jl

...U;go3 in vifio l+j-- i.=.,,1!l Gl-D 3i ,lii.t.'-0,

.tU!l rUs--t, !;lll olLc olJr.-J jJ'"6--lr,,l ll.tr o:I i-i" l-2rJl ;$Jl rhi:.,l fllc, -4
.(a-,=r-tt ,,tj.ll CJI ol3,,u. &) i,._r._,rll _;:r rjl-r:ll

- 
:ol.*4.sYl L-lti^l dg,als^ll 4#j sp p$:tl jl.;s.l r:rt+l!t^

€Jr-+ jLc+ *+r 6.- ils.,,;,. O-:S:.j CS^,,ij"n- -si eiri",--iti=ll LJIL c$ls l.o6.^

.dr.J=,. C-----,*r.,s!r*.3 riel-iSll ,J. Cj.t:li"it,ti$ ;lSI drj*. i}"ir .4+!Ln ,rJJSLr (dd.e
.,s3=| &trr, (d.lJ,*ll 

"rA dS 6. iJ.5'y LjtiJl irj: rij

O;L,:II O$; ,4liJ 6qn;Gli+$ LrliJl e. i!i/ J#[Jl ,]A dE Gls dE i| r_,r-t ) tiil-
e" qs Jisll ,.-,:. lJjl -tt-j!l !l+x-l Jl #rj+- iLl-J,rt -. JJ,$"iI_r iil_,r_/ll i"..JaX. CB..ii.li u# €}!l
'1,)l +l.+ 1+ elJ+ e.,:J dll\'tJ- -r!l ,,,tu'r.,, .l+Jl-'. irrJj,"ll dli..-!f e^ :iJti^fu .iU.J ir "i
f r i.-r ru++<jjl 1+J^'-€ !+l*F ,i,lill &t:. r Gtiill Lrtiq.{t$rl oli.,-ll u Jis1 Ji ii.- d..}{=jll
-t-r-$,t' '+.cr)), a,:l: OI ."+= d ,i+IjFjYl .tt-.,-..!l O-.ijl-,,rll q$l-Sl .l.xi.+tsl qL

.kL=5 ri ki-rti,J-J & 4#J.,ll J ."u.=jll liLll a$r iil+x ,_5tul

CLJI'al-lJ.r drtr-J:,-,* LilS,r-lo L-Jt...ll i-,^lJl c,IJJiI itiil r,ah 4t:i-ii ,J^!l .,'tuiu
:k-"al c, Lt.raa3t LrtiJ ib,-ut OE."st ,oj rril$ jllr {,us iJ.H .r.-(13) g qJ,I

:6ti-all3 uEjl,4ill -tf=r3ild.9s. JlJitl lli3l -1

Cp"-:Il 1-r:" OJS iJ .+: ,j$ cJiJl -.jgl eg9.-/ &,tl 4*l+ rio r-ttnsYl ,t' C-*
.,Jy.rl chJl ielis C-.r -l g5p 15i.Jl otiJl -,,tni. ! -.,1-,,iill !Us.l u,"= Oli el!51_r .dl_,r:ll

q.:ll c.,Lid rlLE s-ri rro , lJ-. ll rh r:r.1"1111 ,,-. -i (d-:L,-iJlJ *U=ll _j5il 6j
i;l! Jl ;.rLiJl otiJl .li+:-.f.r,a-iJl O+"-: cf JJ.6I tttl., .,#J,I L)^JI U$ LlS.i:

.1$ cr-n+ d,UJ J,'iJ c,l+; dll.Jj,g-rl3 LLr Jl r-il.ul

i-,. jill .-,. ,I.-i J ^++l LAr JqciYl r+.bi lii<.l,i-u'. 13:Yl O+-,-X A.Jll €u!.J U llF
:,_r1i3iylj

Transgressive i--lJiiJl i--,1. l-.,J caYljF-jYl ,-,. L--:3;1 .,-L ! r :.t-r i--11._.1ill drits ll i
*-r .kJ"t+i:.-,t rl;Jl cY)-Jl # 4*lt- dn ,Je &.--ll ,+ ,"JXl e]! segregation

,1_;l ;4a15 i;+x .r.-,13 , i i. sr alJl i.i.-. 
^.,-tjjl 

al3JJallei-=i &Jt ae dl}i
.oti_.r:ll dlh d"-l

.-irdl O:5 Combining breeding !,\.r\i ,?,J<lji,j-lr -L "r^-,-- i--!ll 6il5 lilJ
,rr tir, .O-+dil .t+:t Cp .r..=lj . i i. 

", 
..,;L(I-ri ..t*ii.- (J. jSI gl ,XA,. e"*t

,:riSlJE ,jr 
"r*+<-rl 

.*+ C-"3+X llll oLi^- 6.- ii.- kj,. # J"+ qrill pt )l JtiiS
.1.,5J," i.J-f:.il d;=lr l#1i3il rL,+

(1

-2

-J

('+



drLj,-X l ii, Lai.L=;o-1 l+"rfi.,, ij ,A--,:. lJJl dJr..,-!l .p 1e ...-ill ;.:ti:..-yl ,jL!_eSl
o. G)Yl crl ,',L i_,.lLJl i.,:-lJjl dL+ll r5l .L,.-rll el:,t' lrJir) :J.F/ u;L,-j.J,

oli-)-rJl 
"s 

cltta 3$t ij...brall dJ)tiull

'o r;r uiL.,aij crti.,-r cisul 4$ .ittljl ,J L.,j o1!13 Land races iJ,Jl ,_ifi.-!l eG:.r'\li Ls J-liS LJ,-iL.-i gL.3 ,,.t, .a-;U:,:ipt 6Ljj-yl jJi:_lr LiLiJl J^-j e+= rt
6-" t+:+<! crhla;Yl a-,U i+-il g-!.r *+ Q-- irtri-,yl OS4r .i-_6J^ i-+lr; id_r
iL'l{eljjYl i+Ic ej. IJJ cJYlj--il & ,.J-r.--n . ire+ isr,Jl i.,=.r::yr crli ri.r-r"Jl .ar"-lr -

,_jli+ll

.}J-,l.6rJi .:rLi.a cLsr L{lrs .Lirkil i+,.j$ gr: ,J-e-rljr glyrll 6^ irti.i*yr ,,,r;-r

',,inill Hordeum spontaneum 6J,,llJE -.ilLS_ l..Jr.lb a+jjrl ofrk+ll -tJJ"i e^ sj#ll LiJS3I

-u_r!t6pt;

_,,

l,
e4Lo o!5j:ll ,l +!i .i.#Jill e.lJ .f ;ir.r -{ 6lrlrill pi J i.r,,!f Ljln-ll Jtj:il J+i,JeL)l Jt$il e+; .+Li::Yl _,,+" a,rr.,.lt-"*! iilJr hrd- 

"r,.Vf ,;ri , ..r"-,,ff; .X1i G9 aiEl^
.++-,r.ll -. Al J +.a5ll !.ji tisr

k--{-<..1^* C ,LJl oli;il ,.,-r-,:;,:,3-g^,ll 1Sl}I c+Sl-il ,Jc dr.,:rll ,$ C".*;ff +
q- i$l nEJJlgl;{.r.-5 .kt+I.r. c.rtjiiyl Sr;f ii,.-ff +" 4r;dl "CiA fuLn-.,tyl .,r Lel+l O- c.rl_i3tyl OS+ Gilr Li;it^I ii;ll ,,,,-.t .a.:+Fll i;t o r+_c eel,)l

- .4rlljFjyl

&t"|.ft &-i*ill ,L.1l ,liill iis (6+$l i-nllJ ,-+SlJill +r:::l iJ=J ,_,p A-'r..ytl .s t-ir'-r pL,]l O.4$)l gt;. tl 3[-t . .;-ysJl +"nl_,5J1 c+Sl_il .t' t{-t^]-J lf;i l,U.;f a"
y- l'.+- ,j" 1*,Yl .I+-. $ ,*f l+rl.rl OS.J Cl: ;s*+ll oU,-I :it..:t i ,,J.,n tl i.il,ll .+Sl_iXi-,:lr 4+J+. i,j.- L{.i" cls Ll"-r .Jl ;L)l -.,Ei: ai .+: dlr C*U:f, .6zlli:if .li+f. f

.,-JL;,3ill il6-;rl'. +$l_.r_r c+Sl_n ,.C i,;q,Cl ;,,c. le -*..r de.+l , _u*Xl

.'L,Jl d* dlJ+ll ,l .rr:t-rrtt .r'1$ll >$ at-tal ,.j-t+ ul ,,,- ,c.,yLll C.-,.+ dr

:4s$t aV:t-,I3 du,all .,,$il cj.s. JlJ6$ lhijl _ -3

:UJiJl dJL Jt;.iit

:,r{ $rJ ._ilj,-!l 4+lti eljjl or d^:.ill r_*

. Introductions riYL'rYl
.Pedigree selecdon .,r,".$ L!+"i QJL etsSiYl

"#-:::HSr;*-il1 -
,+.s $-F+ Y gl o.rJ c;-J .,r+* .i.-..jJl .rr l:l.S l-1-p ,,,=E crlj L3 oyl^ryl .",+-J ri!

.a_r-r,J O:.._x k-,:J #ll l-6JK J i."rr.!f +f,,,rif rJe.-!t ,i-;s,r.:t LjU.^-!l Crii_l

10



u:Si..- ,,,..,r11 .!+.,:4+Jh ,--,ti:iYl 1jl .d]+ ds qp ++ $.ii.-.i:.liYl cr-j,'$i. l- lllr
c.rl-i5iYl li1Jt rhi:-l Oli tllE -rl ',".' ,Ji* .JS # c-rl;]iYl u-Ji cr:LS 11! t-l .cs6 -EI.i;ii 63S-,,#-+^Jll

d.r}+$ Lsil" LBJ .i1 ,rllil.r cr-i.r._;LJt; rrj$ iilS" u"dll JJ+-ii ,J. f-iiiYl 4nJt Jri*iJ
'k+lLS lFSr |e'r'[iS a. ."-.! ,iif,i-

+s3 L-i!# iIJl e+^+ll .+JL1fu;Js-*I a+Ij,jYl &+Yl ,.J c-:I.-3iYl d"JL.J L i.ils,
1!r.i g{;.ii) cll! r-rfS.Ull c.rL;y$ e,:=iJ.1(t-.' ,..rl.iiiYl d+i ire-,.JaJ.ll Gti}++:I
i+Xc' ir,"i r r-,r. -r ,r-Jo \. ,J(^i; r3l-e;rJ-e C-.r. ir" ,J dl++$ ,JlJl eluYl OI L:jL

.L.Ji-!.ll ir:. l-!J ,.+SlJ,,$ rJ.

:ss+-/'Jlf,4rI O*o -s

.-gra . i'.. .,l' .l:..-.tt 1-r}Jl O-Jl a'. cJJn cfil .J.Lril-, g;J.ll 6 ,+-r dS .',-u

.J+ ,.t 6U:Vt & d"r.J L--;s.d t!; J! ,qqJl l-iiJl 
"J" 

,jr--tt ..+ _FiXl g.y,
*--c. lsc o,r ,63Eil _U,ii ll e .r;J;, e!ri,.a ,ric dJ,-=X Lj)Jl ii- (15-10) e:," .j .g_j;Jl

elJ.r ..135,.j (+\. qlLira *g r.Jr,-=U pj)Jl cr-il -u^-6 g-,,-r *rll ..,^ oJ .+ dllil . i.L+r.
t&"rt t

.iill .'i:=13 cJ:+ A" -tsI i.l,.&l!l 
"u.+ 

eliJ,! e_b {y +r+ll GjJl *t'cj-*.J otsUc 6u;_

il .1+ nll q-"f; ,Jr.J ,,s t:-11 i,,i: ,iiJl d il; .l+ ,:" -rSI ielr-qLc. c.-.,.,-l :a

u."itll # Cr-,ilt e-bL,:," 3-,r+ 61 *.-A g!..-il1-1 .r-.f.Jl aEJ crll .ltUl ,t',:#!l CJ.;.+
i.-Jilll J6L&X ,:, tL"'! .ij.J,Jl sr d^.,,r. g; ,..i -jJl al]Jl ,,f ct'll eJ.],+ li+ .-.)i:ll-
,,,.+,r-r r*it-;l .j++ *} d9-=X+ e^-,o OUI 6.,"r ,t;;'5J^,, "rlt O1-S.l ) !! ,t,-li l-L3al

.,-Jt .3j)l d.rlJl.c cr-+ i.-JL"" ,.lS+ ES rtql-!^

. iJ-. ,oE ill -,6.i1 d (.*-. 'rcl-1-.1) i,-. r--j 63,-61 rll"'1 L!}iJ u,. d ..lg;-,;.Jl c,4) GIJ
.+ &-rl .4 Ls.r. -_yyl ;ssdt oL,)i, # oJ,,,:; 

s, h:ll:dJjsjfi'H
e.-l-11.l i-rlr..,^ll cll.-.,-..!l-sl. ,J+53,J+Jt ,.yc +a;j5g#ll CiJl ;eti6 4s: cF.U
dlll A,*+il # (L^ crLiJ ,i) u i;.-t LJlJiyl rrS f{r .e;"+.il| J s""$1 in},-rti3rYl

_ Ui.- 61 ,e"o tt i Y L-r .eJ-J-r e.Xill OJIJ+ll d ,;kitl ut-3i)l i-,JL. dfu r)l*i rdrtlill3

ij d,jr t-Sti= :+-i Y (13) u5-ill J$ Ls ,asr .t-':" lJr e * OrS+- ii,--.;tll o\; ttr'.r.,
; rJr a + o-'t.* J -' *f;',fg, Hr'*T#-*;" t$ #i
,Jt.3,l!l !^illJ e*lJll .{l 'r.63IJ 

dU+ dgats.il d,.ril ijs.c.nll r:,li,all ip ,'.-ill
:Ideotype

.CrLiJl L,1 $o gta3-J .lt e!.-l rcr.r13 ;go eU.-- J€3 .i'lL,r GS3l. I f$r. +r*: irs+ Y

d-.:il .CJ.X O- J.+S rr ' *;i 9j";.I c,jl- O,-r i::..- 6Eil u:+-l .-.,ik -uo 
.J<'rr +-t ri 6fuj
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I(.'a+Or.aiEi" d,.tE",.+t_t..;gal OS+(e-lJJs+ijl .i.,<.rl ,rLL.,ii. ilia-r*r-.rt,
ff' .1r". O! dlti eJd^,1 ..i.]-rl ar .of , ;,. ll i.E +.^"j_.*-r ,r..r_r, o,r- r"rr. * i- ._r. 

cf,t' dl:illola rt&l eF+; .k+t! Jr.,iJl Cdl ir "- Jsj *f k-r. il;-.-u"l rl *+r .isr. r*i,
4+ e*,-j 6i ct-Lr r-.; nt^* .e--lJl .,4rI .a-"ll ";; ,,.-f], qSi Olr.is G-r tu.,;,ll e"l:

.(14) 4:"r,llr etxyl J ,i:-l 6Li"-

cr"+i superior agronomic type '!igii^$ cpl-41 .h.!r r.j,+L 
,'.rr-: qj drdl e,In"n ,iB,..[_',r

u,-31.-il1 6-:J-t^r roi dr 16r fi as,a.. rl ;;.* 6J,i:.i ..'l,,11 !"il ;q y_, .oi..i i, &_i
di3,*" 1{! dS ,4Jrjll c.,UJli uttaill o"l$ iF+ f.:.,J f:nr:.".=" ,jl-t-r L;".lS.f o" JL; #l.tS OI e+= .,r.,.:.$ e-un, if*:^: i:^al ,i iU,-ff ur-+ d,l,ri 4S!, .:ahr. o,#tL ehi:.,,L .5yl 6,
Ideotype (C?l -r,t 6ra.t] ;urtt oLsI r,.c +ru "+r--ir.:lL- 

*ilC* oi *.* e.l.c.rLull o-i dil..-.llJ .il i. 11 Ui-,ri \ iri r{iJ! C.; .d}i".ll q,"l)ll f-af ii.}*-dri-r* [i
: tp" ciriill ocl_.1-.!l L rtl 6e dr.:Jl ,.C JJS,\::.;

- .ell-,iYl .Jr ;++ll i,i. ts.yl -1
.rt!_/ J ,-JL-.alJ LjtiJl -2

6tr^Xt i.ru":t _3

tHi:# _i

.J*.3.rSl qj-.lrrJl LJA-+ :.lliililplJill -tLjyl eJ-sl :"c JLn".)l s! 6..a; 6l ,.,,r+J OSt,
: tg.3 +i;i.: ,_ry,r

- t{-,aiL,-i &JJ3 .k+le dJl ,-EJl rJF t+.jl.,-iJ ta,U.- or;_.,+. ,+., irc.trj -tL^rl rr-, -l
.(lJil- UriJl i.3;*Jt c,_13_.pt C_;++li Gli,d tl.!rls) kX."y &*Jt

6l .-.i1 clti y-t-r .l!eii" a+cl-rJ.tL.jl ,rlc dr.-Jl e& J! ,,e.:g_,irr_6t t| d+l u. (Jl.dtyl -qJ
€r3+ L. k t$-x-r illl &l9l \+ r-l&Q e-,+ y a+l Jl :; ol-,;EiJl ;s. Url .-f.lfr.c.

.t{+txl 
"rtlul Ji -

..-iLiJl Oi ii$- rL-e.o,r;/,_F.:rp,,,t+yOI ,..r....".i"L'.l+$_r:sl+ll 6ff:"ff ;Ul

..,- :,+'J Y gl .1;; L-S .dLJt-lAt utl + ,rrr..J.,'.. 4f nr:ri 6a*, ,5:,1 oag3X rJ.tJl -;o\ 3i l:r.r.--.,J!l -u.l!.1,r- .iilJl.*,i.itiJ t rri, oi *,.,.-'.r*I- auiu,"T,L J ,ol
lrt-'.-l ..t''. :J. . i."16+ll drW a*_i g.lJ* J "+ 

4ru, .ehill eEjl o. *^Uf -iOf dLi oS ,,r,
_ *j V/ato use-efficiency eLJl ,jDk:-,I ieLis 6.i{j+ i-S-i.ll i]:- f+ft-,-ifr..ff ir;.,.83r LitjJl di--3

.lr+ 1$g el_l oo c,,,j,r.Jl ; +i,.,- cb.-L-ll

(16)r (15) :i,#/,,1'.',+ cl$_r

..iU;t L;tL .I+1 ir 1#J,ll ,rs &:l 6-xl - -.a+ ,l-J dDl.F-l seUS C.; i.e i!::"".1t +t:il &lr.ll rrf;-.; ,rlt).,ff !;A
.dX5 d*i.i d h*-r ,tJ-liJlr 

-1,.=. 

jJJ-illS 6_r=)1 6.eIJl c,!fl ,j. irti:_yl

,i--13J1 i+Jy_,rr"tt crliJl i-.^-tiJl LLjll .ryrJ ,, 
,.,-.r ,61*i!1 is..-Jl L:l ..ri: OI ,=r+,.r

lE t .i: O-s.:Jl #= $3 .cll+j,ll d 4tS^-I ,-iU+ll Cl"-j dJi.o eliijlr a.f.;f .fri. f g,f*rAl atriit,ii^'- &t-,j cl,;1:l .rJ,! i -t. a-=fil cr-Jlj L-J ,rUt oD*;,,t irLiS isLr,_,;, (,_iUJli-rtiJ i_-.-Fll j
.:llr;rc, ll.jJl U;t-illJ Crfi"l q..il
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'JiJlJi dl cLillr LjEIL^-rJl ,J,t+ L3.l rJ$ o,ll rgt-lt g-r_rtt hA # Ljr..St*J
."lll d[r.6i-y .r:otiS g-t-r .!-itisll .{3.JIL;$; 

*JUIL--1 ,,j3',lJ J.*Jl e- 1j-r..--.lt &1!l ,i-E^ll

:a*+JSetS"tl t:lli.all

(19) (18) (17) {+J.1 e.- oL,nJ &ui o.--;r.1,. Lb'i gi ,JLi^x i*". Jy-.r_rx CJli,-Il ofu
.i+*lill LiJJAlt J3 t+.. d.il. I ,li+ ,r! s-t-U &t-X uUi ds&r ,(20)

Lr:. t-n crLi..-lJ.{ ill-.1Jl ar,i 51 Isogenetic Lri. 1-.13 t-Bt&ll LiLi.,-U Q[oJ,.+^ c.,rol.- 'il-r
f+:et rJj-+ d,- -- .ril .LiU+ll i-Jii- e"-"i C i+-.:tS-lr"tt ;' rll i-llll & L-ti

: la:. ,-i$.ll di"-:o aei.o drh itJJ*. iJrJi Ur,3t=i

rti.,ll Cusj i1.,p -1

qj.r; e-" ct'-tj aB& ,.e)r UJI 6lJ c!.-L-Jl cl.,.u- Ol ,; S+Jl LlJl crl}.-)[Jl cr-.lLil

,J,,SI ila till (3lr (.lY)-Jl q-t'3r .UJ i+.s oEtilJ rr[3 (J," JisI ,aiL}jl 4ri d.tE^]l
.(21) UJ i^iJc 6Y\Jl ir *Jcl cSi ttt.:6lJ .,,er-r

i.fl.4-^ij ,',etn ,Jl u,ei,6J ,cltill ;-.j-;.' i-=. -p .-6;ii: ] ,rr. 1;..,rr 6i rcLt3ll 4,g-e

e-3i-)i$1 6rt-Jj;J ;jFt i+-.Ir u;Lixl ''.-+-l .UJl r-r. t4;6-" liJl3^iL.jili
eLi:l .l GXjltJ.r 6jr.rl clj,",:ll 4Jl"+ eW # t_.1-r.,6 1_.13.r tiJl L-JIJ . Evapotranspiration -

.i!l+ll 4$ rjHi..I .irrg 6 kili"l_r +_+I

_:crlljJl lgl _1

3ti)l gr d+ l^" ,#r;ll 1l,.iYl rFSe ,sle 6LnI irnS.l ""rtj Ji '!^t ll cit:$ OJ r.,E

J+-C+l ,Ju" ,J .r:lirl J o-13ri dl5 Ltt3il,(?3) (22) (17) c,W +i+a+ grl 6u
.;Lll .jU.F-l ieliS 4Ji Cfi-6; ,n:_.,!_.p 

"ratiiilj 
.dJill s!

- DL.. Clill oLJl i :.5;rL'j JJ gr* ,.--rll i-r.$ os eul dDt6l-l d .4;I g-tii:)l q!
.L-_il o)l:.l iL-r",ga_r ,i+-1oX iL-rll

,Jc l+ljsl JJ dpl rc.r[pt.i]l d-5,1J 4;l!c 1,r,1 .OrHl isA\ c.rY)ul stSt i. 6rrl a,sl-l
cr6Li r,_gl i5l+ crY).- 6''t'r rlli S 6-, ..+1 t*:.,=.. U+ GJEltu (Cl-s. r 'jStl ir &l i+*r

.(,=.:li arx.^"J) oJI l.ili &y)l.Jl kiF. tnli

. :.p.lsJ. lg-fi

#-r ,i+s. ol:lJl e151 .# 4.-Ul LJ-lCl ir.i..jjll j tt"ts.t Glr -,r-r.+ll }tlssl t:";
dr-,--il .J=J .r +;,tt ,.'.+ lJ#s ['l+i 6i-i s-r .i3bX q'i 4$it$ .l-l.rHl .',-t \:ipE:l t:\:j-.jLj.-I J' .J*.-.:t rjr ,4.J,-..-rl at-"1!t ; (24) ljlijlr bl.ri.l ;is'l €-r+L*"+. .,l'
I ('.J$.- .,-i a-.=.-blr i-jii.- crt+t+: ..illtj6i .illi 6^-r ,itt+ll 4$ ,-irJ.Lll ."'-r i;X9 ili. ,-,L.i
i..=. !1 ijl.:^ll # 1-J.-,y (P) ,-:= d-.: i-ifi- ,!t-.1 ,,|c r+>tt .y elJl d-)tii-l Glc

*- Ll-.r-,1ll .li.:g!t .iu.-!l ta-:! ,L-r.c .,-iti^-!l ,.:r cf- cr 'J.i rilJ .(25) ,"- (60) <r-,
clL"-]Jl e..-il| . ; r. OI r+: $L .r,,S. .J.Yl 6s3,.I dJL)il u+ Ulsi-r + aql 4$ ,-itLlll
cr>g.,,.,,ti,-.1- 19-6. s.r.ca L-nJ L,ii. I ,:l-.,-li C+--l rjd g;r5 LJ 1.+ '+^-nr .sXill Glj'1X

.(22) w;,-lL l'lr ijI^Jl
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:,J-r.l t-". JIJAJJ. UElLaf

:lLLJLl /u ( I

cl *:ol ,gl t\! ,i--Jnill ,.I,^Jl _;c Cl ,.,1j;Jt 6c. .r3iill ,lJl i, -),Sryl ,jl+l, I J"J
h<+ i.5e.tt rJt-.r!t q.,.EI .ji S e-.9 .ljLiJl il"iJl .jti,-U 

'J 
J.il t-l4" rt,^ll

*Jo l-,)gijj -,tsl \"i ,U[i ,ihll j.l;o c.rql ril_r .i."sL:^ aitii di o:ls 3r-rJ1
n:1 g- g--i ,',-rt g-r--r.11 l.ra Ut:-r, .+$l-lll &1-r:l C. fuJli.ltr ;L, il a+=-r :ro

.z*:t , ^fi. r rJl LS t Jr-r )l- Jt

:&fuetlr, k
.jLn-i cl.^:il ul ,LJ-o c r ii-r .6_.,f-,,1".sJ1 6-l-jj d Lln Ltc ,i-!JJ -+- J+i,J
i+.bll dJll e---,r .i+,- LllJri J-.ri rtJ:,r3. o-i -1e-,i11 a.. a-lhll d.tuJl
dJll ..$ lSSa-1 rcrtsJl O" GltJl "l;.!t ; d,-*,':-r (c e:ll dL5!l .jl-i,rYl+
, ;. r-, d-i;6tf dlJll (Jlr cry)LJl OI +S riL .,r J]l L," d"tl ;il i+i$r ,Ji*X
.irj; _.;iSI l.6l-6 J! r-Ig.i3 ,eW d[&l-l ,rs -t"l ;,tX cJl cnis (Jj,.ill ,J iil.bll

:tri- sll j;sll (+

- # +ilI -.;3r ,.-u-E u*" .iU*tt LJIL q, .:.^, J. Ll" .l.t+l 4.,!, ..1-.1J J-L,il &:
.(26) + 'ul dt*+i-l ltt s u," +jir (LiUJl clLjl J.-3 Llir':

:dLi;'U L3ti"lt,3ti,4 air-..Ji €t+Si

.e.!+.-e (!:LJl g: etJl du-si.-l 6rtjs iJ,=+ i-t,,4jl c.ju,-il ,git oui6 oJss 6l ,.=r+J

s;Js -.yt-,:i. I .\s- L]fu ..AllJA j*t, .(nl lr. rt,:i d_, # i+-,il c,ELill -iYi (JL r6erf Lrl i!-JF,r
,Or$. I j .r-=l; ,n+;J-*,-^.s JL;iiI ,rlr J-":c)l .,,ir".J UI .rr.jtl 

"Jr 
9;r. j .gYl ,F llrll '+l gL-

4rr:+' i sjru-'irl'',*)s,ff 
65*;,] ffi (fll} -r *':#;::;m

:Plant water potential (G. uJf tr",JD d,l+ll ers s:uJl Sur"sll lr"l'6 -1

'r-t rl=3!_p.,"ill Ai,l.i-lJ .el="ll -r, +:.:./ 4J"^y q$e .61131 i;tSll i$t X iJt {:'3

_ 
-tdlsj,"L r.Jl .:e i,"l_.,p aS.Jr .elJl 

1_+:J 
o-U;.| .i.!JJl j- -

.Pressure bomb L-: . ' tl 6 +s ( I
.Thermocouple psyehrometer i-,--rlil i-=. jqJl (c,

S+ l-^s 6o ' --rl 5a.,! .$cc)l eJ.:; Y dr;=i ,i,3,'rl- J .iJi,Lll d}3J{ .,llll uJ"si .-i'i+-, -
. dU".$ e!=:^il drD-Jl .r. l-=3rl s3

- :Plant osmotic potential c,lill (.J.JND €i-ruljl &Jl.$ ud+l *2

4-a-'o-r 
.i.r Ll._.p ) o:i d+ clli, .eU .3-e-SI ur^ i!iL--.;,r-d 16lrII gjj*-,)l 63AI +:+

l-:ji crlr)Eil .63i-L!l s+_r .ril-r .r,nl-, o _rfl ,J_r_, #.s .r. 6sU d 3rg3 .i-d. J ljJJEll

ei (j.-t-!l sfiul rA;^Sll lsa 
'g,-r;-l 

.iibi-ll JJ',ill ...irll,.-! 15jrr-,)i OJ.SX ,*+ iUr olr,
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.L-IU+X

J\,.,J Thermocouple psychrometff i-,.J|!l l+-lrjJl jl{++ ilJ+*+ gj-e..^")l 6irsll
. dLi+ll il^-3"11 r:r))Jl ur. li:il .ns a.ulrJl <.rLt-rill

; i.g)l.ii-,rYl3 4i+JIJE-n$ ci*.,I+tll

6!J",ll oSl; .(28) eiLi$ I 
e 
.' ,-" r ie i.oJ-r..rl 13 \ -1 6lFira q:t) rl'11 il3l+ll t- eA

..:,:.f, f o=,.fr, +i-x i!> {,W J] r.l-r-rll Jl rji:6i .5 d.r)r$!l 'ra o"l+! fdicJl

#r>l Os+, .(29) .-iu+ll.LX.iX ur.J),6,,-{ Froline (OJr:) -i*l (f1{ #-r.r':
,j,-ili+ll i-,t."-ll ri Lrli^ll i'$,r!l crY)Jl dr# j+.r.j ,c.L,lJ +,.d-r-,rX

:lfuUll1t.. cll*,!fg

,J-"-: e- !rJ-e6.-..e .QeEjlJ t+*Eiilr I c ^i-J rll.u'l i:^,5^ll .a!-.rfl el* &l-.,,lr,i-tnii C
6- 1r-i,.:r LJ ...a!: e-J^+ d =u of ci 0s+ outst cls ,-,1 ,s-, e dll! 6.e.,--iliJl

.e::Jl ij".,,i ir-l

cl-E Jd .:-2 ,r.le ,-iE,a.ll -Fr[: o,.ff os h*L f;fromete, ar.:.-lf eUt C-rU *t* ,s; *j

:JJ+ll J.,i d,l*lljg

"iA di^ +:*-r ,(24) LdA-r -t-ri+il atu -' P ;r.l.i-Uui d.l3 crl ;.1-;!:l-rll 6.si-,1
.iiK^ l{jsl e+i. crl '!*$!l

J-, J+liil .A-stJl e-r.-.,;iJl CILU .* i-...,;Fll tl- UtJii3--l i.+.,6 .',' r ti c.LiJ G:". &' \ii"'lJ

O+ -'rJ.dl+ e^-+ ,t+$; J3LJI .tljiSy &l.$" *-.Jfi .rl+- ai'.-,,tll ora qrlnr 'J5=!l
J! ,r+lX--,.r ,LJt*jP GL+JI C-.+ o,.-b & teLJl o. L.Jill 15 nr. cr$.F^:-r .Litj.^-)l

.Neutron eguipment O-r-ft$. I al.t.3-,l (:ljrx+

;, ;Jitrtl 6,1*,lr!

.i5.1 dl L-^-irl d,t-."1,l6.l- I r=1 .l (1o ef-13,"J .rtjl :i crE!:ll ,jtJl 6ri--ll t}S J$+
jj-dl'cr$ 4i;J,tll .rA ip6; 'LiU+U iL.S^ll GtL,-!l .Jliijl ,.1 s+r,. (y'J ,t&,tl eJ ll. I

a-.rtiJl ,-iLi,-!l i,;+_j#"3ll O.n-. LIJ r,-..J i,S,n .ril; .cl -il -,r-r-rl E-r d,l+li .jlJl s ;--X
.(32) (31) i-t6:1. I oi,r rhr-l+ Li$-ll i."l^,,-llr

d+ ',.+nX .ar-cl-rll .3-.,1}11 ..; . Electrical conductivity ,jt;6Sll -,r:-dl ./S q-,,;t 1-,:,
i-.rf;f i:r. -ll c.rL$!l ,J:J,J rr; cc-ili:ll Cl^31 slLlfu.r rr-iLi;,I! ki.-.riil tiir (Liti''-!l
.jtj,-!l 6.- ;-l.sll ,t' L{-H i;SIl 'u cuj riL .L"r)ill ,,p oEy"Yl aFil ,Jo eiii^ll
r".' ,-&-.rx t<^h:i."l ofu i-,J,- iqJt ki c$$Ir (L+il) ,L^-,.]J a;Jt es iiJJ iL-:J

'(33) ougttt ;r" *6

,yt+-r
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