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Abstract

The present study was led on the experimental site of ITGC (Technical Institute of Field Crops)
station of Setif. The objectives of this study were (1) to detect the effects of irrigation on grain yield,
yield components and some morphological and physiological traits in set of durum wheat
genotypes, (I1) to evaluate the ability of several selection indices of tolerance to identify drought
tolerant cultivars under varying environmental conditions and (I11) to evaluate the efficiency of
using the numerical image analyses (NIA) by Mesurim Pro (Version 3.3) software in the measure of
the leaf reflectance. Ten durum wheat (Triticum durum Desf.) cultivars were grown under well
watered and natural drought condition; the experiment was laid out in split plot based on a complete
randomized block design, with four replications. The number of spike m?, 1000-kernel weight,
plant height, grain yield and peduncle length were highly significant (P<0.001) affected by water
deficit conditions and genotype effects. Grain yield showed a significant and negative correlation
with leaf reflectance at Red (r = -0.70%); in addition, the reflectance at Red and Blue were
significantly correlated with Chlorophyll content (r = -0.77**, r = -0.66*; respectively). These
correlations suggest that the decrease in the photosynthetic capacity of the canopy increase |eaf
reflectance at Red and Blue, because the Red and Blue light is the major radiation absorbed by
chlorophyll pigments.

Keywords. Durum wheat, Irrigation, Leaf reflectance, Senescence, Drought index.
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Wild wheat Primitive cultivated wheats Modern cudtied wheats
T.monococcum T.monococcum T.turgidum
Var .boeoticum diploid VVar.monococcum ,Einkorn Var.durum,durum wheat (nu)
(AA) (dressed) diploide(AA) Tetraploid (AABB)
T.tauschii diploide (DD) T.turgidum T .aestivum

Var. dicoccum,Emmer (dressed) Var. spelta, épeature (nu)
T .turgidum Var.durum (nu) tetraploid Var.compactum,
Var.dicoccoides tetraploid (AABB) Var.aestivum, Spring wheat
(AABB) (nu)

Hexaploid(AABBDD)

T.timopheeuvii T.aestivum
Tetraploid (AADD) Var. spelta (dressed)

Var.compactum (nu)

T.aestivum Var. aestivum (nu) hexaploid
Hexaploid (AABBDD) (AABBDD)

Source: Feldman (1976)




A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

gl &1y a2

14 s s% (Diploid)  rwa)l sdall S (5 4! c‘,j_ﬂ ARV CA.E.H ol gdsldl aoall suall
o 28 Wb Clall madlly (Tetraploig ezl 34l 2l (Emmer) s 5ol madl) ¢ s
oot gedl sadl Bl LBV L e 42 Sl eall saal el L2 il
ah ot b G Bl (sl 25 ALY e 1 e b SO 3l L
Shyshi gby geall saall ek S 2T g Sliee me geall sl U f 5 Slies
bz (genomep s i Voo A clade adds Lade oLl s 389 . Amphidiploid  cews
el aa) S 6 5 alas O] LAABB,CCDD ... WS aeall sadl a5ld & C\jfy\
S g 133 am 3w BB pydl Sle 5 el sadl SU 2T 8 5o ae AA gl el
s e WL Caslas wlamall 6,00 oYl 3 oSN lde 0S5 gl AB g
) saal Bl LBV e 0 U1 5 AABB sl S ) a2l s
e el sl G f 5 Dlheo mas ey AL ) Sldl 8 3 i (Hexaploid)
M s I3 e mnd AABB paad) Sty eal) suddl 2l 2l 5 xe DD st
(Feldman, 1975 sl 3 Laeks -S6 o) skl oda (AABBDD p yk! Sl RS ERE
ol s Jor1 o 31

ALY — oyl - 0 -1-3-1

B> by b e g el 50 @ Akl LA ol e e LY Al U LS e
(Geslin, 1952) #°8 — )5 ool 5l s Aa U0 ) 550 A B ps 2 Bk 5 8

.(Jonard et al., 19529 40-30 — _psd ae DUl &5 b I ded @08 e 8

3




A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

2SI b ol A g A skl el 3 e S LY @ e Y sl e
) € A8 e i el emdl I3l e BHULL L)y el e i) U
Jo (Spilde, 1089 LWl oA 555 41 5 asls Sl s Ll dad) sle 21 sus
Jesd S L as Gy s G JaY & (Seminal roots & 4l sdd) sy
g Gem 122 05 Jsd S Jsb of szl LY, 0 Bl % 4\ (Coleoptilg
(Kirby, 1093 Gasl ¢ 31 055 L S Wiz ¢ 1,0 BUYI Dbl e iy b
ol Lo e 1L 2 i o ST S (Semi dwarf de 5l (sl pradl) Sl
sla Yl i 10231
o 58y eleaNl b Yl ael a5 a y Bals okt @ Al Ul sds s
il cUa W saal) 5l L e I g A Bl Ll e B pes el slasl i
Jsbll 25zl Crad =LY elaa Y o sie 8T Bl 3zl LUEYI )5 LYY Ol
SL Jglas 2l wo g ole Lgosl p 3Ly cladY ) pel elad e sae (ST Ssle U
.(Baker and Gallagher, 1983
oo oS inms o dls o ie (i35 ¥ oela3Y) ades O 1y BT (1993) Longneckeret al.
slo 2V m o B 5 R LS (Yl gl e el L (S Lo s
.(Gallagher and Biscoe, 1978 )Y &> ,» 3 diis e K1 S o) & Jolw ez
ozt A 10-3-3-1
O_;wgg\_»djdjt_wai\.x_gﬁ)ﬁ 1 Q\sM\J@@u}}\oMTM

OS5 a5 sllaaY) al> o (iby Ja > L ede )y .(Couvreur et Masse, 1980)




A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

G A 5l S sl seb G (Olsler W Rebas o A N ods sue L) Sl
.(Baldy, 1984 S aall oMl i (3 Lo g U

sy — feed) > 04311

oo Glad Bl aad) b g o J) g W e 3,5l 84 cwle Lot & i ol
59 3] e 0.5 (Sl 85l o I dld) Al J5b 2 SIS al U1 L) & sl s
o Sz e 1) (oo S5 0B 8 a5 Sas ol 5SS ale e IS 2030 50 A dx s
ol Lol dleld) o5 0 6 i 6 stan s 3 20 (Spikele) dhein JST .(Owen, 1971
gy ecly 12-8

ALY e sl s s Oyl b L e sl 86 e i L) g aaeld) bl
Lasls Lsy sk 0555 of Lol 6 ast Y1 e =1 saadl OF bajYl s wast g
.(Kirby, 1988) ;s ;Y| & g |3

2 Ol sde g B edl A U b cule Lilg) Wbl ) i s (1977) Rahmanet al.
) e Mnd! e s ST Je st aeldl el & el d U ais Gas ) alald)
oS el s b s e saS o Ol Ead suadl O) s )
9ol B ) s &) 5 oY) J Loi )l e alad due ol o8 l.s .(Reproductive stage
.(Kirby and Appleyard, 1984,La Y1 |3 oLl & 2 &3

5,51 (Ligule) Axpeed gl OF on 5ty 5 5 ol n 3,50 oI 1) 3 ey 086 i) o8
ro st (Booh) sl dk> s &l e 31 ple Ty (Krummeetal., 1990 &+ ok




A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

) il — g A 531

S (Rachiy ¢ Al Las oe dhe (0 Bie IS (S ptme o Bty i JoF el 2

VL obas (3 Wy «(Kirby and Appleyard, 1984 4> Wil 63 cule SUE

V) (€ sn e Ty SLSY) (Martin et al., 1976 % 96 A L513 0, il

sde P aladl sueliy el (3 85 o sl ol ) By e deld) Chatie (3 8 g )l

sl L ooag aad sl 3571 aleldl bl L (Peterson, 1965541 5-3 omle a5

e 05y @ld 0,5 SV ods e 24U pdly aelall J YL B )ke all 42 1 S
g o O (5 g eyl B ] 3l cwaf Jda .(Simmons and Crookston, 1979

hsadl ollall 1STs (Endosperm sldised) WD e ST IKas sall sl IO

H e de 83 e %3020 JiE oy sbls d e W e a1 eds O3 (Amiloplasty

2 s Ll oSy ¢ bl me Wl e o e 6 200 5,3 s 2 L) oda ey

;Jﬁspy%7o—soyygjjju\;)wﬁmuoﬁg\jgwﬁ\w;w$

.(Joneset al., 1985 el sl b sas sl B ki 3 iz ud) et

Mgl @Il ¢ cge sl yla 33da o@ilall mlag YU -2

SU gz asgda 12

AUl Ol il el e ol @ s gl ) b e S sl mllaas gl

SU IS e Lo O (S Sb L] 3 g5 (1976) Henin oo jUas ) Lailes

.J)JIUL}W;ﬁéﬂ\)@u\wy\dwéﬁw\




A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

s 3 il adh ol el w33e g ) oo Bl 38 Dl JU slexY) ) peb
o ol ol et SW sl 5 adl 5 2 J b L (Turner etBegg, 1981) J sl oS !
.(Deraissac, 1993« 5 pb (&b 5 ae iy W dow ) g0 5l (S S Caliz (3 Spds L) o)
W)y der M pailabt el o e e G sl 22

skl Jo e de Jo S slgr Yl 30 -1-2-2

Bingham o sta 5 5l 5 50 4 B3 Gtdlwte 5 ot Gl e 0y el 3 (S
Y e diate s 03931 o Bals A ol e e piad) Al e g & i) Al U1 ((1969)
il b o 1S el 593 0 e J geaml) dl e 1S @ U1 de ) Sl e Ol e
Dad ) (Ul mrall QS OB dad) Syl e i s Sl pa 5 Y B
1 SRR TN LS IR C RS TEWSN IS PR SOV TP I L Py WL SRS
el OF il ,u ) LR~ <=5 . (Hadjichristodoulou, 1987 Ul (3Ll (sl lus dala
wad Gl 593 M (3 g Lo U mall QM:}.(Gate, 1995 3ol As p 2i g ¢ e S
335 5. 5ea35 5 Ll BLLYI OF d 5 (1985)Fischer. JU1 jmall 5 5gb 8,3 5 34 e Dy
ot 2334 3 o B ods Jomes DLl Dy b o ST e g el (3 e
5 S CLAY ) A a s 3 gl g sl Sl e OB e (b e be Bl e
Ao dldl sd g (3 G sde g Ll sae o g D15 dy Guad Bl jed Lo

.(Abassene, 1997 jaisis o> 393 o Slx 52Ul OV e (3 ¢ bl 395 0 T jons




A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

& Al L5 e (242 LY S e 15-10) Blase V) A e 24 3 JUI el el
58 LA s S W el 5l (Gate et all, 1992 =Y G e caliz W g k)
Al Bl 58 ey ez )

GLS oy o 393 0 Jo JU slgr Yl w2222

S5 S el OF s 5 (OBUA o) lll el 5 ) el Sl UL Al s e
3Lt ST8 e Sl as Il o), () el Bl Al el 3 Plaze b ISsy
JY) - e L3 SU sl B (Mekliche et al., 1998 o) ol &5 las L2l pead)
W 1) ST ey g i Ll 0y BLET 0628 S il r ST s Bler]
~> .(Debeake efl., 1999 Sl jmall oy o 8,5 LT a5 aap S SN
9680 52 a1 hn p S ol all pales (A g e dl a0 D S e gl ) LY
Jlall G e g aland O 5 BV Bl e S by ol S 055 s
5o p e Gl 05y a3l (Gate, 1995 3n ) e o Al o PO JUI i) 5 e
< .(Debeake et al., 19964 ¢ Lo al> » M 431 )i o S Gdad) ¢ g 1) o8 ISy
SN fst Blel e o ST o depet ey Sl (Ul b
& gmn Jo A 2 BLY glas Al e SN GLL (3 bl (K20 5 &) 10 ST
35 8 Y680 Ay BL) (5 st e Gl )dn s S 09 ) ol (1995) Gatewns ik
i A gl Ll gy A s e 88 D Sl e gis ) oUW @ el Ll

I ol 52 st Gl g JLpY) Al s L8 ASad) 451 ue 5 S oS ol 0 5l

10



A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

il Cd ¢ e ae e juad (Pheloung and Siddique, 1994)) iUl we (A ¢ o d> s
.(Legouis, 1992) 2Lik| o< V.l.eLJ\ A e dol
e g 9 A ailadt Jo S sl G -3-2-2
Bl 3oL sl sl Jlemnsl 3L 2b o0 blidl 3 Laudl 555 #0 2 ¢(1980) Nemmar o>
B &y i pla g I s Laddl Jp bojon A el ik D ST
el @ a5 S el WS Clal madl g SR o Sy
L) 150 S Ll 5581 0Ll 5 Jekll Of bl (1996) Adda . (Hadjchristodoulou, 1985)
(Fisher et Maurer, 1978)2 b - dondl 5o J b el Al 3 sae g3 M e
S AN U SU Y e gl M9 s 6L Alasis Sliol sy 308
[(Gate etal., 1990)2Lid] Gy b o f LA 2 Y 2 ) g s
s 290 A w5 & sme LLS ) BYe |y 5 (1993 Bensalems (1983)Mekliche-Hanifi
G g aes Bl 8L W Y e sl LUV BN s O S« womadl Jsb
Jsb bl i ol ol Jsb I p 6 2T 4 0 5 B 0 OB sl 3 pals
Ali -S&) s (Bagga et al., 197005 4adl Z YY) 5 clold ;ST olazal (3 pabos ) 5 ) 54
SGab o wadll Jsb g A 35l w Rgme b3 @D (o 1514 L (1990) Dib et al

L“;\.U J',>.;’J\

11



A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

g\l\ PE] }5- Sl QL»}&.» 322

Al ab ¢ 5 o Jendl 38 Gl G (U el ST Cmd ST S DL sz
W S 3 Jomd) G b el (S sl e (ST ) o ey 2
L ol dor g0 50l Ul o simy (Turner, 1986 ) — 5 o el — (o BL I — 22 )
56b Bl AUl e LT Ol Gy b e d bl g el e 4,08 e Olisl] 5l
.(Madhava Rao et al., 20P8ulutl ULl &5 ,lis ST 595 0 slle] Lo L) 1 5,06
e ey Sn 132

dol o Sl s el ) i 30l ol o s et IS 0 S sl W) A S e
5l ol e a3l cliae) il Gy 2l )y el s i cell) oliatal 3,05 3 0 )
(Bajji, 1099 <Ll i Y1 5 &80 sdl 615 >V ol L5 ol il ods Jott ARl LY
2 B e S5 0 AUl e glae e slanYI sae 5 a8, 0 d L) Jais e ST e
Ov o g Slol jam 3 i e 81,4V OL i) em . (Blum, 1996 SU sl
B e el sl B ol b e il L) R8T add dad) oS
d ol am gl el e gl Gy e dl Jsb am  (Amokrane et al., 20026 60-40 —; =)
M e 593 U i) 1 (Hadjichristodoulou, 1985) SU1 sle=Y) e 5 uby @Ds
ole g el 3 Ll J5b (Slama et al., 2005ikind) sl oS Al dan wb, (3 anPlos
ol I3 ek )y B s b e Gl dleszs Cliol GlssY s

PNt J_~w\ Pl — ERV TSNS Cf“;‘ Jsb s ol Jsb oy o k)

12



A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

Loglal Wbl ol s gl Gy e skl (g dd) sl e (Bagga et al., 19708 pixs Glosd
.(Passioura, 2004)5U! slg>-Y!

Gor f pd Db pSa -2-3-2

s 8 Bl 5550 48 SLoYl e el 0B SW el 51 s Al 1)
.(Ben Naceur etl., 1999 Ul g&\ sl Yl Ol 15U ot s duls dio S oY)
PSR TP GV RACN R IOT T By B S-Sy P U RS (VY FENR -3 SIS TR,
B gine L)) B e A1 353,00 (Bali, 1999 3 =1 SLoVL 3 5lae Laill s el
ey AW ga) Ao e 013 L) e (Gonzalez et al, 1999 Jxwild S &l
Fipe ) KA saxy L (Poorter, 1989 seil sVl N o Sbdaad) 35S Jlanzal
Ol 15257 (1978) Fischer et Maurer Bk sbULL oo 555 0 Gred ol o Ol 1 als
2[5 8530 Y52 553 M by 3 by o] S B 85k 2 IS

i P b e 36 -3-3-2

Ao U ST e (K87 o e 5 87 5l Eom (oLl @ Bl 2aaY) L) e
O Nl boas e LA 5 ald) 3 G st Jo Blisl) Low )l faw as Lk
Ll s (Palfi et al., 197B 3, 5Y1 (6 s s Al 587 2 0S5 3yl edleladl IS
O Sl gl OF (ol Lk aglie 5 alSCaal) (g )5S Cp s b Bde &2V
.(Savitskaya, 1967) 2L} alesill LY o (i8S Lontuy

Co ol BT ST Al Sl e Bl sl ) BleYL ol S s

13



A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

Turner and) 481,51 (e Sl Sl e oSz e Wl 51 L)l dg) madl) (5550
Joels e sl OB it o il 3 SWI 051 e Bl o5V sl (Begg, 1978
Sl o 3 Ll S els IS W sl Y1 G B 2l 18T W) e ) 2L
&5V fand) 3 s Sl e Sl Sl 5 oy ) +S) 5 .(Johnson et al., 1984333 »»
ssaall eW) 4.8 2ad b, &8 UL Gl (2l Oy b =2 (Ludlow and Muchow, 1990
G 0y S aST 38 I Loty Cpm a0 Ladl OB AL s 3y mll b oo
dneST U o J gl B it )il 25 OF (S8 ¢ Sl S A B (3 Lk S o0,
Ykhlef and) ol Gl 1) L 35 Gsw U3 S gaal bl 655,00 05 S
.(Djekoun, 2000

(oS (6 N 42

Sl el )50 5 P -1-4-2

s g0 @05 R B B 05y o %9580 i el 080 Ul e
b e il 3 sled) Ol 2Lt (Taiz and Zeiger, 1998l [ 5ks 5 5 £ 3
A Sl Jomiy . Jsl) S A dee 5 b e i) e I oS clS &y s
o skl 5 sad) ol e i ) axs )y SV 05y S ST 6 sl oL
@25 (Taiz et Zeiger1998 <l sk 5 o8 & 150 SV ST 0ol oy oS L ol oy
oo EU odadl Al sl e 5 8 e 3 el S s ) e Jl s el

.(Martre, 1999 L» & 5 addl ollas

14



A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

(oS (5 N g s -2-4-2
Byl i) Oleiad O o e e Bl e O sl e BaST il Bhes g LaSHI (o))
il 593 0 Jo Jsadl 5 5ol
AR g ol i) sl 38T e 5l a Sl (6 1 OB (1985) At kadi e
Lol oSl ) O Jiadl 5950 Oloial JUaal1 s o 88 e oW 2 (3 6l 3
ot SW ) (3 ok gl ) 5 ol e B gl 88 I3 deddl) e 2SS e
< (1987)Saleh— il ¢(Perrier etSalkini, 1987)J¢5T 595 0 Oleus J:.-T o s =
o2 o Ja T e U mald S a5 85 I3 Aesil) Al W) S ga LS
I Wl e 2 W 2SI @5 T e JuoS (s ) O 52 (1987) Zaghloul . SUI sle=Y)
oS 5 Bl 5 gl a i sllas kel 5 ) Bl ) Ol A ) 3
i ad) 1987 i bU U dewl ) Lesll S (FAO) sl 5 sl adldl adadl o> 3
Loy 5 LS 353 1 83L5 ol 5 Ol pees sl o 8 jime bS8 JuoS (o 31" 1 L)
o sl ol s ¥y Sl e ool S b gl B b e
et ghet 3 S LS g ) el Olh adl e idll ezl (b sae " samld
593 N33k o/ 5 Ol Oleial Ul pa 532 SloST @i 58 5 Ay ore 52
(oS (g I W1 B 342

AU LU 3 JeoS s ) 1 e 0 S

2y el iy )

syl oLl e 2

15



A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

.CL:A‘!\ iLs g e 3

Al ) G i g W jslall e Blad g

P el bl s oS (6 U ik o Sl ) o

S J sl 4SS -1-3-4-2

.(Boubagra et SouleR000 > 33 ) ddslze Jo Losi vs 150-60 cnls = o) 5 S s ) el 28
il 52 2342

) Adans oLl om S5 B A ol ol e IS 6 ) Bdams 258 OF o Y oS (6 )
.(Boubagra et Souley, 20pQs ! ¢ls Jlomzwy aJled SV al> L D=

BUS g g H 395 M G AoSI g I o 3L 442

Moa oy 0333 M e ol 1) 58 US55 G LeST LS (6 ) pr o I b (L gus
N 5 5 6 ol 5 (A 81, ol e e e o

(ew2b 3l ) e N sl edl dmd Ol Ll U s A sl a s s
5L %90 A 19 o il (o U dmes 595 0 (3 554 I 4ed . (Mouhouche eBourahla, 200y
S s & e2Y) > (1989) Lahlou ww> . (Belbsir, 1990)talall & ,lis 595 M (3
i 4 LSl (s ) OF (1994) Boutfirass et al s uaL Al e CURCE I R e P
ST S 1) 5 slaaW ST 2l 5ad WlazaY) i/ slasY) a0 Y 40 60 — B
EIESN > E W =30 ) JCH SSRVRCIC RV R TSI R WP Sy N U PSR ST (e

& 5 pake Wlazayl Al o PO LS o) S5 . (Boutfirass, 1990) st 353 A st i)

16



A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

ihony Jole iy g Sly i Gl 055 0F o 3 i G 059 5 lae aladl 3 A s

- "

.(Mouhouche et Bourahla, 20074 ¢ | dl> .« JM (5 )
Er ook @l i Gl Oy Ll Sy g ped G g ol e DD ) e O)
.(Paccucci et Troccali, 1999)l) o 5951
il Lygll &ydgunll (mlgall ¢ cgunll -3
is sl dnsN J > dale o2l -1-3
tole gt gyl U Bl ga 1l OBt o 25 g2l 2as ) oS
09 S0 0.39 - 0.20 tiomenind) G g andNI -

04,0 0.77 - 0.39 1a5 N anzlI -

09 S 13-0.77 16 o) o O 5 sl -

L0 3 s 100.00 - 4.00 e ot o ans V) -
8% T et 3Bl 4asW) sda e e OF U (38 b g e 4852l 2003 Ly O
T L e e e UL T It e
oo aaslll PPN J) anSal) adlay) sV dws e & «(Absorptancg dazell PPN
sV e ALl aaaY) ) S 0W AJlay) aaY) i 5 (Reflectance anSall axa )
a5l ailadl Jo auSadl y datad) AL Y1 lais deam (Transmittance s6W)

.(Seigle and Howell, 200RaksLul 4yl oolor 4o J ob 1057 e g2 3 pennedd

17



A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

L1 31y W A sl o) 3123

35 o W) g egd) Byp e g Bls Al e e B, Bl ol il mol 1 gl

.(Myneni and Ross, 199F§ , s aiksll 4 s0Gall ST 30 e 35 sl and Y

ALl S Gl anall (Sl ¢ sl ST T e G153 gl ol ) O

ifsall ol Jde olehdl e aal wodzel (Despan and Jacquemoud, 2064 U

W a2 sl 2 1Sy Al aslesS ol U S Gl s T e 316
.(Curran, 1989; Fourty et al., 1996; O’Neill, 2002)

Jem ISty 5 310 8l ) U S iy o 23U she] e Ll sds o

.(Pinty et al., 2004; Gascon et al., 2004) ,* »¢

S Gy pSY b Ol 2 33

el o) i L B s i (sl BoS Feal SN b o

1L 3151 e alill ageall ol ) Jsb ol AV By SO ool i & )

0.7-04 (p oy 3at) 5 a5 U a2 s .05 S 27:04 s b el ansY) 2 e

sl die Sl 5 910 jalnt | G all y Aies Seall GSGY e 0y S

%50 ol 5 55l el SSAV) e ) E 05 S 0.55 Al Jsb ol ol e

& S0y SKr 13:0.7 opbe 85t 203V fois Gl g el o sl i e

04 o by sad) sV e o 05 S 2.7 T 3350 s L gkl e by ) LUST a3l

Sl e dalad) Aol 203N O 3,1 el SOV Belys 8 pls a0 s 27

18



A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

AN i ol Ol OY 2 dgr e g B e s B e e 3 peas

.(Knipling, 1970) > 5 5 s2a Jls) 1ds e s 2!

80 T T T T T

TOBACCO =

o

=]
T
1

REFLECTANCE |%)
&

20

0.4 0.8 1.2 1.6 2.0 2.4 2.8
WAVELENGTH ([x)

Source: Knipling (1970)

(Nicotiana tabacuinils-ul Sl @1yl & (& sl WS Ui s Ol i soee 11 45 )

AV aol ) Slegdall e ey J2 05 Kr 2704 Cple ) satl axi ) e jum
.(Wong and Blevin, 19673 o jlaiaw¥) 356 by S o) 5 3,0 S 5a

S Ssall il Sl S 43

b e b Lpad V1 el LS L) GBI 0N e alasl) axs Y1 e s i
Ao pobe Feall BNy plaza¥l (MK e ST LB L e 8,41 oL S
AW o J g il wsL ) o) s e eVl e badsl OF e Y g alel e
B gyl BVl olamaV) SVl i i 2-1 AP L Sy S
3 ) SOVl Dk e Ly as 05 Son 2704 Cle 35 pea) 231 2 e
Sl ohie Ko @ e 11 WS I 3 S pal) SOV Ol e L5 21 A )

PlaiYl i o 3 (el SOV s ol L U Sl )oY

19



8l el (Triticum durum Desf.) cilal) zealll & sl g 4 gadall <l pigall (lany ABe anilli (2014) (As 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

05,50 13 o b 8 ypadl 2nsY1 U2 5 2500 2ns Y1 U e gy 550 0SS5 5 sl
3y el 2 2 e bl ddle 0555 Jaall jolama¥l (s ol o) o 2as ) o

-(Knipling, 1970)Ls & il (s slud  §giall olazeVl i OB 09,50 1.3-0.7 o L

PERCENT

WAVELENGTH (s

Source: Knipling (1970)

<L é‘)ﬁi %g ‘;‘}ﬂj\ Sl Y1 5 yolaxe! cdc\g.a.?‘}“ b O &I s 2-1 A )

60
BEAN LEAVES — WATER COMNTENT
fwolp e e 0%
s -
] S————
z S
< « -
—_ ~
wr
w hl
& N
20
o 100% .
o i " - . . R " " "
0.4 0.8 1.2 1.6 2.0 2.4 2.8

WAVELENGTH (#)

Source: Knipling (1970)
31y L RTFRUIRT  JUR i S [ go] PSEY! Cab o O i seie 3-1 AR5 S

Sl 5 e Gl S Gmel) Bl ) 2 A e a1 10 5100 5

e s, dm g B4V

20



A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

13 o Bl g sl adl o a1 g e 350 G160 O b e ansSU L) olaze)
.(Allen and Richardson, 1968} , s}l axwil yexs dor g2l W ) s Oy S
Plaml 31 S P (3t se 2l 5 W B,V @ B Seal KON ol s
SS)S 5 ) Ll o g sl wlial) ) e 22 a1 s et L
Sl SV i 3 s bl e i) 25T (Gates et al., 1965; Knipling, 1970)
A1 B P 3 i gn s 5 5 gl s 31,530 B, ol k) B @ B
Sl U w250 2 st e W) Sl WSGY) e Of 258 sda m g
et Wlas an 8V el OF bl &y sall Slanall 3 ol Cib &l i iy guas)

) F s Al ) A Y B et ¥ la)) OF ol 6 od) o a1 Jlz

&0 T T T T T T T

GERANIUM

REFLECTANCE (%)
S

]
=}

D 1 i i I i Il 'l
0.4 06 0.8 1.0 1.2

WAVELENGTH ()

Source: Knipling (1970
oyl ) O B yg o sl g5l bl § J )l WS s O i sove 41 A5 )

D5 AL oty Ky g o) 0 2 g oo B Fall SN

Blis 31, 5Y mhw e 355 5l dmeddl S0 e (Knipling, 1970) G, 53U a1l 22

21



A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

i) metdl Sl sds GU o Sen OF (S e s sl oleladY) ok
At ) CST A (6 g e OHLSY) e i et 8 Sid 25U S 5 i) 2 )
o2 sz el amt g Of ) 5L a Y (b ) ) G 2i D) 3150
B0 8l abildl as) poland 3 5 wle1 el e Al 3 ) el
Sl Nl 5 LSVl e il e )l () G ) e
.(Knipling, 1970) &, !

S &gy e 5 Byl S giall WSaYI 53

Lodis ol Sl shall Jlonzal 25010 Slslem V) dtod Sl e o o] 1960 s
slas s o U] 5 U5 Sl e Sl ) Gl e gl SV i
Jo= olegas Usgp Ls)j..a!\ S G (2001) Carter and Knappewe> .ol Al J 5>
gted) Ol ) s LN BT 1Sy said) gl A g ) Byl

& Jored (ol Wt 5l mens G b ] pa WSSV ik ol h g Bl s e U
I e SOV b e 05T g sl e b e il dor e 1T bl )l ol
o3 axay e SA B e s Of L ws LS™ (05,5+0.77-0.39) J A el
(Gausmaret al., 1970 s} o &, szl Slanall 2 b e Lobamel ST 0S5 o) oAl o2
o) Gl S i 38550 ol o635

a3y o) A1 dd) -1-6-3

Jda U_Q t\f‘i})\ On Legd L;;JJM JJL{AY\ b 3 O < bl il ol

.(Gausmaret al., 1970; Sinclaiet al., 1979 L sxs p& oy Y|

22



A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

UL Bl af e 2L ¢ Yl e 1S 48T S 1) 351 UL 81 sl OF Laf o
(38U ads ol il 3 @A ) O s JM.: «(Hoffer and Johanssen, 1968l &3l
G ol Sl ) a s madl b il e 3y WSSV b 3 Odes)
it ) gl e Bl b l) ) x5y G 5 B Al Ol ST ) sl
S ) m ) g a5l asY J s B SN b 3l L 13, )
.(Knipling, 1967)  swaJl &las
Byl o jailas -2-6-3
of VI PITY rieny e & ppled 4 2l SL Y OF 14 31 (1952) Gates andTantraporn
ez i) sda Gilg Al ol sk e 3 SV dl s e G oY) il
CRYES N TIPOUP S JC TIPS RN P I L e SN RS IRV S
o oy G e g L Gl LAl med) e mil Ol e Sl )l e sl
e skl OLoY Oty (sl ASSY) (b Je 05T 4 glaucousnessoLé
.(Johnsoret al., 1983 4w & U (LY o ST %12 u‘&’“ glaucousness
dr ) 3 ) O gl -3-6-3
i ez Bl SOV By o Bl 3 Jad o Ol sl ol O s
o b ol 3 SN Gl U2 es S5 SN L (Knipling, 1970 &4 el
sls 3 )l g 58l es @?\xﬁ\ sJ» (Hoffer and Johanssen, 1968 , sU L;LU S gl ek A5
G Sy S5 8, U el @ Aol ol ) O G gl ol

5l 4y sl la)

23



A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

sus AN,P,K,S,CaMg Jio asdall WLdall jam 2i 250 ) 4w 5 (1974) Al Abbaset al.
O R e e TV | RUCRVRR TS SRVNCH I NEN P LY
&l

ol Jort 463

G r2b) gttt Sl cledl ey Al 2 i es B LSS Gub
izl wUldl b ses L(Ahlirchs and Bauer, 1982; Demetriadaisal., 1990 (geometrycanopy
oS W 3 a0 aa ) Je es gpall (oSl Aladll i) e 2aST S et
o S Sl e skt e el ekl 0 2s ) 8 e 2s ) e 2aST ST
&l M i) 1) e e W) oy (T sl W il dU) el O] Y] Bt
J& e Foall PGSV Jaity a8 i Iz e Jpll LSV 3 @5 05l
) ol o F axsyl

S @ sl addle 5 A5 L AW J# e By sl sSY Cib 73
Sy o AN s e e B ISV G 3 ) et ) S e
gode by ade d sl s 31)5Y1 (22 . (Taiz and Zeiger, 1998) yasdl o )1 0 S
I e Sis o) okt 22 sl asl L( Fillella et al., 1995) < g5Y) o Wl 2
e ot il 328 S sl o miabois 557157 oS0 sl 680-660 eyt
.(Sims and Gamon, 2002)\s

OF 38 ol 5 2 36 700 =550 Cle JB1 o OLN1 LI (3 0550 ) 5575 oS

By by Al o) g1 APyl e Bl 5815 L 00 SV eds aiS

24



A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

a5 1 (Hueteet al., 1984) ¢ | o O 3 andV) J2 o 2Vl o 28 ST So
AL b el ) Gn I 5 Gl 7504675 cale SSWY) @ sl px el 4
k)l 0 JL=l 1A ((Carter and Spiering, 2002, 5l & 4555 5 gl ol
(Dawson and <Ll AdL> 4.3 o Cro s dlaniul (S& 4 (Red edge) &Y a4 e
5S Gy e d (750 -675) LN A 2 e MSSY) 3 sW ) <Curran, 1998)
.(Horler, 1983) szl

S Gl Sy By G gl b B 83

g slodall g iUl e il e Be 2T 55 s (8155Y1) et g sel @l
SN Jlsal |3 oll) o ol Al g 550 o jlaed WG] g2 23 3 )
P ISR KE COCE SV PSRN JASSRPCIRNCI COpCH FiL B WS JUGSF 1| PR EINVNCIE O L RS
Al «(Townsend and Mcintogh1993) s .24 Cj«.é.\ OVl Sladast) et 5 0 o lis
3, (3 OV OV 5 Cnal ) gl 3 i) A s ge 8 20 ) sda el Lo o
By @ sl el oy 28 I dasall BRI O) ((Sibley et al.,1995; Inneset al., 1996)
50 aidll jatladl 3 ST 5 )l sl B ST i ale S e
oo L 2 o By i) Slanall (3 Ao i) a5 (olaz¥l ) ASSY)
ixsW > adl (Merzlyak and Chivkunova2000) il a5 saall sua)l e ael clslgYl
dzesall 5,0 A wlbx > 3 (Ommenet al., 1999)@LU slg=Y! (Dixon et al., 2001) domaiid! 3 56
O gl 0dd el e (8 shate 5 BRSS § gl Jlanzuly L pui S ) (Pietriniet al., 2002)

By gl Olaeall 3 Ao Ol puE W s Sy Jleaa¥) &) clgw W

25



A s (Triticum durum Desf.) ulall zeadl) & gl g A gudal) <l jdial) any ABMe andi (2014) Ao 92—
- Qi - (ube Gla b daala i) L ol g pamad aglal) o] ) 933 da g ol Adlida A dalii)

s m g ol e Jalize 3 055 Y 0SS s 6yl T LR e T ) o 35,500

coldall ada e (oolad 1S 9 Al ) sl U B Jlassad OIST A (oLl

26



8l @l (Triticum durum _Desf) clall zeadll & gl g 4 guall il pdigall (lany ABDe anilli (2014 Ao 9
Sl -l Cila b daaly bl L gl ga aadld a glall o) ) 9383 da gl Adlida S dakii]

el all

A

Abassene, F. 1997tude génétique de la durée des phases de dégglepfs et leur influence sur
le rendement et ses composantes chez le blé dticir durum Desf.). These magister, INA,
81p.

Adda, A. 1996. Contribution a I'étude des caractéristiques molgdiques, physiologiques et
anatomiques de la productivité chez le blé durtiCinm durum Desf.) dans une zone semi aride.
Thése Magister, 114p.

Ahlrichs, J.S. and Bauer, M.E. 1982.Relation of agronomic and multispectral reflectance
characteristics of spring wheat canopies. Purdue/ddsity, Lafayette, IN. LARS Technical
Report, 26p.

Ahmad, I.S and Reid, J.F, 1996Evaluation of colour representations for maizegesa
Journal of Agricultural Engineering Research. 63(85-196.

Aidaoui, A. et Hartani, T. 2000. Gestion de l'irrigation du blé dur par des indices de I'état
hydrique. CIHEAM — Options méditerranéennes. p-5B2.

Ait Kadi, M. 1985. Irrigation de complément en Zone Semi-aride. Sésdse: Gestion des Eaux et
Production Alimentaire. Actes de conférences Agadir

Al-Abbas, A.H., Barr, R., Hall, J.D., Crane, F.L. and Baumgardner, M.F. 1974.Spectra of
normal and nutrient-deficient maize leaves, Agthr66:16-20.

Ali Dib, T., Monneveux, P. and Araus, J.L. 1990Breeding durum wheat for drought tolérance:
Analytical, synthetical approch and connections. Ranayotov, I. and Pavlova, S. (ed)
Proceeding of international symposium wheat bregdiprospects and future approaches,
Agricultural Academy Bulgaria Albena, June 4-8; 224D.

Allen, W.A. and Richardson, A.J. 1968.Interaction of light with a plant canopy. J. Ofbc.
Hmer.,58: 1023-1028.

Amokrane, A., Bouzerzour, H., Benmahammed, A. et [@koun, A. 2002Caractérisation des
variétés locales, syriennes et européennes deubl@&whluées en zone semi-aride d’altitude.
Sciences et Technologie. Univ. Mentouri. Constanthi® spécial D:33 -38.

B

Bacci, L., De Vincenzi, M., Rapi, B. [et al.]. 1998Two methods for the analysis of

colorimetric components applied to plant stressitnang. Computers and Electronics

in Agriculture. 19(2): 167-186.

Bagga, A.K., Ruwal, K.N. and Asana, R.D. 197@omparaison of responses of some indian and
semi-dwarf Mexican wheats to unirrigated cultivatitndian J. Agric. Sci., 40: 421-427.

Bajji, M. 1999. Etude des mécanismes de résistance au stressqueydchez le blé dur:
caractérisation de cultivars différant par leurgenaux de résistance a la sécheresse et de variants
somaclonaux sélectionnés In vitro. These de dactorav . Louvain.

Baker, C.K. and Gallagher, J.N. 1983The development of winter wheat in the field; Tioatcol
of primordium initiation rate by temperature andofperiod. J.Agric. Sci. CambridgéQL
337-344

Baldy, C. 1974. Contribution a I'étude fréquentielle des condgiodimatiques et de leurs
influences sur la production des principales zageéaliéres. Document du Projet céréale, 170p.

Baldy, C. 1984. Utulisation efficace de l'eau par la végétation eimats méditérranéens.
Bull.Soc.bot.Fr.131: 491-499.

27



8l @l (Triticum durum _Desf) clall zeadll & gl g 4 guall il pdigall (lany ABDe anilli (2014 Ao 9
Sl -l Cila b daaly bl L gl ga aadld a glall o) ) 9383 da gl Adlida S dakii]

Baldy, C.1986. Comportement des blés dans les climats meéditsra  Ecologia
Mediterranea, tome lll. Fas 3-4, p 73-88.

Belbsir, 1990.Irrigation d’appoint et efficience d’utilisatiored’eau en zone semi aride : Cas du
blé. Mémoire de 3éme cycle. Option Agronomie. IA¥ddan Il. Rabat.

Ben Naceur, M., Gharbi, M.S. et Paul, R. 1999.’amélioration variétale et les autres actions
contribuant a la sécurité alimentaire en Tunisienatiere de céréales. Sécherel3e27- 33.

Bensalem, M. 1993Etude comparative de I'adaptation a la séchemrhsd®é dur et du triticale.
In: tolérance a la secheresse des cereales enmédiéerranéenne. Diversité génétique et
amelioration variétale. Ed. INRA. Paris. Les colleq,64: 299-309.

Bingham, J.1969.The physiological determinants of grain yield ereals. Agric. Prog., 44: 30-
42.

Blum, A. 1996.Crop responses to drought and the interpretati@daptation plant growth

regulation.20: 135 - 148.

Boubagra, M. et Souley, Y. 2000Recherche de techniques d'irrigation adaptéesragétion
de complément du blé dans la zone du Gharb. Hontenes et eaux, 16 52-61.

Boutfirass, M. 1990. Irrigation d’appoint et efficience d’utilisationed’eau chez les céréales:
Cas du blé tendre. Mémoire de 3éme cycle. Optioagnie. IAV Hassan Il. Rabat.

Boutfirass, M., Karrou, M. et EI-Mourid, M. 1994. Irrigation supplémentaire et variétés de blé
dans les zones semi-arides du Maroc. Dans : Aatefa dConférence sur les Acquis et
Perspectives de la Recherche Agronomique dansdessZArides et Semi-arides du Maroc,
El Gharous, M., Karrou, M. et EI Mourid, M. (éd)aBat, 24-27 mai 1994.

C

Carter, G.A. and Knapp, A.K. 2001.Leaf optical properties in higher plants: Linkisgectral
characteristics to stress and chlorophyll concénttaAmer. J. Bot.88: 677-684.

Carter, G.A. and Spiering, B.A. 2002.Optical properties of intact leaf for estimating
chlorophyll concentration. J. Environ. Qué&l1;14241432.

Couvreur, F. et Masse, J. 1980Q.es stades du blé. ITCF, Paris, 28p.

Croston, R.P. and Williams, J.T. 1981A world survey of wheat genetic ressources IBRGR
Bulletin, 37p.

Curran, P.J. 1989.Remote sensing of foliar chemistry. Remote Sensingnvironment,30:
271-278.

D

Dawson, T.P. and Curran, P.J. 1998A new technique for interpolating the reflectaned r
edge position. Int. J. Remote Serd$:,21332139.

Debaeke, P., Cabelguenne, M., Casals, M.L. et Puech 1996.Elaboration du rendement du
blé d’hiver en conditions de déficit hydrique. Mise au point et test d'un modele de
simulation de la culture de blé d’hiver en condiial’alimentation hydrique et azotée variées
. Epic phase-blé. Agronomi&6: 25-46.

DemetriadesShah, T.H., Steven, M.D. and Clark, J.A. 1990High resolution derivative
spectra in remote sensing. Remote Sens. EnvB8n55-64.

Deraissac, M. 1992Mécanismes d’adaptation a la sécheresse et nramida productivité des
plantes cultivées. Agronomie tropicale. 46: 327-337

28



8l @l (Triticum durum _Desf) clall zeadll & gl g 4 guall il pdigall (lany ABDe anilli (2014 Ao 9
Sl -l Cila b daaly bl L gl ga aadld a glall o) ) 9383 da gl Adlida S dakii]

Despan, D. and Jacquemoud, S. 200Dptical properties of soil and leaf: Necessity and
problems of modeling. In: M.v. Schonermark, B. Geignd H.P. Roser (Editors), Reflection
properties of vegetation and soil. Wissenschaft Technik Verlag, Berlin, pp. 39-70.

Dixon, P., Weinig, C. and Schmitt, J. 2001Susceptibility to UV damage in Impatiens capensis
(Balsaminaceae): testing for opportunity costs thadg-avoidance and population
differentiation. American Journal of Botar88: 1401-1408.

F

Feldman, M. 1976.Wheats, Evolution of Crop Plants, dans N.W. Simdsprdir, Pub, Longman,
Londres et New York, pp. 120-128.

Fillela, 1., L. Serrano, Serra, J. and Penuelas, J1995. Evaluating wheat nitrogen status with
canopy reflectance indices and discriminate analy&iop Sci.35:14001405.

Fischer, R.A. and Maurer, R. 1978.Drought resistance in spring wheat cultivars, irgngeld
responses. Aust. J. Agric. Re29; 897-912.

Fischer, R.A. 1985.Physiological limitation to producing wheat in sémmpical and tropical
environments and possible selection criteria. locBeding of the International Symposium
Wheats for More Tropical Environments, México. DBHRMMYT. pp. 209-230.

Fourty, T., Baret, F., Jacquemoud, S., Schmuck, Gand Verdebout, J. 1996.Leaf optical
properties with explicit description of its biochiead composition: Direct and inverse problems.
Remote Sensing of Environmeb§:104-117.

G

Gallagher, J.N. and Biscoe, P.V. 197&\ physiological analysis of cereal yield. Rartitioning of
dry matter. Agric. Prog53: 51-70.

Gascon, F., Gastellu-Etchegorry, J.P., Lefevre-Folosa, M.J. and Dufrene, E. 2004Retrieval
of forest biophysical variables by inverting a 3r@diative transfer model and using high and
very high resolution imagery. International JouroiaRemote Sensin@5: 5601-5616.

Gate, P.H., Brain, Ph., Colnenne, J. et Briffaux, G1990.Pour les céréales a paille a chaque
variété son époque de semis. Perspectives agriddi@20-27.

Gate, P.H. 1995Ecophysiologie du blé. Technique et documentatianoisier, Paris, 351p.

Gate, P.H., Bouthier, A. et Monnier, J.L. 1992 La tolérance des variétés a la sécheresse: une
réalité a valorisée. Persp. Agli69 62-67.

Gates, D.M. and Tantraporn, W. 1952 The reflectivity of deciduous trees and herbacquasts
in the infrared to 25 microns, Sciendd5 613-616.

Gates, D.M., Keegan, H.J., Schleter, J.C. and. Wenér, V.R. 1965.Spectral properties of plants.
Appl. Optics,4: 11-20.

Geslin, H. 19521 e millieu agricale, le climat. Larousse agricidaenexe 1.34. ed. Paris.

Gonzalez, A., Martin, I. and Ayerbe, L. 1999.Barley yield in water stress conditions. The
influence of precocity, osmotic adjustment and sttahconductance. Field Crop Re&2; 23-
34.

Gausman, H.W., Allen, W.A., Schupp, M., Wiegand, .., Escobar, D.E. and Rodriguez, R.R.
1970. Reflectance, transmittance, and absorptance bf bf leaves for 11 plant genera with
different leaf mesophyll arrangement. Technical Blgnam 7 September 1970. Texas A&M
University.

29



8l @l (Triticum durum _Desf) clall zeadll & gl g 4 guall il pdigall (lany ABDe anilli (2014 Ao 9
Sl -l Cila b daaly bl L gl ga aadld a glall o) ) 9383 da gl Adlida S dakii]

H

Hadjchristodoulou, A. 1985.Stability performance of cereals in low rainfaleas as related to
adaptative traits. In: Drought tolerance in wint@reals. Srivastava, J.P., Porceddu, E.,
Acevedo, E. and Varma, S. ed. John wiley and Sdn§, pp.191-200.

Hadjchristodoulou, A. 1987.The effetcs of optimum heading date and its sigbiin yield and
consistency of performance barley and durum wheatry areas. J.Agri., Sci. Camb08
599-608.

Harlan, J.F. and Zohary, D. 1966 Distribution of wild wheats and barley, Scient63 1074-
1080.

Harlan, J.R. 1975.Crops and man, eds John wiley and sons. NY. 350 p.

Henin, S. 1976 Définition de la sécheresse et politique d’utiiisa de I'eau. Fourreges. 67: 13-
25.

Hoffer, R.M. and Johannsen, C.J. 1969cological potentials in spectral signature anajys
Remote Sensing in Ecolod@k. L. Johnson, Ed.), University of Georgia Prégkens, GA

Horler, D.N.H., Dockray, M. and Barber, J. 1983 Red edge measurements for remotely
sensing plant chlorophyll content. Adv Space R&273277.

Huete, A.R., Post, D.F., and Jackson, R.D. 1988oil spectral effects on-4pace vegetation
discrimination. Remote Sens. Environmer§,155-165.

Innes, J.L., Ghosh, S. and Schwyzer, A. 1998. method for the identification of trees with
unusually color foliage. Canadian Journal of FoResearch?6. 1548-1555.

J

Johnson, D.A., Richards, R.A. and Turner, N.C. 1983Yield, water relations, gas exchange,
and surface reflectances of near isogenic whees litiffering in glaucousness, Crop S2B,
318-325.

Johnson, R.C., Nguyen, H.T. and Croy, L.I. 1984.0smotic adjustment and solute
accumulation in two wheat genotypes differing inwdght resistance. Crop S@4: 957-962.

Jonard, P., Benoist, C. et Alabouvette, L. 1952.es céreales. Larousse agricole, ed. Paris, pp.
155-198.

Jones, R .J., Roessler, J. and Quattar, S. 198bhermal environment during endosperm cell
division in maize :Effects on number of endospemtiscand starch granules. Crop S2b;
830-834.

K

Kirby, E.J.M. 1988. Analysis of leaf stem and ear growth in wheat fr@mminal spikelet stage
to anthesis. Field Crop Re&8: 127-140.

Kirby, E.J.M. 1993. Effect of sowing depth on seedling emergence, gr@amd development in
barley and wheat. Field Crops R&5, 101-111.

Kirby, E.J.M. and Appleyard, M. 1984. Cereal development guide. Arable Unit, National
Agriculture Centre, Stoneleigh, Kenilworth. Engla®8p.

30



8l @l (Triticum durum _Desf) clall zeadll & gl g 4 guall il pdigall (lany ABDe anilli (2014 Ao 9
Sl -l Cila b daaly bl L gl ga aadld a glall o) ) 9383 da gl Adlida S dakii]

Knipling, E.B. 1967. Physical and physiological basis for differenaesdflectance of healthy and
diseased plants, Proc. Workshop on Infrared Colmtdyraphy in the Plant Sciences, Florida
Dept. of Agriculture, Winter Haven, Florida.

Knipling, E.B. 1970. Physical and physio-logical basis for the réflact of visible and near-
infrared radiation from végétation, Remote Sensiren., 1:155-159

Krumm, M., Moazami, V. and Martin, P. 1990. Influence of potassium nutrition on
concentrations of water soluble carbohydrates, gsaian, calcium, and magnesium and the
osmotic potential in sap extracted from whedatit{cum aestivum) ears during preanthesis
development. Plant Soil24 281-285.

L

Lahlou, O. 1989.Irrigation d’appoint et efficience d’utilisatiored’eau en zone semi aride: Cas du
blé tendre. Mémoire de 3eme cycle. Option Agronomd¥ Hassan Il. Rabat.

Legouis, J. 1992 Etude de la variabilité génétique pour I'élabamatdu rendement en grain de
'orge d’hiver Hordeum Velgar L.): Comparaison de variétés a 2 range et 6 rampsse
Doctorat, INA. 87p.

Longnecker, N., Kirby, E.J.M. and Robson, A. 1993Leaf emergence, tillegrowth, and apical
development of nitrogen-deficient spring wheat. C8xi.,33: 154-160.

Ludlow, M.M. and Muchow, R.C. 1990.A critical evaluation of traits for improving cropelds
in water-limited environments. Adv. Agrod3: 107-153.

M

Maccaferri M, Sanguineti MC, Corneti S, Jose LAO, En Salern M, Bort J et al. 2008.
Quantitative trait loci for grain yield and adajpdat of durum wheatTriticum durum Desf.)
across a wide range of water availability. Genetit8:489-511.

Madhava Rao, K.V., Raghavendra A.S. and JanardharReddy, K. 2006. Printed in the
Netherlands. Physiology and Molecular Biology aeSs$ Tolerance in Plants. Springer: 1-14 p.

Martin, J.H., Leonard, W.H. and Stamp, D.L. 1976. Principles of field crop production.
Macmillan, New York., pp. 11-18.

Martre, P. 1999. Architecture hydraulique d'une talle de fétuqueevée (Festuca
arundinaceaSchreb). Implication pour les relatiense la transpiration et I'expansion foliaire.
These de doctorat, pp. 13.

Mekliche, A., Bouthier, A. and Gate, P.H. 1993Analyse comparative des comportements a la
sécheresse du blé dur et blé tender. In: Toléranda sécheresse des céréales en zones
méditerranéenne. Diversité génétique et améliorataviétale. Montpellier (France). Ed. INRA.
Paris. Les colloque$4: 299-309.

Mekliche-Hanifi, L. 1983. Etude agronomique, analyse diallele et cytogénétip quatre variété
de blé tender cultivées en Algérie. These Magi$itek, 150p.

Merzlyak, M.N. and Chivkunova, O.B. 2000. Light-stress-induced pigment changes and
evidence for anthocyanin photoprotection in applesirnal of Photochemistry and Photobiology
B: Biology, 55: 155-163.

Mouhouche, B et Bourahla, A.2007. Optimisation de [lirrigation d'appoint appée a
différentes phases phénologiques d’une culture ldedbr (Triticum durum). Sciences et
Technologie C25: 53-58.

Myneni, R.B. and Ross, J. 1991 Photon - vegetation interactions: applicationgmtical remote
sensing and plant ecology. Springer-Verlag, BeBotp.

N

31




8l @l (Triticum durum _Desf) clall zeadll & gl g 4 guall il pdigall (lany ABDe anilli (2014 Ao 9
Sl -l Cila b daaly bl L gl ga aadld a glall o) ) 9383 da gl Adlida S dakii]

Nemmar, M. 1980.Contribution a I'étude de la résistance a la sédssr chez le blé dur et chez
le blé tender: étude de I'accumulation de la pmelgous I'effet du stress hydrique. These
D.A.A. ENSA, Montpellier.65p.

O

Ommen, O.E., Donnelly, A., Vanhoutvin, S. [et al.].1999. Chlorophyll content of spring
wheat flag leaves grown under elevated CO2 coratoris and other environmental stresses
within the ‘ESPACE-wheat’ project. European Joumfahgronomy,10: 197-203.

O'Neill, A.L., Kupiec, J.A. and Curran, P.J., 2002.Biochemical and reflectance variation
throughout a Sitka spruce canopy. Remote Sensiggafonment80:134-142.

Owen, P.C. 1971Responses of a semi-dwarf wheat to temperatupgsesenting a tropical dry
season. Il. Extreme temperatures. Exp. Agric43-47.

P

Pacucci, G. and Troccoli, C. 1999Supplementary irrigation management on durum whreat
Southern Italy. 2nd Inter-Regional Conference omi®mment-Water 99, Bari Italy.

Palfi, G., Bito, M. and Palfi, Z. 1973.Water deficit and free proline in plant tissueszidli
Rast.,20: 233-238.

Passioura, J.B. 2004Increasing crop productivity when water is scafoem breeding to field
management. In proceedings of the 4th Internati@nap Science Congres " New directions
for a diverse plant”. Brisbane, Australia, 12p.

Perrier, E.R, Salkini, A.B. 1987.Water balance calculation. Proceedings of a wansbn
regional consultation on supplemental irrigatiorthe Near East and North Africa, Aleppo.
In. Recherche de techniques d’irrigation adaptéldsrigation de complément du blé dans la
zone du gharb. Homme terres et eaux, N°: 116, D615

Peterson, R.F. 1965Wheat: Botany, cultivation and utilisation. Leothadill, London, 448 p.

Pheloung, P.C. and Siddique, K.H.M. 1991Contribution of stem dry matter to grain yield in
wheat cultivarsAust. J. Plant. Physiol1,8: 53-64.

Pinty, B., Widlowski, J. L., Taberner, M., Gobron, N., Verstraete, M. M., Disney, M.,
Lewis, P.,Gascon, F., Gastellu, J. P., Jiang, L.jLX., Su, L., Tang, S., Wang, H., Wang,
J., Yan, G., Zang, H., Kuusk, A., Nilson, T., Ni-Mester, W., North, P., Qin, W.,
Thompson, R. and Verhoef, W. 2004RAdiation Transfer Model Intercomparison (RAMI)
exercise: Results from the second phase. Journ@eophysical Research D: Atmospheres,
109 1-19.

Pietrini, F., lannelli, M.A. and Massacci, A. 2002.Anthocyanin accumulation in the
illuminated surface of maize leaves enhances pioteérom photo-inhibitory risks at low
temperature, without further limitation to photolyesis. Plant, Cell and Environmeg6&:
1251-1259.

Poorter, H. 1989.Interspecific variation in relative growth rate1 ecological consequences.

In: Causes and consequences of variationawtiyrrate and productivity of higher plants.

32



8l @l (Triticum durum _Desf) clall zeadll & gl g 4 guall il pdigall (lany ABDe anilli (2014 Ao 9
Sl -l Cila b daaly bl L gl ga aadld a glall o) ) 9383 da gl Adlida S dakii]

R

Rahman, M.S., Wilson, J.H. and Aitken, V. 1977Determination of spikelet number in wheat II.
Effect of varying light level on ear developmenusA J. Agric. Res26: 575-581.

Rawson, H.M., Hindmarsh, J.H., Fisher, R.A., Stockran, Y.M. 1983. Changes in leaf
photosynthesis with plant ontogeny and relatiorsiwih yield per ear in wheat cultivars and
120 pogeny. Aust. J. plant physiol, 10: 503-514.

S

Saleh, A. 1987Use of supplementary irrigation as an alternatppreach to food self-sufficiency
in Bangladesh. Irrigation Engineering and Rurahi?ig, 12.

Savitskaya, N.N. 1967Problem of accumulation of free proline in barngnt under conditions of
soil water deficiency. Fiziol Rasil4: 737-739.

Seigel, R. and Howell, J. 200Z'hermal Radiation Heat Transfer, 4th Ed. Taylor Brahcis, New
York.

Sibley, J.L., Eakes, D.J., Gilllam, C.H. [et al.].1995. Growth and fall color of red maple
selections in the southeastern United States. dbafrenvironmental Horticulture,3: 51-53.

Simmons, S.R. and Crookston, R.K. 1979Rate and duration of growth of kernels formed at
specific florets in spikelets of spring wheat. C&q.,19: 690-693.

Sims, D.A. and Gamon, J.A. 2002Relationships between leaf pigment content and tsgec
reflectance across a wide range of species, leaftstes and developmental stages. Remote
Sens. Environ81: 337-354.

Sinclair, T. R., Hoffer, R. M. and Screiber, M. M, 1971. Reflectance and internai structure of
leaves from several crops during a growing seadgrgn. J.,63:864-868.

Slama, A., Ben Salem, M., Ben Naceur, M. et Zid, B. 2005. Les céréales en Tunisie:
production, effet de la sécheresse et mécanismessagtance. Institut national de la recherche
agronomique de Tunisie (Inrat). Univ. Elmanar. Bimi ttp://www.john-libbey-
eurotext.fr/fr/revues/agro_biotech/sec/e-docs MA/D2E/ telecharger.md

T

Taiz, L., and Zeiger, E. 1998Plant Physiology. Sinauer Associates, Inc. PublshSunderrland,
Massachusetts.

Townsend, A.M. and Mcintosh, M.S. 1993Variation among full-sib progenies of red maple in
growth, autumn leaf color, and leafhopper injurquihal of Environmental Horticulturél: 72-
75.

Turner, J.E. and Begg, J.E. 1978Responses of pasture plants to water deficitsWitson J.R.
(ed.): Plants Relations in Pastures. CSIRO, Melwuyop. 50-66.

Turner, N.C. and Begg, J.E. 1981Plant water relations and adaptation to stresstRbil.58: 97-
131.

Turner, N.C. 1986. Adaptation to water deficits: A changing perspeztidust. J. Plant Physiol.,
13 175-190.

33


http://www.john-libbey-eurotext.fr/fr/revues/agro_biotech/sec/e-docs /00/04/11/2E/ telecharger.md
http://www.john-libbey-eurotext.fr/fr/revues/agro_biotech/sec/e-docs /00/04/11/2E/ telecharger.md

8l @l (Triticum durum _Desf) clall zeadll & gl g 4 guall il pdigall (lany ABDe anilli (2014 Ao 9
Sl -l Cila b daaly bl L gl ga aadld a glall o) ) 9383 da gl Adlida S dakii]

W

Wong, C.L. and Blevin, W.R. 1967 Inlrared reflectances of plant leaves, AustraBidl. Sci.,
20: 501-508.
Y

Ykhlef, N. et Djekoun, A. 2000.Adaptation photosynthétique et résistance a Ilaesésse chez

le blé dur (Triticum turgidum L. var. durum): Analy de la variabilité génotypique. Options
Méditerranéenned0: 327-330.

Z

Zaghloul, L. 1987. Supplemental irrigation and small and hydraulicililes management

techniques. Consultation on supplementary irrigiatideld in Rabat, Morocco, from 7 to 9
December 1987 at the Hassan Il institute. Papdr, irR0.

34



o0

S

LIl Jegll
8l sa ¢ @sall mgnm sall g @lalill @ oIl 48l
(Triticum durum Desf.) aslell sagll Zex o199 sall mlgall ez o
J




A6 @l (Triticum durum _Dest) clal) zeadl) & gl g 435 gudal) &l pigal) (iany ABDe anii (2014) Ao Jgrd
Sl -l Cila b daaly bl L gl ga (aadld o glall o) ) 9383 da gl Adlida S dakii]

L I
a2 335 ol Jaisdl a8 el e (Gl JW sl Y1 OF Sl e add) e
393 4 (3 LS g BU o jleb) ] Ayl ads Gk B an 5 U bU
U TS S WU G [N TTI I PV W S (Y JE KR e
Blr g ke kil Oy b 3 ler ) F e Chall madl) e BLol 5 ne ul )l ods
(ITGC) Cadans 5 xS Jroleal) 3 Agaal) ) J gid) (6 gt e Ayl ds 2
Lé JS3 ) S5 )l v s s B Syl el R ks S fanzd
WOl Sl Ll GBS 5 (Bl 5 g3, 5ol Sg b OF B ol il 23T S5
dsb i Gl 05y et @l AL 3 i) e e JST (3 (p<0.00) (S 5ixn 5T
L] 5 Lgme L)) U OLal Oy b o alandl g Job g A 250 0 ol
sl Gl Mg b e G 05l A B A s g el s g2 e
Drought Susceptibility) Uizl dwludl &80 an Lo L5l G osgo M 0B (ell> )
gl R gyl 52l Sl die Ol auled) 350 o5 .(r = -0.64 (Index, DSI
OloV) o .2/ 64.63 5 52.20 (wle o gl 5 A o 393 M o3 LT (1.38-0.42 (s
(oYl ods Gu o «(GY= 60 g/ha &= 29 LSLJ Hoggar s Waha, Sooty, Dukem
Aus «f s (DSI< 0.55)(DSN) Glimll uled | 35l 22isin o3 o 451 Hoggar 5 Waha
(o 393 Ay Climll il e p WS ls
(Pliml) Bl 5ge (o s Ll LS sl madl) il SIS

.L“;LU sleY)

35



A6 @l (Triticum durum _Dest) clal) zeadl) & gl g 435 gudal) &l pigal) (iany ABDe anii (2014) Ao Jgrd
Sl -l Cila b daaly bl L gl ga (aadld o glall o) ) 9383 da gl Adlida S dakii]

Abstract

Although drought stress has been well documenteahaffective parameter in decreasing crop
production in arid and semi arid regions. The dibyes of this study were to detect the effect of
irrigation on grain yield, yield components and esttrmorphological traits of asset wheat
genotypes. The present study was carried out tdystbhe performance of durum wheat
genotypes in relation to yield and yield compond@r@n durum wheatTgiticum durum Desf.)
cultivars were grown under well watered and natdralught conditions. Morphological traits
were measured at anthesis and yield, yield compsrtesits were evaluated at ripening time.
The experiment was laid out in split plot basedaocomplete randomized block design, with
four replications at the experimental field of ITG@tif. The number of spike 1000-kernel
weight, plant height, grain yield and peduncle tengere highly significant (P<0.01) affected
by water deficit conditions and genotype effectdla@phyll content, number of grains per
meter square and thousand kernel weights wereiymgitassociated with grain yield under
drought conditions. Moreover, the grain yield waegatively associated with Drought
Susceptibility Index (DSI) (r = -0.64). DSI valués grain yield ranged from 0.42 to 1.38,
values for grain yield ranged from 52.20 to 64.63M@. The varieties Waha, Sooty, Dukem and
Hoggar showed high yield (G¥60 Qx/ha), among these genotypes Waha and Hoggarlow
value of DSI (DSI< 0.55).

Key words: Durum wheat, supplementary irrigation, grain yjalidought susceptibility index,

water deficit.

36



A6 @ (Triticum durum _Desf) cleall zealll & glu g 435 gudal) @) pigal) any ABS 2l (2014) Ao Jya—B
Sl -l Cila b daaly bl L gl ga (aadld o glall o) ) 9383 da gl Adlida S dakii]

dad_2s -1

e Okl able aald) gl bl U (Triticum durum Desf.) L)) o) ez
sy LS 0 OO Lo (,23-\ e et & L“S,J-\ 393 M ol s J.l;- desmy L Triticum
R 05y 5 (NGIS) s alndl 3 ) sde (NS/M3 w4 AN 3 Lled) sde 2y

.(Simaneet al., 1993) o1 393 11 5 5ub s BMe LS L oda 2l Com (WG)

RV SO /IS [PPSR REIES LAY sda Jos AR SV ool s CMJ\M
o S G sad) e el JW 2 Y s ) ) )l R 3 st
By o el 39350 3 @) DD e Sl medll AW 2 s, ¢ Wl
Sl )l e Ll sl L Olimd) dhasee syd Blisl blaswl IS 5 L6y LS 2Ll
gl sk sl il e sl 3 LB O JeaSTl g ) Sy b e w2
A b (555 Sse S5 iy Liedl (Booting #LisY) eledY) A o ol e
(Sharaaret al., 2000; Abou-El-Kheiret al., 2001) 615+ 5 1 333, (3 (5 sinn LS
Oli) o bikie Jo g moly 00 55500 3 LYl OF o gl olah,ll sda o

) o e sV A e 3 L S ()
s o A= s 9 (Booting) F sVl Al s e IS of NVENIFENG) g |5 457 (1994)Eid et al.
393,40 3 Gl A, 5 I SV e L W LW Al Y 1L o
ez Y) ol Al B of Alamzs Bliol Ol o JUI sl Gy b o d 5 LS e

.(Ahmed and Badr,2004; Menshawy et al.,2008)) adlzsll ) glatll 5 sl Jol o e U

37



A6 @l (Triticum durum _Dest) clal) zeadl) & gl g 435 gudal) &l pigal) (iany ABDe anii (2014) Ao Jgrd
Sl -l Cila b daaly bl L gl ga (aadld o glall o) ) 9383 da gl Adlida S dakii]

35 & S mall ¢l ety o8 aad 3 L s d s pla gy Jole oL ) e
Gl e el LA LU ) ) (Jaleelet al., 2007) ool 355 ,0 Lat 3 S
G Sl e i) bl B Sl (3 2l Jeolwl] e 8 L) ey L)
5 Jad¥l LS o ) O ops U 3 S ) 6T J g W) o) P 2
S R T T R e
oo el ezl (Denget al., 2007) il 395 0 Jo Jsad) a1 e ol s Jlonzel
Jomll Vi das SO W sl Y1 ol Sad (s a5l 1Y e of ol
ol > bl e Sl ikl o8l bae raeadl o ol L Gl g g e il
e C“'w z5l s .(Manivannanet al., 2007)~2! Jﬁw 5 2y me Aladl oL L
Gk g sl g Jal s e sl e Lo Grio 55 8 me O ¢ aisie M) (s 2l
e ez Dbl W oLl 4zl 5,05 | (Rashidet al., 2003) pls A 2kl sL_gY)
ALl Canall 301, ) asdl g slgar Yl sue 5 08 (el A e Lgny e alsall e de s
A Jse b e i o Isb N 5L _2d) ey 555 (Beltrano and Marta, 200815 4> (&
Sl (3 aead) claaVlsae bl @ b sae (A @ Bl sae sl
O3 ol abadl s (A1 05y ibandl Oy i) g2 b a0y a1
.(Passioura, 1977; Plaettal., 2004) JU slg W sadll Jost 5,08 3 Ll J5b 5 GLL)
s o5 O ga Olimll dhemze Oliol Ol V1 24 L) O =240 (1979) Blum

s a8, 0 BT S Lo oY (LSl (6 1) ol 2SI Gy 2l e Yl

38



A6 @l (Triticum durum _Dest) clal) zeadl) & gl g 435 gudal) &l pigal) (iany ABDe anii (2014) Ao Jgrd
Sl -l Cila b daaly bl L gl ga (aadld o glall o) ) 9383 da gl Adlida S dakii]

& B A Sy Gy b (3 el R 055 Ggw Gkl sda o F u Il
(Smith, 1082)al2 S5, o by Qe 5538 e Jlog LS S J s

dle o 3930 sllael Jo adle 0,8 old Sliol Ol ol e Yioazal STV ol 25l
2y i) Sl 3 gl b e el p A Y] e gme (B 50l b
of X% (Rashidet al., 2009 2Dl Gy lall 5 sl Y Oy b e sl 393 41 5 Bag
iy Ul 5 (DS Clesl) dwled) ate Pl e b Cina) (o0 Ml 0l b JuB
.(Blum et al., 1989)455U 5-\.@.;.\ Skl 3 A o M b Jlemnaly

o (DSI) Slisl) i) o s | slaszs! Fischer and Maurer (1978) and Langeal. (1979)
PR3 RO PRV RN VN T IRCHUVE R G Ep U NN S SIS EEP YN (I RCHEC RS e
B ) B3d2 Sl 3 L Ciis 5950 W s laxl s (DS Slisd) 2l
&) 56 e bl 1) aul,ul sds C3u& L (Fischer and Maurer, 1978; Clarkeal., 1984)
REAS [N Olsl o a8 gst i J b N ol bl amy 5 LS s e M M‘
Jodll B b 53140 2

i) Al Al gy el JaH 3 JW sl Y g LS g ) Oy b o Ol s
I Lasldl Jla) 508 €2011-2010 8y ) ar sl I (e (ITGC) (61 ool
2 Bt g sl el e Ol § e Bl 0dis St Jmial 00 3601 4 00 18

12 J i) & o sr Lo ST Rl 5 ) Osladl el Wl (3 1A L el 2

39



A6 @l (Triticum durum _Dest) clal) zeadl) & gl g 435 gudal) &l pigal) (iany ABDe anii (2014) Ao Jgrd
Sl -l Cila b daaly bl L gl ga (aadld o glall o) ) 9383 da gl Adlida S dakii]
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Cultivar Name Origin  Cultivar Name Origin
1 Bousselem Algeria 6 Altar CIMMYT
2 Hoggar Algeria 7 Dukem  CIMMYT
3 Oued Zenati Algeria 8 Kucuk  CIMMYT
4 Polonicum Algeria 9 Mexicali CIMMYT
5 Waha Algeria 10  Sooty CIMMYT
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Source of DF Mean of Square

variations GY TKW NG/S NS/m?2 NG/m?2 PH PL CC
Irrigation (1) 1 1379,99*** 10,82* 13,42 ns 52071** 48874629,1 *** 3391,86*** 352,35** 1,51ns
Genotype (G) 9 151,08** 149,47**117,71** 8414,16*** 34844183,9 *** 2117,29** 44,88** 82 ,9%*
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GY TKW NG/S NS /m? NG/ m? PH PL CcC
Genotype Irr Sec Irr Sec Irr Sec Irr Sec Irr Sec Irr Sec Irr Sec Irr Sec
Oued Zenati 57,45b 52,2b 53,71ab 54,29h 37,97cd 39,8cd 289,16b  241,6580537d  9615,6c  138,75a 118a 22,33a 13,22d 55,48ab  51,48d
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Sooty 75,55a 63,14ab 47,97¢ 45,44¢ 46,25a 44,19ab 364,58a Bt3,756236ab  13933,2ah  96¢cd 86,58¢ 18,29 16,86abc  61,1la 2460,
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Kucuk 73,53a 53,96ab 52,31b 50,3d 37,27¢cd 36,55de  378,33a 293,324985abc  10724c  94,75cd 86,77¢C 18,9b 15,33¢c 57,7lab  5&8,8
Hoggar 62,36a 60,05ab 54,51ab 54,09b 39,83bcd 41,41bc  320,8338,33 11810cd  11108c 89,83d 80,41d 15,075h 12,68d 56,15d8b6,37bc
Bousselem 67,75ab 55,01ab 56,85a 57,07a 34,88d 34,02e 331,25h  283,3210485d  9639,2c  102,33b 90c 18,78b 16,13hc 53,26b  53,18cd
Mean 66,80 58,50 51,99 51,25 41,02 40,20 33841 287,39  13136,84573158 103,691 90,673 19,449 15,249 56,63 56,36
Min 57,45 52,20 42,99 41,90 34,88 34,02 289,16 237,75  10485,00615,20 89,58 78,41 15,08 12,68 50,10 50,96
Max 75,55 64,63 56,85 57,07 46,80 46,05 378,33 344,13  17318,06263170 138,75 118,00 27,31 18,51 61,11 60,70
CV% 9,00 7,55 7,53 9,50 9,61 9,69 9,42 12,33 11,84 9,20 18,09 1153 17,22 13,57 5,48 6,25
Genotype eﬁect *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk * *kk *kk *kk
Irrigation effect ki * ns ik b ok i ns
Interaction effect ns * ns ns ns ok ok ns
% Differences 12,42 1,41 2,421 15,071 11,891 12,561 25,961 0,491

* ** and *** significantly at p < 0.05, < 0.01 and 0.001, respectively; n®o significant. Means followed by the same lattex not significantly
different at p<0.05 (SNK test)
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Abstract
Drought is a wide-spread problem seriously influiegadurum wheat_(Triticum durur®esf.)

production and quality, but development of resistamtivars is hampered by the lack of
effective selection criteria. The objective of tlsisidy was to evaluate the ability of several
selection indices to identify drought tolerant udts under varying environmental conditions.
Ten durum wheat cultivars were evaluated under Iotisture stress and non-stress field
environments using a randomized complete blockgdefor each of the environment. Six
drought tolerance indices including drought sugbépy index (DSI), stress tolerance index
(STI), yield stability index (YSI), mean productlyi (MP), harmonic mean (HMP) and
geometric mean productivity (GMP) were used. Thkces were adjusted based on grain yield
under drought and normal condition8elds in the normal condition were not correlateith
yields in the stress condition, better stress sudmbty index (SSI) wasassociated with low
yield under normal conditions, arlerefore this index could not identify cultivarsthvgood
performance in both stress and non-stress condifiba significant and positive correlation of
GYp and MP, GMP and STI showed that these indica® wnore effective in identifying high
yielding cultivars under different moisture condiis. Stress tolerance index (STI) gave
identical cultivar classification with the geometmean (GMP), both being better than SSI in
identifying top yielders in contrasting water aedility conditions. The results of calculated
gain from indirect selection from moisture stresginment would improve yield in moisture
stress environment than selection from non moissiress environment. Wheat breeders

should, therefore, take into account the stressrggwf the environment in choosing an index.

Key words: durum wheat, drought, tolerances indices, strdssatoce index.
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Bl cﬁ\_MM oda sl g ¢ Uyl e %5 5 %] 2%0.1 Lsae dge s (r = 0.78%)
.(1981) Roiselle and Hamblin

G By b § AU ed O it Jleaml pedll o Blisl 888 Ewler gt 23 J g3

SUI sl 5 LSl

GYs GYp HMP DSI YSI STI GMP MP

Oued Zenati 5,22d 5,74b 5,60¢ef 0,995abc 0,865ab 716,6 5,46e 5,48e
Altar 5,59bcd 6,91ab 6,15cd 1,13abc 0,825ab 0,87bcd6,20bcd 6,25bcd
Sooty 6,31abc 7,55a 6,82a 0,994abc  0,843ab 1,065a ,88a6 6,93a
Polonucum 5,64abcd 6,01ab 5,61f 0,775bc 0,87ab 88¢’5 5,79de 5,83de
Waha 6,46a 6,59ab 6,67abc 0,4213c 0,938a 0,955abg52akie: 6,52abc
Dukem 6,39ab 7,27ab 6,74ab 0,855bc 0,875a 1,039ab ,80al6 6,83ab
Mexicali 5,96abcd 6,34ab 6,27bcd 0,779bc 0,901a 498 6,14cd 6,15cd
Kucuk 5,39d 7,35a 6,20bc 1,758a 0,742b  0,891abdj29abcd 6,37abcd
Hoggar 6,00abcd 6,23a 5,93def 0,528bc 0,916a  0¢®28c 6,05cde 6,12cde
Bousselem 5,50cd 6,77ab 6,06de 1,38ab 0,813b @833c 6,09cd 6,13cd
Mean 5,85 6,68 6,19 0,961 0,859 0,876 6,22 6,26
Min 5,22 5,74 5,51 0,421 0,742 0,671 5,46 5,48
Max 6,46 7,55 6,82 1,758 0,938 1,065 6,88 6,93
LSD (505 0,815 0,977 0,549 0,889 0,137 0,175 0,632 0,651

Means followed by the same latter are not signifityadifferent at p<0.05GYs: Yield under stress condition
(tons/ha), GYp: Yield under non-stress condition (tons/h&)MP: Harmonic mean productivityDSI: Drought
susceptibility indexySl: Yield Stability Index,STI: Stress tolerance inde®MP: Geometrie mean productivity aiiP:
Mean productivity.
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Jof O 5 5 oSN 6 1 ) B Oy b 3 1 355 10 o b Y SHslas 33 J g

Bl
GYs GYp HMP DSI YSI STI GMP MP
GYs 1
GYp 0,37 1
HM 0,79** 0,78* 1
DSI -0,64* 0,46 -0,09 1
YSI 0,6 -0,5 0,08 -0,98%** 1
STI 0,79** 0,86** 0,95%** -0,05 -0.00 1
GMP 0,79** 0,86** 0,96**+ -0,04 -0.00 1,00%+* 1
MP 0,77** 0,88%*  (0,94%** -0,01 -0,04 1,00%** 1 00** 1

* ** and *** significantly at p < 0.05, < 0.01 ah< 0.001, respectivelyzYs: Yield under stress condition (tons/ha),
GYp: Yield under non-stress condition (tons/hB)MIP: Harmonic mean productivityDSI: Drought susceptibility
index, YSI: Yield Stability Index,STI: Stress tolerance indelgMP: Geometrie mean productivity arddP: Mean
productivity.
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ABSTRACT

The present study was led on the experimentalddith GC (Technical Institute of Field Crops)
station of Setif, Algeria during the 2010/2011crimygpyear. The objective of this study is to evatuat
the effect of irrigation on reflectance at Red aBlde and its relationships with grain yield,
chlorophyll content and senescence parameters undgated and non irrigated conditions. The
reflectance and senescence are measured usingriezical image analyses (NIA) and chlorophyll
content (CC) is measured by SPAD instrument. Amglgs variance revealed that the reflectance at
different wavelengths (Red and Blue) was highlyngigant (P < 0.001) affected under irrigation
regime treatment. In addition, the genotypic effegas shown highly significant for the reflectante a
Red and Blue under two conditions. In both condgidirrigated and non irrigated), the genotype
effect was highly significant for grain yield antllarophyll content. The difference between grain
yield under stressed and non stressed conditiaumel 4@.426. In this study, the stress intensity (Sl)
equals 14.72 %. Achieved results from calculatibdrought tolerance and drought sensitive indices
show that MP, GMP and STI, having higher valuescaigd stress tolerance consider that Waha,
Dukem and Sooty genotypes with vyields of 64.63943and 63.14 Qx Harespectively as stress
tolerant genotypes. Grain yield showed a signifiGard negative correlation with reflectance at Red
(r = -0.70); this correlation suggest that the dase in the photosynthetic capacity of the canopy
increase leaf reflectance at Red because the Betdidi the major radiation absorbed by chlorophyll
pigments. The significant correlation between tflace at Red and Blue and drought resistance
indices suggest the efficiency of using the reflace at Red in screening under drought instead of
the drought resistance indices.

Keywords: Durum wheat, Leaf reflectance, Senescence, Chlghopimtent.
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(Image Pro Plus, Version 4, MedialPP zesldl Jlosialy Ll e (2 puld) L
A e 3R d i)l Ol J:.-T o* Cybernetics, Silver Spring, MA, USA)
e a3, 5l A e ill O xf . Mesurim Progesli ) Jleatuly <8 3, ) 552l A ol
B g il Lo gze ST 3 ) B L) ] 1AWl s i o a8, ) ALl p 2
o (SS) bl dldl olalal) dx il Cid v s e Bl 06 (Sa%) &8s )
o %50 gl sl ¢St — St) DY Ay ST A B ) A Sl s g yos. LA s
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8 el (Triticum durum _ Dest) cleall el & sl g 43 gual) il pisal) lang Adle anidi (2014) Ao 92—
Slidan - (ule cila 8 daala ) L ol gy panadl o glal) o) 435 4a g yha hﬁuu.&.uhhﬂ

pldsinl 44 b (Mesurim Pro, Version 3)3,» 2 Tl s a8 ) il Aol A )l 52l
o P (6l o gl madl s a3l ol (3 Jeaddl mo g Bge il ) 1
Lbe 35S0 ol g ) d (GY) (A 593 0 i T e Laty lis sLag s slad

SUNAI 33y BT Lod 50 Ol @ U sl Yl g LSl g ) Cp b o F gl £
s Ju)
:(Kristin et al., 1997yHMP) L;E.é\j;)\ Aoyl o g6 -1

HMP =2 (GYp * GYs) / (GYp + GYs)
M o Wl 5 LS g ) Gy b 8 e S 393 M GYs 5 GYp ri
H(STI) Slidl o 550 9 (GMP) (owiidl a5yl Lo g20 -2
GMP = (GYp * GYsi/z; STI=(GYp *GYs)/ (G?p)2 (Fernandez, 1992; Kristigt al., 1997)
(oS s Byl (3 BV e 393 4 Lo 20 G
:(Hossairet al., 1990) (MP) &> Law 20 -3
MP = (GYp + GYs) 2

Fisher's Lzl 33y il S wlaw gl & )las 5 SAS el 5l Jlarzaly 057 Jla>Y1 ol

.LSD
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A6 @l (Triticum durum _Dest) clall zal) & gl g 43 gal) &l pdisall paany dBde anidi (2014) Ao 5928
Sl - Cila b daaly bl L gl ga (aadld a glall o) ) 9383 da gl Adlida S dakii]

s 3 c;\ =3 3

sBy I g sl padl A Ml Jsb s Jy 1 S giall oSaYI 13

SV 1 8 Lsme s o ST (Wl Y) 5 JeaS ) el BB O b i LIS
ST L 0 ells U Casl (P < 0.001)s, 5 5 sl o) 2l J b e 3,00 Ssial
(14 Jga31) )5 sl SOV b (3 (P < 0.001)cs sine o Sty 5 Liaf

CE b pd) Byiall Sl @ Byt Sl oKW Slaw gl Bjlie y pidl £ 14 J !
S sl 5 LSl g Dy b

Reflectance at BLUE

Reflectance at RED

Genotype Irrigated Non irrigated Irrigated Non irrigated
Oued Zenati 35,27(b) 46,92(a) 31,32(a) 42,39(a)
Altar 16,82(f) 32,21(c) 16,57(d) 28,79(c)
Sooty 14,21(g) 27,52(e) 15,01(e) 29,34(bc)
Polonucum 10,21(h) 34,63(b) 8,57(h) 30,24(b)
Waha 19,25(e) 10,81(h) 16,79(d) 13,20(g)
Dukem 17,28(f) 17,6(9) 11,52(f) 18,85(f)
Mexicali 25,42(d) 26,46(e) 20,76(c) 21,64(e)
Kucuk 27,98(c) 20,47(f) 22,15(b) 11,05(h)
Hoggar 36,35(a) 29,5(d) 30,93(a) 29,41(bc)
Bousselem 9,46(i) 29,3(d) 10,03(g) 24,01(d)
Mean 21,22 27,54 18,36 24,99
Min 9,46 10,81 8,57 11,05
Max 36,35 46,92 31,32 42,39
LSD 0.05 0,697 1,096 0,705 1,004
Genotype effect * %k * ok ok * %k ok * %k
Irrigation effect *oxk *oxk

Interaction effect oork oork

% Differences 19,35 26,53

Means followed by the same latter are not signifilyedifferent at p<0.05
Dele 79l 5 (654 nm)el ot B ) Jsb e 351 Spall SEV) ((haS g S Gy b o2
Q% 2122 — A8 %K L o ps Hoggar ezl 3 % 36.35 (1| Bousselem i)l (3 % 9.46
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A6 @l (Triticum durum _Dest) clall zal) & gl g 43 gal) &l pdisall paany dBde anidi (2014) Ao 5928
Sl - Cila b daaly bl L gl ga (aadld a glall o) ) 9383 da gl Adlida S dakii]

%27.54 — 48 S law s2s xe Oued Zenatianall (3% 46.92 s Wahacavall &% 10.81 Crls
S sl Y S 6 Dy el B b i 301 Sl S 3 A
s SW sl Y By b e F e 30 Spall SO Lo gme 1S 5 % 1935 — 8
& Mo pla Ooua e 3,1 Sl SOV Gk Jlemsal Sl e SUI ) 20 ol s
il el L“;LU sl Yl ol 2y sl jee L (Jacksoret al., 1983) Ay e laiawl) Olde
Uginn dor 150 i) U bl L gamal) 2001 LSl (o)) Slhes 32 5 ) o o pla
gt (s 450) £, 50 2 Jb i ol SN o 10 ol 5 ol 3y
sl 450 2=l Jgb w0 geall SOV s GUI sl Gy b o F (14
cf O (¢ Kucuk ciinall 4.3l 9%11.05 5 Oued Zenaticawall Ll %42.39 oule -l 5
Gl By %3132 Gule S, Sl ASWY) b eyl LS o By b
gl il Jgb e Jeo WSSl 08 Lol cPolonicum anall 2l %8.75 5 Oued Zenati
sl Of @l (1971) Wooley s al Gl )5 (S sl Y Gy b o F e 55,5
S sl o 5w, U a2 pes o Seall KN s @ B SU
A Y1 3 s 6,0 g 6kl B 1 U e 3 ) SN 3 el 2y
Gypardl gl g g3 393 A 23

Sopamd) S5 g H g J 3 lgme o T S Lol gy U1 g BagR sl By b oS
/35220 Gwle e gl 5 W sl Y) Gy b e F aad 0B A s ps el 2l (24 Jpi3)
— 8 Qe bw e o Waha eI 2l —8/G 64.63 5 Oued Zenaticina ) 2.l
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A6 @l (Triticum durum _Dest) clall zal) & gl g 43 gal) &l pdisall paany dBde anidi (2014) Ao 5928
Sl - Cila b daaly bl L gl ga (aadld a glall o) ) 9383 da gl Adlida S dakii]

_a[3 66.8 — 0 Sl Lo gz - Sooty Cirall 4wl —a/3 7555 5 Oued Zenaticiual

A ) b ) adlie aay O b (3 A 3l O I e 0 g8 S8 OBl Jud Losee
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S Sz 5 JeaS g I Dy b cd By sl pSaY) Ol i Ja oo 14 AR5 )
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A el (Triticum durum _Desf) cileall zeall) & gl g 4y gudall <y gal) aany ABe 4 (2014) A J52—B

Sl - Cila b daaly bl L gl ga (aadld a glall o) ) 9383 da gl Adlida S dakii]

Jl B Gall asl sy suall Uyl ST el @ o s M (Lagae

%1242 — Byg M) g sagm) O bl s M (3 3,41 U3 (Acevedo, 1991 % o 5l

e aliy JLasYl Al > sty foend) JLL el Of 11257 (2005) Nazeri 3 (1996) Donaldson

et e 545 b3 Oliol Ol pam . J s il JUWL g 05 A e e

g hal) el e el (3 By B ST e b S i A By b

.(Blum, 1988)

8 peod) 8 il QoI G (5 sared) 6 g1 5 (o1 350 pel) Sl ) Bl 5 padl LS 24 J 9!
EIUEIVES (RPN WOC RS [P P O

GY, GYni CG CCu
Oued Zenati 57,45(b) 52,20(d) 55,48(bc) 51,48(f)
Altar 69,14(ab) 55,94(bcd) 57,61(ab) 56,22(cd)
Sooty 75,55(a) 63,14(abc) 61,11(a) 60,24(ab)
Polonucum 60,18(ab) 56,47(abcd) 50,1(d) 50,96(f)
Waha 65,94(ab) 64,63(a) 58,51(ab) 58,65(abc)
Dukem 72,70(ab) 63,94(ab) 58,82(ab) 60,7(a)
Mexicali 63,44 (ab) 59,64 (abcd) 57,56(ab) 57,94(bcd)
Kucuk 73,53(a) 53,96(d) 57,71(ab) 58,85(abc)
Hoggar 62,36(a) 60,05(abcd) 56,15(bc) 55,37(de)
Bousselem 67,75(ab) 55,01(cd) 53,26(cd) 53,18(ef)
Mean 66,8 58,502 56,631 56,359
Min 57,45 52,2 50,1 50,96
Max 75,55 64,63 61,11 60,7
LSD 0.05 9,779 8,154 4,27 2,73
Genotype effect *xk rxk *kok *kk
Irrigation effect rxk ns
Interaction effect ns ns
% Differences 12,42 0,49

Means followed by the same latter are not sicguittly different at p<0.05

I: Irrigated ancNI: Non Irrigated, GY: Grain yield and CC: Chlorophgtintent.
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A el (Triticum durum _Desf) cileall zeall) & gl g 4y gudall <y gal) aany ABe 4 (2014) A J52—B

Sl - Cila b daaly bl L gl ga (aadld a glall o) ) 9383 da gl Adlida S dakii]

1y 1 A sl O e a3

ddkd) gl Gy b ef Lame d o 5U a3, ) ax i) C)‘;\:jﬁydf bl petippgnes

B el Ol b ge et (3 Lgime o T2, 0 LU Ol Ll ¢(P < 0.001)% ol 5 %5 )

(34 J9431) (“Vsar b, i i) de i b sz 4350S

Cf byl bl BLoll @ A8, I i peadl O s Ollw ) Bjlks g pad) S 34 J gdd
oS (5 A1 5 JUI sl By
Sa % Vsa > 50s
Genotype Irrigated Non Irrigated Non Irrigated Non
irrigated irrigated irrigated
Oued Zenati 40,24(d)  44,51(f) 0,292(a) 0,282(a) ,33@) 356,78(e)
Altar 51,79(c) 58,94(bc) 0,183(d) 0,193(cd) 615H25( 593,49(b)
Sooty 52,37(bc) 55,5(cde) 0,186(cd) 0,192(cd) &A®E® 594,93(b)
Polonucum 43,19(d) 51,53(e) 0,187(cd) 0,185(ef) ,52#) 479,54(d)
Waha 51,1(c) 63,44(a) 0,173(e) 0,196(c) 640,59(a)y8,R(b)
Dukem 53,32(abc)0,26(ab) 0,176(e) 0,192(cde) 555,44(d) 515,37(c)
Mexicali 51,31(c) 54,18(de) 0,187(c) 0,195(c) 6292d) 612,43(a)
Kucuk 56,51(a) 54,12(de) 0,188(c) 0,184(f) 611,£9(b625,25(a)
Hoggar 55,8(ab) 57,53(bcd) 0,185(cd) 0,188(def) ,8D&) 594,25(b)
Bousselem 56,39(a) 56,79(bcd) 0,212(b) 0,215(b) ,68(H 470,64(d)
Mean 51,2 55,68 0,196 0,202 563,81 542,14
Min 40,24 44,51 0,173 0,184 373,08 356,78
Max 56,51 63,44 0,292 0,282 640,59 625,25
LSD 0,05 3,98 4,12 0,004 0,006 21,37 16,23
Genotype Eﬁect *%% *k% *%k% *k% *%k% *k%
Irrigation Effect  *** rk ol
Interaction effect *** *hk Fxk
% Differences 8,04 2,97 3,84

Means followed by the same latter are not signifilyadifferent at p<0.05. Sa Average
senescence, ¥sAverage velocity of senescence ané0s: Date of mid-senescence

L}Sb}j* Lol wb %56.51 u}.JLA Cj‘j @Jjj\ 3.:-%.&5\ _h.wj.:ﬁ M\ L..SJJ‘ djjja C,\.g‘-

v &yl A il boge a3 3 34 08 .Oued Zenaticinel il %40.24 5 Kucuk

Lgine o 340 e OIS 5%8.04 — g AV 5 3 kLl 54 L)
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A6 @l (Triticum durum _Dest) clall zal) & gl g 43 gal) &l pdisall paany dBde anidi (2014) Ao 5928
Sl - Cila b daaly bl L gl ga (aadld a glall o) ) 9383 da gl Adlida S dakii]

3 % 56351 Gmle mol 7 Ay B dl) Gral @gddk U 5L Ol s ¢ st b g
O™ 5 %3.84 — o bl n B A S8 G ¢y o) gl (3 0p 54214 5 LS g ) g b
e - AL I Tt U RSN € S P EC) REFC S U SHIRE
sl 3B o G e 0B 34 J gl o ST 5 92,97 — (oS () by &kl
NEFTEVINERNILY

B4 J.& Oy 30 -4-3

Sl s O %14.72 — Al udl eda IO (Stress intensityD-) slg>Y) dad o U3
Sl Canall 3 sl Y1 Bus ey g B I3 LYl BE B LB e
Skl fud olige Cle Dl e Lgde Ladl ! (Fisher and Maurer, 1978)
(MP) &Y Lo 20 S50 o S (3 (S50 od lomer Bl LY OF o 0T (44 J gutd-)
IS e Slimdl o i (STI) DUkl Jod 250 5 (GMP) otibl G Yl Lo gie 250
63.1 5 64.6 Lple o gl o 3930 ob s 5 Sooty 5 Dukem (Waha LoV s
o= 3330 Jomw Iy Sooty il om LU ae Al Bluol sler Y1 Gy b o F a3
S s By b 3 /3 755 )Jﬁ 393,09 a3 631 — )Jﬁ bl Okl 3
OF Lkl o ol g b cadl 5 pmadl 3 0l OLoY oy r Slimll Sed V) Canall
56.4 9 52.2 — Jdg &> 2332 Yomw p Al 5 Polonicum s Oued Zenaticwls! cninall (o IS
ST OlL Gy b e F el Ol Sl Bl sl W dwles ST Ul e 2/

Lo age ((STI) Sld) Jud 55e e |57 07 (2009) Talebi et alls ol ) dul )
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A el (Triticum durum _Desf) cileall zeall) & gl g 4y gudall <y gal) aany ABe 4 (2014) A J52—B

Sl - Cila b daaly bl L gl ga (aadld a glall o) ) 9383 da gl Adlida S dakii]

Lad 3 e SV ol sl (MP) Ayl Lwgie 55 s s (GMP) owdidl a5y

AU s g 2 O el ST 3 Ll s L1 cld L)

SH By b @ Ok fed Ol ok Sl gl 0 Blol 888 Ll il 44 J g

SUI sl 5 LS

HM STI GMP MP
Oued Zenati 56,008(ef) 0,671(e) 54,668(e) 54,831(e)
Altar 61,523(cd) 0,87(bcd) 62,027 (bcd) 62,54(bcd)
Sooty 68,269(a) 1,065(a) 68,805(a) 69,352(a)
Polonucum 55,103(f) 0,758(de) 57,926(de) 58,333(de)
Waha 66,705(abc) 0,955(abc) 65,227 (abc) 65,291 (abc)
Dukem 67,476(ab) 1,039(ab) 68,081 (ab) 68,322(ab)
Mexicali 62,702(bcd) 0,849(cd) 61,477(cd) 61,546(cd
Kucuk 62,094 (bc) 0,891 (abcd) 62,915(abcd) 63,74%(pb
Hoggar 59,392(def) 0,828(cde) 60,582(cde) 61,2@9(cd
Bousselem 60,685(de) 0,833(cde) 60,995(cd) 61,8%2(c
Mean 61,99 0,876 62,27 62,65
Min 55,10 0,671 54,66 54,83
Max 68,26 1,065 68,80 69,35
LSD 0.05 5,495 0,175 6,323 6,511

Means followed by the same latter are not signifilyadifferent at p<0.05. HMHarmonic mean, STI:
Stress tolerance index, GMP: Geometric mean prodiycand MP: Mean productivity,

dw gyl O 2o 1 o LI Y S 5.3
gelpdl il Jgb e 3y Syl SV & Ll Oy bl g LS g )l By b oS

soda LUV B¢ i (L e r =092 r=097) Llg) 5 Lses Uag ) 2B

Gl 5 By gme LLII B o Jom 595 L1 izl )3 (3 (1996) Gitelson et allgloew ) 2350l

LY a8 > 5 (54 J ) (1= -0.70) ¢l okl 2 LI Jsb e 3,01 S el ASGYI

Jsb e 3,0 Jaall SOV o il U g p Jdl) ST B (3 aild 0L ol

5 i gl Ol O b e Lolawl SV am ol el @l Job OV e ol bl sl

.(Radiation-use efficiency-RUE- szl s I e ale =ty L}L;'.SL}
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A6 @l (Triticum durum _Dest) clall zal) & gl g 43 gal) &l pdisall paany dBde anidi (2014) Ao 5928
Sl - Cila b daaly bl L gl ga (aadld a glall o) ) 9383 da gl Adlida S dakii]

S 3yl g JeoSH @ S Dy b o g yll) Ol L u B S 54 J g

RED REDNi BLUE | BLUE ni
GY i -0,70* -0,21 -0,4 -0,27
GY -0,58 -0,38 -0,56 -0,4
HM -0,77** -0,26 -0,58 -0,29
STI -0,75* -0,38 -0,56 -0,42
GMP -0,77** -0,38 -0,59 -0,42
MP -0,76* -0,37 -0,59 -0,42
Sav NI -0,84** -0,35 -0,67* -0,4
San| -0,63 -0,08 -0,66* -0,12
Vsani 0,66* 0,38 0,64* 0,46
Vsai 0,77** 0,41 0,69* 0,49
> 50sni -0,63* 0,001 -0,63* -0,03
> 50si -0,71* -0,08 -0,65* -0,13
CCni -0,48 0,19 -0,32 0,19
CCi -0,77** -0,04 -0,66* -0,11

NI: no irrigated; I: irrigated. *Significant corration at 0.05;** Significant correlation at 0.01.

GY: Grain yield, HM: Harmonic mean, STI: Stressetaince index, GMP: Geometric mean productivity, Nif&an
productivity, Sa%: Average senescencea:\iverage velocity of senescenge,50s: Date of mid-senescence and CC:
Chlorophyll content.

Sl SO maisll 5 Lee Lyl QW) A 553 L0 O 1y 4bT (2005) Ferrio et al.
B sl Jsb e 35 gl SVl oS (s ) O b e d i N asl e e 5
ods LU I &M > 5 (ULl foft Ol 8 50wl o b g &g LU BV fonus 5 ok
Alamze Bliol Olsl (36l ol 203V J b e 3y 90 Jaill SOV o5 Jlomsnl 2518550

Sl fed Ol g e Lo e Olasl]
Sl SOV e Bde 5 i DL BN o (6 i) (S 521 54 Jgid) amip LS
r e sl (sl ails Of sda D5 VI W3e jglas ¢, ) 5 o padl 2as ) e 3,41
Bl SV 208V 2B, 5 ol edl 2l Jgb e 3,900 Sl SOV s Al
B el gl g BULY (s (gl § satl (3 il () sl 6 2 O b e olaza)

(Ferrioet al., 2005)s5, 1 5 ¢l o) ans3) 2 33
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o o5 8 il dlag e Jaall WSOV G Jlaminly 5508l (6 sl (sl ik
s J2 e & 52l SN Gk Lses (Carter and Knapp, 20013 ssecidl o 35,5l
Lo o o JST Jomw L (Knipling, 1970) (5 sz} (5 5221 a5 as il 32 (400nM-700nM)s |
Ll wde 48, B sl Cral gk B0 5 Sl s g oset 5 ) B et
e IS o @ el et a ) sk e 301 gl S ae ik 5 3 i
L alal g Bgine s g st i sl sk s S50 Sl LSOV Gy LY
S5l ASSV Ol g0 u ods LY SBe ST 5 (54 Jgid) B3, ) B st as
SV s b 05 gy B gty o ) LY OF 83 ) 2 2l ol a5 5 35 )
o PV 3 By Seal WSSV Ol s s Szl mad Sleglall ods daiss Sl
o pad) GV @ B Jedll KGN b8 @ aled) ol s Lk Jreag
S o) Gt @ o) (] 88 B pnl) e s ol i sl
756 700 5 75U 550 — a8 a1 LYY L (Grant, 1987)8 )0 Law il i) (ST 5
(Gitelsonet al., 1994) 43, ) & el o Ul (o) pasdl (6 ) O pad Bl V) s
pom e el e IS RUE 20331 ISl 3las (3 j2ad) OF (1983) Fischeraw! ys i
o %50-30 — 31,5V 6 rndl Jo Sl (oS A el a8, B el ) LY A L
L sas ¢(Sylvester-Bradleyt al., 1990) « ¢ Jo d> 0 IV C A (g st o @ ) AR
By G o Jold Joall ST A e 3 B N B G G s e i e
5 38,0 B ) Sate e e S e Sl G sl Tl el )

.(Zhanget al., 2006) Jledl A 393 A1 o3 (3 0p S 5e Ao Cabele Ls
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B3 4
3 oAb, A il Sl il 3 Red ) sl L s Jlanal s dnl )l eds i
Sl i 3 A eda Jleminl B e By o 5,50 Ll clasl ST Ll el
S3al ASGY ple gl DY g 8302 B ge JIgbl e S5 Sl ISV
290 Al 5l WS (1= -0.70% Sl o) 23241 5 (25U 645) ol ol d L1 sk e 31
=A@ G Sl S Gk Sl a2 Y Al Sl Ol Sl
Sl SV i Gy (s pime b DL, Y1 0B &3 ) it Ly el s e o Ll
r=-0.77 1= e Gyl 5 (sl 450) L, 5 sl o) A sl J b e 354
(sl G ) Ol paE (3 B Seall SOV o a5 3l gl Ul e (0.66%
oda ¢ 34l Jaall SOVl Ol S me et DL L OIS a3, s et o g
S32 A oty o 38 B )l o B ) ol DLl O T bl Y
Gy Feal oS A B QUL 5 A Jlassal Bl 3 LA S5 L s dabss )

S H o b e g S
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ABSTRACT

The present study was led on the experimentab$it€GC (Technical Institute of Field Crops)
station of Setif, during the 2010/2011cropping yddre objective of this study is to evaluate the
efficiency of using leaf RGB reflectance to estienahlorophyll content. The leaf reflectance at
RGB (Red, Green and Blue) and average senesceaaeeasured using the numerical image
analyses (NIA) and chlorophyll content (CC) is maad by SPAD instrument. The genotypic
effect was shown highly significant for leaf refimocce at RGB, average senescence and
chlorophyll content. The reflectance at Red andeBluere significantly correlated with
Chlorophyll content (= -0.77, r =-0.66; respectively). The rustles of this study prdie
efficiency of using numerical image analysis fotiraating leaf reflectance at RGB and the
efficiency of using leaf reflectance to estimatobphyll content in durum wheat cultivars.

Keywords: Durum wheat, leaf reflectance, chlorophyll conteehescence.

97



A6 @l (Triticum durum Desf.) clal) zeadl) & gl g 435 gual) &l pdiall paany dBYe anidi (2014) Ao 928
Sl -l cila b daaly bl L gl ga aadl a glall o) ) 9383 da gl Adlida S dakii]

dod—is -1
i) Bl e sl @, gl b g 5 ale dai e 38,0 Sl
o sy Jaall S A e AU gl W) (3 anlST aslaS Bl ) Wt g 550
& Ll valos (s hall Slaall) 2y ) S wlinall o) dnlall 45 gl 2dasY) (5 st
Ll 3, 0 e alablodl a8 ol ama Y o gl 13 sl ) aniliall 2 sl aulas) bl
Jeb g S S il 3 e g Lot o S Sl 0B Sl oSG sl 353U
anlall 25520 2l 51 a5l )l odd Ll ST ol ol e Blal) S50
sy sl oleall) @JL:M;J;Y\ Olres V.ALMJ .(Demmig-Adams and Adams, 1996) .24
G iV Ll g as U e sl I as sl Bl e 81,5V Bl (3 (o) ot g a5l Y
5 6l OF @ bl @8, ) (sl J il ©lana)) a1 . (Woodall and Stewart, 1998)swis!
Rddall ol ) g Sl nad) (35l A g )l A e e B 0Y) 3 Sl g2
A il 5 o ) S by S las 3 s a b 5 a5 o)l L
G52 e aaSdl Ol s L(Philip and Shirly, 1978)31,,0 JSUI (s gl SIS
sk iy ey ol o2 geall Gl Sl 5 & sl Sl Jlasiely (6 sl
B Rysasdl Sliall O b e Lolanl xSV gaall Gl 01l i 4laS” sl
Dbl O b e Lobamal ST 658 00 b e (15 &35 41) 350 5 a0 ol
Syl 6l i (3 Cadall s ety Y SV Ay sl bl & lie 324,
el 680 5 660 dx skl Jsb o s jsa ol odl W JU 2 as ol il

G add ot b (el 680 5 660) SN ABL Sl Sl Jub e Spall WSS L ses

98



A6 @l (Triticum durum Desf.) clal) zeadl) & gl g 435 gual) &l pdiall paany dBYe anidi (2014) Ao 928
Sl -l cila b daaly bl L gl ga aadl a glall o) ) 9383 da gl Adlida S dakii]

ris O WS & sl Olaall o Radsvs o8 OF ol 5 o)yl B s
Syl gl B3 3 L S5 L 28l 680-660 Cnle sl By L) Jib aie plawe)
wlls ety S AL ol sl Jsb e dased ) o)l Jlasialy (5 5]
700 51 550 2 5l Jsb e ooazel () sl (55 i Aol £ 3Ll e a0
Slasall o 518 BaST Ay sde Ol J b die sl mis OF @ bl WY 2 gt
e Lolamd ST 05 ol 5Y) Olaes Ly .(Buschman and Nagel, 1993)  svas!
By ST 08 osand sl pam 0B U (105 ARSN) el 550 a sl b

2 66 700 A sl) J b Jlerznl o 22U el P eae

T 1.4ess 4 A Pigment absorbance
S
hrill Carotenoid
S 1.2e+5 o Chlorophyll
£ = Anthocyanin in methanol/HCI
= 1.0e+5 - Anthocyanin in acetone/Tris
Py K
[
R
=3 -
= 8.0e+4
D
8
p 6.0e+4 -
K=
8 4.0e+4
=
=
E 2.0e+4
[«3
= 0.0
0.4
Leaf reflectance
foid
o
& o3
=
>
= ellow
= Yy
bd
T 02
53
—
green
0.0 T T T T T
400 500 600 700 800 900 1000

Wavelength (nm)

Source: Lichtenthaler (1987)
Ady Pl Olrnall it 3 gl (planal od O il (A) 145 Al 5
Liquidambar styracifla <t o1 g3 ddki2 B1 5 & &2 S -2 O i (B)

o) i 1 gl Bl e WM AN I e B ) Sl SV B e

[(Knipling, 1967) &35}l ix sl iy o &y el Olanall Whadt oa G5 3 s )

99



A6 @l (Triticum durum Desf.) clal) zeadl) & gl g 435 gual) &l pdiall paany dBYe anidi (2014) Ao 928
Sl -l cila b daaly bl L gl ga aadl a glall o) ) 9383 da gl Adlida S dakii]

gl A o Bl 6l k) G sYI 3 o) 3500 gl LS 8 3 ol
Slas 5 1S g (g sl ol e IS 3 Al Ol ) a5 oa el o
Sl o S 2 o3 ) el pom > (Grant, 19875, ) Lo gl )
233 Fsen S Sl 5 Aol Bad I el Gy pead) 5 el s (o) G150 3 0
PV i By (3 i U ol adl od A ey Al e gl Bl Aol el
A e aly a2y o Ol 3 ) el S as e demd a5
5Ll ol seY) Gy seed) (Schrevens and Raeymaeckers, 1992} &) (3 45 5l o )
(Adamseret al., 1999) o) ol 3 33, ) & ill pu & ((Perezet al., 2000) frol=l
syl S s s s L) () dsl i sds & (Hafsiet al., 2000) hea)! ol
e (RGB) ¢!k 5 sB, 0 csl ok o ) Jsb s 3500 Jsal) SN ool (3 2
S 28 g B Jeal LSS B e Lt s e ey e e
Al s O bl 3 CLall medll 3 ) sl

Jodll Bk 531502

S eoleal) S O T e g o L e I U PRUpC
odin ot Jomial 20 958y ) o o pi5y S 5 (520, 36°8Y ik (ITGC)
2010 ywod 5530 fuln Yl odn o5 (15 Jgedt) hall ol o Bl § il )
i Aadad S sl g e M A (35,00 300 — g ) Bl 508 e I AT Jlessal
ot 20 S gt el g lam oy WL bglax 6 20 )] Aelad ST T 5 5 25Xp 12 — o,

> 0 s 23y SULFAZOT (26% N, 35% S, 120 Kg/haplewd! dul il sds S Janzo

100



A6 @l (Triticum durum Desf.) clal) zeadl) & gl g 435 gual) &l pdiall paany dBYe anidi (2014) Ao 928
Sl -l cila b daaly bl L gl ga aadl a glall o) ) 9383 da gl Adlida S dakii]

il olaeYL oW TOPIC (0.75U/ha) bl Jleminl 087 5, L2l olael) & U
i) 45 olaeYL o4 GRANSTAR (15g/ha)id! o 2zl

ol yolt o I Ahonzadt 8 il BLoY) ol g gl 15 J gl

Cultivar Name Origin  Cultivar Name Origin
1 Bousselem  Algeria 6 Altar CIMMYT
2 Hoggar Algeria 7 Dukem CIMMYT
3 Oued Zenati Algeria 8 Kucuk  CIMMYT
4 Polonicum Algeria 9 Mexicali CIMMYT
5 Waha Algeria 10 Sooty CIMMYT

& (Numerical Image Analysis —NIA—xe3 I ) sall E 2us aul, )l sda I3 fenza
2345 £ (RGB) B, 56l pad) ol odl Ol ) Jsb e 3,500 Sl WSSV o s
AT Jlemzanly ((omed) 23 401) 13:00 5 11:00 e 20 I 5 3 gl o Jo ol 35, )
JPEGaU (3 abadll ) yall o ¥ ~= -(Canon, Power Shot A460, AIAF, CHINA}«3, . 5.2
A el 5o Fae S Gl ) LY Jas (5 (Joint Photographic Expert Group)
<l sl =P5 25 ai3 ¢! 4 Mesurim Pro (Version 3.3) s L;-’jsﬁ“ u»\g:d\” A e el
Y S - LI LG - g (RS SN[ PV g L T R IS
ALl a4 8,4l 23, 0 3 Ll B 2 W G ST L) b ) s Jloial,
ot Do JSU (829 21 2 gl o i (96 Bl Bl Ll 5 ) ST 30
S5l DV i Al ads D L ¢ g B al) Sluld e baw g ae

SPAD 1 g Jlemiunly 8 el 3 i) GlioV1 (3 () sl

101



A6 @l (Triticum durum Desf.) clal) zeadl) & gl g 435 gual) &l pdiall paany dBYe anidi (2014) Ao 928
~cisha -(abe cila b Anala il L gl g (s a glall o) 588 Aa g pla) A&l A Aak

Fihier  Ediion Qulils  Fenflre  Image  Cluix  Allichage  Aide

D[z@Ea om=(aE \\|o|# e w20

™ Mesure dintensité de couleur sur une ligne
Fichier Copier Graphiquz Tablzau

o 50 o 150 210 25 200
positon (pixels)

) pod) Dl gt Jsb wie By J gl oS! gl Ol s 2.5 A I
Mesurim Pro (Version 3.3)esl ! Jlesiusly sBy J1 5 ¢ a3

LBl g il 3
(P < 0.001)L yins o ST Syl laodl OVt O bl il d 25 Jgud) amiz LS
$opand sl Gy Saall WL SEV) dn ) sde S Gl ol sl o
el Job e Gl el SN o Lt gl (8 B )l e e
«Waha i)l Lis %10.81 (1) Oued Zenati_zwall s %46.92 (e Lo (e sl 654) ¢l o]
ple gl 5 A (sl 560) sl ekl el Uik s 3,0 gl WSV o8 L
3 gl O @ (Waha canall s %12.87 (1) Oued Zenati caall Jis %46.47
Bl %4239 Cwlos (ol 450) B, il ol e )1 Sadall LS

Ja\.{zf}!\ oluls c,u L5.Lc Islaze| .Kucuk cawall dwl %11.05 5 Oued Zenati_awzl

102



A el (Triticum durum Desf.) cleall zeadl) & gl g 4y guall <l ygal) any ABe 4 (2014) A J52—B

Sl -l cila b daaly bl L gl ga aadl a glall o) ) 9383 da gl Adlida S dakii]

Sl o o2l | Oued Zenati = Canall OB U ol Jisbl s Sl el

o3 330 OF gl 3ol 3 2l Ol (3 Syl WSO o8 Jaw 20 (25 J 1) S5

BB 5 35 Bl ods (%24.99) B, Bl Job e o 30 Jaiall WSO

.(1995) Merzlyak and Gitelsoriw! )>

Gy el v g 5 6yl S gl ( By Sl pSaYl Wb O i 25 J gl

3 el 8 ) BlesY)

Reflectance) at Chlorophyll contenf Average
Genotype RED GREEN BLUE (SPAD unit) senescerneg
Oued Zenati 46,92(a) 46,47(a) 42,39(a) 51,48(f) 44,51(f)
Altar 32,21(c) 31,17(c) 28,79(c) 56,22(cd) 58,94(bc)
Sooty 27,52(e) 27,53(f) 29,34(bc) 60,24(ab) 55,5(cde)
Polonucum 34,63(b) 34,79(b) 30,24(b) 50,96(f) 51,53(e)
Waha 10,81(h) 12,87(i) 13,20(g) 58,65(abc) 63,44(a)
Dukem 17,6(g) 18,35 (h) 18,85(f) 60,7(a) 60,26(ab)
Mexicali 26,46(e) 25,81(g) 21,64(e) 57,94(bcd) 54,18(de)
Kucuk 20,47(f)  19,44(h) 11,05(h) 58,85(abc) 54,¥)(d
Hoggar 29,5(d)  30,19(d) 29,41(bg 55,37(de) 57,63(b
Bousselem 29,3(d) 28,6(e) 24,01(q 53,18(ef) 560
Mean 27,54 27,55 24,99 56,359 55,68
Min 10,81 12,87 11,05 50,96 44,51
Max 46,92 46,47 42,39 60,7 63,44
LSD g5 1,096 0,957 1,004 2,73 4,12
Genotype effect *%k% *%k% *%k% *%k% *%k%

Different letters indicated significaulifference at 0.05 level.

Geidl %44.51 5 Waha ciiall 2wl %63.44 onle 33 )50 2 2l o e o3 oyl 5

Sl Sl SV e Lk g bsme L)) A3 ) a2l Lo 20 <Oued Zenatioiall

w5 (35 A ) L e (r = -0.84%, 1= 0674 sB, 1 ol ) Bl Jb e

Gy b ed Sl O 13 A o, Cluall e ST ae ey s add g, S Slana))

103




A6 @l (Triticum durum Desf.) clal) zeadl) & gl g 435 gual) &l pdiall paany dBYe anidi (2014) Ao 928
Sl -l cila b daaly bl L gl ga aadl a glall o) ) 9383 da gl Adlida S dakii]

Ol A>3 Ls 5o .(Gitelson and Merzlyak, 19943 , sf Q el > e il ol sle
B 3,0 Jeal L SeV Olsse Jlamal 5,08l 5 ) el @Bl ol

. (Carter and Knapp, 200> s>, ;T By ol gy g5 alae

50 1 07,
- o 43 4
B, v=-LTl4x=1214 3 . v=-1.193x - 9133
40 - r=-[,66% [Blus) E_-; 40 r=-0,67*[Blus)
F as = 33
£ 3 s, o
3 -D - -‘_'-.i - .I:-.
E .- = 13
E 20 ~ 20 -
T s 15
' - . .
= 10 ™ 10 - i * o
| w=-2161x+ 1493 _|v=-150dx~+ 1163
¥ r=0.77*(Red) S r=-0,83%% (Red)
] . . ] . . :
; 33 60 . 63 40 30 6o 70
Chlorophivll content (zpad unit) Average senescence (%)
# Felectance at ELUE oEReflectanceat RED # Felectance at ELUE OEeflactance at BED

iz il S g g &y giand) 6 (Bl gl WSKaY) el bLIYI B 3.5 A4S 4
i3,

o a5, 0 LUV Ol U gims o U (o) piasidl (52 0L (25 Jgud) ams g LS
.Polonicumc il il 50.96 5 Sooty Caall el 60.7 (ule dad 4l 5

o) ot By ) b die Sl SOV Gy (S ime D51 3 g g o gl L3 YW1 Al
PV G e DL e | @ (35 BB (sl sl s sB 5
iy gl Slall plamsl el (o)l gl el adl 1l Jb e Sl
AV Cp aledl 2l DLV Ve 5 ) g el bl Bl b die e
S A s s ol o sandl s g BB el ekl an Sk a0 sl

A Bl ) sl il o ld e U Syl SN 8 s S5

104



A6 @l (Triticum durum Desf.) clal) zeadl) & gl g 435 gual) &l pdiall paany dBYe anidi (2014) Ao 928
Sl -l cila b daaly bl L gl ga aadl a glall o) ) 9383 da gl Adlida S dakii]

ods pasins ¥ A 2B, a1 Jsb 5 B g S lall olanel padl il L S sl
g2l pa& lLises (Sims and Gamon, 2002) ) szl (¢ 58l Ol px pdad sl
oy S5l 555 Je 3k ey el SV @l i e e blass] (5 pian)
o0 05 sB, I ansY) J2 e ol il L(Filella et al., 1995) G315 5Y) (S giun J&
olanl 23l .(Penuelas and Filella, 1998}k i s Sl 5 &y, sl Slaall 2 b
.(Turrell et al., 1961; Everittet al., 1985)¢! o) a5kl Jsb die Jomw &) sl Olial)
VW e e aile olalys g dwl,ldl sds I3 Joew Lo () olawl 5 @03 e ks
G s ST el odl ol Job e Spall WSON) 0B (1980) Horler et al 4wl s add
Sy ¢ ) B

B3 4

el o) a1 b ie 31 S pall SV doend) 2l g & al) DL Y1 adle
ot Mg e ) sl (B L s ) ) g sB 5
Ot ko) 5 B gall LY B 06 6 2T g n g dgr o W B Sl S
Ol o 3, ) ot gl Jas gt 56,00 ol i U1 sk s ) 1 el WS
oda 5 e lely (a4 B etd) gt we il 351 21 e e WSS i
245 @ s cadl Mesrim Pro gl ) Jlessol el )1 jpall WS Bl OB an) )
& S SR Ol i oy sk ey Yl e g 30 Sl SO ol s

el el Sl i B,

105



A6 @l (Triticum durum Desf.) clal) zeadl) & gl g 435 gual) &l pdiall paany dBYe anidi (2014) Ao 928
Sl -l cila b daaly bl L gl ga aadl a glall o) ) 9383 da gl Adlida S dakii]

ey all

A

Adamsen, F.J., Pinter, Jr., P.J.; BarnesE.M. [et al.]. 1999. Measuring wheat senescence with
a digital camera. Crop Scien@8; 719-724.

B

Buschmann, C. and Nagel, E. 1993. In vivo spectroscopy and internai optics of leazedasis for
remote sensing of végétation. Int. J. Remote Siis7,11-722.

C

Carter, G.A. and Knapp, A.K. 2001. Leaf optical properties in higher plants: linkisgectral
characteristics to stress and chlorophyll concéntraAm. J Bot. 84:677-684.

D

Demmig-Adams, B., and Adams, W. W. 1996. The role of xanthophyll cycle carotenoids in the
protection of photosynthesis. Trends in Plant Smeh 21-27.

E

Everitt, J.H., A.J. Richardson and Gaussman, H.W. 1985. Leaf reflectance-nitrogen-chlorophyll
relations in buffelgrass. Photogr. Engineer. Rens&rsing51:463-466.

F

Fildla, 1., Serrano, L., Serra, J. and Penuelas, J. 1995. Evaluating wheat nitrogen status with
canopy reflectance indices and discriminant angalydiop Sci.35: 1400-1405.

106



8l cal (Triticum durum Desf.) clall zealll & gl g 4 guall il pdigall (lany ABDe anilli (2014) Ao 91—

Sl -l cila b daaly bl L gl ga aadl a glall o) ) 9383 da gl Adlida S dakii]

G

Gitelson, A. and Merzlyak, M.N. 1994. Spectral reflectance changes associated with autum
senescence dkesculus hippocastanum L and Acer platanoides L leaves - spectral features and
relation to chlorophyll estimation. J. Plant Physib43: 286-292.

Grant, L. 1987. Diffuse and Specular Characteristics of Leaf Re¢flece. Rem. Sens. Envirog2;
309-322.

Guendouz, A and Maamari, K. 2011. Evaluating durum wheat performance and efficienty
senescence parameter usage in screening underekMadéan conditions, Electronic Journal of
Plant Breeding2: 400-404.

H

Hafsi, M., Mechmeche, W., Bouamama, L., Djekoune, A., Zaharieva, M. and Monneveux,
P. 2000. Flag leaf senescence, as evaluated by numeriegeranalysis, and its relationship
with yield under drought in durum wheat. J. Agrow &rop Sci.185: 275-280.

Horler, D.N.H., J. Barber and Barringer, A.R. 1980. Effects of heavy metals on the absorbance
and reflectance spectra of plants. Int. J. Remetesifg,1:121-136.

K

Knipling, E. B. 1967. Physical and physiological basis for differenaeseflectance of healthy and
diseased plants In Proc. Workshop on Infrared CBlostography and diseased plants; Florida
Dept. of Agriculture: Winter Haven, Florida.

L

Lichtenthaler, H.K. 1987. Chlorophyll and carotenoids: Pigments of photosgtic
biomembranes. Method Enzymdl48:331-382

M

Merzlyak, M.N. and Gitelson, A. 1995. Why and what for the leaves are yellow in autur@mf?
the interpretation of optical spectra of senesdaayes Acer platanoides L.). J. Plant Physiol.,
145: 315-320.

P

Penuelas, J. and Filella, . 1998. Visible and near-infrared reflectance techniquasdiagnosing
plant physiological status. Trends Plant Sci.,3t-1156.

107




A6 @l (Triticum durum Desf.) clal) zeadl) & gl g 435 gual) &l pdiall paany dBYe anidi (2014) Ao 928
Sl -l cila b daaly bl L gl ga aadl a glall o) ) 9383 da gl Adlida S dakii]

Perez, A.J., Lopez, F., Benlloch, J.V. and Christensen, S. 2000. Colour and shape analysis
techniques for weed detection in cereal fields. @aters and Electronics in Agriculturg:
197-212.

Philip, H. S. and Shirly, M. D. 1978. Remote sensing: the quantitative approach. Mc Gk
New York. pp. 226-227.

S

Schrevens, E. and Raeymaeckers, L. 1992. Colour characterization of golden delicious apples
using digital image processing. Acta Horticulturd@}: 159-166.

Sims, D.A. and Gamon J.A. 2002. Relationships between leaf pigment content andtsge
reflectance across awide range of species, leattates and developmental stagegmote
Sensing of Environmen81: 337-354.

T

Turrdl, EM., J.R. Weber and Austin, SW. 1961. Chlorophyll content and reflection spectra of
citrus leaves. Bot. Gaz123:10-16.

W

Woodall, G.S. and Stewart, G.R. 1998. Do anthocyanins play a role in UV protection oé tted
juvenile leaves o08yzygium, Journal of Experimental Botan325: 1447-1450.

108



o0

6\

alall Jell
coloall Jasgl sangpal @ 59ll @hganll Gulley¥l Jlaggal aglles
Roladl agan ghliall &9 (Triticum durum Desf.) alall @ﬂn G\




Al @al (Triticum durum _Desf) clal) geall) & glu g 4 gadal) <l yigal) (iany ABe 4l (2014) Ao g
Sl -l cila i daala clill L gl g el o glall o) 5 383 da gyl Adlida S Aok

gL

(ITGC) S Jooleal) i) dgasld Gl Gy ) Jgadl (6 gmn o 2l ) oda ok
e Jlal U aal,all sde CBA& 2012/2011 5 201172010 (sl y) o 5o IV cCidans
Jsb e 3,50 Seall LSOVl o ol paE 3 Mesurim Progsl Jl Jlessa) 2
Bygas dulys 6 g g g n s (S5 450) <50 5 (el 658) o) ped) i sl
5 G (55l iy ) d il Db s G 3o, U e IS o BLS NI
il 8 Oyl o CLall medll e Blsl Bt e )1 Seall SOV ol s g
o LY G sme sl Lol a0l ods Ol e ails (B3 U Cadl (g0 g & ks
o S B 3 dessd L G Sl S OUL ed ol s e S
e D gl 3 gl el )y B3 ) sl LE as e 3 gl S
53kl sl By b o anh,u il sde il cadl Lol ) e el (333 )1 s i)
5 o ol Py el s b e @ e Sy o (M
seledlam i b e 30 gl WSSV e ST G Bl & gial) DL )Y SBe
Sl SOV a g Jlemal BSGL GUL L ol e g M s g ) )
Sl bl 6 2 dgr o g i o s (B g N b s iy s 3 S
PSSV e G Bl DLV BN o5 S 1) Gl Ol Alasis (Lo e
NECCH PO BN TSI I I A SN SO S 0 S SR [ o
Jsb ke 3,0 Jaall SOV 5 5e Jlanzal Bl dul ) oda il oo Radsis Jao
Sl G b e e o 3530 ol e Y @B, g e ekl 2l

@ Bl E s (B geall WSOV el med) ikl SLISY)
(Sl 62 )l s il (LS

109



Al @al (Triticum durum _Desf) clal) geall) & glu g 4 gadal) <l yigal) (iany ABe 4l (2014) Ao g
Sl -l cila i daala clill L gl g el o glall o) 5 383 da gyl Adlida S Aok

Abstract

The present study was led on the experimentab$it€GC (Technical Institute of Field Crops)
station of Setif, Algeria during two cropping seasq2010/2011 and 2011/2012). This study
aims to evaluate the efficiency of using Mesurino Prersion 3.3) software in the measure of
the reflectance at Red (654 nm) and Blue (450 rRB) (wavelengths, and to investigate the
spectral behavior of the relationship between cidlece at RB, Grain yield, Senescence
parameters and Chlorophyll content in set of durwmeat genotypes and evaluate the
relationships between drought resistance indiced weflectance at Red and Blue. The
reflectance is measured using the numerical imaggyses (NIA). The results of the present
study indicated that the two different conditiorisgoowth (stress and irrigated conditions) had
different considerable effects on all traits testhding the two cropping seasons. The best
negative and significant correlation between fleaf Ireflectance at Red, Blue, Grain yield and
drought resistance indices suggest the efficierfcysing the reflectance for the predicting of
grain yield and screen tolerant genotypes in dumineat. In addition, the best correlation
between leaf reflectance and senescence paranmiggest that the genotypes with slow
senescence have low values of leaf reflectancehAliIresults prove the efficiency of using Flag
leaf reflectance at Red and Blue as suitable tmoséreening in durum wheat cultivars for high
grain yield and under drought condition.

Key words: Durum wheat, flag leaf reflectance, drought indjegegyation, Senescence,
Chlorophyill.
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Cultivar Name Origin  Cultivar Name Origin

1 Bousselem Algeria 6 Altar CIMMYT
Hoggar Algeria 7 Dukem  CIMMYT
Oued Zenati Algeria 8 Kucuk  CIMMYT

2
3
4 Polonicum Algeria 9 Mexicali CIMMYT
5 Waha Algeria 10  Sooty CIMMYT
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Cropping Season 2010/2011 Cropping Season 20112012
Oued Zenzti 'C:'E_ec'. Zemat
Brussalem . | ~ Altar Bousselem— 30 se _ Al
21 30
Hoggar (. [ Hogoar 20 Sooty
T [ {0,
I
Kucuk ! | Kucuk ' Polonucum
Mexicali i “TWzha Memicali® _
Du];cam Dukem
—s—Dmigated  --¥--Stressed —t—Irrigated = % =Strassed

oy o A OO Ay A1 g &l Oy Bl ef gy piasdl (6 ) o D) 146 )
(2012/2011, 2011/200)
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sl O 26 J gt 3 mise 8pll 8 tall OO A s L1 8 b e ol i

cple e gl 5 A 5l b e o8 LS ) G b o F 5 2011/2010) S5 o)

L s mo Sooty Cinall 3 /3 7555 5 Oued Zenaticimall 4l —2/3 57.45

L"S’;‘ J)JJ.U Lx_}';ﬂ JEv %JM\ J)Jw\g’;;u}?- L} c_h/d 66'8_~’J'Ggfl5g5’> > 9> ,6

Lo e & Waha el il — /3 64.63 5 Oued Zenaticinall il —a/3 5220 plbs

L}L‘J\ (..wjl\ IS %9}$ 595 M Lo gua O L _al3 585 — g;lfgs" 593

S s ) Gyl o U a3 36.87/21.45 cple bl G ol 2 5 (2012/2011)

(26 Jgid) 23 58.56/26.62 Cle o 555 M1 o ol 3 AElS
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Cropping Season 2010/2011

Cropping Season 2011/20

Genotype GYi GYs Genotype GYi GY s
Oued Zenati 57,45d 52,20d Oued Zenati 26,62 c A.,45
Altar 69,14abc 55,94bcd Altar 43,04 abc 24,86 ab
Sooty 75,55a 63,14abc Sooty 44,08 abc 27,33 ab
Polonucum 60,18cd  56,47abdéolonucum 44,82 abc 32,68 ab
Waha 65,94abcd64,63a Waha 49,11ab 35,24 a
Dukem 72,70ab  63,94ab  Dukem 33,67 bc 29,75 ab
Mexicali 63,44bcd 59,64abcdexicali 45,80 abc 32,90 ab
Kucuk 73,53a 53,96d Kucuk 47,08ab 36,87 a
Hoggar 62,36cd  60,05abcHoggar 58,56 a 30,23 ab
Bousselem 67,75abc 55,01cd Bousselem 46,66 ab 86,87
Mean 66,8 58,502 Mean 43,944 30,818
Min 57,45 52,2 Min 26,62 21,45

Max 75,55 64,63 Max 58,56 36,87
LSD 0,05 9,779 8,154 LSD,05 19,65 13,6
Genotype effect *** Hhk Genotype effect  *** ok

Irrigation effect  ** Irrigation effect  **

Interaction effect ns Interaction effect ns

% Differences 12,42% % Differences 29,88%

Means followed by the same latter are not sigmifilyadifferent at p<0.05,
*x *+xk: Significant at 1 and 0.1% respectively, nson significant.
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.(Blum, 1988) !
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5 @ @l ol sle Yl Bas e i s Bl ods OF 4 5 )LAY) e b Y 61472
ke Lol G?L:J\ .(Fisher and Mauref,978) i 5 ,al) 2l 3 Sy s e gad Y
b et ol OLLY O gl Oliml) genled) ) Lomd) Ol 50 o3 Ol DD s
5 (GMP) (gwdidl 231 Lo 20 (MP) 25y Lo e 18Ul I 580 n IS (3 (6 508
Sooty s Waha Dukem—2LoY1 of Js o oo Slimll Yot (55 (STI) Sl |od L5 50
M Dliml) St LY ST Ul e —8/3 63.14 5 63.94 ¢64.63 H 333 M I3
osial) OF SN 2l OU) Lod ol 5 ge o8 Lal @ gbl LS «(J 3 ol o sl
oy S B Olimell dpwlo SV ninall L Polonicum s Oued Zenati )=

(36 J3) IV o) e sl) I3
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Cropping Season 2010/2011 Cropping Season 2011/2012
Traits Traits

Genotype HM STI GMP MP Genotype HM STI GMP MP
Oued Zenati  56,008¢f  0,671e 54,668e 54,831e Oued Zenati 23,65b 0,315b 2383 b 2403c
Altar 61,523cd 0,87bcd 62,027bcd 62,54bcd  Altar 31,39ab 0,619ab 3264ab 33,95abc
Sooty 68,269a 1,065a 68,805a 69,352a Sooty 3253ab 0623ab 3405ab 35,71abc
Polonucum  55,103f 0,758de  57,926de 58,333de Polonucum 37,71a 0,794a 38,23 a 38,75 ab
Waha 66,705abc 0,955abc  65,227abc  65,291abc  Waha 40,03a 0,957 a 41,08 a 42,17 ab
Dukem 67,476ab 1,039ab  68,08lab 68,322ab  Dukem 3152ab 0)551ab 3160ab 31,71bc
Mexicali 62,702bcd 0,849cd 61,477cd 61546cd Mexicdl 37,80a 0,873a 38,56 a 39,35 ab
Kucuk 62,094bc 0,891abcd 62,915abcd 63,749abed Kucuk 4107a 0972a 41,52 a 41,98 ab
Hoggar 59,392def 0,828cde  60,582cde 61,208cde Hoggar 37,78a 0902a  40,8la 4440a
Bousselem 60,685de 0,833cde 60,995cd 61,382cd Boussdlem 4059a 0,922a 41,17 a 41,77 ab
Mean 61,9957 0,8759 62,2703 62,6554 Mean 35,407 0,7528 36,349 37,382
Min 55,103 0,671 54,668 54,831 Min 23,65 0,315 23,83 24,03
Max 68,269 1,065 68,805 69,352 Max 41,07 0,972 41,52 4.4
LSD 0,05 5,495 0,175 6,323 6,511 LSD 0,05 12,25 0,45 11,77 11,89

Means followed by the same latter are not significantly different at p<0.05
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e o IO 5 Al Ol JeaS s 2y b e d (el 450) <6
g Gy s OF bl ) LUE OB 4.6 J g s ST .(2012/2011 5 2011/2010)
) i sl J b 35l Jsall SSOYI o8 (3 Lgmme v T g bl g 3 kel
Sral SOV o8 @ Lgme IS ST 1 el Odes) (s ) il e,

ey G M Iy By A s el Oy Rl et 35 )
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(2012/2011 52011/2010) (et 1 e A1 IV 68y 1 5 81 adt dor 1 J b sie By 1 G gialt wlSait) @b Ol 5 4-6 J 9!

By A g Byl OBl S

Cropping Season 2010/2011

Cropping Season 2011/2012

Traits Traits
Genotype RRedi RReds R Bluei RBlues  Genotype RRedi RReds R Bluei R Blues
Oued Zenati 35,27b 46,92a 31,32a 42,39 Oued Zenati 24,1 a 22,3 bc 32,33a 30,29 b
Altar 16,82f 32,21c 16,57d 28,79c Altar 21,7 bc 22,62 ab 30,58 b 28,89 b
Sooty 14,219 27,52e 15,01e 29,34bc Sooty 13,679 18,4 fg 22,37 f 25,5d
Polonucum 10,21h 34,63b 8,57h 30,24b Polonucum 1449fg 21,03 cd 22,37 f 30,36 b
Waha 19,25e 10,81h 16,79d 13,20g Waha 1595e 17649 22,83 f 26,69 c
Dukem 17,28f 17,69 11,52f 18,85f Dukem 14,96 ef 23,86 a 20,679 26,53 c
Mexicali 25,42d 26,46e 20,76¢ 21,64e Mexicali 22,53b 19,39 ef 28,31c 23,98 e
Kucuk 27,98c 20,47f 22,15b 11,05h Kucuk 18,24 d 17,72 g 2454 e 24,42 e
Hoggar 36,35a 29,5d 30,93a 29,41bc Hoggar 14,08fg 20,54 de 21,16 ¢ 30,13 b
Bousselem 9,46i 29,3d 10,03g 24,01d Bousselem 20,88 c 21,28bcd  26,95d 31,49 a
Mean 21,22 27,54 18,36 24,99 Mean 18,06 20,47 25,21 27,93
Min 9,46 10,81 8,57 11,05 Min 13,67 17,6 20,67 23,98
Max 36,35 46,92 31,32 42,39 Max 24,10 23,86 32,33 31,49
LSD 0,05 0,697 1,096 0,705 1,004 LSD 0,05 1,14 1,54 0,73 0,92
Genotype effect *k* *k* *k* *k* Genotype effect *k* *k%* *k%* *k%*
Irrigation effect *okk *okk Irrigation effect ~ *** *okk
Interaction effect  *** e Interaction effect *** e
% Differences -29,78% -36,11% % Differences -11,77% -9,73%

Means followed by the same latter are not significantly different at p<0.05, ***: Significant at 0.1%.
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SN Sk e d s (%1272 = sk sy 201172010) S5V ol sl IS
% 9.46 U b el ol B s N J5b wie 30 gaiall M SaVI b8 e ) 5 eSSl
Q3 %2122 — 8 S v s2s as Hoggar caieall Jis % 36.35 5 Bousselem cauall Jis
Db el odl B ) J b e 3541 Sl SOV b8 gl 5 8l Oy Bl o F
Ceed Ow B, 43 .Oued Zenati i)l Lis % 46.92 5 Waha canall s % 10.81
% 19.35 — %y, 5 &kl Oy Bl (3 el b a1 o wie 300 gl WSS
el Gy fall Yt o ekl a l Jib e S0 el S (5 ST
56 A b die 3y el ST ek L (46 JE) (L sl
% 11.05 opbe =35 ASOV) o 0B Lils JsW e sl IS 5 &l oy o) 2
a4y Al O bl f Ul cOued Zenati carall 2wl % 4239 5 Kucuk Canall adll
Polonicum il dis % 8.75 (wle ¢, ) dr o U1 Jsb e Jaall WSOV o8 e ) 5
i) Job e 3y gaal WSO o3 asl Oued Zenati anall dis % 3132

(Sl b)) Bkl Oy lall e s 26, )
Bkl Oy b ef (2701 = sl sas) (2012/2011) W s e Sl I
Gnall die % 17.6 (wbe sl et Ml Jsb e 301 gaall WSS o8 eyl g
Sy b oF G 3 %2047 — )5 IS Lo g ¢ Dukem Canall e %23.86 5 Waha
%13.67 Cple ol o) Bl J b e 3,01 Spall MSOYl o8 el 5 LS (6 )
B .%18.06 — 8 ST L e as Oued Zenati izl (3 %24.1 5 Sooty arall s

I1LTT — g Bl WS (3 el pod a1 ol e 3,1 gl WSSV 8 o B4
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cd o el o a1 b e Sy Faall WSO b8 ST gl e ) 5
Sl SOV b el Y el O Ll sl L sy & dall By il
Mexicali caiall 2l %23.98 culs 3 el 3y ol M 5 518, ) i 5L S5k e 34
Sy e Ly %2793 — 6 Ul bav e~ Bousselem Canell il %31.49
%20.67 (wbe B, Bl Jub wie 3,0 Saall WSSV o8 el 5 oS ()
— 8 (L&) b e 2o Oued Zenati canall 2l %3233 5 Dukem el dclly
SOV Jlosials Sl @ JUI sl Y1 2ol A8 5 pds jum (46 J g3 %2521
(3 ¢(Jackson et al., 1983) x5 ldan ¥l wuid G Sl OlaaYl oy S S
R B K L I PP R IV U VS R IR P S R WL
w3 S sl Yl bgae L) c3 0 G L;M&_J\ ¢ Slben AL L)
G Sl By 3 e oy as N s 2 pes Sy Seall S
- oyl g A S e Al G s 05 sy @) 5T L (Wooley, 1971)
ols Byl Jeall WSSV ol (38 ake S5 sl el ol i) ods (oLl
B Wi 50l 5 5l oS ol ol sda O o ae g M a3 J2 e
S, oW U ) e by sles Yl ol 5T pai 5 LE am (31, 6Y1 04 5 840
.(Bacci et al., 1998) dslis s s U 42y b 4l

() &3y M &5 pddl i ge 43

Lo o S0 OT bl Sadl L (20122011 5 2011/2010) sty 5 cne sl JD

ad ol d e 2N e 950 o dd dabl L) AT Al 8 A ol ys g (Saw) &8 8 A gl
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Lol (s ) il (56 Jgdrt) (g b 5 bl sedl Oy ey b siee ao ST (509)
(S LYl 5 Dy b e as )  a pnl e (3 Lsae e L ST
b s o e gl 5 LS ) gl ey (201112010) SV B e sl DD
Oued Zenati Ciwall il %40.24 9 Kucuk cinal il %56.51 omle 33, o) ax gl
— oV sl D iy 10 g 3 Bl O B e 8 ) B ) e e G B 8
dry ST A Bl iy s el g a8, i) Chal &gl )l %8.04
of % 54214 5 JooSI o Gl o 0 56351 b aed w5 LY
it el e %50 & add il e L AaST) Bl 8 ) A Wl s s o B gy kLl g ke )
%3.84 — 8 & bl 54y Ll Oy k) G

%A44.06 (pls a5 G il b e 0 - o) 5 (2012/2011) W ol e L1 OS5I
g M oy bl o f G5y Dukem Chnal) 2l %64.04 5 Oued Zenati el il
iall 3l 9%48.56 (ule &) ) A el L gia o8 e gl 5 RSkl Oy ) o 2 Ly
@ A e ) b g Gy B4 8 - (3 (Waha Cinald deddl %67.76 5 Oued Zenati
we el g a3, A sl hal gl U %433 Rl & LU Oy bl
S Db 0 57788 Lwbe and gl 5 LAY ey &S A B ol
G ST A B A Sl s op B 08 ikl G bl o F 0p 54248 5 keSS

(56 J3u1) %6.12 — & ol g a5 N C3g Bl (3 83, ) B e n) e %50 & gud
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(2012/2011 52011/2010) sy I s A1 I &8y I i g dd) 1y 3o o O i3 15-6 J 9ol

By M g &l OBl 2

e e cila 8 daala

Cropping Season 2010/2011

Cropping Season 2011/2012

Traits Traits

Sa% >50s Sa% >50s
Genotype Irri Sec rri Sec Genotype Irri Sec Irri Sec
Oued Zenati 40,24d 44.51d 373,08f 356, 78f Oued Zenati 44,96e 48,56e 390,08f 350,019
Altar 51,79¢c 58,94ab 615,05ab 593,49cb Altar 55,57¢ 63,26ab 622,05b  596,72bc
Sooty 52,37a 55,5bc 610,63ab 594,93cb  Sooty 59,28bc 56,69cd 617,63b  598,16b
Polonucum 43,19b 51,53c 524,58d 479,54e Polonucum 46,97e 55,85cd 531,58d  489,44e
Waha 51,1a 63,44a 640,59a 578,72c Waha 54,88d 67,76a 687,25a  584,29c
Dukem 53,32a 60,26ab 555,44c 515,37d Dukem 64,04a 57,64cd 562,44c 518,60d
Mexical 51,31a 54,18bc 629,94ab 612,43ab Mexicdi 57,96¢ 55,63d 636,94b  615,66a
Kucuk 56,51a 54,12bc 611,19ab 625,25a  Kucuk 57,90c 60,83bcd 634,66b  628,48a
Hoggar 55,8a 57,53bc 604,97b  594,25cb  Hoggar 61,31b 60,12bcd 611,97b 597,48 bc
Bousselem 56,39a 56,79bc 472,63e  470,64e Bousselem 60,17bc 61,11bc 483,96e  445,87f
Mean 51,2 55,68 563,81 542,14 Mean 56,3 58,74 577,88 542,47
Min 40,24 4451 373,08 356,78 Min 44,96 48,56 390,08 350,01
Max 56,51 63,44 640,59 625,25 Max 64,04 67,76 687,25 628,48
LSD 0,05 3,98 4,12 21,37 16,23 LSD 0,05 2,32 5,28 25,7 13,33
GenOtype *kk *kk *kk *kk GenOtype *kk *kk *kk * %k %k
Effect Effect
[rrigation . . [rrigation . .
Effect Effect
% Differences 8,04% 3,84% % Differences 4,33% 6,12%

Means followed by the same latter are not significantly different at p<0.05, *** Significant at 0.1%.

125




(Triticum durum_Desf) culall zadl) & gla g 4y gall) <l ydigall any ABe Al (2014) Ao Jga—id
i ube cla b daala ciliil) L ol g panadl a glad) o) 5383 da gl Adbida A daai] il cias

dw gyt O L B o LY OB 53
(GY) &> 33341 5 (FLR) J sl wlSa¥! o L5 y¥) e 153
v e g Bgme LU e e el ) sl D g ) sl I o
(66 Jga31) sB )0 5 o) et i U1 b e 550 sl ASAY) o8 s A g0
S Sl AESY 5 A 3 a5l e Aled) Bl 5 &l LUV B o
sz asls Ol & el Gy Bl ey S5 e 1 IS (12 -0.70) 6l o) 2 51 5k e
e gl b s dole Jpall SV i W5 i B semal) Sl LS
B @S (bges iy gl Slall O b e Lol asl1 ST s o) ol o
.(Radiation-use efficiengyirsy! Jlontw! s 2y 1) 5 50 o Sl oS A
i J2 e Bl ool 30 Jaall SOV G ol LS e
T g - IR Rt KR I [P ORI S il
S pin Syl Spall WSSVl oS meww (Bauer, 1975; Walburg et al., 1982)
sV gl e el 3393 00 1/ el (oS B i, ) L) i e iy g
5 (Filella et al., 1995) ¢l C_AE\ «(Vaesen et al., 2001),Y! «(Richardson et al., 2001)
O P <=3 . (Aparicio et al., 2004; Royo et al., 2003)L.2! ——
s 2 e daisd) Sy geall SV b8 g b e Ll A s U1 O

.(Ferrio et al., 2005} 1!
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(DRIs) Sl Jod & o3 5 (FLR) Jyall oSaY! o b3y SBde 253
Sk @ el ol e bpaE 3 dean )l O L o 85 clennl
wwio s LS (Mitra, 2001) Clisl) alemze Oliol Olssl (3 2 oy LI 5 Lt
Ov Rk g Rsne DL BN o A3 e sl ) el Dy 66 J g
Jo¥ o) sl DD DLk ad g 5 B Ssall WSSV o e
Lo Gyl geall WSSV a g o B 5 Bsme DS BMe e ((2011/2010)
iy bl Gy bl o F SO OUA ed Sl e g B, el edd Sl b
il Job e Sy gl SOV Jee (201212011) G oy e sl 5
SN OUE o o age med e Lk g L bl LSl g ) G b o F ol ot
Ll Jorew B, 0 iy U b e 35401 Jaiall WL SOV b sl Y) Oy b o2
(ST Lkl |ed jase climal OL ) Lod ol 550 s mo Lo 5 Lgne
Sl 58w ke 3 & gme LU CBYe | e Guendouz et al. (2012b)(6-6 J gA31)
5 SBUR Jad il age 5 s g sl el a1 J b e 54 Sl S
Jod Shase 5 B0 geall LSSV ol se p deed) Bl DL Y SBe

Ll daza rad Blsl sl 3 30 J sl SV Jlensal 25800 Lk
Gl 5 (S) Myl i il (FLR) sl oS p LYl SBdle 353
(CC) 8y 35!

i pezll b gze 2012/2011 5 2011/2010 Sus ) ) cne sl UM 6-6 J 93! aeo sy LS

Bl ¢35l Sl ASOVN St o Lk g Lgine WLl BT (Sa%) 35,5
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38l AT Al 8 ) A ol s a5 e IS O Bde 9 &g DL EBMe e (U3
) oy U1 b e 3,01 gl SVl (5509 ot st o0 %50 & g1
IR R R e A v UL ISR ERC SV
PSS iy et DLl B ) 8l OLLY O S asle LUV ol
Sleol bl 3 ol il ods 2 Jlarzal 5500 Sl slall 0ds mans i Joo

AU ad LU (3 Olisd) dlass

(2012/2011 52011/2010) ol 31 on® sht I gyl ot 43 341w B Y1 SBYs 6-6 J 3!

A A g a4l Ol o s
Cropping Season 2010/2011
GY i GY s CCi CCs Sai Sas)b50i >50s HM STI GMP MP

R Red i -0,38 -0,21 0,19 -0,04 -0,08 -0,35 -0,08000, -0,26 -0,38 -0,38 -0,37
R Red s -0,58* -0,70* -0,48* -0,77* -0,63* -0,84* -0,71* -0,63* -0,77* -0,75* -0,77* -0,76*
R Blue i -0,40 -0,27 0,19 -0,11 -0,12 -0,40 -0,130,08 -0,29 -0,42 -0,42 -0,42

R Blue s -0,56* -0,40 -0,32 -0,66*-0,66* -0,67* -0,65* -0,63* -0,58* -0,56* -0,59* -0,59*
Cropping Season 2011/2012
GYi GY s CCi CCs Sai Sas)5b0i >50s HM STI GMP MP

R Red i -0,54* -0,52~ -0,29 0,03 -0,05 -0,36 -0,60%*0,56* -0,59* -0,63* -0,60* -0,60*
R Red s -0,29 -0,11 -0,46*-0,23 -0,20 -0,14 -0,26 -0,21 -0,15 -0,11 -0,20 250,
R Blue i -0,04 -0,26 -0,39 -0,46*-0,36 -0,08 -0,62*-0,64* -0,21 -0,21 -0,18 -0,14

R Blue s -0,46* -0,45* -0,46* -0,14 -0,48* -0,33 -0,44 -0,39 -0,46*-0,40 -0,49* -0,51*
* Significant correlation at 0.2 %

S Sl SV s e ik 5 Rae b)) 3D (g il 5] b
Syl et STy el s s LB el e a1 b e
B ao sl padl GV @ Al SVl bges a5 (6-6 ) Ry 0 5 3
L oo al U ods D 8, 00 (3 dleld) Al ) ol ) Gl () 43, ) a2l

Ol Jomws .(Grant, 1987)i , o o o2l gl S stmn Jo ol WISy sl (a2
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Spile e B 3, Saall WSOVl ol o e Jlarzaly §,080 (6 sl (6 522 ol i
Lises .(Carter and Knapp, 2001)gs siecs o 3,41 ooy U1 alasdU ol udl
S5 S g W (s T00-400) 64 xS Ut s 30 i) IS
Fo56 550 sl Jsb e ST jee 3515 5ar L (Knipling, 1970) 31,531 (3 (5 sl
B e dd) B me (5 sl S5l aild Bl SV ol U 2l 700
i ails OF bl (1983) Fischer 0 U3 U Casl .(Gitelson et al., 199413, 5l
Mg sleY Al prp A e ls Bl 0 Y (Radiation-use efficiengy sl Jlazn!
B3 e %50-30 Mg 2 B sY) g o Jpall S A il a8, 1 e )
il> .+ (Sylvester-Bradley et al., 199Q)+! ¢ Jo > o IM C ¢ Jo (3 @Al & piaall
oS A 0L el e lely Lad, ) A sl Al Ol I 3 plm oA s e
B i) A e 5 B (o 393 M 3 ad) Bl e G5V st e 5
.(Zhang et al., 2006) gl 1 5 55 L Lad (3 xS e Ll b sl

L 3

PSSV B O g B3 ) sl L B i) 2l Al sds il
LL_s NI B¢ >4 .Mesurim Pro (Version 3.3) G»UJ,J\ Jemznly EITUREE
sld) g el o a1 sk e 354 Jaall SOV Cple ol 2l 5 2 sl
ool 180G By Ay &bl Gyl o F g sl I el DD A s
ool el ) en Gl 3 M s MU sl 3 Seal S ol s g
1Y) Jl2 e maisll Seall LSSV o8 g Lse W G s 0 of oyl

Sra) SV Ol s s n el LUV obNe gl (U3 ) ol ag L
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ABSTRACT

Although drought stress has been well documented as an effective parameter in decreasing crop production
in arid and semi arid regions. The objectives of this study were 1) to compare diverse genotypes and cultivars
under drought stress, 2) to detect the effect of drought stress on yield and other traits of asset wheat genotypes.
The present study was carried out to study the performance of durum wheat genotypes in relation to yield and
yield component. Ten durum wheat (Triticum durum Desf.) cultivars were grown under well watered and
natural drought conditions. Morphological traits were measured at anthesis and yield, yield components traits
were evaluated at ripening time. The experiment was laid out in split plot based on a complete randomized block
design, with four replications at the experimental field of ITGC Setif Algeria. The number of spike m?, 1000-
kernel weight, plant height, grain yield and peduncle length were highly significant (P<0.01) affected by water
deficit conditions and genotype effects. Chlorophyll content, number of grains per meter square and thousand
kernel weights were positively associated with grain yield under drought conditions. Moreover, the grain yield
was negatively associated with Drought Susceptibility Index (DSI) (r = -0.64). DSI values for grain yield
ranged from 0.42 to 1.38, values for grain yield ranged from 52.20 to 64.63 Qx/ha. The varieties Waha, Sooty,
Dukem and Hoggar showed high yield (GY> 60 Qx/ha), among these genotypes Waha and Hoggar have low

value of DSI (DSI< 0.55).

Key words: Durum wheat, grain yield, drought susceptibility index, drought stress.

Introduction

Durum wheat (Triticum durum Desf) is a
monocotyledonous plant of the Gramineae family
and of the Triticeae tribe and belongs to the genus
Triticum. Grain yield in small cereals can be
analyzed in terms of three primary yield components
(number of spikes m 2, number of grains spike ' and
mean grain weight) that appear sequentially with
later-developing components under the control of
earlier developing ones [21,45]. Wheat is an
important staple crop around the world. Its
importance has risen even more due to the frequently
experienced food shortages and its role in world
trade. Increasing wheat production to meet higher
demands by growing population is still a challenge in
many countries. Higher production is only possible
via higher yielding, better quality, and drought
tolerance varieties. Successful breeding programs
require wide variation. Many investigators reported
that skipping irrigation at any of the wheat
developmental stages, particularly tillering, booting,

Corresponding Author

heading, flowering, milk-ripe soft dough-ripe stages,
led to a significant reduction in grain yield and its
components [42,2]. Most of these studies indicated
that yield reduction, was more pronounced if
irrigation was skipped at tillering or heading stage.
Whereas, Eid et al. [16] reported that milk-ripe and
booting stages were the most sensitive ones to water
stress. Genotypic differences in yield and its
components among yield cultivars grown under
water stress conditions, they could identify the most
tolerant and most sensitive ones to water stress at
different developmental stages [31,4]. Water is one
of the most important ecological factors determining
crop growth and development; water deficit plays a
very important role in inhibiting the yields of Crops
[26]. An efficient use of limited water resources and
better growth under limited water supply are
desirable traits for crops in drought environments. In
recent years, many studies about the effects of
supplemental irrigation on yield performance and
water use efficiency have shown that proper
supplemental irrigation can increase crop yield by
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significantly improving soil water conditions and
their water use efficiency [13]. Water stress tolerance
is seen in all plant species, but its extent varies from
species to species. Although the general effects of
drought on plant growth in crop plants are fairly well
known [30]. Therefore, wheat yield is lowered. The
ability of a cultivar to produce high and satisfactory
yield over a wide range of stress and non-stress
environments is very important [37]. The response of
plants to water stress depends on several factors such
as developmental stage, severity and duration of
stress and cultivar genetics [6]. Also, some
morphological characters such as root length,
tillering, spike number per m? grain number per
spike, number of fertile tillers per plant, 1000 grain
weight, peduncle length, spike weight, stem weight,
awn length and grain weight per spike and affect
wheat tolerance to the moisture shortage in the soil
[34,35]. Finlay [17] believed that stability over
environments and yield potential are more or less
independent from each other. Blum [8] suggested
that one method of breeding for increased
performance under water stressed conditions might
be a breed for superior yield under optimum
conditions on the assumption that the best lines
would also perform well under sub optimum
conditions. The ideal situation would be having a
highly stable genotype with high yield potential [49].
The most widely used criteria for selecting high yield
performance are mean yield, mean productivity
(average yield performance under stress and non
stress conditions) and relative yield performance in
drought-stressed and more favorable environments
[37]. Stability of grain yield for each genotype is
estimated by the drought susceptibility index (DSI),
derived from the yield difference between stress and
non stress environments [7]. Fischer and Maurer [18]
and Langer et al. [29] involved the use of DSI, which
characterizes the yield stability between two
environments. There are many reports in literatures
about the use of DSI for identifying genotypes with
yield stability in moisture limited environments
[18,12]. The objectives of this study were 1) to
compare diverse genotypes and cultivars under
drought stress, 2) to detect the effect of drought
stress on yield and other traits of asset wheat
genotypes.

Materials and Methods

The experiments (under rain-fed and irrigation
conditions) were conducted in the experimental field
of ITGC Setif, during the 2010-2011 growing season.
Total precipitation was recorded as 360.1 mm in
2010-2011 growing season. Ten durum wheat
cultivars (Oued Zenati, Altar, Sooty, Polonicum,
Waha, Dukem, Mexicali, Kucuk, Hoggar and
Bousselem) were used for this study. The experiment
was laid out according to a randomized complete
block design (RCDB), with four replications. These
cultivars were planted on November 30, 2010 on a
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clay-silt. The seeds were sown using an experimental
drill in 1.2 m x 2.5 m plots consisting of 6 rows with
a 20 cm row space and the seeding rates for both
experiments were about 300 seeds per m->. The plots
1.2 m x 1.5 m size were harvested by a combined
harvester. The plots were fertilized with SULFAZOT
(26 % N, 12 % S, 120 Kg/ha) was applied at tillage.
Weeds were removed chemically by TOPIC
(0.75L/ha) and GRANSTAR (15g/ha). All plots of
the irrigation experiment were irrigated by using a
Sprinklers system and the volume of water input for
each plot was controlled. Two irrigation regimes
were applied. The first irrigation was performed at
the time of Elongation (20/04/2011) (30 zadoks
cods). The second irrigation was applied on
(08/05/2011) after heading (50 zadoks cods). At
harvest, data were recorded on plant height (PH),
1000-kernel weight (TKW) and grain yield (GY).
Also, some parameters such as the number of spike
m? (NS/m?), peduncle length (PL), grains per spike
(NG/S), number of grains per meter square (NG/m?)
and chlorophyll content (CC) were determined. The
measure of Drought Susceptibility Index (DSI) was
calculated by using mean grain yield. The DSI
(Fischer and Maurer, 1978) was as follows:

DSI= (1-Yd/Yw)/D

Where Yd=mean yield under drought, Yw =
mean yield under well-watered conditions and D =
environmental stress intensity = 1- (mean yield of all
genotypes under drought/mean yield of all genotypes
under well - watered conditions). Data obtained were
subjected to an analysis of variance. The analysis
over treatments was also performed by using SAS
[41].

Results and Discussion

A shown in Table 1, analysis of variance
revealed that peduncle length, plant height, 1000-
kernel weight, no. spike m™ , no. grains spike” and
no. grains m” were highly significant (P < 0.001)
affected under irrigation regime treatment whilst
Grain yield was shown significant (P <0.01), but
chlorophyll content was shown no significant effect.
In addition, the genotypic effect was shown highly
significant for TKW, NG/S, NE/m?, NG/m?
peduncle length, plant height and chlorophyll
content; and significant for GY. Moreover,
interaction effect of irrigation regimexgenotype was
highly significant for height plant and peduncle
length and significant for TKW.

Grain yield (GY):

The results of the present study indicated that the
tow different conditions of growth (stress and non
stress condition) had different considerable effects on
grain yield. The average of grain yield and grain
yield components are presented in (Table 2) of the 10
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genotypes over tow conditions. Under stressed
condition grain yield ranged from 52.20 Qx/ha for
genotype Oued Zenati to 64.63 Qx/ha for genotype
Waha with an average of 58.50 Qx/ha over all
genotypes, but under well watered condition grain
yield ranged from 57.45 Qx/ha for genotype Oued
Zenati to 75.55 Qx/ha for genotype Sooty with an
mean of 66.8 over all genotypes. Drought resistance
is usually quantified by grain yield under drought.
Wheat grain yield under drought, however, depends
on yield potential as well as the phenology of the
genotype [3]. In this study the difference between
grain yield under stressed and non stressed condition
equal 12.42 % (Figurel, Table 2). Severe water stress
from the seedling stage to maturity reportedly

566

reduced all grain yield components, particularly the
number of fertile ears per unit area by 60%, grain
number per head by 48%, dry matter and harvest
index [21]. Although stress typically depresses grain
yield [25] it can elevate the value of other
components of the economic yield, such as quality of
grain protein [23]. Moreover, Donaldson [15] and
Nazeri [32] have reported that water deficit after
anthesis stage decreased grain filling period, kernel
weight and crop production. According to Blum [7],
identification of high potential varieties under
optimum moisture and water deficit conditions (slow
stressing) has been a principal breeding approach for
durum and bread wheat genotypes.

Table 1: Analysis of variance for grain yield (GY), no. spike m? (NS/m2), no. grains spike” (NG/S), 1000-kernel weight (TKW), plant
height (PH), peduncle length (PL), no. grains m? (NG/m?) and chlorophyll content (CC) of the durum wheat genotypes under

stress and non stress conditions.

Source of | DF | Mean of Square
variations

GY TKY NG/S NS/m’ NG/m’ PH PL cC
Irrigation (I) 1 1379,99*** | 10,82* 13,42™ 52071%** 13,42™ 3391,86%** | 352 35%*%* | 151™
Genotype (G) | 9 151,08%** 149, 47%%* | 117,71%%* | 8414,16%** | 117,71*** | 2117,29%** | 44 88*** 82,92%**
IxG 9 71,84™ 6,85* 527" 679,18™ 527" 63,45%%* 17,14%%* 5,38™
CV% 10,45 3,17 6,08 8,73 6,08 2,84 10,53 4,27

*; ** and *** significantly at p < 0.05, <0.01 and < 0.001, respectively; ns: no significant.

By
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Fig. 1: Interaction effect of irrigation regime x genotype on the grain yield.

Table 2: Ranking of tested genotypes for grain yield, no. spike per m?, no. grain per m?, peduncle length, thousand-kernel weight, number of

grains per spike, plant height and chlorophyll content.

NS /m? NG/S NG /m? TKW GY PL CC PH
Genotype Ir Sec Iir Sec Iir Sec Irr Sec Ir Sec Ir Sec It Sec Ir Sec
Oued Zenati 289060 2415 379%d  398d 933086 96155  S537Mab 5429 5745 536 3% 132 S48 5148 1875 %
Altar 33916ab  26665de  404lbed  3691de  12001,94bc  98390lc  S4f6ab 56882  6914ab  5594ab  17375h 1537 ST6lab  5622bc  95led  82.21d
Sooty 364582 31375bc 46254  4419b  1362532ab 1393324ab  4797c  454d4e 7555 63 14ab 1829 16,36abc 61,11a 60,248 96cd 86,58¢
Polonucum 290b 3775  4488ab  4466ab  1118588bc  1065949c  5196b 5275  60,18ab  5647ab  273la 17,75ab 50,1¢ 50960 13858 113,86
Waha 359162 34413 4008bcd  3858cd  1264212abc  132637h  5294b  4873d  6504ab 64632 1820 13,38d 5851ab  58.65ab  9533d  81,16d
Dukem 374582 331,66ab 46,83 46,052 15641342 152637a 42994 419f  7270b  63%ab 178b 13,06d 58,82ab 60,72 89,58 7841d
Mexicali 337,08ab  29332cd  4183abc  3983cd  1254842abc 1168989  51,95b  5103cd  634dab  5964ab 2043 1851a 57,56ab 5794ab  96,66¢ 89.33¢
Kucuk 378338 29332 3727cd 36,55 12883abc 1072404 5231b  503d 7353 5396ab 189b 15,33¢ 57,71ab 5885 O475d  86,77c
Hoggar 32083ab  268,33de  3983bed  414lbc  1075518bc  11107,96c  5451ab 5409 62,363 60058 15,075h 12,684 56,15ab 553Thc 89.83d  80.41d
Bousselem BLBb  833%ed 34884 340  10035%bc 963916 68 55072 6175 S501b  1878b  16,I3bc 53260 30%d 102336 e
Mean 338,42 287,39 41,03 401 12065,01 11573,58 51,99 51,25 66,80 58,50 19451 14405 56,64 56,36 103,700 90,677
Min 289,16 3175 34,88 3402 93308 93916 4299 4190 5745 5,20 15,07 12,68 50,10 5096 89,58 841
Max 31833 3113 46,80 46,05 1564134 963916 5685 57,07 75,55 64,63 7131 18,51 61,11 60,70 13875 11800
V% 942 1,3 961 969 1526 9639,16 15 9,50 9,00 7,55 172 1357 548 6,25 18,09 1531
Geﬂmype eﬁec‘ *kk *E% k¥ k% ¥k k¥ *¥% k% %k *hk * hk k. k. Fxk Lit]
Irrigation effect e ns e . HE s e
Interaction effect ns ns ns ns e 15 E
% Differences 15071 2421 4071 141 &1 25,96 1 0491 12561

Means followed by the same latter are not significantly different at p<0.05 (SNK test).
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Number Of Spike MZ(NS/M?):

Figure 2 shows that water deficit conditions
during the different growth and developmental stages
decreased the NS/m? Stressed condition decreased
NS/m? by 15.07 % (Table 2) compared to the non
stressed condition (optimum irrigation). The highest
negative effect of water limitation was observed
during the floral initiation and anthesis stage [40].
Garcia del Moral et al. [21] also reported that
number of spike m? and grain spike’ seriously
decreased due to water deficit in durum wheat. Water
limitation can cause severe competition between the
different plant organs for photosynthesis assimilates
during the stem elongation. Therefore, spikes per unit
area as the effective factor due to drought stress, has
reduced under reproductive phase [39]. With regard
to genotype effects and under non stressed condition
Kucuk has height value of NS/m? 378.33, but Oued
Zenati has low value 289.16; under stressed
condition Waha has height value of NS/m? 344.13,
but Polonucum has low value 237.75. Kilig et al.
[28] has reported that the number of days to heading,
number of spike per m%, 1000 grain weight and grain
yield of durum wheat is reduced in the drought and
terminal heat stress conditions.

Number Of Grains Per Spike (NG/S):

The number of the grains per spike is an
important grain yield component. It has been
reported that high yield in the durum wheat varieties
are associated with the increasing number of grain
per spike or unit area [11]. The results of the present
study shows that there was no significant difference
between stressed and non stressed condition, but
there is highly  significant difference between
genotypes (p<0.001) (Table 1). With regard to
genotype effects, table 2 shows that the minimum
and maximum number of grains was belonged to
Bousselem and Dukem under irrigation treatment; in
addition to this, there were no significant differences
among Bousselem and Oued Zenati, Altar, Waha,
Kucuk, Hoggar. The results also showed that the
difference in the kernel numbers between stressed
and non stressed condition is 2.42 %, but the
difference between the minimum and maximum
number of grains is 25.74 %. As number of grains
per spike is typically the yield component that is
most sensitive to high temperatures and drought, it
has been suggested as a selection criterion for
drought tolerance [43]. Water deficit just before
flower initiation may also decrease the number of
spikelet primordia at this stage [33]. Water stress
during grain filling does not affect the number of
fertile tillers nor number of grains; grain weight is,
however, reduced [24,27] due to a shortening of the
grain filling period resulting from accelerated
senescence. Grain number may be increased by: a)
reducing the size of competing organs such as the
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peduncle and number of sterile tillers during spike
growth; b) increasing the number of spikelet’s per
spike; c) extending the duration of the interval
between floral initiation and terminal spikelet by
extending the duration of spike growth; or d)
increasing floret survival by avoiding carbon, water
and nutrient (particularly N) limitations [1].

1000-Kernel Weight (Tkw):

The yield of a wheat crop can be expressed as
the product of two components,

GY=NG/m>*KW............... (1)

Where GY is grain yield in g m” NG/m? is the
kernel number (m™) and KW the kernel weight (g). It
follows from equation 1 that changes in wheat yield
potential could be achieved through changes in
NG/m? and /or KW. Strong associations with yield
have been found with NG/m? for sets of wheat
genotypes [5,48].

Although the number of grain per spike has a
predominant importance over kernel weight with
regard to grain yield, kernel weight is well
documented to be a major yield component
determining  final yield in  Mediterranean
environments [36]. [48] argue that the lower KW
observed with increased NG/m? is not only due to a
lower amount of assimilates per grain but it is the
result of an increased number of grains with a lower
weight potential coming from more distal florets.
The highest and lowest TKW was shown by
Bousselem and Dukem under tow condition stressed
and non stressed. In addition to this, there was no
significant difference between Oued Zenati, Altar,
Hoggar and Bousselem under non stressed condition;
but under stressed condition, there was no significant
difference between Altar and Bousselem. The severe
reduction in the NG/S in Bousselem is compensated
with an increase in the TKW (Table 2).

Final Plant Height (Cm) At Maturity (PH):

As shown in Table 2, the highest and lowest
plant height (PH) was seen in the non stressed and
stressed condition, respectively. The results also
showed that the difference in plant height between
the two conditions was more than 12 % (Table 2),
under two conditions, Oued Zenati and Polonucum
has heights values of plant height. In non stressed
condition, the effect of different genotypes on the PH
showed that the highest and lowest tallness was
shown by Oued Zenati and Dukem (Figure 3).
Richards et al. [39] and Ghodsi [22], have reported
that one of the major effects of water stress is to
decrease plant height, which also caused a reduction
in dry matter accumulation and subsequently plant
production.
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Chlorophyll Content (CC):

The results of the present study shows that there
was no significant difference between stressed and
non stressed condition, but there is highly significant
difference between genotypes (p<0.001) (Table 1).
With regard to genotype effects, table 2 shows that
the minimum and maximum chlorophyll content was
belonged to Polonucum and Dukem under irrigation
condition. Changes in photosynthesis most closely
paralleled changes in chlorophyll content considering
results obtained with both vegetative and flag leaves.
Other investigators have also reported correlations
between loss of chlorophyll and photosynthesis in
both wheat and soybeans [S1]. In addition, Fischer
[19] revealed that radiation use efficiency (RUE)
declines during grain filling probably due to sink
limitation and/or leaf senescence. Chlorophyll
maintenance is essential for photosynthesis under
drought stress. Higher Chlorophyll content and lower
per cent decrease under stress in tolerant genotype of
wheat has also been reported. Chlorophyll content is
a sensitive indicator of plant stress.

Peduncle Length (PL):

Results showed that the differences between non
stressed and stressed, were significant for the
majority of traits (Table 1). Peduncle length, plant
height, grain yield and number of spike per m?> were
significant (p<0.001). The difference between
peduncle length under stressed and non stressed
condition was more than 25 %. Under non stressed
condition peduncle length ranged from 15.07 cm for
Hoggar to 27.31 cm for Polonucum (Table 2; Figure
4). Also, some morphological characters such as root
length and peduncle length affect wheat tolerance to
the moisture shortage in the soil [34]. Kilic and
Yagbasanlar [28] have reported that the peduncle
length of durum wheat is reduced in the drought.

Sensitivity Of The Genotypes To Drought Stress:

In this experiment, the observed variation in the
grain yield of the genotypes was assumed to be due
to differences in water availability. The average grain
yield per area and other yield components are listed
in table 2. As expected, grain yield and all yield
components, except number of grain per spike and
chlorophyll content, were significantly higher under
irrigated conditions. The effect of water reduction
under rain-fed condition were more marked on
number of spike per m?, peduncle length, plant height
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and grain yield. Garcia Del Moral et al. [21] also
reported that number of spike m™ seriously decreased
due to water deficit in durum wheat. Drought
susceptibility index (DSI) varied in genotypes from
0.421 (Waha) to 1.758 (Kucuk) (Table 3). This
results was expected since genotypes had low DSI
value, should have a smaller reduction in yield under
drought. This was in agreement with results that were
reported by Sio-se Mardeh et al. [46] and Dencié et
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presumed to be drought resistant because they
exhibited a smaller than average reduction in grain
yield wunder stress compared with favorable
conditions. Nevertheless, the drought susceptibility
index alone appear to have serious limitations for the
quantifications of genotypes reaction to drought
conditions because it is based on minimizing yield
reduction in stress compared with favorable
conditions. Therefore, selection for DSI would tend

al,, [14] in wheat. According to Bruckner and to reduce yield in favorable environment.
Frohberg [10], genotypes with low DSI values were
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Fig. 4: Interaction effect of irrigation regime X genotype on peduncle length.
Table 3: Drought susceptibility index (DSI).
Genotype DSI Genotype DSI
Oued Zenati 0,995 Dukem 0,855
Altar 1,130 Mexicali 0,779
Sooty 0,994 Kucuk 1,758
Polonucum 0,775 Hoggar 0,528
Waha 0,421 Bousselem 1,380

Correlation Among Characteristics:

The  correlations among the  various
characteristics in both well-watered and rain-fed
conditions are presented in table 4. Grain yield
showed a significant and positive correlation with
number of spikes per m?, number of grain per m? and
chlorophyll content under both conditions (stressed
and non stressed), such high correlation between
grain yield and number of grain per m? was observed
by other authors [50,5]. In stressed condition, grain
yield showed a significant and positive correlation
with 1000-kernel Weight (r = 0.73). It has been
suggested that wheat grain yield may be increased by
increasing the kernel weight [38]. Shams-ud-din [44]
reported that spikes per plant, grains per spike, 1000-
grain weight, harvest index, glumes weight and
biological yield were directly related to the grain
yield of wheat. Slafer et al. [47] argue that the lower
grain weight observed with increased number of
grain per m? is not only due to a lower amount of
assimilates per grain but it is the result of an

increased number of grains with a lower weight
potential coming from more distal florets. Stability of
grain yield for each genotype is estimated by the
drought susceptibility index (DSI), derived from the
yield difference between stress and non stress
environments [9]. Moreover, the grain yield was
negatively associated with Drought Susceptibility
Index (DSI) (r = -0.64). DSI values for grain yield
ranged from 0.42 to 1.38. Fischer and Maurer [18]
and Langer et al. [29] involved the use of DSI, which
characterizes the yield stability between two
environments. There are many reports in literatures
about the use of DSI for identifying genotypes with
yield stability in moisture limited environments
[18,12].

Conclusion:

Developing drought tolerant varieties in arid and
semi arid environmental conditions has been
accepted as the most important factor for increasing
crop potential, yield improvement and stability. It is
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concluded from the results of this study that water
stress reduced wheat yield and some yield
components in all cultivars. The analysis of variance
revealed that GY, TKW, PH, NS/m? and PL were
significant under water deficit conditions and
genotype effects. The differential response of
cultivars to imposed water stress condition indicates
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the drought tolerance ability of wheat cultivars. On
an overall, our results and the findings of others
show that a strategy of selecting should take into
consideration low DSI (DSI values<l), a high
number of grains per m?, high chlorophyll content, a
high number of spikes per m? and high TKW for
increasing yields under drought conditions.

Table 4: Simple correlation coefficient between some morphological and physiological characters in ten durum wheat genotypes under

stressed and non stressed condition.

NS/m? (IR)  NG/S (IR) NG/m? (IR) TKW (IR) GY (IR) PL(IR) CC(IR) PH(IR) DSI
NS/m? (NIR) NG/S (NIR) NG/m? (NIR) TKW (NIR) GY (NIR) PL(NIR) CC (NIR) PH(NIR) DSI

NS/n?* (IR) 1

NS/m? (NIR) 1

NG/S (IR) 0,18 1

NG/S (NIR) 0,09 1

NG/ (IR) 0,81% 0,68* 1

NG/m? (NIR) 0,81% 0,66* 1

TKW (IR) 0,5 -0,83* -0,86* 1

TKW (NIR) -0,72* -0,68* -0,95* 1

GY (IR) 0,9% 0,25 0,73* 0,49 1

GY (NIR) 0,79* 0,53 0,9% 0,73* 1

PL (IR) 0,61 0,17 0,29 0,03 0,5 1

PL (NIR) -0,18 -0,03 -0,16 0,12 -0,13 1

CC (IR) 0,77* 0,27 0,65* 0,48 0,65  -0,67* 1

CC (NIR) 0,87* 0,2 0,78* -0,75% 0,7* -0,09 1

PH (IR) -0,82* -0,04 0,59 0,21 -0,69%  0,88%  -0,69% 1

PH (NIR) -0,73* 0,11 -0,5 0,33 -0,61 0,23 -0,79% 1

DSI 0,26 0,43 -0,05 0,15 0,46 0,01 0,02*  -0,02 1

DSI -0,16 -0,5 0,39 0,2 -0,64* 0,22 0.00 0,06 1

* Significant at 0.05, IR: Irrigated, NIR: Non- irrigated, Grain yield (GY), thousand-kernel weight (TKW), number of grains per m?
(NG/m?), number of grains per spike (NG/S), number of spikes per m? (NS/m?), peduncle length (PL), plant height (PH), chlorophyll content

(CC) and Drought susceptibility index (DSI)
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Abstract

Drought is a wide-spread problem seriously influencing durum wheat (Triticum durum Desf.) production and quality, but
development of resistant cultivars is hampered by the lack of effective selection criteria. The objective of this study was to
evaluate the ability of several selection indices to identify drought tolerant cultivars under varying environmental conditions. Ten
durum wheat cultivars were evaluated under both moisture stress and non-stress field environments using a randomized complete
block design for each of the environment. Six drought tolerance indices including stress susceptibility index (SSI), stress tolerance
index (STI), yield stability index (YSI), mean productivity (MP), harmonic mean (HMP) and geometric mean productivity (GMP)
were used. The indices were adjusted based on grain yield under drought and normal conditions. Yields in the normal condition
were not correlated with yields in the stress condition, better stress susceptibility index (SSI) was associated with low yield under
normal conditions, and therefore this index could not identify cultivars with good performance in both stress and non-stress
condition. The significant and positive correlation of GYp and MP, GMP and STI showed that these indices were more effective
in identifying high yielding cultivars under different moisture conditions. Stress tolerance index (STI) gave identical cultivar
classification with the geometric mean (GMP), both being better than SSI in identifying top yielders in contrasting water
availability conditions. The results of calculated gain from indirect selection from moisture stress environment would improve
yield in moisture stress environment than selection from non moisture stress environment. Wheat breeders should, therefore, take

into account the stress severity of the environment in choosing an index.
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Introduction

Durum wheat (Triticum durum Desf.) is one of the
more widely cultivated crops in the Mediterranean
basin, where drought is the main abiotic stress
limiting its production (Royo et al., 1998), it’s mostly
grown under rain-fed conditions, where drought and
heat stress usually constrain yield potential during the
grain filling period (Simane et al., 1993). Drought
stress at the grain filling period dramatically reduces
grain yield. Visible syndromes of plant exposure to
drought in the vegetative phase are leaf wilting, a
decrease in plant height, number and area of leaves,
and delay in accuracy of buds and flowers (Boyer,
1982; Passioura et al., 1993). The negative effect of
drought stress on yield performance has been well
documented as a major problem in many developed
and developing countries of the world (Guo, 2004;
Passioura, 2007). Amongst the crop plants, wheat
cultivation inadvertently faces drought conditions
under arid and semi arid regions. It is widely
consumed by humans in producer countries and other
countries where wheat cannot be grown. About 95%
of the wheat grown worldwide is bread wheat (Dixon

http://sites.google.com/site/ejplantbreeding

et al., 2009), but durum wheat (Triticum durum Desf.)
with a global production of 30 million tons, is an
important adapted crop under drought conditions,
particularly in the Mediterranean region where 75%
of the world's durum grain is produced (Araus et al,
2002; Condon et al, 2004). Recently Siddique et al.
(2000) has suggested that one important strategy for
crop production, yield improvement, and yield
stability is to develop drought tolerant crop varieties
under water deficit conditions. Breeding for drought
resistance is complicated by the lack of fast,
reproducible screening techniques and the inability to
routinely create defined and repeatable water stress
conditions when a large amount of genotypes can be
evaluated efficiently (Ramirez and Kelly, 1998).
Achieving a genetic increase in yield under these
environments has been recognized to be a difficult
challenge for plant breeders while progress in yield
gain has been much higher in favorable environments
(Richards et al, 2002). Thus, drought indices which
provide a measure of drought based on yield loss
under drought conditions in comparison to normal
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conditions have been used for screening drought-
tolerant genotypes (Mitra, 2001). These indices are
either based on drought resistance or susceptibility of
genotypes (Fernandez, 1992). Drought resistance is
defined by Hall (1993) as the relative yield of a
genotype compared to other genotypes subjected to
the same drought stress. Drought susceptibility of a
genotype is often measured as a function of the
reduction in yield under drought stress (Blum, 1988)
whilst the values are confounded with differential
yield potential of genotypes (Ramirez and Kelly,
1998). Rosielle and Hamblin (1981) defined stress
tolerance (TOL) as the differences in yield between
the stress (GYs) and non-stress (GYp) environments
and mean productivity (MP) as the average yield of
GYs and GYp. Fischer and Maurer (1978) proposed a
stress susceptibility index (SSI) of the cultivar.
Fernandez (1992) defined a new advanced index (STI
= stress tolerance index), which can be used to
identify genotypes that produce high yield under both
stress and non-stress conditions. Other yield based
estimates of drought resistance are geometric mean
(GM). The geometric mean is often used by breeders
interested in relative performance since drought stress
can vary in severity in field environment over years
(Ramirez and Kelly, 1998). Clark et al. (1992) used
SSI for evaluation of drought tolerance in wheat
genotypes and found year-to-year variation in SSI for
genotypes and their ranking pattern. In spring wheat
cultivars, Guttieri et al. (2001) using SSI criterion
suggested that SSI more than 1 indicated above-
average susceptibility to drought stress. Golabadi et
al. (2006) and Sio-Se Mardeh et al. (2006) suggested
that selection for drought tolerance in wheat could be
conducted for high MP, GMP and STI under stressed
and non-stressed environments. Fernandez (1992) had
divided genotypes reaction on the basis of their yields
into 4 categories under stressed and non-stressed
conditions: group A are genotypes which have high
yield in both conditions; group B are genotypes
which have a high yield under non-stressed
conditions; group C including genotypes which have
a good yield under stressed conditions and finally
group D are genotypes which have a low yield in both
conditions. Selection of different genotypes under
environmental stress conditions is one of the main
tasks of plant breeders for exploiting the genetic
variations to improve the stress-tolerant cultivars
(Clark et al., 1984). The present study was
undertaken to assess the selection criteria for
identifying drought tolerance in durum wheat
genotypes, so that suitable genotypes can be
recommended for cultivation in the drought area of
Algeria.
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Material and methods
Ten durum wheat cultivars (Triticum durum Desf.)
were chosen for the study based on their differences
in yield performance under irrigated and non-irrigated
conditions (Table 1). These cultivars were planted on
30™ November 2010, in the experimental fields of
ITGC, Setif, Algeria (5°20'E, 36°8'N, 958 m above
sea level). Genotypes were grown in randomized
block design with four replicates. Plots were 2.5 m x
6 rows with 0.20 m row spacing and sowing density
was adjusted to 300 g m?> The soil at the
experimental site is a rendzin, mollisol (Calcixeroll
USDA) up to 0.6 m in depth, containing low organic
matter. SULFAZOT (26% N, 12% S) was applied at
120 Kg/ha at tillage on all plots. Weeds were
removed chemically by TOPIC (0.75L/ha) and
GRANSTA (15g/ha). Irrigated plots were watered at
elongation and flowering stage. Non-irrigated plots
were grown under rain-fed conditions. The total dry
weight and grain yield (Qx/h) were measured by
harvesting each plot at crop maturity. Six plants were
randomly chosen from each plot to measure the
number of grains per spike (grain/spike), plant height
and spike length. Drought resistance indices were
calculated using the following relationships:
1. Harmonic mean (HM) (Kristin et al., 1997):

HM =2 (GYp * GYs)/ (GYp + GYs)
GYp and GYs were the yield of each cultivars, non-
stressed and stressed, respectively.
2. Stress susceptibility index (SSI) (Fisher and
Maurer, 1978):

SSI=1-(GYs/GYp)/SI

while SI = 1 — (GYs / GYp) whereas SI is stress
intensity and GYs and GYp are the means of all
genotypes under stress and well watered conditions,
respectively.
3. Geometric mean productivity (GMP) and stress
tolerance index (STI) (Fernandez, 1992; Kristin et al.,
1997):

GMP = (GYp * GYs)” STI = (GYp * GYs) / (GYp)®
4. Yield Stability Index (YSI) (Bouslama and
Schapaugh, 1984):

YSI=GYs/GYp
5. Mean productivity (MP) (Hossain et al., 1990):
(GYp +GYs) /2
Data were analyzed using SAS for analysis of
variance and Fisher’s LSD multiple range test was
employed for the mean comparisons.

Results and Discussion

In this study, the stress intensity (SI) was 14.72 %. It
is essential to say that this index is just to measure
drought stress intensity in experiment and it has no
efficiency to measure stress intensity in varieties
(Fisher and Maurer, 1978). Achieved results from
calculation of drought tolerance and drought sensitive
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indices (Table 2) shows that the higher value of MP,
GMP and STI indicated stress tolerance. Entries
Waha, Dukem and Sooty yielded 6.46, 6.39 and 6.31
tons/ha respectively as stress adaptive genotypes.
Genotype Sooty with yield of 6.31 tons/ha under
stressed condition and 7.55 tons/ha under non
stressed condition is identified as a tolerant variety.
These indices had identified Oued Zenati and
Polonicum with yields 5.22 and 5.64 tons/ha,
respectively as the most sensitive genotypes under
drought stress conditions. Stress sensitive index (SSI)
value with less than one indicated high tolerance of
variety to stress (Choukan et al., 2006), SSI indices,
which indicate in lower amounts with relative
tolerance to stress, identified Waha and Hoggar (with
yields 6.43 and 6.00 tons/ha, respectively) as tolerant
genotypes, as well as they identified Kucuk and
Bousselem (with yields 5.39 and 5.50 tons/ha,
respectively) as drought sensitive genotypes.
Evaluation of genotypes by SSI, had divided
experimental material on the basis of stress tolerance
and stress sensitive, that helps to determine tolerant
and sensitive genotypes regardless of their yield
potential by this index (Naderi et al., 2000). Stress
sensitive index is evaluated on the basis of proportion
of each variety yield under stressed to non-stressed
condition in comparison with this proportion to total
varieties. Thus, varieties with low/high yield can have
equal SSI rate in both conditions, so selection process
on the basis of this index can cause mistake (Naeimi
et al., 2006). The best index to select varieties, is
stress tolerance index (STI), as it can separate
varieties which has high yield in both stressed and
non-stressed conditions (group A) from two groups of
varieties which have just relatively batter yield under
non- stressed (group B) or stressed (group C)
conditions (Fernandez, 1992). Results from correlation
between drought tolerance and yield indices (Table 3)
can be applied to select the best genotypes and
indices as a suitable standard. Yield in normal
condition show positive and significant correlation
with mean productivity (MP) (r = 0.88%%%),
geometric mean (GMP) (r = 0.86**), stress tolerance
index (STI) (r = 0.86**) and harmonic mean (HM) (r
= 0.78*) in probability level of 0.1%, 1% and 5%
respectively. These results are compatible with
Roiselle and Hamblin (1981). They show that in a
majority of comparative experiments, the correlation
of yield between MP and GYp and also MP and GY's
is positive. Yield under stressed conditions show
positive and significant correlation with mean
productivity (MP) (r = 0.77**), geometric mean
(GMP) (r = 0.79*%*), stress tolerance index (STI) (r =
0.79**) and harmonic mean (HM) (r = 0.79**) in
probability level of 1%; but it shows negative and
significant correlation with stress sensitive (SSI) (r =
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-0.64%) in probability level of 5%. Choukan et al.
(2006), Khalilzade and Karbalaei Khiavi (2002) and
Farshadfar et al. (2001) believed that the best suitable
index to select stress tolerance varieties, is index in
which there is relatively high correlation with grain
yield in both stressed and non-stressed conditions.
Therefore, by evaluation of correlation rate between
grain yield and stress tolerance in both conditions, it
can be possible to identify most suitable index. Since
mean productivity (MP), geometry mean of
productivity (GMP), harmonic mean (HM) and
Fernandez index show high correlation in both
normal irrigation and drought stress conditions,
introduced as major indices. Farshadfar et al. (2001)
in a research about pea reported that all of indices
show positive and significant correlation with yield
under non-stressed condition. Fernandez (1992) in a
three years study in normal and low-water stress
conditions realized that there was a significant and
negative correlation between grain yield and stress
sensitive indices. They reported that there is positive
and significant correlation between STI and GMP
indices with wheat yield. Shafazade et al. (2004) in a
study of wheat genotypes, reported positive and
significant correlation between yield in non-stressed
condition and MP, GMP and STI and also they
expressed that there is positive and significant
correlation between yield in non-stressed condition
and all drought tolerance and drought sensitive
indices. They suggested that existence of positive and
significant correlation between indices and yield in
both conditions (stressed and non-stressed) means
these indices are suitable to evaluate drought
tolerance of genotypes. Bahmaram et al. (2006) in
their reports about evaluation of drought tolerance of
spring varieties expressed that STI can be better
applied to evaluate drought tolerance of varieties than
SSI. Results of this research are compatible with
Taghizade et al. (2002). They realized that among the
indices, MP, GMP and STI indices have a positive
and significant correlation with yield in both
conditions, while evaluation of drought tolerance
references in lentil genotypes in a research, realized
that there is no relation between stress sensitive index
(SSI) and grain yield (Fernandez, 1992). Choukan et
al. (2006) by evaluation of some drought tolerance
indices in some genotypes of spring barley, reported
significant correlation between with MP and GMP in
both stressed and non-stressed conditions. Rosielle
and Hamblin (1981) showed that in a majority of
comparative experiments, the correlation of yield
between MP and GYp, and MP and GY's are positive.
According to their reports, selection on the basis of
MP generally cause to increasing yield in both normal
and stressed conditions. Fernandez (1992) declared
that sensitivity of GMP index is less than different
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amounts of GYp and GYs, while MP index which is
on the basis of computation mean, has up-curve, as
there is relatively high difference between GYp and
GYs, thus GMP has the highest capability to separate
major genotypes in comparison with MP. Correlation
between drought tolerance and yield indices (Table 3)
can be applied as a suitable standard to select better
genotypes and indices. As STI, GMP and MP were
able to identify cultivars producing high yield in both
conditions. When the stress was severe, TOL, YSI
and SSI were found to be more useful indices
discriminating resistant cultivars, although none of
the indicators could clearly identify cultivars with
high yield under both stress and non-stress conditions
(group A cultivars). It is concluded that the
effectiveness of selection indices depends on the
stress severity supporting the idea that only under
moderate stress conditions, potential yield greatly
influences yield under stress (Blum, 1996; Panthuwan
et al,, 2002). In order to grouping genotypes, we
used from ear analysis by the Ward way on the basis
of standardized mean of evaluated drought tolerance
indices during both stressed and normal conditions
and 10 under-study genotypes were placed on two
groups (Figure. 1). First group including genotypes
like Waha, Dukem and Sooty; second group
including genotypes like Oued Zenati, Altar,
Polonicum, Mexicali, Kucuk, Hoggar and Bousselem.
Principal component analysis (PCA) revealed that the
first PCAs explained 66.14 % of the variation with
GYs, GYp, HM, GMP, STI and MP (Figure 2). Thus,
the first dimension can be named as the yield
potential and drought tolerance. Considering the high
value of this biplot, genotypes that have high values
of these indices will be high yielding under stress and
non-stress environments. The second PCA explained
3251 % of the total variability and correlated
positively with YSI and negatively with SSI.
Therefore, the second component can be named as a
stress-tolerant dimension and it separates the stress-
tolerant genotypes from non-stress tolerant ones.
Thus, selection of genotypes that have high PCAI
and low PCA2 are suitable for both stress and non-
stress environments. Therefore, genotypes Wabha,
Dukem and Sooty were superior genotypes for both
environments with high PC1 and low PC2. Genotypes
Oued Zenati, Altar, Polonicum, Mexicali, Kucuk,
Hoggar and Bousselem with high PC2 were more
suitable for non-moisture stress than for moisture-
stress environment. Farshadfar and Sutka (2003), Sio-
Se Mardeh et al. (2006) and Golabadi et al. (2006)
obtained similar trends in multivariate analysis of
drought tolerance in different crops. First and second
main components had justified 98.65 % of total
variations (Table 4). In stressed and non-stressed
conditions and by charting of 3D (3-dimension)
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diagram about yield of varieties in both conditions, as
well as about STI and GMP indices, it was obvious
that genotypes which are located in group A, had high
STI and GMP and introduced these two indices as the
best. The biplot diagram had divided into four
quadrants named A, B, C and D on the basis of two
first components and genotypes which are placed on
A region, have the high yield under drought stress
and normal irrigation and also drought tolerance
conditions. On the other hand, genotypes which are
placed on D region have the lowest yield in both
conditions and also they are sensitive. Indices that
have a high correlation with yield under drought
stress and normal irrigation conditions, emerged as
major indices, in addition they placed on between
yield under drought stress and normal irrigation
conditions.

Conclusions

Over all, drought stress reduced significantly the
yield of some genotypes and some of them revealed
tolerance to drought, which suggested the genetic
variability for drought tolerance in this material. In
our study, Waha, Dukem and Sooty revealed a high
tolerance to drought. Therefore, based on this limited
sample and environments, testing and selection under
non-stress and stress conditions alone may not be the
most effective approach for increasing yield under
drought stress. The significant and positive
correlation of GYp and MP, GMP and STI showed
that these criteria indices were more effective in
identifying high yielding cultivars under different
moisture conditions. The results of calculated gain
from indirect selection in moisture stress environment
would improve yield in moisture stress environment
better than selection from non-moisture stress
environment. Wheat breeders should, therefore, take
into account the stress severity of the environment
when choosing an index for identifying drought
adaptive genotypes.
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Table 1. Origin of the ten genotypes used in the study

Cultivar Name Origin  Cultivar Name Origin
1 Bousselem Algeria 6 Altar Mexico
2 Hoggar Algeria 7 Dukem Mexico
3 Oued Zenati Algeria 8 Kucuk Mexico
4 Polonicum Algeria 9 Mexicali  Mexico
5 Waha Algeria 10 Sooty Mexico

Table 2. Estimation of sensitivity rate of 10 durum wheat genotypes by different drought

tolerance indices under normal and stressed conditions

GYs GYp HM SSI YSI STI GMP MP
Oued Zenati 5.22d 5.74b 5.60ef 0.995abc 0.865ab 0.671e 5.46¢ 5.48¢
Altar 5.59bcd 6.91ab 6.15cd 1.13abc 0.825ab 0.87bcd 6.20bcd 6.25bcd
Sooty 6.31abc 7.55a 6.82a 0.994abc  0.843ab 1.065a 6.88a 6.93a
Polonucum 5.64abcd 6.01ab 5.51f 0.775bc 0.87ab 0.758de 5.79de 5.83de
Waha 6.46a 6.59ab 6.67abc 0.4213c¢ 0.938a 0.955abc 6.52abc 6.52abc
Dukem 6.39ab 7.27ab 6.74ab 0.855bc 0.875a 1.039ab 6.80ab 6.83ab
Mexicali 5.96abcd 6.34ab 6.27bcd 0.779bc¢ 0.901a 0.849cd 6.14cd 6.15¢cd
Kucuk 5.39d 7.35a 6.20bc 1.758a 0.742b 0.891abcd 6.29abcd 6.37abcd
Hoggar 6.00abcd 6.23a 5.93def 0.528bc 0.916a 0.828cde 6.05cde 6.12cde
Bousselem 5.50cd 6.77ab 6.06de 1.38ab 0.813b 0.833cde 6.09cd 6.13cd
Mean 5.85 6.68 6.19 0.961 0.859 0.876 6.22 6.26
Min 5.22 5.74 5.51 0.421 0.742 0.671 5.46 5.48
Max 6.46 7.55 6.82 1.758 0.938 1.065 6.88 6.93
LSD (5o 0.815 0.977 0.549 0.889 0.137 0.175 0.632 0.651

Means followed by the same latter are not significantly different at p<0.05; GYs: Yield under stress condition
(tons/ha), GYp: Yield under non-stress condition (tons/ha), HM: Harmonic mean, SSI: Stress susceptibility index, Y SI:
Yield Stability Index, STI: Stress tolerance index, GMP: Geometrie mean productivity and MP: Mean productivity

Table 3. Correlation between grain yield under non-stress, stress conditions and drought
tolerance indices

GYs GYp HM SSI YSI STI GMP MP
GYs 1
GYp 0.37 1
HM 0.79%** 0.78%* 1
SSI -0.64* 0.46 -0.09 1
YSI 0.6 -0.5 0.08 -0.9 Q%% 1
STI 0.79%* 0.86** 0.95%%:* -0.05 -0.00 1
GMP 0.79%** 0.86** 0.96%** -0.04 -0.00 1.00%** 1
MP 0.77%%* 0.88%** 0.94 %% -0.01 -0.04 1.00%** 1.00%%* 1

*; **% and *** significantly at p < 0.05, <0.01 and < 0.001, respectively. GYs: Yield under stress condition (tons/ha),
GYp: Yield under non-stress condition (tons/ha), HM: Harmonic mean, SSI: Stress susceptibility index, YSI: Yield

Stability Index, STI: Stress tolerance index, GMP: Geometric mean productivity and MP: Mean productivity
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Table 4. Principal component loadings for the measured traits

Component Proportion of Variables
total variation (%) GYs GYp HM SSI YSI STI GMP MP
Factor 1 66,14 -0.814 -0.839 -0.968 0.083 -0.041 -0.998 -0.998 -0.994
Factor 2 32.51 0.574 -0.538 0.027 -0.99 0.995 -0.04 -0.044 -0.081
Factor 3 1.11 -0.056 -0.055 0.249 0.087 0.074 -0.045 -0.034 -0.066
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Figure 1. Achieved dendrogram form ear analysis by the minimum variance of ward way on the basis of drought

tolerance indices of 10 wheat genotypes under normal irrigation and drought stress conditions
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Figure 2. Principal component analysis of drought resistance indices

http://sites.google.com/site/ejplantbreeding

740



Int. J. Agric. Env. Biotech. 5(2) : 151-159 June, 2012 Agronomy

The effect of supplementary irrigation on Reflectance at
Red and Blue and its relationships with Grain yield,
Chlorophyll content, Senescence parameters and
Drought resistance indices in Durum wheat
(Triticum durum Desf.) cultivars.

A. Guendouz! %, S. Guessoum?, K. Maamri2, M. Benidir' and M. Hafsi?

"National institute of the agronomic research Of Algeria, Unit of Research, Setif (INRAA), Algeria
*University Ferhat ABBAS, Setif, Department of Agronomy, Algeria

*Email: guendouz.ali@gmail.com

MS Received : 7" April 2012 MS Accepted: 5 June 2012

Abstract

The present study was led on the experimental site of ITGC (Technical Institute of Filed Crops)
station of Setif, Algeria during the 2010/2011cropping year. The objective of this study is to evaluate
the effect of irrigation on reflectance at Red and Blue and its relationships with grain yield, chlorophyll
content and senescence parameters under irrigated and non irrigated conditions. The reflectance and
senescence are measured using the numerical image analyses (NIA) and chlorophyll content (CC) is
measured by SPAD instrument. Analysis of variance revealed that the reflectance at different
wavelengths (Red and Blue) was highly significant (P <0.001) affected under irrigation regime treatment.
In addition, the genotypic effect was shown highly significant for the reflectance at Red and Blue
under two conditions. In both conditions (irrigated and non irrigated), the genotype effect was highly
significant for grain yield and chlorophyll content. The difference between grain yield under stressed
and non stressed conditions equal 12.42%. Achieved results from calculation of drought tolerance
and drought sensitive indices show that MP, GMP and STI, having higher values indicated stress
tolerance consider that Waha, Dukem and Sooty genotypes with yields of 64.63, 63.94 and 63.14 Qx ha’
! respectively as stress tolerant genotypes. Grain yield showed a significant and negative correlation
with reflectance at Red (r = -0.70); this correlation suggest that the decrease in the photosynthetic
capacity of the canopy increase leaf reflectance at Red because the Red light is the major radiation
absorbed by chlorophyll pigments.

Keywords: Durum wheat, Leaf reflectance, Senescence, Chlorophyll content.

The chlorophylls, chlorophyll a and chlorophyll b, are virtually ~ chemical energy. The amount of solar radiation absorbed by a
essential pigments for the conversion of light energy to stored  {eafis a function of the photosynthetic pigment content; thus,
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chlorophyll content can directly determine photosynthetic
potential and primary production (Curran et al., 1990; Filella et
al., 1995). In addition, chlorophyll gives an indirect estimation
of the nutrient status because much of leaf nitrogen is
incorporated in chlorophyll (Filella et al., 1995; Moran et al.,
2000). Furthermore, leaf chlorophyll content is closely related
to plant stress and senescence (Hendry, 1987; Pefiuelas and
Filella, 1998). Senescence is defined as the gradual deterioration
of its functions with age, as leaves change color because
chlorophyll is broken down, water content is reduced and
membranes break down (Hafsi ef al., 2000). Traditionally, leaf
extraction with organic solvents and spectrophotometric
determination in solution is required for pigment analysis with
wet chemical methods (Lichtenthaler, 1987). Recently,
alternative solutions of leaf pigment analysis (i.e. chlorophyll,
carotenoids and anthocyanins) with non-destructive optical
methods have been developed. These newer methods are non-
destructive, inexpensive, quick and now possible in the field
(Buschmann and Nagel, 1993).

Transmittance and reflectance spectroscopy is applied
extensively for non-destructive estimation of leaf chlorophyll
(Gitelson and Merzlyak, 1994). Relationships between
reflectance in the visible range and leaf chlorophyll content
are essentially nonlinear (Buschmann and Nagel, 1993;
Gitelson and Merzlyak, 1994). First-difference transformation
of the apparent absorbance, the logarithm of reciprocal
reflectance, was found to be the best predictor for nitrogen
and chlorophyll in fresh big leaf maple leaves (Yoder and
Pettigrew-Crosby, 1995). Gitelson and Merzlyak (1994) have
found that reflectance in the spectral bands located quite far
from the main absorption bands of pigments near 550 nm and
700 nm were closely hyperbolically related to chlorophyll for a
variety of plant species and in a wide range of pigment content
and composition. Indices based at these spectral bands were
proposed and used to estimate chlorophyll content in the
leaves of various plant species (Chappele et al., 1992; Gitelson
et al. 1996, Lichtenthaler et al., 1996). Breeding for drought
resistance is complicated by the lack of fast, reproducible
screening techniques and the inability to routinely create
defined and repeatable water stress conditions when a large
amount of genotypes can be evaluated efficiently (Ramirez
and Kelly, 1998). Achieving a genetic increase in yield under
these environments has been recognized to be a difficult
challenge for plant breeders while progress in yield grain has
been much higher in favorable environments (Richards et al,
2002). Thus, drought indices which provide a measure of
drought based on yield loss under drought conditions in
comparison to normal conditions have been used for screening
drought-tolerant genotypes (Mitra, 2001). These indices are
either based on drought resistance or susceptibility of

genotypes (Fernandez, 1992). Drought resistance is defined
by Hall (1993) as the relative yield of a genotype compared to
other genotypes subjected to the same drought stress. Drought
susceptibility of a genotype is often measured as a function of
the reduction in yield under drought stress (Blum, 1988) whilst
the values are confounded with differential yield potential of
genotypes (Ramirez and Kelly, 1998). Rosielle and Hamblin
(1981) defined mean productivity (MP) as the average yield of
GYs (yield under stress condition) and GYp (yield under non
stress condition). Fernandez (1992) defined a new advanced
index (STI = stress tolerance index), which can be used to
identify genotypes that produce high yield under both stress
and non-stress conditions.

The geometric mean productivity (GMP) is often used by
breeders interested in relative performance since drought stress
can vary in severity in field environment over years (Ramirez
and Kelly, 1998). Golabadi et al. (2006) and Sio-Se Mardeh et
al. (2006) suggested that selection for drought tolerance in
wheat could be conducted for high MP, GMP and STI under
stressed and non-stressed environments. This study aims to
evaluate the efficiency of using Image Pro Plus software in the
measure of the reflectance at Red and Blue (RB) wavelengths
and to investigate the spectral behavior of the relationship
between reflectance at RB, Grain yield, mean senescence and
chlorophyll content in set of durum wheat genotypes and
evaluate the relationship between drought indices and
reflectance at Red and Blue. This is to test the difference
between genotypes for the percentage of reflectance under
two different conditions (irrigated and non irrigated
conditions).

Materials and Methods

Field experiment was conducted during the 2010-2011 cropping
season at the experimental field of Setif ITGC, Algeria (5°20’E,
36°8’N, 958 m above mean sea level). The statistical design
employed was split plot based on a complete randomized block
design (CRBD) with four replications. Total precipitation was
recorded as 360.1 mm in 2010-2011 growing season.

Ten durum wheat cultivars (Oued Zenati, Altar, Sooty,
Polonicum, Waha, Dukem, Mexicali, Kucuk, Hoggar and
Bousselem) were used in this study. These cultivars were
planted on November 30, 2010 on a clay-silty soil. The seeds
were sown using an experimental drill in 1.2 m x 2.5 m plots
consisting of 6 rows with a 20 cm row space and the seeding
rates for both experiments were about 300 seeds per m?. All
plots of the irrigation experiment were irrigated by using a
Sprinklers system and the volume of water input for each plot
was controlled. Two irrigation regimes were applied; the first
irrigation (20 mm) was performed at the time of Elongation (20/
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04/2011) (30 zadoks cods) and the second irrigation (20 mm)
was applied on (08/05/2011) after heading (50 zadoks cods).
Leaf senescence was evaluated by numerical image analysis
(NIA) according to Hafsi ez al. (2000).

Leaves were photographed on black surface, between 11:00
and 12:00 solar time with a color digital camera (Canon, Power
Shot A460, AiAF, CHINA). Images were stored in a JPEG (Joint
Photographic Expert Group) prior to be downloading onto a
PC computer and analyzed using IPP (Image Pro Plus, Version
4, Media Cybernetics, Silver Spring, MA, USA) software.
Senescence was expressed as the ratio of senesced area to
total leaf area (in percent). Average senescence (Sa %) was
calculated as’the mean of the S, to S, values. The date of mid-
senescence (050) was evaluated from the experimental curves
S = f(Ot) as the sum of temperature corresponding to the S
value of 50%.

The velocity of senescence (Vs) was calculated for each date
of senescence measurement as (S, —Si)/ (C')ti+1 —Oti)and Vsa,
its mean of velocity (V1 to V12). The SPAD-502 measures the
content of chlorophyll (CC) in the leaf, which is related to leaf
greenness, by transmitting light from light emitting diodes (LED)
through a leaf at wavelengths of 650 and 940 nm; leaf reflectance
at Red and Blue (RB) were measured by using IPP (Same images
used for measuring leaf senescence used for measuring leaf
reflectance in percent). Furthermore, grain yield (GY) was
determined from sub-samples taken from harvested grains of
each plot. All these parameters were measured under both
conditions (irrigated and non irrigated). Drought resistance
indices were calculated using the following relationships:

1. Harmonic mean (HM) (Kristin e al., 1997):
HM=2(GYp *GYs)/(GYp+GYs)

GYp and GYs were the yield of each cultivars, non-stressed
and stressed, respectively.

2. Geometric mean productivity (GMP) and stress tolerance
index (STI) (Fernandez, 1992; Kristin et al., 1997):

GMP=(GYp *GYs)” STI=(GYp *GYs)/(Gvp)*
3. Mean productivity (MP) (Hossain et al., 1990):
(GYp+GYs)/2

Data were analyzed using SAS (version 9) for analysis of
variance and Fisher’s LSD multiple range test was employed
for the mean comparisons.

Results and Discussion

Reflectance at Red and Blue

As shown in Table 1, analysis of variance revealed that the
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reflectance at different wavelengths (Red and Blue) was highly
significant (P < 0.001) affected under irrigation regime
treatment. In addition, the genotypic effect was shown highly
significant for the reflectance at Red and Blue under two
conditions. Moreover, interaction effect of irrigation
regimexgenotype was highly significant for all the reflectance
measured. The results of the present study indicated that the
two different conditions of growth (irrigated and non irrigated)
had different considerable effects on reflectance at Red (Table
1). Under irrigated condition, reflectance at Red ranged from
9.46% for Bousselem to 36.35% for Hoggar with an average of
21.22% over all genotypes; but under non irrigated condition,
reflectance at Red ranged from 10.81% for Waha to 46.92% for
Oued Zenati. The difference between reflectance at Red under
irrigated and non irrigated condition is 19.35%, where it shows
high mean value under non irrigated condition (Table 1).

The ability to assess water stress symptoms in vegetation
using spectral reflectance measurements is an important goal
for remote sensing research (Jackson et al., 1983). In
agricultural crops, it is important to be able to detect the onset
of water stress as soon as possible so that preventive measures
such as irrigation can be undertaken. The effects of cultivars
and irrigation treatment on reflectance at Blue were highly
significant (Table 1).

Under non irrigated condition, the percentage of reflectance at
Blue ranged from 42.39% for Oued Zenati to 11.05% for Kucuk,
but under well watered condition, the reflectance at Blue ranged
from 31.32% for Oued Zenati to 8.75% for Polonicum. The higher
mean value of reflectance at Blue was recorded under stressed
condition (Table 1). Water stress can increase reflectance from
corn leaves in both visible and infrared portions of the spectrum
(Wooley, 1971). The effect of irrigation on reflectance at Red
and Blue wavelengths is illustrated in Fig. 1.

Non Irvigated

Blue

Irrigated

Non Inrigated

Red

Irrigated

=

Reflectance (%)

Fig. 1: The effect of irrigation on reflectance at Red and Blue wave-
length
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Table 1: Response of reflectance at Red and Blue of ten durum wheat genotypes tested under irrigated and non irrigated conditions.

Reflectance at RED

Reflectance at BLUE

Genotype Irrigated Non irrigated Irrigated Non irrigated
Oued Zenati 35,27(b) 46,92(a) 31,32(a) 42,39(a)
Altar 16,82(f) 32,21(c) 16,57(d) 28,79(c)
Sooty 14,21(g) 27,52(e) 15,01(e) 29,34(bc)
Polonucum 10,21(h) 34,63(b) 8,57(h) 30,24(b)
Waha 19,25(e) 10,81(h) 16,79(d) 13,20(g)
Dukem 17,28(f) 17,6(g) 11,52(f) 18,85(f)
Mexicali 25,42(d) 26,46(e) 20,76(c) 21,64(e)
Kucuk 27,98(c) 20,47(f) 22,15(b) 11,05(h)
Hoggar 36,35(a) 29,5(d) 30,93(a) 29,41(bc)
Bousselem 9,46(1) 29,3(d) 10,03(g) 24,01(d)
Mean 21,22 27,54 18,36 24,99
Min 9,46 10,81 8,57 11,05
Max 36,35 46,92 31,32 42,39
LSD 0.05 0,697 1,096 0,705 1,004
Genotype effect skksk skkok skkok skkok
Irrigation effect rokk ook

Interaction effect ok ook

% Differences 19,35 26,53

Means followed by the same latter are not significantly different at p<0.05 (SNK test)

Grain yield and Chlorophyll Content

In both conditions (irrigated and non irrigated), the genotype
effect was highly significant for grain yield and chlorophyll
content (Table 2). Under stressed condition, grain yield ranged
from 52.20 Qx ha™! for Oued Zenati to 64.63 Qx ha! for Waha
with an average of 58.50 Qx ha™! over all genotypes, but under
well watered condition, grain yield ranged from 57.45 Qx ha’!
for Oued Zenati to 75.55 Qx ha™! for Sooty with a mean of 66.8
Qx ha'! over all genotypes. Drought resistance is usually
quantified by grain yield under drought.

However, wheat grain yield under drought depends on yield
potential as well as the phenology of the genotype (Acevedo,
1991). In this study, the difference between grain yield under
stressed and non stressed condition equal 12.42% (Fig. 2,
Table 2). Moreover, Donaldson (1996) and Nazeri (2005) have
reported that water deficit at post-anthesis stage decreased
grain filling period, kernel weight and crop production.
According to Blum (1988), identification of high yielding
varieties under optimum moisture and water deficit conditions
(slow stressing) has been a principal breeding approach for
durum and bread wheat genotypes.

Senescence Parameters

Analysis of variance revealed that average senescence, date
of mid-senescence (O50s) and mean of velocity (Vsa) was
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highly significantly (P <0.001) affected under irrigation regime
treatment (Table 3). In addition, the genotypic effect was shown
highly significant for all senescence parameters under two
conditions. Under irrigated condition, average senescence
ranged from 56.51% for Kucuk to 40.24% for Oued Zenati. In
this study, the difference between average senescence under
irrigated and non irrigated condition equal 8.04%. Date of
mid-senescence (X50s) ranged from 563.51°C day! under
irrigated condition to 542.14°C day™ under non irrigated
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Fig. 2: Interaction effect of irrigation regime x genotype on the grain
yield
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Table 2: Response of grain yield and chlorophyll content of ten durum wheat genotypes tested under irrigated and non irrigated conditions.

GY, GY, CC, CCy,
Oued Zenati 57,45(b) 52,20(d) 55,48(bc) 51,48(%)
Altar 69,14(ab) 55,94(bcd) 57,61(ab) 56,22(cd)
Sooty 75,55(a) 63,14(abc) 61,11(a) 60,24(ab)
Polonucum 60,18(ab) 56,47(abcd) 50,1(d) 50,96(%)
Waha 65,94(ab) 64,63(a) 58,51(ab) 58,65(abc)
Dukem 72,70(ab) 63,94(ab) 58,82(ab) 60,7(a)
Mexicali 63,44(ab) 59,64(abced) 57,56(ab) 57,94(bcd)
Kucuk 73,53(a) 53,96(d) 57,71(ab) 58,85(abc)
Hoggar 62,36(a) 60,05(abcd) 56,15(bc) 55,37(de)
Bousselem 67,75(ab) 55,01(cd) 53,26(cd) 53,18(ef)
Mean 66,8 58,502 56,631 56,359
Min 57,45 52,2 50,1 50,96
Max 75,55 64,63 61,11 60,7
LSD 0.05 9,779 8,154 4,27 2,73
Genotype effect skokok sk skokok skkok
Irrigation effect oAk ns
Interaction effect ns ns
% Differences 12,42 0,49

Means followed by the same latter are not significantly different at p<0.05 (SNK test).

I: Irrigated; NI: Non irrigated.

Table 3: Ranking of tested genotypes for Sa (Average Senescence), O50S (Sums of Temperatures Corresponding to an S value 50%) and Vsa

(Average Velocity of Senescence).

Sa % Vsa “50s
Genotype Irrigated Non irrigated Irrigated Non irrigated Irrigated Non irrigated
Oued Zenati 40,24(d) 44,51(f) 0,292(a) 0,282(a) 373,08(g) 356,78(e)
Altar 51,79(c) 58,94(bc) 0,183(d) 0,193(cd) 615,05(bc) 593,49(b)
Sooty 52,37(bc) 55,5(cde) 0,186(cd) 0,192(cd) 610,63(bc) 594,93(b)
Polonucum 43,19(d) 51,53(e) 0,187(cd) 0,185(ef) 524,58(e) 479,54(d)
Waha 51,1(c) 63,44(a) 0,173(e) 0,196(c) 640,59(a) 578,72(b)
Dukem 53,32(abc) 60,26(ab) 0,176(e) 0,192(cde) 555,44(d) 515,37(c)
Mexicali 51,31(c) 54,18(de) 0,187(c) 0,195(c) 629,94 (ab) 612,43(a)
Kucuk 56,51(a) 54,12(de) 0,188(¢c) 0,184(f) 611,19(bc) 625,25(a)
Hoggar 55,8(ab) 57,53(bcd) 0,185(cd) 0,188(def) 604,97(c) 594,25(b)
Bousselem 56,39(a) 56,79(bcd) 0,212(b) 0,215(b) 472,63(f) 470,64(d)
Mean 51,2 55,68 0,196 0,202 563,81 542,14
Min 40,24 44,51 0,173 0,184 373,08 356,78
Max 56,51 63,44 0,292 0,282 640,59 625,25
LSD 0,05 3,98 4,12 0,004 0,006 21,37 16,23
Genotype Effect skekk skokok skokok skkok sksksk skkok
Irrigation Effect Ak ok HAk
Interaction effect HAE oAk HAE
% Differences 8,04 2,97 3,84

Means followed by the same latter are not significantly different at p<0.05 (SNK test).
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Table 4: Resistance indices of ten durum genotypes under stress and non-stress conditions.

HM STI GMP MP
Oued Zenati 56,008 (ef) 0,671(e) 54,668(¢) 54,831(e)
Altar 61,523(cd) 0,87(bcd) 62,027(bed) 62,54(bed)
Sooty 68,269(a) 1,065(a) 68,805(a) 69,352(a)
Polonucum 55,103(f) 0,758(de) 57,926(de) 58,333(de)
Waha 66,705(abc) 0,955(abc) 65,227 (abc) 65,291(abc)
Dukem 67,476(ab) 1,039(ab) 68,081(ab) 68,322(ab)
Mexicali 62,702(bcd) 0,849(cd) 61,477(cd) 61,546(cd)
Kucuk 62,094 (bc) 0,891(abced) 62,915(abed) 63,749(abced)
Hoggar 59,392(def) 0,828(cde) 60,582(cde) 61,208(cde)
Bousselem 60,685(de) 0,833(cde) 60,995(cd) 61,382(cd)
Mean 61,99 0,876 62,27 62,65
Min 49,42 0,547 49,42 49,42
Max 73,41 1,228 74,04 74,67
LSD 0.05 5,495 0,175 6,323 6,511

Means followed by the same latter are not significantly different at p<0.05 (SNK test)

Table 5. Correlation between reflectance at Red and Blue wavelengths and grain yield, drought indices, senescence parameters and chlorophyll

content under irrigated and non irrigated conditions.

REDI RED N1 BLUE I BLUE NI
GY NI -0,70% 0,21 0,4 0,27
GYI -0,58 -0,38 -0,56 0,4
HM 0,77%* 0,26 -0,58 0,29
STI -0,75% 0,38 0,56 0,42
GMP -0,77%* -0,38 -0,59 0,42
MP -0,76* -0,37 -0,59 -0,42
Sa% NI -0,84%* 0,35 20,67* 0,4
Sa%]1 -0,63 -0,08 -0,66* 0,12
Vsa NI 0,66* 0,38 0,64* 0,46
Vsal 0,77%* 0,41 0,69* 0,49
“50s NI -0,63* 0,001 0,63* -0,03
“50s 1 0,71% -0,08 -0,65* -0,13
CCNI -0,48 0,19 0,32 0,19
cCl -0,77%* -0,04 -0,66* 0,11

NI: no irrigated; I: irrigated. *Significant correlation at 0.05;** Significant correlation at 0.01.
GY: Grain yield, HM: Harmonic mean, STI: Stress tolerance index, GMP: Geometric mean productivity, MP: Mean productivity, Sa%:
Average senescence, Vsa: Average velocity of senescence, “ 50s: Date of mid-senescence and CC: Chlorophyll content.

condition, the difference between both conditions equal 3.84%.
Under irrigated condition, mean velocity of senescence (Vs,)
ranged from 0.29 for Oued Zenati to 0.173 for Waha, but in non
irrigated condition, mean velocity of senescence which is from
0.282 for Oued Zenati to 0.184 for Kucuk.

Drought Resistance Indices

In this study, the stress intensity (SI) equals 14.72 %. It is
essential to say that this index is just calculable for measuring
drought stress intensity in experiment and it has no efficiency
to measure stress intensity in varieties (Fisher and Maurer,

1978). The achieved results from calculation of drought
tolerance and drought sensitive indices (Table 4) show that
MP, GMP and STI having high values indicated stress tolerance
considering that Waha, Dukem and Sooty with yields of 64.63,
63.94 and 63.14 Qx ha! respectively are stress tolerant
genotypes. Sooty genotype with yield of 63.14 Qx ha' is
identified as a tolerant variety.

These indices had identified Oued Zenati and Polonicum with
yields of 52.2 and 56.47 Qx ha™' respectively as the most critical
genotypes under drought stress conditions. Yield and yield-
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related traits under stress are independent of yield and yield-
related traits under non-stress conditions, but this was not
the case in less severe stress conditions. As STI, GMP and
MP were able to identify cultivars producing high yield in
both conditions (Talebi et al., 2009).

Correlation among Characteristics

Under both conditions (Irrigated and no irrigated), reflectance
at Red and Blue showed a significant and positive correlation
(r=0.92, r = 0.97 in irrigated and non irrigated conditions
respectively). Gitelson e al. (1996) noted the same correlation
such as in our study. Grain yield showed a significant and
negative correlation with reflectance at Red (r = -0.70). The
NDVI calculated with measurements of reflected light from the
red and NIR bands, has long been used as an indirect measure
of crop yield, including that of wheat (Tucker et al., 1980;
Pinter et al., 1981).

The negative and significant correlation between reflectance
at Red and Grain yield suggest that the decrease in the
photosynthetic capacity of the canopy increase leaf reflectance
at Red because the Red light is the major radiation absorbed
by chlorophyll pigments. The decrease in the photosynthetic
capacity is due to the decrease in Radiation-use efficiency.

Ferrio et al. (2005) showed that the higher grain yield is
correlated with lower reflectance in visible. Under irrigated
condition, reflectance at Red showed a significant and negative
correlation between all drought resistance indices (HM, STI,
GMP and MP) (Table 5). The best correlation between the
reflectance at Red and drought resistance indices suggest the
efficiency of using the reflectance at Red in screening under
drought instead of the drought resistance indices.

Fig. 3 illustrates the regression between Chlorophyll content
and reflectance at Red and Blue. The significant and negative
correlation between chlorophyll content and reflectance at Red
and Blue (r=-0.77,r=- 0.66 respectively) suggested that the
degradation in chlorophyll is paralleled with the increase in
reflectance at Red and Blue. Under low chlorophyll content in
the canopy (e.g. due to drought or crop senescence),
sensitivity is greater in absorption peaks (450 nm, 670nm)
(Ferrio et al., 2005). Variations in leaf chlorophyll content
detectable by Spectral reflectance have also been shown to be
related to leaf development and senescence (Carter and Knapp,
2001).

In general, visible reflectance (400nm-700nm) increases in
response to chlorophyll degradation (Knipling, 1970). In
addition, there is a significant correlation between reflectance
at Red and Blue and mean senescence (Sa %) (r=-0.84,r=-0.67
respectively); the reflectance at Red and Blue was significantly

and positively correlated with the velocity of senescence (Vs)
under both conditions. In addition to this, the date of mid-
senescence (O50) is negatively correlated with the reflectance
at Red and Blue. All this correlation with reflectance at Red and
Blue and senescence parameters suggest that the genotype
with slow senescence have low values of reflectance, this
information can be used in screening under drought condition.
Changes in leaf reflectance of green leaves with maturation and
senescence have been attributed to changes in chlorophyll and
mesophyll arrangement (Grant, 1987).

More specifically, wavelengths near 550 nm and 700 nm have
been shown to be particularly sensitive to changes in
chlorophyll content during leaf senescence (Gitelson ef al.,
1994). In addition, Fischer (1983) revealed that radiation use
efficiency (RUE) declined during grain filling probably due to
sink limitation and/or leaf senescence. Flag leaf photosynthesis
in wheat contributed about 30-50% of the assimilates for grain
filling (Sylvester-Bradley et al., 1990) and initiation of grain
filling coincides with the onset of senescence, therefore,
photosynthesis of flag leaf is the most important basis of the
formation of grain yield, and the onset and rate of senescence
are important factors for determining grain yield (Zhang et al.,
2006). Chlorophyll a/b ratio, besides decreasing during
senescence, also tends to decrease with decreasing light
availability (Oberbauer and Strain, 1986), all this change affects
indirectly the grain yield.

Conclusion

This study confirmed suitability of using numerical image
analysis (NIA) for measuring senescence in cereal leaves and
give idea for using NIA for estimate the leaf reflectance. The
significant correlation between reflectance at Red and Grain
yield (r=-0.70%) suggest the efficiency of using the reflectance
for the predicting of grain yield in durum wheat. In addition,
the best correlation of reflectance at Red and Blue with
chlorophyll content (r = -0.77**, r = -0.66* respectively)
suggests the feasibility of using the reflectance for estimate
chlorophyll content. Senescence parameters were highly
correlated to reflectance; this relation proves that the
genotypes with slow senescence have low values of
reflectance; all this affects positively photosynthetic ability

and increase the final grain yield.
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ABSTRACT

The present study was led on the experimental site of ITGC (Technical Institute of Field Crops) station of
Setif, Algeria during the 2010/2011cropping year. The objective of this study is to evaluate the efficiency of
using leaf RGB reflectance to estimate chlorophyll content. The leaf reflectance at RGB (Red, Green and Blue)
and average senescence are measured using the numerical image analyses (NIA) and chlorophyll content (CC) is
measured by SPAD instrument. The genotypic effect was shown highly significant for leaf reflectance at RGB,
average senescence and chlorophyll content. The reflectance at Red and Blue were significantly correlated with
Chlorophyll content (r = -0.77, r = -0.66; respectively). The rustles of this study prove the efficiency of using
numerical image analysis for estimating leaf reflectance at RGB and the efficiency of using leaf reflectance to
estimate chlorophyll content in durum wheat cultivars.

Key words: Durum wheat, leaf reflectance, chlorophyll content, senescence.

Introduction

Pigments are integrally related to the physiological function of leaves. Chlorophylls absorb light energy and
transfer it into the photosynthetic apparatus. Carotenoids (yellow pigments) can also contribute energy to the
photosynthetic system. However, when incident light energy exceeds that needed for photosynthesis, the
carotenoids that compose the xanthophyll cycle dissipate excess energy, thus avoiding damage to the
photosynthetic system (Demmig-Adams and Adams, 1996). Anthocyanins (pink, purple, and red pigments) may
also protect leaves from excess light or from UV light (Woodall and Stewart, 1998). Because of the importance
of pigments for leaf function, variations in pigment content may provide information concerning the
physiological state of leaves. Green plants all have unique spectral features, mainly because of the chlorophyll
and carotenoid and other pigments and water content can together constitute the spectral feature of a plant
(Philip and Shirly, 1978). Traditionally, the predominant method for measuring chlorophyll content is using the
spectrophotometer; with this method plant tissues are used, which costs more time and sustain some damage to
the plants. The chlorophylls have strong absorbance peaks in the red and blue regions of the spectrum (Figure
1). Since the blue peak overlaps with the absorbance of the carotenoids, it is not generally used for estimation of
chlorophyll content. Maximal absorbance in the red region occurs between 660 and 680 nm. However,
reflectance at these wavelengths has not proved as useful for prediction of chlorophyll content as has reflectance
at slightly longer or shorter wavelengths. This is because relatively low chlorophyll contents are sufficient to
saturate absorption in the 660-680 nm region, thus reducing the sensitivity to high chlorophyll contents of
spectral indices based on these wavelengths. Consequently, empirical models for prediction of chlorophyll
content from reflectance are largely based on reflectance in the 550 or 700 nm regions where higher chlorophyll
contents are required to saturate the absorptance (Buschman and Nagel, 1993). Since anthocyanin also absorbs
around 550 nm (Figure 1), we chose to work only with chlorophyll indices based on absorptance around 700
nm. As a leaf senesces, there is an increase in the reflectance of visible radiation presumably due to the
degradation of chlorophyll (Knipling, 1967). Changes in leaf reflectance of green leaves with maturation and
senescence have been attributed to changes in chlorophyll and mesophyll arrangement (Grant, 1987). Recently,
digital imagery has become a new trend in plant color analysis. Digital cameras or scanners in combination with
computers and appropriate software can be used to photograph, scan, and evaluate leaves for color with relative
ease and at an affordable cost. In agriculture, digital technology has been used to characterize color in apples
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(Schrevens and Raeymaeckers, 1992), distinguish weeds from crops (Perez, et al., 2000), identify storage-
associated color change in chickory (Zhang, et al., 2003) and apple (Vervaeke, et al., 1994), and evaluate
senescence rates in spring wheat (Adamsen, et al., 1999) and durum wheat (Hafsi, e al., 2000 and Guendouz
and Maamari, 2011). The objective of this study is to evaluate the efficiency of using numerical image analysis
(NIA) for estimate the reflectance at Red, Green and Blue (RGB) and evaluate the efficiency of using the
reflectance at RGB to estimate the chlorophyll content in durum wheat cultivars under semi arid conditions.

1.4e+5 1 A Pigment absorbance

Carotenoid
= Chlorophyll

- = Anthocyanin in methanol/HCI
Anthocyanin in acetone/Tris

Molar extinction coefficient (L mol™ cm™)

041 Leaf reflectance

0.3
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Leaf reflectance

green

0.0 T T T T T
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Fig. 1: The upper panel (A) shows molar extinction coefficient spectra for mixed carotenoids, chlorophyll a + b
and anthocyanin. Lower panel (B) shows representative leaf reflectance spectra for yellow, red and
green L. styraciflua leaves. (Lichtenthaler, 1987).

Materials and methods

Field experiment was done during the 2010-2011 growing season at the experimental field of ITGC, Setif,
Algeria (5°20'E, 36°8'N, 958m above mean sea level). A set of 10 genotypes of durum wheat (Triticum durum
Desf.) (Table 1) were planted on November 30, 2010 on a clay-silt. The seeds were sown using an experimental
drill in 1.2 m x 2.5 m plots consisting of 6 rows with a 20 cm row space and the seeding rates for experiments
were about 300 seeds per m”. The plots were fertilized with SULFAZOT (26 % N, 12 % S, 120 Kg ha') was
applied at tillage. Weeds were removed chemically by TOPIC (0.75 L ha™') and GRANSTAR (15 g ha™). In this
study, we use the numerical image analysis (NIA) for estimate the reflectance at Red, Green and Blue (RGB).
Leaves were photographed on black surface, between 11:00 and 12:00 solar time with a color digital camera
(Canon, Power Shot A460, AiAF, CHINA). Images were stored in a JPEG (Joint Photographic Expert Group)
prior to downloading onto a PC computer and analyzed using Mesurim Pro (Version 3.3) software (Figure 2). In
addition, senescence was expressed as the ratio of senesced area to total leaf area (in per cent). Average
senescence (Sa %) was calculated as the mean of the S1 to S6 values using Mesurim Pro software. The SPAD-
502 measures the content of chlorophyll (CC) in the leaf, which is related to leaf greenness, by transmitting light
from light emitting diodes (LED) through a leaf at wavelengths of 650 and 940 nm.

Table 1: Origin of the ten genotypes used in the study.
Cultivar Name Origin Cultivar Name Origin
1 Bousselem Algeria 6 Altar Mexico
2 Hoggar Algeria 7 Dukem Mexico
3 Oued Zenati Algeria 8 Kucuk Mexico
4 Polonicum Algeria 9 Mexicali Mexico
5 Waha Algeria 10 Sooty Mexico




104
Am. Eurasian J. Sustain. Agric., 6(2): 102-106, 2012

Results and discussion

As shown in Table 2, analysis of variance revealed that the reflectance at different wavelengths Red, Green
and Blue (RGB) and Average senescence (Sa%) were highly significant (P < 0.001) affected by different
genotypes. The reflectance at Red is ranged between 46.92% for Oued Zenati to 10.81% for Waha, at Green
wavelength the reflectance is ranged between 46.47% for Oued Zenati to 12.87% for Waha. In addition, the
reflectance at Blue is ranged from 42.39% for Oued Zenati to 11.05% for Kucuk. At different wavelengths Red,
Green and Blue, Oued Zenati register the high values of reflectance (46.92%, 46.47% and 42.39% respectively).
The lowest reflectance was observed in the Blue range of the spectrum from 400 to 500 nm (24.99%). This
result is confirmed with the study of Merzlyak and Gitelson (1995). Average senescence was ranged from
63.44% for Waha to 44.51% for Oued Zenati. Average senescence correlated positively and significantly with
the leaf reflectance at Red and Blue (r = 0.84**, r = 0.67* respectively). Chlorophyll tends to decline more
rapidly than carotenoids when plants are under stress or during leaf senescence (Gitelson and Merzlyak, 1994).
Variations in leaf chlorophyll content detectable by spectral reflectance have also been shown to be related to
leaf development and senescence (Carter and Knapp, 2001). The genotypic effect was shown highly significant
for the chlorophyll content (P < 0.001). The chlorophyll content is ranged from 60.7 for Sooty to 50.96 for
Polonicum (Table 2). The study of correlation shows that there is a significant and negative correlation between
the reflectance at Red and Blue and chlorophyll content (r = -0.77*, r = -0.66%; respectively) (Figure 3), but,
there is not a significant correlation between leaf reflectance at Green and chlorophyll content. The chlorophylls
have strong absorbance peaks in the Red and Blue regions of the spectrum. The negative and significant
correlation between reflectance at Red and Blue and chlorophyll content suggest that the decrease in the
photosynthetic capacity of the canopy increase leaf reflectance at Red and Blue due to the degradation of
chlorophyll content. Since the Blue peak overlaps with the absorbance of the carotenoids, it is not generally used
for estimation of chlorophyll content (Sims and Gamon, 2002). Given that the estimation of canopy chlorophyll
content by crop reflectance depends on the product of green biomass and chlorophyll concentration at the leaf
level (Filella et al., 1995). In the Blue region, both chlorophylls and carotenoids have high absorbances
(Penuelas and Filella, 1998). Provided negative coefficients in the region where only chlorophylls absorb (500—
700 nm), the positive coefficients in the Blue region might account for variations in the ratio between
carotenoids and chlorophylls. Red reflectance, especially when standardized by reflectance in a non-absorbing
waveband is highly correlated with chlorophyll content (Turrell et al. 1961; Everitt et al. 1985). Therefore, Red
reflectance should be a reliable metric for chlorophyll content (Horler et al., 1980).

Fchier Edtion Qutls Fenétie Dnage Cheix Affihage e 1 Mesure dintensité de couleur sur une ligne

‘iD = Hll&l nim!%{ﬂ‘g_: ‘X!\J@ {#IAEﬁil‘ ] | Fichier Copier Graphique  Tableau —

Largeur [en pixels) de ,—j
la bande de mesure 1 3] ¢ Rouge  Mesurer

Ve

Mesurer les intensités dans le: ~ grey [ isurface

@ Mesure en émission
" Mesure en "absorption”

oblimeswe  RVELSH4415L5745221 ey

Fig. 2: Description of measuring the reflectance at RGB (Red, Green, Blue) using Mesurim Pro software.
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Table 2: Ranking of tested genotypes for the reflectance at Red, Green and Blue; Chlorophyll content and Average senescence.

Reflectance (%) at Chlorophyll content Average
Genotype RED GREEN BLUE (SPAD unit) senescence (%)
Oued Zenati 46,92(a) 46,47(a) 42,39(a) 51,48(H) 44,51()
Altar 32,21(c) 31,17(c) 28,79(c) 56,22(cd) 58,94(bc)
Sooty 27,52(e) 27,53(f) 29,34(bc) 60,24(ab) 55,5(cde)
Polonucum 34,63(b) 34,79(b) 30,24(b) 50,96(f) 51,53(e)
Waha 10,81(h) 12,87(i) 13,20(g) 58,65(abc) 63,44(a)
Dukem 17,6(g) 18,35 (h) 18,85(f) 60,7(a) 60,26(ab)
Mexicali 26,46(e) 25,81(g) 21,64(e) 57,94(bed) 54,18(de)
Kucuk 20,47(f) 19,44(h) 11,05(h) 58,85(abc) 54,12(de)
Hoggar 29,5(d) 30,19(d) 29,41(bc) 55,37(de) 57,53(bcd)
Bousselem 29,3(d) 28,6(e) 24,01(d) 53,18(ef) 56,79(bed)
Mean 27,54 27,55 24,99 56,359 55,68
Min 10,81 12,87 11,05 50,96 44,51
Max 46,92 46,47 42,39 60,7 63,44
LSD g5 1,096 0,957 1,004 2,73 4,12
Genotype Cffect sekok s$ekok sekok sekok sk

Different letters indicated significant difference at 0.05 level.
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Fig. 3: The correlation between reflectance at Red, Blue and Chlorophyll content.
Conclusions:

The significant negative correlation between leaf reflectance at Red, Blue and Chlorophyll content (r = -
0.77*, r = -0.66%; respectively) suggests that the degradation in chlorophyll content is paralleled with the
increase in leaf reflectance. In addition, the significant and positive correlation between average senescence and
leaf reflectance suggests that the development of leaf senescence and reflectance are synchronically. Over all,
the rustles of this study prove proportionally the efficiency of using numerical image analysis (Mesurim Pro v
3.3) for estimating leaf reflectance at RGB and the efficiency of using leaf reflectance to estimate chlorophyll
content in durum wheat cultivars.
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Abstract

The present study was led on the experimental site of ITGC (Technical Institute of Field
Crops) station of Setif, Algeria during two cropping seasons (2010/2011 and 2011/2012).
This study aims to evaluate the efficiency of using Mesurim Pro (Version 3.3) software in
the measure of the reflectance at Red (654 nm) and Blue (450 nm) (RB) wavelengths, and
to investigate the spectral behavior of the relationship between reflectance at RB, Grain
yield, Senescence parameters and Chlorophyll content in set of durum wheat genotypes
and evaluate the relationships between drought resistance indices and reflectance at
Red and Blue. The reflectance is measured using the numerical image analyses (NIA).
The results of the present study indicated that the two different conditions of growth
(stress and irrigated conditions) had different considerable effects on all traits tested
during the two cropping seasons. The best negative and significant correlation between
flag leaf reflectance at Red, Blue, Grain yield and drought resistance indices suggest the
efficiency of using the reflectance for the predicting of grain yield and screen tolerant
genotypes in durum wheat. In addition, the best correlation between leaf reflectance and
senescence parameters suggest that the genotypes with slow senescence have low
values of leaf reflectance. All this results prove the efficiency of using Flag leaf
reflectance at Red and Blue as suitable tool for screening in durum wheat cultivars for
high grain yield and under drought condition.

Keywords: Durum wheat, flag leaf reflectance, drought indices, irrigation, Senescence,
Chlorophyll, Mesurim Pro.

Introduction

Solar radiation impinging on the leaf surface is either reflected, absorbed or transmitted. The nature and
amounts of reflection, absorption and transmission depend on the wavelength of radiation, angle of
incidence, surface roughness and the differences in the optical properties and biochemical contents of the
leaves. The first contact of incoming radiation is with the leaf surface, which consists of the cuticle and
epidermal layers. Some leaves also have wax and/or leaf hairs over the cuticle and these alter the amounts
of light reflected or absorbed by the leaf. Incoming solar radiation is the primary source of energy for the
numerous biological processes taking place in plants. The interactions between solar radiation and plants
can be divided into three broad categories: thermal effects, photosynthetic effects, and photomorphogenic
effects of radiation. Over 70 per cent of incoming solar radiation absorbed by plants is converted into heat
and used for maintaining plant temperature and for transpiration (thermal effects) (Slatyer, 1967; Gates,
1968). Photosynthetically active radiation (PAR) (-28% of absorbed energy) is used in photosynthesis and
for conversion to high-energy organic compounds. The optical properties of leaves in the PAR region depend
on a number of factors, such as conditions of radiation, species, leaf thickness, leaf surface structure,
chlorophyll and carotenoid content of leaves, dry matter content per leaf unit area and leaf internal structure
(Ross, 1981). Canopy spectral reflectance provides an important method for plant canopy study under
different environmental conditions. The visible region of the vegetation reflectance spectrum is characterized
by low reflectance and transmittance due to strong absorptions by foliar pigments. For example, chlorophyll
pigments absorb violet-blue and red light for photosynthesis. Green light is not absorbed for photosynthesis,
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hence most plants appear green. The reflectance spectrum of green vegetation shows absorption peaks
around 420, 490 and 660nm. Most of these are caused by strong absorptions of chlorophyll. Leaf optical
properties are influenced by the concentration of chlorophyll and other biochemicals, water content, and leaf
structure (Gates 1970; Knipling 1970; Woolley 1971). These leaf characteristics are all very variable and
therefore also the reflectance of vegetation is a result of a very complex changing process within the leaves,
the canopy and the stand.

The amount of solar radiation absorbed by a leaf is a function of the photosynthetic pigment content;
thus, chlorophyll content can directly determine photosynthetic potential and primary production (Curran et
al., 1990). In addition, chlorophyll gives an indirect estimation of the nutrient status because much of leaf
nitrogen is incorporated in chlorophyll (Filella et al., 1995). Furthermore, leaf chlorophyll content is closely
related to plant stress and senescence (Hendry, 1987; Pefuelas and Filella, 1998).

Leaf senescence, which is last stage in leaf development, is a highly regulated and programmed
degeneration process governed by a variety of developmental and environmental signals (Lim et al., 2003).
Senescence is defined as the gradual deterioration of its functions with age, as leaves change color because
chlorophyll is broken down, water content is reduced and membranes break down (Hafsi et al., 2000).
Environmental cues such as day length and temperature, and various biotic and abiotic sources of stress,
can also affect the initiation and progress of leaf senescence. During senescence, some metabolic pathways
are triggered and others turned off. These dramatic metabolic changes result in orderly degradation of
cellular structures, starting with chloroplasts (Wiedemuth et al., 2005).

Thus, drought indices which provide a measure of drought based on yield loss under drought conditions
in comparison to normal conditions have been used for screening drought-tolerant genotypes (Mitra, 2001).
These indices are either based on drought resistance or susceptibility of genotypes (Fernandez, 1992).
Drought resistance is defined by Hall (1993) as the relative yield of a genotype compared to other genotypes
subjected to the same drought stress. Drought susceptibility of a genotype is often measured as a function of
the reduction in yield under drought stress (Blum, 1988) whilst the values are confounded with differential
yield potential of genotypes (Ramirez and Kelly, 1998). Rosielle and Hamblin (1981) defined mean
productivity (MP) as the average yield of GYs (yield under stress condition) and GYp (yield under non stress
condition). Fernandez (1992) defined a new advanced index (STI = stress tolerance index), which can be
used to identify genotypes that produce high yield under both stress and non-stress conditions. The
geometric mean productivity (GMP) is often used by breeders interested in relative performance since
drought stress can vary in severity in field environment over years (Ramirez and Kelly, 1998). Golabadi et al.
(2006) and Sio-Se Mardeh et al. (2006) suggested that selection for drought tolerance in wheat could be
conducted for high MP, GMP and STI under stressed and non-stressed environments. This study aims to
evaluate the efficiency of using Mesurim Pro (Version 3.3) software in the measure of the reflectance at Red
(654 nm) and Blue (450 nm) (RB) wavelengths, and to investigate the spectral behavior of the relationship
between reflectance at RB, Grain yield and chlorophyll content in set of durum wheat genotypes and
evaluate the relationships between drought indices, senescence parameters and reflectance at Red and
Blue, this study conducted under two different conditions irrigated and stressed and during two cropping
seasons 2010/2011 and 2011/2012.

Materials and Methods

Field experiment was conducted during the 2010-2011 and 2011-2012 cropping seasons at the
experimental field of Setif ITGC, Algeria (5°20'E, 36°8’N, 958 m above mean sea level). The statistical
design employed was split plot based on a complete randomized block design (CRBD) with four replications.
Ten durum wheat cultivars (Oued Zenati, Altar, Sooty, Polonicum, Waha, Dukem, Mexicali, Kucuk, Hoggar
and Bousselem) were used in this study. The seeds were sown using an experimental drill in 1.2 m x 2.5 m
plots consisting of 6 rows with a 20 cm row space and the seeding rates for both experiments (irrigated and
stressed) were about 300 seeds per m?. All plots of the irrigation experiment were irrigated by using a
Sprinklers system and the volume of water input for each plot was controlled. Two irrigation regimes were
applied; the first irrigation (20 mm) was performed at the time of Elongation (30 zadoks cods) and the second
irrigation (20 mm) was applied after heading (50 zadoks cods). Flag Leaf reflectance (FLR) and leaf
senescence (S) was evaluated by numerical image analysis (NIA) according to Guendouz et al. (2012a) and
Hafsi et al (2000). Leaves were photographed on black surface, between 11:00 and 13:00 solar time with a
color digital camera (Canon, Power Shot A460, AIAF, CHINA). Images were stored in a JPEG (Joint
Photographic Expert Group) prior to be downloading onto a PC computer and analyzed using Mesurim Pro
(Version 3.3) software. Average senescence (Sa %) was calculated as the mean of the S1 to S6 values. The
date of mid-senescence (350) was evaluated from the experimental curves S = f (3t) as the sum of
temperature corresponding to the S value of 50%. The SPAD-502 measures the content of chlorophyll (CC)
in the leaf, which is related to leaf greenness, by transmitting light from light emitting diodes (LED) through a
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leaf at wavelengths of 650 and 940 nm. Furthermore, grain yield (GY) was determined from sub-samples
taken from harvested grains of each plot. All these parameters were measured under both conditions
(irrigated and non irrigated). Drought resistance indices were calculated using the following relationships:

1. Harmonic mean (HM) (Kristin et al., 1997):
HM =2 (GYp * GYs)/ (GYp + GYs)
GYp and GYs were the yield of each cultivars, non-stressed and stressed, respectively.

2. Geometric mean productivity (GMP) and stress tolerance index (STI) (Fernandez 1992; Kristin et al.,
1997): GMP = (GYp * GYs)
STI = (GYp * GYs) / (GYp)?

3. Mean productivity (MP) (Hossain et al., 1990): (GYp + GYs) /2

Data were analyzed using SAS (version 9) for analysis of variance and Fisher’s LSD multiple range test
was employed for the mean comparisons.

Results and Discussions

Grain yield (GY) and Chlorophyll content (CC)

The results of the present study indicated that the two different conditions of growth (stress and non
stress conditions) had different considerable effects for grain yield but not for chlorophyll content during the
two cropping seasons. The average of chlorophyll content under both conditions and during two cropping
seasons is illustrated in Figure 1. The average of grain yield is presented in Table 1 of the 10 genotypes
tested over two conditions. During the first cropping season (2010/201 1) and under irrigated condition the
grain yield ranged from 57.45 Qx ha™ for Oued Zenati to 75.55 Qx ha™ for Sooty with a mean of 66.8 Qx ha™
over all genotypes but under stressed condition, grain yleld ranged from 52.20 Qx ha™ for Oued Zenati to
64.63 Qx ha"' for Waha with an average of 58.50 Qx ha” over all genotypes. In second cropping season
(2011/2012), the grain yield of ten genotypes tested ranged between 21.45-36.87 g/ha in stressed condition
and 26.62-58.56 g/ha in well-watered condition (Table 1). During two cropping seasons 2010/2011 and
2011/2012 the difference between grain yield under stressed and irrigated conditions equal 12.42 and
29.88% respectively. Drought resistance is usually quantified by grain yield under drought. However, wheat
grain yield under drought depends on yield potential as well as the phenology of the genotype (Acevedo,
1991). Donaldson (1996) and Nazeri (2005) have reported that water deficit at post-anthesis stage
decreased grain filling period, kernel weight and crop production. According to Blum (1988), identification of
high yielding varieties under optimum moisture and water deficit conditions (slow stressing) has been a
principal breeding approach for durum and bread wheat genotypes.

Drought resistance indices (DRIs)

In this study and during the first cropping season (2010/2011), the stress intensity (Sl) equal 14.72 %. It
is essential to say that this index is just calculable for measuring drought stress intensity in experiment and it
has no efficiency to measure stress intensity in varieties (Fisher and Maurer, 1978). The achieved results
from calculation of drought tolerance and drought sensitive indices (Table 2) show that MP, GMP and STI
having high values |nd|cated stress tolerance considering that Waha, Dukem and Sooty with yields of 64.63,
63. 94 and 63.14 Qx ha™ respectively are stress tolerant genotypes. Sooty genotype with yield of 63.14 Qx
ha™ is identified as a tolerant variety. These indices had identified Oued Zenati and Polonicum with yields of
52.2 and 56.47 Qx ha respectively as the most critical genotypes under drought stress conditions. During
the second cropping season (2011/2012), the stress intensity (SI) was 27.11 %. Achieved results from
calculation of drought tolerance and drought sensitive indices (Table 2) shows that the higher value of MP,
GMP and STl indicated stress tolerance. Under both conditions values of GMP, HM and MP ranged between
23-44. As STI, GMP and MP were able to identify cultivars producing high yield in both conditions (Talebi et
al., 2009).According to Fernandez (1992) the best index to select varieties, is stress tolerance index (STI), as
it can separate varieties which has high yield in both stressed and non-stressed conditions (group A) from
two groups of varieties which have just relatively batter yield under non-stressed (group B) or stressed
(group C) conditions.

Flag Leaf Reflectance (FLR)

In this study flag leaf reflectance was measured at Red (654 nm) and Blue (450 nm), under stressed and
irrigated conditions and during two cropping seasons (2010/2011 and 2011/2012). As shown in Table 3,
analysis of variance revealed that the reflectance at different wavelengths (Red and Blue) was highly
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significant (P < 0.001) affected under irrigation regime treatment. In addition, the genotypic effect was shown
highly significant for the reflectance at Red and Blue under two conditions and during two cropping seasons.
Moreover, interaction effect of irrigation regimexgenotype was highly significant for all the reflectance
measured. The results of the present study indicated that the two different conditions of growth (irrigated and
non irrigated conditions) had different considerable effects on reflectance at Red and Blue. During the first
season (2010/2011) and under irrigated condition, reflectance at Red ranged from 9.46% for Bousselem to
36.35% for Hoggar with an average of 21.22% over all genotypes; but under non irrigated condition,
reflectance at Red ranged from 10.81% for Waha to 46.92% for Oued Zenati. The difference between
reflectance at Red under irrigated and non irrigated condition is 19.35%, where it shows high mean value
under non irrigated condition (Table 3). Under non irrigated condition, the percentage of reflectance at Blue
ranged from 42.39% for Oued Zenati to 11.05% for Kucuk, but under well watered condition, the reflectance
at Blue ranged from 31.32% for Oued Zenati to 8.75% for Polonicum. The higher mean value of reflectance
at Blue was recorded under stressed condition. During the second cropping season (2011/2012) and under
stressed conditions leaf reflectance at Red is ranged between V,1% for Waha to 23.86% for Dukem with an
average of 20.45% over all genotypes, but under irrigated conditions ranged from 13.67% for Sooty to 24.1%
for Oued Zenati with an average of 18.06% over all genotypes. The difference between reflectance at Red
under irrigated and non irrigated condition is 11.77%, where it shows high mean value under non irrigated
condition. Under non irrigated condition, the percentage of reflectance at Blue ranged from 23.98% for
Mexicali to 31.49% for Bousselem with an average of 27.93%, but under well watered condition, the
reflectance at Blue ranged from 20.67% for Dukem to 32.33% for Oued Zenati with an average of 25.21%
(Table 3). The ability to assess water stress symptoms in vegetation using spectral reflectance
measurements is an important goal for remote sensing research (Jackson et al., 1983). In agricultural crops,
it is important to be able to detect the onset of water stress as soon as possible so that preventive measures
such as irrigation can be undertaken. Water stress can increase reflectance from corn leaves in both visible
and infrared portions of the spectrum (Wooley, 1971). A different approach in analyzing leaf reflectance
spectrum employs a color description system that models color perception over the entire visible range.
Since many plant stress factors impact on leaf biochemistry and morphology and consequently on
reflectance spectral characteristics in the visible range, it follows that these changes can be related to leaf
color. Hence, an analysis of stress in terms of leaf colorimetric response represents an entirely valid option
(Bacci et al., 1998).

Senescence parameters (S)

During two cropping seasons (2010/2011 and 2011/2012), analysis of variance revealed that average
senescence (Sa%) and date of mid-senescence (3 50s) was highly significantly (P < 0.001) affected under
irrigation regime treatment (Table 4). In addition, the genotypic effect was shown highly significant for all
senescence parameters under two conditions (stressed and irrigated). During the first season (2010/2011)
and under irrigated condition, average senescence ranged from 56.51% for Kucuk to 40.24% for Oued
Zenati. In this season, the difference between average senescence under |rr|gated and non irrigated
condition equal 8 04%. Date of mid-senescence (3 50s) ranged from 563.51°C day™" under irrigated condition
to 542.14°C day under non irrigated condition, the difference between both conditions equal 3.84%. During
the second season, average senescence (Sa%) ranged from 44.06% for Oued Zenati to 64.04% Dukem
under irrigated condition, but under stressed condition Sa% ranged from 48.56% for Oued Zenati to 67.76%
for Waha. The difference between average senescence under |rr|gated and non irrigated condition equal
4. 33% Date of mid-senescence (2 50s) ranged between 577.88 °C day’ in irrigated condition to 542.48°C
day in stressed condition and the difference between both conditions equal 6.12%.

Correlation among Characteristics
Correlations among FLR and GY

In this study and during the two cropping seasons, grain yield showed a significant and negative
correlation with reflectance at Red and Blue (Table 5). The best negative and significant correlation between
leaf reflectance at Red and Grain yield (r = -0,70) under stressed condition and in first cropping season
(2010/2011) suggest that the decrease in the photosynthetic capacity of the canopy increase leaf reflectance
at Red because the Red light is the major radiation absorbed by chlorophyll pigments. The decrease in the
photosynthetic capacity is due to the decrease in Radiation-use efficiency. The measurement of the spectral
signature of crop canopies at visible and near-infrared (VIS/NIR) regions of the electromagnetic spectrum
has shown to be useful to monitor crop growth conditions (Bauer, 1975; Walburg et al., 1982). Spectral
reflectance measurements have been successfully used to estimate biomass, leaf area index,
photosynthesis and/or yield in several species of trees (Richardson et al., 2001), rice (Vaesen et al., 2001),
bread wheat (Filella et al., 1995) and durum wheat (Aparicio et al., 2004; Royo et al., 2003).Ferrio et al.
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(2005) showed that the higher grain yield is correlated with lower reflectance in visible. The results indicate
the potential of using flag leaf reflectance wheat yield prediction.

Correlations among FLR and DRIs

Drought indices which provide a measure of drought based on yield loss under drought conditions in
comparison to normal conditions have been used for screening drought-tolerant genotypes (Mitra, 2001). As
shown in Table 4 and during the two cropping seasons, leaf reflectance has a significant and negative
correlation with Drought resistance indices (DRIs). During the first cropping season (2010/2011), leaf
reflectance at Red and Blue has a significant and negative correlation with all drought indices under stressed
condition only. During the second cropping season (2011/2012), the reflectance at Red under irrigated
condition has significant and negative correlation with drought resistance indices, but under stressed
condition only leaf reflectance at blue has a significant and negative correlation with all drought resistance
indices except stress tolerance index (STI). The best correlation between flag leaf reflectance at Red, Blue
and drought resistance indices suggest the efficiency of using the leaf reflectance in screening under drought
instead of the drought resistance indices. Guendouz et al. (2012b) registered significant and negative
correlations between leaf reflectance at Red, Blue and Drought resistance indices.

Correlations among FLR, Senescence parameters and Chlorophyll content

As shown in Table 5 and during two cropping seasons average senescence (Sa%) correlated
significantly and negatively with flag leaf reflectance. In addition, date of mid-senescence (5 50s) correlated
significantly and negatively with flag leaf reflectance at Red and Blue during two cropping seasons and under
both conditions stressed and irrigated. These best correlations suggest that the genotype with slow
senescence have low values of reflectance, this information can be used in screening under drought
condition. Chlorophyll content showed a significant and negative correlation with leaf reflectance at red and
blue during two cropping seasons and under both conditions stressed and irrigated. Changes in leaf
reflectance of green leaves with maturation and senescence have been attributed to changes in chlorophyll
and mesophyll arrangement (Grant, 1987). Variations in leaf chlorophyll content detectable by Spectral
reflectance have also been shown to be related to leaf development and senescence (Carter and Knapp,
2001). In general, visible reflectance (400nm-700nm) increases in response to chlorophyll degradation
(Knipling, 1970). More specifically, wavelengths near 550 nm and 700 nm have been shown to be
particularly sensitive to changes in chlorophyll content during leaf senescence (Gitelson et al., 1994). In
addition, Fischer (1983) revealed that radiation use efficiency (RUE) declined during grain filling probably
due to sink limitation and/or leaf senescence. Flag leaf photosynthesis in wheat contributed about 30-50% of
the assimilates for grain filling (Sylvester-Bradley et al., 1990) and initiation of grain filling coincides with the
onset of senescence, therefore, photosynthesis of flag leaf is the most important basis of the formation of
grain yield, and the onset and rate of senescence are important factors for determining grain yield (Zhang et
al., 2006).

Conclusion

This study confirmed suitability of using numerical image analysis (NIA) for measuring flag leaf
reflectance in durum wheat leaves by Mesurim Pro (Version 3.3) software. The best negative and significant
correlation between flag leaf reflectance at Red, Blue and Grain yield suggest the efficiency of using the
reflectance for the predicting of grain yield in durum wheat, many studies showed that the higher grain yield
is correlated with lower reflectance in visible. Flag leaf reflectance at Red and Blue showed a significant and
negative correlation with drought resistance indices during two cropping seasons, this best correlation
suggest that the leaf reflectance it's very suitable tool for estimate the crop drought resistance in durum
wheat cultivars. In addition, Senescence parameters and Chlorophyll content was highly correlated to leaf
reflectance, all this results prove the efficiency of using Flag leaf reflectance at Red and Blue as suitable tool
for screening in durum wheat cultivars and under drought conditions.
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Table 1. Ranking of tested genotypes for grain yield under both conditions stressed and irrigated and during
two cropping seasons (2010/2011 and 2011/2012)

Cropping Season 2010/2011 Cropping Season 2011/2012

Genotype GYi GY s Genotype GYi GYs
Oued Zenati 57,45d 52,20d Oued Zenati 26,62 c 21,45b
Altar 69,14abc  55,94bcd  Altar 43,04 abc 24,86 ab
Sooty 75,55a 63,14abc Sooty 44,08 abc 27,33 ab
Polonucum 60,18cd 56,47abcd Polonucum 44,82 abc 32,68 ab
Waha 65,94abcd 64,63a Waha 49,11 ab 35,24 a
Dukem 72,70ab 63,94ab Dukem 33,67 bc 29,75 ab
Mexicali 63,44bcd  59,64abcd Mexicali 45,80 abc 32,90 ab
Kucuk 73,53a 53,96d Kucuk 47,08 ab 36,87 a
Hoggar 62,36¢d 60,05abcd Hoggar 58,56 a 30,23 ab
Bousselem 67,75abc  55,01cd Bousselem 46,66 ab 36,87 a
Mean 66,8 58,502 Mean 43,944 30,818
Min 57,45 52,2 Min 26,62 21,45
Max 75,55 64,63 Max 58,56 36,87
LSD 0,05 9,779 8,154 LSD 0,05 19,65 13,6
Genotype effect e e Genotype effect i bl
Irrigation effect > Irrigation effect >

Interaction effect ns Interaction effect ns

% Differences 12,42% % Differences 29,88%

Means followed by the same latter are not significantly different at p<0.05
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Figure 1. Interaction effect of irrigation regime x genotype on Chlorophyll content during two cropping
seasons (2010/2011 and 2011/2012)
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Abstract

The present study was led on the experimental site of ITGC (Technical Institute of Field Crops)
station of Setif. The objectives of this study were (1) to detect the effects of irrigation on grain yield,
yield components and some morphological and physiological traits in set of durum wheat
genotypes, (I1) to evaluate the ability of several selection indices of tolerance to identify drought
tolerant cultivars under varying environmental conditions and (I11) to evaluate the efficiency of
using the numerical image analyses (NIA) by Mesurim Pro (Version 3.3) software in the measure of
the leaf reflectance. Ten durum wheat (Triticum durum Desf.) cultivars were grown under well
watered and natural drought condition; the experiment was laid out in split plot based on a complete
randomized block design, with four replications. The number of spike m?, 1000-kernel weight,
plant height, grain yield and peduncle length were highly significant (P<0.001) affected by water
deficit conditions and genotype effects. Grain yield showed a significant and negative correlation
with leaf reflectance at Red (r = -0.70%); in addition, the reflectance at Red and Blue were
significantly correlated with Chlorophyll content (r = -0.77**, r = -0.66*; respectively). These
correlations suggest that the decrease in the photosynthetic capacity of the canopy increase |eaf
reflectance at Red and Blue, because the Red and Blue light is the major radiation absorbed by
chlorophyll pigments.

Keywords. Durum wheat, Irrigation, Leaf reflectance, Senescence, Drought index.




