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g o ALl algay) Jasil Ayl o) e 8 Ak, daulie Screening technique
Dl ) Aila) ccaliall Jeaty Lilys ddasiyal) Key traits duabisall dua gl gendl) cilinall
Adsilaall pa Juenilly Aaipal) A @l Chliiall sy paeat e lall iye 5213l
b Sl alea) s5ive e culity Las Production  capacity dsaliyl se il e
Aleay) Jaas e bl 5)080 21325 .(1998 Kelly s Ramirez) ddagidl <laul)
> shsrndl) L) axhs (2008 co3dlays Jaleel) asiay casiiy caisan il L Sl
ehals e G ccaliall Jaatl) Alle gl Sydall jagkai 6 A0G8 Jilusl) ST o
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sl Gpnentl) 555 iy eansy @A) a1 3 Saall Al Jlal) DA Jall Glasy)
Ol A ) Slidee llaig (1987 <Nicolas s Turner) gssale (Jlys o Gaiais
8)s 0 (Anslally ciadiyall 3yally calaall) Abiotic stresses dubaDUl cilalgal! Jaas
ST (1983 Blum) Zgall el sanad) 4l salls Lomslsasdll Cilileall (3 aanll agdll
el &Y sl 31800 §yilie datipe chlial QlamV) e Caliall Jaanl 45l aaies
DS S il dlmidie Gy dags @ldy (Multigenic trait Ll saies dia 4l
Lpsnll ldeal) e aaall A ian a5 (2002 <o5dw)s Richards) doiull Jalselly
Js Y lleall o3a (o LIS e Aggusall lsall Gy Alall AN Jahy ke sl
Yield  LeliSe U Al 0l 5505 e 1 Y LS M 38y JSi Ay yma
Cuysidalae BV caliall Jaady dpad) dlall Ll ddadiyel ciliall a0a%5 cOmponents
Gk e Aol 3D raat ) @l e Lal Lo Bale @] (JSI eyl o3
LA Cliall Aalan g ccalaaldl Jaany ddasi e Secondary traits 4,60 claal clay)
Ao sand) U Apiall desanall Ao 5305 Jie cdpad) Aally Loy ddasisall dom gl gl
¢(2002 «3da)s Price) Leaf rolling l)sY) <ilaills <Root/Shoot  ratio aglsel
Water Use oluall Jlexind 5:LiS 5 (Stay green ¢hsY! lyadl dasiul e dddlall,
3 Al (A gl claall (e (2004 o3d)s Reynolds) (WUE) Efficiency
Joaxil) e 8,80 ¢ ALl sleadl) Janll sty Ly Adaipag cindine Capysh Aays
il 3 L5 (2005 «o53—)s Moinuddin) Osmotic adjustment 1,11
w3days Malik <2004 <Labuschagne s Solomon) Transpiration efficiency
«(RWC%) Relative leaf water content adsll & will olidl (s5inas (1999
A4 ay (2003 odlw)s Rebetzke) (gs) conductance Stomatal il 4180
BC/C (A) ratio Carbon isotope discrimination il ;s SU aa il
3. LS (e doan calaml eSS Jaxiul 311 (2004 <Labuschagne s Solomon)
-(2004 53y5 Condon) WUE 5 A (n dauSe L)) Ale aagi Cua colaall Jleaiad
Vs ¢l g 0585 O g ¢ sl Granilly il el (B Rage La Adia ()65 Jing
Jils High heritability las 4l Gy 406 i3y aiae sieal ) leuld Llee 7l
U Jall ) el e Lol dulee Jeusd i ¢lals e il i) Jalsalls i

-(2006 <3535 Lafitte <2006 <Richards)
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«Cereals csall Jualas e (e any Al Gl SLaPDU dlgay) Ciliall aeg

Cagyls i daliyy chaugiall jad) Gmes Gl AT Al daalad) (e paalls
.(2002 <Araus ¢1999 35 Acevedo) Rainfed conditions aukadl ac))3l
bl Al ahdl Aaly ) Gabl) cad) Ul Aalidl Dal ol (i anl
@3 Adgeandl ¢ 1Y) o slianl) B Jpana ) s a2y oSy Al peand) ¢ 15,
shall a8 o abls 35 of oS Cus daganall Al eVl i) bl
JSay mias Agal) aile G V) o(dead) Jpnmnall) Gl Cagylall e ady (30 e
el Gllad) Gakii axe Jla 8 ) cAabiad) A8alDl) cllgadl s v S
Laliy) 207 cLasec .Potential yield 4ulSl) Lality) Jpand) 8la JolS § 511 DL
Biotic stresses igba¥! claleay) cclalgay) (e cpesy clianll 3l Jpana
(Birds ys:hlly cInsects clyuialls Pathogens dum el cluwally ¢yl clicll)
phall Glayy dagldl cGliall) AslalUl clalgaYls (1990 ks Bennet)
Water Sl aleay) fiss (2008 cosdla)s Prasad) (dudsall jaliall (adiy cdadijll
phall il sy g 0 claygls dabisdl Aplall eBaY) se & Ll stress
Sl lgay! DA Gasy Al clall sla (e Alapall e Heat stress dadiyl)
53 Jsane & Booting Jstiadl J<is Y) Ulaje b5 (1972 (Sullivan)
shally aliall Cag,lal Critical stages dsubua daball S e olaul)
Oaliall ALl aleadld s Ll 33l il (aadad (53535 - (2008 co3dlays Prasad)das sl
sl sy (L) et Jie e Jiy QLY Gigan al ) Gasial) Bal ae
Al allall s aaes ccbiayslls dllall G Ay b Ula sy (bl g )y
Pollination zatll & Ll sy o3 ) @l g Jliind o auliall 3305
sl e aali ) a5 L (Seed set cpall dic 25 a5 cFertilization —ladyls
Jsbs ccapall sai 358 Jsha 8 Lla Laf Calasdl 55 .Panicle JsSiadl & A
dap0s Al gl aaa 3 Ul S5 3 LYY (Grain filling period LesSta) 55
Cragall Gpaaall G Sall s aalp dais gall Al aalp ) osan Lo DN
& Sl aleaY) G lal e laanll 3)A) Glils (mied s3%s -(2008 o3d)s Prasad)
Sle ) Jaee b L s L «Stomatal conductance (gs) dsebua) 4800 aaly
laliall pa cudill She (b Ul 0S5 S ey «(COp) sl Syl (S
s L (Mesophyll tissues Jaw siall maill WA 4 338 53l Chloroplasts )yl
-(2003 «3>a)s Chaves) Assimilation rate (‘A7) sl Jiall Jaa aali
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Respiration _.iill Dry matter Zalall sald) a8 Jes 2ba)) ) Galéall L sy
Net Assimilation Rate (NAR) _ispall Jicll gila Jie b W 5 L «(R)
lgillinds Al LAY alaii) Jaee & Lol S sleaY! s (1994 <Paulsen)
oiilly Photosynthesis sl Jiwill e g0 S 3 aaly ol Gpaa 8 oa
S e Leaf expansion sy Wa Allaiul ddee 225y (2008 o3>y Prasad)
Turgor potential +Miey) aga aalp dagi ¢ Sl Gaall Cagplal Luulia saill cillee
(2004 (Setter 5 Alves) Uyl e dslall WY ol add gy al (W)
—1 sai W3l las 25 2 san JsSiall JS il ) W) sleaY) om of oSes
Caad L 13 LT A 6 o Sas catiis Sl dleal) 53e cava elldg oy 59
Panicle JsSiall sk (e 5alially 58l Gilasall g JS BDla Sl slgadl el
Sl deayl gyl et JalS J<a JsSill ki gy of (S5 «development

Bl L) seay) s (1993 «o3dles Craufurd) Severe water deficit sl
323Y) Ayl mhaadl dalie 8 Ll 35 L cledlony Ghs¥) add 35ins Dhinals 3530
Usaally Ludiaally Auginall Aiguall A8 ApS Ji8 ¢ Sgaal) Jia) ddee 8 JGd
GLA) Al Agpall LSl Ly, (A Agie AfLes A )
il gl ISl datiall Ailal) sald) 48 3 Lla iy 531 ,aY) «(Carbohydrates
Post-flowering [layy! as L dlaye DA Slall sleadd Ll jampat (53515 - by sk
el ) s oclodging Sl bl s sals (Ghs¥) Al aupd
Ay ds (1995 <Mkhabela) JoSIl el cige Llals A5A1 gl aas
pall Aall 5 Leals Pre-flowering [layy) Ji Lo dajye DA Skl slgadd il
@35 -(1983 (Krieg) Llajy) s Lo Aaje ge Anjladl sl Lsine 058 L Sale
daas Harvest index (HI) abaall Jis dad aali ) Sld) aleadd clblall s
Biological iysall il & Jualall aalill (o Sl dayn dgal) Jpmndll dle aaly
Grain wsal Loy b W S sleay! sy (1978 <Turner s Fisher) yield
s Jus (Nutrients Ll dusadl jaliall alaial Jaa aali 4aii quality
55}!\) Source xadl « Photo-assimilates translocation  Jgall Jidl
Dry matter 4alall salall S aalyi ) ALYl ¢(saall) Sink caadll ) (Bl
sbanll 3 ks Cuzmiad Lo 13y (2008 co5dhays Prasad) cagsd) oJieY 335l
(i) 2 Loy 55-40:GS2 Agll) Alsyall) (gpmall saill dlsje DA Sl slgadd
& Gl ey 35y of ¢y50 Physiological dormancy aslsss osSe 8 Jas L Lilas
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Aleay) deaty dagyall @l Jidiy (1990 «o3da)s Bennet) duall Jpasdl dle
Aall) by ae (88155 Cyay Adbiad) 4 skill dalall Gl jsaty o ladl 530 (8 Sl
sally 3hsYl 8 (OA) Osmotic adjustment Jslall Juaxill e 5jsially colpall
dalaid Je ddadladlly cEarly vigor Sudl gall 3685 L8y sdall Gaxd daya 33055
e e ddaalaall YL Stomata clebual) Llaiad de s 33b5s ¢ BheY) lpasl
el (o (Sars -(1990 <Muchow s Ludlow) dsball WAl Jaly dilll cldlal
3y Slall lgadld clilal) (myad die daling (3hsY) hadl ddainl o dluladl
.(2000 <Hammer s Borrel ) duall Jsand) de cpuas 4 syl

oo iy Al ghal Jshell @V aalp ) daladl clpsal o
& L) iu L Drought frequencyciliall IS5 sy sLals caugiall jad
sl bl 3la dap g i) dam ally Evaporation Al oluall asé <Y ea
olially damill Gl 8 deg)hall Adpand) ¢ la) Aoty 8 W 5 oW )
oda Jie & el ) hEls dalaY) e diladl 3 45kl g s 5ol Cal g
Al e Agld) 8 e JE ) Aedl el Gloladl el e @l
g0 bua Jie (Bme capa Surface run-off sbu lys <Evaporation is)
(Lgbln) wielpes dandl) Y 3aa o(Rpls ol Adadla) Aol Aiplas QI Jhaa il
Y GlaYfe s delyy I dlayl (Weed control sl clicl) dsdlsa;
(2012 co3dleys Singh) dadi el 5l e (381l Ciliall Sleas

OS5 Lot dall Akl lsall 30 %70 e ST e o)l ¢ Uil ellging
S clalaaV) 4t o3l e callal) sl ae 3alall Ldall Al jaliadll aals
dde o abiladl admds . (2004 <Bacon) dcll aals Al cbasall aal syl
Efficient water oball 5l dalse cpuad o gl o Llgpasdl g1
Eisaall Canaly (2003 Bennett) Lol il s (EWM) management
aan gali G by Lpaal 1 5aY) BV 3 olall Jleain) 50 puenty Lialal
(ol Alee il 32L)) 2l Slaad gLy kel Adsally Lndaud) Akl sl
saill Ax Fiber <llVly (Feed duilally (Food ailiall chlaiiall e callall b)),
(igyhaall de)y3) dlall el ) asgll ) ads 3 ) caliiall SIS

iS4l (WUE) Water use efficiency olull Jlasiol 3:US aseia Capel
.(1983 (Sinclair 5 Tanner) aSlgivdl oludl aay & daiialll LK 4l A1)
Al Galial) Al A seanall @11 Al sluall Jlaivl 5o lS dad Calias,
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Ll Claall (e slall Jlariad 3¢S ddia a5 (2009 co3dlays XiN) 4wds gl
= Laliys (Economic yield Jopalaall i pulan 8V dlall 5ol dagyall dagdll
&1 (1977) Passioura 1 15 (2001 co3dais Sinclair) Ll sagaell cils
il olaall a8 Jira & cpmndl lpmny (o Aliue Jalse 4D 20am dalaid) Al
3 liS Ao Balyy aelid Cum ((HI) sbasd) Jilas ((WUE) slaal) Jlasins) 3 iS5 ¢(T)
slo Alaladll e Slall Mgadl Dlpeanall ¢ 1) @lbils daal a3 olall Jlasiad
il 3o Gaund Alee agadis (2001 co3deys TUrer) Ambiy) Jswasall 50lS
«Biomass dall AL 4 adlal) saldl ) 50l & (TE) Transpiration efficiency
plaly dapatll clid) & Jokl die) syl slall a8 o o) G clilall ey
Janag colaal) Jlanind) 35 1S Lo Aniaall 4alall salall 40e; 2055 (2008 o5dleys Xin)
G (TE) il 56l o ggiy adlaal ¢l e Jiaty ((WUE=A/T) ey olual) i
525 (Total biomass 4l 4sal) ALY LS (e JS me cange JSn Yl Lagiy
o L) olaal) Jlasinsl 56 i€ dad 33Ly) (Say clasae (2009 co5a)s Xin ) olaall Jlaaind
88 Jiaa o185 DL (e 5l (2005 codleys IMpa ) (ssal) Jiaill Jaes 52l SDa
-(2008 <3y Prasad) gl oloall

Lossll 8 syhall days leaal Lol Jalgall o el obaad) Jlasiad 3068 il
oul Gp A laydl Pl 50 €O, Jle 385y Aal) Dughylly cobial) Aally clasadll
Leaf to air vapor pressure Jusdll lauslls Ghs¥l o sbdl iy laaca &
N 3 8 2 ey il slidll a8 e A oyen % Al ((VPD) difference
.(1996 Goudriaan s Van De Geijn)

Gsine ) (Rysl) (5 o) Linslod Hlai deay (e olaal) Jlawivd 3eliS ol
Instantaneous WUE Zlaalll dagiidl) sl any 3 (A7) 0sS)) e Alall z)ll
«Bacon ¢1989 «3>js Farquhar ¢2002 <Polley) (WUEis WU Einstantancous 1)
WUEintinsic) Intrinsic WUE alaill sluall Jlexin) 56 US cawnd o (Kea ol (2004
(0) Aaebsall 3BLYs ((CA") Sl Jiall Jame o dpall P e (WUE
oo Ble del)y Sl dgas e bl Jlasivd 31 25 a3 (2007 <o5dleys Choi)
DA Jpanall @lils J8 e ASlgiuall oluall 4pa8 ) AaSliiall Aladl 3alall 4paS 4
AaY) bl e iy (WUEinggraive OF WUEj) <lall sla 350 JalS
:(2004 5345 Condon 2007 «33)s Tuberosa)

WUE;. =T/ (1+ (Es/ T))
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sl 1T Al mhan e bl Al agaadl) slid) :Eg i) 0l T &) G
il 5 S aly DA e WUEje a8 LDy bl Jd (g peilly 3 gidal)
asitall olall il DA pas o T) i) J o il 32 siiall olaal) 20aS 33l ol ¢(T)
Al Fely 3 Sljledl Gulst DA o dllyy oEg) Al mhaw (e il il
-(2006 <Passioura ¢2002 «35>w)s Richards )

Dry dilall sald) ) ge Jsgeall (A7) sl Jiaill Jhee (e JS 2
chyisall aal (e (T) Transpiration rate gl olul) 28 Jaeas <matter production
:(2008 <o5days Xin) 4] Aobeall (385 olsal) Jlanins) 5 Gy Aagi pall dym sl sannsdl

WUE=A/T

a5 &) «Stomatal conductance (gs) dsebudl 4BUIL  Sgall Jial Jhea saaiy
CO;z xS 3 (s i)l Jolall dglee ¢ Glebisall e (COy) andll jle il Jina
Lo siall ol LA 305 ¢(Stroma) el paddl ilailiall Gaa cudfill S 8 dabiall
ABUL oy andll jle HlEl Jaae 2aaiys .(gm) Mesophyll efficiency diial
G oal) G il sluall 28 Jaae 23y .(gs) Stomatal conductance Al
(Sass -Aselusall LU Y BLYL ((VPD) Jasmall Jasslly GsY1 s olaall sy Jais
DL oLl Jlaricd 3 ddiay Giiagdpundl) osall ol Gn Al Caags G
:(1986 <o3da)s Hubick) ¥ dualy)l

WUE = (P,-P;))/ 1.6V =(1-P;/P,)/ 1.6V
& Al el Gacay Jamal) Jaugll 8 asdll Gle €5 dakia L Py Py i daa
LS5l e 3hsY)
ol Ty (3hsY) ol iy Ltz b oyl (38 1V
»e Ho,O slddl jlas COy o IS ow Diffusivity factor )iy Jele :1.6
REAAWA
LeS e iye 1.6 3 S a3l Baals P clelisall e 3ag8all slaad) Jlay a8 Fl Cua
O Aaals Ay ady il §) J& N 31 Jal Y sl Jasigll (e 355554l CO,
pe S Ao O A6l Alaleal) &5 L Jgall Jial ddeal 2P CO, e Jsanll oludll
O olall i T b i) (358 ) Py /P, Al Lyt DA e L) alah s laal) Jlestiad
e i VA e JI& G 080 A sl s dale gl 3l (V) Jnsall s glly 3V
el AxiY) 4paS Q5 ac iy (2004 co3dais CONAON) oliall Jlaxin) 301 Ao
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& oms (V) dad i A Aslal) Al s dan Jils o Jlall elaall ) ALl
Waxy deposits el cilusill 48l 53030 Ay il) Liagl ae Ly il olaall 388 Jins
Aad Q5 & cmnl) el A3ES salyys (1983 cosdlays JONNSON) (3hsY) mshaus (3
Aai) A Qi 6 RGN GV A aelidy il oluall a8 Jhee & ey (V)
e (ye Lyl JIE) 2 51 (@hsY) U (e dsiiaally bl o Unall ) dleall 45 sl
olaall Jlaxins) 30l A 30y 8 el @l J< Aalul)l Abeall cava 2c Ly (V)
oy & 20a L) WUE daidl aaae AT JalaS PP, dus 4 ool u\} .(WUE)
0 L bale Lamall Jausl) 3 CO, 5855 &Y «(Py) @hsY) Jala COp 385 4 il
a3y (Py) Intercellular CO, Concentration Aslall CO, S 55 Ol e le g bty
Gl Sl ((Q) dnalusall 48Uy ((COyp Dlgind Jans) ((AY) sl Jiiail) Jana e S
o polls (WUE) sl Jlaxis) 56US Aol 53 810 dljiey 244 (gs) ) ('A) dos
o) Bl gage 4 Y1 (CO, il Jina 53l ) (53 Analuall ALY byl G A
bl Jlaatiad 36 & ) s350 W ¢(T) Transpiration gl sluall 28 Jaxa 3245
Sl Jane 534 (8 () i) Taelesal) BBLY o gsine ol 2o 48) 1 Says
dad OsSi JUlls Py o I8 s (Om) s siall granl) WA 36 1S Bl o B Jisuall
B ey P cplall Gl N (1989 woidleys Farquhar) el sl Jlexio) 3¢S

(Gm) ALl Jass siall il LA 56 iS5 (Qs) Apalusall AN e IS 232 WUE

Stomatal  duebuall Jalsalls Guy IS5 ol Jlexind 3l dda ol

At ) ¢(Om) Abia) lawsidl gl WA 3l Aagiyd)l Jalsall Sl (gs)factors
& ol e bl slall Jlemivd 3eliS diia b culill Gl ol lasis LSl Jiia
A Al o3a Jia b osS Cun clign (058 (Om) Gkl Tass il manstl LA 56 S
sl bl Gl lagh (&35 Adpmaia (WUE) oliall Jlexind 36 S5 (T) i) Jonse
il ol ) IS dady (WUE) sluall Jlexind 3.1 dad Lgd 20aw 1l
CapaCity se sl 485l LYl Wlhaa) ady cdaiipe dali) 3.6 @iy (gm)
Lol Al aestty (WUE) ol Jlarin 30 dad 30l lgd daiip Cua ctypes
dad L oo Al WLl Ges 4 (2007 by Araus) Economic yield
«Conductance types sl (g5) dusbuall 480G (WUE) slaad) Jlexiad 361
bang 8 Aagiiall sluall ApeS g Apelesd) B G G ae) LB 506 ) ag
S s b cclalad) pe andll Sle ) Jee g Lle @l g oSy i)l dalul
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5ol aali U s Lo clafiadll Aalad) salll A0S 35 (s ¢Sl i Jaea gl
Ll oda 3 oluall Jlasiasl 32 1S 3035 (e a2 )Ml e Production capacity dalay)
dagyal dagall Claall e dpeluall 48U Q)6 daa 225 (2002 32 Condon)
3asiall 4ISH oLl 4 Jli da ¢ Jla) algaY) cagpl it Caliall Jaad (sl
Sle Bilads cAslall LAY Jals 4ol Gl e o Asladll b aeud Lo el
Jire (e Gpabiaal) 2B Qs Joially (midd oS0y eJohal diay 5l Sl A5l (g ina
gy ¢ gl Jadl Jhae b Ll jin @A) L) cclludll e amdll Gl bl
5o i Lo Lgd 20a ) ¢ 1) 88 il Tagiy (2007 eo3dlejs Araus) dilall salal
sang b ol oluall a8 Jhaa (s L Balad chpalusall ABLIL (WUE) sliall Jlaaiad
(Laidie & (NAR) gl Jiall gila Jhee Gl ol (Laidie 1850 dalud)
O OSays AASH A3l sl ApaSy ¢ JSH il Jine G dumge L3 3D 2smg s
LIS dalal) sald) 48y ((WUE) slal) Jlexind 3:US Gy Admn Llsp¥1 iDle o6
(WUE) sluall Jlaxin 3cliS dad L 2aam ) caglal) g )] el Jie b dxiiadl)
AL Jia b olual) Jlanind 3eU€ dinal Zniipe adl QlAmY) Gl 6l Al 480
¥y Asally dall kel b Aasie Lal) o Jseasd) ) s330m Adhsl) LlaY)
L 22a Al ¢ 5o iU AN Lla¥) b oluall Jlexin 3eUS bl dadipe adl il
s Y < Adlys bl z ) ) Aliall daw il il LA 30 WUE 4ad

(1999 (AL-Ouda) dysalls dpall Gilal) (e Gy il giases dlle

ealaall 2l 1Y) e Agpudl A0 Jalsall (2006) Blum asl g
sle paliaial o a8 Gexie ()0 Foena (s DA e ciliall Cig )k il de ) )
G Aadipe dpa Al (sS lo L8 ysdall Aee alial) cadl S ¢ S <8 A5l
S sall @y Al Blal) adds (1987 widleys Lorens) Sldl sleay!) oyl
Deep-well branched root system cuwiias Basia (53 goana clliai Al agyudl
Ot e S 35086 i3 (2005 <Asseng s Turner) 4l el palaial Je 50
cany) el (mea il Gagyla Al cCaliall Gyl it sl Jleaiad 36
DY) Jane (alidsly «saill ause B (ghall Jshell iy ot U Jawsiall
.(2009 Blum) sl ¢Jlia) 358 Pla

Sl dlgay) deail Lo Jpana gl daglil) 43050 okl e dlee aelid
Water oluall &aliyl (puad 40l agd 3 oLl Jlarind 3ol dia o olaeYL
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phal AN AEDN okl el A e (1997 33y Hammer) productivity
"More crop per drop" sball (e Jil S eDlginls dalall ol e ST a8

(il lianll 53 Jpeane Lalis) (e oball Jlaxind 30 dad 3aly) (luad
Ll Jgemnall Al 505 25 ey ¢LeaSlig Aalal salall piaa Jhna 53l DA (e Y]
Dl dlys ((HI) Harvest index sbasll Jids dad o ddadlad)l Als 4 daliyg
sle Adlaill Pla e dlilly L saill auge JolS DA 4pll L Lends daliall slial) 40a8
Janall Bl & vy Ly Jshal L) 35l 33g0ma ey el Sl 2350 (55
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Lo cclall sla (e dapall dediiad) Jabyall DA dniiyall 5all ae cpaliiall Sl sgaY)
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cliall i Lpe s dlae Cigans @il a5 Y 40 Y oolid) Jlasind 30 1S 3l
sland) 53 Joane ) sliall Jlaind 36U 3L5 ilie JSy Adadiyell dpasl gl
ST 08 L Bale Sl el bl 1) 8 ol Jlexivd 3elS O ddida a2
e olall Jlexinsd 36 dia 3 sl bl &) ¢S L £ 151 ae 4)laally
xS Jaa page Jh Y A Slall gall Al 48l k)

Meadl Lecapai sl slimndl 33 @lils lgpad ) 5yalad) Llaau) G Laasd
oaliddl die sy Al (1997 wo5dlays Hause) Proline ol pll oSIp 4 Jias Sl
o0 U Gl S oLl Lagls Afies os ded oo BY) 3 Sl sl
5 A lls oaedl (B JoSiall bl Joiall JS5 ca Jlage PR Sl aleal)
Osmotic  Jslall Jaseill ulae 3 g yull agus (1982 co5dl)s Khidse) ¢leaull
W) o loand) 3,3 Glial Caba Cua dilaPUl cilaleadd cailly adjustment
33 PEG  Jslae ) clplll Jas xie ¢ dolall slgal) oyl cand cul gyl e 58] 208
celyall 3,35 cslanll 5,1l) C, plants ¢ys Sl el cbilall K1 dagee el 12
Cs plants gsS) 4 bl ae ARG Gl e DI S (LS s
Agghanall i) ae daSidl bl g ST oS (@Sl Duigdlly «udlly cadll)
S5 Jassly (1989 335 Wang) (CAM) Crassulacean Acid Metabolism
LS «Hard dough  xedl maill dajes ¢JsSiall JS&5 Jlaye A Galgll (g50na
<l & Growth inhibition seill g cls sl oSI5 c ssine Jali)) dgag Sl
by & oyl 5858 & 5 .(1990 <Kharamov 5 Pavlovskaya) sleasll 3,3)
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S Glaall Aleaiial) bl caSlys (g3 Gl pen o el sagaa) ¢ Ll 5,3
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.42 4.085 ¢4.255 «4.364 ¢4.895) \ein 4y sime B 558 (525 ICSSH30 <ICSV25274
ICSB479 kil <SSV84 3kl we s 4ysine iligyins DG ¢( sl e by 035 ¢
(ICSB 324 j,klll (yus 4k dygime cligyill (K5 ol a3 (iday (s § g 3.683)
L5 § g 2.767) ICSSH29 bkl 4ysiee cildg s o35 <ICSV 25274 <ICSSH 30
i ylls (ICSV25280¢ICSB675 sl )yl cal Lsiea ) (IS (3 ¢(ba
(s e by 03 ¢ . ge 1704 <1.521¢1.483) lein Asine s (s
LA oy Saally eclg sl psiasiy o Lmall 5,3 il a5 cLases (16 «JSED €17 «Jsaall)
Mgl bl Jead st LSl ale JS aelus ¢ Sl algay) cagyls caad Jgasl
S Al agal) mua) dsball WAN Jal Sl seall dad pmid o Jery dua oSl
o) Tanglly clall (Sl agad) 8 oyl (558 ce iy Lo colpall cilipia a5 da (Ll
) ey chuaiadl) ol 48 3005 e e lug Lo el 8 (e slial) (abiaiial J3ns dlajd
anlal) WIAY Jaly oY) sea o dladlaally dagiad) bl AuaS (mysedl 488 Loas
AU andll Sle by ccalabuall il ~UaV) haind Gleca lgillaind Shainl (g pall
calsila 0 AEL oyl ey B L Jaagd 85 A8l 5alal) aisty S el Jiiail) dolea]
Skl Jie cbsine ) LA G L g il 6 dpandlysiand) Lente | Al e
Lsine oY) ol ) o815 Jhee Ll & 0 ICSSH30 (ICSV35274 <SSV84 4l
4 Osmoprotectants adsiall cilailall s3a dpaal i Lo ¢(4.255 <4.085 <4.895)
aand bl il Jhe 50 G e sa Lo Aigia LA ) He ) i) e dlsiladl)
Bl e haae Gl JS8 G csall salaiad 8 Dol hadll 3:lS € IS
(alaall) ) Jaledl Jly vic Uasad aleia) 8 bl LAY aleind of Sy (52 ¢3S0
dafaall Adglall LI A pe Iyl sadll salaind e 5yl SUA b Jagigig . paill 23aal)
cosill 4l Jiag Lo pe il sda 3855 (1999 (AL-Ouda) Sl aleay) 558 Dla

i)l Jpana 8 (2007) saills el Jsumna i (2012)
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3.683° ICSB479
1.483° ICSB675
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Simple correlations Jawal) hals Y @éde
Aagiiall slall S dba G Ayginag Al Ll ADle agay (18) Jsanll (e LBl
635 S o = -0.754%) Arandgind) LY e Lppuidl LA Gy ST
(Adiall dandl (e %50) ALl slgayl Cagla it iilly 53 g8aall LISN oluall LpaS 5L
desanall Gph o Aaiaal) sliall e aal Cua ¢ Sl Saall GhsY) WA ks
Al ¥ Al adhll okl sl dalagy (il sasadall oluall (aysedl 48 e 4)0a)
o) palasal) ALY sy blal) Camtid o ol Joanil) A0V 5 D Lds e s
Jae 3 Ul sy @2 e caiiay Sl alea) 338 Can cchlelisall ) (3ayl 3a
o cudill e Azl COp 385 & ey clebuall yie anall el
COle ) Adhall sl play) dala 8 Sl Cudl Jaee aalid cohaadl) Glaillal
Jsa3 L ((NADPH (ATP) ddlally duall byl oBlgin) Jiee aaliy ol ool
Sl sV i (NADPT (pall iy iDL Sl Jiisall €05 5ale) 0
g deliy &) Lo ) (O2-) al)l asyl pusadl J3a JiSiig cliy sSY) by (Oy)
el 5p0a 53 (OH7) sl clelall jia JS8) s ((Hp0)) cineS Y1 Ll s
8 lgaad o Jamys 2 V) S5 8 A sjiudall Apaal) Msall aaled Al 550
Lgeaally dpdeall LA dp 33l ) o L ddlibiayl gals il duseY)
LaS On Ausinas Lnge b)) WDle 35as Ladly Aendlsindl LY e dpuiall
il olaal) 28 Jaea 305 Y (1= 0.716%) il slaal) 2 Janay 30 Zalall salal)
Gaa Cufill Khe J) Alaldll COp 4aaS & (gag ¢ padll Hle ) Jieae 30l M 5258
Sl Jiall dleal 2059 5oLl Aljiey a) 3 ¢(Stroma Leg i) ¢lpadl) Cilailiall
Alsel) ) el a5 ) el oleall 288 Jhea 33l Lol o055 Ailall sald) wyiay
53l G sam Lo ¢ sl Jiaill dilee 3 AGa olpmdl) 38500 dalusall e ddailadlly
Jhre 23 udiedlly dnginall Jeall Jial dle b DG dbsall 1Y) 48
i & ey eilip fSY) Ji Al 8 s Y ) 3y (ol gl 3l
Sl cdlelis Pla Y Jeaisd ) gl cdlels Pl Bl 4l @l
e d5as Laady L (WlpSull) Lypeme @liSye Y Ll el ae panall (o080 Jysad
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S L) el L daa s 4N Ailal) salll A dba (g i Ayginas Al L))
S Alsedl I A V) e hal) A sy a5 Gum (1= -0.942%%)  dglsell sl
osaall et Jiea 32U L)V Bl olatly Fgall Jial gl e ST AaeS pdas
Ge ang M) a1 clsed) e Ba) olaaly 5A Al Aalal) salall AeS Clus e Lk
2239 gl mhsall pan U s Lo o(BlsYls (BLll) Adlsel) eBall) st Jies
(18 «Jsaall)  Axiadll AN dala salal) 4o paljiid ¢ gl Jiall Llee 3 Jladl)
e BhsY) ssinay sbaall Jlasinl 3o US ddia (n dysinay Al Tl Al agag L
A lySull il Jine 3345 (5355 Cus (1= - 0.782%) JsaSIlh DA <)
A0V sald) \a S Sl Jfial) dleny daiadl) Al ol A Ji U JsaSIL
5o S () Ly cddlad) salal) 40 il 1) 505 Lo (gAY Aysumal) LS pall pren aiasil
L oliall a8 N Sl Jfiail) Aglemy Aaliadl) dalall 50l i & oldd) Jlextiad
Lpaall AN WSS Jhee 2403l sliall Jlexind 3618 Ao Lmid® Cagud cAagiidl
Al Lol Al dgay Y] Gl sS5y5 Lals Jpasil A el Sy Ale 4l
Aha Cp Ausinas Alle Lol ADle a5as Lad 1aady (1= - 0.322) dusine ye &SI,
@35 an (1= -0.716%) ddlsedl el Y dum V) e hal) dus sl Jlexinl 51
e & ey el slaall a8 Jha 53l ) Ailsel) elaY) ) A e Bal) A L)
slaall Jlaxind 36l dbn Capeil lap 535 Lo cApyaill 358 DA daginall LK ol
L) ADle 3pay z Y] 138 Jie Sy olad) Jlexind 3018 dag aalii ) (WUE)
(MTR) il oluall 288 Jixas 315l elad) ) dpcay¥1 elial) daws Gn dysinas Al
Vil 4800 dalusddl dia o dyginay 4lle Bl ADle 355 By (1= -0.742%)
Ladlsind) 52 e Agidl Gl Ay (LAD) sl Jidl dle b
chasall aas 33l ) maY) )5l mhaaall aas 33l s Lagee (1= - 0.851%)
Lo canadl) 20330 Hale <& pajaal sl mhaall 3345 s cill Q) (350
Tonal) Tausslly 3hs¥) )b Ans Om o8l (38 & Gy «Bhs¥) Bha Aapa 3l ) g
el e %50) Sl Gaall Cagyla Jla (Kl ol olaall 388 J3ea 223é «(VPD)

fegenall Gyl (o mieall sbiall a8 o LSl il 33580l olaall AuaS prasiine (iliall
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CSls ¢ il ol 28 dglee (o 2all Analisdl) AU QY L dext iy hal)
e 385 & (e Q) gali eSS (98) Aselual) LI aali sam S
&l s L «COp-fixation sites ¢l padll cilasliall & cudill Klhe paca - biall aadll
aald ) (ROS) adaiall all (aan€s¥) sda JSH ¢ Hgeal) Jiail) Jiaa aals
o derty adisindl LieY) S 8 AR Sauddl Al slsally Sl
Aggaaally Lieall LA e aell 2ya Alihial) Lginald Glld e 2y leapds
el ehad ¥ ehal) A e Gn Asinay dunge bl Ao agag Ll
Jie 3305 @25 Cum (1= - 0.725%) JsaSl 3 43 L Sull e 3hsY) (ssinas
oo () Sl 2l Aad i ) Aslall LA 8 LSy 530 il Sudl i
slaadl 35 Jiae 500 I o Lo oSl agall 8 oyl 8 dajé ¢ siall DA
V) dga (Y (lsai e ¢ odall WA e DY) dea Aad adifd lpealiaidls
Expansion dtxuwy) Jte dsball WA s a8 ) 4l sel) dyia a0 ()

.(1989 «Cossegrove)

g paall cliaall G BLEY) Jales a8 :(18) a8 Jan

Trait |CWT | TDM |WUE |LAD |MTR |R/S |Rv |Prol. |SS Ml

CWT |1
TDM | 593 |1
WUE |[-.239 |.623 1
LAD 448 | .132 -178 |1

MTR |59 |.716° |.260 |-.075 |1

R/S -472 | 9427 | -716" | -.098 |-742" |1

Rv 307 |-208 |[-509 |.631 |-252 |.339 |1

Prol. |.655 |.246 |-322 |.390 |.257 |-223|.171|1

SS 017 |-536 |-782" |-257 |-340 |.725 |.224 |.161 |1

MI 754" |-298 |.315 |.8517 |-.194 |.196 |.514 |-592* | .086 |1

*, Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).

:LAD bl Jlaia) 3eWS :WUE (A<l ddlad) salall :TDM (eS|l dagiiall slual)l LS :CWT
cgaall axa :Rv i ggd) | LaM ehaY) 4w :R/S o) Jia Jaugia :MTR (Aladl) 4.8, 1 dalicall
el i) ey Adlu :MI (Jgasl) gé AgpAl @l &) 1SS ccplgdl (e @3‘\1‘ ssiaa :Prol.
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g paall clhial) b ghodl Cua (e Al oLl B Co ity BN G 2(19) A Jsaa

Lsina A8Y) < Lgina oY) dial)
9 4 7 6 2 |3 1|5 8 Adl 48,6l daluall
9 | 8 (7|6 |5 |1]4]|2]3 40 A8lad) Balall doas
9 | 8 (3 (7|6 |1]2]|5]4 il oluall 88 Jiaa
9 | 8| 6 | 7|2 |5|1]|4]3 Las)il) Aagital) olsal) dsas
713|598 |1|2]|6]|4 sleall Jlarind 35188
4 | 216 9|1 |7]3]|5]S8 4,000 deganall ana
1 | 3 | 2] 8| 49| 6 | 7| 5 | Lilsed A Akl desana) dpud
719|521 |8|4]|6]3 AbsY) B Oala sl g
1 | 712 8|3 |9|5]|6]| 4 Jeasll b A5l cly sl
Aadly giaad) 08 Y) Al
1 | 5| 4|3 ]9 ]|2|8]|7]6 (a:::‘éﬁ )
9 8 7 6 5 4 3 2 1 Jalaall a8,
iay,) | ICSB675 | ICSB479 | ICSB324 | SSV84 | ICSV25280 | ICSV35274 | ICSSH29 | ICSSH30 | il il

Clivall djma e @lall e (Kad cugpre Gy bl 9 A Ayiey Jeaal) aa s
L Aalal) salal AeS) Adiall culall 36l coluall Jlanind 36 6S dad Gauay dagijal)
eo iy Loy LY los) Alee Jews 13 o Jhy Shb S L autty Al o(Aiadl)
el Camanilly Al el yy Cilaa]
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Conclusions «laliiiu)

3y (i) Cuedl Jolall gl i (Mpa -1.8) sl sl 22 .1
i) (aiadll sl sl A3 (Mpa -0.4) Gkl skl gsid)
e <lnalll Stepwise transfer Jsydl Jall e dlpall oglul ~lad adiays
o bl 3SaaS algal) o el Clgisadl ) Dpaddl e 32gal) @iyl
gxlall A

AgaY) o Apeall gl Jead e lgde cpuad 4 Gl (apald g W2
BAAN

Janll Adle 435 5,08 ICSV 25274 ks ¢y eloandl 8,301 5k it 3
ACSV574 5 ICSSH 29 slanll 531yl Ciidh (pn b ¢ Jslall sleadld
bl aleadl Lpulial) Alajie 5,08 NTJ 2

imds il gl ol £ Lasia b g pnd) elimadl 331 3 s 4
Ld A Gl okl el g il bl 288 Jaae & CDEAYT ) ol
il oY) ) deca V1 e el

Sl G ) el hmds el slaal) 28 Jhee Janssie b s land) 530 55k canls 5
Llsel) eBal) ana & cplall 1) Gty IS dgmy iilly obaal) 28 Jhae Jangia b
Ana)¥) e DA aaa ol U Guls cuadl) Y il JS Aadadl)

el Aol 3 [CSSH295 <ICSB 324 <ICSV25280 4dsll )kl céss .6
a0 28l salal) ApeS 3 Legsin L) D (g3ahs colaall Jlanin

adlsl 3okl aa ICSB324 (ICSSH29 (ICSV25280 adlysll 5kl it 7
SSVB4A bl ohbhll heay s (4 Capacity types  se &l
sl Jlewind & seiSl e &bl kI e ICSV35274
. types Conductance

Cua 3agandl Aslall 3ylsall b i) 4 ICSV25280 bl deh matt ¥ .8
dadl) LN Aalad) sald) A€ 25 ey ¢ Al Jhal Jhee 305 4d b))
Cagyla a3 S0y dadipe dpalit) 50l 13 Lind 5 comiilly olpall a8 Jhaa 2
(Al dely3ll) (o olue Aay)

oS Jire dgynall slanll 53 Hh (4 edlsid) 82y A Loy .9
A Dpendlginnd) ghade] A o calaila ) Al )kl end gyl
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oS (ICSSH30 «ICSV35274 «SSV84) Jie ¢(lisiea oY) caltldll Cojuss
SV i L o(4.255 4.085 4.895) Lgina =Y clgyll oSIi Jaee gl
LY i e dlsiladl & Osmoprotectants duslal) cilzlall oda Lyeal
Nl A glal)

IS Caun ¢ gl 3ol (& ADl bkl 5 US gl apial Jiea 30l 2225 .10
o Akl WA s o oSa @ sy B Lga haas sl
- paill 23l (Gliadl) Sl Jaladl Jlg) die L gad Balain)

& A ClySaly (g ydll) Al dpmal) AN il Jaee 33l i 11
Sl s (pe S e @Dl Cannsy colpall Jlaxind 56 S L 3 Ll (J5aS)
Leia ST S il gl

Sl (93 poana aaa) Gl Gexie (@ poene JSE el e w2l 12
Gl 8 LA HREd a8 (OS] Adlsell ) Aa¥) ehall Ay
LY oluall 4peS 3Ly dagii colial)l Jlexind 30 UiS dad ya JIE 431 V) (Lile s2gall
S IS ilalsall U el sy s giiall

Hivdll Jray bl WA sba & ey Daendlsid) el Ao Lij 13
o) e LY (s ST S AR ehpmall Aasliall dptef b Al
cJsasll (8 Al ClySudl (e Ll gine ae 45l

Gp Ol saer Aagiiall LI ol S 25 ey il olall 28 Jdae 22y .14
A 8 5 50l s Cum (ShOOLS 415l £ 13215 ROOES da ) e 13
e Jall g WS il B )0 mlasall asa aali &)Y e BaY)
Ay (Fhslh Dbkl

Jiall dlee 4 JGal) i) el mdawdll aaa 8 Sl aalill %15
Aot o(Olo ) Alslal) ladlal) a8 A3LS 5l 5ol b Lla sl
S5 W eV (el il AU A8l salal) Adaal cilall 32 US aalp
5 LS el sl e V1 A, e dsdlad) & sl Skl seliS Ul
Axy) Sl bkl Al dladl
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Lupd) gl

Al ) e Alaind i .(2005) dana Baga g fagana gsua g toadl Bagal
astall 3y Axala Alaw iyl sl & Sl aleadd (Triticum spp.) zedll o
36-15 :(1)21 eyl

el Gl (oany Blaiad ani L(2006) i) oo ) (@) plla (el Bagal
aslall (3iad Aaala Aaa AV el Waje d Jolall algal) Jesil dladll
36-15 claiall (1) 232l ((22) aladl) ey

Gana dpall maill Jpane Al Cpunid Ll g3l Gane (2005) Gadl Bagal)
2 2l 21 aladll e )3l aslall Bhed drals dlae Al Al okl
.50-37 clasall

Uy el 5 aldl) sleay) Josil dagpus Al D& g5k . (2006) 53y ol el
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¢(2) laall Aalal) il Ay el Asal) LAl de)y 3l WLas & (Hordeum vulgare L)
36 -26 :lasall ((2) 2aal)

Jualadll lagleid QU L(2015) Ly gly osabe i Bagall 3iladl)
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Abstract

The study was carried out in the laboratories of Field Crops
Department and the General Commission for Biotechnology and Aby
Jarash Farm in the Faculty of Agriculture, Damascus University, during
the growing season 2016 — 2017, in order to evaluate the response of some
sorghum genotypes to osmotic stress at the seedling stage level using a
rapid lab. Screening technique, based on the response to osmotic stress
induction and studying importance of induction in improving the tolerance
of sorghum seedlings to otherwise lethal levels of osmotic stress.

Another experiment was conducted at the level of mature plants in
pots, to evaluate the performance of the investigated sorghum genotypes
based on water use efficiency (WUE) trait using the gravimetric method,
In response to moisture stress conditions, in addition to some other
morphological, physiological and biochemical traits, which are
genetically- associated with drought tolerance and maintenance of the
production capacity. The laboratory experiment was laid according to the
Complete Randomized Design (CRD) with three replications.

The length of seedling was significantly higher in the control
treatment (19.31 cm), and the mean length of the seedling decreased
significantly with the increase in the level of the osmotic stress in the
growth medium. The optimum lethal osmotic stress level (Mpa - 1.8)
caused a decrease in the seedling length by 50.03% compared to the
control, and accordingly is considered as the optimum lethal osmotic
level. The decrease in the length of the roots and the seedlings was
significant lower (7.77, 8.45% respectively) at the induction osmotic level
(Mpa -0.4) compared to the other induced solution levels, which is
considered as the optimal induction level. The mean decrease in length of
roots and the seedlings was significant lower in the osmotically-induced
seedlings (10.87 and 9.37 cm respectively), while it was significantly the
highest in non-induced seedlings (41.75 and 33.17 cm respectively),
indicating the importance of induction in improving sorghum tolerance to
lethal levels of osmotic stress. ICSV 25274 and Rezinia of sorghum
genotypes are classified as highly osmotic-stress-tolerant genotypes, while
ICSSH 29, ICSV574, and NTJ 2 are classified as highly-sensitive to
osmotic stress because they showed the lowest overall seedling length and
highest reduction percentage. The pot culture experiment was laid
according to the complete randomized block design (RCBD) with three
replications for each genotype and treatment.

The average amount of cumulative water transpired was
significantly higher in the genotype 1CSV35274 (165.50 kg pot™),
followed with significant differences in the genotype SSV84 (135.40 kg
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pot™), While it was significantly the lowest in the genotypes Rezinia and
ICSB675 without significant differences between them (49.36 and 47.85
kg pot® respectively). The variance in the average quantity of
accumulative water transpired is due to the variation in the rate of water
loss by transpiration, where it is noticed that the genotypes that showed
significantly minimum transpiration rate exhibited also the minimum
accumulative water transpired during the entire experimental period, such
as Reziniz and 1CSB675 (0.98 and 2.06 g dem™ day™ respectively) with
no significant differences between them. On the other hand, the genotypes
that showed the highest mean loss of water also had significantly higher
mean of the accumulative water transpired, such as in the genotype ICSV
25274 (0.66 g dm® day™ respectively). The mean total dry matter was
significantly higher in the genotype 1ICSV25280 (1844 g), followed with
significant differences by the genotype ICSSH29 (1708 g), while it was
significant the lowest in the serotypes Rezinia, ICSB675 and 1CSB479
without significant differences among them (570.00, 505.30 and 469.30 g
respectively). The variation in the amount of total dry matter
manufactured between the genotypes is also attributed to the variation in
the rate of water loss by transpiration and as a consequence the total
amount of water transpired, where it can be noticed that the genotypes
that produced significantly larger amount of dry matter are the same
which showed significantly higher amount of accumulative water
transpired (ICSV25280, ICSSH29, ICSSH30 and 1CSV25274), and vice
versa (Rezinia, ICSB675 and ICSB479), due to a linear correlation
between the rate water loss by transpiration and the assimilation rate. The
difference between the genotypes in the total amount of produced dry is
also due to variation in source size (leaf area duration: LAD). It was
observed that the average leaf area duration was significantly higher in
some genotypes which have significantly higher total dry matter, such as
ICSSH29, ICSSH30 and ICSV25274 (15.63, 20.39 and 17.74 m °*
respectively), whereas the genotypes that produced significantly less total
dry matter, such as Rezinia and ICSB479 exhibited significantly lower
leaf area duration values (4.39 and 10.71 m?, which confirms the
importance of maintaining the source size (assimilating surface) and the
stay green to increase the photosynthetic efficiency. However,
exacerbated increase in the source size as with the genotypes ICSB675
and SSV84 (23.02 and 22.69 m), might lead to a remarkable reduction in
the total amount of dry matter production and accumulation (505.30 and
1328.00 g) , which might attributed mainly to increase the rate of water
loss by transpiration, especially under water stress conditions, which
become much larger than the amount of water absorbed by the root
system, causes the plants to reduce the stomatal opening to the extent of
complete closure of the pores, which leads to the disruption of the cooling
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effect of the water loss, causing the premature senescence of the leaves, in
particular the lower leaves, which negatively affects on the assimilating
surface.

The mean water use efficiency was significantly higher in the
genotype 1CSV25280 (20.20 g dry matter kg™ water), followed by
significant differences in genotypes ICSB324 and ICSSH29 (17.66
and17.93 g dry matter kg’ water respectively) with no significant
differences between them, whereas it was significantly lower in genotype
ICSB479 (7.35 g dry matter kg™ water). The high value of water use
efficiency in the genotype ICSV25280 is due to an increase in the total
dry matter quantity (1844 g) and a relatively low amount of cumulative
water transpired (88.76 kg pot™), as well as the genotypes ICSB324 and
ICSSH29, which recorded the highest value of total dry weight (1232.66
and 1707.66 g respectively). They also had a relatively low amount of
cumulative water transpired (100.90 and 67.94 kg pot™ respectively). The
low water use efficiency of the genotype ICSB479 (7.35 g dry matter kg™
water) is due to its low photosynthetic efficiency, where the total amount
of dry matter produced by photosynthesis process was very low (570 g).
On the other hand the cumulative water transpired was at the same time
quite big (84.94 kg). The lower value of the water use efficiency of the
two genotypes ICSV25274 and SSV84, although they could produce
relatively large amount of dry matter compared with some other
genotypes (1327.66 and 1397.33 g respectively), could be attributed to
their significantly higher average of cumulative water transpired (135.40,
156.50 kg respectively). The genotypes ICSV25280, ICSSH29 and
ICSB324 are generally classified within the capacity types, because they
produce more dry matter with less water consumption, while the
genotypes SSV84 and ICSV35274 are classified as inefficient genotypes
(conductance types), but the increase in water loss in these genotypes was
also associated with an increase in photosynthesis and then the total
amount of dry matter produced. They are also highly productive
genotypes, but they are not recommended for planting in environments
with limited water resources compared to 1CSV25280. The mean dry
weight of the top parts was significantly higher in the genotype
ICSV25280 (1793.0 g plant ™), followed by the genotype ICSSH29 (1626
g plant ™), while the mean dry weight of the aerial parts was significant
lower in the genotypes Reziniz, ICSB675 and ICSB479 without
significant differences among them (416.3, 447.3 and 510.7 g plant ™
respectively). The genetic variation in the dry weight of the aerial parts is
due to the variation in efficiency of the genotypes in maintaining the
source size and the photosynthetic efficiency. The results indicate that the
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average leaf area duration effective in photosynthesis was significantly
higher in the genotypes ICSSH30 and SSV84 (20.39 and 22.69 m?®
respectively), while it was significantly the lowest in both Rezinia and
ICSB479 (4.931 and 10.71 m? respectively), indicating the importance of
maintaining the assimilating surface, and the plant photosynthetic
efficiency to increase the biomass of above-ground parts.

The variation in the dry weight of the aerial plant parts can be
attributed to the variation in the amount of dry matter devoted to the roots.
The genotypes that showed significantly higher mean dry weight of the
roots, such as SSV84, ICSSH30, ICSSH29 and 1CSV25274 (105.39,
85.00, 81.33 and 71.33 g plant™, respectively), exhibited also significantly
the highest mean dry weight of aerial parts (1222.0, 1388.0, 1626.0 and
1326.0 g respectively). On the other hand, the genotypes which revealed
significantly the lowest mean dry weight of roots, such as ICSB675 and
Rezinia (49.00 and 53.00 g plant™ respectively), showed significantly
lower average dry weight of shoots, with the exception of genotype
ICSV25280 (1793.0 g), where the mean dry weight of the upper plant
parts was significant, but the mean dry weight of the roots was
significantly lower (50.67 g Plant %). In general, increasing the size and
weight of the hidden parts (roots) increases the absorption surface area,
leading to the absorption of a larger amount of water and mineral nutrients
reaching into the water stream in the xylem sap, and to the plants upper
parts, this increases the rate of growth and development. The mean ratio
of solutes leakage through the cytoplasmic membranes was significantly
higher in the genotypes ICSB479, ICSB324, ICSV25280, and Rezinia
(0.59, 0.70 and 0.76.0.84 respectively), with no significant differences
among them, while it was significantly the lowest in the two genotypes
SSV84, CSV25274 without significant differences between them (0.40
and 0.0.41respectively). The fraction of leached solutes accounts for the
amount of damage to the cytoplasmic membranes caused by water stress.
Drought causes the formation of porous cytoplasmic membranes which
lose their selectivity. The mean content of soluble sugars in alcohol was
significantly higher in the Rezinia genotype (172.0 ug g™ fresh weight),
while it was significantly lower in the genotypes ICSV25280 and ICSB
324 with no significant differences between the last two (111.8, 112.6 pg
g™ fresh weight).

The mean content of the proline in the leaves was significantly
higher in the genotypes SSV84, ICSB324, ICSV25274, and ICSSH30
with no significant differences among them (4.895, 4.364, 4.255 and
4.085 mg g fresh weight respectively), while it was the lowest was in g
the genotypes ICSB675, ICSV25280, and Rezinia with no significant
differences among them (1,483, 1,521 and 1.704 mg g ™ fresh weight
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respectively). In general, sorghum plants produce proline and alcohol-
soluble sugars under water stress conditions, and their accumulation
generally helps to improve plants' tolerance to water stress by increasing
the amount of water absorbed, and to some extent sufficient to
compensate for the amount of water available and maintain the
intracellular turgor pressure and to ensure the continued partial opening of
stomata, and the diffusion CO, required for photosynthesis and dry matter
manufacturing. It was also observed that some genotypes that maintained
the cytoplasmic integrity (SSV84, ICSV35274 and ICSSH30) had a
significantly higher proline accumulation rate (4,895, 4.085 and 4.255)
indicating the importance of these osmoprotectants in maintaining the
stability of cellular membranes.

In general, it is recommended to adopt the screening technique
developed to evaluate the performance of the sorghum genotypes at the
young seedling stage, after making sure of its effectiveness at the field
level, especially in the case of a very large number of genotypes to save,
time and money, because this laboratory technology is very fast and does
not require expensive and complicated equipment.

The genotypes ICSV25280, ICSSH29, ICSB324 are classified as
capacity types, and are desirable from a production point of view, while
the SSV84 and ICSV35274 genotypes are classified as conductance types,
which are undesirable under water-stressed environments.
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